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ABSTRACT
The nucleophilic addition rate constants of z-amyl,, n-hexyl-, n-octyl- and 2-decyl mercaptide ion to 3,4-
methylenedioxy-3-nitrostyrene were determined and found to be 2.82%10° M™% sec.”!, 1L00x1(° M2

sec. 71, 2.23x10° M2 sec. ! and 1.77x10° M™% sec. ! respectively.

At low pH, for sm-amyl-, s-hexyl-, n-octyl- and #n-decyl mercaptan the values determined are 2,82 107*
M-, see™!, 1.95%x1072 M-t sec™!, 7.08x1072 M- sec. ! and 5.63x<107% M~ sec. “! respectively.

The rate equations which can fully explaine the zddition mechanism over wide pH range were also be

obtained.
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3, 4-methylenedioxy-g-nitrostyrene(NS) 2 piperonal
3} nitromethane & & 8}3te] 2542, mercaptan &
QY Sica(reagent grade) A & Al-43hglc),
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A Astd e, ndecylmercaptan-& NS¢ $+A48 7
€ 27 ¥ 3 NS 3= A8E % 22w
ez 739 43 24034 Ao QYHe vl
% Ex A5 Farget, gk, a-decylmercaptan &
ol AT L5} 53] Ao 5] 409% methanol-
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1). n-amylmercaptan 3 =n-hexylmercaptan 3o B2

AR A 2 o] ] pH el A 2.07x107°M ¢ NS ¢
A FXo ¥d 6~200u]9} mercaptan & stspe] ukg
water 8} £ Lo} &Sl AY-L o),

TABLE 1. Psevdo-first-order(k,”) and d-order rol

ZF ol & wmercapten 8] FEE A2 AA{A 4T F R
& 39t NS = H3{d7] 4+ optical density
OD)]& 333 Axkef W8] log OD & 28 £ A
=} Fig 13} 2ol A8 A}l Pseudo-first-order reaction
A& skt

Fig. 18] 2)&7le]A] 3 Pseudo-first-order rate-
constant(k,’) % t}Al n-hexylmercaptan of ]3] =¥
B2yl Fig. 28} o] F o] Hd, o2 74764 T3
o e pH o] 41 ¢] second-order rate-constant(k,) Table:
1 2

2.6+
2,50
Q —0—ro
n\“\ \O\o\(])
2.4f \D\o\ T
$ C‘\ @
o o
S 2
2.2k [n=CH,SH]= 1 x10*M
@ (n—CH,SH)=2 x10M
(3. (n—C,H,SH]-3 x 10*M
2.1 (4 (n—CH, SH) =4 x10°M
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Fig. 1. The plots of log [MS) vi. time for the oddition
reaction of #-hexyl mercopton 10 NS at oM 4. 45
+0.02, 25°C, and 0.1 jonic sirenght.

and n-hexylmercapton(b) at various pH and 25°C

a) n-Amylmercaptan

(k) For the reaction of NS with R~amylmercoptan{a)

