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ABSTRACT

In order to attempt the quantitative correlation of nucleophilic addition(not nucleophilic substitution) reactivity
of nucleophile, the addition constants of ethyl and isopropyl mercaptan to 3, 4-methylenedioxy-g-nitrostyrene
were determined and found to be 6.82x 107 and 2.86x 107 M™% sec. ™' respectively.

From the rate equation obtained, the addition mechanism at basic media especially the complex addition

mechanism at acidic media which has not been revealed can also be fully explained.

2 of

Nucleophile 8] MR ENR S ABH oz dF3t2A 3 4-methylenedioxy-g-nitrostyrene of @& $-4
ethylmercaptan ¥} isopropylmercaptan & XA 2.9 HEMKEEETHHE 54T A7 ethylmercaptide 9} isoprop-
ylmercaptide ion o] W& 7z 6.82x107 M™% sec™, 2.86x10" M™% sec™' & dglon d7)A Huk ohet A4
2o &A% 29 BelIEE B AIT F gdE SEAE TS

<3815 & nucleophile & #F&-Ale] A3 A =

ol dFE on Ay HJoH® s} EI £
e TEFKAC O3 BETHRENRES ¥ag

$7 5 EE BEEERRKE ¥u ok etthed F o] A5z 9o, SN k3] nucleophile 8 4k

h

M

o g1 v B

— 170 —



Vol.12, No. 4, 1968 FRULIESE Zroll A 2] A-Nitrostyrene off $13t Higstt HINKIE 171

=} ﬁ}’;"‘ﬁgﬁ?ﬁuﬁﬁﬁ(nucleophilic addition reaction)el| 4] ¥ 315 spectrophotometer(Beckman DU 2)e 2] 4] 372
¢} nucleophile & W1-2-4 Ateloj ofw Pkl u) my ol A} F4 81 o},
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AE APAFEO o] AL $As7 gow o H E

A4 4FE F4 ¥ 5 @k A o AWl uia pH oA 2.07x10-M 8 AT NS B
41+ nucleophilic addition reaction o] 48] nucleophile o v]d] 20~200 ] mercaptan-& }3He] ubL-Fo]
9] ub-8-A (nucleophilic additivity)e] w}8t A kAl % mercaptan & E5E AdA A AT 4 QxE
ATE stz ZERBE 4o AAE Fot ol ¥ 4=
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] 738k nitro 7] 7} 9= 3, 4—methylened10xy—r’)’—mtro-
styrene(NS)ol dis] wk-g-4o] Az 29 kjlo] B & T
#Z 9lE mercaptan Fo)| A A ethyl-3# isopropyl . ° en
amercaptan 2 A A 25 FEE WIAA sHA o
# pH oA ZHRREREHHKE 73] mercaptan 9
% 2497 ohee 4 mas
2ol 28 WANEE B AP T Yk VIEEA
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3, 4-Methylenedioxy-§-nitrostyrene(INS)-& piperonal 2.3r \ !

=y - = i

=} nitrometane -2 &5}o] w59 7@ mercaptan & [ i

A& Sica(reagent grade)A| & AFg3tg k. pH 39]3= 1.9 i

[CHSH] -2X107°M i

A4S, pH 3.5~6 Alo] = acetate buffer £9-2, pHé |

-3 .Q_Oﬂvo__ A3l o FE ups I |

o] A& phosphate buffer RN el 112 - - . . e
4-99] ionic strength = £FESE 6%]/11 0.12 3Fgt}. Time

MeLris 25°C o 397 FojAle NS Ex Figure 1. The plots of log [NS] vs. time for

W the addition reaction of ethyl merca-

ptan to NS at pH=5.42, 25°C and 0.1

TEE
2.07x107°M = A A&}A 3l mercaptan & NS %
= ionic strength

Q
of v BeFs st At wEl NS &
Table 1. The change of optical density(OD) of NS with time at pH=5.42 and 25°C

P t 1yl mercaptan

(C.H; 5;11 § 1><10'4M [CszsH] =510 M (CH,SHI=1X10-M [C.H;SH]=2X10-M
timexX107® 0D of time X107 OD of time X 1073 OD of time 1073 OD of
(sec) NS (sec) NS (sec) NS (sec) NS
. 120 0. 277 0.120 0. 275 0.120 0.274 0.120 0. 287
1.141) 0. 265 0. 420 0. 239 0. 240 0. 260 0. 240 0. 280
2. 640 0. 258 0. 900 3. 245 0. 360 0.253 0. 360 0. 268
4.140 0. 222 1. EH0 0. 228 0.660 0. 236 0. 480 0. 260
5. 450 0. 244 2.162 0.218 0. 990 0.217 0. 600 0. 249
7. 200 0. 236 2. 880 0. 202 1. 260 0.211 0.720 C.235
9.6 0. 221 3.820 0.189 1.420 0. 209 0. 840 0. 225

