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Abstract

Addition of 2-lithio-2-methylpropionitrile to three new complexes of cationic (n®-toluene—Mn) complexes where one or two CO
ligands have been substituted by phosphine or phosphite, leads to the corresponding (1°-cyclohexadienyl) complexes with a very high
regioselectivity in the case of the complex where two CO have been replaced by two phosphite ligands.
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1. Introduction

As part of our current studies on the arene functional-
ization by means of transition metal complexes, we
were interested in the reactivity of cationic arene Mn
complexes [1] which are known to be much more
reactive than those of chromium [2]. The factors influ-
encing the observed regiochemistry of nucleophilic at-
tack are very important and still need clarification; it
has been shown that the selectivity of the addition is
strongly dependent on the nature of the nucleophile. on
the substituent of the arene, and on the reaction medium
[3]. In order to gain insight into the influence of the
nature of the ligands around the Mn atom on this
selectivity, we have studied the addition of the same
anion on Mn complexes where one or two CO ligands
have been substituted by phosphorus ligands. In this
communication. we report the syntheses of ((toluene)-
Mn(CO),L,_ )PE, complexes (x=2, L =PPh, 1b; x
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=2, L=P(OEt); 1lc; x=1, L=P(OEt), 1d), the
molecular structure of 1d, and the addition of 2-lithio
2-methylpropionitrile to 1b and 1d. The present work
demonstrates the effect of two phosphite ligands on the
regiochemistry of the arene functionalization.

2. Results and discussion

Compounds 1b ((toluene)Mn(CO), L)PE, (L = PPh,)
and le (L=P(OEt),) have been synthesized from
((toluene)Mn(CO),)PE, by following an improved syn-
thetic procedure relative to that described in the litera-
ture [4] for benzene derivatives (38% and 69% yield
respectively) [5]. Treatment of compound 1c with
P(OE), followed by addition of Me,;NO in CH,Cl, at
room temperature led to the isolation of complex 1d
after column chromatography (48% yield) [6]. An alter-
native, more straightforward method consists of starting
from complex 1a. Under the same conditions, using two
equivalents of phosphite, the disubstituted complex 1d
was directly obtained in 27% yield. No substitution (or
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Fig. 1. orTEP drawing of complex 1d. Selected bond distances (A):
C,-Mn 2.19%7), C;-Mn 2.162(7), C5—~Mn 2.16((7); selected bond
angles (deg): C,,-Mn-P, 87.2(2), C, -Mn-P, 87.7(2), P,~Mn-P,
92.86(8).

in very low yield) of two of the carbonyl groups by
PPh; occurred whatever the experimental conditions
used. X-ray crystallographic studies of compounds 1b
[7] and 1d [8] (Fig. 1) have enabled us to determine the
conformation of the organometallic entity in both cases.
In the first case, the cation displays a staggered orienta-
tion relative to the C atoms of the aromatic ring; one of
the carbonyl groups is rotated 29° away from the methyl
substituent. In the second case, the structure shows a
nearly syn eclipsed conformation: the two phosphite
ligands are rotated by 13° and 12° from the C atoms
meta to the methyl group. To the best of our knowl-
edge, this is the first example of the structure of a
mono-alkylated 7%-arene monocarbonyldiphosphite-
manganese cation. Brown et al. [9] have described the
X-ray structure of ((C¢H¢)Mn(CO)n>-dppm))PE;, the
tripod of which showed an almost syn eclipsed confor-
mation.

