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General Instrumentation and Physical M ethods
All experiments were carried out under dry nitrogeimosphere by utilizing

MBraun gloveboxes and/or standard Schlenk techsiguéess otherwise mentione#
and F NMR and *C{*H} NMR spectra were recorded on a Varian 400 MHz
spectrometer at room temperature unless otherwigedn Variable temperaturéN
NMR experiments were recorded on a Varian 400 Mptrsometer at -70 °C to 20 °C
range. The chemical shif6)(values are expressed in ppm relative to tetrayisline,
whereas the residudH signal of deuterated solvent served as an intestemdard.
Elemental analyses were performed on a Perkin-EIRPER400 micro-analyzer at
Georgetown University. UV-vis spectra were recoraed Agilent 8454 Diode Array
spectrometer equipped with stirrer and Unisoku 28B-cryostat. The molar extinction
coefficients of different isolated complexes weretedmined from Beer's law plots
(absorbances concentration) with at least four different contcations. IR spectra (with
spectral resolution of 2 ch were collected on an ATR spectrometer. DetaitsXaay

crystallography appear in Section 15.
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2. Materials

All chemicals were purchased from common vendoig. @gma-Aldrich, Acros
Organics, Strem Chemicals, TCI) and used withotthér purification unless otherwise
mentioned. MesCyEH and Tetrabutylammonium tetraphenylborate ([NEPh,)
were obtained from Sigma-Aldrich and tris(pentafbphenyl)borane was obtained from
Boulder Scientific Company and used without furtperification. Molecular sieves (4A,
4-8 mesh beads) were obtained from Fisher Scierdifd were activated prior to use in
vacuo at 200 °C for 24 h. Extra dry solver#89.5%) with Acroseal® and deuterated
solvents were purchased from Acros Organics and b@ldge Isotope Laboratories,
respectively. Both anhydrous and deuterated sdvemre sparged with nitrogen and
stored over activated 4A molecular sieves undetragen atmosphere. Nitric oxide gas
(unlabeled) was obtained from Praxair and purifid passing through a column of

Ascarite (8-20 mesh) purchased from Sigma.



3. Synthesis and Characterization of AASNO (1)

AdSH + 'BUONO AdSNO

H,Cl,
-'BuOH

Scheme S1. Synthesis of AASNOL1J.

The synthesis of AdASNO has been previously repgttedut we include full
characterization data here to allow for careful panson between AASNO and its
tris(pentafluorophenyl)borane adduct AASNO-EX4)s.

'BUONO (1.225 g, 11.883 mmol) was directly adde olution of AdSH (0.5 g, 2.97
mmol) in dichloromethanec§. 3 mL). The solution was stirred for 0.5 h at Rddhe
resultant dark green solution was dried to obtaiiark green solid (0.530 g, 2.686 mmol)
in 90% yield.

AdS™NO was prepared analogously frédBuO*NO 2

'H NMR (400 MHz, 298 K, CDG): 6 2.54 (d, 6H, CH), 2.29 (t, 3H, El), 1.93 (d6H,
CHy) (Figure S1);

13c{*H} NMR (100 MHz, 298 K, CDGJ): § 55.77, 43.60, 36.38, 30.11.
5N NMR (41 MHz, 20 °C, CBCl,): § 839.60 (s, AdSNO) (Figure S2).

>N NMR (41 MHz, -70 °C, CBCl,): 5 845.35 (s,anti, AdS°NO), & 786.56 (s,syn,
AdS"NO) (Figure S3).
UV-Vis (CH,Cl,, 25 °C):Ama/nm /M cm™) = 561 (5), 601 (13) (Figure S4).

FT-IR (cm?): 1486 v(**NO); 645v(S*N); 1455 v(**NO); 629 v(S-*°N); Hooke’s law
predicts®V1*MAy = 27 cmtt and™®V*My = 15, respectively (Figure S5). The IR spectra
were taken by putting AASNO as a fine powder diyemt the ATR instrument.
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Figure S1. *H NMR spectrum (400Hz,
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Figure S2. Variable temperatur®N NMR spectr.
(41 MHz, CDCl,) of AdS®NO (1-°N).
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Figure $4. (a) UV-Vis spectra of AASNOL] in dichloromethane at 25
at different concentrations. (b) Beer's law plot (&) depictSimax = 561
nm = 5 M*cm™) andimax = 601 nm £ = 13 M'cm™)
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Figure S5. a) FT-IR spectra of AdSNO (1) (red trace) and Ad&NO (1-°N)
(black trace). b) The difference spectrum betwégridown) and 1-">N) (up).
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4. Synthesis and Characterization of MesCH,SNO (2)

MesCH,SH + 'BUONO MesCH,SNO

CH,Cl,
- 'BuOH

Scheme S2. Synthesis of MesCFSNO.

