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738. The Reactions of Organic Derivatives of Elements Capable of 
Valency-shell Expansion. Part X.* Partial Rate Factors for the 
Nitration of Benzyltrimethyl-phosphonium and -arsoniurn Picrates. 

By FRANK L. RILEY and EUGENE ROTHSTEIN. 

Benzyltrimethylphosphonium and benzyltrimethylarsonium picrates 
have been mononitrated in nitromethane solution, first alone in order to 
obtain isomer distributions, and then in competition with chlorobenzene. 
From this, the overall rates of nitration and the partial rate factors for each 
nuclear position have been calculated. Relative to benzene total deactiv- 
ation is greater for the phosphonium than for the arsonium salt but on the 
other hand deactivations at the respective meta-positions are in the reverse 
order. The partial rate factors for the $am-positions of both compounds 
are significantly larger than those of the corresponding meta-positions but the 
difference between the rates of ortho and meta is small. It is suggested that a 
reactivation process is present which is dependent on hyperconj ugative effects 
associated with the valency-shell expansion of the phosphorus and arsenic 
atoms. 

PRELIMINARY considerations leading to this work were discussed in Part IX and in this 
Paper attention is directed to the nitrations of trimethylphosphonium and trimethyl- 
arsonium picrates.l The nitration procedures described here and the quantitative estim- 
ation of the products were generally analogous to those already employed for ethyl phenyl 
and ethyl benzyl sulphones (Part IX) but modifications were necessitated by the presence 
of nitric and picric acids in the solutions of the nitrated products. Since benzyltrimethyl- 
phosphonium hydroxide undergoes a smooth decomposition into toluene when its aqueous 
solution is evaporated,2 a corresponding reaction of the nitro-derivatives would have 
afforded mixtures of nitrotoluenes which could easily have been separated from other 
materials. This decomposition, however, was not quantitative and it gave variable 
yields of products; the method therefore was abandoned in favour of first removing the 
picric acid by extraction and then replacing the nitrate ion by means of a suitable ion 
exchange resin. Artificial mixtures afforded accurate and reproducible results but in 
actual nitrations by using acetyl nitrate in acetic anhydride it was found that the ion 
exchange resin irreversibly absorbed nitroacetic acid and other similar substances. It 
thus became desirable to replace the above reagents by solutions of pure nitric acid in 
nitromethane. This change reduced the rate of nitration and also altered somewhat the 
proportions of isomers, the reduction in the partial rate factors being approximately lO%.3 
However, this disadvantage was counter-balanced by the increased accuracy of the 
determinations and by the greater ease in obtaining the products. Owing to the disparity 
in their rates of nitration, direct competitive nitration between the phosphonium or arsonium 
picrates and benzene was precluded and consequently chlorobenzene was used as an 
intermediate. Fortunately the value for the ratio Kphcl/Kk,anzene in nitromethane was 
available ,3  

DISCUSSION 
A summary of the results is recorded in Table 1 which also includes, for comparison 

purposes, the corresponding values for benzyl chloride, benzyl ethyl sulphone, benzyl 
cyanide, and nitrophenylmethane, the last four being figures for nitrations by acetyl nitrate 
in acetic anhydride. 

All the above, except nitrophenylmethane, are phenyl derivatives with a - I ,  +T, type 
* Part IX, preceding Paper. 

2 Fenton and Ingold, I.,  1929, 2342. 
Cf. Ingold, Shaw, and Wilson, J., 1928, 1280. 

Bird and Ingold, J., 1938, 918. 
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[1964] Elements Capable of Valency-shell Expansion. Part X .  3873 
TABLE 1. 

Orientation and partial rate factors for the nitration of benzyl derivatives, 
PhCH,X, a t  25". 

Group Isomers (%) Partial rate factors 

+PMe,(pic-) ... 0.0066 13.1 19.4 67.5 0-0026 0.0039 0.0268 
+AsMe,(pic) ... 0-0127 17*5(4) 6-7(4) 75.7(3) 0.0067 0.0026 0.0577 
Cl * ............... 0.711 33.6 13.9 52.5 0.716 0.296 2.24 
CN ............... 0.345 24.4 20.1 55.5 0.252 0.208 1.15 
 NO,^ ............ 0.122 22-5 54.7 22.8 0.0822 0.200 0.167 
S0,Et ......... 0.229 35.6 21.9 42.5 0.245 0.150 0.584 

x KX/KPhH 0 m P 0 m P 

* For these comparisons the values of Knowles and Norman were considered to be more appro- 

of substituent, classified by Ingold6 as type 3, and characterised by (a) an overall 
deactivation relative to benzene and (b)  a predominant ortho-para orientation. The 
latter is considered to be associated with a polarisability effect due to hyperconjugation 
of the methylene hydrogen atoms whilst the overall deactivation (a) arises from the 
permanent polarisation (--I effect) caused by the substituting group as a whole.' 

There are a number of distinguishing features about the results for the phosphonium 
and arsonium derivatives. 

(i) The deactivation associated with the " integral " central positive charges on 
phosphorus and arsenic is notably greater than for any of the remaining groups in Table 1. 
The real measure of this is the very small partial rate factors of the meta-position, smaller 
even than the value (0.0093) found for ethyl phenyl sulphone where the strongly electro- 
negative sulphonyl group is attached directly to  the nucleus. 

