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A moderately activated nitro group in a substituted nitrobenzene is displaced by reaction with the anion of an 
aldoxime in DMSO solution. In the DMSO solution the displacement product, an 0-arylaldoxime, is rapidly 
cleaved by a base, yielding the phenol and the nitrile related to the oxime anion. The oxime anion used for the 
displacement is sufficiently basic to effect the cleavage. Thus, p -  nitrobenzonitrile is converted to p -  cyanophenol 
in excellent yield by reaction with 2 equiv of the salt of benzaldoxime. Similarly, ethyl p -  nitrobenzoate is convert- 
ed to ethyl p -  hydroxybenzoate with little loss resulting from attack at  the ester group and subsequent conversion 
to the nitrobenzoic acid. Displacement of an activated halogen atom followed by in situ cleavage of the oxime 
ether also leads to the phenol. The use of several activating groups in the reactions is reported. Even with the 
unactivated nitro compound 4-nitrobiphenyl some (-20%) of the phenol has been obtained. 

In dipolar aprotic solvents various aromatic nitro com- 
pounds undergo the addition of cyanide ion to give ad- 
ducts, e.g. ,  1, similar to  Jackson-Meisenheimer complexes, 
which can be converted to  various further transformation 
products, 1-3 and the anion of 2-nitropropane gives a similar 
adduct with 9-nitroanthracene.4 The structural resem- 
blance of the anion of an oxime to  that  of an aliphatic nitro 
compound suggests that  oximates too might give adducts 
similar to  those observed with cyanide ion. When p-n i -  
trobenzonitrile and the sodium salt of benzaldoxime (2  
equiv) were brought together in DMSO at ambient temper- 
ature the solution rapidly developed an intense purple 
color, which faded with time, reminiscent of the color 
changes occurring in reactions of cyanide ion and attrib- 
uted to  the Jackson-Meisenheimer c o m p l e x e ~ , ~  but when 
the test was terminated after 48 hr the solution was found 
to contain an almost quantitative yield of the entirely 
unexpected product p -  cyanophenol. Evidently the oximate 
anion had attacked the aromatic system a t  the carbon atom 
bearing the nitro group, displacing it as nitrite ion, rather 
than adding in the Jackson-Meisenheimer fashion. 

The nucleophilic displacement of activated aromatic 
nitro groups has been studied over many years,5 but  only 
recently has it found promising application6 in synthesis. 
Displacement of a nitro group from a benzene ring carrying 
only one activating group has been quite rare, and in most 
such instances the activation has been supplied by a second 
nitro group. However, very recent studies have shown that  
a nitro group activated by a single carbalkoxyl, cyano, or 
carbonyl group, among others, is displaced by a methoxide 
or a mercaptide anion, sometimes in excellent yield,"7 
when the reaction is carried out in an aprotic solvent. Cy- 
clization of the diester obtained by the displacement of the 
nitro group of an ester of 2-nitrobenzoic acid by the anion 
of methyl mercaptoacetate constitutes a step in a very use- 
ful synthesis of methyl 3-hydroxybenzo[b] thiophene-2-car- 
boxylates.6 In the cyanide reactions conducted in this labo- 
ratory displacement of an activated nitro group by cyano 
has been observed only with 9-nitro-10-cyanoanthracene 
(58% conversion to  9,10-dicyanoanthracene),l and none of 
the displacement product from p -  nitrobenzonitrile3 was 
observed. The nearly complete displacement observed with 
the anion of benzaldoxime and this nitronitrile suggests 
that  oximate anions may be among the most active dis- 
placement agents. Separation of the pure p -  cyanophenol 
from the benzaldoxime present a t  the end of the reaction 
mentioned above required time-consuming chromatogra- 
phy which could be avoided by the use of the sodium salt of 
acetaldoxime ( 2 . 5  equiv, 45-min reaction time a t  30°, 69% 
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b 
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3 
yield of pure p -  cyanophenol isolated by crystallization). 
The rapid displacement of the nitro group under such very 
mild conditions suggested the possible successful applica- 
tion of the process to compounds, such as 0- and p-nitro- 
benzoic esters, in which the activating group is sensitive to  
attack by base. In a trial with ethyl p-nitrobenzoate and 
the salt of acetaldoxime, reacting for only 20 min a t  30°, 
the yield of ethyl p -  hydroxybenzoate was 55%, and that  of 
p -  nitrobenzoic acid was 36% (Table I). Reducing the tem- 
perature to 25' increased the yield of the hydroxy ester to  
64%, and only 18% nitro acid was obtained. Substantially 
lower temperatures can be realized with DMF as the sol- 
vent (DMSO melts a t  Bo), but a trial in DMF a t  10' gave 
only 38% hydroxy ester and 45% nitro acid; this solvent evi- 
dently favors attack a t  the ester group rather than a t  the 
nucleus. When enough acetonitrile was added to  a DMSO 
solution to  permit operation in the liquid state a t  -3O, the 
yield of hydroxy ester was also low (31%). 

