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Photochemical Substitution of fac-Tricarbonyl[P,F’,S-
(2,2-bis(diphenylphosphinomethyl)-1-phenylthiopropane)]manganese(l)
hexafluorophosphate by Diphenylphosphine
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Shic-Ming Peng ( #ZAHAH ) and Shiuh-Tzung Liv* { BliEE )
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The title complex underwent ligand substitution by diphenylphosphine to form dicarbonyl{ £, #,5-(2,2-
bis(diphenylphosphinomethyl)-1-phenylihiopropane}(diphenylphosphine)manganese(f) hexafluorophos-
phate 2 under photochemical conditions. The crystal structure of complex 2 was determined. The reaction
was kinetically independent of the concentration of diphenylphosphing, so a first-order reaction,

INTRODUCTION

In a complex wrapped by "hybrid" donor atoms, for
example I, as the coordinating sites trans to the "hybrid” do-
nors are in distinct environments, such a complex is ex-
pected to have a stereochemical influence on reaction
mechanisms and selectivity.'! Manganese(l) complex 1 that
contains the mixed donor tripodal ligand 187 appears (o be
thermally stable due to the chelating effect of the tripodal
system, Ttrcacts with halides and psudobalides stercospeci-
fically to replace the sulfide donor (Eq. 1); here the photo-
chemical substitution of one carbonyl ligand in 1 by
diphenylphosphine is presented.
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RESULTS AND DISCUSSION

Undecr photochemical conditions, complex 1 reacted
with diphenylphosphine in THF to give [{BF’S-
(S IMn(CO)(PPh,H)PFs 2 as the exclusive producl.
Complex 2 was obtained as a yellow crystalline solid and
characterized by both spectral and single crystal analyses.

This complex cxhibits two broad multiplets in 'p NMR

spectra, which are the consequence of the complexity of
spin-spin coupling among three distinct phosphines, indi-
cating that diphenylphosphine is at the position (rans 1o one
phosphorus donor of P8, The wavenumbers associated
wilh two carbonyl stretches 1949 and 1890 e’ in the infra-
red spectrum are consistent with a dicabonyl species.” The
X-ray dillraclion analysis of the crystal confirmed the for-
mulation of the complex.

An ORTEP plot of complex 2 appears in Fig. 1 and the
non-hydrogen atomic coordinates are listed in Table 1. The
slightly distorted octahedral gcometry around the metal cen-
ter consists of three phosphines, one sulfide and two carbon-

Fig.1 ORTEP Plot of
(PPhaIDT.

