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£ 9k haloallene 55 4(1-halo-3-phenyl-1,2-propadiene) o &) EHMOA|4HE &<, olL{z]H 22 13
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ABSTRACT. Extended Hiickel Molecular Orbital (EHMO) calculations of haloallene (1-halo-3-pheny!-1,2-
propadiene) derivatives have been performed, From the MO calculation data and kinetic experimental results, the
mechanism for the hydrolysis of haloallenes is proposed.; Below pH 8.0, the hydrolysis proceeds through a sof-
vent assisted Syl mechanism involving the formation of carbonim jon II as intermediate. However abave pH 9.5,

the hydrolysis proceeds through an S,2' mechanism via transition state L
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2 g 13} Z2 1-halo-3-phenyl-1,2-pro-
padiene-2 ®3ted pH #3}e] w3 7lrE3 £x
&, 44983 seirie], £oiEn, gAs} ¥ EHT-
MO°]&°2 2 1 whewlhE-¢ Fslsich

H\ o~ /H 1a:X=CI
,L7C=C_ 1b; X=Br
Ph X 1c:X=|
1
A 3

2484 S K Landor’) el wiet 1
phenyl-2-propyn-l-ol2 %€ &Adsteich. 1-chloro-3-
phenyl-1,2-propadiene(la): bp. 9294 °C(10 Torr); 'H
NMR (CDCIy/TMS) §=5.98(d, J=5.6 Hz, 1H), 6.13
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(d, J=5.2 Hz, 1H), 7.30(m, 5H); IR(KBr/disk, cm ")
1940, 3300; CsH,Cl (138.6) caled. C 69.33, H 5.09;
found C 69.29, H 5.11 1-bromo-3-phenyl-1,2-propadi-
ene(1b): bp. 96-98°C(10 Torr); 'H NMR(CDClyTMS)
8=6.35(s, 2H), 7.30(m, SH); IR(KBr/disk, cm™")
1940, 3300.; CgHBr (183.1) calced. C 5249, H 3.85;
found C 5254, H 3.75. l-iodo-3-phenyl-1,2-propad-
iene(1¢): bp. 80°C (3 Torr); 'H NMR(CDCL/TMS) 8=
6.35(d, J=8.1 Hz, 1H), 6.55(d, J=7.8 Hz, 1H), 7.30(m,
5H); IR(KBr/disk, cm ') 1940, 3300, CeH-1(230.1)
caled. C 41.77, H 3.07; found C 41.85, H 3.11
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Fig. 1. Molecular geometry and atom net charge of 1-
halo-3-phenyl-1,2-propadiene.

Table 1. EHT parametets in this calculation’

H C ¢/ Cl N

Hii(ns), eV - 13.60 ~21.40 - 3230 -30.00 -26.00
Hii(np), eV —  -11.40 - 1480 -15.00 -13.40

Hii is diagonal matrik element, which means Coulomb’s
energy. ns and np are s- and p-otbital, respectively.
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Table 2. Total energies for conformational isomers of 1-

chlora-3-phenyl-1,2-propadiene by EHT-MO calculation
method

Rotational Angle  Total Energy

Stability order

§) E, (eV)

0 - 1724.79746 2
30 -1724.77887 3
60 - 1716.17633 4
90 - 1724.88308 1
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Fig. 2. The plotof log OD vs. time for the hydrolysis of 1-
chloro-3-phenyl-1,2-propadiene(la) at pH 4.00 and 25°C.

Rate =d—[dltil=k1[PhHC =C =CHCI ]

= ko[ PRHC =C =CHCI )+

kou[OH-1[PRHC =C = CHCl ]

=(kyp +koy [OH-])[PRHC =C =CHCI |
ke=k; + Koy [OH"]

(1)

pH
Fig. 3. pH-rate profile for the hydroysis of 1-chlore-3-
henyl-1,2-propadiene at 25°C. The draw line is ca-
culated accoding to the equation.’

1a]) A% koS pH 8.0 ©]3}8] F2 pHelA &
Y SRS e PTG ke=101x107°
sec” & dglen| [OH Jo ®izsle 71g7l2d
kon=9.26x 10" " sec™! [OH] '& F3led, o] AE
@l el dglsleda] (248 denrt

k= 1.01x10°5+9.26 X 10/ H*) (2)

Table 3. Rate of for the hydrolysis of 1-halo-3-phenyl-1,2-propadiene at various pH and 25 °C

k, (sec™')x 10°

pH Buffer Solution PhHC=C=CHC] PhHC=C=CHBr PhHC=C=CHI
obs, cale, obs. obs.
0.5 HCl 1.00 1.00 2.29 1.00
1.0 HC1 1.00 1.06 229 1.00
15 HCl 1.01 1.00 232 1.00
2.0 HClI 1.0 1.00 2.26 1.00
25 HCl 100 1.00 2.28 1.00
3o HCl 1.01 1.00 232 1.00
35 HCI 1.00 1.00 2.26 1.00
4.0 HCl1 103 1.00 2.29 1.00
4.5 HAc+NaAc 1.00 1.00 232 1.00
5.0 HAc+NaAc 1.02 1.00 2.28 1.00
55 HAc+NaAc 1.00 1.00 2.35 1.00
6.0 HAc+NaAc 1.03 1.0 233 1.00
6.5 NaH,PO,+Na,HPO, 1.0 i.60 2.29 1.00
7.0 NaH;PO,+Na;HPO, 1.03 1.00 229 1.0
75 NaH,PO+Na;HPO, 1.00 1.00 232 1.00
8.0 H,BO+NaOH 1.50 1.10 229 1.60
85 H;BO,+NaOH 330 1.31 2.00 1.00
9.0 H;BO,+NaCH 4.00 191 4.00 1.00
95 H;BO,+NaOH 4.50 3.93 4.30 200
10.0 NaOH 8.72 10.27 9.20 4,20
10.5 NaOH 25.80 30.21 13.00 12,10
11.0 NaOH 100.00 93.61 35.00 39.80
115 NaOH 300.00 293.00 298.00 316.00
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Table 4. The rate constants (K., sec ') of 1<chloro-3-phenyl-1,2-propadiene at various temperature at pH 7.0 and pH 11.0

pH 20°C 40°C 60°C A* (keal mol™") AS*(cal mol 'K™')
7.0 7.69%10 * 1.04x 1073} 2.68x107° 62 ~74
11.0 1.00x107° 1.40x 107} 240%107° 4.42 -703

