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£ ¢ 25°C9 1:4 dioxane-%9] Z38A %A =eb-23% phenyl N-(p-chlorobenzoyl)
chloroformimidate (I} FxA 59 7}488) vteds A4E5 24z w244, 37 273 (>
"), BAE £4 9 EAAE 59 AL A7 23 pH3.0 o] &A= azocarbonium o] £ (II)¢]
AR = Sylubg WAt Fe 2 F3E0] ubgo] dojus], pH4.0 o] Fell A& Aol ’E}Eﬂl(m)% A
E Sn2urg A EE B3t ] FoiubSol doldg At & +F A 4714 peri planar §
g o] 4AAEY AN A= A4 (E-ap)>(Z-sp) >E-sp) > R (Z-ap)e] =, (E-ap)FH]
8 7} kA& QA F-EE benzimidochloroformyl group W ol o dle] Y-X] 3 phenyl groupo] 43
(90°) & ol 9o (D9 ¥A3ld azomethine ¥t4 Y =fol|l 3t FEAE Azet FH &3}
A ko] dojd}, -

ABSTRACT. Rate constants for the hydrolysis of para-substituted phenyl N-{p-chlorobenzoyl)
chloroformimidate (I) derivatives in 1 : 4 dioxane-water at 25°C have been determined. Rate data,
substituent effect (o>p™), product analysis and MO calculation indicate that the uncatlysed reaction
proceeds through an Syl mechanism involving the formation of azocarbonium ion (II) below pH
3.0, and the base—catalysed reaction proceeds through an Sy2 mechanism via transition state (III)
above pH4.0. The relative stability of four peri planar conformational isomers were (E-ap)>(Z-
sp) > (E-sp) >&(Z-ap), respectively, and the most stable stereo structures shows that the Y-substi-
tuted phenyl group (CgHsY) occupy vertical (90°) position on the plane of the benzimidochlorofor-
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myl group in (E-ap) conformer. The nucleophilic substitution of water molecule occurs by sigma

attack to the activated azomethine carbon atom of (I) derivatives.
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limidic acid 1} isoamide 2] o ~®]22¢] form-
imidate = Schif--91719 W34 epd B
olr] 2}, thioformimidate 1} amidine #} © Eo] 3l
4 Arbarg, AAY A3E, AAuE,
43 4s 2 ANS B8 B0l hsbl
oy, 53], chloroformimidate & wh&-2& 3
YA o] F7-9} azomethine Btro] AFE o]
7)ol whet epeFdt ubg-E Al =dl, EEAF o]
9] A 9] uh-§-2 chloro group Blo] o] &5
Awe, g wgel Aoirs 3 4ol & A
Aoz o|&r|7t BT o]&EHI| % g, o|E
717} Q1% imidate & IAA Ahibg F 4t
A~ 7] Evjut-go 2 AMHA F2HA & A A
Ao A= amide & ester &, z7 32 Q7] A
& N-X & amide & AAIA L5, FL o|&7
7 QA A2 97 ol Aol @ Syl
ol v} Sy2 EE Adyr 59 HHA ubgo] ¥l
Qe

Azomethine 3 §E29] o] A3} ul-&-2 bridged
ion pair complex & 3 A 3}e] o] o] A7 oxime
ether & conjugate base ¢l nitrilium o] £8&
A1} alkoxy groupo] o}&€rE o] benzonitrile 2
4 5E central E; w80 Aoe, e §
482 phenyl group o] v} E& acyl group o] 4
29 ANA ALQAR 2 FAAE A 1,3-
¢] 58} Chapman, Smile, Beckman-Chapman
% Chichibabin u-g Fol <A A=HO,
{1a) X=p-Cl,Y=p-NO,
{1t} X=Y=p-Cl

