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ABSTRACT. The Menschutkin type reactions of substituted(Z)-benzyl (X)-arenesulfonates with subs-
tituted(Y)-pyridines were studied by the electroconductometric method in acetonitrile at 35 C . Hammett
p values were calculated by the second order rate constants for the reaction of substituted (Z)-benzyl
(X)-arenesulfonates with substituted(Y)-pyridines. The negative py values meant positive charge develop-~
ment on the nitrogen of pyridine at transition state owing to the charge development on the oxygen
atom of benzenesulfonate. And the negative p; values meant positive charge development on the benzylic
carbon. Application of the multi-Hammett interaction, | pyz| > | pxv| > | pzx |, the Menschutkin type reac-

tion of substituted benzyl arenesulfonates with substituted pyridines was shown to be dissociative Sy2
mechanism.
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Table 1. Physical constants of substuted (Z)-benzyl
substituted (X)-benzenesulfonates

Z, X) mp. Tty (H) NMR, &(ppm)

(4-CHs, 4-CH;) 53(53)

(H, 4-CHy) 57.5~58.5
(57.3~58.2)

(4-Br, 4-CHy) 76~77
(76.8~77.5¢

(3-Br, 4-CH;) 103.5~105
(105.2~105.6)

(3‘N02, 4'CH3) 86.5~87
(86.5~87.5)

(4-NO,, 4-CH;) 102~103

(102.7~103.4)

4-CH;, H) - 5.1(s, 2H, -CH;-),
2.3(s, 3H, -CHy)
7.2(s, 4H, Ph),
7.6~8.0(m, 5H, Ph)

H, H) 58(59¥

(4-Br, H) 53 5.2(s, 2H, -CHz)
7.2~7.9(m, SH, Ph)

(3-Br, ) - 5.3(s, 2H, -CH;-),
7.3~8.1(m, 9H, Ph)

(3-NO,, H) 65~65.5 54(s, 2H, -CH),
7.7~8.3(m, 9H, Ph)

(4-NO,, H) 91~91.5 54(s, 2H, -CHy-),
7.5~8.1(m, 9H, Ph)

(4-CH;,, 4-CD 29(dec.) 5.2(s, 2H, -CHy-),
74(s, 4H, Ph),
7.6~8.1(m, 4H, Ph)

H, 4-CD 56(56~57F

(4-Br, 4-CD 97.5~98 52(s, 2H, -CH;-),

7.3~8.1(m, 8H, Ph)
5.3(s, 2H, -CH;-),
7.3~8.1(m, 8H, Ph)
54(s, 2H, -CH,-),
7.7~8.5(m, 8H, Ph)
54(s, 2H, -CH;-),
7.5~84(m, 8H, Ph)

¢C. S. Kim, Doctor Thesis, Dong-A Univ., Pusan, 1984;
*Ref. 11; S. D. Yoh, | Korean Chem. Soc. 1975 19,
116; O. Banjoko and R. Okwuiwe, /. Org. Chem. 1980,
45, 4966.

(3-Br, 4-CD) 26
(3-NO,, 4-C) 85

(4-NO,, 4-CD 129.5~131
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Table 2. Second-order rate constants, 10" &,, ({/mol-s),
for the reactions of substituted (Z)-benzyl p-methyl
benzenesulfonates with substituted (Y)-pyridine in
acetonitrile at 35T

N

4-NH; 4244 2543 2099 1400 1226 1169
34-(CH;), 9144 4822 39.14 2470 1867 1640
35-(CHy), 7820 3959 30.78 1907 1394 1331
4-CH; 59.85 2953 24.26 14.14 1074 1032
3-CH3 5355 2510 21.74 1292 9162 8845

4‘CH3 H 4-Br 3-Br 3‘N02 4‘N02

H 3729 1778 1298 9.583 5411 5.049
3-Cl 5813 2560 1693 0.8355 0.5231 04251
3-CN 2042 1132 051710.2818 0.1439 0.1387
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Table 3. Second-order rate constants, 10° k;, (//mol-s),
for the reactions of substituted (Z)-benzyl benzenesu-
lfonates with substituted (Y)-pyridine in acetonitrile
at 35TC

Table 6. Hammett coefficients and, interaction terms
for the reactions of (Z)-benzyl (X)-arenesulfonates
with substituted (Y)-pyridines in acetonitrile at 35

o,

C

N 4CH, H 4-Br 3-Br 3-NO; 4-NO,
A-NH, 6757 4685 4088 2952 2270 2122
34-(CHy), 1694 8698 7069 4682 3067 2940
35-(CHy), 1442 77.00 5721 3892 2560 2432

