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A q u a n t i t a t i v e compar i son of meta w i th para s u b s t i t u e n t effects in a r o m a t i c S x reac t ions h a s been m a d e , t h o u g h t h e meta 
s u b s t i t u e n t effects a re compl i ca t ed b y s ter ic a n d con juga t ive in t e rac t ions b e t w e e n t h e meta a n d o the r s u b s t i t u e n t s . Di
vergences from t h e H a m m e t t r e l a t ionsh ip caused b y these in t e rac t ions a re discussed, a n d w h e n q u a n t i t a t i v e e s t ima tes of 
necessary a m e n d m e n t s a re app l i ed t o t h e n o r m a l <rm%u. va lues , t h e H a m m e t t r e l a t ionsh ip is obeyed . M a j o r differences be
tween meta a n d para s u b s t i t u e n t effects a r e shown to be d u e t o t h e con juga t ive ( T ) effect. 

I t is a well known characteristic of aromatic sub- an activated halogen a tom in 17 compounds by 
st i tuents t ha t their conjugative (T) effects3" are O M e - i n absolute MeOH (except where stated), 
much smaller a t meta than ortho and para positions, 
whereas their inductive (I) effects are larger a t TABLE I 
ortho than a t meta and para positions. There is SUBSTITUTED FLUOROBENZENES" 
still doubt whether the order of I effects is o > m > 10̂ 2 
p,* implying relay mainly through the <r-bonds, or i.amoie-' S.R.F." c.i.t E, log 
0 > p > W1

6'6 implying relay also through the v- Substituent see.-' at50° at50= cai. B 
bonds. I t is hoped t h a t later papers of this series m \ ! ° d * " H ° - ° f 6 , , , 1 ^ n , ltl°0]l° 

. . . . . _ ., K , . , . r.*. . , m-NOs 0.0156 7.22 X 10' , _. „ , . . 286go 12.05 
will give definite indications on this point. p.NOt 264 133x10» 1 ^ 4 X 1 0 * 21200 11.7 

While there has been a good deal of recent quan- . r e f e f e n c e 15b_ t g e e D i s c u s s i o n . 
t i ta t ive work on aromatic S N reactions,7_1 , i meta 
substi tuent effects have received little at tention. TABLE II 
Such _ effects as applied to aromatic nucleophilic 4-SUBSTITUTED 1-CHLORO-2,6-DINITROBENZENES 
substitution were included in a general survey by 1Qiki a t 50o 
one of us1 4 and a number of quali tat ive predictions, Substituent 1. moie-i sec.'-' S.R.F. at so° E, cai. log B 
both in an absolute and a relative sense were made, H"-6 739 1 17550 9-75 
bu t until recently no quant i ta t ive relationships cr-6 5860 7.91 17300 10.45 
were available. Bevan and Bye16 have compared S O 3

- ^ 2020 .. 16900 9.75 
the effects of m- and ^-nitro groups, and we have (6000) (8.11) (14350) (8.45) 
published a preliminary note16 relating to a number CH3

6 122.5 0.166 19400 10.25 
of meta and para substi tuents. OCH3

6 14.8 .0200 22100 11.15 
The present discussion uses results of Miller and NH2 0.869 .00118 20400 8.75 

co-workers alone including some from earlier pa- . ^ r e f e r e n c e 1 8 a t o n e temperature only. 6 Cf. reference 
persof this series (unquoted); however, only newly 19 a t two temperatures only. °R. L. Heppolette and J. 
d e t e r m i n e d r a t e c o n s t a n t s a r e g i v e n i n t h e E x p e r i - Mi l le r , n o t p rev ious ly r eco rded . Cor rec t ed t o zero ionic 
m e n t a l s e c t i o n . s t r e n g t h . d W i t h O H - in w a t e r . Va lues in pa r en the se s 

T „ K l a c . T TT \„A TTT i,-„+ „ l „ , , i „+„ ,} * r.+ +„ e s t i m a t e d for O M e - in M e O H using t h e resu l t s of Br ine r 
Tables I I I and I I I list calculated ra te constants a n d M a i e r » a £ t e r c o r r e c t i o n t 0 z e r o fonic s t r e n g t h . " 

(£2) a t oO , activation energy (h) and frequency 
factor (log B), and other quantit ies derived from TABLE III 
experimental ra te constants, for the replacement of 5-SUBSTITUTBD 1-CHLORO-2,4-DINITROBENZENES 

(1) Fulbright Visiting Lecturer/Research Scholar at the Univer- 10s£a at 50°, 
sity of California for the Spring semester, 1954, and at the University „ , ... „ l molf. ' S R ^ a t C L ° o a t „£i 1R8 

, „ , „ . . „ . bubstituent sec. : OO 50 cai. n 
of South Carolina for part of the Fall semester, 1954. 