(»-CsH,,SH} k/ (n-C,H,,SH) k,’
pH EM])l (:l;ec") PH (si:c'n’) (s:ec")
0.07+0.01 0.1x10" 1..12x 10~ 1.010. 01 0.1x107? 2.69x<10°¢
” 0.5%x » 4.20x # ” 0.5x » 4.76% «n
” 1.0x » 8.04% » " 1.0x # 13.20%x #
” 1.5% #» 1.7 X » " 2.5% 20.20%X »
” k, (M~ sec1)=7.35%10"? rx- k,=7.26x10"*
2.021+0.01 0.1x107* 1.83x107¢ 3 Oa-' 0.1x107° 3.76x10°¢
” 0.5%x » 4.90x »# ” 0.5x » 4.66x #
” 1.5 » 1.30%x # 7" 1L.Ox # 10.20x #
” 2.5 » 20,30 # " 1.5x » 14.60x »
” k,=7.83%10"? ” k,=9.05%x 10
3.934+0.06 0.1x10? 0.498x10°% 4. 480, 01 0.1x107? 1.13x10°%
» 0.5x n 1.71 X » F 0.5% » 4.39%x »
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3.93+0.06 1.0x107? 3.41 x 10°° 4,48+0.01 1.0x107? 7.54x10°¢
" 1.5x # 512 < # 74 1.5x # 1.4 X »
" k,=3.20x 10" | " k,=7. 10X 10"
4.98=0.01 0.1x10°¢ 0.296x 107+ 5.84-+0.02 0.1x107? 0. 498 x 10°°
” 0.5%x » 1.11 % » " 0.5% » 1.7L x #
7 1.O0x 3.59 X »# ; " 1.0x # 3.41 X #
7" 1.5x # 5.47 < »# j " 1.5 # 512 x »
” k,=3. 80 x 10" H 1" k,=7.00x 107!
6. 001-0. 01 1x107* 1.58 %107 | 6. 35+0.01 1x107* 0. 395 x107?
" 4x » 9. 05% # : ” 3x o 1.25x #
” 8x 21.30x # ; ” 6x # 3.11x »
” 12x » 31.6 X » i ” I » 4,97
" k,=2.75 i! " k,=5. 50
b) n-Hexylmercaptan
 (n-C.H,,SH) k' i (n-C,H,,SH} k'
pH M (sec™) i pH 0 (sec)
0. 02+0. 02 1x10°* 0.67x107° 1. 02-+0. 01 1107 0.59%x10"°
7" 2% n 1.17x # 7" A% n 1.07 % »
" 3x » 1.56x » 7 Ix # 1.56 < »
# 4x n 2.16x » ” 4% 1.93%
" ke (M-1sec™')=4.81%107? ; ” k,=4.44 %107
2.0240. 01 1x107* 0.66x107¢ 3.04+0. 02 1x107* 0.86 <107
” 2% 1.16x » 7" 2% 1.65x »
” 3% n 1.73x # #" 3x 2.29»
" 4 »n 2.21% #» ” 4x » 2.7Tx »
1r k,=5.28x10°% ” k,=6.75x1072
3.99+0.01 Ix107* 2.88x107¢ 4.45-+0.02 1x107* 4,69x107¢
7 2% » 4,80 ” 2% n 907>
’” 3. # 6.28% # ! n Ix o 13.70x »
7" 45 n 8.72x » ‘ 7" 4x 17.90:<
" k,=1.95%10" | " k,=4. 40 x10™2
5.50+90. 01 1x107* 3.26x10°* 6.00=0.01 1x107* 1.29>10°¢
o 2% # 6.33x # " 2x n 2.13%x #»
7 3x u 10.10x # ” 3x » 3.07x #
" A% n 13.7 x » ” 4% 3.84x »
" k, =3, 40X 10! “ P k,=9. 00 10~*
6. 40-1-0. 02 1107 2.30% 10 6. 90--0. 01 TIx10% 0.53x107°
7" 2y # 4. 84x » ” 2% # 1.28% »
” 3Ix 2.01x »
” 4% » 0.59x # ” 4% 2.79 X
” k,=2.45 “ ” k,=7.50
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5. (00+0. 01 1x107* 1.38x107° |l -
” 2x 2.56x #» )
" 3x 3.58x # '
” 4% # 4.89% » )
" =1 18x107" {
e TABLE 2-b, Second-order rate-consts(k,) for the reaction
ur of NS with n-Hexyimercaplan ot 25°C
H Buffer k (M~ sec”)
201 P z B A —..
Solution Observed pH Calculated
o
ok 0.02+0.02 HCi 4.81x107 0.0 4.44x107°
1.02=0.01 " 4,44x107* 1.0 4.44x107°
% ° 2.02+0. 01 ’” 5.28x107° 2.0 4.57x107°
2 e 3.044£0.02  #  6.75%107 3.0 5.85x10°
= 2,99-+-0.01 HAc+NaAc 1.95x107% 4.0 1.76x10°°
4.450. 02 ” 4.40x107* 4.5 4.26x107°
5.00=0.01 " 1.18x107" 5.0 1.15x107!
Slopestons s 5. 50=-0. 01 z 3.40%x10" 5.5 3314x107
6.00+0.01 " 9.00x10™ 6.0 1.02
6.0:20.02 KO ) 245 6.5 3.19
. L ) . 6. 90=-0. 01 o 7. 50 7.0 10.0
0 i Z 3 4 CRI67

Concentralion of nB-CH,:5H

The plots of k,” vs. [nCiH, SH] at pH 4. 45
-+0.02; the dependence of the Pievdo-firat-
order rule—cnnslan!(l:l') for the reaction of
n=hexylmercaptan with NS on the concen-

teation of n-hexylmercoptcn.

