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The aminolysis of diphenyl thiophosphinic chloride (2) with substituted anilines in acctonitrile at 35.0 °C is
investigated kinetically. Kinetie results yield large Hammett gx (2uwe = -3.97) and Bronsted By { Bowe = 1.40)
values. A concerted mechanism involving a partial frontside nucleophilic attack through a hydrogen-bonded,
four-center type transition state 1s proposed on the basis of the primary normal kinetic isotope eflects (Aiitk), =
1.0-1.1) with deuterated aniline {XCotHeND2) nucleophiles. The natural bond order charges on P and the
degrees of distortion of 42 compounds: chlorophosphates [(R/OXR2OP(=0)C1], chlorothiophosphates
KR;OXR0MP(=S)C1], phosphonochloridates [(RiOYRP(=0)C], phosphonochlorothioates [(R:O)R:P(=S)C1],
chlorophosphinates [RR:P(=0)C1], and chlorothiophosphinates [RiR:P(=S)C1] are calculated at the B3LYP/

2003

6-3111({d,p) level in the gas phase.
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Introduction

Phosphoryl transler is an important part of many bio-
logical chemistry and organic syntheses.' Nucleophilic sub-
stitution reactions at phosphorus in tetracoordinate penta-
covalent phosphorus esters and related compounds generally
proceed cither stepwise with a trigonal bipyramidal penta-
coordinate {TBP-5C) intermediate or through an 8.2
mechanism with a single transition state (TS),'™* When the
allacking and Icaving groups occupy apu,al positions
[ap{Nu)-ap{Lg)], ‘e, backside nucleophilic atiack, the
conliguration is inverted, but when the nuclcophile attacks
frontside toward the leaving group, the conliguration 1
retained. When backside and frontside nucleophilic attacks
oceur simultancously, the relative importance of the reaction
pathways lcads o products with inversion or retention of
configuration depending on the nucleophile, the leaving
group, and the reaction conditions.’

In our preceding papers,” we reported several phosphoryl
and thiophosphoryl transfer reactions kinetically and theo-
retically. Partial frontside nucleophilic attuck was suggested
for reactions of aryl bis(4-methoxyphenyl) phosphates with
less basic pyridines:™ aryl phenyl isothiocyanophosphales
with more basic pyrldmcsf" aryl phenyl chlorothiophos-
phates with anilines;™ diphenyl phosphinic chlorides with
anilines;* diphenyl thiophosphinic chlorides with more
basic pyridines;® and aryl ¢thyl chloro and chiorothio
phosphates with anilines. ™

In this work, we investigate the aminolysis of diphenyl
thiophosphinic chloride (2) with substituled anilings and
deuterated anilines (XCoHNIE: and XCIEND;,) in aceto-
nitrile at 55.0 °C, cq. (1), to clarify the phosphoryl transler
mechanism, as well as o compare the reactivity of diphenyl

“This paper is dedicated o Professor Sang Chul Shim on the occasion
of his honorable retirement.
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phosphinic chloride (1),* diphenyl chlorophosphate (3),*
and dipheny! chlorothiophosphate (4),
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We also calculate the natural bond order (NBO) charge on
P and degrec of distortion of various chlorophosphates
[{RIONR0)P(=0)CI], chlorothiophosphates [(RiOXR:0)-
P(=8)CI], phosphonochloridates [(RiOWR:P(=)CI], phos-
phonochlorothioates [(RiO)R:P(=S)CI], chlorophosphinates
[RiR:P(=0)CI], and chlorothiophosphinates [RR:1P(=S)CI]
at the B3LYP/6-311+G(d,p) level® to compare the structure-
reactivity relationships.

