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ABSTRACT. Kinetics for the reactions of pyridines with 1 -anthracenesulfonyl! chloride (1- ASC)
and 3 - phenanthrenesulfonyl chloride (3 — PSC) was investigated in methanol as solvent. Structural varia-
tion in pyridine followed Bré#nsted and Hammett relations for both 1- ASC and 3 - PSC; the correspon-
ding coefficients, £ and #, at 20°C were 0.55, - 3.5 for 1 - ASC, and 0.43, - 2.6 for 3 - PSC respectively.
Reactivity-selectivity principle was checked in competition system 1- ASC/3-PSC. As a result, this prin-
ciple was found to hold at experimental temperatures, whereas to break down over in the range of isoselec-
tive temperature (34.3°C). Judging from the above results and activation parameters, we concluded that
these reactions proceeded by synchronous Ss2 mechanism in rate - determining step.
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Table 1. Observed first-order rate constants for the
reactions of 1-ASC and 3-PSC with substituted pyri-
dines in methanol

{P)]x 102 kops % 105sec 1)
Pyridines 20°C ~30°C
-1
(mold™" 1 _AsC 3-PSC 1-ASC 3-PSC
100 669 723 844 105.1
»-CH, 3.00 1298 1582 2009 260.9
500 1922 2055 2947 4104
7.00 2626 2836 4016 557.0
100 166 718 262 1050
m-CH;  3.00 498 127.8 794 1715
500 842 1742 1395 2612
7.00 1125 2160 2032 3683
100 393 394 466 57.3
H 360 563 766 8L1 1157
500 769 1067 1097 170.7
700 973 1358 1411 229.1

1.00 6.1 104 14.3 20.0
p-COCH; 3.00 8.4 16.5 18.1 26.1
5.00 11.0 221 215 320
7.00 134 263 251 38.7

1.00 11.8 9.6 133 15.3
m-COCH3; 3.00 13.3 148 15.4 19.3
5.00 147 171 176 256
7.00 164 227 198 281
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Table 2. Second-order rate constants for the pyridine-catalized methanolysis of 1-ASC and 3-PSC

kpx 10%}-mol-1-sec-!)

Pyridines pKa 20°C 30°C
1-ASC 3-PSC BSC* 1-ASC 3-PSC BSC*
p»-CHj3 6.02 32.5 34.1 59.2 52.3 71.6 111.1
m-CH; 5.68 16.1 24.0 415 29.6 44.0 825
H 5.21 9.73 16.0 23.4 15.6 28.5 454
p-CHCH;3 3.48 1.22 2.67 - 1.79 3.10 -
m-COCH; 3.18 0.76 2.08 - 1.09 2.24 -

*The values for BSC (benzenesulfonyl chloride) were determined by interpolation from data in reference (6).
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Fig. 1. Brgnsted plot for the reactions of 1-ASC and
3-PSC with pyridines in methanol at 30°C.

o] Ax|a olol we} AP A o] %°16P‘ﬂ i
7] ez A

Brgnsted A @A, Fig, 1L A
Brgnsted #4181 Eld Aoz dedfe &
Lol e} pK, ol dd 234 54 kY] o4
% 30°CAA =27 Aofrt,

of AL A} F& AUAHL BoqFa glo
= (1-ASC : y=0,9993, 3-PSC: y=0,9995) 7|
2710l A3l Brgnsted Al4- g+ A o
715 wislel] g wbeSEe] EE vehl of
#E 1-ASCollM+E 0,57, 3-PSCell4lE 0,530]
ek, 20°ColMe] g7+ 2zt 0,55(y=0,9981)
% 0.43(y=0,9998) 224 g Fto] Lol o=
g HojFrl, o] g3k HolAeje AIHAY
A= g Wdse seielgz deix gl
Brgnsted & &2 g=1.0~1.59¢ = 13]-—
Jencks 521 acyl °]EukSolAd g=1.7
AgYP Yol kAt FAstn Uk, UM ’ﬂ.
2 p=0.6~1.5 W99 g AFPAol E A
g1~ grtzlol & g, §=0~0,39 ASE A4
g 4ol 22 Aoz =olsle] i}, =3
dhgAlde] 2A] d2AY AW FRI o2
3ol g3he A¥FAY vlme] BiASE= A
< ¥z ou|rt gldkn & 4 g, vl &
oloje] ZulollA] FAIY £x3E F SolAe

fo

lo lo—f‘:

Vol. 33, No. 5, 1989

2249 AelRe

Faubge £ 24 AF 471

O tasc
® ¥rx

224
<
—
»-c00H!
1.0 -mogo
B33 (X 5] (K] .23
o

Fig. 2. Hammett plot for the reactions of 1-ASC and
3-PSC with pyridines in methanol at 30°C.
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Table 3. Activation parameters for the reaction of 1~ASC and 3-PSC with pyridines in methanol

Eg (kcal'mol-))

AH *(kcal-mol-1)

-AS* (eu-mol-1) AG* (kcal‘mol-1)

Pyridines
1-ASC 3-PSC 1-ASC 3-PSC 1-ASC 3-PSC 1-ASC 1-PSC
p-CH; 8.41 14.7 7.81 14.1 387 17.3 19.5 19.3
m-CHj3 10.7 12.1 10.1 11.5 32.2 26.8 19.9 19.6
H 8.35 115 7.74 109 41.3 29.6 20.3 199
p-COCH; 6.73 2.97 6.13 2.37 50.9 62.2 21.6 21.2
m~-COCH 6.34 1.58 5.74 0.98 53.2 67.5 21.9 214

A %ert, 2 o4 Rogne &' X379} ulg
FAl Abel9] direct conjugation A3.2hE wjF-o]
2t 3493} 9l 9, Johnson &2t oj2x} 7
o] A9slxn ek, F (I, —R) &7} & s}
ARE, oF AYF dATee Basiziug)
e AaYAte AZSAEs} 27| w) o
Fra e Yepdichke Aol

p el T4 71871% 7hAle AL Adaol A
AA A #8717 28 W) w2l Pad
€ AL YuisiAal, o] %Y 2sle Aol
A9 wbg FAAbe] ekl 2% Jehi:
o2 deyA e, o] 7ol ukeEale szy
o A&RAE FHEFlRE p kel 273 Mol 1
-ASCHEE2] HolAtele] Axdapatel okAds)s)
o 2 whebd AP E adE AL on|d)
o AL gkl WE AFHAY 270l 3
oot Al R, A7l (me AhY @
Hyoll glolAle] p 3k} ol 7] (=& 4D =
b3l 2ie] p gtzhe) ulo] Aedgicie2 g 7t
ot o Brgnsted ¥l YA EAI} Tl A
%, M4 Hammett 342 <431 7390l 23}
he2 F Aol o3 99} e HARe] Uxhe
st}

42} m2iole],  Table 300+= 7 vkl ogl
243} sletolEl g AojFoc), AL ¥ud Az}
A A$7)% sl veld Ze g 42 Eglw
A AH*Zol diadldez 7asln gl Eg
9] Ztae wREEEE A Wake s 83}
7] ol HREEEs} AolAln Y& (AGT F1)
AYA ol Ak, aiely o ulkge dE
29 2439E ¢ 4 Utk 2 Arrhenius 4]
A A4yl A€ SEAAE e Aoz

a2

L.
2
.

.y

Folxnz Gg4Ee) Foht

exT

A==;"exp(4S*)

AS*Y] Frlol| o3l AAHE & 4 Yok, wA
o WA (TS HAA)?® SAH =B5AS™ &
AH*vs, AS* =A19] 71€7] B2 1-ASCeil4]
= 192,7K(—80,5C), 3-PSColA+ 260,6K
(-12.6C)Qom AAAA4E 27 0,9746
0.9999%c}, 5% gako] Agexucg Yo
=2 JEgy 2RSS AT 4 glc},

