
HELVETICA CMIMICA ACTA - Vol. 58, Vnsc. 1 (1975) - Nr. 31 257 

31. Steric Effects in Nucleophilic Aromatic 
Substitution Reactions with Aromatic Amines 

12th Communication on Nucleophilic Aromatic Substitution Reactions1) 

by Walter Eggimann, Peter Schmid and Heinrich Zollinger 
Department of Industrial and Engineering Chemistry, IITH, 8006 Zadch 

(18. XI. 74) 

Summary. The kinetics of the S x A r  rcactions of anilinc and N-mcthylaniline with a varidy 
of substitutcd nitrochlorobenzenes in acetonitrile dcnionstratc that thc formation of the inter- 
mediate +-complex is rate determining. Thc ratio of tlic rate constants of tlic aniline and the 
N-methylaniline reactions (R*/rBx) increases with increasing sizc of the 6-substituent ; with picryl 
chloride ka/kM rcaches a value of over 20000. Thc rcaclion o f  aniline with 4-X-2.6-dinitrochloro- 
benzenes is subject to considerably largcr paw-substitucnt effects than the corrcsponding reactions 
with N-rnethylaniline. These results arc iuterprctctl in terms of two cffccts: (i) A primary steric 
effect, which renders the approach of N-methylanilinc to thc substrate difficult. (ii) A shift to- 
wards earlier, more reactant-like transition state structures caused by the primary steric ofiect. 
In early transition statcs the activating p w c r  of the cloctron-wi~lidrawing substituents in the 
substratc is expected t o  bc relativcly small. An carly transition state for the slow N-mcthylaniline 
reaction and a late transition statc for thc fast aniline rcaction is in apparent contradiction to  
what would be expccted on the basis of the Hammond postulate. 

1. Introduction. - Secondary amines are usually considerably stronger nucleo- 
philes in nucleophilic aromatic substitution rcactions than primary amincs of compa- 
rable basicity. However, this generalization holds only for aliphatic and alicyclic 
amines3. In the aromatic series primary amincs react faster than their sccondary 
counterparts. The reactivity difference sccms to be astonishingly large whcn the 
substrate contains two nitro groups in the positions ortho to the leaving group. Table 1 
shows a compilation of some literature data for reactions of aromatic amines with 
nitroaromatic substrates. All these reactions probably procccd by the addition- 
elimination mechanism (AE, SNAY) originally suggested by Bzsnnett & ZuMw [S] in 
19513. 

RheinEatder [6], who in 1923 studied rcactions of anilinc and N-methylanilinc with 
nitrochlorobenzenes, was unable to determine the rate constant of the anilino- 
dechlorination of picryl chloride using his experimental tcchnique. He resorted to 
determining the ratc constant of the rraction of aniline hydrochloride with picryl 
chloride, which turned out to be somc 38 timcs larger than the rate constant of the 
corresponding reaction with N-methylaniline. It seems likcly that not aniline hydro- 
chloride, but the small amounts of free aniline prescnt at equilibrium acted as nuclco- 
phile in the reaction studied by Rheinlander. This, of course, leads to a considerably 
higher rate constant for the aniline reaction and, in turn, to a ratio of the rate constants 
of the two reactions RA/RM of the order of several thousand. 

l) 11th Communication: P. Rys, A. Schmitz & H. Zolldnger [l]. 
a) For a recent summary and discussion see [Z] ; scc also [3]. 
8, For recent reviews see [W]. 
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Table 1. Itale constuds of some reuctioirs u f avomslic amz+aes wilh 1titvoha2ogeno~e+azenas 
(lzteraturc data) 

Substrate Nucleophile Solvent T k R A / R M ~ )  Ref. 

position of lcaving 
nitro group@) group 

O C ,  [l mol-1 s-1.7 

2 ,4 ,6  
2 ,4,6 
294 
2,4 
2,4 
2 , 4  
2, 4 
2,4 
2.4 
4 
4 

PhNII,Cl (PhNH,) EtOH 50 
PhNHMo EtOH SO 

YhNHMe Et011 50 
PhNH, EtOlI 50 
FhNHMe EtOlI 67 
PhNH, EtOH 100 
PhNHMe EtOI-I 100 
o-toluidine EtOII 100 
p-anisidine DMSO 50 
N-Mc-+misirline DMSO SO 

F'hNH, EtOH so 

3.9 x 38.5 [6] 

2.75 x 9.4 [6J 
4.93 x 10"' FI 
2.95 x 10-4 161 

7.3 x 1 0 - 6  181 
4.77 x lo4 8.6 [9] 
5.43 x 10-4 Pj 
4.92 X 10-4 [91 
9.3 x 10- 58 P O 1  
1.6 x 10-7 W1 

2.74 x 104 10 171 

*) Ratio of rate constants of reaction with aniline and N-methylsnilinc, rcsp. 

