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m.p. 134.5-136" (Bertram41 assigned this structure to the 
reduction compound from what he incorrectly considered to 
be VIIIe; his reduction product is reported to melt a t  
160'). The infrared spectrum showed maxima at 2.94 and 
3 .01~ .  The ultraviolet spectrum showed Xma, 233 mp, L 
14,700; Xms, 286 mp, e 4.510. 

Anal. Calcd. for C13H1&2: C, 78.75; H,7.12; N, 14.13. 
Found: C,78.79; H, 7.15; N, 13.91. 

2,2'-Azoxydiphenylmethane (XVI) -The dinitrodiamine 
XIV was converted to the cyclic azoxy compound XV ac- 
cording to Duval16; m.p 247' (reported16 m.p. 273'). 
This compound was treated with nitrous acid follov ed by 
hypophosphorous acid as described for the preparation of 
VIIIe, except the reaction with hypophosphorous acid was 
allowed to continue for 45 hours at 0'. The reaction product 
was isolated by continuous extraction with ligroin (b.p. 40- 
60") as before. Theroe was obtained 1 86 g. (14%) of yellow 
needles, m.p. 130-132 . An analytical sample, twice recrys- 
tallized from petroleum ether, had m.p. 134.5-135.5". 

Anal. Calcd. for C1:HlaN2O: C,  74.26; H, 4.50; S, 
13.33. Found: C, 74.24; H,4.90; N, 13.40. 

2,3,6,7-Dibenzo-4,5-diazacyclohepta-2,6-diene (IIe) 
Reduction of XVI with hydraziiie (method I )  gave IIe, pale 
yellow needles, m.p 98-100", yield 82%. The analytical 
sample was recrystallized from ether-hexane, m.p. 99-101 ', 
m p.  105-105 5' (in vac.). The infrared spectrum showed 
hands at 3.0 and 3 . 1 ~ .  
247, 6 6,550; Xmsx 289, e 1,810. 

Anal. Calcd. for ClaH12N2: C, 79.56; H, 6.17; X, 
14.28; mol.wt.,210. Found: C, 79.48; H, 6.40; N, 14.28; 
mol. wt., 187 (Rast). 

The compound decomposed upon standing in air, but was 
stable when sealed under nitrogen. It was oxidized to the 
azo compound XIIe  with mercuric oxide as described in 
9570 yield, and reduced to the diamine catalytically as de- 
scribed in 66y0 yield. These products were identified by lack 
of mixture melting point depression with authentic 
samples. 

The ultraviolet spectrum had 

(41) W. Bertram, J. p r a k f .  Chcm., [2] 66, 327 (1902). 

2,3,6,7-Dibenzo-4,5-diazacyclohepta-2,4,6-triene (XIIe).- 
Reduction of 0.66 g. of the azoxy compound XVI with sodium 
sulfide (method C) was carried out as described, but the re- 
flux period was extended to 3 hours. Chromatography of the 
reaction product on alumina gave crude XIIe  from the pen- 
tane-ether fractions, which was recrystallized from hexane 
and gave 0.10 g. (17y0) as yellow needles, m.p. 111.5- 
112.5". The mixture inelting point with material from the 
lithium aluminum hydride reduction was undepressed. 

From the ether fractions was also recovered a small 
amount of starting material, melting point and mixture melt- 
ing point 135-136". 

Reduction of 0.70 g. of compound XVI was also carried 
out with lithium aluminum hvdride (method D )  except 
ether was used as the solvent and the mixture was heated 
under reflux for 3 days. Chromatography was carried out 
as described using benzene, ether and methanol in turn for 
the elution. From the methanol fractions was isolated 0.24 
g..(36%) of 2,2'-diaminodiphenylmethane (IXe), m.p. and 
mixture m.p. 134.5-135.5'. From the benzene fractions 
after recrystallization from hexane was obtained 0.08 g. 
(12%) of XIIe as yellow needles, m.p. 111-112°. The an- 
alytical sample had 111.p. 112.5-113.5°. The ultraviolet 
spectrum showed Amax 242 mp, e 6 820; Amax 314 mp, e 7,620; 
Xmax 423 mp, e 976. 

Anal. Calcd. for C1zHION2: C, 80.35; H, 5.19; x, 
14.43. Found: C, 80.13; H, 5.14; N, 14.11. 

N.m.r. Spectra.-All determinations mere made in acetone 
solvent with a concentration of 5-10'%. Compounds XVIII 
and XVII were run at 60 n ix .  and referenced by externnl 
benzene. The protons on nitrogen appeared at -9a and 
-187 C.P.S. Compounds IIe and I Ib  were run at 60 mc. 
with internal tetramethylsilane as reference and showed ab- 
sorption a t  -371 and -376 C.P.S. Compounds X I X  and 
IId were run at 40 mc. with external methylene chloride re- 
ference, and showed resonance a t  -72 and -21 C.P.S. All 
values were corrected approximately to the T scale by 
usingdz benzene = 3.60 7, methylene chloride = 4.70 T .  S o  
susceptibility corrections were made. 

(42) A. A. Bothner-By, C. Naar-Colin and B. L. Shagiro. "Spectra 
and Structure Correlations," Vol. 11, Revised Presentation, Mellon 
Institute, Pittsburgh, Penna., Dec., 19.58. 
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'I'he rat e coiistanls for (lie reaction of fourtceti 4-11- and of twelve 5-R-2-iiitrochlnrobruzcnes with pipcridirie in b c ~ i x r l ~ c  
1)iffcr- have been determined. 

ences in rates arc mainly determined by differences ill activation energies. 
The  reaction follows the Haminett relationship log k l t / k =  = a * p  with a p-value of $3.80. 

The exteiisive literature 011 aromatic nucleophilic 
substitution, has been recently reviewed by Bun- 
iiett and Zahler,3 Bunnett? and Sauer and Huisge~i.~ 
hIiller,6,7 Hamniond and Hawthorne8 and Kal- 
berer,g have published partial reviews. 

(1 )  Based in part on the D.Chem. thesis of W. G. (1860) and 11. A. B. 
(1 959). 

(2) Inquiries should be addressed to Laboratorio de Quimica Or- 
ginica, Facultad de Ciencias Exactas y Naturales, Pen5 272, Buenos 
Aires, Argentina. 