Results and Discussion

The observed pseudo-first-order rate constants (kupsa) for
the reactions obeyed eq. (2) with negligible 4y (=0) in
acctonitrile. The sccond-order rate constants, &y, were
determined using eq. (2) with at least [ive aniline concen-
trations, [An]. No third-order or higher-order terms were
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Table 1. Second-Order Rate Constants, &y and & (x 10%M™'s™), of
the Aminolysis of Diphenyl Thiophosphinic Chloride (2) with
XC¢HyNH: and XC¢HyND: in Acetonitrile at 55.0 °C

X k" kot knlko
4-MeOQ 86.6+2.4" 788+ 1.7 1.10+ 0.04
4-Me 231106 21.210.5 1.06+ 0.04
3-Me 10.7+0.1 10.2+0.2 1.05+0.02
H 6.01+0.12 5991 0.15 1.00+£0.03
4-F 3.78+ 0.07 3.7120.09 1.02+0.03
4-Cl 0.572+0.013 0.541+0.012 1.06 + 0.03
3-Cl 0.246 + 0.006 0.232 + 0.005 1.06 +0.04

“Correlation coefTicients (r) were betlet than 0.998. "r > (1998, “Standard
deviation,

detected, and no complications were found in the
kowsd = ko + kmoy[An] 2)

determination of kobsa OF in the linear plots of eq. (2). This
suggests that there is no base-catalysis or noticeable side
reaction, and that the overall reactions follow the route
given by eq. (1). The & values are summarized in Table 1,
together with the kp values involving deuterated anilines
(XCcH4ND:).

In agreement with the trends for typical nucleophilic
substitution reactions, the rates are faster with stronger
nucleophiles. Figure 1 shows the rate ratios of the anilino-
lysis of 1, 2, 3, and 4 in acetonitrile at 55.0 °C. The reaction
rate of 1*9 is 2.9 times faster than that of 2, while the rate of
3% is 8.8 times faster than that of 4. Phosphate systems are
more reactive than their thiophosphate counterparts by one
or more orders of magnitude,® while phosphinate systems are
less sensitive to S substitution in the P=0 bond compared to
phosphate systems,” in accordance with our results. The
P=0 systems are generally more reactive than their P=S
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counterparts for several reasons, the so-called thio effect,
which is mainly the electronegativity difference between O
and S and favors O over S.°

The phenoxy group (o1 = 0.40) has stronger electron-
withdrawing ability than the phenyl group (o7 = 0.12).°
Solely considering the difference of inductive effects bet-
ween the phenoxy and phenyl groups, the positive charge of
the reaction center P in 1 {and 2) would be smaller than that
in 3 {(and 4). Figure 1 shows the NBO charges on reaction
center P, 1.844 (1), 2.230(3); 1.236 (2), 1.661 (4). The NBO
charges on reaction center P are consistent with the expec-
tations for the inductive effects. If the rate is proportional to
the positive charge on reaction center P, the rate ratios should
be kp=o (1Ykr=0(3) < | and kp=s(2)/kp=s (4} < [. However, to
the contrary, rate ratios of ke=o(1)kr=0(3) = 1.9 and kp=5 (2
kp=s(4) = 6 are obtained. These kinetic results imply that the
reaction rate does not depend only on the magnitude of the
positive charge on reaction center P.

Selectivity parameters, px and Sx, and deuterium kinetic
isotope effects (KIEs), &%, are summarized in Table 2.
The magnitudes of Hammett px (—3.97) and Bronsted fx
(1.40) values of 2 are both large, suggesting extensive bond
formation in the TS. However, these values are somewhat
smaller than those of 1, px(1) = —4.78 and fx(1) = 1.69,*
indicating a lesser degree of bond-formation in the anilino-
lysis of 2 compared to that of 1. Figure 2 shows the Briinsted
plots of the reactions of 2 with XC¢H4NH- and XCHsND» in
acetonitrile. The magnitudes of px and fx values of 2 (-3.94
and 1.40, respectively) with deuterated anilines (XCeH4ND-)
are nearly the same as those with anilines (XC¢HsNH-),
while the magnitudes of px and fx values of 1 (—4.56 and
1.62, respectively) with deuterated anilines are somewhat
smaller than those with anilines. The pK, values of anilines
in water are used to obtain the Brinsted fx values and are
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Figure 1. The BILYP/6-311+G(d,p)’ geometries and NBO charges of 1,2, 3, and 4.* The relative rate ratios are for unsubstituted aniline

(CsHsNH:).
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Table 2. The &n (> 10%M 's Y on e and kidkn Values of the
Reactions of Ph-P(—0O)Cl (1). Ph-P(=S)C1 (2). {PhO)-I"-O)Cl (3).
and (PhO):P(=S)CI (4) with X-Anilines in Acetonitrile at 55.0 °C

Substrate  &n® - B knithn rel.