(2) For reprints. H6 28800 1 1 17450 11.25 

(3) Terminology for electronic effects is that used by C. K. Ingold, c l ° __ 233000 4.05^ 1.95 15400 10.7 
"Structure and Mechanism in Organic Chemistry," Cornell University SO»-e , / 282 16500 8.0 
Press, Ithaca, N. Y., 1953: (a) p. 64, (b) p. 252, (c) p. 259. <838) (0.0291) (279) (13950) (7.3) 

(4) J. D. Roberts, R. A. Clement and J . J . Drysdale, T H I S JOURNAL, C H J , 7 3 0 ° ° - 2 5 4 ° 6 5 4 1 8 3 0 0 1 1 2 5 
73,2181(1951). OCH1'' 1095 0 .380 .0526 18300 11.4 

(5) J. Allan, A. E. Oxford, R. Robinson and J. C. Smith, J. Ckem. N H ' 3 8 4 - 0 1 3 3 • 0 8 8 7 2 0 3 50 1 1 3 5 
Soc, 401 (1926). N ( C H J ) ! 550 .0191 17600 9 .6 5 

(6) C. K. Ingold, Chem. Revs., 15, 225 (1934). O""'" 0.0901 21600 8.7 
(7) E. Berliner and L. C. Monack, T H I S JOURNAL, 74, 1574 (1952). (0.268) .O393I (190So) (7.4) 
(8) C. W. L. Bevan, J. Chem. Soc, 655 (1953). a B y cor re la t ing t h e S . R . F . va lues of T a b l e s I I a n d I I I . 
(9) K. R. Brower, W. P. Samuels, J. W. Way and E. D. Amstutz, b Cf. reference 22 . ° Cf. reference 18. d T a k i n g half t h e 

J. Org. Chem., 18, 1648 (1953). ca lcu la ted va lue since t h e r e a re t w o ident ica l r ep laceab le Cl 
(10) N. B. Chapman, R. E. Parker and P. W. Soanes, J. Chem. Soc, a t o m s . e As foo tno te d of T a b l e I I . I C o r r e c t e d t o zero 

2109 (1954). ionic s t r e n g t h . ' Us ing t h e s a m e cor rec t ion t o zero ionic 
(11) J. F. Bunnett and G. T. Davis, T H I S JOURNAL, 76, 3011 s t r e n g t h as for t h e S O 3 ~ c o m p o u n d . 

(1954). Z 
(12) J. A. Brieux and V. Deulofeu, / . Chem. Soc, 2519 (1954). (17) Substituent Rate Factor: J. Miller, J. Chem. Soc, 3550 (1952). 
(13) R. L. Heppolette, J. Miller and V. A. Williams, / . Chem. Soc, (18) A. F. Holleman, Rec. trail. Mm., 39, 435 (1920). 

2929 (1955). (19) J. F. Bunnett, H. Moe and D. Knutson, T H I S JOURNAL, 76, 
(14) J. Miller, Revs. Pure &• Appld. Chem. (Australia), 1, 171 (1951). 3936 (1954). 
(15) C. W. L. Bevan and G. C. Bye, (a) Chemistry & Industry, 981 (20) G. P. Briner and J. Miller, J. Chem. Soc, 4682 (1954). 

(1952); (b) / . Chem. Soc, 3091 (1954). (21) (a) B. A. Bolto and J. Miller, unpublished work; (b) R. L. 
(16) M. I.iveris, P. G. T.utz and J. Miller, Chemistry & Industry, Heppolette and J. Miller, unpublished work. 

