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2 o M2-F 47FA 9 phenyl N-benzenesulfonylchloroformimidate §-582 $43}= 25°C ¢}
1:4 dioxane-£9] o4& EFENFNA] 7l WESET A9 £33 Fxgor FH3
g pHy Yd B85 & 7hrid H$E5248 =30 7] EH(e=-0.45, p=0.40),
£ol A5} (m=1.3—1.5, #=5.0—5.5), #SFE4 D A4 & ¥4 59 AAZLFY s8] ug
7] 2L At & pHO.0-8.09 A5 FH LA A= SN, 28|z pH10.00[ 49 ¢
Ftel 4 Sde] & SNy vk 2.2 715287t A3 s e] ECBYH L 2 benzenesulfonamide & /4§ 4 3}
e 49 dgez Jrddst AL 4kt

ABSTRACT. A series of phenyl N-benzenesulfonylchloroformimidate derivatives (p-H, p-C),
p~CH; & p-OCHa) 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 o 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 jon intermediate in the acidic medium, whereas, it involves direct attack by
hydroxzide fon 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=
1.83—1.5 & 2=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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) B tHFolAz A,

Br-A 4 o| 2A R L E 0] Fo]7] azomethine
group -2 carbonyl 7|} a, B §h&-ttL o] 54
Fol AAE AgAl st Aol At ASH
&3 F2ae 2] W] FEA%-EIA
= FHQ 1e4de Az QW -Azome-
thine 2 {& ga-gka o|SAFH o] 4tz
AFE 7MY T4 o|FAR|nE AR
H3F AAE AR AAYESE 2 FagAl
£ AAAAL dkgo] dojupAgl azomethine T
2 Aol AAFACE o, FhaE | g
QA AYAG kol doviA =l e
YV wezAs 2o gepfe] web A,
zEA/S, (-, o|4AF ug, A
&7k 2 Fgukg 3o dkgol oEA &
o .

®g, azomethine ¥t A9 1A A N
S 059 se 2427 AE= formamidine,
thioformimidate, formimidate 2} %] azome-
thine g9 Aol AAEAZ & %-Fohie A
A 3RS AAAY AEe] EF ¢
g7t A,

Hegarty 3%&  dioxane-4-8-9 oA
chloride >chloroformamidine > chlorothioformi-
midate>chloroformimidate 8] 2.8 SN, %
o] & AHFP L xuilgen] N-aroylimidoyl
chloride & 728 vk A5 @A GOA
47k SNy #h SNpwHg-2 2 Aghg A9zl
3, W2E5 = C~(N-methylantlino>C-thio-
phenoxy >C-phenoxy group 8] 402 walad &
Vel 22 azomethine ¥4 Aol A $=l 36
BRAZ N>S>09 ¢£22 #3EErt 3
Aok A& Gd

E3), formimidate 2] azomethine &4 A} ol
phenyl 717} A %% aryl N-arylarylimidate =
497 =9 Aol B E AA phenyl st &
29 A4 AaQA For 1,30 F8 of &
v} Chapman-Mumm 2] &3] ghge] Qe A
2710 azomethine B A 278 A& &
ol&r7t QASY Ad G JlrEEtgol
Qoj A =l
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1. Algfar 717). phenyl N-benzenesulfonyl-
chloroformimidate =82 g4 wSEEE &
AAd 83 2E Agd & AR A
3, Aol o]84¥ NMR-& Varian 60MHz
Spectrophotometer 0] gl on] 2% esl= A%
Lo FAA TMS & Wl ¥ S E£E22 I3
A9 A B35 = JASCO Model DS701G Grating
Diffraction Infrared Spectrophotometer &, %t
£ 23 UVaHed-E Pye-Unicam
SP1800 Uliraviolet Spectrophotometer & A}-£3}F
o o1}, Gas Chromatogram-& GC Model
Hewlett Packard 5730A S spectrum & 3L
ol 3927 et 93T A EAZAY
Mass spectrum -2 H/P 5985 GC/Mass Spectro-
meter & M A AP,