(3) J. F. Bunnett and R. E. Zahler, Chem. Revs., 49, 297 (1951). 
(4) J. F. Bunnett, Quart Revs. (London),  12, 1 (1958). 
(5) J. Sauer and R .  Huisgen, Angew. Chem., 73, 294 (1960). 
(6) J. Miller, Reus. Pure A g g l .  Chem. (Austral . ) ,  1, 171 (1951). 
( 7 )  J. Miller, Austral.  J .  Chem., 9, 61 (1956). 
(8) G. Hammond and M. F. Hawthorne, in "Steric Effects in Or- 

ganic Chemistry," M. Newman, editor, J. Wiley and Sons, Inc., New 
York, N. Y., 1956, p. 182. 

(9) F. Kalberer, Bull. SOC. fribourgdse des sci. nafurellcs, 44, 225 
(1954). 

The nucleophilic substitutioii of lialogeii i l l  . I- lC- 
2-iiitrohalogenobeiizeiies has been studied q~iaii t i-  
tatively by Berliner and A210iiackLo in the solvolysis 
of 4-R-2-nitrobroinobeiizeiies in piperidine ; by 
Miller and coworkers, l 1  by Bunnett and coworkers'? 
and by Eliel and Nelson13 in the reactions of 4-It-2- 
nitrochlorobenzenes with sodiuiii methoxide iii 
methanol. Bunnett and Snipes14 studied the 

(10) E. Berliner and L. C. Monack, J .  A m .  Chem. SOL,  7 4 ,  137-1 
(1952). 

(11) (a) J. Miller, ibid., 7 6 ,  448 (1954); (b) D. T. Downing, R. L. 
Heppolette and J. Miller, Chemistry 6' Industry (London) ,  1260 
(1953); (c) R. L. Heppolette, J. Miller and V. A. Williams, J .  Chew.  
Soc., 2929 (1955); (d) J. Miller and V. A. Williams, J .  A m .  Chem. Sac., 
7 6 ,  5482 (1954); ( e )  J. Miller, J .  Chem. SOL.. 3550 (1952). 

(12) (a) J .  F. Bunnett, F. Draper, P. R. Ryason, P. Noble, R.  G. 
Tonkyn and R. E. Zahler. J .  A m .  Chem. Soc., 76 ,  642 (1953); (b) 
J. F. Bunnett, H. Moe and D. Knutson, ibid. ,  76 ,  3936 (1954). 

(13) E. L. Eliel and K. W. Xelson, J .  Org. Chem., 20,  1657 (1953). 
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reaction of 4-R-2-nitrochlorobenzenes with sodium 
thiophenoxide in aqueous 60% dioxane, and Be- 
van15 the reactions of 4-R-2-nitrofluorobenzenes 
with sodium ethoxide in ethanol. 

In these reactions the rate of substitution of the 
halogen can be correlated with the polar effects of 
substituents para to the site of substitution, the 
activating effect of the o-nitro group being con- 
sidered as constant. 

Similar studies on 5-R-2-nitrohalogenobenzenes 
have not been made, although some papers of semi- 
quantitative or preparative character have been 
published. 16--20 

In this series there is a possibility for a secondary 
effect by resonance between the substituent and the 
nitro group, para to each other. The constancy 
of the activating effect of the nitro group can 
eventually be affected by the contribution of struc- 
tures of type I. In our opinion the difficulty of the 
evaluation of its relative importance has been the 
main reason for the lack of interest in quantitative 
studies of nucleophilic reactions of 5-R-2-nitro- 
halogenobenzenes. 

I 
Most of the information on the polar effect of 

substituents, meta to the site of the reaction in aro- 
matic nucleophilic substitutions comes from papers 
by Capon and Chapmanz1 on the reaction of 5- 
chloro-2,4-dinitroalkylbenzenes with several rea- 
gents, and by BevanZ2 and Miller23 and their co- 
workers on the replacement of an activated halogen 
atom in m-substituted compounds with sodium 
methoxide in methanol. 

We have determined the rates of reaction at 
several temperatures for a series of 4-R- and 5-  
I<-3-nitrochloroberizenes with piperidine in ben- 
zene. A correlation has been found for the polar 
effects of a wide variety of substituents, meta and 
para to the site of substitution, in a reaction with a 
powerful nucleophile in a non-polar solvent. ben- 
zene, not generally used in this type of 

The experimental evidence reported mainly by 
I lu~ ine t t~  supports the idea of an intermediate of 
type 11, in which the formation of the carbon- 
nitrogen bond and the heterolysis of the carbon-- 
halogell bond :ire not s~~i'lirolious?"~6 and which 

(14) J. 1'. Bunilet t  arid R. F, Snipes, J .  A m .  Chem. SOC., 77, 5422 
[I 95s). 

(15) C. L. Bevan, J .  Chem.  Suc., 622 ( lW3) .  
(16) W. Korner, Cam. c h i m .  i ld . ,  4, 30.5 (1874). 
(17) F. Beilstein and A. Kurbatow, A n n . ,  183, 94 (1876). 
(18) A. F. Holleman, W. J. de Mooy and J. ter Weel, Rec. f rau.  chim., 

(19) H. H. Hodgson and F.  W. Handley, J .  Chem. Soc., 542 (1926). 
(20) F. Swarts. Rec. Irao. chim., 85, 154 (1915). 
(21) B. Capon and N. B. Chapman, J .  Chem. Soc.. 600 (1957). 
(22) C. W. Bevan, T .  0. Fayita and J. Hirst, ibid., 4284 (1956). 
(23) M. Liveris, P. G. Lutz and J. Miller. J .  A m .  Chem. Soc., 78, 

(24) See ref. 9 and 51: M. F. Hawthorne, J. Am. Chem. Scc., 76, 

(25) J. F. Bunnett and J.  J. Randall, ibid., 80, 6020 (1958). 
(26) J. F. Bunnett, in "Theoretical Organic Chemistry" (Kekul6 

Symposium, London, 1958). Butterworths Sc. Pub]., London, 1959, p. 
144. 

39, 438 (1920). 

3375 (1956). 

6358 (1954); J. F. Bunnett and A. Levitt, ibid. ,  70, 2778 (1948). 

F R 
I1 

in systems adequately activated has a certain de- 
gree of stability. 

Experimental 
Solvents and Reagents. Piperidine.-The Eastman Ko- 

dak Co. product (b.p. 98-108") was dried over potassium 
hydroxide, and distilled over sodium in a column of 22-23 
theoretical plates (Fenske); the fraction of b.p. 106.5" 
(760 mm.) was employed. 