¢ (1d X=p-Cl, Y=H
xtm‘c-mg-ow (1) X=p-Ci, Y=p-CH3

q {le) X=p-Cl, Y=p-0CH3
(If) X=Y=H

<I>
B T Ae 449 stet-2 34 Phenyl N-
(p-chlorobenzoyl) chloroformimidate (I) -f-E]
£ 343 o2l pH7.00] 3} dioxane-E9] &
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FeAEAA doluh Apdl HIEE F5
& 23%n He&Ed, AA B9, 44F
¥4, 2oz A9 Y 2EAL ARG
% 4538 $¢ AEsd 493 MOAL 2
H& Aoz 4TS AE AFEH Be
AANZS AFHA Bt

4 #

AEAS) F43 ST A 4P
2E Aos g AAR Agstglon o
#E9 H+ AL Fisher-Johns 41419 4 &
A712 F4%90. d4E 99 e Fal
o] o] &3} IR 2% E gl Pye-Unicam SP3 050
Spectrophotometer S-, =283 Y424 Per-
kin-Elmer 240 CHN Analyzer & o] £3}4 ¢}
w3 NMR 2# Egts TMS1 DSS& Y& ¢
FE4 2 3, DOy CDCl; &d&d4 A 59
FEE 0. IMALE HxE3td Varian T-60 spe-
ctrometer & ¢ o, ule&HEr =42 Brin-
kman Instrument A}#] Model Lauda RM6 9] 3
24 43175 AF3F Hewlet packard 8454,
Diod-Array Spectrophotometer & 27+ A}-2314
o,

Phenyl N-(p-Chlorobenzoyl)chloroformi-
midates(I) 2| 81

Ambelang 1129} wlg] o 2 KSCN 7 p-chlor-
obenzoyl chloride 2 58] p-chlorobenzoyl isothi-
ocyanate (bp. obs. 140-143°C/20mmHg, (lit.80°C
/lmmHg)) & 2E & (5 65%)0l Neidlein
b0} e wal p-chlorobenzoylisothiocya-
nate -2 o] chlorine gas & E3AlA Ao
A3t 42 34 A<l p-chlorobenzoyl isocya-
nide dichloride (bp. obs., 146-149°C/25mmHg) &
A3ttt thAl Hegarty 5°9 Wi 22 pch-
lorobenzoyl isocyanide dichloride, 0. 2M (leq. )3
p-sub. phenol, 0.2M(leq.) =283 triethyl
amine, 0.2M(leq.) 255 95% o] A9 FE=
(Ia)-(le) HEAES FAH 2 717184 2
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(Ia) :mp. obs. 127-129°C, UV (dioxane) :245nm,
e=55,500., IR(KBr)em™:1755 (vs.C=0 st.),
1564 (s. C=Nst.), 1515 & 1340(vs. NO; st.), 12
60(vs. C—0O—C st.)., NMR(CDCI;/TMS) &
(ppm) :8.80(d.0-2H, Jax=9Hz. O—CsH,), 7.
86(d. m-2H O—CgH,, dax=54Hz), 8.0(d. o-
2H C—CgH,), 8.60(d. m—2H 8,x=38HzC—Cq
Hy), Anal. cale. for Ci4HgO4N:ClL::C, 49.56:H,
2.36:N, 8.26., found:C, 49.60:H, 2.41:N, 8.
30.

(Ib) :mp. obs.:96-98°C., UV (dioxane) :242nm,
=53, 500., IR(KBr)em™:1753(vs. C=0 st.),
1562(s. C=N st.), 1265(vs. C—0—C st.).,

NMR(CDCl3/TMS) é(ppm):8.10(d. o-2H O—
C:Hy), 7.40(d. m-2H O—CeH,-04x=38Hz), 7.
25(m. 4H C—CgH,)., Anal. calc. for CisH;O,
NCl;:C, 51.14:H, 2.44:N, 4.26, found:C,51.
10:H, 2.50: N, 4.29.

(I¢) :mp. obs. : 102-104°C (lit.® 103°C), UV
(dioxane) :242nm, e=251,000., IR(KBr)em™:17
53 (vs. C=0 st.), 1565(s. C=N st.), 1276(vs.
C—0—Cst.), NMR(CDCl;3/TMS) é(ppm) :8.13
(d. o—2H C—C¢Hy), 7.45(d. m-2H 064x=38
Hz C—CgHy) -7.20(m. 5H, O—CgH;), Anal.
cale. for C;4HsO,NCI,:C, 57.30:H, 3.80:N, 4.
78, found:C, 57.29:H, 3.83:N, 4.80.

