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2 o Az& 471A9 phenyl N-benzenesulfonylchloroformimidate §-=4& ¥4tz 25°C &
1: 4 dioxane-E9] o] Q¥ ?’}%LQ—UH FolA Jhrdd WSERE A £F FRPoR FA%h
W2 pHY 4 &5 7hids UG4S fstsich 37 &3 (0=-0.45, p=0.40),
4] &5} (m=1.3—1.5, ﬂ—5 0—-5.5), #5524 3 A4E 4 59 AA2EH AeEs us
o7 && A kstglel. &, pHO0.0-8.09 2443 T4 &Yl A& SNy, ez pH10.00] 9] <
Fte] A LAgAE SNk o 2 7shRa 7l A ZAEe] ECByHS 2= benzenesulfonamide 2 A 4 &}
=gy wgoz st AgH S ok

ABSTRACT. A series of phenyl N-benzenesulfonylchloroformimidate derivatives (p-H, »p-Cl,
p—CH; & p-OCH;) were prepared and the hydrolysis of these compounds were studied kinetically
at various pH by UV spectrophotometry in 1;4 dioxane-water at 25°C. Hammett p values measured
at pH 5.0 {p=—0.45) and pH 10.0 (p=0.40) indicate that the reaction proceeds via an
azocarbonium ion ion intermediate in the acidic medium, whereas, it involves direct attack by
hydroxide ion on the azomethine carbon atom occurs under the basic medium. The formation of
stabilized azocarbonium ion species at pH 5.0 is also consistent with the large solvent effect(m=
1.3—1.5 & n=5.0—5.5). On the basis of these findings, we may concluded that the hydrolysis
of phenyl N-benzenesulfonylchloroformimidate derivatives proceeds by SN; below pH 8.0,
however, above pH 10.0, the hydrolysis proceedsthrough SN, and in the range of pH 8.0—10.0,

these two reactions occur competitively.
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w38}, azomethine B4 QA9 QA S Ao Ny
S92 059 g 24A7 A g4 formamidine,
thioformimidate, formimidate & #r¢] azome-
thine g9 Ao AALZAN} A& Afolle A
By AP0 AAAY Abdge] =¥ A
o g7tk Sl

Hegarty 5%&  dioxane~=8¢ o] A
chloride>>chloroformamidine > chlorothioformi-
midate>chloroformimidate ©] o2 SN; 9%
o] & ANPF L B wdlg on N-aroylimidoyl
chloride & 7}R8 k898 A D744
2zt SNy 3+ SN, wHeo 2 A3E g A5
&, &£ x=  C-(N-methylanilino>C-thio-
phenoxy>C-phenoxy group 9] £2o 2 walA &
1}elY 2 2 azomethine B4 Ao A g 34
2847 N>S>09 £22 g5 Est 53
"oe As G

E3], formimidate 2] azomethine &4 A}o]
phenyl 717} A &5 aryl N-arylarylimidate 3=
4 9A229 Aol E AA  phenyl 7|71 4
A ANA ALGA FoZ 1,30 58 o]
v} Chapman-Mumm #2] $37] ub-ge] deojrtx
w71 azomethine BtAQG A 279 A& &
ol&s7t ASHY Ad JE shrEEit-gol
Qojr}A =l
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B g Forx = phenyl N-benzenesulfonyl-
chloroformimidate § = & 4%t ¥ pH
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1. Aj2knt 717]. phenyl N-benzenesulfonyl-
chloroformimidate =49 A4 WEs &
Aol 443 BE Agdt Sl AA st A
3, Aol o]&¥d NMR-> Varian 60MHz
Spectrophotometer 0} ¢l o] A% gl A%
Lo el A TMS & 3 25842 35
A4 E337)E JASCO Model DS701G Grating
Diffraction Infrared Spectrophotometer &, Hb
S&Erwo 23437 UVa2HEed L Pye-Unicam
SP1800 Ultraviolet Spectrophotometer 2 A}-8-3
o] o131t} Gas Chromatogram -2 GC Model
Hewlett Packard 5730A £ spectrum & ZH 2
o %97t vdehvde 438 HEA7elAY
Mass spectrum 2 H/P 5985 GC/Mass Spectro-
meter & A A ik