(ii) The high proportion of para-nitro-derivative suggests that a strongly conjugative 
mechanism is operating8 It is well known that in aromatic substitution both electromeric 
and mesomeric effects selectively favour the para-positions. The very low partial rate 
factors for the ortho-positions particularly of the phosphonium salt could be taken to 
indicate very little reactivation at  these points but the possibility of steric interactions 
makes such an inference rather tentative. 

(iii) Electrorneric effects (+E) which lower the energy of the transition states must be 
the principal factor in the reactivation process because, comparing the phosphorus and 
arsenic compounds, the increase in KX/KPh observed for the arsenic salt is not reflected 
by a corresponding increase in the rate factor for the meta-position. 

(iv) Although the difference is too small to be really reliable, the evidence such as it 
is, is not in accordance with the supposition that the -I effect of a positive field decreases 
with increase of atomic n ~ m b e r . ~  

(v) Reactivation of the para-position does not appear to be associated in any way 
with inductive effects. The ratio Kx/Kpm is smaller for nitrophenylmethane than it is 
for either benzyl ethyl sulphone or for benzyl cyanide, yet there is no evidence of strong 
reactivation. Predominant meta-nitration (88%) of benzyltrimethylammonium picrate,1° 
suggests that even if hyperconjugative effects are present they must be neglibly small, but 
confirmatory rate data are not available. On the other hand hyperconjugation must be 
operative to some extent in benzyl chloride, and cyanide, as well as benzyl ethyl sulphone 
for which the overall deactivation and the partial rate factors for the meta-positions are 
similar to the corresponding values for nitrophenylmethane. 

* Our values for the proportions of isomers differ slightly from those of Ingold, Shaw, and Wilson,* 

priate than those of Ingold and Shaw. 

In this case, the evidence points the other way.* 

because their nitrations were in nitric acid a t  - 17". 
Knowles and Norman, J., 1961, 2938. 
Part IX, preceding Paper. 
C. K. Ingold, " Structure and Mechanism in Organic Chemistry," G. Bell, London, 1953, p. 247. 
Ingold and Shaw. J . ,  1949, 575. 

Ref. 6, p. 232. 
* Ref. 6, pp. 264 and 267. 

lo Goss, Hanhart, and Ingold, J . ,  1927, 250, 
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3874 Riley and Rothstein : Reactions of Organic Derivatives of 
The foregoing leads to the conclusion that a polarisability effect associated with the 

approach of the nitronium ion depends on the hyperconjugation of the benzyl hydrogen 
atom (I) which lowers the energy of the transition state. Additional resonance energy is 
contributed by structures such as (11) and (111), (X = phosphonium or arsonium) which 
are consequential to the enlargement of the valency shells of X. 

It is not clear why this process should be more effective for trimethylarsonium than 
for trimethylphosphonium because it might have been anticipated that owing to their 
more diffuse nature the 4d orbitals of arsenic would be less efficient in forming 2 p 4 d  
x-bonds than would the 3d orbitals of phosphorus in similar bond-formation. Experi- 
mentally, Doering and Hoffmann found that the rate of deuterium exchange of tetra- 
methylphosphonium iodide is nearly 10 times that of tetramethylarsonium iodide.ll I t  

( I )  (11) (111) 

may be, however, that the approach of a nitronium ion brings into operation a polaris- 
ability effect which is greater for arsenic than for phosphorus thus leading to  an increased 
drift of electrons towards the phenyl group. 

EXPERIMENTAL 
Preparation of Materials.-(a) Trimethylphosphonium salts were prepared from trimethyl- 

phosphine, l2 by condensing it with the appropriate benzyl derivatives followed by conversion 
of the product into the picrate. 

(b)  Benzyltrimethylarsonium picrate was prepared as described by Ingold, Shaw, and 
Wi1son.l In  order to prepare a mixture of nitration products for testing analytical procedures, 
the picrate (4  g.) was dissolved in nitric acid (d 1-53; 30 c.c.) at  - 78". A dark red oil appeared 
which rapidly gave a pale yellow solution when shaken. The solution was warmed to -10' 
and kept there for 2 hr. after which, crushed ice (100 8.) was added, and the liquid neutralised 
(Congo Red) with gaseous ammonia. The precipitated mixed nitrobenzyltrimethylarsonium 
picrates were recrystallised (first, from aqueous acetone, then from acetone-ether) , and then 
dried (P20,) in a vacuum. The final m. p. was 170.5-171" (Found: C, 39.5; H, 3-4; N, 
11-8. 

(c) Individual nitrobenzyltrimethylarsonium picrates were prepared by boiling, under 
nitrogen, o-nitro- or m-nitro-benzyl iodide, or p-nitrobenzyl bromide, with ethereal trimethyl- 
arsine. The quaternary halides crystallised when the solutions were cooled and they were 
converted into the picrates as described above. 

In both the phosphonium and arsonium series, the m. p.s of the picrates were appreciably 
higher than those recorded in the literature. Details are given below, with recorded m. p.s 
in parentheses. 

Benzyltrimethylphosphonium picrate, m. p. 176-177" (173") (Found: C, 48-8; H, 4.6; 
N, 10.4. 

Trimethyl-o-nitrobenzylphosphonium picrate, m. p. 153-5-154.5" (152-153") (Found : 
C, 43-8; H, 3.9; N, 12-6. Calc. for C,,H,,N,O,P: C, 43.7; H, 3.9; N, 12.7%). m-Nitro- 
compound, m. p. 176-1765" (171-172") (Found: C, 43-8; H, 4-0; N, 13.0%). p-Nitro- 
compound, m. p. 194-5-195" (187-188") (Found: C, 43-8; H, 3.9; N, l%8Y0). 