Benzene.-Reagent grade thiophene-free, dried and dis- 
tilled over sodium, b.p. 8C-8lo, was used. 

a-Nitrochlorobenzene .-The Eastman Kodak Co. owhite 
label product was recrystallized from ethanol; m.p. 32 . 

4-Chloro-3-nitrobiphenyl.3- Amino -3 - nitrobiphenyl 
(23.8 g.) obtained by the procedure of Campbell, Anderson 
and G i l m ~ r e , ~ ~  gave by the Sandmeyer reaction on the dia- 
zonium salt (obtained by Hodgson and Walker's methodl8) 
15.3 g. of 4-chloro-3-nitrobipheny1, m.p. 42' (crystallized 
from petroleum ether, b.p. 60-70"), b.p. 163.5" (1 mm.). 

Anal. Calcd. for C12HsN02Cl: C, 61.7; H, 3.45; N, 
6.0; C1, 15.2. Found: C, 61.87; H, 3.54; Pi, 6.18; C1, 
15.14. 

3-Chloro-4-nitrobiphenyl.-Starting with 3-nitrobiphenyl, 
prepared by the method of France, Heilbron and Hey29 
with the modifications of Bachmann and Hoffman,m 3- 
amino-4-nitrobiphenyl was obtained following the procedure 
of Blackley and Scarbourghal; 12 g. of this amine diazotized 
by the method of Hodgson and Walker gave by the Sand- 
meyer reaction 6 g. of 3-chloro-4-nitrobipheny1, m.p. 64- 
65" (crystallized from petroleum ether, b.p. 60-70"), b.p. 
170-172" (1 mm.). 

Anal. Calcd. for C12HaN02Cl: C, 61.7; H, 3.45; hT, 
6.0; C1, 15.2. Found: C, 62.37, H, 3.79; N, 5.91; C1, 
14.74. 

4-Chloro-3-nitroanisole .-From 23 g. of 4-amino-3- 
nitroanisole, 18 g. of the product was obtained by the 
procedures of Van Erp32 and Reverdin and During3*; m.p. 
4345".  

4-Chloro-3-nitriphenetole.-With the same procedure, 
25 g. of 4-amino-3-nitrophenetole gave 23 g. of 4-chloro-3- 
iiitrophenetole, m.p. 48" (crystallized from ethanol). 

3-Chloro-4-nitrophenetole.-From m-aminophenol, m- 
rthoxyacetanilide was obtained by the procedures of Rever- 
din and de Luc3* and Revrrdin and L0kietek.a 3-Amino- 
4nitrophenetole was then obtained according to Verkade 
and Witjens36 and Reverdin and Lokietek introducing the 
inodifications of Hodgson and Clay37 for the 3-amino-4- 
iiitropropoxybenzene. 

A solution of 10 g. of nitric acid (d.  1.50) in 50 ml. of 
acetic anhydride was added dropwise into a vigorously 
stirred suspensioii of 18 g. of m-ethoxyacetanilide in 100 ml. 

(27) N. Campbell, W. Anderson and J. Gilmore, J .  Chem. SOC., 446 
(1940). 

(28) H. H. Hodgson and J. Walker, ib id . ,  1620 (1933). 
(29) H. France, 1. M. Heilhron and D. H. Hey, i b i d . ,  1288 (1939). 
(30) W. E. Bachmann and R. A. Hoffman, Org. Reacfions, 3, 249 

R. Adams Editor, John Wiley & Sons, Inc.,  New York, N. Y., 1944. 
(31) W. Blackley and H. A. Scarbourgh, J .  Chem. SOC., 3000 

(1927). 
(32) H. Van Erp, J .  p m k f .  Chem., 137, 28 (1930). 
(33) F.  Reverdin and F. During, Ber., Sa, 157 (1899). 
(34) F. Reverdin and A. de Luc, Ber., 47, 1537 (1914). 
(35) F. Reverdin and J. Lokietek, Bull. SOG. chim. Froncc, 17, 406 

(1915). 
(36) P. E. Verkade and P. H. Witjens, Rec. frao. chim., 65, 374 

(1946). 
(37) H. H. Hodgson and H. Clay, J .  Chcm. Soc.. 2102 (1931). 
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of acetic anhydride kept a t  -5' .  After 2 hours the product 
was poured on ice. The dried product (13.5-14.5 g.) 
extracted with dry petroleum ether (b.p. 60-70') gave after 
evaporation of the solvent 8.2 g. of 5-ethoxy-2-nitroacetani- 
lide, m.p. 94-95'. The residue, dissolved in chloroform 
and treated with activated charcoal, gave by reprecipitation 
with petroleum ether 4 g. of 3-ethoxy-4-nitroacetanilide, 
m.p. 146-147". Following the procedure of Verkade 
and Witjens, 15 g. of 5-ethoxy-2-nitroacetanilide was re- 
fluxed in 200 ml. of 0.02 N sodium ethoxide solution. 
After pouring into water, 11.7 g. of S-ethoxy-2-nitroaniline, 
n1.p. 105", was obtained. 

Diazotization by Hodgson and Walker's procedure and 
steam distillation of the product of the Sandmeyer reaction 
gave 11.3 g. of 3-chloro-4-nitrophenetole, m.p. 37-38' 
(crystallized from ethanol). 

3-Chloro-4-nitroanisole )*as obtained froin m-hydroxy- 
acetanilide by a similar procedure; m.p. 58" (crystallized 
from ethanol). 

4-Chloro-3-nitroaniline.-The procedure of Fourneau, 
Trkfouel, Trefouel and Wancolle3* was used; m.p. 102- 
103'. 

3-Chloro-4-nitroaniline wa4 obtained as indicated by 
Fourneau, TrCfouel, Trefouel and Wancolle; m.p. 157'. 
The 3-chloro-6-nitroaniline obtained simultaneously was 
purified more conveniently following the methods of Hodg- 
son and K e r ~ h a w ~ ~ ;  m.p. 126'. 

3-Chloro-4-nitrobenzonitrile was prepared as described 
by Bower, Stephens and Wibberley40; m.p. 85-86' (crystal- 
lized from ethanol). 

3-Chloro-4-nitrobenzoic Acid.-The procedure employed 
was that of Claw and I;urz4'; m.p. 183-184" (crvstallized 
from cloroform). 