2. Phenyl N-benzenesulfonylchloroferm-
imidate S5&2] 814, Benzenesulfonylimido
phosgene (BSIP) 12 Hegarty5°2] uhye] wet
dry benzene 100ml o] BSIP 5.93g(leq) & 73}k
3 25ml 9] WlAle] 3.44ml 9] triethylamine (25
mmol. le) %4l $9¢ A go] 30%
7k 83 Aor H2vhg, wtE dry benzene
25ml ol phenol -F-%4) (25mmol, leq) (p-Cl 2.
98g, H2.53g, p-CH,; 2.70g, 2 »-OCH; 2. 85g)
L %91 89S BSIP &} triethylamine 2 4-& &
dol] AR A FHA F3 Tt

A A" W44 (Et);N-HCl 4
(Anal. caled. (%); CsH;NCl, C52.36, H 11.
63, N 10.18 found(%): C 52.15, H 11.07, N
10.20) & A3t Y& AFFEAA JAE
& delzz AAARse AAZ ohgol Fisher-
Johns hot stage melting point apparatus 2 3}
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Phenyl N-benzenesulfonylchloroformimidate
(D): bp. =174~177°C: 30mmHg, yield, 88
% (6.5g) uv(dioxane); 250nm(E 17,600) ir
(neat) ;3050(m. C-H st.), 1595(s. C=N st.),
1370, 1170 (ws. SO, st.), 1195~1220(vs. aryl
C-0O st.) 860(vs. p-disub. phenyl st.), 780
(vs. phenyl s£.) nmr(CDCI;); 67.0~8.0ppm
(phenyl)

p—Chlorophenyl N-benzenesulfonylchlorofor-
mimidate(II}; b.p. =193~197°C; 30mmHg,
yield 929% (7.5g). uv(dioxane); 248~250nm
(€18, 600). ir(neat); 3070(m. C-Hsz.), 1590
(m. C=Nst.) 1360, 1160(ws. SO, st.) 860
(vs. p-disub. phenyl st.), 740(vs. phenyl st.)
nmr(DMSO-d); 67.0~7.5ppm(p-disub. phe-
nyl) 87.70~7.90ppm (phenyl). Mass spec.
m/e(%); 254(13) 252(43) 250(63) 248(41)
218(100) 198(28) 156(30) 154(23) 141(51)
123(44) 109(74) 77(17) 65(18)

p-Tolyl N-benzenesulfonylchloroformimidate
(II1) ; mp=33~35°C, vyield 94% (7.2g). uv
(dioxane); 250nm (€18, 000). ir(neat); 3050
(m.C-H st.), 1590(m. C=N st.), 1352, 1160
(vs. SOg st.), 8609(vs. p-disub. phenyl sz.)
750(vs. phenyl st.), nmr(DMSO-dg); &7.8
ppm(phenyl), 36.8~7.3ppm (p—disub. phenyl)
02.23ppm (s. 3H,-CHy),
(%); 272(13) 270(13) 268(31) 248(13) 167
(0.5) 1550.5) 141(75) 109(18) 77(100) 51
(31) 39(0.7) 26(0.5)

p-Methoxyphenyl

Mass spec. m/e.

N-benzenesulfonylchloro-
formimidate (IV): mp=43~45°C, yield 90
% (7.3g). uv(dioxane); 252nm(el8, 000). ir
(neat) ; 2820(m. methoxy st.) 2900~3100(s.
C—H st.), 1590(m. C=N st.), 1340, 1190 (vs.
SO, st.), 1240(vs. aryl C-O st.), 780(vs.
phenyl st.) 850(s. p-disub. phenylst.). nmr
(DMSO-d;) ; 67.8ppm(phenyl), 86.9~7.0ppm
(p-disub. phenyl), §3.78ppm (m. 3H, -OCH,).
Mass spec. m/fe, (%) 266(2) 264(32) 218(2)

176 (10) 157(0.7) Sl 21 125(4) 123(100)
109(5) 95(20) 77(34) 51(18) 39(4) 26(0.7)

3. dreszisol £ U MYE sfol b
SEY L& EHFo dioxane & 71314 1 : 4 diox-
ane &9 EFLASE WHE  o}Le] Fisher
Accumet model 525 digital pH/ion meter 3-
Ahgste] 958N e do] pHE 2439 ond
NaClO, & 713te] o] 29 A71& 0.100] H=
£ 39l x4 242 dry dioxane 100
mlo] (D~AV)E 713t ghE AA-FR oz g
SE4Y FEE 3.3X107°Mo] HAz 94
gt pHol A A 7te] wE F3=w3E :L"H%-u"‘—
& el & 245~250nm o A A st shR
3 WFEEATFE I oL