(Id) :mp. obs.:95-97°C, UV (dioxane) :240nm,
£=51, 300., IR(KBr)em™:1753(vs. C=0 st.),
1565(m. C=N st.), 1445 & 2810(m. CHjst.),
1282(vs. C—0-—-C st.)}, NMR(CDCL;/TMS) ¢
(ppm) :8.10(d. 0-2H C—C¢H,), 7.50(d. m-2H
dax=40Hz C—CcH,), 7.40(m. 4H c-C¢Hy), 2.
40(s. 3HCH;), Anal. cale. for Cy;sH;;0,NCly:
C, 58.44:H, 3.57:N, 4.55, found:C, 58.46:H,
3.60:N, 4.56.

(Ie) :mp. obs.:96-98°C, UV (dioxane):240nm,
e=54;000, IR(KBr)em™:1753(vs. C=0 st.),
1560(m. C=N st.), 1440 & 2840(m. CH;O st.),
1288(vs. C—0—C st.), NMR(CDCl;/TMS) ¢
(ppm) :8.07(d. o-2H C—-C¢Hy), 7.40(d. m-2H

dax=40Hz C—CiHy), 7.0(m. 4H 0—-CgHy), 3.
80(s. 3H CH;0), Anal. calc. for C;sH;O3NCl,
:C, 55.55:H, 3.40:N, 4.32, found:C, 55.60:H,
3.42:N, 4.35.

HEsx Mo &3

1:4 dioxane-5£2 £33 dk-g-&42 pH(0.
07008 449 $3pdosn 2Adwd
L% 0] 29 A|77F 1.0M(NaClOy)o] FAH=
= 3t} 100ml vol. flask of] ¥l-&-898 3 (I)2]
ALY (1X1073M) & 743te] EFeFa (2~3
X1075M) Fezo)A 25°CE FASHAA A
Zdol wEE FEHEstE A4 32 54
3le] curve fitting program 0. ZH¥ 1 u-E
L AeB 59}k, m=8) 1: 4 aceton-dg-D,0O
294 Imle] DCl=} acetate buffer (CD;CO,D <}
CDs-CO,Na) & 7}3te] Z+zF PD2.05} 6.0 2.2
2232 (1e)0.1M 2 NMR Fro] o] X3t
2o 50°Ceof| A ¥F2A7l &, sodium 4,4-
dimethyl-4-silicapentane-1-sulfate (DSS) & | ¥
EFEA =2 3 NMRAHE=] o2 3E p-chlo-
robenzamide (67. 78ppm, m, 4H, CgH,) ¢} p-meth-
oxyphenol (#3.8ppm, s, 3H CH;O 2 §6.68ppm,
s,4H,CeHy) ol A4 H & Flstd e},

o} of nE

2A2| "ely

ane (E)$+ (Zyol Aol =3t anti peri-pla-
nar (ap) & syn peri-planar(sp) 59 4 7}#] peri
planar &&]129] AA A= (Er)E& EHT 21
o2 A% uh, AAel AA A Hol &
(E-ap) > (Z-sp) >(E-sp) > & (Z-ap)¥] €A =
Zradte g (Table 1.) 7b A% o= (E-
ap) 3 do] g H?® =3} C-phenyl group# O-
phenyl group o] 3 Ao =& HAA A& ]
2.8 u}, (Table 2.) O-phenyl group ©] C-phe-
nyl group 2.t} A o]z wsled] & 4FE&
oA 3 g} o hydroxymoyl chloride &} #-$-$}
Zo|12 Lahy whirdgo] AR FE& AT F
HE #3l7] 93te] Y-A 3 phenyl group(CeH,
-Y)o] benzimidochloroformyl groupe] =} =
3o 47 (90°) & o) Fx AS-& veEbl z e