2, Phenyl N-benzenesulfonyichloroform-
imidate §=#2| 843, Benzenesulfonylimido
phosgene(BSIP) 15 Hegarty5%¢] whe] wule}
dry benzene 100mI o) BSIP 5.93g(leq) & 713t
2 25mi 8] WaAle] 3.44ml 9] triethylamine (25
mmol. leq) & ¥ X & ¢AY dd 0%
7k 283 Aoy {28, W2 dry benzene
25mi ol phenol FE4) (25mmol, leq) (p-Cl 2.
98g, H2.53g, p-CH; 2.70g, ¥ $-OCH; 2. 85g)
& 59 &9 & BSIP 9 triethylamine & 41 & £
Aol AME A FAA 3] EFsg

AgdA A" H334 (E),N-HCl 4
(Anal. caled. (%); CeHNCL C52.36, H 11.
63, N 10.18 found(%): C 52.15, H 11.07, N
10.20) & A Fstn 4L AFFEAA 4B E
& ovl 22 AAAsS AAG bl Fisher-
Johns hot stage melting point apparatus 2 3}
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Phenyl N-benzenesulfonylchloroformimidate
(I): bp. =174~177°C: 30mmHg, vield, 88
%{6.5g) uv(dioxane); 250nm(E 17,600) ir
{neat);3050(m. C-H s¢.), 1595(s. C=N s¢.),
1370, 1170 (vs. SO, st.), 1195~1220(zvs. aryl
C-0 st.) 860(ws. p-disub. phenyl st ), 780
(vs. phenyl st.) nmr(CDCIs); &7.0~8.0ppm
(phenyl)

p~Chlorophenyl N-benzenesulfonylchlorofor-
mimidate(II); b.p. =193~197°C; 30mmHg,
yield 92% (7.58). uv(dioxane); 248~250nm
{(c18,600). ir(neat); 3070(m. C-Hst.), 1590
(m. C=Nst.) 1360, 1160(zs. SO, st.) 860
(vs, p-disub. phenyl st.), 740(vs. phenyl si.)
nmr(DMSO-d) ;  87.0~7.5ppm{p-disub. phe-
nyl)  87.70~7.90ppm (phenyl). Mass spec.
m/e(%); 254(13) 252(43) 230(63) 248(41)
218(200) 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%(7.2g8). uv
(dioxane); 250nm{cl8, 000). ir{neat); 3050
(m.C-H st.), 1590(m. C=N sz.), 1352, 1160
(vs. 50, st.}, 8609(vs. p-disub. phenyl sz.)
750(vs. phenyl st.), nmr(DMSO-dg); 67.8
ppm{phenyl), &6.8~7. 3ppm (p-disub. phenyl)
02.23ppm (5. 3H,-CHj), Mass spec. mfe.
(%); 272(13) 270(13) 268(31) 248(13) 167
(0.5) 155(0.5) 141(75) 109(18) 77(100) 51
31D 39(0.7) 26(0.5)

p-Methoxyphenyl N-benzenesulfonylchloro-
formimidate (IV): mp=43~45°C, yield 90
% (7.32). uv(dioxane); 252nm{¢18,000). ir
(neat); 2820(m. methoxy st.) 2900~3160(s.
C—H st.), 1590(n. C=N s¢.), 1340, 1190(vs.
SO, st.}, 1240(vs. aryl C-O s2.), 780(vs.
phenyl s£.) 850(s. p-disub. phenylst.}. nmr
(DMSO-d;) ; 67.8ppm{phenyl), 86.9~7.0ppm
(p—disub. phenyl), 83.78ppm (. 3H, -OCHj).
Mass spec. mfe, (%) 266(2) 264(32) 218(2)

176(10) 157(0.7) 141(2D) 125(4) 123(100)
109(5) 95(20) 77(34) 51(18) 39(4) 26(0.7)

