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Abstract—Catalytic action of carboxamides at benzoyl chloride hydrolysis in acetonitrile °& 86curs by
nucleophilic mechanism. Its first stagensists inreversible interaction between amides aubstrate. The
rate constants of thelirect reaction were determinethich characterized the oxygen-nucleophilic reactivity
of amides toward benzoythloride. Theassumption was confirmed that bimolecular addition of benzoyl
chloride to the carbonyl oxygen of amidescurred in cyclic transition states.

The unfailing interest in the investigation of unlike the investigation of the catalytic activity,
carboxamides properties is due to the versatility ottonsists in the thermodynamic instability of the addi-
their chemical transformations originating in iisrn  tion product(AX) [or (A™)] that arises in reaction of
from the specific features of amide group structureamide (B) and electrophilic reagent:R As a result,
[1]. Carboxamides are applied also as catalysts ahis product does not accumulate in the reaction
organic reactions, in particular, ohucleophilic system in sufficient amount to be detected by physico-
processes [5]. In the latter case two possible chemical methods.
mechanisms are as a rutaken into consideration: -
nucleophilic (catalysis of acyl transfer [&]), and In the absence of nucleophilic reagents (AX) [or
general basic (catalysis of nucleophilic addition to oA )] Species may undergo an intramolecular re-
multiple heterobond [4]). As thaucleophilic (basic) arrangement, and in their presen¢e.g., in the

center in the catalyst is presumed the oxygen and ndtfésence of water) nucleophilic substitution occurs
nitrogen atom of the amidgroup. affording stable compounds and recovering the amide

The carboxamides are known as vergak organic [Scheme(2)].
bases, and the measurement df pthereof is a H.0. k,
difficult experimentaltask. Thereforaunlike the data AX —
on the other classes of organic compounds the
information on their basicity is scarce and frequently &} || k., L .~ R'OH+H +X +R’CONR’R*
ambiguous. As to the nucleophilic reactivity of H.O. K H (2)
amides, nosuch data existed before ofirst publica- A" +x —— 2
tion [3] concerning reactivity of carboxamides toward HX
diphenyl chlorophosphate in acetonitrile.

philic reactivity of amides [Schemél), stagek,],  nucleophilic catalysis. We established [3] that in

: X catalyzed by amides ®ONRR* hydrolysis of

RO R diphenyl chlorophosphate tR = PhPOCI) in
C=N_ X aqueous acetonitrile in the water concentration range

k_ 2/ N\ 4 1 . .
1 R R 0.1-0.6 mol [~ the ratio of accumulation andon-

Il
R'X+R*—C—NR’R?

B AX sumption rates of the intermediate AX {Apermitted
: X an evaluation of thé&; value from the initial part of
K, ROQ R the kinetic curve.
~~ , C=N 4+X @ In the present study we used this approach to he
N R evaluation of the nucleophilic reactivity of carbox-
A amides with respect to another electrophdidstrate,
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Table 1. Pseudofirst-order rateonstantk,. , of benzoyl
chloride hydrolysis catalyzed with carboxamides (B)