Table 23 NS o] n-amylmercaptan (a)3} w-hexy!-
mercaptan(b)o) 3 71 ¥ o] o] pH o)A =4 & second-
order rate-constant(kt)®] AH X FHeA e v
TABLE 2-0. Second-order rote-constants(ki) For the reaction

of N$ with n-amylmercapten at 25°C

k,(M™" - sec™)

pH Buffer

Solution Observed pH Calculated
0.0710.01 HCI 7.36%x107* 0.0 7.19%107®
1. 01-0. 01 " 7.26x10°% 1.0 7.19x10°°
2.0240.01 " 7.83%x10°° 2.0 7.54x10°
3. 0540, 02 ” 9.05%10° 3.0 1.04x107?
3.9340.06 HAc+NaAc 3.20%107 4.0 3.84x10°7
4. 48+0.01 " 7.10x107 4.5 842x1077
5.484+0.02  # 7.00%107 5.0 3.02x197
6.00:£0.01 *HFOE 2,75 5.5 82010
6.0 2.85
7.0 27.20

& Ao o AT JEAE Q2 FEolh
2) n-octylmercaptan % n-decylmercapton}of =2

NS o] & mercaptan ] 2.3 A }ui-2-& second-
order reaction 9§ @3te},

n-octylmerceptan o] A& NS2| Z7|FEE 2.07x
107* 2 3} n-octylmercaptan 8] 2715 & 2.26%
107°M 2 3o o] A k4 Ao st S 44E
F-3tdc), & ol 2 Table 3-& pH 4.49 o] A n-octylm-
ercaptan 8] A 7be] wWE2E log—ga;i:—ij—q HE el
Fig.3& A%l Aol log2i g ug Heln o

a(b—x)
A A8 7147 238 second-order rate-constant (k) ¥

TABLE 3. The Changes of log ‘{E{% with time at pH
4.49 and 25°C where o= (n-C:H,;5H]=2.26
%x107°M and b= (N§] =2. 07 x 10"°M.

time(sec) (a—x) (b—x) lcg%}i—:%-

0.012x10* 2.14x10°° 1.95x10"° 2.3x107°
1.14% »# 2.10x # 1.91x # 3.0x
4.28% # 2.03x » 1.84x # 4.6x »
7.03x »# 1.94% » 1.75x » 6. 6%
10.50% »# 1.85x »# 1.66% # 8.8x »
16.84x # 1.71x # 1.52x » 13.0x #
20.90> # 1.65x # 1.46% 15.0x #
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FHe,
@3 n-decyimercaptan o] A = NS 2} n-decylmercap-
tn 9] 271 FEZ el 2.07x10°M 2 el %A

s ol £E44E 7e49E0) Table 4= pH 5.25
o 4 mdecylmercaptan 9 A kel vz —i—9 3
Fol Fig. 4% Azkel el —g e Aeleh.
(5. 0!%) st zt 6 9 £ 0
7 T T T T T 0
A
e}
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nt4]
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Time
Fig. 3. Sacond-order plot for the addition reoction of
n-octylmercoptan 1o N5 ot pH 4. 49 and 25°C.
Q74 a & ndecylmercaptan 3 NS &) 27% 58 I
A3t o] FA el ] &7 o) A second-order rate-constant
(&) % TS}t
o 2] pH o] A n-octylmercaptan ¢ o] 8} second-order

225
(X108 )
5.4}F
O/
53+ /
(o]
5.2
o
|
- L /°
| 5.1

Slope. tang ke
501 o)
N /

2.4 4.8 72 9.6
Time
Fig. 4. Second order plat for the addition reaction of
n-decylmercaptan 1o NS ot pH 5. 25 and 25°C.
rate-constant(k,)2] z+-& Table 5-a &} Zor z-decy-
Imercaptan o % k& Table 5-b 8} 7t}
TABLE 5-0. Secand-order rate-constants{k,) for the reaction
of NS with aoctylmercaptan ot variovs pH and 25°C

k(M -sec™?)