AAE AL A3k (1)3g & 50ml9 di-
oxane o] Folx EER ¢FSwrtx] ZHFE
7hete] A4 g o2 & S #5F
FSHAZ ), A-F phenol 8-S A Atz A
E2F AAAG chgel FAATS AT 9G4
o A} F3 44 &2 benzenesulfonamide o] gt}

Obs. mp; 151~153°C (liz. 152~154°C), ir
(neat) ; 3220~3350(vs. NH, st.), 1330 (vs.
br.SO,NH, st.), 1150(vs. sym. SO, st.) 750
(s. phenyl st.) Mass spec. m/e(%); M+2
159(1), M+157(30)

Huje} {3t
1. JiEs] Ba&s M4 948 pHoA
A7k M2 A2 84 (9)Y Trude §F
S A% log(A,~A)E A7tel Aslq =
A AG eEEE AR 1 =el] ulef 3}

= AP 1Au-gol
g °ﬂi, (D9 pHel| w2 7l5Es wg
&5 A4E Table 10 A58 1

=]
2 ‘%‘—E.*J‘l‘ Beate. - FhS S x4
Al Aol Fig. 12 Tablel
A AS3 1A

St ke R4S WEE bERR AQlW] Fgkel F
LA S & sk FA A upgge 9
ez FA4% ID~AV)S pHel wlg 7p45E

=1 J—AJ-T kobs.
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3 WML T ALS Table 20 ¢ 93 o

Table 1. First order rate constants(%,. 10%sec.™)
for the hydrolysis of phenyl N-benzenesulfonylchloro-
formimidate (I)in 1 :4 dioxane-water and 25°C. (u=
0.10, NaClOy)

Buffer solution pH (Sk;}.)s_.l) (sfe::lf"l)*
Hydrochloric acid 0. 00| 8. 05 8.54

0. 50 8.10 8.54
1.00f 10.00 8.54
1. 50, 8.00 8.54
2.00 8.05 8.54
2. 50 8.25 8.54
3. 00 8.50 8.54
Acetate buffer 3.50, 10.00 8.54
4.00 8.50 8.54
4.50 8.00 8.54
5. 00 8.50 8.54
5. 50 9.25 8.54
6. 00 8.25 8.54
6. 50 9.00 8.55
Phosphate buffer 7. 00, 8. 00 8.56
7. 50, 8.50 8.63
8. 00 8.25 8.84
8.50[ 10.50 9.48

Sodium hydroxide & 9.00, 14.50| 11.50
boric acid 9.50| 16.70, 17.8
10. 00! 33.50; 38.4

10.50] 105. 103.
11.00; 302. 306.

*k 1. values: were caleulated according to the
equation{4).

logh+é

1 L H -
1 3 5 7 S n
pH

Fig. 1. pH-rate profile for the hydrolysis of phenyl-
N-benzenesulfonylchloroformimidate(I) in 1:4 dioxane-
water at 25°C(u=0.1, NaClOy).
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Table 2. First order rate constants (obs. 10%secl.)
for the .hydrolysis of aryl N-arylsulfonylchlorofor-
mimidate derivatives in 1 : 4 dioxane-water and 25°C
(#=0.10 NaClOy)

pH p-CIAD | p~CH,(IID) |p-OCH,(IV)
0.0 7.58 10.0 10.0
0.5 7.00 10.5 9.50
1.0 8.02 15.2 13.0
L5 10.50 9.85 12.0
2.0 8. 00 8.88 15.5
2.5 8.52 15.0 14.5
3.0 7.04 10.0 9.85
3.5 8.22 11.2 8.82
4.0 7.00 14.5 14.2
4.5 7.50 10.8 14.2
5.0 8.12 10.2 9.2
5.5 9.12 11.0 13.8
6.0 8.00 10.0 9.54
6.5 7.25 8.55 15.0
7.0 9.50 9.54 13.5
7.5 6. 80 15.2 14.2
8.0 8.25 9.0 12.0
8.5 9.92 13.8 10.0
9.0 10.30 18.8 14.5
9.5 17. 42 15.2 15.5
10.0 37.60 38.2 23.6
10.5 153. 85.3 70.5
11.0 442. 256. 2 190.5