1222 (1952). (22) H. I''. J. l.orang, Rec. Irav. (Mm., 46, 920 (1927). 
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Discussion 
Previous discussion of substituent effects in this 

series of papers has been in terms of direct compari
son with H in terms of a Substituent Rate Factor or 
S.R.F.17 Jaffe23 has discussed the application of 
the Hammett equation24'26 to aromatic nuclear sub
stitutions and has found that some such substitu
tions fit the Hammett equation.7'26 There has 
also been demonstrated27 the applicability of the 
Hammett equation to electron attracting para sub-
stituents but some divergence shown for electron-
releasing substituents; similar divergences in aro
matic substitutions are recorded by de la Mare28 

and Pearson, Baxter and Martin.29 

In 5-substituted l-chloro-2,4-dinitrobenzenes 
there are conjugative interactions between the 5-
and 2- and 4-substituents and steric interactions be
tween the 5- and 4-substituents. These will affect 
the fit of the meta (5-) substituents to the Hammett 
equation and also the p/m ratio of the S.R.F.'s, 
which is now defined as the Conjugative Index or 
C I . because it will be useful in discussion in this 
and later papers. A C I . considerably greater than 
unity will normally reflect an important conju
gative electron attraction (— T) by the para as com
pared with the meta substituent; similarly a value 
considerably smaller than unity indicates a corre
sponding electron release ( + M ) . Values close 
to unity will indicate either small effects or the re
sultant of counteracting influences and will there
fore not be so useful. 

The data of Table I can be used for a Hammett 
plot by plotting logio S.R.F. against the cr-value for 
the W-NO2 group and the a * -value24'25-80 of the p-
NO2 group. This gives a good plot with a p value 
of 7.55 at 50°, among the highest recorded in the 
literature and corresponding with the large C.I. 
(18400 at 50°). It also demonstrates, as already 
pointed out,31'32 that the S.R.F. of an activating 
group substituted initially into a halobenzene is 
greater than for further substitution of such 
groups. 

It appears that for nuclear substitutions without 
complications due to interactions between multiple 
substituents, the normal o--values for meta sub
stituents should give a reasonable Hammett plot. 
It has been shown27 that in a mononitro series, 
and the dinitro series of Table II, good Hammett 
plots are obtained for electron-attracting substitu
ents using <r*-values where applicable. At 50° the 
values for the former series are p = 3.897; corre
lation coefficient (r) = 0.999; standard deviation 
(s) = 0.076; for the latter series the values are p = 
3.353, r = 0.999, s = 0.075. However, electron-

(23) H. H. JaSe, Chem. Revs., S3, 191 (1953). 
(24) L. P. Hammett, T H I S JOURNAL, 59, 96 (1937). 
(25) L. P. Hammett, Trans. Faraday Soc, 34, 156 (1938). 
(26) (a) J. F. Bunnett and A. Levitt, THIS JOURNAL, 70, 2778 (1948); 

(b) J. F. Bunnett, F. Draper, Jr., P. R. Rynson, P. Noble, Jr., P. G. 
Tonkyn and R. E. Zahler, ibid., 78, 642 (1953). 

(27) J. Miller, Austral. J. Chem., 9, 61 (1956). 
(28) P. B. de la Mare, J. Chem. Soc, 4450 (1954). 
(29) D. E. Pearson, J. F. Baxter and J. C. Martin, / . Org. Chem., 17, 

1511 (1952). 
(30) L. P. Hammett, "Physical Organic Chemistry," McGraw-Hill 

Boot Co., Inc., New York, N. Y., 1940, p. 188. 
(31) B. A. Bolto and J. Miller, Chemistry b-Industry, 640 (1953). 
(32) F. A. Bolto, M. Liveris and J. Miller, J. Chem. Soc, 750 

(1956). 

releasing substituents, except Me, deviated con
siderably. 

The Hammett plot of the 5-substituted 1-chloro-
2,4-dinitrobenzenes (using the data of Table III) 
is shown as Fig. 1 and is clearly unsatisfactory: (i) 
the points do not fit a straight line; (ii) a line 
through H and OMe has a reverse slope compared 
with other possible lines; (iii) a line through H and 
Cl (which as a meta substituent is normally well be
haved in Hammett plots) gives a p-value = 2.17, 
less than for either the mono- or dinitro series 
quoted above, while a line which approximately 
fits the maximum number of points {i.e., the elec
tron-releasing groups) gives the much larger p-
value of about 5.8. These may be compared with 
an expected value based on the other dinitro series, 
and its relation to the unsubstituted and mono
nitro series, of about 3.5 at 50°. 