({1, 8-(P28)Mn(CO)-
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Table 1. Atomic Coordinates and Isotropic Thermal Parameters yls. That the angle of P2-Mn-83 (83.75(4)") deviates from
of Complex 2 907 is due to the steric requirement of the tripodal frame.
x y z Beq The larger Mn-P2 distance is the consequence of relief of
MN 0.56645(5) 0.22692(4)  0.22374(3)  2.195(22) steric mtemcuon.of the phenyl grou.ps be'twf.:el'l P2 'and P3.
Pl 0.61273(8) 0.16521(6)  0.34729(5)  2.29(4) The two Mn-C distances are essentially indistinguishable,
g% gggﬁégg ggg?gggg; g;;gg?g %};gg)} even though one of them is trans to the phosphorus donor
P 054022(9) 029851(7) 0210531(5) 3:09(5) and the 0[1161' is trans to sulfide. The average Mn-C distance
C 0.7544(3) 0.36757(21)  043053(18) 2.23(14) 1.778(3) A is smatler than that 1.815(8) A in complex 1, as
Cl 0.6811(3) 0.26594(21)  0.44475(18) 2.26(14) i ca £ t ilit f diphenvi-
€2 06665(3)  04301821) 040102018) 233(4) ~ CXPected: because of the stronger abilily of dipheny
C3 0.8448(3) 0.35761(22)  0.36630(19) 2.44(15) phosphine as o-donor compared with a carbonyl ligand.
C4 (0.8341(3) 0.42779(23) 0.51818(19) 3.25(17) The decreased Mn-C bond in 2 is concordant with the in-
Cs5 0.4068(3) 0.15976(23)  0.19879(20) 3.18(17) WaPT . . °
05 030479Q21)  0.11148(18) 0.17791(16) 5.16(14) flrcascd C-0O distance (1.161(4) A compared to 1.136(9) A
C6 0.5913(3) 0.12113(24)  0.15498(20) 3.11(16) in 1) and the smaller carbonyl stretching wavenumber 1890
06 0.5966(3) 0.0491(17)  0.10763(15)  5.19(15) em in the infrared spectrum. Examination of the dihedral
Cl1A  04788(3) 0.08517(22) 037183(19) 2.77(1%) ! ! he chel ings in 2 I .. d
CI12A 04479(3) 010]85(24) 046007(20) 323(17) ang cs along the chelate rln;,S m 2 reveals iwo pOSluVe an
CI3A  03416(3) 0.0413(3) 0.47782(23)  4.24(20) four negative values (Table 3) typical of a twist-boat confor-
Cl4A  0.2678(3) -0.0380(3) 0.41506(24)  4.99(21) mation.
CISA  0.2992(4) -0.0581(3) 0.33354(24) 5.60(23} . PR
Cl6A  0.4035(3) 0.0037(3) 0.31538(21)  4.28(20) The reaction pathway of carbonyl substitution in a co-
CilB  0.7242(3) 0.08614(22) 0.34663(19) 2.62(1%) ordinated saturated (18-electron species) manganese(l) is
CI2B  0.6900(3)  -0.00804(24) 0.29116(20) 3.64(20) . cccopiation * The -
CI3B  0.7694(4) 0.07143) 029119(22)  4.79(23) conmdc;red to be [hrou.gh dissociation. Th‘u subtv,tltuu‘on. of
CH4B  0.8827(4) -0.0418(3} 0.34624(25) 49723 1 by diphenylphosphine occurred through a dissociative
gigg gg;gggg g-?ﬁ;g%) gig?ggg‘g g’i‘gﬁég pathway. Dissociation of a carbony! ligand of 1 requircs
C21A 024035(3) 0:32824(22) 0238352(19) 5 42(15) photochemical conditions instead of thermal ones. Kinetic
C22A  0.2849(3) 0.2755(3) 0.33828(20)  3.70(18) measurements (experimental section) indicates that the rate
C23A  0.1R78(3) 0.2473(3) 0.3821924) 492(22) law has the form: tate = kop. [1 hich is ind dent of th
C24A  02082(3) 0.2697(3)  047157(23) 4.75(21) W las e rate = Kows (1}, which ' ""_ cpencent of the
C25A  G.3241(3) 0.32107Q24)  0.5[731(20) 3.71(19) concentration of phosphine. That this reaction is sup-
C26A  04211(3) 0.35188(22)  0.47392(19) 2.86(16) pressed under CO at atmospheric pressure indicates that this

C21B  0.4892(3) 0.47042(22)  0.27968(18) 2.43(15)

C22B  0.5804(3) 0.5338322) 0.24896(20) 2.83(16) ligand substitution reaction involves a reversible step, disso-

C23B  0.5566(3) 0.6143(3) 02170322} 420(20) ciation of CO followed by coordination of phosphine.™®
C2B  0.4405(4) 0.6330(3) 0.21493) 58} Triphenylphosphine did not react with I under similar con-
C25B  0.3496(4) 0.5711(3) 0.2460(3) 6.3(3) diti due to steric hind

C26B  03726(3)  04903(3)  027767(24) 438(21) tions gue to steric hindrance.

C31 (.8893(3) 0.28782(23) 0.20288(19) 2.68(17)
C32 0.8979(3) 0.18951(24)  0.19380(21) 3.58(19)
C33 0.9931(3) 0.1629(3) 0.15633(23) 4.18(20)

C34 1.0769(3) 0.2314(3) 0.12715(22) 437(22) Table 2. Selected Bond DistanccslﬁandAnglcsldcg of Complex

C35  1.0687(3) 03200(3)  0.13747(23) 46321 2

C36  0.9743(3) 03581(3)  0.17572(21) 3.71(18) .