Benzyltrimethylarsonium picrate, m. p. 175.5-176" (175-176') (Found: C, 43-7; H, 3.9; 
N, 9.0. 

Trim.ethy1-o-nitrobenzylarsonium picrate, m. p. 149" (Found: C, 39.9; H, 3.6; N, 11.9. 
C,,H,,AsN,O, requires C, 39-7; H, 3.5; N, 11.6%). m-Nitro-compound, m. p. 165.5" (Found: 
C, 39-7; H, 3.8; N, 12.0%). p-Nitro-compound, m. p. 172' (166-168') (Found: C, 39-1; H, 
3-8; N, 11.3y0). 

Analytical Procedures.-These in the main were similar to procedures described in the 
11 Doering and Hoffmann. J .  Amer. Chem. SOL. 1955, 77, 521. 

Calc. for C16H17AsNqOg: C, 39-7; H, 3.5; N, 11.6%). 

Calc. for C,,H,,N,O,P: C, 48.6; H,  4-6; N, 10.6%). 

Calc. for C,,H,,AsN,O, : C, 43-8; H, 4-1 ; N, 9.6%). 

Hibbert, Ber., 1906, 39, 160. 
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[ 19641 Elements Capnble of Valency-shell Expmzsion. Part AT. 3876 
previous Paper. The following modifications were necessary when estimating the phosphonium 
and arsoninm compounds. 

Nitrate ions were removed from nitration mixtures by passage 
of the solutions through columns of “ Dowex-2 ” basic anion exchange resins having a 
theoretical capacity of 3 mol.-6quiv./g. when dry or 1-1 mo1.-equiv./g. when wet. The mesh 
size used for phosphonium salts was 40-60, and for arsonium derivatives i t  was 100-200. 
The maximum rate a t  which solutions flowed through was 2-3 c.c./min., but for washing 
purposes, a slight vacuum (400-500 mm.) was applied to the lower end of the columns and the 
rate was increased to 7-10 c.c./min. The resins were prepared by washing them successively 
with 10% hydrochloric acid, water, and 10% carbonate-free sodium hydroxide and finally 
with water. The ‘ I  acetate ” 
column was prepared from the hydroxy-form by washing i t  with 10% acetic acid until it was 
completely neutralised. After use, it was regenerated into the hydroxy-form by washing it 
with sodium hydroxide until it was free from nitrate ion. The “ chloride ” column was similarly 
prepared using 10% hydrochloric acid. After use it was regenerated by washing i t  with the 
acid (2-3 1.) until the wash-liquors showed no U.V. absortion when balanced against distilled 
water. The presence of nitrates was detected in the conventional manner using a solution 
(0.5% w/w) of diphenylamine in 90% sulphuric acid. A faint blue colour was obtained after 
1 min. when 2 drops of 0.0001-molar solution of nitrate ion was added to 0.5 C.C. of the reagent. 
The presence of acetic acid did not interfere with the test, nor were positive reactions given 
either by nitrobenzene in moderately large amounts or by the nitrobenzyl derivatives. The 
columns were regenerated after each experiment, but as a further precaution they were washed 
with distilled water just before use because there was a tendency for water to develop a 
moderately strong absorption below 250 mp when it was left in contact with the exchange 
resin for any length of time. 

(b) Preparation of standard solutions of Phosphonium and arsonium chlorides for U.V. analysis. 
In testing the method of analysis, the pure picrates were converted into the chlorides by shaking 
the weighed samples with a mixture of 5% aqueous hydrochloric acid and 50% ethyl acetate- 
toluene. The aqueous layer was again extracted with small quantities of toluene until quite 
colourless, and the extracts washed by successive small quantities of 2% hydrochloric acid the 
combined aqueous layers being washed with toluene and added to the original aqueous layer. 
Picric acid was entirely removed, and titanous chloride titration showed a quantitative recovery 
of the phosphonium and arsonium salts. The aqueous extracts (200-250 c.c.) were reduced 
to approximately 100 C.C. by distillation, (40”/30 mm.) and then accurately made up to 250 C.C. 

with distilled water. The final solutions contained 0.00005-0.00006 molell. of the nitro- 
compounds. 

The absorptions of different concentrations of the nitro- 
compounds were measured at  a variety of wavelengths and were found to give a linear relation- 
ship between concentration and optical density. 

Nitration of Benzyltrimethylphosphoniurn Picrate in Competition with Benzene.-( a) Preliminary 
investigation into the parafinic decomposition of trimethylnitrobenzylphosphonium hydroxide. I t  
was ascertained that there was complete recovery of pure p-nitrotoluene when it  was distilled 
in steam from its mixture with dilute aqueous alkali, but steam distillation of alkaline solutions 
of the pure nitrobenzyltrimethylphosphonium picrates afforded variable yields (29--82%) of 
the corresponding nitrotoluenes and a method of estimation based on this reaction was clearly 
unreliable. 