Since Rheidu~der's work [6], 'steric effects' have been offered as an explanation 
for the lower reactivity of seconddry aromatic amincs as compared to their primary 
counterparts, In  spite of their remarkable magnitude. however, these effects have 
never been the subject of a thorough investigation. We have therefore undertaken a 
study of the reactions of aniline and N-methylaniline with a variety of suitably 
substituted aromatic substrates in acetonitrile. 

2. Results. - We determined thc specific rates of the reactions of aniline and N- 
methylaniline with various substituted nitro~~i1orol)enzen~s in acetonitrile at 50 "C. 
All the reactions were hound to be second-order ovcrall, first-order with rcspect to 
each reactant. No basc catalysis was detected. Thc spectrophotometric procedure used 
to determine the kinetics is described in the experimental section. The measured rate 
constants are given in Tables 2 and 3. 

The data can be summarized as follows: (i) 'l*he rates of the reactions with aniline 
increase as the electron-withdrawing power of the substituent in the substrate in- 
creases. The substituent cfiect is of the ordcr of magnitude expected on the basis of 
the inductive and resonance effects of the substituents. (ii) In the corresponding 
reactions with N-metliylaniline only a small ratc enhanccrnent is observed. A cyano 
group in the position ortho to the leaving group causes a larger rate increase than a 
nitro group. For the @?@-position the opposite is true. (5) In all but onc case aniline 
reacts fastcr than N-met€iylaniline, although the latter is slightly morc basic (pKa -- 
4.60 and 4.84 resp.) 3. 

These data are consistent with the hypothesis that some kind of steric effect i s  
operative. In order to elucidate further the nature of such an effect we determincd the 
activation parameters of the reactions of aniline and N-methylaniline with 6-sub- 
stituted 2,4-dinitrochlorobcnzenes. A compilation of thesc results is given in 'fable 4. 
I. - 
4) From rcf. [a, p. 40. 
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Table 2.  Rate constants of the reac6ims of 6-substilut~d 2,4-dinifroch2oro2ren~~mcs wifh aniline arrd 
N-methylattiline in acctonitrils af 50°C 

Aniline N-niethvlanilino 

H 2.86 x 1 1.59 x 10-6 1 1.8 
CN 1.35 x lo-* 470 1.94 x 12 70 
NO, 5.95 x lw-ld) 20801) 2.91 x 10-5 1.8 20450 
Me 1.80 x 0.063 0.9 x 10-sf) 0.00057 200 
aza-N @) 1.68 x 1W-1 5874 2.78 x 10-1 17480 0.G 

8)  

b) 
c) 2-Cbloro-3,5-dinitropyridinc. 
a) 
e) 

Avcragc of 3 to 6 kinetic runs; cstimatcd error f 3%. 
Rate constant relative to thc value for the reaction with 2,4-dinitroc~~loroben~~n:ne. 

Cf. Hirst & Rahman [lZ]: RA = 0.527 1 mol-1 s-1 at 48.5'. 
Reaction monitored to 9% convewion, corresponding to an clapsed time of 16 wceks; 
[substratc], = 0.1 mol/l, [amine], = 1 mol/l. 

Table 3. Rats constants of the reactions of Csubstitukd 2, l i -dini~vchlorobel~es with aniline and 
.V-melhyCaniline in acetonitrile at 50°C 

Anilinc N-mcth ylanilinc 

[I mol-1 s-11 
4-substituent kAa) krel") klrre) hb) kA1X.M 

[l mol-1 s-I] 

H 5.03 x lo& 1 2.1 x 10-6c) 1 2515 
CN 1.22 x 10-1 2430 1.07 x 535 11400 
NO, 5.95 x 10-Id) 11830 2.91 x 10-6 1445 20450 

a) 
b) 
0 )  

a) 

Average of 3 to 6 kinetic runs; estimated error I- 3%. 
Ratc constant relative to the value for thc reaction with 2,6-dinitrochlorobcnzcne. 
Reaction monitored to 23% conversion, corrcsponding to an elapsed time of 22 weeks; 
[substrate], = 0.1 rnol/l, [amine], = 1 mol/l. 
Cf. Xrs t  & Rahman [12]: kn = 0.527 1 mol-1 s -1 at 48.5'. 