Journal of the Korean Chemical Society



4484 %14 Phenyl N-(p-chlorobenzoyl)chloroformimidate #xA2 7t5-E24 & AsUE 355

Table 1. Total energies (E,) for four peri planar
conformational isomers of pheny! N-benzoylchlorofor-
mimidate by EHT method

Table 2. Total energies for conformational isomers
of phenyl N-benzoylchloroformimidate (E-ap) by EHT
method

Rotatign gxis & Cont AE Rotatioxll ?xis & AE
. ( angle(® ¢ o1
r&:%%y)——— nzz r: E,(ev) (Kcal. Stability O—CGHﬁ{ (0)) E,(ev.) (I\I/[{cfl. Stability
C=NC(0)CsHX M) C—CHX (@) o)
0 0 E-ap —1650.9544 0.00 1 0 920 —1650. 9544 43.22 4
0 180 Z-ap —1647.3988 81.97 4 30 90 —1650. 1937 16.65 3
180 0 E-sp —1648.8010 49.66 3 60 90 —1652. 7758 1.22 2
180 180 Z-sp —1649.6809 29.37 2 90 920 —1652. 8289 0.00 1
90 0 —1652. 8287 0.00 1
90 30 —1652. 8023 0.61 2
Jh2s eSS EA
s 2hs o H e o 90 60 —1652.7137  2.65 3
= Fcel
pHel w2 g4 A5E AZ veid 90 90 —1652. 6620 3.85 4

pH-rate profile(Fig.1) & ¥ pH3.0 o]3}9] 4
A gAL A= pHol 33 ul-$o] dojrixz
pH4.0 o] Al A& logk 7} pHell vl 3t @7
Zofjukgo] dej g HFoz WHEHFEHL

e (DA 2ol & F At

Rate=—d[(I)]/dt=kqu[ ()] o
= {ku,0+kon [OHTI} [(D)] @
ko =km,0+ kon-[OH"]xKW/[H,0%] (3)

Azomethine 3-§+Eo] A ol &r] st A4
Hl & AAol cisql (E)ol A Bk trans
al (Z)o1AAAA Bt 44 v4-F& 3FA
T4 L& el wh-gAo] 2 nitrilium o] & (ID)
< QA wdel® DFEAMELS (E-ap)FH
£ AR ozt FEUd F2EE QU 4F
37t 27 el S Ert =Rz A
5]m] p-chlorobenzoyl group o] A A& 73A &
o Fo Aol FEA A APAANE 3t
52 A4 S9504 5F 4 Fo ukgol
dolvix] gk, webA F493kE azomethine
traol & E3absh hydroxid o 29 J ¥k
o] dolvtA = (3)Ae] A L7 AFE F ut
&AL g8 @W~@AF 2

(L) : kype=3.25X1078+1. 25X 10711 /[H,0%] (4)
(I3) : kopy=4.60%X1078+7.86x10712/[H;0*] (5)
(L) * kobs=6.30X10"8+4.51x10712/[H;0*] (6)
(€) : ko=7.21X10"8+2.98x10712/[H;0*] (7)
(L) : kope=1.47X10"7+1.29x10712/[H;0*] (8)
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Fig. 1. pH-rate profile for the hydrolysis of phenyl
N-(p-chlorobenzoyl) chloroformimidates at 25°C.

X2 &3t
Y-2 3771 wbegEe nA e A a%E
gdolury] Hdled dAZ EEE A5 v
W& @ pHEZY pH2.05% 471 X9
# 5l o pHel pHE.0) M weEs A<
2 Hammett 43} Brown 2] %] % &3} (Fig.2)
2 pHol A= p=—0.52(pt=—0.41), 2.8z
L& pHA A= p=0.82(p*=0.62)9 %t & 47
A At
£ pHolA p<09 & “epd-& chloro
groupo] o] 2% & Y-AAYAE 23t
gtg o] Z7}8l= azocarbonium o] & (II) 3 7
o] o] 24 & HE o] &3 vFEFrez AP
+ Az B Sylubgo]l Foldrvty 4
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p~CE, pH 2.0