[acetonitrile, 25C, ¢(H,0) 0.4 mol I']
CSE())IXlIFfv k. ox 10, s? Crfq'i)flg' k. <10% s
2-Methylpropionamide N-Methyltrichloracetamide
(la) ()
0.257 2.44+0.15 9.96 | 0.526£0.037
0.449 4.36+0.23 13.6 0.821+0.077
0.674 5.57+£0.13 22.7 1.08+0.02
0.962 9.33+£0.26 31.8 1.45+0.03
1.28 11.0+£0.06 39.8 1.87+0.13
Acetamide [c) 2-Methylpropionanilide Ifla )
0.0382 | 0.303+0.011 0.492 | 0.724£0.024
0.0764 | 0.474+0.037 0.983 | 1.58+0.07
0.314 2.58+0.05 0.983 | 1.58+0.07
0.314 2.58+0.05 1.97 2.20+£0.16
0.397 3.54£0.41 2.95 3.18+£0.17
0.597 5.49+0.83 3.93 4.35+0.10
0.764 5.87£0.64 Acetanilide (llb)
Formamide Ic) 1.58 0.847+0.046
2.57 0.904+0.032 2.37 2.00£0.12
6.41 1.50+£0.05 3.15 2.29+£0.13
12.8 2.19+£0.05 7.11 4.50+0.05
25.7 3.55+0.10 Benzanilide (lid)
38.5 6.38+£0.37 2.58 1.01£0.03
Benzamide Id) 3.44 1.08+0.02
0.165 | 0.567+0.003 5.17 1.85+0.08
0.440 | 1.29+0.01 8.61 3.03£0.06
0.550 | 1.57+0.01 13.8 5.10+£0.06
0.825 | 2.61£0.01 | Trichloroacetanilide I{Ih)
1.10 3.37£0.01 6.72 0.400+0.022
a-Chloroacetamide If) 17.9 0.967+£0.074
0.266 | 0.489+0.003 314 1.73+£0.02
1.06 2.21+0.01 35.8 2.13£0.15
1.33 2.39+0.02 |[ N,N-Dimethyl-2-methylpro-
1.99 3.85+0.02 pionamide [(Va)
2.66 5.13+0.03 1.44 2.73£0.20
3-Nitrobenzamide 1§) 2.88 3.99+0.04
0.574 | 0.625+0.030 4.31 5.31+0.16
0.862 | 0.962+0.030 4.60 6.29+£0.21
1.15 1.12+0.03 (N,N-Dimethylacetamidel{b)
1.72 1.61£0.10 1.26 | 0.787+0.042
Trichloroacetamide 1§) 1.88 1.76£0.07
5.40 2.51+0.08 2.52 2.00+£0.13
6.75 4.72+0.13 5.04 4.60+0.05
11.0 6.17+0.57 |[N,N-Dimethylformamide KvVc)
27.0 13.1+£0.5 3.00 1.84+0.09
3,5-Dinitrobenzamideli() 5.00 3.12+0.14
0.465 |0.417+0.001 6.00 3.96+£0.10
0.930 [0.700£0.002 9.99 5.68+£0.21
1.40 |0.782t£0.017
2.33 1.41£0.03
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Table 1. (Contd.)

3
C%Tll?g k.o,x10° s Crfq'i)flg' k. x10°, s
N-Methyl-2-methylpro- [[N,N-Dimethylbenzamidel{d)
pionamide [la) 4.99 4.91+0.12

8.29 1.87+0.05 9.98 7.79+0.36
16.6 3.43+£0.03 15.0 9.35+0.33
22.1 4.69+0.04 24.9 13.8+0.05
33.2 7.30+£0.47 N,N-Dimethyltrichloro-
N-Methylbenzamide I{d ) acetamide I{Ve)

7.78 0.788+0.006 3.46 0.958+0.025
10.4 1.09+0.02 6.91 1.22+0.03
15.6 1.75+0.02 14.6 2.62+0.25
26.0 3.26+0.16 24.2 3.44+0.28
41.5 5.26+£0.23 N,N-Dimethyl-3,5-dinitro-
N-Methyl-4-chlorobenz- benzamide IY¥i)

amide (le) 0.920 | 0.433+0.015

3.81 0.651+0.054 1.84 0.479£0.054
9.52 1.10+0.08 2.76 0.534+£0.031

11.4 1.32+0.03 4.60 0.716£0.014

15.2 1.94+0.09

benzoyl chloride (RX = PhCOCI). Thissubstrate is
widely used in the studies of catalytic activity of
various organic bases, in particular, amides of
carboxylic and phosphoric acids [2, 5], in the amino-
lysis processes in aprotic media.

The hydrolysis of benzoyl chloride was studied in
the presence of 22 amides that belonged to the follow-
ing reaction seriesl{IV).