Treatment of compounds la, 1b or lc with 2-lithio

Table 1

Fractional parameters for [Mn(COX® MeXP(OEL),), |(PF,)

Atom X ¥y Z Ueq
Mn(1) 0.9151(1) 0.78642(8) 0.3051%7) 0.0542
P(1) 0.7992(2) 0.8232(2) 0.1660(1) 0.0658
P(2) 0.7746(2) 0.6301Q1) 0.2779(1) 0.0652
o) 0.8406(7) 0.7500(5) 0.0737(4) 0.0895
o) 0.6114(8) 0.8128(7) 0.1311(4) 0.1095
o(3) 0.856(1) 0.9409(5) 0.1616(5) 0.1155
o4 0.7304(7) 0.5626(4) 0.1716(4) 0.0877
o(5) 0.6086(6) 0.6373(4) 0.3116(4) 0.0834
o) 0.8587(8) 0.5483(5) 0.3391(4) 0.0959
o(11) 1.1456(7) 0.6744(5) 0.2031(4) 0.0929
c) 1.1202(9) 0.8802(5) 0.4077(5) 0.0643
c) 1.0186(9) 0.9505(5) 0.3687(5) 0.0639
) 0.856(1) 0.9444(6) 0.371%5) 0.0690
(4) 0.7931(9) 0.8675(7) 0.4153(5) 0.0713
c(s) 0.893(1) 0.7955(6) 0.4543(5) 0.0681
6 1.0543(9) 0.8018(6) 0.4511(5) 0.0651
cn 1.2997(9) 0.8875(7) 0.4056(6) 0.0806
c(11) 1.053%9) 0.7187(6) 0.2422(5) 0.0685
c(12) 0.765(1) 0.738(1) -0.0236(7) 0.1259
Cc(13) 0.833(2) 0.660(1) —0.0864(8) 0.1422
c(14) 0.497(1) 0.8418(9) 0.1808(7) 0.1140
c(15) 0.355(1) 0.873%8) 0.1199(7) 0.1082
c(16) 0.822(2) 1.008(1) 0.100(1) 0.1572
Q17 0.876(2) 1.118(1) 0.142(1) 0.1689
c@181) 0.643(2) 0.464(1) 0.138(2) 0.0912 0.5000
C(182) 0.807(3) 0.504(2) 0.114(2) 0.1247 0.5000
Cc(19) 0.694(2) 0.411(1) 0.045(1) 0.1595
Cc20) 0.49%(2) 0.554(1) 0.318(2) 0.1617
Cc2D) 0.412(2) 0.567(1) 0.383(1) 0.1389
Cc(221) 0.985(2) 0.493(1) 0.332(1) 0.0775 0.5000
C(222) 0.844(3) 0.449(2) 0.335(2) 0.1299 0.5000
Cc(23) 0.985(1) 0.3913(8) 0.3653(8) 0.1111
P(3) 0.5471(3) 0.8046(2) 0.6771(2) 0.0890
(1) 0.600(1) 0.8166(9) 0.5828(6) 0.1983
F(2) 0.638(1) 0.7052(6) 0.6795(8) 0.2018
F(3) 0.3995(9) 0.7364(7) 0.6143(6) 0.1855
F(4) 0.650(1) 0.8716(7) 0.7394(7) 0.2010
F(5) 0.45%(1) 0.9042(6) 0.6716(7) 0.1783
F(6) 0.493(1) 0.787(1) 0.7661(7) 0.2263
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Table 2

Anisotropic thermal parameters for [Mn(COX®MeXP(OE),), XPF;)

