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ABSTRACT

'Semicarbazone formation of nine monosubstituted benzaldehydes was studied kinetically in 20% methan-
ol buffer solution at 15, 25, 35, and 45°C.

The rate of p-nitrobenzaldehyde semicarbazone formation is 2.7 times as fast as that of benzaldehyde,
while p-hydroxybenzaldehyde is 3.6 times as slow as that of benzaldehyde.

Activation energies for p-chlorobenzaldehyde, benzaldehyde, p-methylbenzaldehyde, p-methoxybenzalde-
hyde, p-hydroxybenzaldehyde, and p-dimethylaminobenzaldehyde semicarbazone formation are calculated

as 5.80, 6.19, 6.57, 7.06, 8.03, and 6.46 kcal/mol respectively.

It is concluded from the effect of ionic strength that the reaction is affected by not ions but neutral
molecules involving hydrogen bonding between oxygen atom of carbonyl! group and hydrogen atom of acid-
catalyst, and concerted attack of the necleophilic reagent, free base on carbonyl compound.

Also, the effect of solvent compaosition is small in 20% and 50% methanol{and ethanol) aqueous solutions.

The p— ¢ plots for the rates of semicarbazone formation at pH 7.1 show a linear p—o¢ relationship
(¢=0.14), in contrast to that at pH 2.75 and pH 5.4 corresponding to p— ocorrelations. reparted by Jencks.

The rate of semicarbazone formation at pH 5.4 show a relationship which is convex upward, resulting in
a break in the curve but at pH 2.75, slight difference from a linear relationship.

As a result of studying citric acid catalysis, second-order rate constants increase linearly with citric acid
concentration and show a 2 times increase as the catalyst concentration is varied from 0.025 to 0.1 mol/1 at pH
2,9, but slight increase at pH 5.3.
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The rate-determining step is addition below pH 5 but is dehydration between pH 5 and 7.
Conclusively, the rate-determining step of the reaction changes from dehydration to addition in respect to

hydrogen ion activity near pH 5.

The ortho: para rate ratio of the hydroxybenzaldehydes for semicarbazone formation is about 17 at 15°C.

It is concluded that the results constitute strong .evidence in.favor of greater stabilization of p- than
o-hydroxybenzaldehyde by substituent which donate electrons by resonance and is due to hydrogen bonding
between the carbon - bound hydrogen of the - CHO group and the oxygen atom of the substituent.
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Fig. 1. Semicarbazone formation of p-chloroben-
zaldehyde with semicarbazide hydrochioride

0:15¢C ®: 25¢C ®: 35C
©: 45C
2.0F
1< 1.5}
81 4
<Y
1< o
= 1L.O0F
S B oéo./
oj:::O *
0.5—' /o ./
%g,—-——‘o l
0 3 6 Q 12

Reaction time (min.)

Fig. 3. Semicarbazone formation of p-methoxy-
benzaldehyde with semicarbazide hydro-
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- Fig. 2. Semicarbazone formation of benzaldehyde
with semicarbazide hydrochloride

O: 15C ®: 25C ®: 35¢C
®: 45T ' | '
2.0k /
. ¢ )
2 15F /
AL o d
l:c ol (,/ ./
Vi .
o—
2 1 L 1 9 {

Reaction time (min.)

Fig. 4. Semicarbazone formation of p-nitrobenzal-
dehyde, benzaldehyde, and p-hydroxyben-
zaldehyde with semicarbazide hydrochloride
at 25°C |
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Table 2. Observed pseudo first-order constants, ks(min™ ) and second-order constants, k(1mol™* min™)
for semicarbazone formation of monosubstituted benzaldehyde at pH 2.75 and u=0.009
? Qi emp (C) 15 25 35 45
. Rate constant
Carbonyl compound \ Ke K K. K | Ke K ks k
»— Nitrobenzaldehyde 0.238 1323.83 0.425 2359.24 — — — —
m— Nitrobenzaldehyde 0.205 1136.54 0.364 1921.59 — — - -
P — Chlorobenzaldehyde 0.125 694.99 0.189 1048.95 0,256 1419.74 0,326 1812.70
Benzaldehyde | 0.093 514.97 0.156 . 864.19 0,214 1188.00 0,276 1530.91
P —Methylbenzaldehyde 0.057 315.11 0,089 496,45 0.129 719.04 0, 166 921.22
p—Methoxybenzaldehyde 0,029 160,85 0,048 264.97 0,071 359.61 0,092 508,82
p—Hydroxybenzaldehyde =~ 0.023 128,24 0,044 242,34 0.068 377.76 0.086 476,22
0— Hydroxybenzaldehyde 0.399 2217.89 - - - - - -
P _g;‘;‘eethylam"“’be“zalde‘ 0.038 211.00 0.056 308.95 0.078 435.64 0,110 612.01
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Fig. 5. Dependence on pH of second-order rate
constants of benzaldehyde semicarbazone
formation at 25°C
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Table 3.' Influence of ionfc strength on benzaldehyde
semicarbazone formation at 25°C