3. HEXSAeo 23 8 WME S9! 9
S8R L FFol dioxane & 713} 1: 4 diox-
ane 89} EFEAE PE  clLol  Fisher
Accumet model 525 digital pH/ion meter 2
AHgstd 95892 Yo pHE zAdg o
NaClO,; & 713te ¢] 29 A7E 0.100] H=
£ Rt 2SS 3L dry dioxane 100
mio (D~AV)E 7138t gt A Fgae = b
$49 FEE 3.3X107°M o] HAB 2 93
T pH oA A7kl wE FAFEHHE T F5
E e 245~250nm A A FA st SR
3 HEEEATE T

AAE T4 8 (1)3g & 50m/ S di-
oxane o] Ho]lx TuElR] La)rlx] ZHLE
7tte] A dAH o2 § g HHFF 2
T3 A A BF phenol 3 2& AAsz A
2% AART bl “E"‘-’I@*} A= 454
A F3 B EL benzenesulfonamide ©] k.

Obs. mp; 151~153°C (liz. 152~154°C), ir
(neat); 3220~38350(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)

et o

L Jb5Es WEAE M4 UAY pHolA
Azbe] M2e JEEA ()9 vzl 3
EF 4% log(d,—A)E AZtel dishe] =

2% WEEET ARFES] 134 w3
AYAQ 13S0l ot
Az, O pHe wtas 2teed g
&% A% Table 1¢] Bgslgon Alddt 1
kg FEFT ke 3L $EA Q)] 931
ARy Zolvy, Fig. 1 Tablel & 2723}
o pHel A A5 1348 E2495 Ay,
St ko 39 W3 vebd A Fgte] F
LAFFE & Aok FA AEIY w4
ez FFF AD~AV)S pHo) & A2
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3 W& = AFZEE Table 20 SFsATE Table 2. First order rate constants (fobs, 10%sec™.)

for the .hydrolysis of aryl N-arylsulionylchlorofor-

Table 1. First order rate constants(Zn. 104sec. )
for the hydrolysis of phenyl N-benzenesulfonylchlora-
formimidate (I}in 1 :4 dioxane-water and 25°C. (u=
0.10, NaClO,)

Buffer solution pH (f:cl.)s:l) ( se‘gc‘_‘L
Hydrochloric acid o.000] 805 854

0. 50 8. 10 8.54
1.00[ 10.00 8.54
1. 505 8.00 8.54
2,00 8. 05 8.54
2.50 8.25 8.54
3.00 8. 50 8.54
Acetate buffer 3.500 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. 9. 00 8.55
Phosphate buffer 7. 00 8.00 8.56
7.50 8. 50 8.63
8. 0, 825 8.84
8.500 10.50 9.48

Sodium hydroxide & 9.00| 14.50 11.50
boric acid 9.50| 16.70f 17.8
10.00 33.50, 38.4

10. 50| 105. 103.
11.00; 302. 306.

*Ekeale. Values: were caleulated according to the
equation{4}.

logh+é

pH

Fig. 1. pH-rate profile for the hydrolysis of pheayl-
N-benzenesulfonylchlovoformimidate (I) in 1:4 dioxane-
water at 25°C(p=0.1, NaClO,).
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mimidate derivatives in 1 : 4 dioxane-water and 25°C
{#=0.10 NaClQy)

pH £-CI(D | p-CH,(II) |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
1.5 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 1.2 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
5.6 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
9.9 10. 3¢ 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
11.9 442. 256. 2 190.5

2. PEZEA pHo 93 logk 9 W3l pH
B33k 225} hydroxide o] &35 o a8
_‘?_'

ol
T 7 REeR FAEe] JlenE(Fig. 1)
$EEAL A% 2ol vebd glot
Rate=— d[S] = Kobs. [3] (1)
= {k0+£on (OH7)} (] (2
koss=ko+kou(OH™] X Ky/ (H0%) 3