C31A  039333)  0.2550(3)  0.02891(19) 3.40(19) EA""‘S,F istance/A 2 3261 MiP2 23041

C32A  0.3318(4) 03244(3)  000525(22) 4.62(22) B 326(1) - 294(1)

C33A  0.2196(4) 02901(3)  -0.05411(25) 6.4(3) Mn-S3 2362(1) Mun-P3 2.300(1)

C34A  0.1714(4) 0.19004)  -0.08805(24) 7.0(3) Mn-C5 LIT7(3) Mn-C6 1.780(3)

C35A  0.2318(4) 0.1224(3)  -0.06451(24) 6.8(3) C5-05 1.158(4) C6-06 1.164(4)

C36A  0.3432(4) 0.1547(3)  -0.00637(22) 4.96(22) P1-Cl 1.843(3) P2-C2 1.838(3)

C3IB  0.6567(3) 0.3060(3)  0.03552(20) 4.01¢21) $3-C3 1.826(3)

C32B  0.6737(4) 0.2214(3}  -001583(24) 6.3(3) Bond Anglefdeg

ggig 8.;;3128) 8%%22&3 -8.0684(3; 9-’§(4) P1-Mn-P2 86.08(4) P1-MnS3  89.53(4)
, } . 0.0685( 9.8(4) ' '

C35B  08206(4)  040774)  -0.0187(3) 8.9%3) P1-Mn-P3 174324 PIMn-CS 95401

C36B  0.7307¢4) 03995(3)  003M6(3)  63(3) P2-Mn-§3 83.75(4) P2-Mo-P3 - 9295(4)

P 0.96931(9)  0.67536(7)  0.29520(6) 3.42(5) P2-Mn-C5 92.5(1) P2-Mn-C6  177.0(1)

Fi 1.03068(22)  0.74638(16) 0.38691(13) 6.59(14) S3-Mn-P3 84.80(4) $3Mn-C5  173.6(1)

Il% 83(1)2%3()21) g?ggg?g? 0%2‘;(13;%13; B.10(17) S3-Mn-C6 98.4(1) P3-Mn-C6 89.3(1)
, , ) 034269(14)  6.32(14) v -C5-

F4 1.02240(22)  0.76303(17)  0.24907(14)  6.76(14) fjn_l‘gg_gg ’fif;%;) grC0’ plld 23

Fs 0.84765(21)  O.71360(17)  0.20853(16)  7.44(17)
¥o L.OBB39(24)  0.63683(22)  0.29242(17) 8.95(20)
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Table 3. Dihedral Angles/deg of Chelate Rings in Complex 2

Mn-P1-C1-C-C2-P2

Mn-P1-C1-C-C3-83

Mn-P2-C2-C-C3-53

Mn-P1-C1-C T9.4(2) Mn-P1-C1-C B2.8(2) Mn-P2-C2-C B4.8(2)
P1-C1-C-C2 42.0(1) PI1-C1-C-C3 -35.3(1 P2-C2-C-C3 42.8(1)
C1-C-C2-P2 -32.3(1) C1-C-C3-83 -23.2(1) C2-C-C3-53 -35.5(3)
C-C2-P2-Mn 59.7(1) C-C3-53-Mn 51.7(1) C-C3-83-Mn 62.9(1)
C2-P2-Mn-P1 -32.1(1) C3-53-Mn-P1 -279(1) C3-53-Mn-P2 -30.2(1)
P2-Mn-P1-C1 -27.9(1) §3-Mn-P1-C1 -45.2(1) S$3-Mn-P2-C2 -32.3(1)
EXPERIMENTAL SECTION (11, M [Ph,PH], M Kobs, s
0.012 0.12 1.05x 107
'H and P NMR spectra were determined on a Bruker 0.012 0.6 1.06x 107
AC-E 200 or a Bruker AM-300WB spectrometer. Chemical 0.012 12 1.03% 107