(b) Estimation of avtificial mixtures of nitrobenzene with trinzethylnitrobenzylphosphoniu~~~ 
picrates. Initially, artificial mixtures containing all the products to be expected in a com- 
petitive nitration of the phosphonium picrate with benzene were examined. The mixtures 
were acidified by 10% HCl and shaken with benzene-ethyl acetate (3 : 1 solution) followed by 
pure benzene (6 x 15 c.c.). The combined organic layers were extracted with 2% HCI 
(3 x 10 c.c.), and after the combined aqueous layers had been freed from picric acid, as before, 
they were added to the original aqueous solution. Finally, the new benzene extracts were 
extracted with 2% HC1, and the aqueous layer washed with toluene (4 x 10 c.c.) and added to 
the previous ones. 

The solution of the nitro-phosphonium salts (150-200 c.c.) was passed through a column 
(50 c. x 2.4 cm. diam.) containing “ Dowex-2 ” acetate resin (40-60 mesh). It was at  this 
stage i t  was found that in order to preserve the activity of the exchange resin it would 

(a )  Removal of nitrate ions. 

The process was then repeated. Two types of column were used. 

The concentration of the hydrochloric acid was adjusted to 0-05 mole/l. 
( c )  Applicability of Beer’s law. 

The toluene was discarded. 
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3876 Riley and Rothstein : Reactions of Organic Derivatives of 
be desirable to replace acetic anhydride by nitromethane. Any phosphonium ion remaining 
on the column was eluted with water, tests for nitrate ion in the eluent being made at  frequent 
intervals. The solution was then concentrated to 100 C.C. and run through a second column 
(10 cm. x 1.8 cm. diam.) to remove traces of nitrate ion which still remained. The liquid 
(400-500 c.c.) was now acidified by concentrated hydrochloric acid (2-3 c.c.) and its volume 
reduced by distillation (b. p. 30-40"/40-50 mm.) and the final solution (10-15 c.c.) diluted 
with methanol to 50 C.C. A check on the method was made by treating in the manner described 
above, two separate solutions each containing 0-01 mole sodium nitrate, and 0.001570 and 
0.0001 809 mole respectively of the nitrobenzylphosphonium chlorides. These gave aqueous 
solutions of the phosphonium salts (recovery 99.4 and 99.8%) containing less than 
0-0000025 mole of nitrate ion. The foregoing method was adopted for solutions both in acetic 
anhydride and in nitromethane. In recovering the nitrobenzene, there was a small difference 
in procedure. In this case, after the organic extracts had been washed successively with 10% 
aqueous sodium carbonate (2 x 50 c.c.), 10% p-otassium hydroxide (2 x 50 c.c.) and water, 
(3 x 50 c.c.), further washes with sodium sulphite and sodium hydrogen carbonate solutions 
were included for the cases where acetic anhydride was the solvent. Otherwise the last two 
were omitted. The usual precautions were taken that no nitrobenzene was left in the aqueous 
layers, and finally the organic layers were dried (CaCl,) and concentrated by slow distillation 
through a Dufton column. The residual liquid (15-20 c.c.) was diluted to 100 C.C. with 
methanol. The results for artificial mixtures in acetic anhydride were reasonably good, but in 
nitromethane erratic results for nitrobenzene were traced t o  the nitromethane which had been 
purchased in the ordinary way and contained at  least O-lyo of non-acidic nitro-impurities. 
These were not positively identified, but nitrous acid was detected when hot concentrated 
sulphuric acid was added to the material, which also showed an absorption peak in the infrared 
spectrum, a t  5.87 p. Tentatively it is suggested that the specimen contained 2-nitropropane, 
2-methyl-2-nitropropane, and ca. 0.1 yo diethyl ketone. Nitromethane prepared from chloro- 
acetic acid was completely free from these substances and when used as a solvent proved satis- 
factory, the mean deviation for nitrobenzene being 0.43%. The nitro-compounds were estimated 
by titanous chloride titration (Part IX). 

(c) Nitration of benzyltrimethylpIaosphonium picrate in cornfietition with (i) benzene and 
(ii) chlorobenzene. Nitric acid (d  1.529; 0.05 mole) was slowly added with shaking to a mixture 
of benzyltrimethylphosphonium picrate (0.005 mole), benzene (0.005 mole), and nitromethane 
(0.09 mole) a t  -70'. The homogeneous solution which was formed after addition of the 
acid was stirred and the temperature raised to 25 f 0.02". Stirring was continued until the 
end of the reaction, the liquid was then added to ice-water and the products analysed. The 
results, Table 2 (i), showed that owing to its high rate of nitration, benzene had virtually 
disappeared towards the end of the reaction after which non-competitive nitration of the 
phosphonium salt had occurred. Benzene was therefore replaced by chlorobenzene and the 
nitration repeated, the method of isolation and analysis being unchanged. Not unexpectedly, 
the calculated rate of nitration, Table 2 (ii), relative to benzene, was smaller than the figure 
previously obtained but of the same order. 

TABLE 2. 
Nitration of benzyltrimethylphosphonium picrate in competition with (i) benzene, 

(ii) chlorobenzene, by nitric acid in nitromethane. 
-t. 

Initial Quantities: HNO, (d 1-529), 0-05 mole; MeNO,, 0.09 mole. PhCH,.PMe, Pic. = PhH = 
Quantities of NBTP (nitro-phosphonium salt), PhNO,, and PhCl = 0.005 mole. 

chloronitrobenzene (CNB) expressed in lo6 mole. 
Temp., 25 f 0.02". 