Table 4. Hate constants attd actiuatiott @avameters of the reactions of d i k e  m d  N-wethylrrsililPe with 
6-substituted 2,4-dinitrochlwobenzerres in acefonitrik at 50°C 

6-substituent nucleophile k Eae) "1 AH+b)(') n s + c ) e )  ACC b) 
[l mot-1 s-lj kJ niol-1 kJ mcil-l JK-lmol-' kJ mol-1 

H PhNH, 2.86 X lo4 513.1 (13.9) 55.2 (13.2) - 161.5 (38.6) 107.5 (25.7) 
CN PhNH, 1.35 x lo-' 43.1 (10.3) 40.2 ( 9.6) -157.0 (37.5) 90.6 (21.7) 
NO.¶ PhNH, 0.595 32.2 ( 7.7)') 29.7 ( 7.1) - 158.5 (37.9) 80.6 (19.3) 
H PhNHCH, 1.59 x lo-' 55.2 (13.2) 52.3 (12.5) -175.0 (41.8) 109.2 (26.1) 

NO, PhNHCH, 2.91 X lo4 54.0 (12.9) 51.0 (12.2) - 174.5 (41.7) 107.5 (25.7) 
CN PhNHCH, 1.94 x 49.0 (11.7) 46.0 (I 1.0) - 174.3 (41.6) 102.1 (24.4) 

-1 ~ ~ r n c n w s  acuvatIon energy. 
b, 

d) 
0)  

1) 

Number in parentheses is the corrcsponding value in kcaI mol-1. 
Number in parentheses is tlw. corresponding value in cal K-l mol-I. 
Estimated error & 2.1 (0.5) kJ mol-l. 
Estimated error f 5.9 (1.4) JK-1 mol-1. 
Cf. Hirst & Rahman [lZ] : E. = 7.9 f 0.27 kcal mol-1. 
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Wc notice that the entropies of activation for all ttle six reactions are very similar and 
that the differen- in the ratc constants are essentially duc to an effect on the acti- 
vation cnthalpies. 

3. Discussion. - A large body of cviclence5) suggests that all of the reactions 
studied most probably occur by thc addition-clirnination (AE,  S N A ~ )  mechanism of 
nucleopllilic aromatic substitution (1,) : 

c1 C1 NtiR k, + HCI (1) 

+ \  
A A kffB' A "  

I 11 TIT 

The symbol A represents activating (i.e. clectron-withdrawing) substituents, B 
is a base and R stands for either hydrogen or a methyl group. The rate expression for 
this system (2) can be derived by applying the Ilodenstei95 11.41 approximatione) : 

rate q e  + 4p,Bi[B*I 
1 

(2) .- - .-. - -". -. __ - 
[ArCl] [ArNHR] k-I f 4- ChRi[Bd 

i 

A salient featurc of this mechanism is the fact that thc intermediate (111) can 
proceed to products by two distinct pathways: (i) spontaneously (&), and (ii) through 
general base catalysis (kaBi). If no base catalysis is observed the infercnce can be made 
that the formation of the intermediate (kl) is thc rate determining step and tlmt 

>> kI7). In this case the measured overall ratc constant, hob#, is equal to I+. 
All thc reactions investigated in thc present study are not base catalyzed. This rcsult is 

expectcd and consistcnt with many prcvious [indings [21. Chloride ion is a wry  good lcaving group 
in nucleophilic arorndic substitution reactions. This uicans that k, & k-,  and that kobs = k,. 
Basc catalysis with chloridc ion as lcaving group has only been found in a few special cases whcrc 
factors likc the solvent and thc entering amine contributc to a drastic lowering of the ratio 
ka /k - f ) .  The differences in thc rate constants of thc various rcactions must therefore be explained 
in Cerms of differences in the free cnergy of activation of step k,, the formation of thc intcrmcdiatu. 

Let UF, first consider the entropies of activation listed in Table 4. Tlie entropies of 
activation for all six reactions are very similar. Within each reaction series (with either 
aniline or N-methylaniline as nuclcopliile) they are constant, Le.  not influenced by 
the ortho-substituents. Tlie fact that thc values for the N-methylaniline series are 
slightly more negativc can be readily understood either in tcrms of a steric effect 
exerted by the metliyl group (which makes some internal motions in the transition 
state more difficult) or, alternatively, in terms of slight differences of solva.tion of the 

6) 

6) 

') 
8) 

--.-- 
Sec c.g. [24] and [13]. 
See also [15], p. 78. 
For the rationale behind this reasoning see [21 [3]. 
See [Z] and references mentioned thercin. 
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reactants or the transition states in thc two series. The only conclusion which seems 
warranted is that all six rcactions proceed via transition states of very similar struc- 
ture. 

It may be somewhat astonishing that the activation entropics are not influenced 
to any great extent by thcsc steric effects. Onc might havc expected a considerably 
lower (more negative) entropy of activation for thc stericdly hindered cases since 
various internal motions in the transition state should he stiffened. That this is not 
the case illustrates once again that our prescnt state of knowledge does not appear to 
allow us to make predictions about the activation parameters of a rcaction in solution 
with any certainty, No doubt, little understood solute-solvent interactions are of 
prime importance in determining these parameters. 

