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2 2, Di-n-butyl phosphorochloridate({CH;CH-CH-CH-0)-POCL, 1)¢] 7}-&uf Eajurse] £ARRE 7] 7F7] Luf oA
Takgict BHe-8 ol 28702) £ 2AteE o]8Eke] EAE Grunwald-Winstein 4]of &3k gk gofe] A dzel o] 23}e o
e 1Y RURZ( =140, m=042)= S\2 ¥R 9 ¢ ok o[& HHAY = 9le 77 8458 AHYeE 7
oFe] Zkel AHF(8.0~15.9 keal'mol )12} & 22) 4}:_«] AS*(=25.8~-53.1 cal'mol™"K™), Kivinen®] n ZH0.9~1.7) 28|12 L0}
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ZHIO: Di-n-butyl phosphorochloridate. 3 Grunwald-Winstein 4, Sy2 8F2-, Kivinen 4}
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ABSTRACT. The solvolysis rate constants of di~z-butyl phosphorochloridate ((CH:CH:CH2CH:0);POCI, 1) in 28 different
solvents are well correlated with the extended Grunwald-Winstein equation, using the Nt solvent nucleophilicity scale and Yo
solvent 1onizing scale, with the sensitivities values of 1.40 and 0.42 for 7 and m, respectively. These 7 and m values can be con-
sidered to support an Sn2 reaction pathway. This interpretation is further supported by the activation parameters, i.e., rela-
tively small positive AH™ (8.0 to 15.9 kcal-mol™) values and large negative AS™ (-25.8 to —33.1 cal'mol™"K™!} values, the
Kivinen's # values (0.9~1.7}, and the solvent Kinetic isotope effect (1.62}.
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Scheme 1. Reaction pathways tor solvolysis carbonyl carbon
derivatives.
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Tuble 1. Rate constants for the solvolyses of 1% in binary solvent
mixtures at 55.0 °C. and the N and the Y values for the solvents

Solvent (%) Nr* Yo k(s
100TO1 0.37 -2.52 2.14-10°7
QOEOIT 0.16 .94 496%10 *
&NCtOH 0.00 0.00 7.76%10
70RO -0.20 0.78 1.09%10 2
60EIOH -0.39 1.38 1.52x10 2
SOCtOH -0.58 2.02 1.94%10 *
40EOH 0.74 275 2.90x10 *
INECH -0.93 3.53 4.17x10 2

100MeOH" 0.17 1.17 603510 °
90MeOH 0.01 0.18 L1x1o°
’0McOH -0.06 0.67 1.23%10 2
70MeOH 0.40 1.46 2.34x10 *
50MeOH 0.75 2.70 4.12x10 %
40MeOH —-0.87 3.25 54010 *
90Acetone 0.35 2.39 1.65~10 °
S0Acetone -0.37 -0.83 3.30x10 ¢
T0Acetone 042 0.17 6.85-10
60Acetone -0.52 1.00 12510 1
S0Acetone -0.70 1.73 19410 -
40Acetone —0.83 246 2.75.10 %
30Acetone -0,96 3.21 4,19-10 1
90TFE" -2.55 2.85 1.12:10 "
ROTTE =219 2.90 3.56x10°
TO0TFE -1.98 2.96 7.46-10 4
50TTL -1.73 3.16 1.45%10 *
90HFIP -3.84 431 1.72510 ¢
FOHFIP -2.94 3.83 331x10°
S0LIFIP 249 3.80 3.89%10 *
80T-20C¢ -1.76 1.89 1.85x10 *
60T-40C 0,94 0.63 2.48x10 *
ANT-60T -0.34 —0.48 568107
20T-80C 0.08 -1.42 1.04-10