4. 569 0.172 2.19 0.183 0. 960 0.217
2.64 0.170 1. 140 0. 205

1. 380 - 0.190

1.74 0. 179

A}, NS iy si(e]riAd optical densny\OD)) pH="5.42 of 4] ethylmercaptan 2] g lg—_‘,i_oi] o} &)
E S48 T log ODE 28] 3 A3 A4 372my: ol 1 2] NS 9] optical density 2
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2o] A3} pH o A= second-order reaction -2 2]
v &) 2. 7] &7 o A] F3& second-order rate constant
(k)= Table 2 9} 72t}

Pseudo-first-order(k,”) & second-order rate constants(%k;) for the reaction of

NS with ethylmercaptan(a) and isopropylmercaptan(b) at various pH and 25°C

(a) Ethylmercaptan

{C,HSH] 3% ' [C.HsSH] Ry
pH oD (secd | PH () (sec™)
0.022-0.01 1X107* 0.709%1078 1.02+40. 01 1X10™ 0.485X107®
” 5X1074 1.96 X107 4 5X # 1. 200X »~
” 101074 3.42 X107 4 10X # 2.130X 7
” 25X107¢ 7.56 X107° ” 25X # 4. 710X »#
E(M™sec ) =2, 871073 | ,=1. 83X 107
2.0440.01 1X107¢ 0. 399X107¢ 3.0240.01 1X107* 0.507X107¢
4 5X # 0.846X # 4 5X # 0.999X »
” 10X » 2.26 X # ” 10X # 3.54 X »
" 25X » 5.41 X » r ” 25X 7.88 X #
¢=2.00X1073 ‘ 1 =2. 67X 1072
3.9840. 02 1X107* 1.92X1078 4.4540. 02 1X107* 0.384x107%
” 53X 1 8, 45X ” 1 5% v 1.82 X
4 10X » 15.7 ” ” 10X # 2.83 X #
” 25X 33.6 X # ” 25X 5.93 X #
k=1.35%1072 i k=2.40X107?
4.95+0.01 1X107* 1.12X1078 5.4240. 01 1X10™ 0. 2471074
” 5X n 4. 32X 7" ” 5X # 1.4 X »n
” 10X # 8.22X # ” 10X » 1.84 X »
4 25X # 17.5 X » " 25X # 3.69 X #
T R=7.50X107 | £=1.80X107
5.91+0.07 1X107* 0.312x10™* 6. 42-:0. 01 1X107* 0.524 X107
” 5X »# 322 X » " 5X # 3.73 X 7
” 10X » 6.98 X # 4 10X » 12.7 X #
4 25X 139 X # ” 25X »# 20.1 X »
k=7.00X10" k=1.40
6.92+0. 01 1X1074 1.63X1074
" 5X » 10.2 X »#
” 10X » 21.6 X #
” 25X # 3.9 X #
ki=4.67
(b) iso-propylmercaptan
[(iso-CyH;SH]) Y [iso-CsH,SH] V
pH 16:) (sec) pH M) (sec)
0.2140.03 0.1X1073 0.93X1076 1.05+0. 02 0.1X107® 0.291X107
” 0.5X » 0.722X » ” 0.5X # 0.616X
” 1.0X » 1.43 X » ” 1.0X » 1.45 X »
" 2.5%X » 3.62 X # ” 2.5X # 3.25 X »#
” 4.0X u 5.47 X # " 4.0X » 5.40 X #
k(M Isecl)=1. 34X10™° +=1.42X1073
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2.1140.02 " 0.1X107 0.909X10° 3.10:0. 08 0.1X107 0.703X107
" 0.5%X # 1.76 X « " 0.5X107* 0.132X »
" 1.0X » 1.76 X # ” 1.0X1073 2.05 X #
” 2.5X # 3.63 X » ” 2.5%X # 4.80 X
” 4.0X » 5.44 X # | " 4.0X » 6.64 X #
k=1.57X1073 ( «=1.63X1073
3.504:0. 02 0.1X1073 0.905X1078 ‘ 4.1040.05 0.1%1073 1.36X1078
" 0.5X » 2.16 X " 0.5X # 2.47X
n” 1.0X » 3.68 X # l " 1.0X 7 3.94X #
" 2.5% 6.97 X \ ” 2.5X # 8.65%
" 4.0X » 10.4 X #» ” 4.0X » 13.2 X #
i B3, 05X 107
4.50+0.02 0.1x107% 0.89X107% J 5.0040.03 0.1x107 0.512X10™%
4 0.5X # 1.18X 7 ) 4 0.5% # 1.48 X
” 1.0 » 2.22X " " 1.0 # 2.43 X #
” 2.5X » 4.00X 4 2.5X # 569 X #
” 4.0X » 6.57X 4 4.0X » 7.95 X
ke=1.57X1072 | ki=2.13%107*
5. 53F0. 02 0.1X1073 0.96 X107 6.17£0.03 0.1X1073 0.145X107*
” 0.5X # 4.66 X » ” 0.5X 1.38 X
4 1.0X » 8.64 X # ’ 1.OX # 2.69 X »
” 2.5X # 27.3 X #n ” 2.5X n 5.95 X
” 4.0X »# 45.4 X »# ” 4.0X # 7.54 X »
k=1.15x107 ki=1.50% 1071
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1~ PH3 o]ste] Aol AFxo] F-2a Wz Q4%
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Figure 2. The plots of &k, vs.[C,H;SH] at pH

