


1. Experimental Section

The experiments were carried out in a Retsch MM400 mill at a frequency of 30 Hz using a 10 mL
tungstercarbide milling jar(or 20 mLstainless steel milling jagnd a single balihade of the same
material €0 mm). !H spectrawere recordedon a Varian MERURY plus300 or plus400
spectrometer (300 or 400 MHZL.h e mi c a | shift (0) are given in pa
weight was determined using higbsolution mass spectra (HRMS). -lR spectra were collected
using a Fourier DiagforAnfrared Attenuated Total Reflection PerkinElmer UATR Two
spectrometein the range 400 crto 4000 crt. Far-IR spectran the range 100 crto 500 cm' were
obtained on a Bruker Vertex 70 AR spectrometerRoomtemperaturgowder Xray diffraction
( PXRD) patterns wer e framo3F toeldX breadBrukerD2 phhser Xayd r ange
diffractometerusingaCly( &#=1. 54 ) source equipped with a Lirt
The X-ray tube was operating at the power setting of 30 kV and 10 mA pd»aa analysis was
carried out usi ng hscorePluB pragam.yay diffcaatibn datdwasabtainetH i g
on Bruker D8 singlerystal Xray diffractometer equipped with a MoX-ray source and a graphite
monochromator. Muliscan absorption correction (SADABS) was applied. Structures were solved
by direct methods and refined using SHEGX software.

2. Synthesis of compoundRe(CO)sX and Mn(CO)sX 3-4

A mixture of 1 or 2 (100 mg, 0153 mmol or 0256 mmol respectively)Oxone® (1.5 equiv) and
halide source (2 equiv) was milled using a tungsten carbide ball (10 mm) igstéetucarbide jar (10
mL) for 5-30 min at a frequency of 30 Hz in Retsch MM400 mixer mill. After thhe reaction
mixturewas purified byfiltration using acetone to remove the insoluble material or by sublimation.
In the case 08c and4b, X-ray quality crystals were obtained frastow evaporation of an acetone
solution of the complexes.

3. Synthesisof compound[Re(CO)3Br3](TEA)25

Method a:

A mixture of Re(CO}Br 3b (100 mg, 0.246nmol) and etraethylammonium bromid@ EAB) (2.5
equiv) was milled using a tungsten carbide ball (10 mm) in gsiem carbide jar (10 mL) for 2
a frequency of 30 Hz ia Retsch MM400 mixer mill. After that, the reaction mixture wasshed
with a solution of hexanethyl acetate (50:1 v/v) to remove thareactedTEAB. Filtration and
dryingyielded the produdi82%).

Method b (onepot two-stepreaction

A mixture of Re(COho 1 (50 mg, 00766 mmol), Oxone® (1.5 equiv), and etraethylammonium
bromide(TEAB) (7.0 equiy was milled using a tungsten carbide ball (10 mm) in gdtam carbide

jar (10 mL) for 3hat a frequency of 30 Hz imaRetsch MM400 mixer mill. After that, the reaction
mixture was washed with a solution of hexagthyl acetate (50:1 v/v) and filtered to remove the
unreactedTEAB. The residue was washed and filtered with ethanol. Evaporation of the ethanol
yielded the prduct (84%).

Method c (two-stepsequentialeactiorn)

A mixture of Re(CO)ip 1 (100 mg, 0153 mmol), Oxone® (1.5equiv), NaBr (2.0 equiv) was milled
using a tungsten carbide ball (10 mm) in agtten carbide jar (10 mL) for 5 mat a frequency of
30 Hz in Retsch MM400 mixer mill. After thatEAB (4.0 equiy was added and the mixture was
milled for 3h. After that, the reaction mixtur@as washed with a solution of hexagifyl acetate
(50:1 v/v) and filtered to remove thenreactd TEAB. The residue was washed and filtered with
ethanol. Evaporation of the ethanol yielded the product (78%).



4. Synthesis of compoundac-PhenRe(CO}CI 6

Method a:

A mixture of Re(CO}CI 3a (80 mg, 0.22 mmol) and1,10-phenanthroling39.82 mg, 0.22iInmol)

was milled using a tungsten carbide ball (10 mm) in @dten carbide jar (10 mL) f@ hat a
frequency of 30 Hz in Retsch MM400 mixer mill. After that, the reaction mixture was purified by
column chromatographyCH.Cl.:MeOH 30:1) to obtain ayellow solid (68%).