The salt of benzaldoxime reacted more slowly with the 
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Table I 
Ester  Activation of Nitro Displacement + 

Yield, % 

T V P ,  Hydroxy 
Reaction Ester Oxime Solvent Time C ester Nitro acid 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

p - O ~ N C ~ H , C O ~ C ~ H , "  C H ~ C H N O H ~ ~ ~  
C 

C 

c 
C 
C ~ H , C H N O H ~ ~ ~  
e 
e 

p - O ~ N C ~ H , C O ~ C H , ~  e 
o - O ~ N C ~ H , C O ~ C ~ H , ~  e 

DMSO 20 min 3 0  
DMSO 10 min 25 
DMF 20 min 25 
DMF 2 h r  10 

DMSO 5 h r  20 
DMSO 6.5 h r  20 

DMSO 7.5  h r  2 0  
DMSO 6.5 h r  20 

DMSO/CH,CN 1 . 5  h r  -3  

E T O H ~  8 h r  74  

55 
64 
4 6  
3 8  
3 1  
65  
8 1  

<0.2 
63 
29 '  

~~~ 

36  
18 
37 
45 

5 
14 
64 
14 
37 

a Registry number, 99-77-4. Registry number, 52540-25-7. c Addition of ester to oxime salt. Registry number, 40026-28-6. e Addition of 
oxime salt to ester. Absolute ethanol. g Registry number, 619-50-1. * Registry number, 610-34-4. f Isolated as salicylic acid. 

Table I1 
Replacement of Nitro and Halogen by Hydroxyl 

- - ~ -  

Reaction Subsuate 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 

11 -Dinitrobenzenea 
p -Nitrobenzonitrilea 
p -Nitrobenzonitrilec 
o -Nitrobenzonitrilea 
p-Nitrobemophenone" 
11 -Nit roacet ophenonea 
1) -Nitrobenzaldehydea 
1) -Nitrobenzamidec 
4 -Nit r obiphenyl a 

1) -Nit r of luorobenzene' 
Ethyl 1) -fluorobenzoate" 
Ethyl p -fluorobenzoate" 
2 -Chloropyridinea 

Registry no. Solvent Time Temp, C Product 
- 

100-25-4 DMSO 50 min 30" p-nitrophenolb 
619-72-7 DMSO 46 h r  25 p-hydroxybenzonitrile 

DMSO 45 min 30 P-hydroxybenzonitrile 
619 -24 -9 DMSO 2 h r  25 o -hydroxybenzonitrile 

1144 -74-7 DMSO 8 h r  25 P-hydroxybenzophenone 
100-19-6 DMSO 12 h r  25 11 -hydroxyacetophenone 
555-16-8 DMSO 1 h r  30 p -hydroxybenzaldehyde 
619-80-7 DMSO 17 h r  70 P-hydroxybenzoic acidd 

350-46-9 DMSO 50 rnin 30 p-nitrophenol* 
451 -46 -7 DMSO 7.5 h r  20 ethyl p -hydroxybenzoate' 

109-9-1 DMSO 15 h r  110 2-pyridone 

92 -93 -3 DMSO 18 h r  60 4 -hydroxybiphenyl 

ETOH' 5 h r  74 p-fluorobenzoic acidg 

Registry no. 

100 -02 -7 
767 -00-0 

611-20-1 
1137 -42 -4 

99-93 -4 
123 -08 -0 

99 -96 -7 
92 -69 -3 

100 -02 -7 
120-47-8 
456 -22 -4 
142 -08 -5 

Yield, 
5: 

78 
94 
69 
57 
62 

0 
0 

50 
20 
79 
65 
33 
72 

0 Benzaldoxime. b 12% 0-(p-Nitropheny1)benzaldoxime was also isolated. Acetaldoxime. Hydrolysis of amide occurred under work-up 
conditions. e p-Fluorobenzoic acid (2%) was also isolated. f Absolute ethanol. g Less than 0.5% ethyl p-hydroxyhenzoate. 

nitro ester, but it proved more selective. Thus, a reaction 
conducted a t  20' for 5 hr gave 65% hydroxy ester and only 
5% nitro acid. Inverse addition (oximate salt to ester) in a 
reaction conducted at 20° for 6.5 hr gave 81% hydroxy ester 
and 14% nitro acid. I t  might be expected that the methyl 
ester would be more susceptible to attack a t  the carboxyl- 
ate function, but with the inverse addition it gave a good 
yield (63%) of the hydroxy ester, along with 14% nitro acid 
(Table I). 

The  mutual hindrance of the two groups in ethyl o-nitro- 
benzoate evidently is more effective in deterring displace- 
ment of the nitro group than of the alkoxy group. Even 
with the inverse addition of the benzaldoxime salt the 
ortho ester gave 37% nitro acid; the hydroxy ester also pro- 
duced was not readily isolated from the mixture and was 
converted to salicylic acid, obtained in only 29% yield. 

Of the other activating groups tested, p -  nitro, p -  benzoyl 
and p -  carbamyl promoted the nitro displacement (see 