4-Chloro-3-nitrobenzonitrile.-The method of Dunlop, 
Macrae and T u c k e F  was modified as follows: 10 g. of p -  
chlorobenzonitrile was dissolved in 50 ml. of nitric acid 
obtained by distillation of one volume of nitric acid, d. 
1.42, with 1.5 volumes of concentrated sulfuric acid. After 
24 hours a t  room temperature, the product was poured into 
water. Recrystallization from petroleum ether (b.p. 
60-70') and treatment with activated charcoal yielded 8.5 
g. of 4-chloro-3-nitrobenzonitrile, m.p. 100-101'. 

4-Chloro-3-nitrobenzoic Acid.-The modificatioris of 
Thompson and Turner43 to the method of H ~ b n e r ~ ~  were 
employed; m.p. 180" (crystallized from ethanol-water, 

Ethyl 3-chloro-4-nitrobenzoate and ethyl 4-chloro-3- 
nitrobenzoate mere prepared by the method of the silver 
salt as described by Yogel.45 Ethyl 4-chloro-3-nitrobenzoate 
had m.p. 60-61" (ethanol). Ethyl-3-chloro-4-nitrobenzoate 
has not been previously reported, m.p. 50-51" (ethanol). 

Anal. Calcd. for CBH,OaN: C, 47.07; H ,  3.,51; S, 
6.10, C1, 15.44. Found: C, 47.35; H, 3.53,  X, 595;  
C1, 15.52. 

2,5-Dichloronitrobenzene .-4-Chloro-3-nitroaniline 
f i7 .3  g.), diazotized b7- t h e  procedure of Hodgson and  
Walker and poured into a cuprous chloride, solution 1-ielded 
13.5 g. of Z,5-dichloronitrobcnzene, b.p. 96-98" (3 mm.), 
1n.p. 52-53'. 

2,4-Dichloronitrobenzene.-With a similar proccclure 
18.4 of 3-chloro-6-nitroanilinc yielded 35.1 g. of 2,4-di- 
chloronitrobenzene, b.p. 102-104" (3 mm.), m.p. 32-33'. 

5-Bromo-2-chloronitrobenzene.-Diazotization of 4- 
chloro-3-nitroaniline by the method of Hodgson and Walker 
and subsequent pouring into cuprous broinidc solution 
Jielded thc product with m.p. 71-72' (crystallized from 
ethanol). 

4-Bromo-2-chloronitrobenzene .-A similar niethod n as 
follomed: n1.p. 43-44' (crystallized from ethanol). 

7.3v./v.). 

(38) E. Fourneau, J .  Tr&ouel, Mme. J. TrCfouel and A. Wancolle, 

(39) H. H.  Hodgson and A. Kershaw, J .  Chem. Soc., 2917 (1929). 
(40) J. D. Bower, F. F. Stephens and D. G. Wibberley, ibid., 3341 

(41) A. D. Claus and H. Kurz, J .  p ~ ~ k t .  Chem., [ 2 ]  S7, 200 (1888). 
(12) H. G. Dunlop, T. F. Macrae and S. Horwood Tucker. . I .  Ch~i?!. 

(43) M. C. Thompson and E. E. Turner, ibid., &5 (1938). 
(44) H. Htibner, Ckem. Zenfr . ,  97, 615 (1866). 
(45) A. I. Vogel, "A Textbook of Practical Organic Chemistry," 

Buli. soc. chim. Fuance, 47, 743 (1930). 

(1950). 

Soc., 1675 (1934). 

1st. edition. Lonpmans, Green and Co.. London. 1945. p. 376. 

2-Chloro-5-iodonitrobenzene .4-Chloro-3-nitroaniline, 
diazotized as above yielded after pouring into a solution of 
potassium iodide 2-chloro-5-iodonitrobenzene, m.p. 73- 
73.5" (crystallized from methanol). 

2-Chloro-4-iodonitrobenzene.-Iri a similar way 3-chloro- 
4-nitroaniline yielded 2-chloro-4-iodonitrobenzene, 1n.p. 
61-62' (crystallized from ethanol). 

4-Chloro-3-nitro-t-butylbenzene .-2-Sitro-4-t-butyl- 
aniline prepared, as indicated by Carpenter, Easter and 

and diazotized by the method of Hodgson and 
Walker, gave the desired product by the Sandmeyer rc- 
action; b.p. 118-122" (3 nim.). 

3-Chloro-4-nitro-t-butylbenzene .-wz-Sitro-t-butylben- 
zene, b.p. 97-99" (2.5 mm.), obtained as described by 
Carpenter, Easter and Urood46 was reduced with hydrogen 
(40 p s i . )  using as catalyst 55; by weight of platinum on 
alumina with 0.25c0 of platinum, m-tert-butylaniline was 
obtained in quantitative yield. This amine was nitrated 
and diazotized by the procedures described by Capon and 
Chapman,*'b.p. 96-97' (0.2 mm.). 

4-Chloro-3-nitrotoluene, prepared by the method of 
Gattermann and Kaiser,47 had b.p. 95-96' (1 mm.), solidi- 
fication point 7 " .  

3-Chloro-4-nitrotoluene was obtained according to Wepster 
and \'erkaded8; b.p. 99-101' (2 nun.), m.p. 22". 

4-Chloro-3-nitroazobenzene was made by the method 
of Borsche and Exssag; m.p. 87" (crystallized from ethanol). 

4-Chloro-3-nitrobenzotrifluoride .-The Maumee Chemical 
Co. product was distilled, b.p. 85.5-86' (3  mm.). 

Kinetic Measurements.-Sereral Pyrex sealed tubes each 
containing 10 ml. of a benzene solution of the reactants, 
roughly 0.1 M in the halogen compound and 1 .O AI in piperi- 
dine, were placed in a thermostat regulated to 3~0.1~. 
Tubes were removed and frozen, and after addition of 10 rill. 
of 20yo nitric acid, chloride ion was determined by poten- 
tiometric titration. 

Rate constants Tvere calculated as in previous papersso 
by means of the equation 

ke (2.303/[t(b - 2a)l) log ( ~ ( b  - 2 ~ ) / b ( ~  - x ) ]  

where a and b are, respectively, the molar concentrations 
of halogen compound and piperidine and x is the con- 
centration of chloride ion a t  time t .  Data from two tubes 
removed simultaneously usually did not differ by more 
than lye, and reproducibility of rate constants by iridepeiid- 
ent experiments lay within 4 ~ 2 ~ ' , .  Data for a typical 
run are given in Table I. 