[ l
R—C—NH, R—C—NHMe

Ia—d, g—i Ila,d,e, h
0]
R—g—NHPh R—g—NMez
IIIa,d, e, h IVa-d, h,i

R (in the order ofincreasings -constant of the sub-
stituent):i - Pr (@), Me (b), H (¢), Ph d), 4-CICH,
(6), CHCI (f), NOGCH, (9), CCL (h),
3,5-(NQ),CeH; (i).

The study was carried out under the conditions
previously used in the hydrolysis of diphenyl chloro-
phosphate [3]: 28C, acetonitrile containing as a rule
0.4 mol It of water, the ratio ofconcentrations of
reagents and catalyst c(RX)<< c(B)< c(H,0)
[c(RX) ~ 10°x107° mol IY]. Underthese conditions
the benzoyl chloride was quantitatively hydrolyzed to
benzoicacid. The reaction rate was monitoredn-
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REACTIVITY OF CARBOXAMIDES TOWARD BENZOYL CHLORIDE

ductometrically by decrease in the electric resistance
of solutions due to accumulation of ionic species in
the system [equatior{2)].

The apparent rate constants of pseudofinster k
(s1) of the benzoyl chloride hydrolysis either

decreased in the course of the process (usually at

relatively low concentration of amide) or remained
constant (Fig. 1). The decrease in constants is
apparently due to the inhibition by the liberating
chloride ion as confirms the significant reduction in
the reaction rate at addition to the system of lithium
chloride (Fig. 2). In this case we calculated the
apparent rate constantk . , (S Ly at the initial
moment by extrapolation of curvilinear relatioks
f(r) to the zero time with the use of a cubic
polynomial [equatior(3)], a = k.- ,.
k= a+ bt + c® + dt’ )

When the valu&k was constant in the course of the

process we took ds._ , the average value &

In all cases the constantsk._., are
significantly largerthan the rate constant of the non-
catalyzed hydrolysis of benzoyl chloridég,{3 x 10
st at ¢(H,0) 0.4 mol ! [6]} that evidences the
catalytlc action of amides on the hydrolysis (Table 1).
The valuesk, . , obtained by extrapolation or averag-
ing are proportional to catalyst (B) concentration
(Fig. 3), and thedifferencesk. . -k, are mdependent
of water concentration in the range 6015 mol I
(Fig. 4). These data correspond to tfiest order of
reaction in amide and zerorder in water.

The kinetic laws obtained are identical to those
found for diphenyl chlorophosphate hydrolysis
catalyzed by carboxamide§3], and for benzoyl
chloride hydrolysis catalyzed by substituted and
unsubstituted pyridines and pyridine N-oxidg3].
The conformity of the latter to the schemes of nucleo-
philic catalysis (1, 2) was discussed in detail
[1, 2].

Thus in the range of water concentrations studied
the expression fok, -  looks like (4).

ki-o = K + ky [B] (4)

The rate constark, [| mol™* s!] is a characteristic
of the oxygen-nucleophilic reactivity ohmide. The
values ofk; calculatedfrom thedata of Table 1 along
equation (4) are given in Table 2.

The effect of substituents R in amides on the
reaction rate for the reaction seridslV follows
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Fig. 1. Plot of apparent rate constantg @s a function of
time for benzoyl chloride hydrolysis in the presence of
carboxamides (B) [acetonitrile, 26, ¢ (H,0) 0.4 mol I'Y].

(1), (2) 2-Methylpropanoic acid N-methylamide; (B)
2.21x 102 mol I (1), 1.66x 102 mol I* (2); (3) a-chloro-
acetamideg (B) 1.33x 10 mol I'%; (4) N,N-dimethylform-
amide,c (B) 3x 10 mol I'%; (5) trichloroacetanilidec (B)
1.79x10% mol I%.
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Fig. 2. Effect of lithium chloride on the hydrolysis rate of
benzoyl chloride in the presence of acetamide (B) [aceto-
nitrile, 25°C, ¢ (H,0) 0.4 mol I'*, ¢ (B) 3.14x 10 mol I'Y];

c (LiCl), mol I'%: (2) 0, (2) 3.18x10°, (3) 6.36x10°, (4)
1.27x 107, (5) 3.18x10°°.

