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Section 1. Comments on previous reported typical organometallic derivatives of POMs:

Though carbonyl metal derivatives of POMs have attracted increasing interest in the recent years, the reports on
new types of POM-based carbonyl metal derivatives are very rare. At the present time, the reported
POM-supported tricarbonyl metal compounds are mainly dominated by Lindqvist-type polyoxoanions and
Dawson-type [P2Wi1sNb3Oe2]°~ polyoxoanions. The first POM-supported carbonyl metal compounds
[(OC)sM(Nb2W4019)]*~ (M = Mn, Re) were obtained by Klemperer’ group in 1980.1 Although they did not have
crystal structure characterization, they forecasted their structures by the 17O NMR study, and their structures was
proved in 1985.2 The [M(CO)3]* (M = Mn, Re) group is bonded to three adjacent bridging oxygens of the
[Nb2WsO19]* polyoxoanion. At the same time, Day and Klemperer reported a series of
Lindgvist-polyoxoanion-supported carbonyl metal compounds.® A typical example is
[(n°-CsHs) Ti(M0s018)Mn(C0O)z]%, in which a [M(CO)s]* unit is bonded to three bridging oxygen atoms of the
[(m>-CsHs) Ti(Mos01s)]3- anion. It is worthwhile to note that the compound contains [(n°-CsHs)Ti]%* and [M(CO)a]*
two organic groups. In 1997, Finke et al. prepared a few [P2W1sNbsOs2]*-supported cabonyl metal compounds:
[(n-CsHo)sN]s[Re(CO)sP2W15Nb3Osz] - (N-CsHo)aNBFs4, [(n-C4Hg)aN]s[1r(CO)2P2W1sNb3Oez] and
[(n-C4Hg)aN]e[Rh(CO)2P2W1sNb3Oe2].# In 2001, Pope et al. found this type of compounds based on isoniobate or
isotantalate: K7[MsO1sM’(CO)s] (M = Nb, Ta; M’ = Mn, Re) and [MsO1sM’(CO)3]% (M = Nb, Ta; M’ = Mn, Re).5
In 2003, Gouzerh et al. reported several compounds containing [MosO13(OMe)4(NO)]3- and [M(CO)s]* (M = Mn,
Re) units.5 Take (nBuaN)2[Re(CO)3(H20)] and (nBusaN)z{Na[Mos013(OMe)s(NO)]2[Mn(CO)s]2} for instance, in
the former, the [Re(CO)s]* fragment is bonded to two adjacent axial oxygen atoms of the [MosO13(OMe)s(NO)]
unit and a water molecule whereas the latter consists of two crystallographically independent
[{Mo05013(OMe)4(NO)}H{Mn(CO)s}]% units linked by a sodium cation. In 2008, our group synthesized a new
compound (n-BuaN)2{M0sO16(OCHz)2[HOCH2C(CH20)3]2[Mn(CO)s]2}.” Very recently our group discovered the
novel octatungstate-supported tricarbonyl metal polyanions [{H2WgO30}{M(CO)3}2]*~ (M = Mn' and Re') with
completely unprecedented structures;® the novel octamolybdate-supported tricarbonyl metal derivatives
[{H2M08030}{M(CO)s}2]** (M = Mn' and Re');® and a rarely reported isopentatungstate-supported
[{Re(CO)s}4{(12-OH)(n3-0)(W5018)}]>.1° In summary, the bonding of the [M(CO)s]* (M = Mn' and Re')
fragment, as a dé-fac-MLs unit to a triangle of connecting three oxygen atoms, is common in POM-supported

organometallic compounds.!?