These four deficiencies in the plot and the amend
ments which are made below, imply the reliability 
of the point for H (i.e., the rates for reaction of 1-
chloro-2,4-dinitrobenzene). I t is therefore rele
vant to note that this compound reacts quantita
tively with O M e - in MeOH to give pure 2,4-dini-
troanisole direct from reaction mixtures; excellent 
second-order kinetics are obtained with rate con
stants repetitive to 1-1.5%, even including meas
urements by three different workers in this group 
at well separated times; the rate constants so ob
tained give an excellent straight line plot of log ki 
against reciprocal temperature over a range of 25°. 

Figure 1 supports the expectation that conjuga
tive effects, particularly between OMe, NH2, NMe2 
and O - and the two NO2 groups ortho and para to 
them, cause the usual a-mela-valu&s to be insuffi
ciently negative. This rinding is in agreement 
with those of other workers23'27-29 concerning elec
tron-releasing para substituents, which maybe exem
plified by Jaffa's listing and discussion of Gpara' 

values for NMe2 ranging from — 0.206 to — 1.049. 
The second reason for a poor Hammett plot, the 

cause of a perturbation in the same sense, is a steric 
effect which is a secondary one as far as the re
placement of Cl is concerned, viz., the steric inter
action of the 5- or meta substituent with 4-NO2 
group ortho to it but para to the replaceable Cl. 
The magnitude of the primary interaction between 
the 5- and 4-substituents is thought to be larger 
than that discussed by Miller and Williams33'34 

in connection with the effect of substituents ortho 
to a replaceable atom. Formation of the transi
tion state in their work probably involves a weak
ening of steric influences. However, since the ef
fect on the replaceable atom here is a secondary 
one, it does not necessarily affect the rate of re
placement to the same extent. 

The usual o-mete-values, implying mainly induc
tive effects for meta substituents would lead to the 
activating order: Cl > OMe > H > CH3 > NH2 
and NMe2 > O - . The cross conjugation is ex
pected to be in the order: O - > NH2 and NMe2 > 
OMe > Cl > CH3 > H. The electrical charge on 
O - makes it difficult to compare its steric effect 
too closely with the electrically neutral groups, but 

(33) J. Miller and V. A. Williams, Hid., 1475 (1953). 
(34) J. Miller and V. A. Williams, THIS JOURNAL, 76, 5182 (1954). 
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Fig. 1.—Hammett plot: reaction of 5-substituted 1-chloro-
2,4-dinitrobenzenes with OMe - in MeOH at 50°. 

the expected order of the steric effect is: O - and 
NMe 2 > CH 3 > N H 2 > OMe > Cl > H. 

The steric and conjugative influences may be 
taken together as perturbat ions of the aw<,-values, 
both modifying in the direction of more negative 
values and thus leading to a smaller p-value. T h e 
two effects may be combined to give the order of 
per turbat ion: O - > N M e 2 > N H 2 > OMe > CH 3 

> Cl > H. 
Apar t from the conclusion t ha t the S.R.F. values 

given here mus t be minimal, it follows also t ha t 
the " t r u e " value of p for this series {i.e., if the con
jugative and steric interactions between the substi tu-
ents were absent) mus t be between the slope 
given by H and Cl (2.17) and the large value (about 
5.8) and ra ther nearer the former. 

An arbi t rary estimate of specific amendments to 
the normal <rme/a-values is made by taking the inter
vals in the combined perturbat ion order as —0.05 
(commencing from H equal to zero) and giving ex
t ra weight to the conjugative effect on general 
grounds, and because there are two ni tro groups af
fected by the additional amendments : Cl, —0.05; 
OMe, - 0 . 1 ; N H 2 and NMe 2 , - 0 . 1 5 ; and O" , 
— 0.35. The log k2 values of the 5-substituted 1-
chloro-2,4-dinitrobenzenes when plotted against 
the amended <xmeta -values (Table IV) give a good 

TABLE IV 

5-SUBSTITUTED 1-CHLORO-2,4-DINITROBENEENES 

Sub-
stituent 

H 
Cl 

CH8 

OMe 

NH2 

NMe2 

o-

Calculated 
rate constant 

at 50°, 
logio kz 

- 0 . 5 4 1 
+ 0.367 

- 1 . 1 3 7 
- 0 . 9 6 1 
- 2 . 4 1 6 
- 2 . 2 6 0 
- 5 . 5 7 2 

cmeta 

0 

+ 0.373 
- .069 
+ .115 
- .161 
- .211 

- .708 

Amendment 
to ffmeta 

0 
- 0 . 1 0 0 
- .100 

- .250 
- .350 
- .400 

- .650 

Amended 
value 

of ffnieta 

0 

+ 0.273 
- .169 
- .135 
- .511 
- .611 

- 1 . 3 5 8 

H a m m e t t plot, shown as Fig. 2, and thus support 
the use of the amendments . Fur ther the " t r u e " 
value of p thus obtained is 3.676, with r = 0.999 
and s = 0.072 in good agreement with t ha t ex
pected (see above). 