4-CH; 1139 5331 44.70 2862 1980 17.17
3-CH; 99.85 46.54 3798 2363 1717 14.79
H 6822 3266 2490 1513 1009 8952
3-Cl 9400 4.230 3300 2100 1120 0.7300

3-CN 4.044 1470 1095 06136 0.3402 0.2348

Pr

X=pCH; H a1
4-CH; —1.92 —1.89 —1.84 0.19
H —1.97 —2.04 -1.98 0.15
4Br  —217 -210 —208 022
3-Br —2.26 —221 —2.16 0.24
3-NO, —245 —234 -231 0.30
4NO, —246 —249 —238 022
oxv 060 —054 —053

Table 4. Second-order rate constants, 10* &,, ({/mol-s),
for the reactions of substituted (Z)-benzyl p-chloro
benzenesulfonates with substituted (Y)-pyridine in
acetonitrile at 35T

Table 7. Hammett coefficients and interaction terms
for the reactions of (Z)-substituted benzyl (X)-arene-
sulfonates with substituted (Y)-pyridines in acetonit-
rile at 35T

Y\Z 4-CH; H 4-Br 3-Br 3-NO; 4-NO,

4-NH, 1901 1024 950.2 6294 4939 4869
34-(CH3), 4954 2441 1904 1208 8213 79.50
35-(CHs), 4641 2069 1534 9730 7135 6343
4-CHs 3629 170.1 124.1 8567 4702 3699
3-CH, 3192 1488 1044 66.77 4456 2698

H 2230 9453 6890 4419 2845 24.06
3-Cl 3892 1390 9802 5373 2687 2426
3-CN 1086 4.356 2927 1587 0.8444 0.6399

Table 5. Second-order rate constants, 10* k5, ({/mol-s),
for the reactions of benzyl-(X)-arenesulfonates with
substituted (Y)-pyridine in acetonitrile at 35

N 4CH, H 4-Br 3-Br 3-NO, 4-NO,

4-NH;, 1619 2543 4685 1024 1292 6582
34-(CH3), 3220 4022 8698 244.1 2388 1581
35-(CH3), 2645 3958 77.00 2060 1927 1265
4-CH,4 1946 2953 5331 1701 169.7 1002
3-CH; 1881 2510 4654 1488 1350 8981

H 1159 17.78 2366 94.53 89.82 608.1
3-Cl 1418 2560 4230 1390 1728 1045
3-CN 05591 1132 1470 4356 4311 3353
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4-CH;4 177 —0.785 (—0.52)
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Fig. 1. Changes of the transition-state structure for
the reaction between substituted benzyl arenesulfona-
tes and substituted pyridines.
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Fig. 2. Potential energy surface diagram showing TS
variations with substituent changes in the nucleophile
and the leaving group.

Ag7)e) Wstel] W Holabe) HWHE prol e
Vel Fig. 13 2th. 712 9] 2] #7]7} 3] 3ol 4
AR 7|2 el b} po] Zrksln deA
7"z A Apele] Age MM T} o]
7)o sl okt gphab HEE S24e] 27}
A ok B, 7148 ABr)7 FABM Az
FA 712 AsE pahe ARIE peRte oL 3
FRIER S\4e] Zrkske Zo Holaels} o]
S "ok

Hammett #7]4]2] ZA3}-Z potential energy sur-
face diagramo.2 jelw Fig. 29} #lc} o|"7]9}
AW pgtewye Holiele midway Abeel
7}7H dissociative Sy241 PR A =z 7129
Aw7)7h AR FANA A AR G A=
9 ®Aels}l Bbshl S22 Aol 4diE anti-Ha-
mmond %o me} PRE o] 522 S24e] H$
Z7bsA) "ok wba, 7] 4 2 @0)0h ule6 Ay
Ze bn BEY AR 34 M#rld A9e PG
ol E3A sl Syl w7hlZo] $AsA WYL =
% gckx Az =8 A9 H3o)0h Az
A4 HAPA 7 2 WPl w2 2% mAe
o] ¥akshAl S22 Hammond 4ol utz} PS
ko 2 anti-Hammond 7% o) wle} PQ wrako 2
ol5aled 1 § #Ejal PT uhgroz wolatels}