'BUONO (0.744 g, 7.216 mmol) was directly added sokution of MesChHSH (0.3 g,
1.804 mmol) in dichloromethane at -40 °€.(3 mL). The solution was stirred for 10
min at RT and the resultant dark pink solution weed to obtain dark pink oil (0.31 g,
1.587 mmol) in 88% yield.

'"H NMR (400 MHz, 298 K, CDG): & 6.83 (s, 2H, Aryl-CH), 4.70 (s, 2H,H3), 2.25 (s,
3H, CHg), 2.16 (spH, CHs) (Figure S6).

3c{'H} NMR (100 MHz, 298 K, CDGJ): ¢ 137.36, 137.03, 129.28, 129.22, 32.15,
20.98, 19.94.

>N NMR (41 MHz, -60 °C, CBCl,): § 821.50 (santi, MesCHS™NO), § 756.10 (ssyn,
MesCHS"NO). ®N NMR (41 MHz, 10 °C, CBCl,): § 764.823 (ssyn, MesCHS"NO)
(Figure S7).

UV-Vis (CH,Cly, 25 °C):Ama/nm /M cm™) = 549 (52), 517 (21) (Figure S8).

FT-IR (cm?): 1484 v(**NO); 630v(S**N); 1461 v(**NO); 614 v(S-*N); Hooke’s law

15N/14N 15N/14N
Av = d Av =

predicts 27 cm an 16, respectively (Figure S9). The IR spectra

were taken by putting MesGBNO as a dense oil directly on the ATR instrument.
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Figure S8. a) UV-Vis spectra of MesCI3NO ) in dichloromethane at 25 °C at
different concentrations. b) Beer’s law plot f@) @lepictsimax= 517 nm £ =21 M'cm™)
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Figure S9. a) FT-IR spectra of MesGB"NO (2) (blacktrace) an
MesCH,S"NO (2-°N) (red trace). b) The difference spectrum be-

tweer (2) (down) and 2-N) (up).



5. Synthesis and Characterization of AASNO-B(CgFs)3 (3)

S\ ° + B(CeF SO~
Ad N ( 6F5)3 pentane Ad N B(CGF5)3

Scheme S3. Synthesis of AASNO-B(¢Fs)3 (3).

A solution of B(GFs)s (0.259 g, 0.506 mmol) in pentane (5 mL) was addeal solution
of AASNO (0.1 g, 0.506 mmol) in pentane (2 mL). Toéor of the solution immediately
changed from dark green to yellow. The solution w@scentrated to ca. 3 mL and kept
at -40 °C to give the product (0.29 g, 80% yielslyallow color crystals.

'H NMR (400 MHz, 298 K, CDG): & 2.35 (d, 6H, El,), 2.29 (m, 3H, €), 1.87 (d6H,
CH,) (Figure S10).

F NMR (376 MHz, 298 K, CDG): & -131.36 (m, 6F), -151.38 (m, 3F), -162.45 @)
(Figure S11).

3c{H} NMR (100 MHz, 233.15 K, CDG): ¢ 147.72 (m), 140.64 (m), 137.68 (m),
114.93 (m), 65.53, 42.76(minor), 42.08(major), &mdinor), 35.89(minor),
35.30(minor), 35.05(major), 29.76(minor), 29.52(anyj29.03(minor) (Figure S12).

>N NMR (41 MHz, -60 °C, CBCl,): § 740.59 (sQ-anti-AdS"™NO-B(CsFs)3), 681.25 (s,
O-syn-AdS™NO-B(CsFs)3), 553.49 (sN-syn-AdS™NO-B(CsFs)3) (Figure S13).

UV-Vis (CH.Cl,, 25 °C):Ama/nm E/M*cm™®) = 510 (9) (Figure S15).