Atom Uy Un, Us; Up Ui Uy,

Mn(1) 0.055%(6) 0.0528(6) 0.0534(6) 0.0094(4) 0.0107(5) 0.0023(4)
P(1) 0.073(1) 0.072(1) 0.054(1) 0.0137(9) 0.011(1) 0.005(1)
P(2) 0.064(1) 0.053¢1) 0.082(1) 0.0134(9) 0.015(1) 0.0034(9)
o) 0.11%5) 0.117¢4) 0.054(3) 0.016(3) 0.016(3) 0.025(4)
oQ) 0.08%(5) 0.241(9) 0.074(4) 0.052(5) 0.008(3) 0.048(5)
o3) 0.231(8) 0.080(4) 0.094(5) 0.038(4) —0.006(5) —0.001(5)
Oo4) 0.108(5) 0.068(3) 0.087(4) —0.006(3) 0.012(3) —0.002(3)
o) 0.074(4) 0.068(3) 0.13%(5) 0.026(3) 0.042(3) 0.001(3)
o6) 0.126(5) 0.068(4) 0.122(5) 0.031(3) 0.023(4) 0.031(4
o1 0.078(4) 0.112(5) 0.104(4) 0.002(4) 0.034(3) 0.020(3)
oD 0.082(5) 0.057(4) 0.054(4) 0.004(3) 0.008(4) —0.007(4)
a2 0.071(5) 0.058(4) 0.061(4 0.009(3) 0.009(4) —0.004(4)
o3 0.085(6) 0.057(4) 0.067(5) 0.001(4) 0.002(4) 0.018(4)
e (Y 0.064(5) 0.088(5) 0.064(5) —0.005(4) 0.017(4) 0.002(4)
s 0.083(6) 0.073(5) 0.056(4) 0.018(4) 0.018(4) —-0.003(4)
() 0.066(5) 0.072(4) 0.05%(4) 0.018(3) 0.002(3) 0.006(4)
e ()] 0.051(5) 0.107(6) 0.095(6) 0.016(5) 0.008(4) —0.011(#
1) 0.066(5) 0.068(5) 0.067(5) 0.001(4) 0.005(4) 0.002(4)
C(12) 0.132(9) 0.22Q1) 0.06%6) —0.010(7) 0.023(6) 0.016(9)
Cca3) 0.20(1) 0.1%1) 0.081(7) —0.014(8) 0.040(8) 0.00(1)
c(14) 0.093(7) 0.16(1) 0.111(8) 0.042(7) 0.022(6) 0.034(7)
Cc(15) 0.083(7) 0.126(8) 0.123(8) 0.016(6) —0.006(6) 0.027(6)
ca6) 0.26(2) 0.14(1) 0.16(1) 0.0%1) 0.01(1) —-0.00(1)
can 0.25(2) 0.12(1) 0.25(2) 0.10(1) —0.0(1) —0.041)
C(181) 0.09(1) 0.07(1) 0.15(2) —0.02(1) 0.01(1) —0.028(9)
C(182) 0.19(3) 0.10(2) 0.10(1) 0.01(1) 0.02(2) 0.02(2)
c(19) 0.20(1) 0.110(9) 0.21(1) —0.065(9) —-0.02(1) —0.018(9)
(20} 0.17(1) 0.090(9) 0.58(4) 0.06(1) 0.22(2) 0.012(8)
1) 0.15(1) 0.14(i) 0.24(1) 0.08(1) 0.11{(1) 0.00%(9)
(22D 0.06(1) 0.08(1) 0.15(2) 0.06(1) 0.03(1) 0.012(9)
(222 0.16(3) 0.10(2) 0.14(2) 0.03(1) 0.00(2) 0.01(2)
C(23) 0.116(8) 0.095(7) 0.17(1) 0.061(7) 0.038(7) 0.03%(6)
F(3) 0.083(2) 0.077(1) 0.114(2) 0.027(1) 0.017(1) 0.007(1)
12¢)) 0.222(9) 0.31(1) 0.18%(8) 0.084(8) 0.123(7) 0.030(8)
F(2) 0.24(1) 0.132(6) 0.32(1) 0.050(7) 0.025(9) 0.078(6)
F(3) 0.142(6) 0.234(9) 0.231(9) 0.053(7) - 0.019(6) —0.081(6)
F(4) 0.168(8) 0.182(8) 0.29(1) 0.011(7) -0.0747) —0.043(6)
F(5) 0.208(8) 0.158(7) 0.254(9) 0.033(6) 0.005(7) 0.107(6)
F6) 0.24(1) 0.48(2) 0.190(9) 0.1%(1) 0.100(8) 0.08(1)
Table 3

Interatomic distances (A) for [Mn(COX®MeXP(OED), ), KPF,)

Mn(D)-P(1) 2.203(2) Mn(1)-P(2) 2.193(2)

Mn(D)-C(1) 2.199(7) Mn(1)-C(2) 2.171(6)