¢(B) x 10°, mol I'!
Fig. 3. Rate constantk.., as a function of catalyst
amide (B) concentration in benzoyl chloride hydrolysis
[acetonitrile, 25C, ¢ (H,0) 0.4 mol I']. (1) Trichloroacet-
amide, @) N-methyl-2-methylpropionamide 3] trichloro-
acetanilide.
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Table 2. Second-order rateonstantsk; for reaction of carboxamides (B) with benzoyl chlorifiecetonitrile, 25C,
¢ (H,0) 0.4 mol I']

Compd. k, Imolts? na (b Compd. k, | molts? n? [

no. no.

la 8.62+£0.47 6 0.994 Ith 0.0395t0.0024 6 0.993
Ib 8.12+0.50 7 0.991 lla 1.00+0.05 6 0.996
Ic 0.144+0.013 6 0.983 b 0.604+0.054 5 0.988
Id 2.88+0.15 6 0.994 ld 0.354+0.016 6 0.996
If 1.85+0.07 6 0.997 llh 0.0518+0.0047 5 0.988
Ig 0.771+0.046 5 0.995 IVa 1.19+0.10 5 0.989
Ih 0.470t£0.035 5 0.992 IVb 0.881+0.081 5 0.987
li 0.474+0.050 5 0.983 Ve 0.551+0.030 5 0.995
lla 0.210+0.007 5 0.998 Ivd 0.516+0.058 5 0.981
Iid 0.125+0.007 6 0.994 IVh 0.131+0.011 5 0.990
lle 0.102+0.010 5 0.986 Vi 0.0849t0.0074 5 0.989

2 Number ofpoints [including the point (B) 0 mol I'] used in calculation ok, constant according to equati¢4).
b Coefficient of linear correlation according to equati@).

Taft's equations (58) and it is presented graphically  Series IV (N,N-dimethylamides):
in Fig. 5. logk, = -(0.041+0.027)-(0.365+0.018) (8)

In the seriesl (N-unsubstituted amines) was r-0.995, 5 0.05n 6.

excludedfrom correlation a point of formamiddd)

that strongly deviated downwards: Immediately apparent is a good fit to the Taft plots

of points from aryl substituents R: unsubstituted
logk, = (0.811+0.049)(0.456+0.032)" (5) phenyl (seriesl-IV), 4-chloro[series I(), 3-nitro

r -0.988, 5, 0.087,n 7. (seriesl), and 3,5-dinitrophenyl (seridsand1V). It
means presumably that the conjugation between the
Series Il (N-methylamides): w-electrons of the benzerméng and ther-system of

logk, = —(0.733£0.006)-(0.270+0.004) (6)  the amide group isatherweak[3].

r -0.999, 0.008, n 4. . . .
% The fact that all thefour reaction series fit to

Series I (N-phenylamides): Taft’'s equation even when into the correlation are
logk, = —(0.152+0.040)(0.461+0.031) (7) included such bulky substituents &$r and CC}
r -0.995, s, 0.066, n 4. indicates that the steric influence of R substituents in

amides is insignificant. This is in agreement with

assumption that the substrate RX attacks the sterically
r unhindered oxygen of the carbonyl group of the
- L amide and not thenitrogen. Theabove reasoning
suggests that the steridfect of the NBR® group also
should besmall.