Aniline reacts faster than N-methylaniline with all but one of thc substratcs 
investigated (see Tables 2 and 3). However, the ratio of the rate constants R A / ~ M  only 
becomes largc when both positions ortho to the leaving group in the substrate contain 
a substituent other than hydrogen. The rnagnitude of the ratio KA/IZIV[ appears to 
increase with increasing size of thc 6-substituent. A mctliyl group in the 6-position 
has the same directional effect as a 6-nitro group. Thc only reaction in which the ratio 
of k ~ / k ~  is smaller than 1 is the reaction with Z-chloro-3,5-dinitropyridine. In this 
compound the pyridine nitrogen occupies one of the ortito-positions and its lone electron 
pair takes the place of the 6-substituent in nthcr substmtes. Apparently the lone 
electron pair is less bulky than even a hydrogen substituent 9). A11 these observations 
are characteristic of the operation of a ‘steric cffcct’ 10). 

In the reactions of 2, Gdinitro-4-X-chloroben~~rics a change in the substituent X 
has no influence on the steric conditions at C(l ) ,  the reaction center. To a first approx- 
imation we would therefore expect a substituent effect of very similar magnitudc on 
the reactions with aniline and N-methylanilinc; in other words, a constant value for 
the ratio ka/kna. Table 3 shows, however, that this ratio is 2.515 for X = H, 11400 for 
X = CN and 20450 for X = NOp. Interestingly, and contrary to expectations, the 
fastest reaction shows the highest selectivity (ie. thc higlicst ratio k ~ / k ~ ) .  The reaction 
with aniline as the nucleophile clearly is much more sensitive to para-substitucnt 
effects than the corresponding reaction with N-methylaniline (see Table 3). 

This phenomenon may be understood if the structural differences in the transition 
states of the two reactions are considered. We may assume. that the Meisefflhirner 
complex (V) is a good model for the rate determining transition state of the aniline 
reactionll) [12] : n 

H w  
c1 ‘ : L H  

NO, 
V 

. 

9) For a recent discussion of the size of electron pairs scc [ltjl. 
lo) See [15], p. 366. 
11) Compounds of this type have recently been directly observed by Buncd ef al. [17]. 
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It  seems reasonable to assume that thc transition state for the N-rnethylanilinc 
reaction will have less a-complex character as the N-methyl group makes it harder 
for the nucleophile to approach the reaction center. The transition state structure 
might be depicted as follows: 

VI 

This amounts to saying that the transition statc of the N-methylaniline reaction 
is ‘early’, i.e. that it has relatively little a-complex character or, in other words, is 
somewhat reactant-like. The transition state for the aniline reaction, on the other 
hand, is ‘late’, i.e. it is energetically and structurally similar to the Meiserzheimer 
complex. This situation is illustrated in the energy diagrams in Fig. 1. 

PI PI 

late Rc 
I 

early RC 
Fig. 1. Energy diagrams for the reaction of picryl chloride with aniline ( 1 )  and N-methylaniline (2) resp. 

PE: Potential energy 
R: Reactants P: Products 
u: tetrahedral U-(MEiSenheimEV) complex 

TS: Transition statc 

The influence of para-substituents is expected to be much greater for late transition 
states with considerable a-complex character than for early, reactant-like ones. 
Molecular orbital calculations [18] [19] and crystal structure determinations [20] [211 

0,N. I 0 H\o/- 
C1 N-H uoz 

A02 

* 

VII 
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suggest that in Meisenheimev complex-type compounds tlie negative charge is csscn- 
tially located in the nitro groups and, indeed, a large proportion of it is concentrated 
in the para-position. This would imply a structurc for thc transition state of the aniline 
reaction in which contributions from yuinoid resonance structures such as (VII) are 
more important than contributions from structures containing a single C,-N bond. 

In the early transition state which we propose for thc N-methylaniline reaction, 
only a relatively small amount of negative charge will lime developed in the nitro- 
aromatic entity by the time the transition state is reached. Consequently, the impor- 
tance of resonance structures such as (VII) will be much smaller than in a late transi- 
tion state. 

It is interesting to note that we are suggesting an early transition state for the slow 
reactions with N-methylaniline and, vice versa, a latc transition state for the fast 
reactions with aniline as nucleophile. This is in contradiction to the Hammortd postu- 
late [24, but allows the most reasonable explanation o€ our results that we can find 
at present. Apparently, the steric effect of the N-methyl group forces thc transitjon 
state in the N-mcthykdniline reaction to occur much carlier on the reaction coordinatc 
than would be tlie case for a reaction which has thc same free energy of activation, 
but is not influenced by sterk effects. 