Method b (onepot two-stepreactior)

A mixture of Re(CO)po 1 (100 mg, 0153 mmol), oxone (1.0equiv), NaCl (2.0 equivand 1,10
phenanthroling2.0 equiy was milled using a tungsten carbide ball (10 mm) in gstem carbide jar
(20 mL)for 3 hat a frequency of 30 Hz in Retsch MM400 mixer mill. After that, the reaction mixture
was purified bycolumn chromatography¥°H.Cl>:MeOH 30:1) to obtainthefac-PhenRe(CQYI 6 as
ayellow solid (58%) and CH:Cl.:MeOH 10:1) to get thecis-[(Phen}Re(CO}|[ReOs] 7 as a red solid
(7%). X-ray quality crystals were obtained from slow evaporation of an acetonitrile solution of the
complex.

Method c (two-stepsequentialeactiorn)

A mixture of Re(CO)p 1 (100 mg, 0153 mmoal), oxone (1.0equiv), NaCl (2.0 equiv) was milled
using a tungsten carbide ball (10 mm) in agiien carbide jar (10 mL) for 5 mat a frequency of
30 Hz in Retsch MM400 mixer mill. After that,10-phenanthroling2.0 equiy was added and the
mixture was milled for 3h. The reaction mixture was purified bgolumn chromatography
(CH.Cl2:MeOH 30:1) to obtainthefac-PhenRe(CQKI 6 asayellow solid (6 26) and CH:Cl>:MeOH
10:1) to get thecis[(Phen}Re(CO}][ReQ,] 7 as a red solid (4%)

5. Synthesis of compoundac-BipyMn(CO) sCI 8

A mixture ofMn(CO)Cl 4a (111 mg, 0.482nmol)  a n 4ipyBdin@(H.0 equiy was milled using
a tungsten carbide ball (10 mm) in adsten carbide jar (10 mL) for 3ai a frequency of 30 Hz in
Retsch MM400 mixer mill. After that, the reaction mixture was purifieddlymn chromatography
(CHCl2:MeOH 20:1) to obtain ayellow solid (63%6).

6. Synthesis of compoundac-(TMEDA)Re(CO)sF 10

Method a:

A mixture of Re(CQO)l 3¢ (100 mg, 0.220 mmol) and AgF (1.1 equiv) was milled using a tungsten
carbide ball (10 mm) in a tungsten carbide jar (10 mL) for 30 min at a frequency of 30 Hz.
| mmedi at el y af t dgetramethykethylenetidmeme (NMBEDA) XIN] eduiN) wasled

and the milling was continued for 1.5 h. The reaction mixture was purified by column
chromatography@H.Cl,:MeOH 50:1) to obtain an ofithite solid (70%).

Method b (onepot reaction starting from Re(C&Dy
A mixture of Re(COJ 3c ( 100 mg , 0.220 mmo |l ) , AgF (1.
tetramethylethylenediamine (TMEDA) (1.1 equiv) was milled using a tungsten carbide ball (10 mm)
in a tungsten carbide jar (10 mL) for 2h at a frequency of 30 Hz. The reaction mixture was purified
by filtration using acetone to obtain an-offiite solid (79%).

Method c (onepot reactiorstarting from RgCOy):
A mixture of Re(CO)01 (100 mg, 0.153 mmol), oxone (1.0 equiv), Nal (2.0 equiv), AgEdquiv)
and N, -MtramméthylstiNjlenediamine (TMED (2.2 equiv) was milled using a tungsten
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carbide ball (10 mm) in a tungsten carbide jar (10 mL) for 2 h at a frequency of 30 Hz in Retsch
MM400 mixer mill. The reaction mixture was purified by filtration using acetonebtain aroff-
white solid (45%).

7. Selected FTIRATR and MS data
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[Re(CO)3B I’3]TEA2 5
Br

Br,,,,I/IR|e\\\\\-CO

BrY” | o
co

TEA,

FTIR-ATR 3max 2987, 1997, 1848 cm™* HRMS: (positive mode)
Calculated for TEA* (CsHzoN)* [M]: 130.1596; found: 130.1594;
(negative mode). Calculated for (C303BrsRe)? [M/2]: 254.9747,
found 255.2328.

fac-PhenRe(CO)sCl 6

_— cl FTIR-ATR 3max 2956, 2922, 2852, 2012, 1922, 1885, 1861cm™.
Koo, | €O |HNMR CD:CN (i) 9. 345.13, H3R Hz), B.F6,(dd,
N 2H, J=8.31, 1.41Hz), 8.18 (s, 2H), 7.97 (dd, 2H, J=8.31, 5.1 Hz)
=~ | “Yeo
<~ &o ppm. HRMS: Calculated for C1sHsCIN2.OzRe [M+Na]: 508.9669;
found: 508.9664.
cis- FTIR-ATR 3max 2958, 2922, 2852 1897, 1821 cm™. H-NMR