Table 11). Because of the water solubility of the product 
( p -  hydroxybenzamide) from p -  nitrobenzamide i t  proved 
convenient to allow it  to undergo hydrolysis and to isolate 
it as the hydroxy acid. Surprisingly, none of the phenol was 
isolated from a reaction of the benzaldoximate ion with ei- 
ther p-nitroacetophenone ( 2 5 O ,  12 hr) or p -  nitrobenzal- 
dehyde (70°, 1 hr). 

The  replacement of an activated aromatic nitro group by 
hydroxyl through reaction with an oximate ion evidently 

occurs in two steps, displacement of the nitro group to give 
the 0-aryl oxime ether (e.g., 3), and attack of the latter by 
a second oximate ion acting as a base and converting i t  to 
phenoxide ion and benzonitrile. Presumably, an early step 
in the displacement leads to the intermediate 2, shown in 
only one of its resonance forms. Whether the color of the 
solution is due to such a complex or to a Jackson-Meisen- 
heimer complex similar to 1 but formed reversibly and not 
leading to products has not been determined. Conversion 
of the 0- aryl oxime ethers obtained from 2,4-dinitrochloro- 
benzene and aldoximes to phenols and nitriles by the ac- 
tion of strong base (KOH) has long been known.* In the 
present work, no attempt to isolate the 0- ( p -  carbethoxy- 
pheny1)benzaldoxime (3) was made, but the benzonitrile 
shown as arising from its decomposition was isolated in 
71% yield. Also, 0- ( p -  nitropheny1)benzaldoxime was iso- 
lated in quantity sufficient to test its reaction with bases. 
With refluxing 5% sodium hydroxide i t  gave a 95% yield of 
p -  nitrophenol, along with benzoic acid (75%) and benzam- 
ide (5%), formed by hydrolysis of the nitrile, and in DMSO 
a t  room temperature the salt of benzaldoxime converted 
this ether to p -  nitrophenol in 97% yield a t  73% conversion 
(50 min, room temperature). Thus, in DMSO the oximate 
ion is able to cleave the ether. 

The 0-ary l  oxime ether structure was first proposed by 
Wernerg and very recently confirmed by Sheradsky, Salem- 
nick, and Nir,l0 who prepared identical compounds both by 
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displacement of an activated halogen (as, e.g., in 2,4-dini- 
trochlorobenzene) by oximate anion and by the reaction of 
the corresponding 0- arylhydroxylamine with a carbonyl 
compound. The 0- aryl aldoximes reported were assigned 
the syn configuration,sJl but complete spectral data were 
not presented. In the present work the nmr spectrum of the 
0- (p- nitropheny1)benzaldoxime isolated was found to  
show only one signal (at S 8.70, s, 1 H) for the aldoxime pro- 
ton (CH=NO). Previous work12 with aldoximes indicates 
that separate signals would be expected for the syn and 
anti isomers if both were present. Since the 0- ( p -  nitro- 
phenyl) benzaldoxime was prepared from the anion of syn- 
benzaldoxime, i t  seems likely that it too is of the syn con- 
figuration. 

The  powerful directing effect of the aprotic solvent is 
shown by comparison of the reaction of ethyl p-nitroben- 
zoate and benzaldoxime sodium salt conducted in DMSO 
with one conducted in ethanol. After 8 hr at room tempera- 
ture in ethanol there was no indication (tlc) of reaction; so 
the mixture was heated (74') for 8 hr. The only product 
isolated (64%) was p- nitrobenzoic acid; if ethyl p -  hydroxy- 
benzoate was formed vpc tests indicated its yield could not 
have been more than 0.2%. The  response of the oximate ion 
to  the directing effect of the aprotic solvent is shown by 
comparison of the oximate reaction in DMSO with a sodi- 