FT-IR (X, cmY): 1257v(**NO); 853v(S-*N); 1237v(**NO); 835v(S-°N); Hooke’s law

prediCtSISN/l4NAv — d15N/14NA

24 cn an v = 20, respectively (Figure S16). The IR spectra
were taken by putting AASNO-B{E:s); as a fine powder directly on the ATR instrument.
Anal. Calcd for GgH1sBF1sNOS @): C, 47.42; H, 2.13; N, 1.97. Found: C, 47.55; H,
2.48; N, 1.34. The lower experimental value foriées from loss of NO from AASNO-

BCF due to its thermal instability.
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Figure S13. Variable temperatureN NMR spectra (41 MHz, CETl,) of AdS®NO-
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Figure S14. Variable temperatureF NMR spectra (376 MHz, C{Cl,) of AdS"NO-
B(CsFs)3 (3-°N).
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Figure S16. a) FT-IR spectra of AdSNO-B(CsFs); (3) (black trace) an
AdS™NO-B(CsFs)s (3-°N) (red trace). b) The difference spectrum betw&n (

(down) and 3-N) (up).
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6. Synthesis and Char acterization of M esCH>SNO-B(CsFs)3 (4)
MesCH,SNO + B(CgFs)3

MeSCstNO-B(CeF5)3
pentane

Scheme $4. Synthesis of MesCF¥SNO-B(GFs)s (4).

A solution of B(GFs)3 (0.262 g, 0.512 mmol) in pentane (5 mL) was added
solution of MesCHSNO (0.1 g, 0.512 mmol) in pentane (2 mL). The cald the
solution immediately changed from pink to orangke Bolution was concentrated to ca.
3 mL and kept at -40 °C to yield to give the prad(@26 g, 71% yield) as orange
crystals.

'H NMR (400 MHz, 298 K, CDG): & 6.87 (s, 2H, Aryl-CH), 4.79 (s, 2H,H3), 2.26 (s,
3H, CHg), 2.18 (sbH, CHs) (Figure S17).

% NMR (376 MHz, 298 K, CDG): & -129.93 (m, 6F), -148.16 (m, 3F), -161.36 @)
(Figure S18).

Bc{*H} NMR (100 MHz, 233.15 K, CDG): § 147.81 (m), 140.44(s), 140.81 (m),
138.45(s), 137.01(m), 130.08(s), 118.19(s), 1140$9(41.48(s), 21.21(s, minor),
21.21(s, major), 20.16(s, minor), 20.09(s, majbiyre S19).

>N NMR (41 MHz, -70 °C, CBCl,): § 678.24 (s), 553.97 (s), 231.756 (s) (Figure S20).
UV-Vis (CH,Cl,, 25 °C):Ama/nm /M cm™) = 481 (40) (Figure S22).

FT-IR (X, crmit): 1282v(**NO); 863v(S-'N); 1261v(**NO); 845v(S-°N); Hooke’s law

lSN/l4NAV —

predicts o 15NN

25 cnit an v = 20, respectively (Figure S23). The IR spectra
were taken by putting MesGBNO-B(GFs)s as a fine powder directly on the ATR

instrument.

Anal. Calcd for GgH13BF1sNOS @): C, 47.55; H, 1.85; N, 1.98. Found: C, 47.58; H,
2.08; N, 1.05. The lower experimental value for Nses from loss of NO from
MesCHSNO-BCF due to its thermal instability.
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Figure S19. *C{*H} NMR spectrum (100 MHz, -40 °C, CDg}lof MesCHSNO-BCF
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7. Cyclic Voltammetry M easur ements

General Considerations. Cyclic voltammetry measurements were done at room
temperature under dry nitrogen atmosphere of aeghmx using a BASiI Epsilon
Electrochemistry setup with three electrodes (Wuagkielectrode: glassy carbon,
Auxiliary electrode: platinum wire, Pseudo-referemtectrode: silver/silver nitrate). As a
non-coordinating electrolyte tetrabutylammoniumaprenylborate was used for all

cyclic voltammetry measurements.

E"Ed B NO(Q) Ered =-1.32
AdSNO E"d =-1.13
4
—_— o
T T T T T T T T T T 1 L T Y T % T ] T 4 T T 1
0.5 0.0 -0.5 -1.0 -1.5 -2.0 0.5 0.0 -0.5 1.0 1.5 -2.0
E/V vs NHE E/V vs. NHE

Figure S24. Cyclic voltammetry of Ad- Figure S25. Cyclic voltammetry of NO gas
SNO (@) (7 mM) in dichloromethane (saturated solution) in dichloromethane
25 °C in presence of [BN][BPhs (0.1 25 °C in presence of [BM][BPhy] (0.1 M).

M) with the scan rate of 50 mV/s.
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Figure S27a. Cyclic voltammetry c
AdSNO-B(GFs)s (3) (7 mM) in di-
chloromethane at 25 °@ presence
[BusN][BPhy] (0.1 M) with the scan ra
of 50 mV/s.