[(Phen);Re(CO);][Re04] 7
CcO

= |+ co
Ny e -
Re, ReO,

/!\'/‘\N/
|/

CDsCN (U0) 9. 9-55,1.dHdz),8.76kid, 1H, J=8.25,1.2
Hz), 8.49 (dd, 1H, J=8.21, 1.31 Hz), 8.22 (d, 1H, J=8.87 Hz), 8.10
(d, 1H, J=8.84 Hz), 8.03 (dd, 1H, J=8.20, 5.15 Hz), 7.58 (dd, 1H,
J=5.10, 1.34 Hz), 7.46 (dd, 1H, J=8.26, 5.17 Hz) ppm. HRMS
(positive mode): Calculated for CzsHisN4O2Re [M*]: 603.0831;
found: 603.0819. HRMS (negative mode): Calculated for ReO4
[MT: 250.9360; found: 250.9349.

fac-BipyMn(CO)sCl 8

Cl
= | FTIR-ATR 3max 3060, 2924, 2856, 2020, 1908, 1888 cm™. 'H-
Ny L wCO INMRCDsCN  ((6) 9. J2),6.83,(d, ZHH=8.0, 1.2 Hz),
N/'V'”\ 8.11 (t, 2H, J=6.80 Hz), 7.61 (d, 2H, J=6.40 Hz) ppm. HRMS
=l | CO | (positive mode): Calculated for CisHsCIN,OsMnNa [M+Nal]:
= co 352.9496; found: 352.9493.
[Re(CO)30H]44H,0 9
co
co / co
ocﬂ\(_)\— —Re\—CO FTIR-ATR 3max 3575, 3215, 2028, 1919, 1889 cm™. 'H-NMR
0C—>Re—0H (CD3)CO ( U)-3.56 (bB) ppm, BC-NMR (CD3).CO (
0C——Reo- —C|)H 4H,0 | 197.23 ppm. HRMS (negative mode): Calculated for C12HzO16Re4
) 5 S [M-1H]: 1148.7488; found: 1148.7463.
e
oc |\\CO
&oCO

fac-(TMEDA)Re(CO)sF 10
F

\. / | .CO
Re\\\\

(N 'llI[/III
v | oo
CO

/

FTIR-ATR 3max 2921, 2850, 2005, 1855 cm™. 'H-NMR CDCl; ( U
3.07 (2, 6H), 2.94-2.81 (m, 2H), 2.79 (d, 6H, J=1.8 Hz), 2.76-2.56
(2H) ppm. *F-NMR CDCls ( 1-263.28 (s) ppm (referenced to the
internal standard Cg¢Fs signal -164.9 ppm); acetone-ds ( U ) -
256.01 (s) ppm. HRMS: Calculated for CoH16FN2OsRe [M+Na]:
429.0600; found: 429.0589.




8. SelectedFTIR -ATR spectra
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Figure S1. FTIR-ATR spectrum of Re(CO)sCl 3a
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Figure S2. FTIR-ATR spectrum of Re(CO)sBr 3b
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Figure S6. FTIR-ATR spectrum of Mn(CO)sl 4c
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9. Selected'H, 1°F and 3C NMR spectra
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Figure S13. 'H NMR spectrum of fac-PhenRe(CO)sCl 6
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Figure S14. *H NMR spectrum of cis-[(Phen)2Re(CO)z2][ReO4] 7
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Figure S16. 'H NMR spectrum of (TMEDA)Re(CO)sF 10
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Figure S17. 13C NMR spectrum of (TMEDA)Re(CO)3F 10
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Figure S18. 1°F NMR spectrum of (TMEDA)Re(CO)sF 10 in CDCls.
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10. Comparison of experimental and simulated PXRD patterns
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Cl
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NaClafter milling

Re(CO)sCl 3a after filtration

Figure S20. (Top) Simulated PXRD pattern for Re(CO)sCl 3a (Acta Cryst. (1983). C39, 1495-1496); (middle)
measured PXRD pattern for the mixture of Re(CO)o, Oxone® and NaClafter milling (bottom) measured
PXRDpattern for Re(CO)sCl 3a after filtration
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Figure S21. (Top) Simulated PXRD pattern of Re(CO)sBr 3b (Cryst.Struct. Commun. 1977, 6, 1);
(middle) measured PXRD pattern for the mixture of Re(CO)o, Oxone®and NaBrafter milling (bottom)
measured PXRD patterns for Re(CO)sBr 3b after filtration
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Figure S22. (Top) Simulated PXRD pattern for Re(CO)sl 3c (from this work, see also Faraday Trans., 1991,
87, 1831-1836); (middle) measured PXRD pattern for a mixture of Re2(CO)10, Oxone® and Nal after milling;
(bottom) measured for Re(CO)sl 3c after filtration
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Figure S23. (Top) Simulated PXRD pattern for Mn(CO)sCl 4a (J. Chem. Soc. A, 1971, 1559-1562); (middle)
measured PXRD pattern for a mixture of Mn2(CO)10, Oxone® and NacCl after milling; (bottom) measured for

Mn(CO)sCl 4a after filtration.
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