heaeeh,

lonic, oH Ks k(1mol™
strength(p) (min™") min~ ')
0.25 0. 112 525, 90
0. 50 | 0. 095 472, 06
0.75 2:8 0. 083 431.74
1.00 0.075 415, 57
0. 25 0. 231 95. 79
0. 50 0. 255 105, 96
0.75 S 25 0. 266 110, 91
1. 00 0. 285 119. 40
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Fig. 7. Influence on ionic strength of benzaldehyde
semicarbazone formation at pH 2.8 and 5.25,
at 25°C
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Table 4, Effect of solvents on benzaldehyde semicar-
bazone formation at 25°C

-1
Solvent PH  ki(min™) k“.“l‘i‘
min~ )
20% Methanol 0.184  76.67
50% Methanol 5.2 0. 187 77, 92
20% Ethanol 0. 185 77. 58
50% Ethanol 0. 189 78. 97
3. 5 —p_cl
H%O
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log K
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I
S
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2.5+ \0 o
RN
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Fig. 8. Arrhenius plot for semicarbazone formation
of monosubstituted benzaldehyde with semi-
carbazide hydrochloride
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Table 5. Activation parameters for semicarbazone formation of monosubstituted benzaldehyde at

pH 2.75 and 25°C.

4G

9

Ea 4H* gge  —T4s §AHY  54GH
Carbonyl! compound (kcal (kcal/ Ce. ) (kecal/ (kcal/ (kcal/ (kcal/
/mol) mol ) ’ mol ) mol ) mol ) mol )
p — Chlorobenzaldehyde 5. 80 5. 21 —~35.25 10,50 15,71 -0, 39 -~0.12
Benzaldehyde 6.19 560 —34.32 10.23 1583 0,00 0. 00
 p— Methylbenzaldehyde 6.57 598 ~34.15 10.18 16, 16 0.38  0.33
p — Methoxybenzaldehyde 7.06 6. 47 ~33.75 10.06 16, 53 0.87  0.70
p— Hydroxybenzaldehyde 8.03 7. 44 —30. 67 9. 14 16.58  1.84 0.75
f’ E Sggzhylam‘“"be“zald‘ 6.46 - 587 3546 1057 1644 027 0.6}
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o] WMol g2 &+ AUtk pHe FFoIN
T vhsk gol, A gAANE BABAY S22
A el
FAhs WYY drie e 2 Ao wng
of mz} Zagc weir] Aol A7}
wgd e AX)E gk Ak

oluf 4AFrl E5dAE vl wWE3,

AH* (kcal /mol)
Fig. 9. Correlation between AH¥and T ASY

oA whgelXe &3] p—o HLABA T ol Fo
AR ge A7t 2o, Noyce, Bottini, Smith 5
< Fig. 103 11914 R upspao], semicarbazo-
ne A4 uhgol thsle] 2 WS BACA X877k W
el a3& nA7] dfgolzt AgsPe? ey
ggA Aol non—linear p—o #AS] olf7t
970 gheth Jencks™e] pH 1759142 Ad
E pH 7.19 A¥A9 w345 p ghg vl a3y,
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Fe poiFn, YAV £EARFIAZ e
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Table 6. Effect of the substituents and the pH values on ks(min™) and k{1 mol™ min™ ) at 25°C

—
e

e ————
e—

P pH 2.75
~Rate Constapn . . " , "
Carbonyl compound ~~~__ Ks * *
p—Nitrobenzaldehyde 0. 425 2359. 24 0. 104 42, 61 0. 0058 2. 337
m—Nitrobenzaldehyde 0. 346 1921, 59 0,079 32, 31 0. 0041 1, 628
p—Chlorobenzaldehyde 0. 189 1048. 95 0. 092 37.99 0. 0068 2,721
Benzaldehyde 0. 156 864. 19 0. 136 55, 98 0. 0076 3. 039
p—Methylbenzaldehyde 0. 089 496, 45 0. 102 42,04 0. 0061 2. 428
p—Methoxybenzaldehyde 0. 048 264. 97 0, 047 19. 40 0. 0025 1.016
p—Hydroxybenza]dehyde 0. 044 242, 34 0. 037 15. 16 0, 0031 1,243
p~Dimethylaminobenzalde- 00 308.95  0.0%1 4.63  0.0155  4.210
hyde | |
0.50 } »—NO; 0.5
| o
O )
m— NO, ~ H
0.25 |- £ of | ONNOg
< p—CHs O7 o )
~
B0 p— O
o S p—Cl
X H O e - O p—OCH m—NQO,
S 0 ’_ O p _‘0. 5 — O ' | 2
80 / p—OH
L
—0.25 O — 1.0}
p—CH O
j 3 /  p—N(CHa).
p—N(CHa),
0.50 © 1.5
B B O p—0OH o
_-p_""OCI“Ia C/) 2
i ' | | | | 1 1 1 1 ).
—0.8 — 0.4 0 0.4 0.8 —0.8 —0.4 0 0.4 0.8
g o