(i) With benzene. (ii) With chlorobenzene. 
Time Time 

No, (hr.) NBTP PhNO, KIKnR Yo. (hr.) NBTP CNB KIKphc, 
1 37 77.4 495.8 0.035 4 17 64.7 241-4 0-210 
2 20 24.8 486.8 0.014 5 14 60.1 222.7 0.218 
3 18 40.6 486.1 0.024 6 16 58.7 219.5 0.216 

7 *  14 55.8 232.6 0.215 
8 *  16 55.8 239.1 0.207 
9 t  26 62.3 240.0 0.204 

* 0.00550 mole of chlorobenzene used. 
Mean value for KBTP/hfPhC, = 0.212 f 0.0018. 

Hence KBTP/KPm = 0.00661 f 0.00013. 

t 0.10 mole of nitromethane used. 
Since in nitromethane KphCI/hfPhH = 0.0312 rt 

0*00003. 
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TABLE 3. 

Optical densities and ratios of pure trimethylnitrobenzylphosphonium chlorides dis- 
Concentrations ( lo5 mole/l.) : ortho, 5.97 ; meta, solved in O-OS~-hydrochloric acid. 

(md 
210 
215 
220 
225 
227 
230 
233 
235 
237 
240 
245 
250 

6.74; para, 5.52. 
The symbols A,/Ao,  RIA.', 

D D D 
(0) (m)  A,nlAo ( P )  

- - 0.771 - 
0.514 - - - 
0.395 0.507 1.283 0.304 
0.310 0.287 0.926 0.178 
0.270 0.214 0.791 0.154 
0.214 0.185 0.864 0.142 
0.179 0.178 0.994 0.152 
0.170 0.188 1.096 0-160 

0.180 0.238 1.322 0.212 
0.210 0.304 1.452 0.266 
0.251 0.379 1.510 0.344 

- - 0.169 - 

etc., have the same signific 
D 

APIA0 (md (0) 
- 255 0.296 
- 260 0.326 

1.034 265 0.341 
0-574 270 0.332 
0.570 275 0-306 
0.663 280 0.269 
0.849 285 0.230 
0.936 287 0.215 
- 290 0.196 

1.128 295 0.168 
1-273 300 0.146 
1.371 310 0.109 

ance as 
D 

0.450 
0.503 
0.521 
0.498 
0.442 
0.366 
0.290 
0.264 
0.224 
0.176 
0.139 
0.085 

(m) 

in Part IX. 
D 

AmlAo (PI 
1.525 0-433 
1.543 0.516 
1.528 0.578 
1.500 0.604 
1.448 0.593 
1.361 0.545 
1-261 0.474 
1.225 0.443 
1.143 0.394 
1.048 0,314 
0.952 0.243 
0.780 0.123 

APIA 0 

1.468 
1.583 
1.695 
1.819 
1.938 
2.026 
2.061 
2.060 
2.010 
1.869 
1.664 
1.128 

TABLE 4. 

Optical densities of mixed trimethylnitrobenzylphosphonium chlorides from the nitration 
of benzyltrimethylphosphonium picrate in nitromethane by nitric acid at  25". 

A ( m d  
225 
227 
230 
233 
235 
245 
255 
260 
265 
270 
275 
280 
285 
287 
290 
295 
300 
3 10 

D 

0.169 
0.150 
0.150 
0.155 
0.248 
0.315 
0.459 
0.51 1 
0.517 
0.495 
0.448 
0.386 
0.360 
0-319 

0.200 
0.107 

- 

- 

Nitration 1 
RIA 0 

I 

0-628 
0.701 
0.839 
0.911 
1.181 
1.257 
1.407 
1.482 
1.557 
1.618 
1.666 
1.678 
1.674 
1.628 

1.370 
0.986 

- 

(mcl) 
225 
227 
230 
233 
235 
245 
250 
255 
260 
265 
270 
275 
280 
285 
287 
290 
295 
300 
310 

D 
0.217 
0.186 
0.160 
0.159 

0-267 
0.343 
0.420 
0.448 

0.539 
0.520 
0.470 
0.404 
0.376 
0.355 
0.269 

0.115 

- 

- 

- 

RIA 0' D 
- - 

0.252 - 
0.263 - 
0.280 
0.295 - 
0.342 - 
0.354 0.463 
0.361 0.542 
0.362 0.596 
0.356 0.606 
0.340 - 
0.328 0-528 
0.316 0.454 
0.312 0.424 
0.302 0.376 
- 0.310 