()}
T

- kx 107§
(8]
J

From theanalysis of the correlations (5, 6, &ee
alsoFig. 5) atequal values ob for R substituents of
amides may be constructed the following series of
0 0' 5 0' , (; B amides reactivity (the figures in parentheses mean the

' ' ' relativek; value for acetamides at = 0): RCONH,
c(H,0). mol 1" (~7)> RCONMeg (1)> RCONHMe ¢0.2). This
Fig. 4. Plot of valuesk,_ -k, against water concentration ~ series does not coincide with the basicity series of the
for benzoyl chloride hydrolysis in amides (B) presence corresponding amides: RCONK RCONMe =
(acetonitrile, 25C). (1) Acetamidec (B) 7.58x 10" mol I%; RCONHMe [1]. The higher reactivity of N-unsub-
(2) acetanilidec (B) 7.11x 10° mol I, stituted amided as compared to N,N-disubstituted

(e
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REACTIVITY OF CARBOXAMIDES TOWARD BENZOYL CHLORIDE 1121

amides was also observed in reaction with diphenyl

chlorophosphatd3].” This is due to stabilization of 1(5):
the transition state at the stage of attack of the '
electrophilic reagent by the formation of an intra- _ i
molecular hydrogenbond. In the case of RX = o Or
PhCOCI it is represented by structure (B) (for the <= 05
transition state) or (D) (for tetrahedral intermediate). 10F
Ph, O--H H Ph O--H H T
P mmT o 20 1 1 1 1
NV Yo\ 1 0 1 2 3
of ‘o=¢ of o o
N \ \ Fig. 5. Plot of rate constant, [l mol™s?] of reaction
B R D R between amides and benzoyl chloride versus inductive con-

) e ) ) ) ] _ stantso’ of substituent R in amide RCONR’R* [aceto-
This stabilization with N,N-disubstituted amines is pjyjie, 25°c, ¢ (H,0) 0.4 mol 1, (1) N-Unsubstituted

impossible.Therefore it is presumably the reason of ,miges 1), (2) N,N-dimethylamides, I/) (3) N-phenyl-
thelr' lower _ (ap_proxmatel_y_ & tlmes) reactivity amides {11 ) (4) N-methylamides|() {c" values for B [c°
despite their higher basicity. With N-substituted ¢ g2 = 3.NO,C.H, and 3,5-(NQ),C4Hs] from [7]; for
am'd_eS” the Stab!l'zat'on of (B) or (D) type Is nitro-substituted phenyls” values were calculated by a
possible only at a cis-configuration where the 0Xygen omyjas’ (XC.H,) = o (CeHg) + 0°(XCeH) [8]}-

of the carbonyl group and the hydrogen atom of the

NHMe group arelocated at the same side of the  This assumption is supported by the same values
partially double bond €N. It is known [1] however f ,* constants in the Taft's equations for seriesnd
that trans-configuration of N-alkylamides is thermo- (p° -0.46) andclose values for seried and IV

dynamically morestable. As we believe, thisact (,* _0.27 and-0.36 respectively). Yet from the point
combined with lower basicity of N-substituted amidesgt view of the assumed transition states tiaeger
Il with respect to N,N-disubstituted amideé results  gpsolute value op” for the cyclic transition state (B)
in the lowest reactivity of amides!. as compared with acyclic transition state E seems
It is also interesting to compare the reactivity of UnexpectedFrom thegenerally recognized position
two series of N-substituted amides: N-methyl- and[10] the relation should be the opposite since the
N-phenylamides.The correlations (6, Big. 5show charge separation in the cyclic transition state is
that at similar c° values of the R-substituents @lways less than in acyclione. Thiscontroversity
N-phenylamidedll are more reactive thaN-methyl- ~may be removed on assumption that amideand IV
amidesll, although the former are ledmsic[1]. In  react via cyclic transition states G [or tetrahedral
keeping with the above reasoning it should indicatdntermediates (H)] where the cycferms due to the
that the contribution of cis-configuration is higher in interaction of charges on the oxygen atom in the acyl

N-phenyl- than in N-methylamide$9]. chloride and on the amidaitrogen.
Thus it is possible to conclude that the reactions of pn s 5 R pp R*
N-unsubstituted amide$ and N-phenylamidesli| \ O N~ \ 0N
proceed through transition states of B type [or inter- &7 \R4 S/ 3
mediates of Dtype], and the reactions &f-methyl-1| cl 0=C ca o—¢C
and N,N-dimethylamideslV go via acyclic states E 2 2
or F. G H
5 3 _ R? The cyclic character of the transition states B and
Ph\ P /SR Ph\ /O / G (or the respective intermediates) is also suggested
C 7N\+ /C\ /;N\ by relatively small absolute values pf.
cl O:C\ R* a o=¢q R* Interestingly enough is to find the place of amides
R’ R’ as nucleophiles among the other oxygeases. To
E F this end are commonly compared Bronsted relations