. pHell 28 logk 9] W3t pH

of 343 -} hydroxide o] &g o] w3k
oz FAs Jlenz(Fig. 1) ub

FE24 (343 7ol vepd e gl

Rate= ——d[ti:-k.,bs_ (s) ¢y
= {ko+kou (OH)} (s) @
koys=ko+kou(OH™) X Ky / (H;0%) 3

@) A4 ko ¥e pHoA Lo
A

Fofz

AP e FEFTIY bonv ED

pH o A hydroxide o] & F %0 vl 3} B0
Z hydroxide o] 29} Ze]&& 02 Q3o A3

£ i)
0.0~8.0 ~}°]

WSHE Aol ko e pH
SE449 PTRE AP
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koy & (OH )efuje el A9 718 & #3)
o (At FFP e} ol#g wHew
DO~AVYH-=Ae A3ty F25 w3E AL

Tl @~ (DA b

Phenyl -N-benzenesulfonylchloroformimidate
M;
kops. =8.54X107*+2. 98X 1073/ (H;0%]  (4)
p-Chlorophenyl N-benzenesulfonylchlorofor-
mimidate (II);
Fops, =8.12X 1074 -+4. 49% 107/ (H;07)  (5)
p-Tolyl N-benzenesulfonylchloroformimidate
(I1D) ;
Fops. =1. 12X 1073+2.55X 1073/ (H,01)  (6)
p-Methoxyphenyl N-benzenesulfonylchlorofor-
mimidate (IV);
kas. =1.23X1073+1.85x 1078/ [H;01)  (7)

3. 8uiEnt Imidate(DH~AV) FE=ASY
H

ZAeEd WSS E A4t pH# e F33)
pH5.0 0] A dioxane &9 &3H]§3 WA A

AdA Ay S L e
Table 33 7r}, 9} Gl 9] =4 w3}
we gol9l ol £3k 5315te WA & ol
9%t Grunwald-Winstein A]13¢] jolg|& 4
2 g T4F 5, 4009 $ARFA
FtErE dhgol WA E 44 Aok o=
A3tgo] 449 L el o

o i
O”‘l

A=
H&%#

O &= I
k-8 4

A, Aol 4UE FAte

2 2ARE W
SEE g 9E4e] 25 ARl $ohe H2
A%t ARl wrek Aol At g sisH of
2 Qete] FAHNIA} Fad o] BEEES}
welA e ez AYEs g

pHS.0 ol AE A% AAE FE ¢
o) 45 ol o] IAHHNEZ mE(L3~1

5)0] Zrhsle Aol A, W sl we 7
E, m3e] m>10" SNyukgo], m«1old,
SNy ¥t-gol o8] ubgol ARtz U A
glemzi o pHolA 2 ukg-2 Ao] e o]
A StAel Frbehe SNyubgo] dojds & &
Ak,

4 o

Aefel Al FAB A315EE P4 A3t

10* sec’l.) for the
N-benzenesulfonylchlorofor-

Table 3. Rate constants (kg
hydrolysis of phenyl
mimidate derivatives in various aqueous mixture at pH

5.0 and 25°C

H,0-
f B _ P—CHa P—OCHa

Dl((;zsme p-H@) | p-CI(D am (Iv)
40~60 0. 452 0. 355 0. 50, 0.575
50~50 1.20 0. 875 1. 30 1.42
60~40 2.85 2.15 3. 00 4.73
70~30 6.70 5.00 7. 22 8.90
80~20 11.22 8.88 15. 20 15.42

= EEATE dolry] $8td Kivinen plotBE-

g A, Y kol Agk logk o W3] el 7o
AR FAY AAN F55 FL & 2360~

5.5) & vERR A,
nzkol 1~30]= SNpub-g- 28]z 6~79 ¥
2F 2% vepig SN1 Wgoz AP =
16 m ko] A}el ko] pH8.00]5te] A4 o
FALN T E SN, &—S— 2 IR A

FHE & ¢ Ak

4. X|&7| 5o}, HrEE SR vA e
A 37 a3 dotr ) $ste] pH 5.0 7 pHIO0.
oA 37 Fgel g logks. #4E Ham-
mett 2] AL Ay pH5.0AE p=—
0.45, pH10.014 & p=0.40& A}