@ AAA koe & pHlA Fo] Foiz
Zg3te AP ST knv B
pH ol A hydroxide ©]-& o) H] &3} B-Eo
2 bydroxide o] 29] &olZ§0.2 lete] 75
He 75l &R Aol ko 3 pH
0.0~8.0 Ale] S£ExA59 Fdge HIE=
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kop & (OH7)eula st 49 71¢ & A%
LA A g Bt ol ez
D~ V) FEA et f2d WS4
GE @~ DA 2

Phenvl -N-benzenesulfonvylchloroformimidate
®;
Bope, =8.54X 10744+ 2. 98X 1078/ (H,01] (4
p-Chlorophenyl N-benzenesulfonylchlorofor-
mimidate (II);
koss. =8. 12X 1074+ 4. 49X 1073/ (H30%) (5)
$-Tolyl N-benzenesulfonylchloroformimidate
(IiI);
ko, =1.12X10774+2.55 X107 3/ (H;0)  (6)
p-Methoxyphenyl N-benzenesulfonylchlorofor-
mimidate (IV);
Fops, =1. 23107341, 85X 10713/ (H,01) (7)

3. 8oigat ImidateD~AV) FEAES
AEEE d$EE A5t pHe sl $33

pH5.0014] dioxane 9] E3u]-&& #3AA
b A s S drE $3% 28
Table 35} 7}, LS50 Soj)o] =4 3o
whg o] o] &3} FH15Le) Al & dobrr)
318} Grunwald-Winstein 2)3%] jq] s & A
s, 29 o] F45 F 99 FHA
FNEFE ol wElE 4F itk olE
weE A4 B3EEe] 49 L go)gel o
Azshd, Aol A& J43%= BAR 0$
S5 o] o&40] &7 HEd $ol F3A
Aot AR wel gol ezl A s o)
2 Q3] B4 8ol A7} s} HEEE}
welA Roz 44984 ol

pHS8.0 o} 3l A& A&7 AAE F£ &
o} 4% 9ol o] A EE mgh(l.3~1.
5)yel &7bste Aol A, $alisle) whg 7
&, m3kel m>10]8 SNy wH&ol, m<19o)ql,
SN ol 9dte] wkgol ZAPRArtz Un A
ozt ke pHolA & yhg-& A o] e of
A 3k4o] FohsHE SNiubgo] gojde ¢
Aet,

4 ol Aol A 43} AJFE P A3}

Table 3. Rate constants{ky, 10* sec*l.) for the
hydrolysis of phenyl N-benzenesulfonylchlorofor-
mimidate derivatives in various aqueons mixture at pH
5.0 and 25°C

3
D%ﬁme #-HO | p-C1(10) P(‘,?I‘)*a P*g%“

ao~60| 0459 0.388 o050 o057
50~50 1. 20 0. 875 1. 30 1.42
60~40|  2.85 2.15 3.000  4.73
70~30 6.70 5.00 7. 22 8.90
80~20] 11.22 8.88| 1520 1542

£ EERATE goluy| 9% Kivinen plot5&-
T 23, Yol Hgk logk o #EelAer 2o
AA FAY A7 FFE G E 2% GO0~
5.5)& el RAeh

ngko] 1~30]d SNpukg 283 6~79 ¥
23 g% vehis SNiwtgez A=
21 mgke] st} o] pHS.00)3te A4 2
FALNFdA = SN S22 JMFRE st A
FAE & F Ak

4. Rg 5}, JlEd S-S Eed wEHE
A7) A3 ot 3k pH 5.0 pHI0.
oA AF7] FgVo] g logks,. e Ham-
mett A ¥o]] A 23 A} pHS.QAHE p=-—
0.45, pH10.014 & p=0.40% L 3Lch

FE pHA <09 §& Zteaths A 7
AFAAA Clo} o) g Fo ohgat 22 F
T29 FRrysiel Szl A9 uhst
Zo] AA FAl &dle] azocarbonium ©] 24
QAR Aol Frtetr] W Fel SNyukgol deofteh
> A%y deh