shifts are given in parts per million relative to 85% HyPO,
for P NMR spectra in CDCis, unless otherwise noted. In-
frared spectra were recorded on a Bio-Rad FTS-40 instru-
ment. Elemental analyscs were made on a Perkin-Elmer
240C instrument. All reactions, manipulations and purifica-
tion steps involving phosphines were performed under a dry
nitrogen atmosphere. The photochemical apparalus was a
medium-pressure mercury vapor lamp (550-W Conrad-
Hanovia Ace Glass, Inc). Complex 1 was prepared as pre-
viously reported.”

Dicarbonyl[P,P’,5-(2,2-bis(diphenylphosphinomethyl)-1-
phenylthiopropane)] (diphenylphosphineymanganese(I)
hexafluorophosphate (2)

Into a degassed Pyrex flask was placed complex 1 (50
mg, 0.06 mmol) and diphenylphosphine (11.5 mg, 0.062
mmol) in THE (5 mL). The mixture was irradiatcd with UV
light for 2 h. The solvents were removed and the residue
was dissolved in acetone and hexane. The desired product
was crystallized as a yellow solid (35 mg, 94%): mp 198 °C
(dec); IR(CH:CLp) 1949, 1890 cm™; 'H NMR §7.93 - 6.64
{m, 35 H), 5.31 (m, 1 H},3.95 (4,1 =12Hz, ] H},3.11-2.98
(m,3H),2.87(d,T=128Hz, 1 1}, 246 - 2.26 (m, 1 I1), 1.61
(s, 3 I); *'P NMR & 58.4 (br), 37.3 (br); Ana!. Calcd for
C49H45F6MHP402S C, 5941, H, 458, Found C, 596, H,
4.60.

Kinetic Study

The kinetic determinations were performed on the in-
frared spectrometer with measurement of the disappearance
and appearance of the linesassociated with carbonyl stretch-
ing at wavenumbers 2030 cm™ for 1 and 1890 cm™ for 2 re-
spectively. All reactions were performed at 25 °C. All runs
showed a satisfactorily lincar plot of In{A-A.); the resulis
are:

Structural Analysis of 2

Complex 2 was recrystallized from acetone and hex-
ane. Measurcment and data collection were carricd out on
an Enraf-Nonius CAD-4 diffractometer. Empirical for-
mula: CaollesFsMnOal,S, Fo = 990.85. Crystal size 0.25 x
0.35x0.50 mm®. Space group: triclinic, P-1. a=11.219(2),
b = 14.008(4), c = 15.886(4) A, & = 100.17(2), B = 97.45(2),
y=103.342)°, V = 2353(1) A’, T=298 K, Z = 2, F(000) =
1020, Dees = 1.40 Mg m”, p= 0.50 mm™, A = 0.7107 A,
The intensity data were collected in the @-20 scan mode. 26
max=50",-13<h<12,0<k<16,-18<1< 18, Awotal of
8264 unique rellections were measured, of which 5766 were
observed with I > 2.0 o(I). Transmission factors were 0.92
- 1.00.

The heavy-atom mcthod was used and least-squares
refinement was undertaken with aif non-hydrogen atoms an-
isotropic. Refinement details follow: Fo and Fe are the ob-
served and calculated structure faclor amplitudes respec-
lively, the function minimized was Zw (Fo-FY, with w' =
6(F,), 6(F,) from counting statistics; Ry = T/F,-Fo/ Z(Fo);
Ry = [EW(Fo T /EW(F)']'" S = [E(wW(Fo-Fo)M(No. of re-
flections - No. of params)]'. For significant reflections, Ry
=0.037, R, = 0.027, § = 2.07. Atomic scaltering factors
were taken from: the International Tables for X-ray Crystal-
lography.” The computing program was the: NRCC SDP
VAX packﬂge.s
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