T

-1.5

S19

Figure S26. Cyclic voltammogramof
AdSNO-B(GFs)s (3 (7 mM) in
dichloromethane at 25 °C with scar
rate of 50 mV/sin the presence
[BusN][BPhy] (0.1 M). Reduction c
free ADSNO and free NO am@bserve
at -1.13 V and 1.32 V, respectivel
This suggeststhe presence of fr
B(CsFs)3 that has been reported 4t0<
V* which may overlap with the fr
AdSNO wave.

*E. J. Lawrence, V. SOganesyan, G. (
-2°W|Idgoose A. E. AshleyDalton Trans.
2013, 42, 782-789.
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Figure S27b. Cyclic voltammetry ¢
AdASNO-B(GFs)s (3 (7 mM) in
dichloromethanat 25 °C in presence
[BusN][BPhy] (0.1 M) atdifferent sca
rates.



E_ =-132
MesCHSNO E,_,=-1.01

g

T T T T T T T T ]
0.5 0.0 -0.5 1.0 1.5 -2.0

E/V vs NHE

Figure S28. Cyclic voltammetry of MesCFBENO @)
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[BusN][BPhy] (0.1 M) with the scan rate of 50 mV/s.
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Figure S29. Cyclic voltammetry ¢ Figure S30. Cyclic voltammetry ¢
MesCHSNO-B(GFs)s (4) (7 mM) in MesCHSNO-B(GFs)s (4) (7 mM) in
dichloromethane at 25 °@ presence « dichloromethane at 25 °@Gh presence ¢
[BusN][BPhg] (0.1 M) with the scan rate  [BusN][BPhs (0.1 M) at different sce
50 mV/s.
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8. Reduction of AASNO (1) with Cp 2Co

AdSNO

Cp,Co
Ph P2 l Ph NO

NO >N /\N\
Ph m ph —— 2 > ph—< NZCoiN‘/ Ph
CH,Cl, D

Ph Ph
NO trapping reaction

(TPP)Co'" Q-band at 530 nm (TPP)CoNO Q-band at 540 nm

Scheme 5. Trapping NO released from reaction of AASNKith Cp ,Co by (TPP)Cb.
Quantitative trapping of nitric oxide was done gs@obalt(ll)-meso-tetraphenylporphine
[(TPP)Cd] which was purchased from Strem Chemical and ukeda similar
experimental set up as previously descrif@diSNO (1) (1.0 mL, 10.0 mM) was
weighed in a small vial and placed in a larger.vidie lager vial was sealed with a
septum. A solution of (TPP)Eacomplex (10.0 mL, 1.0 mM) in dichloromethane was
injected to the big vial. Then a solution of decthwgkobaltocene (1.0 mL, 10.0 mM) in
fluorobenzene was injected to the inner vial ared gblutions in both vials stirred for 1
hr. Then an aliquot (10QL) of the resultant (TPP)Co solution from outerlweas
diluted to 2.0 mL using Cil, and analyzed by UV-Vis spectroscopy. The Q-band
absorption features in the UV-Vis spectra of auticefTPP)Cd (530 nm) and
(TPP)Co(NO) (540 nm) samples were used to compattegaantify the yield of cobalt-
nitrosyl species.

10-

{Co(NO)Y’
540 nm

Co (I Figure S31. UV-Vis spectra (in CECI; ai

530 nm
\ 25 °C) of (TPP)Co (redtrace) an
05 (TPP)Co(NO) (black trace) specie

generated from the reaction of (TPPjCo

Abs.

with NO released from theaeaction o
AdSNO (1) with Cp »Co. The yield of NC
formation is 82%.

0.0

T T T T T 1
480 500 520 540 560 580 600
Wavelength (nm)
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9. Reduction of MesCH,SNO (2) with Cp ,Co
Decamethylcobaltocene (1.0 mL 10.0 mM) in fluoratere was added to MesgFNO
(2) (1 mL, 10 mM) in fluorobenzene and the solutidinred for 5 h. Formation of NO
from the reaction of MesCGISNO @) and decamethylcobaltocene was quantitatively
measured by employing (TPP)£complex as a NO trap in 71% yield.
10.  Reduction of AdSNO-B(CgFs); (3) with Cp »Co

Ad.

S

|
2 N_._ + 2Cp*,Co— [(CeF5)3B~ . Ny, O ][C*Co]+Ads-SAd
0 PR e [T 0 N T B(CeFs)s ) P 2] oo

|
P(CeFels 7-(CpCol;

Scheme S6. Reduction of AdASNO-BCR3j with Cp »Co.