um hydroxide reaction in the same solvent; only p- nitro- 
benzoic acid (98% yield) was obtained when sodium hy- 
droxide was used. 

It would be expected that certain activated aromatic and 
heterocyclic halogen compounds can also be converted to 
phenols in a single operation by displacement with oximate 
in the presence of excess of the reagent. When ethyl p- fluo- 
robenzoate was employed with the benzaldoxime salt (7.5 
hr, 20'), ethyl p-hydroxybenzoate was obtained in 65% 
yield (Table 11). It is interesting that this yield is somewhat 
lower than that of the same product obtained by nitro dis- 
placement. p- Nitrofluorobenzene gave p- nitrophenol in 
79% yield (50 min, 30°), and the intermediate ether, 0- (p- 
nitrophenyl)benza]doxime, was also isolated in 12% yield. 
The yield of the ether was increased to 36% when only 1 
equiv of the oximate salt was used. The chlorine atom of 2- 
chloropyridine was less reactive toward the salt of benzal- 
doxime, but a reaction at 110' for 15 hr gave 2-pyridone in 
72% yield. Although the  conditions were among the most 
vigorous employed in the present study, they are mild com- 
pared to some which are used for the same conversion.13J4 

A trial of the reaction of the benzaldoximate with the 
unactivated nitro compound 4-nitrobiphenyl resulted in a 
20% yield of 4-hydroxybiphenyl after 18 hr at 60'. It seems 
likely that a more active oximate ion may be found, permit- 
ting the useful, direct conversion of an unactivated nitro 
compound to  the phenol. 

Experimental Section 
Either a Perkin-Elmer 521 or a Beckman IR-12 spectrophotom- 

eter was used for ir spectra which were run as KBr disks. Nmr 
spectra were recorded on a Varian A-60A or A-56/60 spectrometer. 
Mass spectra were recorded by Mr. J. Wrona and associates on an 
Atlas CH5 mass spectrometer at 70 eV. Microanalyses were per- 
formed by Mr. J. Nemeth and associates. Products were identified 
by comparison of ir and nmr spectra with those of authentic sam- 
ples unless otherwise noted. All starting materials were either com- 
mercially available reagent grade and were used as received or 
were prepared in this laboratory by well known synthetic routes. 
DMSO and DMF were stored over Linde Type 4a Molecular 
Sieves for 2 weeks prior to use. 

p -  Cyanophenol. A solution of sodium methylsulfinylmethide 
was prepared by heating sodium hydride (0.48 g, 20 mmol) in 
DMSO (25 ml) at  70' until a clear solution resulted (20-30 min). 
To this solution, benzaldoxime (2.42 g, 20 mmol) in DMSO (10 ml) 
was slowly added and the resulting mixture was stirred at 70' for 
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0.5 hr. To the thick paste which formed upon cooling was added 
1.48 g of p-nitrobenzonitrile (10 mmol) in DMSO (35 ml). The 
deep purple color, which .formed almost immediately, faded after 
the solution had been stirred for 46 hr at  25'. This light yellow so- 
lution was poured into 150 ml of ice water which had been acidi- 
fied with 8.3 ml of concentrated HC1 and the resulting aqueous so- 
lution was extracted with ether. Acidification of the 5% NaOH ex- 
tract of the ether solution resulted in the formation of a yellow oil 
which was separated. Chromatography of this oil on 30 g of silica 
gel (benzene elution) resulted in the isolation of 1.12 g (94%) of p -  
cyanophenol, mp 111-112' (lit.15 mp 112') after recrystallization 
from benzene. When acetaldoxime was used the ether extract was 
dried (MgS04) and evaporated and the resulting Qil was recrystal- 
lized from water to give p-cyanophenol (69%). The procedure for 