Mn(1)-C(3) 21627 Mn(1)-C(4) 2.168(7)

Mn(1)-C(5) 2.160(7) Mn(1)-C(6) 2.177(7)
Mn(1)-C(11) 1.771(8) o(1D)-C(1D) 1.149(8)

P(1)-0O(1) 1.568(5) P(D-0(2) 1.582(6)

P(1)-0(3) 1.561(6) P(2)-O(4) 1.565(6)

P(2)-O(5) 1.582(5) P(2)-0(6) 1.593(6)

o(1)-C(12) 1.40(1) O(2)-C(14) 1.34(1)

0(3)-C(16) 1.35(1) O(4)-C(i81) 1.37(2)

O(4)-C(182) 1.29(2) 0(5)-C(20) 1.40(1)

o(6)-C(221) 1.31(2) —0(6)-C(222) 1.25(2)

c(D-C(2) 1.392(9) c(D-C(6) 1.414(9)

c(D-C(D 1.54(1) C(2)-c(3) 1.40(1)

C(3)-Cc4) 1.39(1) C(H-C(5) 1.40(1)

C(5)-C(6) 1.38(1) C(12)-C(13) 1.42(1)

C14)-c(15) 1.48(1) c(16)-c(17M 1.42(2)
Ccu8nN-c(19) 1.52(2) C(182)-C(19) 1.55(2)

C(20)-C(21) 1.28(2) C(221)-C(23) 1.46(2)
C(222)-0(23) 1.48(3)

P(3)-F(1) 1.533(7) P(3)-F(2) 1.505(7)

P(3)-F(3) 1.52K7) P(3)-F(4) 1.493(7)

P(3)-F(5) 1.503(6) P(3)-F(6) 1.487(8)
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2-methylpropionitrile [10] (Eq. (1)) led to the isolation the o/m ratios 52 /48, 43 /57, and 38 /62 respectively.

of the corresponding ortho and meta addition adducts 2 When complex 1d was treated with LiCMe,CN, a
and 3 [11] (in 90, 59, and 54% yield respectively), in mixture of o and m regioisomers was obtained in the
Table 4

Bond angles (deg) for [Mn(COX® MeXP(OEt),), (PE,)