1 173 4.7844.56) 1.6971.62)° 1.42-1.82 4d
2 6.01  3.9793.94)° 1.40°1.40 1.00-1.10 "Fhis work
3 8.91 3.74 1.35 0.71-0.77 4a
4 1.01 3.88 1.36 1.11-1.27 4¢

“When X T “The o values were taken from ref. 10, CThe pKa values
were aken from ref, 11, ¥Caleulated from &y values. “Caletdated from 4p
values.
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Figure 2. Bronsted plots of the anilinolysis of  diphenyl
thiophosphinic chloride (2) with XCH LN and XCJLND: in
acetonitrife at 35.0 °C. The pK;, values of XCqHyND: are assumed
to be the same as those of XCqHsNH- in water.

justificd experimentally and theoretically,'* The obtained Sy
value is larger than those of other phosphoryl and thiophos-
phoryl reactions in which the reactions proceed through a
concerled mechanism (fBx = 0.2-0.5).>" The fx values ol
the reactions of (i) 4-nitrophenyl dimethyl phosphinothiocate
with phenoxides,™ (ii} 4-nitrophenyl diphenyl phosphate
with phenoxides,'™ (iii) 4-nitrophenyl diphenyl phosphinate
with phenoxides,™ (iv) isoquinolino-N-phosphonate with
pyridines,’™ and (v) 0,0-dimethyl O-(3-methyl-4-nitro-
phenyl) phosphorothioate with phenoxides'™ are 0.47, 0.53,
0.46, 0.15, and 0.49, respectively, The fx (and fx) values ol
the anilinolysis of 3 and 4 are 1.35 (and 3.74)** and 1.36 (and
3.88).* respectively, somewhat smaller than that of 1. The
cspecially large oy and Sy valucs scem to be characteristic
of the anilinolysis of 1-4 in acctonitrile with their Cl leaving
aroup.

In the anilinolysis of 3, a backside nucleophilic attack
concerted mechanism with a late, product-like TS was
proposed on the basis of large px (and fx), large negative
cross-interaction constant,' pxy =—1.31, and the secondary
inverse KIEs, Apfin = 0.7-0.8, with deuterated aniline
nucleophiles.® In the anilinolysis of 4, a partial frontside
nucleophilic attack concerted mechanism through a hydro-
een-bonded Jour-center type TS was suggested for several
reasons, mainly based on the primary KiEs, &k = 1.1-
1.3.% In the anilinolysis of 1, the greater ks (= 1.4-1.8)
values compared 1o those of 4 (Anfhp = 1.1-1.3) were
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rationalized by the larger proportion of frontside nucleo-
philic attack compared (o that ol 4. In the anilinolysis of 2,
both (i) [roniside attack through a hydrogen-bonded four-
center type TS (5) and (ii) backside attack concerted
mechanism through TBP-5C TS {6} arc suggested for the
same reasons as in 1 and 4.%

H PhX
s 17 .
I\ H :
[Pz N
P and XPh—N—=>p—C(l
\\\\“‘“. \Cl H ’/’//
i Ph Ph
(5) (6)

The observed primary KIEs in 2 would be the sum of (i)
the primary normal KIE, &wkn > |, because of partial
deprotonation ol one of the two N-TKD) bonds in TS 5 fora
frontside attack, (1) the secondary inverse KIE, Axfhn < 1,
because of steric hindrance thal increases Lthe out-of-plane
bending vibrational [requencies of the other N-1KD) bond in
TS 5 for a frontside attack, (1) the secondary inverse KIE,
b'ku < 1, because of steric congestion that inereases the
vibrational [requencies ol both of the N-[11(I>) bonds in TS 6
for a backside attack, (1v) decreased &k value because of
the nonhnear and unsymmetrical structure of N-+-T11{D)+--Cl
in TS 5, and Nnally (v) decreased i/, value because of
heavy atom (N and C1) contribution to the reaction-coordi-
nate motion.'s Thus, the real primary KIE due to the hydro-
cen bond between the hydrogen of the N=11(1)) moiety and the
Cl leaving group should be greater than the observed value.