Thc fact that the fastest reacting substrate, 2,4,6-trinitrochlorobenzene shows thc 
highest selectivity kalkM can be rationalized in terms of the Hanzmoad postulate. 
The fast aniline reaction with the latc transition state is much more sensitive to para- 
substituent effects than the slow N-methylaniline rcaction (see above). Therefore, 
although an activating substituent shifts the transition states of both reactions in the 
direction of lower energy and more reactant-likc character (i.e. makes it earlier), this 
shift will be relatively more pronounced for the latc than for the early transition ststc. 
As a necessary mathematical consequence, then, the sclectivity k ~ / k ~  becomes larger 
for the more reactive substrates. Fig. 2 shows it pictorial representation of this argu- 
ment : 

RC 

2M 11111 2 A  1A 
Fig. 2. Schemalac diagram ofthe shift of a traltsition state in u potential elzcrgy diagvarn upolt goirtg from 

less to wwve veaciive subsfrate for eady and L t e  transition states 
PE : Potential energy 
RC: Reaction coordinate 
R: Reactants 
U: Tetrahcdral o-(Meisenlacimw) complox 
1: 

2: 

Transition state for the reaction of aniline (A) and N-mcthylaniline (M) with 2,6i-dinilro- 
chlorobcnzenc 
Transition statc for the reaction of anilinc (A) and N-methylanilinc (M) with 2,4,6-trinitro- 
chlorobonzcne 
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A very crude estimatc (considering we have data for three substituents only) of 
how much stronger the para-substituent effect is for thc aniline reaction than for the 
N-methylaniline reaction may be obtnincd from a plot {not shown) of log k A  11s. log 
k ~ .  Such a plot is approximately lincar with a slope of about 1.25. The slope of the 
straight line is equal to the ratio of the Hammeti e valucs for the aniline and N-methyl- 
aniline reactions. We may therefore conclude that the aniline reaction is about 100.2s 
times more scnsitivc to para-substitucnt cfftxts than the N-methylaniline reaction. 

Let us now consider in somewhat more detail the nature of the steric effect which 
causes the reaction of N-methylaniline with 6-substituted 2,4-dinitrochlorobemenes 
to be much slower than the corresponding reaction with aniline. The approach of 
N-methylaniline towards the substrate is accompanied by increasing repulsive inter- 
action between nucleophile and substrate (ptimary steric effect). We shall not attempt 
to specify at this point whether the amine specifically interferes with the ortho-substit- 
uents, the leaving group or thc benzene ring carbons and hydrogens. It is obvious that 
this type of steric hindrance will lead to a transition state geomctry resembling the 
reactants more than the products, in other words to an early transition spate. On the 
other hand, it also brings about a decrcase in the reaction ratc. The reaction involving 
steric hindrance thereforc has a transition state of higher potential energy and more 
reactant-like character than a similar reaction which is not subject to steric effects. 
In an earlier transition state the electron-withdrawing substituents in the substrate 
cannot exert their activating power as efiiciently as in a late transition state. It should 
be remembered that on the basis of the Hummond postulate one would have expected 
a late, more product-like transition stattc for thc slower reaction. 

The very large kA/kM ratios for reactions with substrates containing two nitro 
groups in both positions odho to the leaving group merits some further comment. It is 
conceivable that the primary steric ef Eect in tbesc cases is enhanced by a secondary 
effect, The approaching nucleophile may force at lcast one 01 the ortho-nitro groups out 
of the plane of the benzene ring, thcreby greatly reducing its electron-withdrawing 
capability and therefore its activating power. An alternative explanation may again 
involve the position of the transition state on the reaction coordinatc. It is known that 
the ovtho-nitro groups in many l-X-2,4,6-trinitrohenzcnes are twisted out of the planc. 
of the aromatic ring to a considerable extent. In picry1 iodide, for example, both ortho- 
nitro groups are nearly at right angles to the ring planc [23]. In trinitrophenetole 
dihedral angles of up to 62" bctween the ring and the ortho-nitro groups have been 
found [24], and in 2,4-dinitrochlorobenzene thc ortho-nitro group is twisted out of the 
plane of the aromatic ring by 39" 1225). These data were obtained by X-ray crystallo- 
graphy. NMR. and other spectroscopic measuremcnts have shown that in N-alkyl- 
2,4,6-trinitroaniIines one of the oytho-nitro groups is twisted between 60" and 90" out 
of the ring planc, depending on the size of the dkyl substituent [ZS]. In the tetrahedral 
Meisedeimer complex, on the other hand, we may expect a relief of the repulsive 
interaction between the ortho-nitro groups and the lcaving group. The ortho-nitro 
groups should hc able to arrange thcrnsclves between thc entering and the leaving 
group, thereby attaining coplanarity (or nearly so). This idea has been put forward by 
Harnmond & Hawthorne [27] and Iater promoted by Pietva et al. [28], who also presented 
experimental data to support this view. It receives still further support from the 
results of crystal structure determinations of picryl ethcr adducts with methoxide 
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which show that the nitro groups in positions ortho to thc tetrahedral carbon atom 
are, indeed, nearly coplanar with the ring [ZO] [Zl]. It follows that the ortho-nitro 
groups are able to exert their full activating power only in late transition states with 
considerable cr-complex character. An early transition statc, such as we have proposed 
for the sterically hindered reaction, should therefore have a much higher potential 
energy, as is found experimentally. 