P(1)-Mn(1)-P(2) 92.86(8) P(1)-Mn(1)-C(1) 126.42)
P(2)-Mn(1)-C(1) 140.1(2) P(1)-Mn(1)-C(2) 95.5(2)
P(2)-Mn(1)-C(2) 162.9(2) C(1)-Mn(1)-C(2) 37.1(2)
P(1)-Mn(1)-C(3) 86.6(2) P(2)-Mn(1)-C(3) 128.5(2)
C(1)-Mn(1)-C(3) 67.8(3) C(2)-Mn(1)-C(3) 37.6(3)
P(1)-Mn(1)-C(4) 107.2(2) P(2)-~Mn(1)-C(4) 95.7(2)
C(1)-Mn(1)-C(4) 80.3(3) C(2)-Mn(1)-C(4) 67.5(3)
(3)-Mn(1)-C(P 37.4(3) P(1)-Mn(1)-C(5) 143.9%(2)
P(2)-Mn(1)-C(5) 84.8(2) C(1)-Mn(1)-C(5) 67.8(3)
A(2)-Mn(1)-C(5) 79.7(3) C(3)-Mn(1)-C(5) 67.7(3)
C(49)-Mn(1)-C(5) 37.8(3) P(1)-Mn(1)-C(6) 162.6(2)
P(2)-Mn(1)-C(6) 104.0(2) C(1)-Mn(1)-C(6) 37.7(2)
C(2)-Mn(1)-C(6) 67.2(3) C(3)-Mn(1)-C(6) 79.8(3)
(4)-Mn(1)-C(6) 67.6(3) P(1)-Mn(1)-C(11) 87.2(2)
P(2)-Mn(1)-C(11) 87.7(2) C(D-Mn(1D-C(11) 87.6(3)
C(2)-Mn(1)-C(11) 107.6(3) C(3)-Mn(1)-C(11) 143.5(3)
C(4)-Mn(D)-C(11) 164.9(3) C(5)-Mn(1)-C(6) 37.2(3)
C(5)-Mn(1)-C(11) 128.5(3) C(6)-Mn(1)-C(11) 97.3(3)
Mn(1)-P(1)-0(1) 115.1(2) Mn(1)-P(1)-O(2) 122.5(2)
O(D-P(1)-0(2) 97.6(3) Mn(1D)-P(1)-0(3) 109.2(3)
O(1)-P(1)-0(3) 104.9(4) O(2)-P(1)~-0(3) 105.8(4)
Mn(1)-P(2)-0(4) 118.7(2) Mn(1)-P(2)-O(5) 114.0(2)
O(4)-P(2)-0O(5) 103.7(3) Mn(1)-P(2)-O{(6) 112.6(3)
O(4)-P(2)-0(6) 104.4(3) 0O(5)-P(2)-0(6) 101.7(3)
P(1)-0(1)-C(12) 128.7(6) P(1)-O(2)-C(14) 130.0(7)
P(1)-0(3)-C(16) 136.2(8) P(2)-0(4)-C(181) 128.8(11)
P(2)-O(4)-C(182) 135.0(12) P(2)-O(5)-C(20) 129.8(7)
P(2)-0(6)-C(221) 132.4(9) P(2)-O(6)-C(222) 135.4(13)
Mn(1)-C(1)-C(2) 70.4(4) Mn(1)—C(1)-C(6) 70.3(4)
C(2)-C(1)-C(6) 118.0(7) Mn(1)-C(1)-C(7) 131.5(5)
C()-C(1)-C(7) 121.6(7) C(6)-C()-C(D 120.4(7)
Mn(1)-C(2)-CX(1) 72.5(4) Mn(1)-C(2)-C(3) 70.8(4)
C(1)-C(2)-C(3) 121.4(7) Mn(1)-C(3)-C(2) 71.5(4)
Mn(1)-C(3)-C(4) 71.5(4) C(2)-C(3)-C(4) 120.0(7)
Mn(1)-C(4)-C(3) 71.1(4) Mn(1)-C(4)-C(5) 70.8(4)
C(3)-C(H-C(5) 119.47) Mn(1)-C(5)-C(4) 71.4(4)
Mn(1)-C(5)-C(6) 72.0(4) C(4)-C(5)-C(6) 120.5(7)
Mn(1)-C(6)-C(1) 72.0(4) Mn(1)-C(6)-C(5) 70.8(4)
C(1)-C(6)-C(5) 120.7(6) Mn(1)-C(11)-O(11) 178.6(7)
o(1)-C(12)-X(13) 112.1(10) O(2)-C(14)-C(15) 112.5(9)
o(3)-Cc(16)-Cc(17) 113.3(12) O(4)-C(181)-C(182) 51.1(9)
O(4)-C(181)-C(19) 107.9(15) 0O(4)-C(182)-C(19) 110.7(20)
o(5)-C(200-Cc(2D 121.5(15) o(6)-C(221)-C(23) 116.6(12)
0(6)-C(222)-C(23) 119.8(21)

F(1)-P(3)-F(2) 90.2(6) F(1)-P(3)-F(3) 87.4(5)
F(2)-P(3)-F(3) 91.1(5) F(1)-P(3)-F(4) 93.3(6)
F(2)-P(3)-F(4) 89.2(5) F(3)-P(3)-F(4) 179.3(6)
F(1)-P(3)-F(5) 87.9(5) F(2)-P(3)-F(5) 178.1(6)
F(3)-P(3)-F(5) 88.9(5) F(4)-P(3)-F(5) 90.8(5)
F(1)-P(3)-F(6) 177.1(7) F(2)-P(3)-F(6) 88.1(6)
F(3)-P(3)-F(6) 90.2(6) F(4)-P(3)-F(6) 89.1(6)

F(5)-P(3)-F(6) 93.8(6)
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ratio 8/92 (combined yield 85%). Several interesting
observations can be deduced from these results.