I t is very unlikely t h a t the S O 3
- group, repre-

-1.4 -1 .0 -0 .6 -0.2 0 +0.2 
Amended 

Fig. 2.—Amended Hammett plot: reaction of 5-substituted 
l-chloro-2,4-dinitrobenzenes with OMe - in MeOH at 50°. 

+ / o- - + / o -
sented as O=S(^ or even as O—S^ , has any 

I N D - I X D -
impor tant —I effect, bu t a definite — T effect has 
been indicated for SO2X (including S O 2 X - ) groups 
by Heppolet te and Miller,36'86 and also by other 
workers, 37_4° and shown here by S O 3

- as a para 
activating group. This result leads to a C I . 
greater than unity. At the meta position the —I 
effect will be absent or very small, and the small — T 
effect will scarcely affect either the NO 2 groups or 
the Cl atom. However, the steric effect will be 
large, mainly a repulsion between the negative oxy
gen atoms of both S O 3

- and NO 2 groups. In this 
position, therefore, the S O 3

- group should be de
activating, as is found, and thus also lead to a C I . 
greater than unity. The reinforcement of the 
earlier effect leads to the large C I . actually found. 

The rates of Cl replacement in the W-NMe2 

compound are very similar to those of the W-NH2 

compound, while the Arrhenius parameters are 
rather different. This is probably associated with 
additional bu t nearly cancelling effects (on rates 
and thus S.R.F.'s) in the case of the NMe 2compound, 
viz., the larger steric interaction of NMe 2 and NO2 

while reducing activation by the NO 2 group, also 
reduces deactivation by the NMe 2 consequent to 
the conjugative interactions already discussed. 

The powerful deactivation by m-0~ indicates a 
correspondingly large + 1 effect and cross conju
gation. 

Arrhenius parameters generally reflect the trends 
discussed, with — T effects lowering, and + M ef
fects raising the activation energy, the effects being 
larger for single substitution into fluorobenzene as 
expected. A detailed analysis of the parameters is 
not a t tempted. 

(35) R. L. Heppolette and J. Miller, Chemistry & Industry, 1457 
(1954). 

(36) R. L. Heppolette and J- Miller, J. Chem. Soc, tc be pub
lished. 

(37) F. O. Bordwell and G. D. Cooper, THIS JOURNAL, 74, 1058, 
6317 (1952). 

(38) A. Kotch, L. H. Krol, P. B. Verkade and B. M. Wepster, 
ReC trav. chim., 71, 108 (1952). 

(39) H. Kloosterziel and H. J. Backer, !'Wd., 71, 295 (1952). 
(40) D. P. Craig, A. MacColl, R. S. Nyholm, L. E. Orge. and L. E. 

Sutton, J. Chcm. Soc, 332 (1954). 
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Experimental 
Runs were usually carried out with excess of O M e -

(about 0.08 M OMe" and 0.05 M ArHaI) and the rate con
stants obtained graphically. Reaction in aliquot portions 
was stopped with standard dilute acid, and base estimated 
by back-titration, potentiometrically or using indicators. 
Occasional runs were checked by potentiometric estimation 
of C l - . Values of £2 were determined at not less than three 
temperatures, mostly over a range of 20-40°, and at least 
six separately determined values of &2 were used in deter
mination of the Arrhenius parameters by a least squares 
analysis of corresponding values of log £2 and reciprocal 
temperature. The "probable errors" thus obtained were 
less than the estimated errors ±350-400 cal. in M and 
± 0 . 3 in log B. For three compounds, however, larger 
errors are estimated. 