TABLE I 
K E A C T l O S  O F  4 - C H L O R O - 3 - S I T R O - t - s ~ ~ S L B ~ ~ Z ~ ~ ~  1Y1'114 

PIPERIDISE IS  BESZESE 4T 60" 
a = 0.0975.U, b = 1.0022.V 

Time, sec. x ,  mole 1.-1 kr X 107, 1. mole-' iec.-' 

61740 0.0105 18.2" 
78720 ,0135 18. so 

14 l9CiO . 02% 18.57 
1'57040 0:HiY 1s .  83 
319710 ,041'5 18.37 
415'00 0199 18.11 
505XI)O .0,570 18.18 

.~\.cragc 18.48 i 0 .  1 

This technique could riot be used for tlie vcry rcactivc 
compounds having the following substituents: 4-302, 
A-CN, 4-C02C2H6, 4-CsH6N=?;, 4-F3C and 5-CN. A 
spectrophotometric technique was used instead. The 
absorption due to the substituted X-phenylpiperidine pro- 
duced in the reaction was measured a t  a convenient wave 
length, usually 390-420 mp, with a Beckinan DU spectro- 
photometer. 

Initial concentrations ranged from 10-4 to 10-5 M for the 
halogenated compound, and piperidine was lo2 to lo3 

(46) M. S. Carpenter, W. hI. Easter and T. F. Wood, J .  Org. Chewz., 

(47) L. Gattermann and -4. Kaiser, B e r . ,  18, 2600 (1888). 
(48 )  R. M. Wepster and P. E. Verkade, Rec. 1rou. chiii!., 68, 101 

(49) W. Borsche and I. Exss, Chtm.  Ber., S6, 23.53 (10.53). 
(50) J .  A. Brieux and V. Deulofeu, J .  CIIPIII. SOL. ,  5064 (1934); 

16, 586 (1951). 

(1949). 

A?ZO.!!es A50C. OlLimiCQ A?'gelIfi?tO.. 44,  159 (1936). 
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TABLE I1 

PIPERIDIXE IS BEXZEXE AT 35’ 
REACTION O F  4-CHLORO-3-NITRoBEXZOTRIFLUORIDE WITH 

(I = 5.61 X M; b = 1.77 X lo-’ M; O.D., = 1.111 
Time, min. 0.D.t Time, min. 0.D.t 

8 0.128 11 0.451 
15 ,204 50 .520 
20 .255 57 ,568 
30 ,354 62 .601 

k+ = 2.02 X see.-’; k 2  = 1.14 X lWa 1. niole-* see.-’ 

times in excess. Samples mere removed from the thermo- 
stat, cooled rapidly to room temperature and the  absorbancy 
measured directly. 

Table I1 shows the results of a typical run. Pseudomono- 
molecular rate constants were calculated graphically from 
the plot of log (O.D.mexp - O.Dt) FS. t ;  second-order rate 
constants were obtained from these by dividing by the con- 
centration of piperidine. 

Results 
Data lor 

2,&dinitrochlorobenzene communicated by Mr. 
T. H. Suarez have been added. In  general a good 
parallelism is observed between these results and 
those of other investigators in similar s t ~ d i e s . ~ ~ ~ ~ ?  
Nearly all are predictable from the polar effects of 
substituents from the nz- and p-positions to the site 
of reaction. 

The order of decreasing rates can be observed in 
Table 111, which also shows a fairly good constancy 
of the entropy of activation, with only one or two 
exceptions, and corresponding dependence of reac- 
tion rates on the energy of activation. When 
our results are compared with those of other in- 
vestigators, in which the leaving group, the nucleo- 
phile and the solvent are different, the qualitative 
order of influence of substituents from the p-  
position is nearly the same, and i t  becomes evident 
that in the nucleophilic substitutions of these 
compounds the polarity of the substituted carbon 
atom is mainly determined by the over-all polar 
effect of the substituent. 

Discussion 
The Hammett Equation.-Ha~niuett”~ estab- 

lished the empirical relation log kn - log k~ 
- UP: 

This equation has been extensively used for 
studies on aromatic nucleophilic substitu- 

The subject has been reviewed by JaffP and 
recently critically revaluated by Okamoto and 
Brown,58 McDaniel and Brown,5g Taft and co- 
workers60,61 and Van Bekkum, Verkade and IT’eps- 
ter.62 

Results are summarized in Table 111. 

- 

tion.7,10,12a,b,13-15,21c,~4-56 

(51) G. M. Badger, J .  W. Cook and 1%’. P. Vidal, J .  Ckcrn. Soc., 1108 

(52) See ref. 9, E a ,  IZb, l la-e  and 24. 
(53) L. P. Hammett,  “Physical Organic Chemislry,” McGraw-Hill 

(54) J. F. Bunnett and W. D. Merritt, J. A m .  C h e w  SOC., 79, 5967 

(194i). 

Book Co., Inc., New York, N. Y., 1940, Chapter VII. 

(1957). 
(55 )  L. R. Parks, G. Hammond and M. F. Hawthorne, ibid., 77, 

2903 (1955). 
(56) N. B. Chapman and R. E. Parker, J. Chein. Sac., 3301 (1951). 
(57) H. H. JaffC, Chein. Revs., 53,  191 (1953). 
(58)  J. Okamoto and H.  C. Brown, J .  Org. C h e w ,  2 2 ,  485 (1957). 
(59) D. H. hlcDanie1 and H. C. Brown, ibid., 23, 421 (1958). 
(60) R. W. T a f t  and I. C. Lewis, J .  A m .  Chem. Sac., 81, 5343 

(1959). 
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High positive values of p are characteristic of 
aromatic nucleophilic substitutions, in accordance 
with the sensitivity of these reactions to the polar 
effect of substituents in the aromatic nucleus. 

The u-constants correlate the polar influences 
of substituents. The original values given by 
H a m ~ n e t t ~ ~  did not prove completely satisfactory 
in aromatic nucleophilic substitution. The more 
recent ones recorded by JaffC57 as u* are generally 
employed. 