0.288 0.235 
0-241 0.126 

- 

Nitration 4 
RIA 0 

0-700 
0.689 
0.748 
0.888 

1.277 
1.366 
1-424 
1.497 

1.623 
1.699 
1.747 
1,756 
1.749 
1.709 
1,601 

1,055 

- 

- 

I 

R/,4 
0.290 
0.279 
0.275 
0.294 

0.361 
0-375 
0.373 
0.375 

0.362 
0.353 
0.354 
0.333 

- 

- 

Nitration 2 Nitration 3 
RIA 0 

- 
- 
- 
- 
- 
- 

1.569 
1.663 
1.748 
1.825 

1.963 
1.974 
1.972 
1.918 
1-792 
1.609 
1.166 

- 

RIA 0 

- 
- 
- 
- 
- 
- 

0.439 
0-444 
0.443 
0.425 

0.423 
0.387 
0.386 
0.370 
0.354 
0.328 
0.298 

- 

D 
0.212 

0.158 
0.160 
0.169 

0.211 

0.543 
0.567 
0.535 
0.484 
0.416 
0.388 
0-344 

0.214 
0.115 

- 

- 

- 

- 

D 
0.197 
0.167 
0.146 
0.149 
0.157 
0.250 

0.397 
0.465 
0.510 
0.523 

- 

- 
- 

0.391 
0.330 0.365 
0.313 0.323 
0-310 0.259 - 0.202 
0-243 0.108 

Nitration 5 

RIA 0 

0.635 
0.618 
0-682 
0.832 
0.918 
1.196 

1.346 
1.426 
1.496 
1 -575 

- 

- 
-- 

1.700 
1.698 
1.648 
1.542 
3.383 
0.99 1 

RIA 0 

0.684 

0.738 
0.894 
0.988 

1.122 

1.592 
1.678 
1.748 
1.799 
1.809 
1.805 
1.755 

1.466 
1.055 

- 

- 
- 

- 

RIA 0' 
0.245 
0.231 
0.23 1 
0.257 
0.273 
0.334 

0.346 
0.348 
0.348 
0.337 

- 

- 
- 

0.387 
0.298 
0.282 
0.272 
0-252 
0.222 

RIA 0' 

0.276 

0-268 
0.292 
0.325 

0.407 

0.389 
0.390 
0.374 
0.359 
0.343 
0.342 
0.329 

0.383 
0.253 

- 

- 

- 
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3878 Riley and Rothstein : Reactions of Organic Derivatives of 
Nitration of Benzyltriinethylphosphoniunt Picrate Alone.-The nitrations were carried out in 

nitromethane employing the conditions described for competitive reactions but omitting chloro- 
benzene. The nitro-phosphonium salts were isolated as the chlorides using the chloride ion- 
exchange column, and the final solutions diluted so as to give O.O5~-hydrochloric acid solutions 
containing 0-00005-0.00006 mole/l. of the phosphonium salt. The isomer distributions were 
obtained from the U.V. absorption spectra (Table 4) of the nitration products, used in con- 
junction with the absorption spectra of the pure nitro-derivatives (Table 3), as described in 
Part IX. Artificial mixtures of the three nitro-compounds using the same method showed 
mean deviations of ortho, 0.5%; nzeta, 0.97% para, 0.47%. 

The proportions of isomers was calculated as indicated in Part IX from the equation RIA,, = 
xofco + xm/cm . A,/A, + xp fcp . APIA,, c,, c,, and cp being the concentrations of the ovtho-, meta-, 
and paw-isomers of Table 3 and xp/cp having a value necessary for a pIot of R/Ao against A,/A, 
to be a straight line of which the intercept is xo/co and the slope xm/c7,. The results are depicted 
in Table 5. 

TABLE 5. 
Percentages of isomers formed in the nitration of benzyltrimethylphosphoniuni picrate. 

All concentrations expressed in 105 mole/l. 
Isomers (%) 

Total ,--A------, 

No. n,/c, o x,/c,n m xp/cp fi isomers o m P 
1 0.138 0.824 0.143 0.964 0.660 3-643 5.431 15-2 17.7 67.1 
2 0-153 0.913 0.189 1-274 0.770 4-250 6.437 14.2 19.8 66.0 
3 0.104 0-621 0.189 1-274 0.710 3.919 5.814 10.7 21.9 67.4 
4 0.148 0.884 0.148 0.997 0.720 3.974 5.855 15.1 17.0 67.9 
5 0.092 0-549 0.168 1.132 0-680 5.754 5.435 10.1 20.8 69.1 
Mean percentages: ortho, 13-1 & 0.9; metn, 19.4 f 0.7;  para, 67.5 f 0.3. The partial rate 

factors were therefore Fortho 0.0026 3 0.0002; Flnelrr 0.0039 f 0.0001 : F,,,, 0-0268 & 0.0001. 

Nitration of Benzyltrimethylarsonium Picrate in Competition with ChZorobenzene.-Experi- 
mental conditions were identical with those used for the nitration of the corresponding 
phosphonium salts. Artificial mixtures afforded mean deviations from the calculated results 
of 0.57 and 1.17% in the estimated quantities of arsonium picrates and chloronitrobenzenes, 
respectively. 

In actual nitrations, the moisture content of the arsonium picrate had a significant effect 
on the figures obtained (nitrations 1-3). When the picrates were further dried (P,O,), a some- 
what different set of self-consistent values were obtained (nitrations 4-6). , Finally a 
completely fresh sample was dried at low pressures (P,O,) and two more determinations were 
carried out. All five (nos. 4-8) were therefore used in calculating the mean values of the 
isomer distribution, (Table 6). 

Nitration of Benzyltrimethylarsonium Picrate alone.-There was no difference in the conditions 
of nitrations from those of the phosphonium salts. In  the measurements of the U.V. absorptions 
of the experimental mixtures of nitro-compounds, however, the reference cell contained a 

TABLE 6. 
Nitration of benzyltrimethylarsonium picrate in competition with chlorobenzene by 

nitric acid in nitromethane. 
Initial Quantities: HNO, (d 1.529). 0.05 mole; MeNO,, 0.09 mole. PhCH,-AsMe, Pic, = PhCl = 

0-0050 mole. Temp. 25 0.02". Quantities expressed in l o 5  mole. 
P,O, dried picrate 

A A r > 7 \ 

No. (hr.) TNBA CNB K/KPhCI NO. (hr.) TNAB CNB K / K p h C i  

1 *  12 92.3 214-7 0.364 4 17 111.2 228.7 0.412 
2 12 76.3 182.8 0-363 5 16 116.0 238.4 0.407 

114.0 262.3 0-401 
116.3 237.3 0.411 

8 27 125.3 252-8 0.410 

Time Tinie 

3 24 107.3 239.3 0-371 $' ;; 
Mean value KBTLLIKPhCI (nos. 4-8) = 4.08 & 0.014 and hence K'BTAIKBeUene = 0.0127 & 0-0002. 