reactions 14-18 (Table 11) was similar: 

Ethyl p- Hydroxybenzoate. The sodium salt of benzaldoxime 
(81 mmol) in DMSO (175 ml) was prepared as described above. 
This salt was slowly added (45 min) to a solution of ethyl p-nitro- 
benzoate (7.8 g, 40 mmol) in DMSO (50 ml). The reaction temper- 
ature was maintained at  15' by an ice bath. The reaction mixture 
was stirred for 1 hr at 15' after addition was complete and then for 
5.5 hr at  room temperature. The resulting DMSO solution was 
poured into 500 ml of ice water which had been acidified with 8.3 
ml of concentrated HCl. This aqueous mixture was extracted with 
ether. Acidification of a 5% sodium carbonate extract of the ether 
solution produced 0.94 g (14%) of p-nitrobenzoic acid. Further ex- 
traction of the ether solution with 5% NaOH and subsequent acidi- 
fication produced 5.38 g (81%) of ethyl p -  hydroxybenzoate, mp 
115-116' (lit.16 mp 116') after recrystallization from water. The 
ether solution was then extracted with 10% NaOH until the 
benzaldoxime was completely removed, washed (HzO), dried 
(MgSOd), and evaporated. Distillation of the residue resulted in 
the isolation of 2.94 g (71%) of benzonitrile. The procedures for 
reactions 1-10, 21, and 22 were similar, with the differences in con- 
ditions noted in Tables I and 11. 

0- (p -  Nitropheny1)benzaldoxime. The sodium salt of benzal- 
doxime (80 mmol) in DMSO (175 ml) was prepared as described 
previously. This mixture was slowly added to p -  fluoronitroben- 
zene (11.28 g, 80 mmol) in 50 ml of DMSO. The reaction mixture 
was cooled in an ice bath. After addition was complete, stirring was 
continued for 0.5 hr at  room temperature. The mixture was poured 
into 500 ml of ice water which had been acidified with 8.3 ml of 
concentrated HCl. The light tan precipitate which formed was fil- 
tered, washed (HzO), and dried; it weighed 6.95 g (36%). After re- 
crystallization from cyclohexane (Darco) it showed mp 124.5- 
125.5'; ir (KBr) 1595, 1518, 1485, 1348, 1245, 910, 835, 740, 675 
cm-l; nmr (CDC13) 6 7.55 (d, 2 H), 8.48 (d, 2 H), 8.70 (s, 1 H), 7.6- 
8.2 (m, 5 H); mass spectrum (re1 intensity) mle (I) 242 (14), 104 
(loo), 77 (go), 51 (16). 

Anal. Calcd for C13H10N203: C, 64.46; H, 4.13; N, 11.57. Found: 
C, 64.63; H, 4.13; N, 11.83. 

Base Decomposition of 0 - ( p  -Nitrophenyl)benzaldoxime. A. 
To a solution of 20 ml of 5% NaOH and 20 ml of ethanol was added 
0- ( p -  nitropheny1)benzaldoxime (300 mg, 1.24 mmol). The mix- 
ture was refluxed for 1.5 hr and the ethanol was then removed by 
distillation. The resulting basic solution was extracted with ether, 
which upon evaporation produced 7.2 mg (5%) of benzamide (ir 
identical with that of an authentic sample). Acidification and ether 
extraction of the aqueous solution resulted in the isolation of 270 
mg of a light yellow solid upon evaporation of the ether extract. 
Nmr comparison with a known mixture showed p -  nitrophenol and 
benzoic acid to be present in 95% and 70% yields, respectively. 

B. 0- (p-Nitropheny1)benzaldoxime (600 mg, 2.48 mmol) in 
DMSO (10 ml) was added to 2.48 mmol of the benzaldoxime salt in 
15 ml of DMSO. This mixture was stirred for 50 min at 25' and 
was then poured into 50 ml of ice water which had beep acidified 
with 0.5 ml of concentrated HC1. Unchanged 0-(p-nitrophe- 
ny1)benzaldoxime (163 mg, 27% recovery) was collected by filtra- 
tion. The ether extract of the filtrate was washed (HZO), dried 
(MgSOd, and evaporated. Chromatography of the residue on 10 g 
of silica gel (benzene elution) resulted in the isolation of 246 mg 