€ iR ¥A3 selolg REL dFFez
AF A Sy2 dkgoll 3t gholl 7Pg=) ke At
Al 3] FollA= HolAlelol o]2: Ao
ez FAo] Lexn 3-PSC Zo] tha o
Avke A& Table 3904 2 4 Qo o9} e
& dEz2s &40 AL (1) Aoj4de 4
(2) 8=i3}e] le] (3) 7| Aleel ehguls}
FPH oz 3A%o 24 o]Fo] Zo|x|at st
Aoz —COCH, #3717} b2 x3rjec) 34
o] 27| wiitel dojul= 27]Adele} HolAtel A
ol2] gelste] Apolof] 7|Qlete Ao HolAr

=3 1-ASC 9} 3-PSC 9] uh3-4=5 v|a® o)
e 27l Auldeg 3-PSC Zo] aT), o
&l 3-PSC o] whe-455 1-ASC ¢ ZAuch 27
shedl it 43 glepelely slode AASA
2715 713 Sidel e AST/E, Az A
#19] FedelE AH*7} Avleln Pee &
T Ut

Reactivity-Selectivity Principle(RSP).
ZAA 1-ASC 9 3-PSCell gt xstslz]dle)
qHoll4] RSP 7 Agg=w] o] & dhgAde
HEEA Atolol oke] 71€71E slxlE AASAIZ}

= O
o=

Journal of the Korean Chemical Society



A Feld A2 dstolal 29 setE Fallubge] £xEA o7 473

3T
0T

®
o

(L

o
i

togk erae/ O

o
)

0.

EX3 22 EX) A 30
tog{ky)y.eee

Fig. 3. Checking the reactivity-selectivity principle by
the reactions of various substituted pyridines with
1-ASC and 3-PSC in methanol at 20° and 30°C.
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Fig. 4. Plot of selectivity vs. reciprocal of temperature
for the reactions of pyridines in the competition system
1-ASC/3-PSC.
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AR de A F

HollA =of3t v} Zro] 2 HEEE-2 A alx]e]
Txuslol] whE AHolele] Tzt F ukg
Ad 25 AP Al 2L uigkow

dojite 2 synchronous =¥ dissociative Sy2

2 WG Aolch, ot FA) Agehd Aol4
ol 71del wh8FAlel FaUstalel okel

37l A" Aelmg AAFA AHE Ao
2 3A Jell=, dr714e]l E anthracene(t=
D AF7F kAol & Aoz ", 29
v oo]ob= vt 3-PSC o dhetmst 2m g o
£ 422 synchronous Sy22 APH Aoz 7}
=,
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ety 519}, Lee 5227 o] AE §,2 v
M 23lo] associative Sy2 =H-E AE Ul
#uf & 8% off (thermodynamic con-
trol), dissociative Sx2+& AE,"ol 3 2%
= ol (intrinsic control) ¥elvtl synchronous
Sy2 HRS-& AE *7} AE® % AE," F 71A] ol
e Axz o|Ed %ol Aty Eo

Acth, olet aisted 1H2 HalAl

Zd ol wE AolAele] FusE
ol thermodynamic control &
associative Sy29}
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AE’9]

S
el

_C'_ Hai

=

intrinsic control &
dissociative % synchronous S,2& vH7o]
el Fzase] Ak AASE] A2
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A 2 (QM)@ol Ao Beh, el
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Aol AzptA 237t 28 A, 71 A
A Abolel o] kAl AZARE F HFN A
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L ke Aoloh, webA felEe] st gl
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2 Epict E.ot AvA °1_ Ao
oA}, d4&YAE F o|el7lol Altda}
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qgs e

#
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A E
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o
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b 2523 Q7 475
ASC 9] "2l i3l AolAt

7o tha zel IxkH
wE o]E dbge FAWA 25 (34,.3C)v
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