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while several substitution mechanisms of a leaving group attached to a :c=c:

bond are k:nown,l those at a jc=n- bond were little studied. The kinetics of the
hydrolysis of the -C(Cl)=N- system was studied only by Usiz and that of the
—c(§)=x-r- system by Soott and coworkers,> Intermediste mitrilium halide ion pairs
(~C3N- X~) were suggested, based on the kinetic dependence on the nucleophile and
the leaving group, the solvent effect, and the negative f values for both C-Ar and
N-Ar substituents.a’3 Not all the data are easily accomodated by this meohanism,"’ and
competing routes are unknown. We studied therefore by a spectrophotometric method the
substitution of diarylimidoyl ohlorides (Ia~Ik) by morpholine and piperidine (BH) in
benzene (eqn. 1) which gave the following results:

- - - __.____). - - -

Y c6114c(c1)=n CeH,X + BE T céa4c(B)=n CgH,~X + HCL (1)
(1) (11)

(Ia) X=p~MeO , Y=H (I£) X=p~CN , Y=H

(Ib) X=p-Me , Y=H (1g) X=p-¥0,, Y=H

(Ie) X=H s Y=H (In) x=2#  , Y=p~MeO

(14) Xx=p~c1 , Y=H (Ii) X=H y T=p-¥O,

(Ie) X=m-C1 , Y=H (13) x=p-Me0, Y=p-HO,
(Ix) x=p-¥0, , Y=p-¥O,

(a)With excess amine, the first order coefficient k , inoreases with the amine

concentration according to eqn. 2 , i.e., the reaction is overall a combination of a
= 2
Eops = K2 (ea) + ky [BH} (2)
gecond and third order prooesses, lg_’ is always significant with morpholine (Table)
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(A)1log k+3
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Pigure: Plots of (A)log k, and (B) log k3 vs. & for the morpholine-(Ia~Ig) reaction.
Table, Kinetic data for the reaction of Phc(01)=Nc6H4X with morpholine in benzene at 30°oa

X 1051:2, 1/mole.seo 105k3,12/m2.sec k:,,/k2 o 1/m anstedoLb kepip/kemorph
N0 173% 5 287 ¥ 26 1.65 0,024 1.16°

E 19.7% 0.3 10.8%0,86 0455 0.069 1.54
p~C1 6.0% 0.3 4.16%0,25 0.82 0.23 4415
»Cl 2.1% 0.8 4.05%0,1 1.94 0.38 11,0
P~CN 3.6% 0.15 5.9 ¥0.15 1.62 0,47 18.8
pNo,, 6.1% 0.43 11.1 %0.63 1.81 0.49 22.0

15.3% 1.1¢ 23,2 *2,8% 1.51 0.49

2 The correlation coefficients of equ. 1 are 0.97-0.999, except for m—Cl (r=0.58).

b -1

Calculated by using the pKa's of the two amines in water. ° klr\J 5 . 10-5 seC
for sniline as nucleophile at room temperature. d At 45° H E2 = 11.5 Kcal/mole,

88,¥ =-33.5 e.u. 3 Ey =9.3 Koal/mole and AS ¥ =40 e.u.
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but contridbutes only with electron-attracting X with piperidine. (b)When Y=H a log k2 or
log ky Vs. Hamme tt's 0'X plot is a parabola (Figure) with a minimum for m~Cl with morpholine
and for p~Cl with piperidine, For k2 g With piperidine at 30° the use of o'* values gives
two intersecting lines with ?'s of 1,04 and ca. +1.9, while for morphoiine ¢ gave a better
ocorrelation vithf‘s of =3 and oa. +1.6. (c)At 30° with piperidine k2(Ij)sk2(Ii) :ka(Ik) are
1 : 1,07 ¢ 24.2, suggesting ourved F—f plot also when Y=p-N02. (d)with piperidine

k2(Ih) =k2(Io) :k2(Ii) are 5,4 t1.15 : 1 suggesting a curved f—f plot for C~Ar substituents,
and a substituent effect in the same direction but with higher sensitivity to X than to Y.
(e)For both Teactions AHT =8,5-11.5 Kcal/mole and ASF =24 to =40 e.u. (£)The ratio
kpiperidi_ne/kmorpholine is very small for (Ia) but increases on increasing fx(Ta.ble). A
Bronsted ol value for the two amines wvs, fx is approximately linear. (g)In acetonitrile,
for compounds (Ic),(Id),(Ig),(Ii) and (Ih) k. is given by : k =1nl+k2[BB] yi.6., the
reaction order is between zero and one in the amine,

In benzene, from the shape of the Hammett plot and (¢) and (d) above, the substitution
mechanism changes with both the X and the Y substituents. For substituents with O'X> 0.3
which give a positivef,the most likely mechanism is a nucleophilic addition~elimination
(Ad.Nu-El) of the amine to (I) to form the zwitterion (III) (eqn. 3). (III) either expels
Cl” in an overall second order uncatalyzed process (leading to IV), or participates in a
third order process in which an amine~catalyzed N~H bond cleavage (leading to V) precedes
the C=Cl bond cleavage., The scheme is similar to that suggested for nuocleophilic vinylic
5

substitution of chlorine by amines,” and leads to the kinetics of eqn. 2. Other variants

inoluding internal proton transfer are also possible.

@BH
k -
(1) + B8 =24 .u-c:: - F-Art —LL Arc(BE®) =NAT!
c1
K (111) (™
® = (3)
H-B- - «H~B ¥
[ ;4 - © -c1_
A:-(E ~ N-Ax? —=—> ArC(B)(Cl)~F-Ar' ~——=—— (II)
c1 (V)

This route which operates when X is capable of spreading a negative charge, is in line
with the positive g's (which are probably governed by the kAd. step)1’5 and with the
inecreasing importance of k3 with morpholine, since c1” expulsion is more difficult from

the more slectron-attracting morpholinium ion,
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The ocompeting mechanism for substituents with ¢ x <0,3 has a negative P and probably
involves an intermediate aszocarbonium ion, as suggested for the hydrolysis of (I).2 The
first order dependence in the amine is in line with the sN2(c+) variant® where an ion
pair is formed in a fast pre—equilibrium and attacked slowly by the amine., The higher
importance of the third order process with morpholine and with the increase in GX
suggests an eleotrophilic catalysis by the second amine molecule (eqn. 4). Furthexr
discussion on other alternatives must wait until data for the corresponding imidoyl

Promides will be availa.ble.7

(] - @
(1) === acaar' 017 ¢ ArCWAr —D0—)  Are(B)=§Ar'
\ (vIa) : (vIv) (11)
slow,BH
N
ATC = NAr*

1
Cle*H~-B

(4)

Our results in acetonitrile and the previous ones in aqueous solvent52’3 show that
the SNl route beocomes dominant in a highexr dielectric solvent with weak nucleophiles.,
Indeed, (Ik) is the slowest solvolyzing oompound.,2 but the fastest one with morpholine in
benzene.

The higher response to X than to Y in the SN2(G+) reaction shows the importance of
structure (VIb).2’3 In the Ady -Fl route the higher response to X reflects the higher

importance of resonative negative-charge dispersal from the N-Ar, while C~Ar disperses the

oharge inductively. This is compatible with data on nucleophilic wvinylic reaotions.l’s
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