i
12(x10%secy

pH Buffer . :
Soltion  (peerved  pH  Calculated
0.07 HCI 817x10° 0.0 1.00x10°
1.08 p 1.08x107* 1.0 100x10
2.03 ” 144107 2.0 1.02x10°
2,93 i 2.00x10°% 3.0 1.27x10°?
3.47 HAc+NaAc 2.63x107% 3.5 1.8x10°
3.90 . 3.91x10°° 4.0 3.68x107?
4.49 » 7.47x107° 4.5 9.26x10°?
5.05 ” 2.78x10° 5.0 2.59x107
5.55 ” 6.20x107* 5.5 7.58x107
5.98 " 1.98 6.0 229
6.43 KH*P%:{J‘PO" 5.65 6.5 7.12
6.92 #1515 7.0 23.00

TABLE 5-b. Second-srder rote-constants(k,) for the reaction

TABLE 4. The changs: of ﬁwiih time at pH 5.25
and 25°C. Where
4= [n-C,oH;:SH] = (NS} =2, 07 X 107°M
i 1
time(sec) (a—x) =N
0.0 2.07x10°*
0.12x10° 2.04x # 4. 91 % 19*
2.40x » 2.00x » 5.00x »
3.84x »n 1.97x10°% 5. 06 x 10!
6.00x » 1.95x »# 5.13X #
7.92x # 1.93x » 5.18x »
9.72x 1 1.90x # 5.27x
12.18x » 1.86x » 5.38x »
16.14%x » 1.84x » 5.43x #
Vol. 13, No.3, 1969

of n-decylmercaptan to NS at various gH end 25°C

k,(M™'-sec™?)

pH Buffer .
- Solution Observed pH Calculated
0.25 HCI 1.00x10"* 0.0 1,20x10°%
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1.15 HC 1.23x107% 1.0 1L20x10°
2.25 " 148X10°7 2.0 1.22x107
2.0 " 2.17x10% 3.0 1.46x10?
3.55 HAc+NaAc 2.83x107 3.5 1.88x10°
4.60 ” 9.17x10°° 4.0 3 44x10°
5. 00 p 2.08x10°" 4.5 7.80x10°
5.25 ” 3.85%10" 5.0 2.11x107
5.66 " 6.54x10" 5.5 6.05%10°
5.80 " 1.13 6.0 1.83

6.10 " 2.25 6.5 5.66

6.20 " 3.8 7.0 17.80

6. 50 KH*PO'j“ 400

6.75 p 9.17

= o

A 1, T, Nl 7ol ¢hA T3} second-order

rate-constant(k,)®] W3 pHe] wef o) - B33t
A Ao} pH 3615 AFAE FEso] 2o 9
o] A9 4ARk, ghe A, pHe R T AE 237G
FA% ez % pHH 5 0] )4 = pHoll ® 2
+ log k. 8] 71 €7l 19 Ho] k, = hydroxide ion
e vAEE ¢ T AT

a) Ao Ae] S-nitrostyrene of W3 n-amylmerca-
ptan 9] H/PE A71ES 4 E Fig 55 NS
o) n-amylmercaptan ¢] J71¥ # pH4 2% log &k,

|
4 /a/
.
pikd &°
< 3 97
2 N
2 e
//
o O~
po—o——°—"
0
3 ) 3 7 (I
pH

Fig. 5. pH-rate profile far the reoction of n-amyime-
' reaptan with NS of 25°C: Circles are experimental
the

poinis; curve is drawn to

equation(5),

according

9 WEE Yely Aeirt,

Fig.5 & Foi3tad g 235 (k) &3 2o
F ez FAHAGE 424E 4

ky=k,,+k'(OH") )]

WA o8 F 54 3 9714 SalA o152 Bl
anion o] WA 72t o| Evl Michael 3 A7hjkgod
#gobe FHolAn, @& pHe Az hydroxide ion
FEo] ulskA]l @ob 28 AU ESE ArolA
3} o] whgdt e Az Mg AAYEE JHAH
o 3 AYE 5 Atk

k =)
ArCH=CH—NO,+ n-CH,,SH==ArCH—CH—NO,
-1
@SHCH
o "