5.42 & the dependence of the pseudo-
first.order rate constant(k,’) for the
reaction of ethylmercaptan with NS on
the concentration of ethylmercaptan

& Table 3-& NS of ethylmercaptan ¢} F7t & o o
o pHeld 538 &) 2Ee)s) Fig. 3¢ log & 9
W3S pHel A el Relsh



174 & F B8 &

Table 3, Second-order rate constants(k,) for
the reaction of NS with ethylmerca-
o ptan at 25°C )
pH Buffer 7 ke (M_l’,fic K —
solution Observed pH  Calculated
0°02-0.01 HCI 2.87x107° 0.0 2.00x1073
1.024+0.01 ” 1.83x107° 1.0 2.00x1073
2.04+40.01 ” 2.00x107° 2.0 2.07x107°
3.0240.01 ” 2.67x1073 3.0 2.69x107°
3.98-£0.02 HAc-+NaAc 1.35X1072 4.0 8.90X107°
4.45+0. 02 ” 2.40X107? 4.5 2.62X107*
4.95:+0.01 4 7.50X1072 5.0 7.05X1077
5.4240.01 ” 1.80x 107! 5.5 2.41x107*
5.91+0.01 ” 7.00x 107" 6.0 6.81%x107!
6. 42:£0.00 KTREOLE 14 6.5 2.40

6.911+0.01 ” 4.67 7.0 6.8
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pH-rate profile for the reaction of
ethylmercaptan with NS at 25°C & 0.1
jonic strength: Circles are experimental
points; curve is drawn according to equ-
ation (7).

Figure 3.
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E Aol
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o] RIEA 711 &2 &4 & A Y kA HE-S-& mercaptide
ion o] o} el F4 2] mercaptan F-x}2] FrAEA A
ke Aol

olw] NS¢ #r}8l+= nucleophile 2 & mercaptan o]
ole] Eo)1t hydroxide lon % 24 o gleovt e
pH ¢] A &= hydroxide jon T2+ FAT =32 = &
o AASEE W4 E7 WE)O® mercaptan 9| 3
7} &xo] vle FAY F gk,

QulA o7 o] 8} Zo] A 1 51A 7} reversible o] 5] A
2 t}A 7} irreversible reaction 0] 3. intermediate{] )2
3] SRy dgF FET WA dx v F E
A &ch intermediate( [ ol & steady state app-
roximation & H-E£AAA & A& 2& F 3

by k k.30 (B)

|
SC.H,

B T o) R (2
5o
1 RIBk. 11
ke~ RR2(B] T & 4—5—‘—]@2(3] 3
-1

General base 2 4] &3} hydroxide ion &8 4z}l o}
@ (DAL et o] "
e : ol
10 ! (k10 [H,0) +£,°0~ (OH"))
1

N

7

A 189 o] o7 AYAE dgiste] Fed

1 1 _
Fo | 2.40%x107°
1
J S e L TTLLRCERLRL 5
F218 7107946 50 » 107[OH) )
e
by 22821074 1. 56X 10°(OHT) . (q)

T BE < 10 26, 50 107 (OH™)
GYS (6)A 1Ak, 7 hydroxide ion HXxiz P
ARAA 7L oL & & st
EFE e pHolAe 24X kS kY FHA
2.40x 107 28] 2 hydroxide ion Fx& <7t (1D4]e]
o3l k'=6.82x107-% 42 4 Ut
glelq Q& ZE AFEL (DA H3hd pHol
wEE 2BRNEEEFEH L E o (DA Ze]
ol 4 gl
b=k, -+ (OH]

_ 5.23%107°+1.56x10°(OH"]
T2.65x107*+6.50 % 10"(CH7)

+6. 82X 107[0}1‘] ................................. )
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AR ofF # X FE & 4 Ak