“Unless otherwise indicated, a 1.0 mol dm  solution of the sub-
strate in the indicated solvent. containing 0.1% CH;CN. "On a vol-
ume-volume content at 25.0 “C. and the other component is water.
“Values from ref, 8. “Values from ref, 9. *Value of £ (=3.57x10 s )

in methanol-d(MeOD). corresponding to a &venfbveon value of

1.6910.04. 'Salvent prepared on a weight-weight basis at 25.0 °C,
and the other componentis water, “T-F indicates TFE-EOH mixtures,
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binary solvents at 55.0 °C against Y.
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2 H8 0 LORI 4 ek 2] o] g BA-A] gl
2L 9F2} 4] benzyl chloroformate ¢/ —1.95)."
phorochloridate (/—1.87),%"
methyl chlorofonmate (/=1.59)> ethyl chloroformate (/= 1.56)*
wohls 2b0 78 i), mhefA] Fogke o A vk A
81 o AT lofoh: 52 IRAIIEE AT 2
90k ok 2G4 et R/ 201400 AT
| AL HER L m ﬂl(0~42)5—““+ G <t Jler Hop
Hare Aol Wbt T 2AE o] AL dlabe
et
13} m ZEo) W(lm)e} ZL7]1: W7 F 8 ek 750

2 4 glom ol K2k ULg-O Jim Gro] 1o An AR

>(correlation coefiicient)= 0.943

* diphenyl phos—
phenyl chloroformate (7~ 1.68),"

n_\:

P

Tuble 2. Fxtended Grunwald-Winstein correlation of the kinetics of selvolytic displacement of chloride

Substrate Mech. n* " m lim R®

2-AdCCOoCH Syl 19 -} 047 4] 0.970
C,H«CH.OCOCT* Syl 11 0.25 0.66 0.4 0.976
(C1:RCI 10COCH Syl 20 0.28 0.52 0.5 0979
(Cal s NCOCE Syl 33 0.23 0.58 0.4 0,969
C1:HyCH-0COCT Sx2 30 0.95 039 2.4 0.941
{CyHs:PSCT Sx2 25 1.00 0.64 1.6 0.983
{CH::NC1yHsSQCP Sx2 31 0.96 0.53 1.8 0.955
4-CH:0C,HsSO-CF S\2 3R 1.07 0.60 1.8 0,967
{CHz)-cyclo-C{CHLO }»POCT S\2 27 1.03 043 2.4 0,974
{CH;CH-CH.C- H-:0):POCI™ S\2 28 1.40 042 33 0.943
CyH:CH-OCOC A-E 15 1.95 0.57 34 0.966
(C,H:0):POCT" A-C 27 1.87 0.85 2.2 0.973
CoH:0COCI” A-C 21 1.68 0.57 2.9 0.973
CH;OCOCIF A-C 19 1.59 0.58 2.7 0.977
C-1:0COCH r A-T 28 1.56 .55 2.8 0.967

“Number of solvents. "From eq. (3). “Multiple correlation coefficient. 'Ref. 18. “Ref. 19, Ref, 22, *Ref. 23."Ref. 135. 'Ref. 5.Ref. 24, *Ref. 25.
'Ref. 26. "This work. "Ref. 20. "Ref, 21.7Ref, 22.
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Table 3. Rate constants and activation parameters for the solvol- ]
yses of 1% at various lemperalures
Solvent T k AT —AS” 08 e
(%) {"C) (s "y (kealmol)  (calimol-K})
35 6.61~10 1
1000 45 1.19~10 7 15.9=02" 25.8=04
55 2145107
35 240N0° 04
KOO 45 431x10 7 10.0=0.1 45,7+0.2
55 7.76~10 7
35 1.86x10 ]
[00McOTT 45 335¢10°% 10=02  454=04 g
55 60310 ° =~ 0.0+
35 12907 2
80Acetone 45 206%10° 8002 53.1=04 |
55 3.30x10
1.0 mol-dm  solution of the substrate in the indicated solvent, A
alsa containing 0.1% CH:CN. "On a volume-volume cantent at 044
25.0"C, and the other component is water. *Averages ol three runs.
“The activation parameters are accompanied by the standard error. B =HOHH,0
s A “mgonp
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Figure 3. Plot of log(k/k,) lor the solvolysis of 1 at 55.0 ¥C against
log |H20].
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