Note : Chloronitrobenzene = CNB. Benzyltrimethylarsonium picrate = BTA. Trimethylnitro- 
* 0.081 mole nitromethane used. t 0.0050 mole chlorobenzene used. 

benzylarsonium picrate = TNBA. 
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TABLE 7. 
Optical densities and ratios of pure trimethylnitrobenzylarsonium chlorides dissolved 

in O-OS~-hydrochloric acid. 

(1nI-4 
220 
225 
226 
228 
230 
832 
234 
235 
236 
240 
245 
250 
555 
260 
466 

D 

0.674 
0-485 
0.452 
0-390 
0-332 
0.281 
0.242 
0.228 
0.219 
0.209 
0.237 
0.289 
0-346 
0.395 
0.423 

(0) 

Concentrations ( lo5 mole/l.) : ortho, 
D D 

( $ 1 2 )  n.,lAo (PI APIA0 
0-695 1.031 0.350 0.519 
0.382 0-788 0.209 0.431 
0.336 0.743 0-187 0.414 
0-265 0.679 0.158 0.405 
0.212 0.638 0.141 0-425 
0.17'7 0-630 0-13'7 0.188 
0.158 0.653 0.140 0.578 
0.154 0.67.5 0-144 0.632 
0-155 0.708 0.160 0.685 
0.178 0.852 0.182 0.871 
0.22'7 0.968 0.238 1.001. 
0.289 1.000 0.31'7 1.100 
0.350 1-012 0.407 1-176 
0.398 1.008 0.506 1.281 
0.41'7 0.986 0.591 1.395 

7.90; meta, 5.49; para, 
u n 

A (mP) ( 0 )  (m)  
270 0.42i 0.407 
375 0.402 0.364 
280 0.359 0.306 
283 0.333 0.268 
885 0.313 0.243 
285 0.298 0.319 
290 0.270 0-189 
293 0.250 0-162 
295 0-238 0.148 
300 0.213 0.118 
305 0.192 0.096 
310 0.173 0.077 
315 0.151 0-061 
320 0.130 0.048 

5.96. 

A,/AO 
0-953 
0.905 
0.852 
0.850 
0.7i6 
0.740 
0.698 
0.648 
0-622 
0.554 
0.500 
0.445 
0-404 
0.369 

.11 

0.648 
0.669 
0.649 
0.620 
0.596 
0.570 
0.521 
0.473 
0.437 
0.352 
0.266 
0.193 
0.132 
0-089 

(P) APIA 0 

1.518 
1.664 
1.808 
1.862 
1.904 
1.926 
1.930 
1.892 
1.836 
1.653 
1.385 
1.116 
0.874 
0.685 

TABLE 8. 
Optical densities of mixed trimethylnitrobenzylarsonium chlorides from the nitration 

of benzyltrimethylarsonium picrate in nitromethane by nitric acid at  25". 
Reference cell: (p-isomer) 6.96 x mole/l. in nitrations 1, 3, 4, and 5; 9.54 x 10+ mole/l. in 

nitration 2. 

A (mP) 
220 
225 
226 
228 
230 
232 
234 
236 

220 
225 
228 
230 
232 
234 
236 

220 
225 
226 
228 
230 
232 
234 
236 

220 
225 
226 
228 
230 
232 
234 
240 

D 
0.464 
0.293 
0.267 
0.225 
0.1935 
0.171 
0-1585 
0.157 

R I A 4  0 

0.688 
0.604 
0.592 
0.577 
0.583 
0.608 
0.655 
0.717 

RIA,' 
0.439 
0.397 
0.391 
0-383 
0.382 
0.374 
0.378 
0.388 

0.508 0.764 0.546 
0.327 0-674 0.502 
0.251 0.644 0-482 
0-214 0-645 0.475 
0.187 0.665 0.470 
0-172 0.711 0.480 
0.166 0.758 0-484 

0-464 
0-296 
0-268 
0.226 
0.1945 
0.173 
0.161 
0.160 

0-688 
0-610 
0-592 
0-579 
0.586 
0-616 
0.665 
0.732 

0.4395 0.652 
0-280 0.577 
0.254 0-562 
0-215 0.551 
0.184 0.554 
0.1635 0.582 
0.153 0.632 
0-1685 0.806 

0-408 
0-377 
0.369 
0.360 
0-357 
0-353 
0.353 
0.361 

0-387 
0.357 
0.351 
0.344 
0.337 
0.333 
0.337 
0.363 

(mt4 
240 
245 
250 
260 
265 
370 
280 
283 

240 
2 70 
380 
283 
285 
287 
290 

240 
245 
250 
260 
265 
270 
280 
283 

246 
255 
260 
265 
270 
280 
285 
287 

Nitration 1 
D Rl.4, 

0.174 0.832 
0.217 0.916 
0.279 0-965 
0.417 1.056 
0-466 1.102 
0.494 1.157 
0.461 1.284 
0.433 1-300 