Using JaBC’s a*-values which are equivalent to 
Hammett’s u constants for all substituents studied 
with the exceptions of groups $-NOa, p-CN, m-t- 
C4Hgj m-CO?C?Hs and p-C02C2H5 and employing 
for substituent p-CF3 the constant recorded by 
Bunnett and co-workers,12b a p-value of $3.80 
with a correlation coefficient r = 0.934 results. 

For the 4-R-2-nitrochlorobenzenes alone a p 
constant of +4.08 with a correlation coefficient 
0.992 is obtained. Kalberer9 has found a value of 
p = +4.82 for the reaction of 4-R-bromobenzenes 
with piperidine in benzene comparable to ours and 
those obtained by other workers summarized by 
JaffC. This clearly shows that the differences in 
rate are mainly due in these series to the polar in- 
fluences of substituents from the p-position. 

The interesting question arises: what is the in- 
(61) R. W. Taft, s. Ehrenson, I. C. Lewis and R. E. Glick, i b i d . ,  

( 62 )  H. Van Bekkum, P. E. Verkade and B. M. Wepster, Rec. lunv. 
81, 5353 (1959). 

chim., 78, 815 (1959). 
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TABLE 111 
REACTIONS O F  4-R- AND 5-R-2-NITROCHLOROBESZE&ES WITH PIFERIDISE I N  BENZENE 

kl X 105, 1. mole-1 set.-' 7 

Substituent 30' 350 450 60' 75Q 1000 

4-NOz 7.83 X 1030 11.4 X 1OS 14.9 X loa 
4-CN 1 .33  X los 2.14 X lo3 
4-COtCtH5 197 335 
4-F3C 114 191 
4-CaH5N2 119 184 
5-CN 6 93" 21.2 
5-Br 5.38 12.5 
5-C1 4.93 11.7 
5-1 3.37 9.07 
4-COzH 5.20 
4-1 1.69 4.41 
4-Br 1.28 3.49 
4-C1 0.842 2.29 
5-COzCzHr 1.91 
5-OCHa 1.52 
5-OCzH6 1.34 
4-CaHs 0.758 
5-CsH6 ,380 
H .363 
5-"2 .311 
5-CHa .312 
5-CO2H .196 
5-C( CHa)j ,167 
4-C(CHa)a .061 
4-CH3 .053 
4-OCH3 ( .0091) 
4-OCzH6 ( .0078) 
4-xHz ( .0003) 

fluence of conjugative interactions between a 5-  
substituent R and the nitro group para to each 
other? 

Miller and co-workersZ3 have considered this 
point previously in the reactions of 5-R-2,4-di- 
nitrochlorobenzenes and 4-R-2,G-dinitrochloroben- 
zenes with sodium methoxide in methanol. 

The activating systems in these 2,4- and 2,G- 
dinitro series are not equivalent, since i t  is known 
that the activating influence of the 0- and p-nitro 
groups differ in magnitude and also with the nucleo- 
phile. This makes any direct comparison of both 
series difficult. 

In reactions of 4-R-2,G-dinitrochlorobenzenes 
the rates can be correlated with the polar effects of 
+substituents R, but these influences cannot be 
compared with those of substituents 5-R in the 
reactions of 5-R-2,4-dinitrochlorobenzenes, where 
the over-all effect of R includes the polar influences 
from the m-position, the conjugative interactions 
with the nitro groups and the steric influence over 
the 4-nitro group, factors which are difficult to 
evaluate independently. 

Miller and co-workers have correlated in a 
Hammett plot their log kz values against amended 
u constants in order to give extra weight to the 
polar and steric influences of 5-R substituents with 
the nitro groups. 

For the reaction of 5-R-2-nitrochlorobenzenes 
with piperidine in benzene a low value of p = 2.63 
is obtained with r = 0.893. 

The different values of p for the 4-R and 5-R 
series would show once more, and in accordance 

At 25'. 

4.57 x 103 
312 
1-52 
335 
50.0 
27.9 
26.5 
20.2 

10.6 
7.99 
4.99 
4.22 

0.621 

0.183 

103 

52.2 

21.9 

11.5 
9.91 31.7 
8.12 
7.13 
4.46 16.3 
2.61 
2.48 9.10 
2.33 
2.00 
1.54 
1.16 
0.414 

.359 1.52 

.(I796 0.359 

.0680 .302 

.0051 ,034 

41100 6 . 5  
5890 10.0 
922 9 . 4  
527 11.3 
508 8 . 6  
58.5 11.8 
34.5 11.0 
32.3 11 .5  
24.9 11.8 
14.3 10.4 
12 .1  12.0 
9 . 6  12.3 
8 . 2  12 .1  
5 . 3  11.9 
4 .2  12.4 
3 .7  13.0 
2 . 1  13.0 
1 .05  14.1 
1 13.9 
0.86 13.7 

.86 13.8 

.54 1G.4 

.46 14.0 

.17 14.2 

.15 14 .5  

.025 15.5 

.022 15.6 

.001 19.6 

e.u. 

42 
35 
41 
36 
44 
35 
42 
40 
40 
46 
41  
40 
42 
42 
42 
40 
41 
39 
40 
41 
40 
3 3 
41 
43 
42 
42 
42 
36 

with the views of Hine63 and JaffC,64 that p in 
spite of formal analogies is not a measure of the 
same magnitude for both series of compounds. In 
most cases differences are small and often lie within 
the experimental error, but in the reactions we have 
studied they are significant. As there is a qualita- 
tive agreement with the findings of Miller and co- 
workers, i t  was thought that  the idea underlying 
the treatment of their results could be applied in a 
more direct way to ours, in order to estimate the 
mesomeric interactions 5-R-2-N02. 

The values of log kZ 6-R v s .  crmela* wcre introduced 
into the Hammett's graphic plot of log kz &R v s .  

From this, the differcnce between umpta* valucs 
cinploycd and the dniendcd u-\-alues fitting the cx- 
perimental data into cquation 

r4-R* with p = $4.08. 

log k ,  0-11 = log ki R + 4 OS X ~ , m e ! i l c c l  

MIAS cvduated lo! cadi m-substituciit. 
The differences for most substituents iiicluclcti 111 

Fig. 1 are small, but for substituents m-cyano, m- 
carbethoxy and m-phenyl (Tamended values arc 
smaller than the cr*-constants by 0.24, 0.20 and 
0.20 units, respectively, showing that the activat- 
ing influence of the nitro group ortho to the site of 
substitution is roughly constant but smaller than 
its over-all effect in most of the compounds studied. 