The smaller k& values in 2 compared to those in 1 may
be attributed to the smaller proportion of frontside attack in 2
than in 1 or to a lesser degree of bond-formation 1n 2 than in
1, assuming the primary KIE 1s proportional 1o the degree ol
bond-lormation. Considering the relatvely large steric
hindrance on the backside attack toward the Cl leaving
group due o two phenyl rings in the reactions ol 1 and 2
with anilines, a lesser degree of bond-lormation in 2 than in
1 1s more reasonable, which leads to smaller primary KlEs.
This suggestion 1 consistent with the smaller px and fx
values of 2 compared o those of 1, and with the smaller
NBO charge on P in 2 (1.236) than in 1 (1.844) as shown in
Figure |.

Another possible TS structure could be TS 7 where there
1s @ hydrogen bond between the sulfur atom in P=S$ and the
hydrogen of the N-FI(D) moiety in aniline. A four-member-
cd TS 8 was proposed in the ethanolysis of the phosphinales,
paraxon, and parathion with alkali metal 1ons by Buncel and
his coworkers,'® and Um and his coworkers. !’

* *
+ -0
=S V=—0(5)
XPh —1'\1—>'1|z. al B0 = P —Lg
7
Ph Ph R, R

(7) (8)
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owever, positive charge development on the hydrogen of
the N-IT moiety in the TS would be much smaller than that
of M™ ions, so hydrogen bond involving the polarizable
aceeplor P=S, as in TS 7, is not feasible. In addition, the
secondary inverse KIE in 3* cannot be substantiated by TS
7. Morcover, the rate ratio ol &p—s (2)/4p— (4) = 6 cannot be
rationalized by the backside attack (TS 7), despite the larger
NBO charge on P in 4 (1.661) than in 2 (1.236), since the
steric hindrance on the backside attack TS would be larger in
2 than in 4 due o the inlervening oxygen atom between the
reaction center P atom and the phenyt group in 4.

The NBO charges on P of various R\R:P(=0 or =8)ClI
derivatives (42 compounds), calculated at the B3LYP/6-
IL+G(d,p) level,” are summarized in Table 3, and the plots
of NBO charges on P against 2oy are shown in Figure 3. The
slopes for P=O and P=S systems arc 0.63 (multiple corre-
lation cocdlicient, r=10.946) and 0.7 {r = 0.936), respective-
ly. The plots show the evident discontinuitics between fami-
lics: A {R;ONROWP=L)CL enury no. [-6], B [{RO)R2P-
{=L)Cl; entry no. 7-15], and €' [R)R-P(=L)C1; entry no. 16-21].

The NBO charge on P of P=0 system is larger than that of
its P=S counterpart duc to the larger electronegativity of O
compared to that of S, The relative ratio of NBO charges on
P for P=0 and its P=S counterpart, gr-o/gr—s, are 1.31-1.34
{(family A) < 1.39-1.41 {family B) < 1.49-1.52 ({family ).
The magnitudes ol positive NBO chargesonParc 4 = B>
with the same R, and Ra, e.g., 2.230 [(PhO)XP(=0)C]] >