Table 1 Summary of iso-POMs based on metal carbonyl compounds

Formulas Ref.
[(M®-CsHs) Ti(M0s018)Mn(CO)3]* 3b
[M6O1{M’ (CO)3}]® ™ (M =Nb, Ta;M’ =Mn,Re;n=1,2) 5
[M(CO)3(H20){M05013(OMe)s(NO)}1* (M = Mn, Re) 6

[Na{Mo0s013(OMe)a(NO)}{Mn(CO)s}2]*~
[Mn(H20)2{M05016(OMe)2.-{Mn(CO)3}2]*

[M06016(0CH3)2{HOCH2C(CH20)3}2{Mn(CO)3z}2]*" 7
[{H2Ws030}{M(CO)3}2]* (M = Mn, Re) 8
[{H2M08030}{M(CO)3}2]* (M = Mn', Re') 9
[{Re(CO)s}a {(j12-OH)(115-0)(WsO1s)}] 5 10
[M0205(0OMe)s{M(CO)s}2]” (M = Re, Mn) 11

[M0204(OMe)s{Mn(C0O)z}-]
[M020s(OMe)s{Re(CO)3}2]>
[M0204{RC(CH20)3}2{Mn(C0O)s}:] (R = Me, CH20H)
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Section 2. Structural figure

a)

Figure S1 a) The coordination environments of Rel. b) Polyhedral representation of [M02016]% unit. Colour code:

Mo, mazarine; Re, purple; C, black; O, red; MoOs octahedral, green.



Figure S3. Packing diagram of 1 viewed along the c axis.

Section 3 The BVS calculation results for all Mo atoms and O atoms on [M04O16]*~

Table S2 The BVS calculation results for all Mo atoms and O atoms on [M04O16]%"

Bond valence Bond valence Bond valence

Atom Atom Atom
sum sum sum
Mol 6.08 o1 -1.63 02 -1.89
03 -1.88 04 -1.85 05 -1.93
06 -2.08 o7 -2.01 08 -1.96
09 -1.87 010 -1.59 0o11 -1.70
012 -2.20 013 -2.02 014 -2.09

015 -2.11 O16 -2.13




Section 4. Selected bond angles and distances of 1

Table S3 Selected band lengths (A) for compound 1

Re(1)-C(2) 1.853(14) Re(1)-C(1) 1.857(14) Re(1)-C(3) 1.859(16)
Re(1)-0(4) 2.145(7) Re(1)-O(4)* 2.148(7) Re(1)-0(2)" 2.158(7)
Mo(1)-0(1) 1.691(8) Mo(1)-0(3) 1.716(8) Mo(1)-0(2) 1.905(7)
Mo(1)-O(4) 1.910(7) Mo(1)-0(2)" 2.410(7) Mo(1)-O(2)* 2.428(7)
0(2)-Re(1)" 2.158(7) 0(2)-Mo(1)* 2.410(7) 0(2)-Mo(1)* 2.428(7)
O(4)-Re(1)" 2.149(7) 0(5)-C(1) 1.179(16) 0(6)-C(2) 1.168(16)
O(7)-C(3) 1.179(19)
X, 1-Y, -Z; #2-X, +Y, +Z; B+ X 1-Y, -Z.
Table S4 Selected band angles (°) for compound 1
C(2)-Re(1)-C(1) 85.8(6) C(2)-Re(1)-C(3) 85.4(5)
C(1)-Re(1)-C(3) 87.8(5) C(2)-Re(1)-0(4) 100.2(5)
C(1)-Re(1)-O(4) 173.4(4) C(3)-Re(1)-0(4) 95.4(4)
C(2)-Re(1)-O(4)™ 174.4(5) C(1)-Re(1)-O(4)™ 99.0(5)
C(3)-Re(1)-0(4)" 97.6(4) O(4)-Re(1)-O(4)" 74.9(3)
C(2)-Re(1)-0(2)*2 101.2(4) C(1)-Re(1)-0(2)*2 100.3(4)
C(3)-Re(1)-0(2)* 169.9(4) 0O(4)-Re(1)-0(2)* 76.0(3)
0O(4)"-Re(1)-0(2)" 75.3(3) O(1)-Mo(1)-0(3) 105.0(4)
0(1)-Mo(1)-0(2) 102.5(3) 0(3)-Mo(1)-0(2) 103.2(3)
0(1)-Mo(1)-0(4) 100.2(3) 0(3)-Mo(1)-0(4) 101.03)
0(2)-Mo(1)-O(4) 141.0(3) 0O(1)-Mo(1)-0(2)" 161.4(3)
0(3)-Mo(1)-0(2)" 93.5(3) 0(2)-Mo(1)-0(2)" 74.3(3)
0(4)-Mo(1)-0(2)* 74.0(3) 0(1)-Mo(1)-0(2)*2 91.6(3)
0(3)-Mo(1)-0(2)*2 163.3(3) 0(2)-Mo(1)-0(2)*2 73.9(3)
0O(4)-Mo(1)-0(2)* 74.2(3) 0(2)"-Mo(1)-0(2)* 69.9(3)
Mo(1)-O(2)-Re(1)" 154.0(4) Mo(1)-O(2)-Mo(1)* 101.7(3)
Re(1)3-0(2)-Mo(1)"2 93.9(2) Mo(1)-O(2)-Mo(1)* 101.03)
Re(1)%-0(2)-Mo(1)" 92.9(2) Mo(1)*2-0(2)-Mo(1)* 110.1(3)
Mo(1)-O(4)-Re(1) 110.2(3) Mo(1)-O(4)-Re(1)" 110.8(3)
Re(1)-O(4)-Re(1)™ 102.7(3) 0O(6)-C(2)-Re(1) 178.2(13)
0(5)-C(1)-Re(1) 178.5(12) O(7)-C(3)-Re(1) 176.0(12)
X, 1-Y, -Z; 2-X, +Y, +Z; B+X,1-Y, -Z.