Table 5. The r1ate constants for the hydrolysis of 1-halo-3-phenyl-1,2-propadienes in various methanol at pH 7.0, 10.0

and 25°C. (4=1.0, NaCi0,)

k, (sec™)
MeOH (%) " pH=7.0 pH=10.0
PhHC=C=CHC1 PhHC=C=CHBr PhHC=C=CHI  PhHC=C=CHCI
279 2.68 3.16x10°° 7.08x10°° 3.22x10°° 1.87x107*
30 2.58 1.01x10°° 3.20%10°° 225%x10 ° 1.60% 10"
35.8 2.31 6.13x10°° 1.91x107° 1.26x10 ° 120x107*
40 212 282x107° 1.01x10°° 1.06x10°° 954x10°°
467 1.81 1.78x10°° 631x10°° 5.63x107° 823x10°7°
55.6 1.35 502x10 7 2.48x10°° 1.56x10°° 4.67%10 °

o) Ao g A H#F Table 3 Y Fig. 39l ve}
Wk 1b} 1e9] A folx 2 Ui e Z(3) ¥ (9)

A& &% Ydrh
=230X 105 +2.64 X 10°¥/[ H*] 3
k= 1.01 X 1075+ 3.02X 10-4/[ H* | (4)

ZheEa MA@l 8tel.  1-chloro-3-phenyl-1,2-
propadiene(1a)2] 7}rRa WA EL alElr] 9
A A3} Q7] AdelA] AR FY Aot Fe =23
sholl A} ukg- A1 At o)Al WA E-S methanol 2 )]
AA 3] 'H NMR} [R AHE}E dgjon o] A
FZRE sl A g2okle AU
2| Zugalql 1-phenyl-2-propyn-1-019& ¥4l &
% slgdeh.

1-phenyl-2-propyn-1-ol: IR(KBr Pellet, cm " ') 3200
(broad), 2150; "H NMR(CDCl,, 8), 2.64(s, 1H), 2.65
(s, TH), 5.42(s, 1H), 7.31~7.54(m, SH).

1-bromo-3-phenyl-1,2-propadiene3}  1-iodo-3-phen-
yl-1,2-propadienesll M & 22 A#E Lt o} 2
Phe 2329 dlolejs} A A3}t

YA WM N210l6. pH7.05 11.00)4

b S EATe] 5 o) EAS Aol ] fEte Ar-
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Z}oE]E Table 4ol vieblict o) A7 & &9 A=
239 ZHpH 70004 - 74 cal/mol-K, pH 11.00014)
- 70.3 cal/mol-K)3} v 24 2} dleks] ZHpH 7.00)}

A 6.2 keal/mol, pH 11.001 4.42 keal/mol)2- 2%
<4l o172 & 282} uhgo v} Sof g Syl ukgoltAd
vrehvhe dubA el 7 gkst A ok

SN2 OlEo!l &3 S2AE Fesp)
3t olRk-E-Fo) EuEE 2 A ¥ SoiA )
A 723 ﬁiﬁ}‘ £ 23 8lo] Table 54| 53}
gich. Suje) 2 sle] B2 slbRa) S84S5
3-8 Grunwald-WinsteinA] o] tjq)3}aie}.

log(k/ko)=mY 5)

Fig. 4 pH 70014 W45 A52) h53te 4
he] o] 23ty el Y%l dizte] =AY Ao|r}.
o] A9 71¢712%E m=234(1a), 2.32(1b) X

log K+ 7

0.0 T ——

T T T T
1.2 14 16 18 2.0 22 24 28 2.8

Fig. 4. The plots of log ke vs. Y for the hydrolysis of
PhHC=C=CHCl(la, 0), PhHC=C=CHBr(lb, C)} and
PhHC=C=CHI(l¢, A) in various aqueous methanol at
pH 4.0 and 25°C.
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Fig. 5. The plots of log ke vs. Y for the hydrolysis of 1-
chloro-3-phenyl-1,2-propadiene in various aqueous meth-
anol at pH 10.0 and 25°C.
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Table 6. The change of rate constants for the hydrolysis
of 1-chloro-3-phenyl-1,2-propadienc with the concen-
tration of sodium chloride at pH 4.0, 10.0 and 25°C

k, {sec™)
NaCt (M)
pH 40 pH 10.0
0.10 1.02x10°° 1.99x10°*
0.15 992x10°° 206x10°°
0.20 9.32x107° 202x10°*
0.25 8.66x10°° 1.97x10°*
0.30 8.30x10°° 2.11x107*
035 8.12x10°° 1.97x107*
0.40 7.76x 10" 2.10x10°*

A e TEo) o T §E445 Jehuigich

s U2 GiPIUE.  haloallene 52| 7)5--3l
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BE]| pH 8.0 |3t WX = & Scheme 17 & £-of
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H __/H Sslow 5 H_
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Scheme 1.
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