Nitration 2 
0.180 0-861 
0-487 1.140 
0.433 1.234 
0.416 1.249 
0.393 1.256 
0-373 1.260 
0.338 1.252 

Nitration 3 
0-179 0.856 
0-225 0-040 
0-290 1-003 
0.435 1.101 
0.490 1-158 
0.520 1.218 
0-487 1-356 
0-458 1.375 

Nitration 4 
0.211 0.890 
0.343 0.991 
0.411 1.040 
0.463 1.095 
0-4925 1-153 
0.462 1.287 
0.416 1-329 
0.393 1.328 

R/-4 o1 

0.414 
0.436 
0.437 
0-44 1 
0.43 1 
0.428 
0.416 
0.406 

0-513 
0.533 
0-511 
0.505 
0.494 
0.490 
0.480 

0-386 
0-405 
0.409 
0.409 
0.404 
0-398 
0-380 
0.370 

0.374 
0-391 
0.387 
0.383 
0-379 
0.365 
0.358 
0.346 

(mP) 
285 
287 
300 
305 
310 
315 
320 
- 

293 
295 
300 
305 
310 
815 
320 

293 
295 
300 
305 
310 
315 
320 
- 

290 
293 
300 
305 
310 
315 
320 - 

D 
0.413 
0.391 
0.246 
0.196 
0.151 
0.1 14 
0.086 

_- 

W A  0 

1.319 
1.321 
1.155 
1.021 
0.873 
0.755 
0.66 1 
- 

RIA or 

0.405 
0-397 
0-362 
0-356 
0-337 
0-336 
0-332 
- 

0.308 1.232 0.475 
0.287 1.206 0-472 
0.238 1.117 0.456 
0.193 1.005 0-451 
0.153 0.884 0.438 
0.119 0.788 0-428 
0.090 0.692 0.418 

0-344 1.376 0.354 
0.320 1.344 0-351 
0.2615 1.228 0-335 
0.208 1.083 0.335 
0.161 0.931 0.328 
0.120 0-794 0-322 
0.089 0.685 0-315 
- - - 

0.359 1.330 0.346 
0.327 1-308 0-343 
0.249 1.169 0-326 
0.198 1.031 0-325 
0.153 0.884 0-315 
0-114 0-755 0.309 
0.085 0.654 0.305 
- - - 
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3880 Barnes : Stability Constants and 

220 
225 
226 
228 
230 
232 
234 
236 

0.330 
0.215 
0.195 
0.164 
0.140 
0.124 
0.113 
0.114 

0.490 
0.443 
0.43 1 
0.420 
0.422 
0.441 
0.467 
0.507 

0.345 
0.322 
0.315 
0-307 
0.303 
0.304 
0.305 
0.315 

TABLE 8. (Continued.) 
Nitration 5 

240 
245 
250 
260 
270 
280 
285 
287 

0.121 0.579 
0.1505 0.635 
0.193 0.668 
0.282 0.714 
0.328 0.768 
0-300 0.836 
0.266 0.850 
0,2530 0.855 

0.335 
0.354 
0.360 
0.355 
0.343 
0.330 
0.317 
0.316 

290 
293 
295 
300 
305 
310 
315 
320 

0.229 0.848 
0-208 0-832 
0.195 0.819 
0.161 0.756 
0.130 0.677 
0.102 0.590 
0.0785 0-520 
0.060 0.461 

0.307 
0.302 
0.305 
0.293 
0.289 
0-278 
0.275 
0.269 

TABLE 9. 
Percentages of isomers formed in the nitrations of benzyltrimethylarsonium picrate. 

All concentrations expressed in lo5 mole/l. 
Total Isomers (%) 

No. xo/co o x,,Jc, w8 . ~ ~ / p l c ~  p isomers * o w P 
1 0.269 2.125 0.168 0.922 0.480 2.861 11.868 17.90 7.77 74.33 
2 0.358 2.828 0.183 1.005 0.400 2.384 15.757 17.95 6.38 75-67 
3 0.263 2.078 0.143 0.785 0.540 3.218 12,041 17.26 6.52 78.22 
4 0.256 2.022 0.129 0.708 0.510 3.040 11.730 17.24 6.04 76-72 
5 0.221 1.746 0.128 0.703 0.280 1.669 10.078 17.32 6.98 75.70 

* Including p isomer used in reference cell. 
Mean percentages: ortho, 17.54 f 0.31; meta,  6.74 & 0.22; Fara, 75.73 & 0.25. 
The partial rate factors were therefore : Fottho, 0.0067 f 0.0001 ; Fmcta, 0.0026 & 0.0001 ; F,,,,, 

0.0577 f 0*0009. 

solution of trimethyl-p-nitrobenzylarsonium chloride in 0*5~-hydrochloric acid (second column), 
in order to balance out the excessive proportion of this isomer. This procedure afforded 
reliable results, the mean deviations from the calculated amounts being ortho, 0.45% ; uneta, 
0.20% ; p a y a ,  0.65%. 

The absorption spectra used for these determinations is given in Table 7, and the corre- 
sponding spectra for the nitration products in Table 8. Table 9 shows the proportions of 
isomers calculated from Tables 7 and 8. 

THE UNIVERSITY, LEEDS. [Received, Septembev 1 I fh ,  1963.1 
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