—BrArCH-»gI?I-—NOE+}%~+ArCH—CH,—N03+B
! éC,H,, SCeH,,
(1)

49} utg diFEol ARet 2o} intermediate{ )
o 3] steady-state approximation ¥ ¥ §-3}2 general
base 24 ¥} hydroxide jon %t2- =8{3pd o 4§
4% T 3

1 1. 1

o A B0 (H,0) + 504 (OHT))

Aud ol g AFPIE viqsle] A3

@

1__ 1 S B
ko 2.82x10°% 9.6l X107 °+1 75x10'(OH ]
(&)
e
- -
fuge 2TLX10 +1. 83 % 10°(OH") @

3. 78X 107 7+6. 50x10°(OH)

(DA k5 hydroxide jon ¥2¥& g A4 3
A7t obd$ vreiilel,

‘& pH7AA 9 k=27.2d14 ¥=2.82x10"¢ 4

o] Ashd HAA B¢ $=E Ae kA E 4L G)4AH
7ol vehd ¢ it
k=k+% [OH"}

2.71%107*+1. 83X 10°(OH"}
- 3.78x107%+6.50x 10°(OH")

+2.82x10"(OH] (5)

Table 2-ac]A] 2= (5)4 ol 93 A2} YA
74 2 ¢S 4+ g

d714 ¥E 247t N5 doivie Mickael
reaction o) ¥} 3§} third-order rate-constant, & NS o o
& mercaptide jon 9] FEIMEEHES YehlE tez4
AR o1 Tl B nucleophile 8] RIS EL:E o
Eaged 4T Assk A0
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EEETEIY Soi A8 Mercaptand) HEtE SRR

9 (HAe) 933 Ane o] pH3 oIS AE F
A 9] mercapten B34k A 7hs| e general base catalyst
24 §9¢ dsa A9 23 pH 3 o[ A4
L A 2%#)9) deprotonation & FAE Eelzd £
¢} 9l ¢] hydroxide ion % 2{ ]k R},

%3] hydroxide ion & %+ 2§ o] & o] T. mercaptan
25 uledo] ©f 73 mercaptide jon 22 HE
o] pH X3l A= mercaptan £-49} mercaptide ion 2
ANE APAcz ddgs & 4 AUk
b) n-Hexylmercaptan 5 NS¢}e] yhg5x A

Fig. 6 & n-hexylmercaptan o] tl§t 2% Azfolct,

log k;, +3

PH
Fig 6. pH-rate profite for the reaction of n-hexylmercopton
with NS at 25°C: The poinls ore experimental; the
deawn lina is calculated ozcording to the equation(8),
pH 4 o) 4] extrapolate 3t k,=k,e=1. 26 x 107 5} pH 7
A8 k=10.0 & (DA WAJste] F=10*F A=
pll 1 °ﬂf‘]-°—] km"='4- 44}< 10-3§ pH 4 oﬂ)ﬁ&]l klﬂ(max)zkl
& p _
=1.95x1072 | A }'Tﬁ’;H’D (HO}=5.72x107* & o
o A9

i _ 1 .
T Lo5<107Y 5 72107546, 50><10’[0H )
®
ze
b 11200741, 20X 10°(OH ) @
=T B8 1072+ 6. 50 X 107 (O1°)
k,=km+k'[0H']
L 12x10-+1, 21 x10°0H )
=5 52107756 50 107(OH~) T 10" (OH™) (®)
Vol. 13, No. 3, 1969
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n-hexylmercaptan X. AR Ao} ()4 o] 23k o] &35
% AATE T F ek,
C). n-octylmercaptan 3 NS ¢}¢] wpeLx 4
Fig. 72 x-octylmercaptan o) i<t log %, 2 pH o
Gz Wi vekd A,

¥ yd
i e
2 4
Ve
L -
,'/

PH

Fig 7. pH-rate profile for the reaction of n-octyimercoptan
with NS at 25°C: Circles are experimental points;
curve it drawn aecording to the squotion(9)