T o] & BEEMEES A dol i Michael
reaction o & ZXEEHE S NS d3F mercap-
tide ion 9 FRINRMEHS et tosA F=t ZE
#&°1 e nucleophile o FRINKIEHS o] 3 3
q deg Fod Arst 2 Aeld, = &Y e F
A9l mercaptan £-4-2] FHRIMEEFEHIS A aucle-
ophile & FEimtk Ao F88 Ag7 Hzlong ¥ E
G A8 B FE S 9 Aol ol

A (DA 2shd A 1 EH S} o] W pHY e
4] mercaptan 8] H7bik-g 53] Aol FHEA Ggd
AL o] A 8] S Al EE AAE] AHEE + 2
t}. % pH 2 o]dle]Al= %42 mercaptan Ex}lo]
A 7}= 5] general base catalyst 24+ Eub z#sld
HAch, 22y pH 3 o] A& A 2549 deproton-
ation 41-¢-& &A1 8k 24 £ ¢]9lo] hydroxide
jon & A Zgjok e}, §t¥l hydroxide ion-& o] Eof
g ol 9ol & mercaptan £A-E H& ub-§Ao FE
mercaptide ion &2 7FE7] wlfol o] pH H-ZoA
mercaptan 242} mercaptide ion &) HrtE AAR
2 deojd= & 5 gl

(b) Isoprpylmercaptan # NS 2}9] ul-&<-5 4]

Table 4 &= 2-& 4 0 2 isopropylmercaptan off i
3 I ZREEWERIC pHell w2 WEE
Fig. 49 v},

Ethylmercaptan =} &} ¥o] pH=4 ¢] 4 2]
Eio(max)=~;=3.05x 1073, pH=T7o]4]9 k=2.86%
DA blslel=d

]Z,=km+2, 86 > 107 [OH-] ........................... (8)

lo rr

Table 4. Second-order rate conmstants (k;) for

the reaction of NS with isopropyl-
mercaptan at 25°C

ke (M sec™?)

pH Bufier

solution Observed pH  Calculated
0.1240. 03 HCI 1.34x107° 0.0 1.34x1073
1. 05-£0. 02 14 1.42x1073 1.0 1.34x107°
2.11+£0.02 ” 1.57x1073 2.0 1.37x107®
3.1010. 08 4 1.63x% 1073 3.0 1.81x107°
3.5040. 02HAc+NaAc  2.37x1073 3.5 2.77x1073
4.104-0. 05 ” 3.05x1073 4.0 4.26x1073
4. 504+0.02 ” 1. 57X 1072 4.5 1.18x1072
5. 06:0. 03 ” 1. 15X 1072 50 3.15x1072
6.17::0.03 KHLOE ) 150x107 6.0 2.87x107
6. 45+0. 05 ” 1.18 6.5 9.08X107!
7.06%0. 01 ” 2.70 7.0 2.86
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Figure 4. pH-rate profile for the reaction of
isopropylmercaptan with NS at 25°C:
Circles are experimental points; curve is

drawn according to the equation (II)

2 ez o FFE Abste] (DA dQsbd

11, )
—
2 P (H,0) + k0w [OH )
_.;ﬁ»————-‘l + 1
= 3061077 T 2.39x10°°16. 50X 107 (O]
......................................................... (9)

. 7.30x107°+1. 98 x 10°(OH")
FE k=5 44107 +6. 50X 107(OH] (10)

o ke=ky+A[OH7)

_7.30x1075+1.98x 10°(OH")

T 5.44x107°+6.50x 10"(OH"}

+2.86 X T0T[OH™J «vreveerrnemeeninaiiiiiininiinn., [¢h))]
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(1) B-Nitrostyrene o] H3F ethyl-2} isopropylmerc-
aptan 8| BIZHEMFIERES 434 W& pH ¥
JelA 2 Re et P WIEEAEL Fage
5.23x107°+1. 56 % 10°(OH")
2.65x107*+6. 50 x 107[OH"}
+6.82x107(OH")

e N
Isopropylmercaptan: k,=-7~—~——————~' 30x 107%+1. 98 10°(OH)

5.44x107%+6.50x 10 (OH™)
+2.86 % 107(OH")

2) o] vheEF Ao Aot BN S 2
ofvie}, 53] oba A A A g 4ol At
g A ES Agdes & AT 4 gl

3) o4 g Zut Q1= nucleophile & FRiNKIER
29 Fe3teA Ad Apold Ao AAE F
w8}z A} -4 ethylmercaptide $} isopropylmercaptide
ion ¢} FINKAEEESHHEA 72 6.82x10" M2, sec™?

Ethylmercaptan, k,=
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8} 2.86<10" M™% sec™t & dglor, ojART A

Ae "ol Y} FAql ethylmercaptan 7} isopropyl-

mercaptan £-7-¢] FINKERETRHZA 2.40x107°M™7,
sec 1 9} 3.05x107° M, sec™? & 7z} A9l
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