The low reactivity of N-methylaniline compared to aniline in many nucleophilic 
aromatic substitution reactions can thus be rationalized in terms of two factors: (i) A 
primary steric effect which renders the approach of the nucleophile difficult. (ii) As a 
result of this primary stcric effect the transition state occurs earlier on thc reaction 
coordinatc. This shift of the transition state is accompanied by a decrease in activating 
power of the electron-withdrawing substitucnts in the substrate. 

4. Experimental Part. - Mutevials. Acetonitrile MevcR Uvasol was found to bc equivalcat 
to the solvent purified by the procedure o f  Coetzes [29: ant1 WAR used throughout this work. 
Anilinc (Pluka) and N-methylaniline ( FluRa) wcre distillccl twice in a dry nitrogen atrnospherc: 
under reduced pressure and stored at 0" under nitrogcn and in the dark. Cornmcrcially availaBlc 
2,4,6-trinitrochlorobcnzcnc (I;'Czcku) (mp. SZ"), 2,4-dinitrochk~robcnzene (Fluka) (m.p. 51."), 
2,6-dinitrochlorobenzene (EG'A-Chemic) (m.p. RS"), 2, B-dinitru-4-cy~n~chlorobcnzcne (Fluko) 
(m.p. 139") and l-chloro-2,4-dinitropyridinc (1;luhu) (1n.p. 61 ") wcre rccrystallizecl two to four 
times from ethanol and/or n-heptane. 2,4-UilpJ'tro-6-cyan~ch~o~~~~nzene was available from an 
earlier study [30] and was rccrystallimd twice from n-hcptanc, m.p. 138". T t  had bccn prepared 
by the method of Blunksma [31]. 

Z-Cfigooro-3,5-dinitvololzcene was prepared by the mcttiod of Morgan & Dvew [32J. 38 g (0.3 mol) 
of o-chlorotoluene (Fluha) werc added dropwise over a period of 2 h to a. stirred mixtbrc of 200 ml  
conc. sulfuric acid and 80 rnl nitric acid. Tho solution was kept at a temperature of 8 -10" during 
the addition and then heatcd for 4 hours on a watcr bath to SO". The oily organic laycr was 
separated and cooled to - 20". Repeated recrystallizdion Iron1 cthanol and rr-hcytanc yieldctl 
the pure product, m.p. 60" (lit. [32] 63-64"). 

2,4,6-Tn'ni~rodiphtnrykmine was prepared by the proccdurc 01 Rumbmger & Adiillev [33] : 
A solution of 2.5 g (0.01 mol) 2,4,6-trinitrochlorobn~eno in 60 ml ethanol was addotl at room 
temperature to a stirred solution of 3.7 g (0.04 mol) aniline in 20 ml ethanol. Thc yellow-orange 
product crystallized rcadily. It was filterctl off and purified by rccrystallization f r c m  cthanol 
(3 x ) ,  m.p. 179' (lit. [34] 179-180"). TJV./VIS.: Amax (C113C,W) 365 ntn, log E 4.152. 

The following prntlucts were prcpared in an analogous manncr: 
N-Melhy~-Z,4,6-tri~itvu~~phsnyluminr, m.p. 107" (lit.  [341 108'). UV./VIS. : Ima, (CH,CN) 

425 nm, log E 3.778. 
2 , 4 - D i n ~ t r o G - c y u n o - d ~ ~ ~ e # y ~ m ~ ~ c ,  m.p. 183" (lit. '34J 183'). UV./VIS. : Amar (CH,CN) 

350 nm, log P 4.167. 
N-MethyCZ,4-d~~i t ro-6-cyanodiph~~ylu~a~~,  m. p. 134". .Andza) calc. for Cl&oN404: C 56.38, 

H 3.38, N 18.79%; found: C 56.10, H3.51, NlR.730/,. - UV./VIS.: I ,  (CH,CN) 400 nm, 

Z,&~ndi*odipAenylumine, m.p. 156" (lit. !341 lSti.-357"). lJV./VIS. : Amax (C'H,CN) 355 nm, 
log e 4.220. 

N-Me~hyCZ,d-~iniSrodipleny~amine, m.p. 1GG' (lit. [34] 1.66-367"). - WV./VJS.: Amex (CH,CN) 
380 nm. log 6 4.156. 