Fig. 10. Hammett plot for the rate of semicarbazone

formation of monosubstituted benzaldehydes
at pH 2.75 and 25°C "

Fig. 11. Hammett plot for the rate of semicarbazone
formation of monosubstituted benzaldehy-
des at pH 5.4 and 25°C
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4 — —_—
21
~
\%_ -1 p—N(CHs): CH. cl NO
- ' C /e p—NO,
S o-° 50 P~
..2..’0 ..;OHOO H m—~NQO.
4 p—OCH;
—ok
—4
1 1 _1 - [|
—0.8 —0.4 0 0.4 0.8

g
Fig. 12. Hammett plot the rate of semicarbazone for-
mation of monosubstituted benzaldehydes

at pH 7.1 and 25°C

8. O-hydroxybenzaldhyde t}
Ortho effect

Table 2& B¥ pH 2.759} 15ColA] o—hydro-
xybenzaldehyde2] WHg-£ %= p—hydroxybenzald-
chyde o] W& wH e} 1749 ) whE e o & 3|
t}, Knorre ¥ 95 %"l &2 A hydroxybenzal-
dehyde semicarbazone A 4 ¥+-3-9] ortho: para rate
ratio= 2, 2013, p—toluidine ##29] schiff base
Aol e 4.7, oxime AAGure TlME 122
B 31815 o 39 Bioch—Chaude &+ p—toluidine 7}
methoxybenzaldehyde schiff base #42] ortho :
11.2 2 ortho effect o tf 3}

SoliA 2

para rate ratio +

a1 28} o) 3w
H O H 0O~
N\ / N /S
C C
» O — 0
O':\ 0%
H Ny

A 2% Bezaldehydeo] Semicarbazoned

durgo] g A+ 11

H O HO“

\ // H\. /0
T 5
@r i Cfr"“ O

€ ATNME o~hydroxybenzaldehyder} p—~hy-
droxybenzaldehyde _-EE}‘ WRSdol A JeElEd
ol (ID3 (W)olA B vie} gol Fyo) o3t
FA37} ortho §Aoj A B} para gz 2H
olFoiAl= Aol o aFAFoln] wely AuR oz
APT (IDe) B39H) g Y3s o—hydroxyben-
zaldehyde 9| ¥H-8g-Ade] ¢ ARtz 4w}

EZ o—hydroxyl X 3719} wr-g-F4dl Y& ca-
rbonyl 712] AFA R} Alole] (V)9 e Ay &4
283l Ao carbonyl §€422RE 2T RS
E91 37| 2 & carbonyl &4 At YA E 1A

Ax AN o] FHo| A7 Aoy} wf Bo| T},
V. é =

20 % &g g FA 932 benzaldeb-
yde 1 } 8 {539} semicarbazide hydrochloride
T Y% 15° 25°% 35° 45ColAlsemicarbazo.
ne PSS A EF 2 92 2o

1. p—nitrobenzaldehyde &= benzaldehyde BT}
2.79) w27 ¥-8-3lm, p—hydroxybenzaldehyde
© 3.64] =2jA 9533 p—chlorobenzaldehyde,
benzaldehyde, p—methylbenzaldehyde, p—meth-
oxybenzaldehyde, p—hydroxybenzaldehyde, p—
dimethylamincbenzaldetyde 2} &4 A A& 5.80,
6.19, 6.57, 7.06, 8. 03, 6.46kcal /mol = 2}2} #
A

2. & W3] £ APIA = pHY F7io) ot
AP AZRE -dd =z HsisEn, olgdk ol
deie] ¥l benzaldehydevl 3% pH 5 H
A dojdrt,

3. 4S*7F & &9 @& T3 Yoy, olaRe
o] gJ&o] Foma B urgL AZo]Xz}$} carbo-
nyl 719] 24L& Alolol 44 2 free based)
e FH Fol #As= FHEAE o)) urgo]
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7.

4. Gitric acid 9] FEol ©tE JFo = ¥ pH
5.3 Uit Fullp o USR] X3 dehy-
dration @A 7} £E23FdAE 2o

5. 20%, 50% NEeT e FLAL ALS
& semicarbazone A ukgolA Sule] aFHE ¢
=2

6. 9225 15ColA] o—hydroxybenzaldehyde
= 39933 A 4 d¥e A% SA 5
zfo]l 2 p—hydroxybenzaldehyde Bt} F 174] =
274 vhg-3lsld. |

7. Hammett 219} 2 8olX. pH 2.75¢ A9
AAgE71e EA 2 W2 By 0 9 positive
value oA LA %4 Qojyds pH 7.1
A AL p=0.142 FAXABAE o2} pH 5.4
M e FAHA L o] FoAAA el ol £52
A7t Widta &S vehar
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