BS— for different classes of nucleophiliceagents. We
Regretfully, the data on serids andlll are lacking in[3].  established that such oxygen bases as unsubstituted
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and substituted pyridine N-oxides [6] and phosphin In keeping with the notion of delocalization in the
oxides [11] behave in the processes of dcghsfer as transition states (or intermediates) of the electron pair
“supernucleophilit reagents as compared to nitrogenbelonging to amide nitrogen we can consider the
bases(e.g., of pyridine series). To our regret we previously mentioned significant negative deviation
were unable to construct@oper correlatiorbetween of the formamide point in relatiorf5). It is known
the reactivity of amides in the reaction under studythat in correlations according to Taftequation for
and their basicity in acetonitrile due to the lack ofvarious organic reaction the deviation of the point
pKY*“" data for the most ofamides. It was only corresponding to the unsubstituted compound is
possible to make a qualitative correlation between thérequently observed. It is commonly rationalized as
reactivity of amides and the other base toward benzog “speciar effect of a hydrogen atom with unclear
yl chloride, and theirbasicity in water. Proceeding nature. If weapply this explanation then would be
from Bronsted equation we obtained from tti&ta of jncomprehensible the facthat the reactivity of a
[6] the following correlations for the reactions with related compoundN,N-dimethylformamide) is well
benzoyl chloride in acetonitrile of basdsom the gescribed with equatio(8). Also should be taken into
series of pyridine N-oxide [equation (9)] and of gecount that similar pattern follow the correlations of

pyridine [equation(10)]. amide reactivity with respect to diphenyl chloro-
logk, = (2.22+0.17) + (1.550.14)K"° (9) Phosphate[3]. Therefore it isreasonable to assume
r 0.983, s, 0.40, n 6. that the deviation of the formamide point from the

o corresponding correlatio(Fig. 5, 1) originates from
logk; = —(3.43t0.29) + (0.7%0.04)K;*"  (10)  certain specific features of its electron structure
r 0991, 5 0.24,n 7. different from that of the other amides. In a review

As follows from equation (9) for pyridine N-oxide [1] are reported data that in contrast to the majority
of basicity FKSZO -0.35 (the same as by acetamide of amides possessing planar structure of the amide
[1], one among the strongest of amides) the kgg fragment due to the conjugation of the nitrogen
value is equal td..7. Theexperimental value of log, ~ €lectron pair with the C=0 bond (limiting structure
for acetamide is 0.9 (Table 2). The pyridine deriva-l, or intermediatel), in the formamide the respective
tive of this basicity would have the value leg-3.7  fragment is not planar (The hydrogen atoms bonded
as estimated along equati¢h0). With the less basic to nitrogen are outside of the OCN plane). In the
amide, N-methylbenzamide, Kf2° -1.5 [1]) the otherwords, theconjugation in formamide is virtual-
corresponding log, values are-0.10,-0.9 (Table 2, ly absent (limiting structure K).
and-4.5. Thus we can conclude that by the reactivity
the amides are close to such bases as pyridin
N-oxide and its derivatives. According to the terms
used in [2, 3, 6] amides may be regarded“asper-
nucleophili¢’ oxygen bases.