Table 3. NBO Charges on P. Calculated at the B3LYP/6-311+G
{(d.p) fevel,” of RyR:Pt=L)Cl

entry R, R Yo =0 [=S°
1 PhO PhO 0.80 2.230¢ 1.661¢
2 PhO McO 0.70 2.248 16806
3 PhO 110 0.68 2233 1.687
4 McO McO 0.60 2.226 1.687
3 McO EtO 0.58 2231 1.693
6 110 110 0.56 2,236 1.7017
7 £hO Ph .52 2045 1.462
8 McO Ph 0.42 2.049 1472
0 EtO Ph 0.40 2.054 1478
10 PhO kt .39 2027 1.445
n PhO Me 0.39 2017 1432
12 MeO ki 0.29 2.030 1.456
13 MO Me .29 2010 1.441
14 EtD Et 0.27 2.036 1.462
15 EtO Me 0.27 2.024 1.447
16 Ph Ph 0.24 1.844 1.236"
17 rh kt 0.11 1.833 1.224
18 Ph Me 0.11 1.821 1.210
19 kt kt -0.02 1.817 1.208
20 kt Me -0.02 1.805 1.194
21 Me Me -0.02 1.793 1,180

“The ai values of PhQ, MeO, £1O, Ph, i, and Mce are 0.40, 0,30, 0.28,
0.12, -0.01, and -0.01, respeetively, taken trom ref. 9. *NBO charees on
I* when 1.-0. “NBO charges on PP when 1.-8. “Ref. da, ¢. “Rel. de. Rl
de. *Ref. 4l MRl 4i.
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NBO charge on P

Figure 3. The plots of NBO charges on P, calculated at the B3LYP¢
6-3111Gelp) level.” against 2ot

2.043 [(PROPhP(=0)CI] = 1.844 [PhoP(=0)Cl] and 1.661
[(PhOXRP{(=S)CI] = 1462 [PhO)PhP(=S)C1] = 1.236
[PhaP{=S)CI]. Intervening oxveen atoms between R and P
increasc the magnitude of positive charge on P, but decrease
the relative ratio of positive charges on P, gp o/gp s, for P=0O
and its P=S counterpart. Figure 4 shows the plots of the
second-order rate constant (Ar) against NBO charge on P for
the anilinolysis of diphenyl chlorophosphate,® d-chloro-
pheny! phenyl chlorophosphate,*® phenyl cthyl chlorophos-
phate,™ and diphenyl phosphinic chloride,* and their P=$
counterparts™ in acctonitrile at 55,0 °C. Steric ¢ffeets on the
reaction rates and the attacking dirccetion, backside or
[rontside, are the main factors that fead to bad corrclation
{cven negative slope) between & and NBO charges on P of
P=0 and P=S gystems.

The degree of distortion of RiR:P(=0 or =8)CI from the
regulur tetrahedral structure can be defined as cq, (3),*

Ad=216, - 6)/6; =2|6.— 109.5/109.5 3)

where Adis the degree of distortion, £ means the sum of all
of six bond angles, 8. is the calculated bond angle at the

P=0
1.2 hd *
e
L ]

logk +4

T T T T T T T T T T T 1
12 13 1.4 1.5 16 1.7 1.8 1.9 2.0 24 22 2.3

NBO charge on P

Figure 4. The plots of logh; (in acetonitrile at 55.0 “C) against
NBO charges on P for (he anilinolysis of dipheny! chlorophos-
phate.™ 4-chiorophenyl phenyl chlorophosphate,™ phenyl ethyl
chlorophosphate.® and diphenyl phosphinic chloride.* and their
P=S counterparls,**
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Table 4. Bond Angles and Degrees of Distortion, Caleulated at the
B3LYP/6-311+G(d,p) level,* of R/R:P(=L)C1] in the Gas Phase

2

L

1 L"ul[”l 5
Cl
N R1/ \

R
4

entry L Ri R: Z213 /4214 2215 £314 £415 £315 Ad

10 O PhO PhO 1185 116.7 113.9 100.7 104.8 99.8 040"
1S § PhO PhO 1194 117.9 115.8 994 1034 97.5 0.48¢
20 O PhO MeO 114.9 118.0 112.9 101.2 103.0 105.2 0.33
2S § PhO MeO 1154 1194 114.6 99.8 101.6 103.6 041
30 O PhO EtO 118.1 116.0 114.1 101.2 104.3 100.9 0.38¢
3S § PhO EtO 1190 1174 115.3 99.9 1034 98.8 0.45¢
40 O MeO MeO 118.3115.5 113.8 102.1 104.8 100.3 0.37
4S § MeO MeO 119.1 116.7 1154 100.7 103.5 98.5 044
50 O MeO EtO 118.1 115.8 113.7 102.3 104.6 100.2 0.37
58 § MeO EtO 1189 116.9 115.3 100.9 103.5 98.5 0.44
60 EtO EtO 1183 115.7 113.6 102.4 104.5 100.2 0.37
6S EtO EtO 1189 116.8 1150 101.4 1034 986 043