%2 pHellA p<09] 3E 2=
AEAGA Clo] olgd Fo b3 2 4
T2 FE Ao S aFdo A gk vhet
Zro] AA FA o 9 3dte] azocarbonium o] 2-2]
g Aol Frhetr] Wl el SNyukge] et
3 A

= A 7

—_

¥ pHFZAA p>04 & ey
£ olfe, %& pHoMgE 98 we34q
azomethine 49 78] FAd}rt F545 hyd-
roxide o] @0] Rt} wl=A utedd Yz g A
Fol A= Aol WS E AAgAol g
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SNy ubS- w7k Foll 9J3te] ubgol AP & %
gk, olwl p ko]l AL AHe SEAAGA
A] o] &7]¢l phenoxy group el A3 2379
o o] Archi= AL gr|dte] olgr]rt obd
benzenesulfonyl 7ol Aq= 37 FIFF
e ASo = vnd & pftd vEhids =
& Brown 9 X &7 &3] disle] HEgvl,
Hammett 9] X 37 g3}7} nro} 22 Afoy
A AA4S FRIAE PG,

5. 752351 vt2nFtL|E.  Benzimidate 7}
aroylamine ©.2 =& uh-d] lo]A aryl 7|7}
494239 Aol AN & AF3e 1.30] F3 =
A2 7 wk-ge] 19151 Mumm o] &j3fe] AT
%, 1925130 Chapman o] &J38te] A Aoz
A= o gz vt o] 4kgE “Chapman
A=) %7 ubgr el etz e AA H3hrh
28}, formimidate 8] azomethine &4 A}
phenoxy 7] ¢} chloro 7|7} A= el 2749

A ARE D~AVS AgelE A4 o
S Zez Aerast dol e Aoz
59, Qubn o Schif 9719 Aia]
S5t pHuSel B2 59 EGE e
15 NgAl Azt dojy S5
A7 detAA Hrl AELER OH~AV)
A¢olE NS AN A AAEA
o] benzenesulfonyl 717} A A2 &7 A 5ol N
QAL 1A FAsE HAH 22 NgAl
WEt g Azt 9ste] 54 AZeik-Se] o
ol A gz AAAQ EEAt hydroxide 0] &
o] azomethine B} A o HArld oho A4S

ol

=

4
==
rn‘..

o oo ox
f

)

o od rfr = £ rfn

2]

. OH $
OH; oW i
PhSO,N=C-Oph X~ pm;:)“sn [phso,u:g—om-x]
(= (1) ’ e d
Cls-
0 slow l
fo F0. pH>8, SN,
o |
[mso,u:c—c)ph-x] ———5 ——» PhSO,NH, + COp+ HO-Ph-X
i) )

Scheme. Hydrolysis mechanism of phenyl N-benzene-
sulfonylchloroformimidate derivatives in the range of
pHO. 0—11. 0
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At

w2k, wSEEAS mgk 2E 2 p oY
E] chloroformimidate®?] 7 $-9} w|<g A==
AYH = 7heds weH A E& A st

Z, pH8.0 ¢]3&}e] A &= chloride o] &0] o] &5
£ 52 AFAE A=A azocarbonium o] -&(I)
o] AAEE SN, ukgo 2 Jheridubge] A%
==, pH10.009] Ao A=, azomethine Bt A}
of Al A=A hydroxide o] o] A7l3tE S
ARAIAE At AFAGe] o] FojA Aol 3
£ AR3E SN ub-8ol 9 3te] carbamate 7} A
A= tg, ECBul7h]E2e e oA & A
3] benzenesulfonylisocyanate & 7 -§-38}le] ben-
zenesulfonamide 25 & &9 EA4%1 63+ 7}
YEo g slgEau-sol AYPHrts AZ4A

wtebA|, pH8.0 oldtell A& SN, =¥z pH
10. 0] Aol A = SN, pH8.0~10.0 Afole]A &=
SN, 3 SN uk-go] ZAAA ez doj g A3
of WE YgEEA @)~ Ml % ARAHRR
2y o4 gk o FA 2 F2A A ben-
zenesulfonylcarbamate -§- 5.4 o] HE WESE
A%2 Z73ste] phenyl N-benzenesulfonyl-
chloroformimidate §-53 59 AAIgF 7153
ubS- Wl 7 Foll At Q-FskaAt girh
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