The “supernucleophilicity phenomenon (in par- L _ .
ticular, a-effect) that consists in positive deviation of _ 1he delocalization of the nitrogen electron pair in
reactivity from the Brasted relationship for the so- the course of the nucleophilic attack virtually cor-
called “normal nucleophiles is rationalized as caused'®SPonds to transformation of the amide structure into
by additional interactions in the transition state whichthe limiting form (I) where theamide conjugation is
are lacking in the protonated bagk?]. The structure complete. This process is the easier the more planar
of transition states B and G (or intermediates D andS the structure of the original amide. Probably just

H) suggest that the high reactivity of carboxamideshe nonplanar structure of formamide results in its
contrary to their low basicity is due teasy de- reduced reactivity. Therefore it is nexcludes that

localization of the amide nitrogen electron pair tothe attack of the benzoyl chloride is directed on the
the carbonyl oxygen of substrate along the systerfitrogen and not the oxygen of tfiermamide.

5+/

SNc=0-c=0% and with additional stabilization EXPERIMENTAL

of these states by intramolecular hydrogen bond
B or by electrostatic interactions G.

Recent proofs of the planar structure of formamide
ﬁ4] concern an isolated molecule or a molecule in
the gas phase and apparently cannot characterize the
spatial arrangement of a formamide molecule in so
specific solvent asacetonitrile.

The reactions were carried out in a conductometric
_ ~F cell with platinum flat parallel electrodes at tempera-
In the protonated form ofamide (_~N=COH) .o control. Electricresistance of the solutions was
these interactions are obviously lacking. measured withRLCG Bridge-Voltmeter BM-559.
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REACTIVITY OF CARBOXAMIDES TOWARD BENZOYL CHLORIDE

The apparent rate constarkgs™) were calculated as

in [3].

Benzoyl chloride was subjected to vacuum distill-
ation, acetonitrile was purified as described in [15].
2-Methylpropionamide and\N-methylbenzamide were

recrystallized from benzene, trichloro awrdchloro-
acetamides N-methyl-4-chlorobenzamideN-methyl-
and

trichloroacetanilide from
ethanol, 2-methylpropionanilide from 2-propanol, g
N,N-dimethylbenzamide N-methyl-2-methylpropion-
and N,N-dimethyltrichloroacetamide were

5.

distilled in a vacuum. The other amides were purified

as described elsewher@].

The hydrolysis product of benzoyl chloride was

7.

isolated for the cases of catalysis with acetamide and

formamide. To 604 mg obenzoy! chloride astirring
was added a solution of.181 g ofacetamide in a
mixture of 5 ml of acetonitrile and 3.6 ml afiater.
The reaction mixture was left standing abom
temperature for 24 h. The benzoic acid formed was

10.

precipitated by adding a little coldater, filtered off,
and dried at room temperaturegield 0.504 ¢
(quantitative), mp 122 (mp 122.5C [16]). Similar-

1123

Litvinenko,L.M., Titskii, G.D., andTarasov,V.A.,
Reakts. Sposobn. Orgoed.,1968, vol. 5, no. 2
(16), pp. 325340; Titskii, G.D. and Litvinen-
ko, L.M., Zh. Obshch. Khim1970, vol. 40, no. 12,
pp. 268@2688; Litvinenko, L.M., Titskii, G.D.,
Stepko,0.P., andKirpenko, N.F., Zh. Org.Khim.,
1973, vol. 43, no. 8, ppl794-1799; Titskii, G.D.,
Litvinenko, L.M., and Stepko, O.P., Zh. Obshch.
Khim. 1974, vol. 44, no. 8, ppl688-1694.
SavelovayV.A., Popov,A.F., SolomoichenkoT.N.,
Sadovskii, Yu.S., Piskunova,Zh.P., andLobano-
va, 0.V., Zh. Org. Khim., 2000, vol. 36, no. 10,
pp. 15021510.

Tablitsy konstant skorosti i ravnovesiya geteroliti-
cheskikh organicheskikh reaktgirables of Rate and
Equilibrium Constants of Organic Reactions),
Palm,V.A., Ed., Moscow: VINITI, 1979,vol. 5.

8. Palm,V.A., Osnovy kolichestvennoi teorii organiche-

ly was demonstrated that at catalysis with formamide
benzoyl chloride was hydrolyzed also to benzoic acid

(quantitative yield).
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