For these three compounds it was necessary to use equi-
molar initial concentrations of reagents—about 0.05 M for 
two and 0.025 M for the third. The first compound, 1,3-
dichloro-4,6-dinitrobenzene, is one in which the initial 
product reacts further with O M e - , though more slowly than 
the starting material. Accuracy is further reduced by fast 
rates and a short temperature range of measurements, and 
the estimated errors are about ± 1 kcal. in E and ± 0 . 9 in 
log B. The second compound, 4-chloro-3,5-dinitroanisole, 
gave good values of fe for not less than the first 30% of re
action,26*) but then O M e - consumption began to exceed C l -

formation. Only the first parts of runs were used to deter
mine ki, and the estimated errors are about ±600 cal. in E 
and ± 0 . 6 in log B. The third compound, 4-chloro-3,5-
dinitroaniline, exhibited a similar but larger discrepancy 
between O M e - consumption and C l - liberation. The runs 
fortunately were slow, even at the elevated temperatures 
used, and satisfactory values of &2 could be obtained by esti
mation of C l " and taking initial slopes. The error in the 
Arrhenius parameters is difficult to estimate but would be 
not less than ± 1 kcal. in E and ± 1.0 in log B. 

The expected methoxy compounds were readily isolated 
from the first two of these compounds, but the mixture of 
products from the aniline was not analyzed. It is probable 
that the well known reduction of dinitro compounds by 
alkoxide ion on heating was the side reaction involved in the 
anisole and aniline reactions, particularly the latter. 

All the starting materials were known compounds, except 
for sodium 5-chloro-2,4-dinitrobenzenesulfonate, and this 
was prepared from the corresponding dichloro compound 
by a nucleophilic replacement of Cl analogous to that used 
in runs and preparation of other compounds. 

Preparation of Materials.—Most compounds were pre
pared by standard procedures, and for these only physical 
constants are shown: m-fluoronitrobsnzens, b.p. 198-200° 
(lit.41-42 197.5° (760 mm.), 200° (756 mm.)); 1,3-dichloro-
4,6-dinitrobenzene, m.p. 103° (lit.43-45 101°, 103°). 

Sodium S-Chloro-2,4-dinitrob3nzenssulfonate Monohy-
drate.—l,3-Dichloro-4,6-dinitrobenzene (10 g.) was dis
solved in ethanol, and an aqueous solution of 5.5 g. of so
dium sulfite added. After 2 hr. reflux the mixture was 
evaporated to dryness on the water-bath, extracted with 
acetone and the product, obtained in 70% yield, crystal
lized bv concentration of the extract. Anal. Calcd. for 
C6H4ClN2O8XaS: C, 22.3; H, 1.25; Cl, 11.0; N, 8.7; 
O, 39.7; S, 9.9. Found: C, 22.8; H. 1.7S; Cl, 11.1; 
X, 8.3; O, 39.2; S, 10.1. After drying the hydrate at 
100° for one week, the anhydrous salt was obtained. Anal. 
Calcd. for C6H2ClX2O7NaS: C, 23.7; H, 0.63; Cl, 11.6; 
S, 10.5. Found: C, 24.2; H, 1.23; Cl, 11.4; S, 10.7 

5-Chloro-2,4-dinitrotoluen3, m.p. 91° (lit.48 91°); 5-
chloro-2,4-dinitroanisole, m.p. 105° (lit.47 105°); p-(N-
methanesulfonyl)-anHdine, m.p. 116° (Ht.48'49 115°, 
116°); 4-( N-methan ssulf onyl )-amino-3,5-dinitroanisole, 

(41) F. M. Jaeger, Z. anorg. Chan., 101, 113 (1917). 
(42) F. Swarts, Rec. trail, chim., 32, 00 (1913). 
(43) R. Xietzki and A. Schedler, Ber., 30, 1666 (1897). 
(44) A. T. Dann, J. Chem. Soc, 2160 (1929). 
(45) P. G. van der Vliet, Rec. trav. chim., 43, 609 (1924). 
(46) F. Reverdin and P. Crcpieux, Ber., 33, 2505 (1900). 
(47) H. F. J, Lorang, Rec. trav. chim., 46, 791 (1297). 
(48) O. Billeter quoted by F. Reverdin, HeIv. Chim. Ada, 12, 113 
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m.p. 183° (lit.60 183°); 4-chloro-3,5-dinitroanisole, hex
agonal prisms, m.p. 124-125° (lit.19.51 124-125°, 123°); 
5-chloro-2,4-dinitroaniline, m.p. 178° (lit.62 178°); S-
chloro-2,4-dinitro-N,N-dimethylaniline, m.p. 129° ("lit." 
129°); 5-chloro-2,4-dinitrophenol, m.p. 92° (lit.64-55 92°, 
92-93°). 

