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While several substitution meohauisms of 8 leaving group attoohed to a ;CX: 

bond arelmown,' those at 8 ;c?r- bond were little etudied. The kinetios of the 

hydrolyeis of the -C(Cl)=lF system was studied only by Ugi* =d that of the 

-C(X)*-lV- system by Soott end ooworkers.3 Intermediate nitrilium halide ion pairs 
+ 

(-I$&- X') were suggested, based on the kinetio dependenoe on the nuoleophile and 

the leaving group, the solvent effeot, aad the negatiPef values for both C-Ar snd 

BI-Ar subetituents. 233 Rot all the data sre easily aocomodafed by this meohanism,4 and 

oompetingroutes areunlmown. Ye studied therefon, by a apeotrophotometrio method the 

substitution of diarylimidoyl ohlorides (Is-Ik) by morpholine and piperidine (BE) in 

benzene (eqn. 1) which gave the following results: 

Y-c6E4c(cl)~-c6E4-x + BH ~4 T-C6H4C(B)WC6E4-X + EC1 (1) 
(I) (II) 

(Ia) X=p-Me0 , Y=3 (If) x=p-CN , Y=R 

(Ib) X-Me , Y=R (Is) x*0*, Y=R 
(10) x=R ,Y* (Ih) X=8 , Y=xMeO 

(Id) Xrp-Cl , Y=R (Ii) x=3 ST-m* 
(Ie) X=m-Cl , Y=R (13) Xrp-MsO, Y=pHO* 

(Ik) X?RO* ) Y=p-NO* 

(a)With exoess amine, the first order ooeffioient kobs inoreases with the smine 

oonoentration according to eqn. 2 , i.e., the reaotion is overall a oombination of a 

k ohs =k'2 (!=I + k3[BH1 * (2) 
seoond snd third order processes. 4 is always siguifiosnt with morpholine (Table) 
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(A)log k+3 

(B)log k+3.4 

-0.3 0 o-3 0.6 0 
Figure: Plots of (A)log k2 end (B) log k3 vi& 6 for the morpholine-(Ia-Ig) reaction. 

-.----.- 
Table. Kinetio data for the reaction of PhC(Cl)=NC6H4X with morpholine in benzene at 30°ea 

X 105k.,. l/mole.seo 105k,,12/m2deo k k , l/m -' ./, Bronsteddb k2Pip/+morph 

pMe0 173 25 287 + 26 1.65 0.024 ~16' 

H 19.72 0.3 lOe8h86 0.55 0.069 1.54 

P-Cl 6.d 0.3 4.16k.25 0.82 0.23 4.15 

m-Cl 2.12 0.8 4.05hl 1.94 0.38 11.0 

P-m 3.62 0.15 5.9 hl5 1.62 Oe47 18.8 

F-HO* 6.12 0.43 11.1 k.63 1.81 0.49 22.0 

15.32 l.ld 23.2 +2.8d 1.51 0.49 
a The correlation ooeffioients of eqn. 1 are 0.97-0.999, except for m-Cl (r4.88). 
b 

Calculated by using the pKa*s of the two amines in water. 
' -5 -1 

klN 75 . 10 se0 

for aniline as nuoleophile at morn temperature. d At 45' ; E2 = 11.5 Koal/mole, 

As** = -33.5 B.U. ; E3 =9.3 Koal/mole and AS3 * = -40 e.u. 



No. 41 5815 

but contributes only with eleotron-attracting X with piperidine. (b)When Y=S a log k2 or 

log k3 vs. Hsmmett*~$~ plot is a parabola (Figure) with a minimum for m-Cl with morpholiae 

and for p-Cl with piperidine. For k2 , with piperidine at 30' the use of U+ values gives 

two intersecting lines with p's of -1.04 snd oa. +l.g, while for morpholine <gave a better 

oorrelation with f's of -3 and oa. +1.6. (c)At 30' with piperidine k2(Ij)rk2(Ii)rk2(Ik) BFB 

1 : 1.07 : 24.2, suggesting ourved C-f plot also when Y-=p-N02. (d)With piperidine 

k2(Ih):k2(Io):k2(Ii) ere 5.4 11.15 : 1 suggesting a ourvedc-9 plot for C-Ar substituents, 

and a substituent effect in the ssme direction but with higher sensitivity to X than to Y. 

(c)For both reactions AH* 4.5-11.5 Kcal/mole and AS* -24 to -40 e.u. (f)The ratio 

k. piperidine /k morpholine is very small for (Ia) but inoreases on increasing bk(Table). A 

Bronstedd value for the two smines vs.bx is approximately linear. (g)In acetonitrile, 

for oompounds (Ic),(Id),(Ig),(Ii) and (Ih) kobs is given by : kobs =kl+k2[BB] ,i.e., the 

reaction order is between zero end one in the amine. 

In benzene, from the shape of the Hsmmett plot and (c) snd (d) above, the substitution 

mechanism ohanges with both the X and the Y substituents. For substituents with$X> 0.3 

which give a positive Q,the most likely mechanism is a nucleophilic addition-elimination 

(AdBu-El) of the amine to (I) to form the zwitterion (III) (eqn. 3). (III) either expels 

Cl- in an overall seoond order uncatalyzed process (leading to IV), or partioipates in a 

third order prooess in whioh en amine-oatalyzed N-H bond cleavage (leading to V) preoedes 

the C-Cl bond cleavage. The soheme is similar to that suggested for nuoleophilio vinylio 

substitution of chlorine by smines, 5 and leads to the kinetics of eqn. 2. Other variants 

inoluding internal proton transfer ere also possible. 

k 
(I) + BH Ad 

@BH @ 
A& -N-Ar' -Cl_ ) ArC(BE+NAr' 

(III) (IV) 

ArC(B)(Cl)-:Arr 

(V) 

(3) 

This route which operates when X is oapable of spreading a negative charge, is in line 

with the positive 
s 
1s (which are probably governed by the kAd step) 195 and with the 

increasing importance of k3 with morpholine, since Cl- expulsion is more diffioult from 

the more electron-attracting morpholinium ion. 
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The oompeting meohznimz for subatituentg with6XtO.3 haa a negative f end probably 

involves en intermediate azooarbonium ion, a0 suggested for the hydrolyaie of (I)? The 

first order depmdemoe in the amine is iu line with the 5152(c+) 6 variant where en ion 

pair i8 formed in a fast pm-equilibrium and attaokecl slowly by the amine. The higher 

importance of the third order pmoess with morpholine md with the increase in6x 

suggesta an eleotrophilio oatalgeie by the second amine wrleoule (eqn. 4). Further 

diaoussion on other alternatives must wait until data for the oorreeponding imidoyl 

bmaides will be evailable.'l 

(I) # A&W cl- 

\ 

+j+ ArC(B)=iOb' 

(11) 
slow,BH 

&_(uid \ On) 
I 
Cl*'H-B 

(4) 

Gur results in aoetonitrile and the previoue one8 in aqueous solvents 293 ehow that 

the SNl route beoomes dominant in a higher dieleotrio solvent with weak nuoleophilee. 

Indeed, (Ik) is the slowest eolvolyzing oomp~und,~ but the fastest one with morpholine in 

beneene. 

The higher response to X then to Y in the SN2(C+) reaotion shows the importance of 

structure (VIb).2'3 In the AdNu-El route the higher response to X reflects the higher 

importenoe of resonative negative-oherge dispersal from the N-Ar, while C-Ar disperses the 

oharge inductively. This is oompatible with data on nuoleophilio vinylio reaotions. 198 
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