70 PhO  Ph 1159 117.7 111.9 101.8 102.0 105.9 (.33
78 PhO  Ph 1184 1184 113.0 99.8 101.4 1033 041
80 MeO Ph 11651174 111.2 102.6 102.2 1052 (.32
&8s MeO Ph 11851179 112.8 100.8 101.0103.3 (0.40
90 EtO Ph 1163 117.5 111.2 102.8 102.3 105.0 (.32
9s EtO Ph 1182 117.9 112.7 101.1 101.2 103.2 040

100 PhO  Et 1174 117.3 111.8 100.5 103.0 105.0 0.35

108 PhO Et 1189 1184 1134 984 1023 102.7 043
110 PhO  Me 1172 117.3 112.1 100.8 103.1 104.5 0.35
1S PhO Me 1185 118.5 113.7 99.0 1023 102.0 043
120 MeO Et 118.0116.6 111.4 101.7 103.1 104.2 (.34
128 MeO Et 1191 1175 113.2 998 102.1102.5 041
130 MeQ Me 1179 116.6 111.6 101.7 103.3 103.8 (.34

138 MeO Me 1188 117.7 113.5 100.0 102.2 102.0 042

140 EiO0 Et 117.7 116.9 111.3 101.9 103.1 104.2 (.34
148 EiO0 Et 1188 117.7 113.2 100.0 102.2 1024 (.41
150 EiO0 Me 117.7 116.8 111.5 102.0 103.3 103.7 (.34
158 EiO0 Me 1185 117.8113.4 100.4 1023 101.8 0.41
160 Ph Ph 1134 112.7 1139 110.0 102.8 103.2 (.23
168 Ph Ph 11531150 113.5 1074 101.3102.6 (.30
170 Ph Et 1150 113.7 113.2 108.4 103.3 101.9 0.26
178 Ph  Et 1159 115.8 1144 106.0 102.1 100.6 0.34
180 Ph Me 113.7 1150 113.5 108.6 101.2 103.5 0.26
188 Ph Me 116.0 1153 114.7 106.6 99.9 102.2 0.34
1950 Et Et 1148 114.7 113.7 107.6 102.8 101.9 0.28
198 Et Et 11631163 114.8 105.5 100.9 100.9 0.37
200 Et  Me 1151 115.2 113.2 1079 1023 101.6 0.29
208 Et  Me 1158 116.5 115.0 106.0 101.1 1003 0.36
210 Me Me 1151 1151 113.5 108.0 101.7 101.7 0.29

Lol lrvolrvorvolvolvolvSluvlglvrvlvovlSlnllnvoled

218
“Ref. 4e.

Me Me 1159 11591154 106.3 100.5100.6 .36

B3LYP/6-311+G{d,p) level’ and &; is the ideal bond angle
(109.5°) of a regular tetrahedral structure. The A values of
42 compounds are summarized in Table 4 together with six
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bond angles. Due to the larger size and polarizability of P=S
sulfur compared to those of P=0 oxygen, the distortion of
P=S substrates is larger than that of P=O substrates. The
increments of the degree of distortion from P=0 to P=S
counterparts are 1.17-1.21, 1.22-1.27, and 1.23-1.30 ties
larger for families 4, B, and C, respectively. The larger the
ligand, the greater the increment of degree of distortion, e.g.,
AS=0.400 (R, =R>=Ph0), 0.327 (R) = PhO, Rz = Ph), and
0.228 (R; =R2=Ph).