Experimental Rate Constants.—Only the newly deter
mined rate constants are given in this section, Table V. 
Values for compounds (iii) and (ix) at zero ionic strength 
are shown in square brackets. 

TABLE V 

EXPERIMENTAL RATE CONSTANTS 
Com- Rate constants (105&2, 1. IHoIe-1SeC.-1) 

pound3 at temperatures shown in parentheses 
i 6.42 23.1 46.4 49.5 110.5 111 5 

(100.4) (113.2) (120.8) (130.2) 
ii 2200 2200 2870 2890 5000 8800 

(-4.8) (0) (4.9) (8.85) 
iii 40.7 41.0 102 103.5 246 250 

(25.0) (35.35) (45.3) 
[32.4] [80.9] [193] 

iv 400 404 667 1150 4380 4510 
(20.0) (25.0) (35.0) (44.3) 

v 574 597 706 1010 2080 0380 6520 
(20.0) (21.8) (25.0) (35.0) (44.3) 

vi 8.92 8.96 33.4 38.1 07.0 299 395 396 
(45.35) (57.2) (60.2) (62.0) (81.9) (83.4) 

vii 86.5 87.6 89.1 184 184 1010 1010 
(35.6) (43.05) (60.2) 

viii 88.8 90.1 141 . 5 379 1273 1280 
(30.0) (35.0) (45.65) (60.2) 

ix 11.7 30.0 51.1 52.6 107.5 1 ° 9 ' 5 
(100.4) (113.2) (120.8) (131.4) 
[8.43] [20.7] [35.9] [75.1] 

" i, m-fluoronitrobenzene; ii, l,3-dichloro-4,6-dinitro-
benzene; iii, sodium 5-chloro-2,4-dinitrobenzene sulfonate; 
iv, 5-chloro-2,4-dinitrotoluene; v, 5-chloro-2,4-dinitro-
anisole; vi, 4-chloro-3,5-dinitroanisole; vii, 5-chloro-2,4-
dinitroaniline; viii, 5-chloro-2,4 - dinitro- N,X-dimethyl-
aniline; ix, sodium 5-chloro-2,4-dinitrophenate. 

Rates for potassium 4-chloro-3,5-dinitrobenzene sulfonate 
will be reported by Heppolette and Miller. Our earlier 
kinetic results17 for l-chloro-2,6-dinitrobenzene (xi) were 
measured over a range of only 10°. They have now been 
measured over a range of 35° and will be reported by Miller, 
Parker and Roper, but calculated results given in this paper 
are from their work. 

Details of runs at varying ionic strengths will be included 
in a later paper dealing with ionic strengths in aromatic SN 
reactions. 

Products.—All but three of the compounds not previously 
reported in this series were allowed to react with O M e - in 
MeOH and the known OMe compounds were obtained from 
the reaction mixtures. Compounds iii, ix and x (see foot
notes to Table V) were treated with O H - in water. The 
expected OH compounds were obtained from these reaction 
mixtures, the products from ix and x being known. From 
compound iii after completion of reaction the mixture was 
poured into excess HCl and evaporated down until crystals 
formed. These were washed, dried and analyzed as so
dium 5-hydroxy-2,4-dinitrobsnzenesulfonate monohydrate. 
Anal. Calcd. for C6H6N2O9XaS: C, 23.7; H, 1.65; X, 
9.2; S, 10.5. Found: C, 24.2; H, 2.1; N, 8.9; S, 10.9. 

Apart from the difficulty of analyzing the sodium _ sulfo
nates, the analysis for H in compounds with so little H is esti
mated to be of the order of 0.4% too high. Analyses are 
by Dr. K. W. Zimmerman of Melbourne, Australia. M.p. ' s 
are corrected. 

A c k n o w l e d g m e n t is g ra t e fu l ly m a d e b y J . M . t o 
t h e D e p a r t m e n t of S t a t e for a n a w a r d u n d e r t h e 
F u l b r i g h t a n d S m i t h - M u n d t A c t s , a n d to t h e U n i 
ve r s i t i e s of Ca l i fo rn ia a n d S o u t h C a r o l i n a for t he i r 
h o s p i t a l i t y a n d faci l i t ies p r o v i d e d . 
XTEDLANDS, W. A., AUSTRALIA 
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