-08 -0.4 0.0 0k 08
ofor &%)
Fig. 2. Hammett plot for the hydrolysis of phenyl
N-(p-chlorobenzoyl)chloroformimidate derivatives at
pH6.0 (p=0.82 (r=0.919), p*=0.62 (r=0.971) and
pH2.0 (p=—0.52 (r=0.900), pt=—0.41 (r=0.972)
and 25°C. (O(a)&A(a1)).

g}, EL pHAl A= 23 A9 Q) hydroxide
o]2o] Al mg we4s A4E hydroxide
ol Fxol waAE Pt obz}, dulk ¢ F
wukgol dojupA]l grom X#rsst AAE F
4% azomethine B4 A8 F3pHo] A=A
ol AFA L] Arst whazA o] Foixs] HE
o (0>0) AT Tl Ut FAAUDE B
A3 & Flolep, wetA AAA S AsbdA A
5474 dAelx, $2 o274l chloro group
o] phenoxy group Mt} We] o] |o]16 Atz
FHARGET (D3 2 HlAHE Ave
Sx2ubg R E0O) Ssted AAE w-gol
499 Acletz 47

@, p>ptd HEATE HERE olfE
Y-2] 3} pheny group(CsHs~Y)©] benzimidochl-
oroformyl group &| ol hdte <3 (90°)0]
(Table 2.) ¥ A3 (LC—CCeH,—Y=115°)180]
7] # Fol azomethine Bt 4 A} 7 A& Y-
3719l 93 conjugation effect 7} Ao = 3 9L
+ 2 ARdFz 4,

s =E

AYA L (IDE Upskel 45RA = e
(Fig. 3) ¥& pHolAE Y-A 377l AA 2 &
5 (D%} (p)* ¥4 35l azomethine T4 9
A8 FstAo] Zrbstz, LUMO S|} 74
g ZHolmZ Fukui g o] &3} 7+0]2 Hard-Hard

(OH®)
14,8055 ev
LUMO
——
/(H0)
;S -0,24L%ev
s LUMO

{H,0 & OH%)
-14,8000ev
HOMO

HOMO

(If) & (1)

Nucleophile

Fig. 3. Frontier orbital interaction for (II) (LUMO:
—10. 2478ev & HOMO: —12. 4856ev), (If) (LUMO: —
10. 0142 ev & HOMO: —12.4728ev) and nucleophiles.

Table 3. Total energies for various rotational confo-
rmations of (II) (E-ap)-—OH,, complex

Rotation axis &

° 4E,
nohed” T, Eer) (e O
Y-axis(¢)
Sigma (o) 0.0 90.0 —1674.0044 0.00 1
90.0 90.0 —1674.0045 0.00 1
Pi(x) 0.0 0.0 —1673.7853 5.05 5
90.0 0.0 —1673.7897 4.95 3
180.0 0.0 —1673.7874 5.01 4
270.0 0.0 —1673.9764 0.65 2

xR ub-23% soft-soft 3 A= 24w
2L (>0 oz dojvtes Ao
ol dzlelt}y, #A3}ts azomethine Bt Y Ao
3t EEAS ACM g deotns] st (ID)
=EAee A3 FEAH W3 F32E 4
3} azomethine Bbof] 7] 0 2 9] Ei =19
AxfAE FHA2 & Z-F A @9F #HH
Y-5 A 0)d EEAY Ao olE A ol
A g A st vl m(Table 3.) & v}, Sylubg
A FEAE Aant A Aol odtd AdAa
Sol dods vehfiden, Sy2uksAdE
azomethine Bt4& FA47t sp? EA 3} Ho glom
2 Sy1ubSA S vsd Wz A9 A
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A7 o1 %) 2 Aclet &g