920 s - FiESR - IEX - BERK - LS

o] F3}A Xk

23§} Hammet 22 4] Q)2 T3=v o]z B3
Hammett 42278 & 45284}, p= 237
i} j Alelel H7|A 4z Age] AZE deplle
o8 2 glo] FE AoleleH F X&) A}
o]¢] A2)7} 7}gkct. Table 63 72 445 2H8-8Kp;) 9
AAHQ A7 | przl >l pxrl <lpxzl & Frol 7}
A 352 AA 92 AYAs) 7l X3ks)
3}o)) )&} a2l oY) o] FHo| FIIY
TE |przl o el HadmE e A 7]
Az A o] Aer} dolA olE Ale]9] HA7|H
Az Ago] Fol 5, 7139 XN AA FAR
2T AW} o] Ate]e] A3y = 7
2%}

log k;/koo = pici+ pjo;j+ pioio; @
log kxyz/10g ko= pxox+ pyoy+ pz6z+ pxroxoy
+ prz0y0z + pzxoxoz+ pxvzoxoyoz  (3)

B4 4 (95X ¥, Z9 3HpAR s 4
e 9 5 ek

o] A (& ¥ uhgAdel HL3d A @9 A
2 4L 5 9o |prl 7}

logkxyz/10g koo = 1.760x — 2.04cy— 0.8660;
+0.250x0r— 0.570y0;
—0.170x0z+ 0.11cx0v02 @

7V Z2E2 7)) A4 283} ukg-eln A9
Ao X&7] Wzt gl 712 o|R7] Alele A
3388 |pxzl 71 71 FeBE 7]As) o)dy]
Abole) Agt #el7t ZA AAR S AAA Y JgS
Ao wka} o Azt & 4 9ok 2E]a +px)
—prgte] A8 o|gtye} AMA | 27} it 39
stlo] ZA b= o] 3lem | pyy| Ftel | pxz| BTk
A8 2 7|Ae] 7] Wge] & A2} o]
Abo]o] AtZ atgo] A A}r] H3le o}
71Az} o)@r| 8] Az Ag R} A AEIEE A
Ao 2 dissociative Sy23 9] w7l S-S Bty
& 4 9lch

09} 7+ B3 Hammett FAA o2 RE x5
A3 283} pis 7 A #7) Ale)d] T-E Wl wE

F3AEY AT F 4 AR Aols] Az
oINS st B3E 3¢ 4+ Aok

28 £ ¥

1. Baker, J. W.; Nathan, W. W. | Chem. Soc. 1936,
236.

2. Swain, C. G.; Langsdorf, W. P. J. Am. Chem. Soc.
1951, 73, 2813.

3. Yoh, S. D.; Hong, S. Y.; Lee, D. S. J. Korean Chem.
Soc. 1969, 13, 215.

4. Yoh, S. D.; Hong, S. Y. J. Korean Chem. Soc. 1972,
16, 284.

5. Yoh, S. D. J Korean Chem. Soc. 1975 19, 240.

6. Fuchs, R.; Carton, D. M. ] Org. Chem. 1962 27,
1520.

7. Hudson, R. F.; Klopman, G. /. Chem. Soc. 1962,
1062.

8. Bowden, K.; Kook, R. S. J Chem. Soc.(B) 1968,
1529.

9. Yoh, S. D. Ph. D. Dissertation; Osaka Univ., 1973.

10. Yoh, S. D.; Sawada, M.; Yukawa, Y. Abstract of
the 28th Spring Meeting of the Chemical Society
of Japan; Tokyo, 1974; p 1128.

11. Tsuno, Y.; Fujio, M,; Yoh, S. D.; Sawada, M.; Yu-
kawa, Y. Abstract of the 25th Symposium on the
Reaction Mechanisms; Chemical Society of Japan:
Tokyo, 1974; p 119.

12. Yoh, S. D. J. Korean Chem. Soc. 1975, 19, 449.

13. Yoh, S. D;; Tsuno, Y.; Yukawa, Y. /. Korean Chem.
Soc. 1984 28, 433.

14. Yoh, S. D; Tsuno, Y.; Fujio, M.; Sawada, M.; Yu-
kawa, Y. [ Chem. Soc, Perkin Trans. 1989, 2, 7.

15. Yoh, S. D.; Lee, K. A;; Kim, H. T.; Kang J. K.
Research Review of Kyungpook National Univ. 19
84, 37, 369.

16. Coetzee, J. F.; Cunningham, G. P.; McGuire, D.
K.; Padmanabhan, G. R. Analytical Chemistry 19
62 34, 1139.

17. Kochi, J. K.; Hammond, G. S. J. Am. Chem. Soc.
1953, 75, 3443.

18. Robert, J. D.; Webb, R. L.; McElhill, E. A. J. Am.
Chem. Soc. 1950, 72, 408.

19. Yoh, S. D. J Korean Chem. Soc. 1975, 19, 116.

20. Yoh, S. D. Research Review of Kyungpook National
Univ. 1973, 17, 1.

Joumal of the Korean Chemical Society