G A2 W ez pH 45949 k(max)=k=
7.08>107%, pH 7.0 o A8 £,=23.0 0] 4 &'=2.23x10°
G gz, pH L0604 Ao=1.0x10t25%H —;_—‘1
£FOHO0)=1.16x107 & of Belsid

k,=ko+k (OH")
8, 24x 1074-4. 60 > 10¢ (OH"}

T8 24x1077-~6. 50 x 10'{OH")

+2.23%10°(CH")

Table 5-aci A&k 7ol (9)Aeh T A1 AA )
Ax 99X 2 QA8
d) n-Decylmercaptan & NS 2}b¢] u

Fig. 8-2 n-decylmercaptan ¢} H‘b,’l' og k. ii¢- pHY
Soll W&l Vel Aolw,

o u o2 pH4, 508 k(man)=F=5.63x107*
o pH 700043 k=17.8 228 A=1.77:x10" & o]
e ]

ke=k,+& [OH)
_.8.58x107--3. 66 < 10°(CH™)
 7.16x107%6. 50 x 107 (OH)
4 1. 77< 10*(QH™)

C)

-ﬁ.;é

(10



228 & B B E X &2

log k,+3

PH

Fig. 8. pH-rate profils for the reaction of n-Decylmerca-
ptan with N$ at 25°C: The points are experime-
ntal; the drawn line is colewlaled according to
the eguation(10).

#-decylmercaptan o} = A 2] 2} (10)4] o 2] 3k o}
EX7F F 9L Table 5-bo]Aq & F i+,

2 B

(1) B-nitrostyrene ol W& n-amyl-, 2-hexyl-, n-octyl-
R n-decylmercaptan 8 FAA A S SEA4TE
F489 WL pH A 2 tzivkes} A AH
L4 A A7 FRE.

n-amylmercaptan;

4 2:71x1074 1, 83X 16°(OH")
=73, 78 % 10" *+6. 50 % 10’ (OH")

+2.82%107{OH")
r-hexylmercaptan;

1. 12107 +1. 21 X 10°(OH™) .
k=5 8510756, 50 107 (OF") " +10°(OH’]

n-octylmercaptan;

4o B24X107+4. 60 10°(OH")
=R MX107+6 50X 107 (OH )

+2.23x1¢*(OR")
n-decylmercaptan;

b= 3.58X107+3. 66x10° {OH")
716X 107246, 50 x 107 (OH™)

+1.77x10°(OH")

(2 A uhgEx Aof odd G4 o HoA ¥
vk ol §3] A4 Ak oy ES T A
BE F it

& pH20l3l9) A A& 42 mercaptan £}k
ol ArieEo, odye A2dA wWSE FIAINE
general base 24 & Eqto] Adits), pH 3~5¢] 4=
mercaptan 278} mercaptide iono] AA Qo2 f-nit-
rostyrene o] H 713l oluf hydroxide ion & general
base catalyst(B)=A ¥t oh 2} mercaptan ¥x1-F )
2A4e] ¥ 73g mercaptide ion 0.2 MIAAF = Zof
F4E vt zelm Fa A Bl oA deld
o2 R zelel Michael reaction & ¢] ¥lgoj A= pH T
A ou] fHs] Yejdg T 4 et

(3) oty A= w gle nucleophile 9| T IEK:
5t 39| Eelsheka 4 slele] A4l AAE T
8}5.3} n-amylmercaptide, n-hexylmercaptide, z-octyl-
mercaptide & n-decylmercaptide ion &) FEin<HEEE
BEEDZA 27 2.82x10° M™% sec™?, 1.00 10°M2
sec™!, 2.23x10° M~*-sec™ g 1. 77%10° M 2-gsec & ¢
oo FAEAQ n-amylmercaptan, a-hexylmercap-
tan, z-octylmercaptan 3} n-decylmercaptan @ HiNRIE
BEZRGIZAE 22t 2.82x107 M™'sec”), 1.95
x107* M™-sec™!, 7.08x 1072 M t-sec™t Y 5.63x 1072
M7 - sec™' & e,

#LEA
1) khER, A3, 12, 106(1968)
2) &FEY Bk, AEE, 12, 170(1968)
3) FhER, &J|EY, EIE, 12, 177(1968)

4) N. A, Lange & W_E. Hambourger; J. Am. Chen.
Soc., 53, 3865(1931)

Jorrnal of the Korean Chemical’ Society