J-2sl SIS

Formimidate &} §A}ft2 3359 N-acyl
urea Y iscamid 5 acyl groupo] EA ol %
2.2 Mumm & 2] A2} F7nk-g-o] dofrtx]at?,
DF=AEL (E-ap)F 8§ 35 )5 azom-
ethine 32 o] Le] A%= benzoyl group,
phenoxy group 2 chloro group S0 A4£LA
g A& a7z Jdonz ALARA7} £
ZAd FgdFAol 7ked F23 EAHL AR
A %o chloro group 8] ofgto] A 4lo]
T Ao 7] W Fol ZAR AE &3 k-go] delvt
7] ole§& Aeoltt, w4 $A9 AFz £y
o A= &= vle} 7to] pH3.00¢] 5}l A&  azocarb-
onium ¢]-&(I)o] EEA7 st Syl ukg-
o] dojupA F Aolw pH4.0 o] A A= Aol
B (IDE A i Sn2uk-g1%] Qo o)t

¢ 0 o 05 . N
[l A= | ———

M | XCHE-N=C==0CH,Y &> XCGH(=N=C==00HY

N /

0o oW 9 O 3

m xgnl—g:-lc—océmy«—» XNt ~OCHY
¥ o *° e

~ ; J

nitrilium o] &9 Syl ¥t-g AAHEL2 A
ete] Aad=e] AAstE ¥ I ARl
trans )4 -& A 2R0l9 =37}, (E-ap)F e
chloro groupol| &t srans, 28]z ALY
29| v FF ARGl Aot s PR Eof
%= A d A= phenoxy group 3 AL A )
= oHFF AAgoz QAde gA Gt 2A
o] 2, azomethine A3 dldle] 3o 77t
$ wgoz FAAY FAo] o] FolAE YA
ol & el AdE & F Utk

webA o] F ¥l BEF FTHOAAES A
Aol H (IVa)9] ol 3% 93}~ cis-enol
(Va)3} trans-enol(VH) S A& 4 3o},

o] & sWolAAEY AHAA JAvAE #xd
uh, (IVH)>(IVa)>(Va)>(Vb) 8] ¢4 2 ¢4
Aol ZF7tdte AFE vehldE ol (V)9
stereoelectronic effect*Z gt kA4 Bk (Va)
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OH 0] o]
I [} l
(IV) XCgHy(~N=C-0C H,Y =" X(gH, (-NH-(—0 CHY
(IVa) {IVb)
."H\
v § ] N AN
C C 7
S N 7\ | |
xgh, N0 XGH, OCGHY
GHeY
va O (Vb)

9] azomethine Bt4 Y=lo| AETgH F A&£94=
apol9] wbAFeo 2 Qg EAel 27 HE4
# —OCeH,~Y groupo] 180° 3 A3l Y-A 3
phenyl group(C¢Hy—Y)o] C—OH group F o2
Wd=e] & Atdls AR H HE
Aol & el A dgtemn (Vb= M £33
T He 2B F 484 o, zElzE uhgd
ZHA 2 A&3d Vg AV E Avds o
Scheme 3 7X-& QA Y 52N kg #l
& A

o do ofy

SNy
) s=—————={1)
{pH>30) l

SN2 J[(DH(QO)
(1}

(Iv) —p,

0
P: XGH,C-NHy . HOGHY & €O
scheme,

%, (E-apgde DF=AEL A3
So] Yoji}x 43, pH3.00]3le] A& chloro
groupo] o|gEH = uhEEE AAGAE A
azocarbonium o] & (IS 7k 2 3+ Sylle
<0)uk-go] Ydojrt= pH4.0] A= ubg<
57 drl%5e H|#EdnE  hydroxide 0] -20]
A7bste] Ao AW (D& AR = Sy2(p>0)4k
$o] dojdet,

azomethine 8t Y Alol]l 3 AHAY H &
Azvk(o) AWz o] Fo] A Y- 37|
' AL 395 (e>eME AR U, =7
(IVb)9] imid group 4= Gk G~ 23
o 474 #APsted & K AFE vepdAo] o

A5 2g o A4 & Fo A X isocyanate & F
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A2 e ECBu®] o5 Qe A4
23 wgo] dolg Aotk 9% AFslolok &
A,

2 AFE 9% FeAde] U7 McGill Y

% 3185} Dr.J.Chin9 Fgoz o] Fof AA
o2 old Al g FF

oA BEH
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