(97% yield based on unrecovered starting material) of p -  nitrophe- 
nol, mp 112-113' 114'). 

p-Nitrophenol. The sodium salt of benzaldoxime (20 mmol) in 
DMSO (35 ml) was prepared as usual. p-Fluoronitrobenzene (1.41 
g, 10 mmol) in DMSO (35 ml) was added; an intense color devel- 
oped immediately. The dark solution was stirred at 30" for 50 min 
and then poured into 150 ml of ice water which had been acidified 
with 2 ml of concentrated HCl. 0 (p -  Nitrophenylbenzaldoxime 
(0.28 g, 12%) was separatdd from the aqueous mixture by filtration. 
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The ether extract of the filtrate was washed (HzO), dried (MgS04), 
and evaporated. The residue was chromatographed on 30 g of silica 
gel (benzene elution), yielding 1.09 g (79%) of p-nitrophenol, mp 
112-113’ (lit.17 114’) after recrystallization from benzene. Reac- 
tion 11 (Table 11) was identical. 

2-Pyridone. 2-Chloropyridine (1.14 g, 10 mmol) in DMSO (35 
ml) was added to 20 mmol of the benzaldoxime salt in 35 ml of 
DMSO. No color formation was observed after 30 min at room 
temperature but when the mixture was heated to 110’ it became 
dark red. The solution was stirred at this temperature for 15 hr, 
cooled, and poured into 150 ml of ice water. The aqueous solution 
was saturated with carbon dioxide and extracted twice with chlo- 
roform. The aqueous layer was evaporated and the residual solid 
was triturated twice with CHC13. Filtration and evaporation of the 
chloroform solution produced 0.69 g (72%) of 2-pyridone, mp 
104.5-105.5° (lit.18 106’) after recrystallization from xylene. 

p-Hydroxybiphenyl.  To a mixture of 20 mmol of the benzal- 
doxime salt in 35 ml of DMSO was added 4-nitrobiphenyl (1.99 g, 
10 mmol) in DMSO (35 ml). The mixture was heated for 18 hr at 
60°, cooled, and poured into 150 ml of ice-water which had been 
acidified with 2.5 ml of concentrated HCI. The ether extract of this 
mixture was washed (HzO), dried (MgSOd), and evaporated. The 
residue was tritrated with 10% NaOH. Filtration and acidification 
of the NaOH solution produced 0.34 g (20%) 4-hydroxybiphenyl, 
mp 159-60’ (lit.19 160-2’) after sublimation and recrystallization 
from ethanol-water. 

Acknowledgment. The authors are grateful to the Na- 
tional Science Foundation (GP 34198x1 for the support of 
this work. 

Registry No.-0- (p -  Nitrophenylbenzaldoxime, 52540-26-8. 

References and Notes 
(1) R. G. Landolt and H. R. Snyder, J. Org. Chem., 33,403 (1968). 
(2) J. H. Gorvin, Chem. Commun., 1120 (1971). 
(3) R. B. Chapas, Ph.D. Thesis, University of Illinois, 1972. 
(4) R. H. Williams and H. R. Snyder, J. Org. Chem., 38, 2327 (1971). 
(5) See J. F. Bunnett and R. E. Zahler, Chem. Rev., 49,273 (1951). 
(6) J. R. Beck, J. Org. Chem., 37,3224 (1972); IbM., 38, 4086 (1973). 
(7) J. H. Gorvin, Chem. Ind., 1525 (1967). 
(8) 0. L. Brady and R. Truszkowski, J. Chem. SOC., 125 1087 (1924). 
(9) A. Werner, Ber., 27, 1654 (1894). 

(10) T. Sheradsky, G. Salmenlck, and 2. Nir, Tetrahedron, 28, 3833 (1972). 
(11) 2. Rappoport and T. Sheradsky, J. Chem. Soc. 8, 898 (1967). 
(12) E. Lustig, J. Phys. Chem., 85, 491 (1961). 
(13) J. A. Zoltswlcz and A. A. Sale, J, Org. Chem., 38, 1455 (1971). 
(14) J. L. Farmer and E. J. Hawa, J. Chem. Educ., 47, 41 (1970). 
(15) G. W. Wheland, R. M., Brownell and E .  C. Mayo, J. Amer. Chem. SOC., 

(16) G. W. K. Cavil1 and J. M. Vincent, J. Soc. Chem. hd., 88, 175 (1947). 
(17) W. Robertson, J. Chem. SOC., 81, 1475 (1902). 
(18) A. Feerand W. Koenigs, Ber., 19, 2432 (1886). 
(19) J. Kaiser, Justus Liebigs Ann. Chem., 257, 101 (1890). 