Section 5. The IR spectra of compound 1 and Re(CO)sClI
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Figure S4. The IR spectrum of compound 1
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Figure S5. The IR spectrum of Re(CO)sCl

Section 6. The UV—vis spectrum of 1
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Figure S6. The UV —vis spectrum of 1
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Section 7. The XPRD patterns
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Figure S7. The XPRD patterns of 1

Section 8. Thermogravimetric analysis of 1
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Figure S8. The thermogravimetric analysis curve of 1




Section 9. The ESI-MS spectrum of 1
These solutions were filtered and introduced to the spectrometer via direct injection at a flow rate of 15 uL min-!

using a syringe pump. Moreover, the electrospray source was used with the dying nitrogen gas and the ion polarity
for all MS data collections recorded was negative. The following parameters were consistent for all ESI-MS data
collections as follows: ionspray voltage: -4500V, curtain gas flow, 25 PSI; ion source gas 1, 15 PSI; ion source gas

2, 15 PSI; ion energy 1, -1.1 V; pulser frequency, 11.332 KHz; pulse 1 duration, 3.902 um; declustering potential,

-10V; collision energy, -5.0 V.

[{(CH;),N},{Re(CO)3}4(M0,0,¢)]*~

[H,{Re(CO)3},(Mo0,044)(H,0),]1>
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Figure S9. Negative-ion ESI-MS mass spectrum of 1a in acetonitile.
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Figure S10. Negative-ion ESI-MS mass spectrum of 1a against H202 in acetonitile.



Section 10. Catalytic properties

Table S5 Oxidation of thioanisole with different catalysts 2

Con.b Sel. (%)
Entry Substrate Catalyst

(%)° (RR'SO)
1 - 24 53
2 @/S\ Re(CO)sCl 37 56
3 NazMo0O4-2H20 70 57
4 Catalyst 1 99 93

@Reaction conditions: catalyst (5.5 umol), substrate (1 mmol) and H202 (1.2 mmol) were mixed in

2 mL acetonitrile at 35 °C. ® Determined by GC analyses based on initial substrate.

Table S6 Oxygenation of various sulfides with H202 in CH3CN catalyzed by compound 12

_ Sel. (%) Sel. (%)
Entry Substrate H202° Time (h) Con.® (%)
(RR'SO) (RR'SO,)
s""\-
1 r 25 1 0 100
2 PN 25 1 0 100
3 A 25 1 0 100
4 S 2.5 1 3 97
>99

\s@_nf 25 1.5 4 96

5 Cr 2s 2 3 97
S"‘\.

6 e 15 5 95
7 I 2s 15 24 76

@ Reaction conditions: catalyst (11.1 mg, 5.5 pmol), substrate (1 mmol) and H202 were mixed in 2 mL

acetonitrile at 35 °C. ® H202/substrate ratio. ¢ Determined by GC analyses based on initial substrate.