2,6-~~n~lrn-4-cyanocliphslsylamine, m.p. 168". AndL1Z) calc. for C,,H,N404: C 54.93. H 234, 
N 19.71% ; found: C 54.30, 13 2.97, N 19.60%. -. UV./VIS. : AmkX (C€I,CN) 410 nm, log B 3.757. 

N-MethyCZ,6-dinilro-&cyanodiphcnylamine, m.p. 181 '. Anal.") calc. for C,,HloN40,: C 5638, 
H 3.38. N18.79%; found; C 56.33, H 3.43, N 18.96%. UV'./VIS.:A,,, (CH,CN) 41.5nm,log~3.515. 

lS) Elemental analyses were carried out in the microanalytical laboratory of our Department. 

log & 3.924. 

--_ - 
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2,6-DAitrod~~hcnytaman~, map. 104'. Anal.la) calc. for C,,H,N,O,: C 55.60, H 3.50, N 16.21% ; 
found: C 55.54, N 3.70, N 16.33%. - UV./VIS.: A ,  (CH,CN) 420 nm, log e 3.754. 

2 , 4 - n a n a t r o - 6 - m e l h y l ~ n ~ ~ ~ m ~ ~ e ,  m.p. 162", Anal.12) calc. for ~,Hl,Ns04: C 57.14, H 4.06, 
N 15.38%; found: C, 57.05, H 4.15, N 15.40%. - UV./VIS.: Amax (CH&N) 370 nm, lag 6 4.126. 

N-Z,  4 ' - D i n i t v o p y r i d i ~ y 1 ~ ~ ~ ~ ~ ~ 6 ,  m. p. 149". Anal.12) calc. for ClsHaN404: C 50.77, H 3.10, 
N 21.53%; found: C 50.56, H 3.34, N 22.01%. - UV./VlS.: Amar (CHJN): 348 nm, log E 4.246. 

N, N-Z',4'-ninitropyridiny2-~ethy~an~~~~e, m.y. 142". AnaLi3) calc. for G,H,,,N,O,: C 52.55, 
H 3.68, N 20.43%; found: C 52.54, H 3.71, N 20.49%. - IJV./VTS.: Amax (CR,CN) 360 nm, log 
e 4.298. 

N-Methyl-2,4-dinitro-6-methyGdi$4e~ylamine. A solution of 0.25 g (0.001 mol) 2-chloro-3,S- 
dinitrotolucne in 3 ml ethanol was added to 2.1 Q (0.02 mol) N-methylaniline and heatcd to refliix 
in a nitrogcn atmosphere and in the dark for one month. Thc excess N-methylaniline was rernovcd 
by distillation. Thc dark-red, viscous reaction product was separatcd into 12 fractions by means 
of thick-layer chromatography (Merck silica gel platcs. benzcne). Thc third fraction from the 
solvent front (Rf = 0.55) was extracted with mcthanol and purificd a sccond time by thick-layer 
chromatography. Rccrystallization from ethanol finally yiclded the pure product, m.p. 116". - 
IR. (KBr) : No band around 3300 cin-l (NH). - MS. : M 1 at m/e 287. - Anal.l*) calc. for C14€I,JN,0,: 
H 4.56%; found: tl4.68%. - UV./VIS. : Amax (CR,CN) 387 nrn, log 8 3.589. 

N-Methyl-Z,6-rlini~rodiphcnylamine: 2 g (0.01 mol) 2.6-l)initrochlorobenzene and 10 g 
(0.1 mol) N-methylanilinc were dissolved in 10 ml cthanol and heated to reflux in a nitrogen 
atrnospherc and in the dark for onc month. After removing the CXC~SS N-methylaniline by distil- 
lation, the viscous rcd product was puriiicd by thick-laycr chromatography (MevcR silica gel 
plates, benzene). Thc most intensc yellow fraction (Rf = 0.46) was extracted with methanol. 
Rccrystallization of the solid matcrial from ethanol produced two products, one in the form of 
orange needles, the other in thc form of dark-red plates. The latter matcrial was scpaxated manual- 
ly (spatula) from thc: orange ncedlcs and recrystallized again from ethanol, yiclding the desired 
product, m.p. 101". - IR. (KBr.): No band around 3300 cm-l (NH). - MS.: M +  at m/e 273. - -  
UV./VIS. : A,,, (CH,CN) 410 nm, log E 3.004. 

Kinetic measuremenk The rcaction rates wcre dctermined spectrophotometrically by monitor- 
ing thc increase in the amount of reaction product as a function of time at the wavelength of 
maximum absorption. Thc absorption of thc reactants was negligiblc in all cases. The fatter 
reactions were carricd out directly in the spcctrophotometcr ccll. This procedure allowcd the 
optical density to bc recorded continuously. In thc casc of slower reactions, samples were taken 
at appropriate time intervals and transferred to the spcctrophotometcr cell for measurement, 
A Heckman Acta 'I11 UV./VIS. spectrophotorncter cquipped with thcrmostattcd ccll block and 
iron-constantan thcrmocouplc to monitor thc temperature in thc cells was used throughout this 
work. 