@D @ ®
-N=C-0=-N=0-0-~-N=C-0-
. D
~-N=C—0=o-N=C=0- %
@

¥d, ¥& pHEZAA 0>08 e vy
£ o1FE, 22 pHoME e w54l
azomethine 428} A7t F45 hyd-
roxide o] 2¢] Br} mzA wEdtd Jzg A
Fo] A== Ao W& E Aol ma

Journal of the Korean Chemical Society



Phenyl N-Benzenesulfonylchloroformimidate SE3648S1 A S M R 71 &3 SUERKEaRRY BIR 333

SNy ubg w7 Fel) 2 o] ubge] PR & %
ot olul pgkol AL AFE SEAAGEA
2] o]¥+7)¢) phenoxy group o] 2§ A 37]9
o go] A= AL u)3le] ol”r|s} oy
benzenesulfonyl 7ol A ¥R FH 7)o FFE
e ALl vnd & p8e i =
 Browndl A7 mA%| Wsted Azl
Hammett &) X 87 &3 3oh & Afod
A AA49 FB3AAE e

5. 728 4t2M7IL|S, Benzimidate 7}
aroylamine &2 & ul&e] lo]A aryl 77t
494729 Aol A& A5t 1.30] F3e
Ae] &7 k2ol 19159 Mumm o] 2{3te] AF
2%, 192533 6] Chapman o] 9|3t} FA R
d-F-5o] wrEgel wet o dk3-E “Chapman
A2 3 g0l ekz 4HAA H 3

281}, formimidate &) azomethine k44 A
ol phenoxy 7|9} chloro 7|7} A@s o] 249
o2yt A¥A H~AV)S Afo vl =
2 s EFoz it deld Aoz
ol AR e Qukg o2 Schiff 719 AgEal
¥-g5 5y pHwl sl whet 59 =S viehy
£ % NEAel 348l 4ot §52
ARA 2eAA =57 RELHAP O~ AV)
9 AgelEe NE9AY ARYAN A AAEA
¢l benzenesulfonyl 7|17} A& B7)A el N
A= BEAHQ FAFE HAHEZE NYgAA
W GRS 98l £ AZiEge] o
o] 3] ¢z AHAAQ EEA hydroxide o]
o) azomethine Bt Atell Aol A4S

OH; hor ¥

PRSON=C-OphX. —oprrcgiei [phso,mt-m-x]
(= (1v) ds
poo |2 }
4T o8, SN, 1

» $ .
[PhSONSE-0ph-X] ——p —— phSO,84  COp HO-PX
i
Scheme. Hydrolysis mechanism of phenyl N-benzene-

sulfonylchloroformimidate derivatives in the range of
pH0.0—11.0.
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At
wetd, NEEEAT mk 2]z p o 2Y
E] chloroformimidate®s] #$-9F ¥l<cdl A28
AYH = s wE 7 S A ks
%, pHS.0 ¢] 3}l A = chloride o] 20} o] g
® 244945 AA azocarbonium o] &(I)
o) JAHE SN utg2o = JhyEaibge] A%
s|v, pH10. 0] Ao A=, azomethine §l4-9 2}
o] Al WAL hydroxide o]-2¢] A3l 4=
AARAE A AR Ae] ol o)A Aol A
£ B H3e SN2 wk3-ol 2134 carbamate 7} 3
A8 thg, ECBHFIEHo 2 A& A
# benzenesulfonylisocyanate & 7 53l ben-
zenesulfonamide 25 = Q&2 4% vk-&-+ 7}
Soz AAeaitgel APtz Az
utz}a, pHS.0 ©]8ldl A& SN, =28= pH
10. 00] 4ol A &= SNy, pH8.0~10.0 Aol A=
SN, 7 SN, ubgo] AAAH o2 dojdg A
o ME RIHFEH W~ A AdER2
2 g4 Ak vk FAzE $73A ben-
zenesulfonylcarbamate &40 W uwHEEE
242 &23%ke] phenyl N-benzenesulfonyl-
chloroformimidate G358 AA4jgH 7153
uhg W 7 Sl Fete] Qs {ioh
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