5| MA(COLLs.x 4N
1 3 / 2 6 5
7 e 1
N | 1 J 7CN + 3 5
*Mn(CO)La 3 MN(COMl3.«
1 PFe 2 3
ax=3 62 38
b x=2 L=PPhy 57 43
¢ x=2 L=P(OEt), 48 52
d x=1 L=P(OEt); 92 8

i. LICMe,CN, THF, -78°C

(1)

Firstly, the replacement of CO by a phosphite or a
phosphine increases the electron density on the Mn
atom such that the electrophilicity of complexes 1b, 1c
and 1d is less than that of la. Because of this, the
addition of the nucleophile could be achieved at — 78°C
for 1a but required 0°C for 1b, 1¢ and 1d. This observa-

Table 5

Crystal data for [C,,H30,P, MnKPF)

FW 652.35

a(A) 8.546(2)

b(A) 12.623(2)

c(A) 14.334(2)

a () 101.13(1)

B 100.54(2)

y () 92.55(2)

V(&) 1483(7)

z 2

Crystal system triclinic

Space group P1

Linear absorption coefficient u 6.55

(em™1)

Density p (g cm ) 1.46
Diffractometer Enraf-Nonius CAD-4
Radiation MoK a (A=0.71069 )
Scan type w/20

Scan range (°) 08+0.345tg 0
8 limits (°) 1-25

Temperature of measurement room temperature

Octants collected -10,9; —14,14;0, 17
No. of data collected 5432

No. of unique data collected 5206

No. of unique data used 3051 (F,)* > 3a(F,)*

for refinement

R(int) 1.21
R=LE|F,|I-1F.I/ZIF,I 0.0594

Rw=Xw(|F, |- |F|)*/ZwF} 0.0600 w=1.0

Absorption correction DIFABS (min 0.83, max 1.13)

Extinction parameter (X 10~%) 272
Goodness of fit 3.9
No. of vanables 352
Apyn (€ A7) -0.37
Appa (€ A7) 0.54

tion has already been outlined in the literature [4b,12,13]:
for example, Chung and coworkers [12] have studied
the  reactivity of  ((phenylsilatrane)Mn(CO),-
P(OMe);)CIO, 4; the replacement of CO by a phosphite
increases the electron density on the metal, and the
electrophilicity of this compound would be much lower
than that of the unsubstituted compound so that strong
carbanions are needed for the addition to occur. It is
also well known that alteration of the electronic charac-
ter of the metal in cycloheptadienyl-Fe(CO),L com-
plexes [13a] has a profound effect on the reactivity of
these molecules towards a range of synthetically useful
nucleophiles.

The second point concerns the regioselectivity of the
reaction. Substitution of one CO ligand slightly affected
the o/m ratio in favor of the mera addition product.
This is in good agreement with what has been described
in the case of LiCMe,CN addition to the silatrane
derivative 4 [12]: no regioselectivity is observed versus
the corresponding tricarbonyl complex. However, a very
high regioselectivity is observed in the reaction of com-
plex 1d, where two CO ligands have been substituted.
This is the first time that such an increase of regioselec-
tivity has been observed by simply changing the number
of phosphite ligands around Mn. Further studies of
nucleophilic additions to 1d are in progress in order to
rationalize these observations.

3. Conclusions

In conclusion, it has been demonstrated that the
electronic environment of the metallic atom can influ-
ence tremendously the regioselectivity of a carbanion
addition to the aromatic ring of an alkyl substituted
arene Mn complex. Furthermore, the crystal structure of
the new toluene Mn complex in which two CO have
been substituted by two phosphites clearly shows that
the meta-carbons to the methyl group are almost eclipsed
by the phosphite ligands; further, the major product
results from nucleophilic addition occurring at the
meta-carbons.
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