The reaction solutions werc prepared in V-tubes. 3 rnl of thc reactant solutions were pipetted 
into each arm of the tube and the stoppered tube thcrmostatted at the appropriate temperature. 
After the solutions had equilibrated, the reaction was startcd by inverting the tube and thoroughly 
mixing t h e  two solutions. The cxtrcmely slow reactions of 2,6-dinitrochlor&cnzenc and 2,4-di- 
nitrod-metliyylch1orobenzcne with N-methylaniline werc carricd out in evacuated ampoules in the 
dark. When this tcchnique was uscd, no traccs of side rcactions which occurred in an  air, nitrogen 
or argon atmospherc could be detected. 

All the rcaction rates wcre moasured under practically second order conditions, 2.e. the aminc 
was prcsant in a 2 to 10-Iold excess over the aromatic substrate. lnitial substrate concentrations 
varied between 10-4 and 10-1 rnol/l, depending nn the rate of the particular reaction"). P5czcdo 
first-order conditions with the anline in largc exccss proved to be impractical, as minute anlounts 
of aniline present in N-methylaniline are liable to cause complications in the kinetics. No dcviations 
from the second-order rate law wcre observcd in any of thc reactions. Thc optical density of 
reaction solutions at timc infinity was equal to thc absorbance of mock infinity mlutions pre- 
pared by dissolving appropriatc amounts of thc purc reaction products in acetonitrile. 

m) For further details see [35]. 



AELVETICA CHIMICA ACTA - Vol. 5&, Fasc. 1 (1975) - Nr. 31 267 

The rate constants wcre calculated by standard rnc tho~ls~~) ,  taking into account t h c  fact that 
two aminc molecules per subetrate molcculc wcro consurncd in the reaction - one amine molecule 
acting as a nuclcophile, the other as a proton accuptnrlb). Thc ratc constants given in l‘ablcs 2 
and 3 represent the average of 3 to 6 kinetic runs. Thc individual measurcd values agreed to 
within f 3%13). The activation parameters were determined in the usual manner from thc tem- 
perature dcpendence of the reaction ratcs. 

One of us (P.S.) wishes to thank Professor E. Buncel and E .  H .  Cordes for discussions. 
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1. Mitteilung 

Summary. In  thc first coiiimuiiication the synthetic methods are described for preparing aro- 
matic analogucs of juvcnilc hormone like activity. The para-substitutcd 2-methyl-cinnamic acid 
derivatives arc iormed by n Frkdel-Crujts ncylntion of a phenol, followed by the Wadsworlk- 
Enznzolrs (Wittig-Homer)-Reaction with the corresponding phosphonates. Morc than 120 compounds 
are listed. 

Das Juvenilliormoo (Corpus-allalum-Hormon) dcr Insektcn rcgulicrt zusammen rnit dem 
Hautungshormon Ecdyson den Ablauf cicr Insektcumctarnorphose. 

Die Hkutungen der 1,arvenstadicn wcrden durch d i e  Juvenilhormone induziert, wahrend clic 
Uniwandlung dcs letzten Larvenstadiums zur Puppe bzw. zur Imago nach dern Absinken des 
Juvenilhormonspiegcls durch ein relatives mcrwicgeri des Ecdyson ausgelijst wird. Wiihrend des 
Puppenstadiums sistiert die Sekretion der Juveniliornion produzierenden Zellen. Sic sezernicreri 
erst wieder bei den Imagines. 

Extrakte mit Juvenilhcirmonaktivitat wurden 19.50; erstmals van Williams [l] RUS cleni Ab- 
dorncn der minnlicheri Cecropia-Motte hergcstellt. Irn Jahre 1965 isoliertc RBlZev [Z] die alrtivc 
Komponcnte, und zwei Jahre spatcr idcntifizierte er sie als einen Isoprenoidabkaminling 1 : 

Die zweite aktivc Komponcnte wurde 1968 von Meycr [3] in ihrcr Struktur aufgekliirt 2: 

Karlson & Schmzalek [4] berichtetcn 1959 von einer Juvenilhorinonaktivitat irn Kot des 
Mehlwurms; die aktiven Substanzen wurdcn von Schmiulfk r.51 zwei Jahre spatcr als Farnerol 
und Farnesal crkannt. Schnzialek [GI stellte aussctcleni fest, rlnss Farncsylmcthylather 3 em(. starke 
Juvenilhormonwirkung zeigt : 