Summary

The reactions of dipheny] thiophosphinic chloride (2) with
X-anilines were studied kinetically in acetonitrile at 55.0 °C.
Structure-reactivity relationships between diphenyl phos-
phinic chloride (1), diphenyl chlorophosphate (3), and
diphenyl chlorothiophosphate (4), were discussed based on
NBO charges and steric effects. The primary normal KIEs
involving deuterated aniline (XC¢H4ND») nucleophiles were
obtained and were consistent with a partial frontside attack
concerted mechanisim through a hydrogen-bonded four-
center type TS. The smaller magnitudes of px and By values
of 2 compared to those of 1 suggest a lesser degree of bond-
formation in the TS. The NBO charge on P and the degree of
distortion of 42 RjR:P(=0 or =S)C] compounds were
calculated at the B3LYP/6-311+G{(d,p) level. The bad
comrelation between reaction rates and NBO charges on P
was ascribed to steric effects and the attacking direction of
the nucleophile.

Experimental Section

Materials. Dipheny] thiophosphinic chloride (min. 95%)
and HPLC-grade acetonitrile (water content is less than
0.005%) were used for kinetic studies without further puri-
fication. Anilines were redistilled or recrystallized before
use as previously described.'® Deuterated anilines were
synthesized by heating anilines and deuterium oxide (99.9
atom % D) at 90 °C for 72 hours, and after numerous
attempts, anilines were deuterated more than 98%, as
confimmed by 'H NMR.

Kinetics Measurement. Rates were measured conducto-
metrically as previously described.” [Substrate] = 0.001 M
and [Nucleophile] = 0.03-0.15 M were used for the present
work. Pseudo-first-order rate constant values were the aver-
age of three runs that were reproducible within + 3%.

Product Analysis. Diphenyl thiophosphinic chloride was
reacted with excess anilines (XC¢H4NH,; X = 4-CHj, H) for
more than 15 half-lives at 55.0 °C in acetonitrile, as
previously described.* Analytical data of the products gave
the following results:

(CcHs):P(=S)NHC¢H;~4-CH;. Light-Brown solid; mp
169-171 °C; IR{(nwol mull): 3358 (NH), 3055 (C-H,
aromatic), 2955 (CH;), 1612, 1516, 1436, 1104 (P-C¢Hs),
809 (P=S); 'H NMR (400 MHz, DMSO-d6) §2.22 (3H, s,
CHs), 6.79-6.81 (2H, d, /= 8.0 Hz), 6.94-6.97 (2H, d, J =
12.0 Hz), 7.25-7.54 (6H, m, phenyl), 7.98-8.04 (4H, m,
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phenyl), 4.78-4.80 (1H, d, J= 6.0 Hz, NH); "*C NMR (100
MHz, DMSO-d6) 6118.6-118.8 (CH;, d, J= 7.5 Hz), 128 .4~
138.7 (C=C, aromatic); *'P NMR (162 MHz, DMSO-d6) &
59.7 (1P, s, P=S); m/z, 323 (M+); Anal. Caled for CoH;sNPS:
C,70.57;H, 5.61; N, 4.33; S, 9.92. Found: C, 70.57; H, 5.61;
N, 4.26; S, 9.77.

(CHsP(=S)NHCHs, Fawn solid; mp 159-161 °C; IR
(nujol mull): 3124; (NH), 3054 (C-H, aromatic), 1602, 1479,
1437, 1103 (P-C4Hz), 797 (P=S); 'H (400 MHz, DMSO-d6),
8 6.89-6.93 (3H, m, phenyl), 7.13-7.17 (2H, m, phenyl),
7.45-7.55 (6H, m, phenyl), 7.98-8.05 (4H, m, phenyl), 4.87-
4.89 (1H, d, J= 6 Hz, NH); '>C NMR (100 MHz, DMSO-
d6) & 118.5-141.3 (C=C, aromatic); *'P NMR (162 MHz,
DMSO-d6) §59.6 (1P, s, P=S); m/z, 309 (M+); Anal. Caled
for C1sH1NPS: C, 69.88; H, 5.21; N, 4.53; S, 10.37. Found:
C, 69.81; H, 5.22; N, 4.38; S, 10.15.
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