For the m-amino group the a*-constant should 
be increased by 0.15 unit in order to bring the log 

(63) J Hine, J .  Am.  Chem Sac., 81, 1126 (1959). 
(64) H H. Jaffe, abrd , 81, 3020 (1959). 
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kz for 5-amino-2-nitrochlorobenzene into the Ham- 
mett plot with p = f4.08. 

The Hammett plot log kz 4-R vs. u* shows certain 
differences between the accepted a*-values and 
those graphically determined for the reaction, but 
taking into account the correlation coefficient 0.992 
of the experimental data for the p-series obtained, 
no great significance is attached to this. 

Nevertheless i t  is interesting to point out that  
for the p-phenyl group the value u = +0.07 in- 
dicated by Berliner and co-workerse6,66 fits the ex- 
perimental data better for this compound than 
the smaller value recorded by Hammett and by 
Jag6 employed by us. 

Polar Effects of Substituents.-4-Chlor0-3-nitro- 
benzotrifluoride and 4-chloro-3-nitroazobenzene 
show an inversion of relative reactivity (an iso- 
kinetic temperature) between 35’ and 45’, but the 
order found for the more reactive compounds at  
45’, k4-NOs > k b c N  > ~ - c o , c , H ,  > ~ C F ~ C  > 
k4-csHsNI > k4-cozH > kehalogen is essentially that 
expected from their total polar effects upon the site 
of substitution. 

2,4-Dinitrochlorobenzene is by far the most reac- 
tive among the compounds studied, due to the 
powerful mesomeric effect of the nitro groups (rela- 
tive rates: R.R. = 4 x lo4) .  Groups 4-cyano, 
4-carbethoxy and 4-phenylazo act through their 
combined inductive and mesomeric actions, of 
which the latter is apparently the more important. 

Superimposed to the strong negative inductive 
effect of the 4-trifluoromethyl group, there is very 
likely a hyperconjugative effect of the type stated 
by Roberts, Webb and McElhille7 and represented 
by the formulas of type 111. 

P O z  

&NO2 ~ 

C F3 CF, F -  
I11 

In agreement with the results of Walborsky and 
Schwarz,68 in electrophilic addition to the ethyl 
y ,  y, y-trifluorocrotonate the oberved order 
kp-co,czHI > kD-cFI points to the greater capacity 
of the carbethoxy group to stabilize a negative 
charge on the neighboring carbon atom. 

The mesomeric effects of cyano and carbethoxy 
groups from the m-position are only transmitted 
to the site of substitution by a secondary relay 
eflect causing the corresponding substituted com- 
pounds to react faster than o-chloronitrobenzene 
but much slower than the isomers with these 
groups para. 

The sequence kmo2 > kd-co,ri  > kd-ha~ogen and 
the relative rate k4-co ,H/kH = 14.3 found by us 
differ from those of Berliner and Monack, lo k4-NOI 
> kkhalogen > kPcol- and k C c o l - / k H  = 2.5. 

Since these figures are directly comparable due 
to the similarity of p constants for both reactions, 

(65)  E. Berliner, B. Newman and T. M .  Riaboff, J. A m .  Chem. 

(66) E. Berliner and E. A. Blommers, ibid. ,  73, 2479 (1951). 
(67) J. D .  Roberts, R.  L. Webb and E. A. McElhill, ;bid., 73, 408 

(68) H. M. Walborsky and M. Schwarz, i b i d . ,  75, 3241 (1953). 

SOL., 77, 478 (1955). 

(19.50). 

i t  can be concluded that in the conditions employed 
by Berliner and Monack the reacting species of 4- 
chloro-3-nitrobenzoic acid is the ionized form of 
the acid, while in our conditions, if there is an 
equilibrium between the carboxy and the car- 
boxylate form, the most reactive species is very 
likely the un-ionized acid. 

The order C02CHB > I > Br > C1> COz- > H 
found by Miller’ in the reaction of 4-R-2-nitro- 
chlorobenzenes with sodium methoxide in methanol 
reinforces this point of view, because in the condi- 
tion of his experiments there is no doubt about the 
total ionization of the carboxy groups. 

The 3-chloro-4-nitrobenzoic acid reacts slower 
than the p-substituted isomer and o-chloronitro- 
benzene, ( k c c o 2 H / k b c o , H  = 27; R.R. 5-C02H 
= 0.54). 

These results indicate an electronic releasing 
effect of the substituent from the m-position more 
compatible with an ionic structure of the sub- 
stituent. 

The primary and secondary dissociation con- 
stants of phthalic acids as compiled by Brown and 
co-workerseg show a similar inversion, determined 
by the appearance of a charged structure, in the 
accepting and releasing electronic effects of car- 
boxy and carboxylate groups. 

By the action of their mesomeric effect, the sub- 
stituents 4-methoxy, 4-ethoxy and 4-amino are all 
strongly deactivating. The partial sequence 
k C o c H I  > k Q o c I H ,  reflects the secondary influence 
of alkyl groups through the oxygen atom, showing 
an inductive order. From the m-position the meso- 
meric effect of these groups can reach the site of 
substitution only through a secondary inductive 
effect from the o-carbon atoms. In the amino 
group this effect is almost compensated by the 
negative inductive effect of the substituent while 
in the alkoxy1 groups induction predominates and 
these compounds react faster than o-chloronitro- 
benzene. 

All the halogens studied produce a marked in- 
crease in the rate, specially from the m-position, 
due to their negative inductive effect. The meso- 
meric effect acts in these compounds in a sense op- 
posite to the inductive effect, with enough intensity 
as to produce an “inverted inductive” order series 
for the p-halogen compounds: k 4 1  > k b B r  > 
kcci. This effect is substantially damped from 
the m-position. The m-halogen compounds are 
thus as a whole more reactive than p-halogen sub- 
stituted isomers; besides no “inverted order” is 
observed. 

Nevertheless there is an inversion between the 
substituents chlorine and bromine. 

The introduction of a m-methyl group produces 
a slight decrease in rate; this is more pronounced if 
the group is in the p-position. 