70, 2492 (1948). 

Solvolysis of exo- and endo- 2-Bicyclo[ 3.2.0]hepta-3,6-dienyl 
p-INitrobenzoates. Possibilities of Antiaromatic Interaction in the Resulting 

Car bocations 

Burgess J. A. Cooke*l and Paul R. Story 

Department of Chemistry, University of Georgia, Athens, Georgia 30601 

Received April 11 ,  1974 

The kinetics and products of the solvolysis of the title compounds (IIa and IIb, R = PNB) were studied. They 
were found to undergo hydrolysis (80% aqueous acetone) at virtually identical rates, both being slightly more re- 
active than 7-norbornadienyl p -nitrobenzoate (IIIa, R = PNB). Acetolysis and hydrolysis (50% aqueous acetone) 
of the title compounds were found to yield only mixtures of the unrearranged exo and endo acetates and alcohols, 
with no ring enlarged 7-norbornadienyl derivatives being detected. The possibility of the intermediacy of an anti- 
aromatic bishomocyclopentadienyl cation (IId) in these solvolyses and in the rearrangement to the 7-norbornadi- 
enyl cation (IIIb) observed upon treatment of either exo or endo alcohols (IIa and IIb, R = H) with FS03H is dis- 
cussed. 

Reactions involving antiaromatically destabilized inter- 
mediates have elicited much interest in the recent litera- 
ture.2 Diaz3 has described the solvolysis of exo- and endo- 
2-bicyclo[3.2.l]o&a-3,6-dienyl p -nitrobenzoates (Ia and 
Ib, R = PNB), noting an exo/endo rate ratio of virtual 
unity, and an apparent rate retardation by the double bond 
a t  C-6 of a factor of ea. 235. The  latter observation suggest- 
ed the involvement of a bishomoantiaromatic cation, IC. 
Hart,4 on the other hand, feels tha t  the nmr data from the 
nonamethylbicyclo[3.2.0]hepta-3,6-dien-2-y1 cation (Id) a t  

are more consistent with an  allylic structure. In a 
preliminary communication5 describing the  solvolysis of 
exo- and endo- 2-bicyclo[3.2.0]hepta-3,6-dienyl p -  nitro- 
benzoates (IIa and IIb, R = PNB), we noted an  exo/endo 
rate ratio of unity and the observation only of unrear- 
ranged products. Winstein,6 however, noted tha t  treatment 
of either 7-norbornadienol (IIIa, R = H) or exo and endo 
alcohols IIa and IIb (R = H) with fluorosulfonic acid 
(FS03H) a t  -78O results in formation of the  7-norbornadi- 
enyl cation (IIIb). Using labeled substrates, he found tha t  
the interconversion between 7-norbornadienyl and bicyclo- 

[3.2.0] heptadienyl cations involves stepwise circumambula- 
tion of five carbons with respect to the “bound” vinyl 
group in IIIb (IIIc + IIe F+ IIId F+ IIf * IIIe).G Hart4 noted 
an  analogous degenerate rearrangement in Id a t  tempera- 
tures above -goo, along with other rearrangements detect- 
able only in labeled substrates. We noted, however, tha t  
the interconversion between bicyclo[3.2.0]heptadienyl and 
7-norbornadienyl cations is quenched in conventional sol- 
volysis media5 and rationalized our results on the basis of 
an  allylic (IIc), rather than a bishomoantiaromatic (IId) in- 
termediate. We also noted that the allylic double bond a t  
C-2 evidently swamps out homoallylic participation as ob- 
served by Whitham7 in the solvolysis of exo- 4,4,6-trimeth- 
ylbicyclo[3.2.0] hept-6-en-2-yl tosylate (IVa). This more de- 
tailed description of our results, and their relation to our 
results from a study of exo- and endo-bicyclo[3.2.0]hept- 
6-en-2-yl tosylates (IVc and IVdP shows tha t  allylic cation 
IIc is probably the solvolytic intermediate, but that the 
ring enlargement to the 7-norbornadienyl cation probably 
involves the  corresponding bishomocyclopentadienyl cat- 
ion (IId) as the transition state. 