The p-t-butyl group acts much the same as p-  
methyl, as Berliner and Monacklo have earlier 
found, but the influence is clearly different from 
the m-position. The ratio kS-t-c,HI/kCt-caH9 = 
2.7 is smaller than kS-cHl/k4-cHr = 5.9. 
(69) H. C. Brown, D. H.  McDaniel and 0. Haflinger, in “Deter- 

mination of Organic Structures by Physical Methods,” E. A. Rraude 
and F. C. Nachod eds., Academic Press, Inc., New York, N. Y., 1955, 
pp. 576 and 588. 
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Both inductive and hyperconjugative effects 
for these substituents are positive causing them to 
be deactivating with respect to hydrogen. 

The inductive effect should not be very different 
when the substituent is in m- or p-position, but 
hyperconjugation determines the order k5-R > 
k 4 - ~  because i t  can only act directly when the 
alkyl group is in  the p-position. 

The ratio kln,'kp for t-butyl, significantly greater 
than unity, suggests that for this substituent as 
well as for methyl, hyperconjugation plays an im- 
portant role. These results agree with those of 
Capon and Chapman." 

The effects of the phenyl group cannot be inter- 
preted for both positions of the substituent on the 
same basis of negative inductive and positiv e meso- 
meric effects. 

Ingold7" pointed out the variable capacity of the 
phenyl group to act as an electron acceptor or 
donor, depending on the reaction requirements, 
and the general structure to which it is attached. 

De la Mare and Ridd71 have recently discussed 
the influence of several factors on electrophilic sub- 
stitutions in diphenyls and structurally related 
compounds. Berliner and c o - ~ o r k e r s ~ ~ ~ ~ ~  have 
established that transmission of polar effects of sub- 
stituents through the diphenyl moiety is less in- 
tense than through benzene itself. In the activa- 
tion of the chlorine atom by the phenyl group in 4- 
chloro-3-nitrobiphenyl, the negative inductive ef- 
fect of the substituent is more powerful than the 
opposing mesomeric effect; but in 3-chloro-4- 
nitrobiphenyl, where the phenyl group is pura to 
the nitro group, mesomeric interaction by para- 
conjugation operates with its consequent elec- 
tronic release balancing the electron-attracting 
effect of the phenyl group. 
In the conditions of our experiments the phenyl 

(70) C. K. Ingold, Chem. Reus., 16, 225 (1934). 
(71) P. B. D. de  la  Mare and J. H. Ridd, "Aromatic Substitution" 

(Nitration and Halogenation), Butternorths Sci. Puhl., London, 1959, 
Chapter 12. 

( 7 2 )  E. Berliner and L. H. Liu, J .  Am. Chem. SOC., 76, 2417 (1953). 

group slightly enhances the reactivity from the m- 
position (R.R. = 1.05); a greater increment is ob- 
served from the p-position (R.R. = 2.1). 

Berliner and co-workers have obtained a similar 
result in the reaction of 3-bromo-3-nitrobiphenyl 
with piperidine in which this compound reacts 2.2  
times as fast as o-bromonitrobenzene. 

Brown, Okamoto and InukaP found that the 
phenyl substituent, in the solvolysis of phenyl- 
dimethylcarbinyl chlorides system in which no 
nitro group is present, increases the rate by six times 
from the #-position while i t  is deactivating from 
the m-position (R.R. = 0.32). These results can 
be compared with those of Berliner and Shieh74 
for the solvolysis of a-phenylethyl chlorides in 
which they find that forcing both rings of the bi- 
phenyl moiety to be coplanar, by introduction of 
an ortho-ortho methylenic bridge (fluorenyl deriva- 
tive), increases the rate of reaction by a factor of 
seven hundred. 

Finally we wish to record from experiments 
made in this Laboratory by Miss Hebe B. Bel- 
monte that it has not been possible to obtain 3- 
chloro-4-nitroazobenzene by condensation of nitro- 
sobenzene with 3-chloro-4-nitroaniline and hence to 
study the polar effects of the m-phenylazo substitu- 
ent in the reaction. 

Acknowledgments.-This research was supported 
in part by a grant from the Council for Scientific 
and Technical Research of Argentine (C.S.I.C.T.). 
The authors are grateful to Professor Ti. Deulofeu 
for his interest and to Professor J. F. Bunnett and 
Dr. C. A. Bunton for helpful discussions. They 
also wish to thank hIiss H. Belmonte and Mr. T. 
H. Suarez for their assistance in some of the prep- 
arations. They appreciate as well the Xaumee 
Chemical Co., Toledo, Ohio, for their generosity in 
providing them with a sample of 4-chloro-3-nitro- 
benzotrifluoride. 

( 7 3 )  H. C. Brown, J. Okamoto and T. Inukai, i b i d . ,  80 ,  4005 (1958). 
(74) E. Berliner and S .  Shieh, ; b i d , ,  79, 38-18 (1957)  

[CONTRIBUTION FROM THE LABORATORIO DE QUIMICA ORGAXICA, FACULTAD DE CIENCIAS EXACTAS T SATURALES,  
UNIVERSIDAD SACIOXAL DE BUEXOS AIRES, BUESOS AIRES, ilRGESTISA] 
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The amount of substitution of the chlorine atoms of 2,4-dichloronitrobenzene-4-C13" by piperidine in benzene and methanol 
has been determined by a radiochemical method. The results have been compared with the reactions of 0- and p-chloronitro- 
benzene with piperidine in the same solvents and in ethanol. I t  is concluded that while the change from benzene to metha- 
nol lowers the over-all rate of substitution, i t  enhances selectively the reactivity of the chlorine atom pura to the nitro group. 
Reaction kinetics are tentatively explained and drrhenius parameters presented. 

Bunnett and Zahler2 and more recently Bunnett 
and Morath3 have reviewed the extensive litera- 

(1) Inquiries should be addressed to  Laboratolio de Quimica or- 
ghnica, Facultad de Ciencias Exactas y Naturales, Per6 272, Buenos 
Aires, Argentina. 

ture on the activating effect of the nitro group in 
aromatic nucleophilic substitution. 

I t  is well known that in the Series Of nitro-halo- 
genobenzenes, the p&r.a isomers are the more r e x -  
tive with reagents that  have lone pairs of electrons 

(1O.S.i).  as alkoxides, phenoxides, thiophenoxides, etc., 

(2) J. F. Bunnett and R. E. Zahler, Chem. Revs., 49, 273 (1951). 
(3 )  .J+ P. Bunnett and R. J. Morath, J. Am. Chrm. So<., 77 ,  5051 on an atom of Group VI of the periodic such 