A solution of decamethylcobaltocene (0.046 g, O.fahol) in fluorobenzene (3 mL)
was added to a solution of ADSNO-BCB) (0.1 g, 0.141 mmol) in fluorobenzene (2
mL). The color of the solution immediately chandeam yellow to dark yellow. The
solution was evaporated, and the resulting darlowesolid was washed with pentane.
The solid was then dissolved in 3 mL dichloromethand was layered with cold pentane
and kept at -40 °C to give the product f§)sB-ON=NO-B(CsFs)s][Cp 2Col (7-
[Cp »Col,) (0.180 g, 73% vyield) as yellow crystafsi NMR analysis on the yellow
solution indicates the formation of free disulfite80% yield via its'H NMR spectrum
(400 MHz, 298 K, CDG): ¢ 2.06 (br, 6H,CH,-Ad), 1.82 (br, 12HCH,-Ad), 1.67 (br,
12H, CH»-Ad).

Characterization data f@[Cp*,Co],

IH NMR (400 MHz, 298 K, CDG): 5 1.60 (s, 30H) (Figure S32).

3c{*H} NMR (100 MHz, 233.15 K, CBECly): § 147.69 (m), 138.42 (m), 136.11 (m),
123.28(m), 93.84, 7.87.

% NMR (376 MHz, 298 K, CDG): & -132.29 (m, 6F), -163.57 (m, 3F), -167.17 @)
(Figure S33).

15N NMR (41 MHz, -40 °C, CBCl,): § 429.915 384.93 (Figure S34).

UV-Vis (CH.Cl,, 25 °C):Ama/nm /M cm™) = 340 (1575), 405 (344) (Figure S35).
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FT-IR (X, cm%): 1010v(**NO); 987v(**NO); Hooke’s law predict$®V*™y = 19 cm'
(Figure S36). The IR spectra were taken as a tlimlfy evaporating a dichloromethane

solution of7-[Cp 2Co], on a KBr window.

Anal. Calcd for GgHegoB2CoFsoN»0, (7-[Cp 2Col): C, 52.38; H, 3.47; N, 1.61. Found:
C,52.22; H, 3.49; N, 1.55.

-7.26
1.60

Figure S32. '"H NMR spectrum 40C
MHz, 25 °C, CDC)) of [(CeFs)sB-
ON=NO-B(GsFs)3][Cp 2Co. (7-
[Cp 2Co]y). The resonances marked v
. (*) and (#) arefrom the solvent residu
peak for chloroformd; and pentan
respectively

S ax
=~ 3%

1.00=

—132.29
—-163.57
167.17

Figure S33. F NMR
spectrum (376 MHz, 25 °C
CDCl) of [(CeFs)3B-
ON=NO-B(GsFs)3][Cp 2Co]
(7-[Cp 2Col).

100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
ppm
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429,91

- Figure S34. >N NMR spectrum 41
MHz, CD2C|2) of [(C6F5)3B-ON:NO-
B(CsFs)3][Cp 2Co], (7-[Cp »Co],) at -

1000 900 800 700 600 500 400 300 200 100 0

o b m 340 nm
2.0 ® 405 nm
187 y=15751x +0.3326 R=0.9828 e
1.7 y=0.3445x + 0.2189 R=0.8383 -
1.6 Y
1.5 1.5 [
1.4 R
13 T
) 12 LN
é 1.0 —0.918 mM g 11
——0.795 mM < 10
405 nm ——0.702mM 09]
——0.628 mM o8]
0.5-| ——0.568 mM 071
0.6
0.5 _73_7,_,,-‘7—*”"’_7.
0.0 . . ; a S
350 400 450 500 550 600 055 060 065 070 075 080 085 000 095
Wavelength (him) Conc. (mM)

Figure S35. a) UV-Vis spectra of [(€Fs)sB-ON=NOC-
B(CsFs)3][Cp 2Co], at 25 °C {-[Cp 2Co],) in dichloromethanat 25 °C
at different concentrations. b) Beer's law plot {8{Cp >Col,) depict:
Amadnm €/M*cm™) = 340 (1575).

987 cm™

a)

v (NO)

Av(NO) . -23 em’

—— [BCFO"N"NOBGF][Cp ,Col, 1018em’ A NO)_, — 19 cm”
[BCFO'"N"*NOBGF][Cp ,Col, NO
5:’0 750 1000 12'50 15‘00 5!"0 7;0 10'00 12'5“
Wavenumber (cm™) Wavenumber (cm-1)

Figure S36. a) FT-IR spectra of [(§s)sB-O""N="NO-
B(Cst)s][sz Col.  (7-[Cp 2Col) (black trace) and [(§Fs)3B-
ON=""NO-B(CsFs)3][Cp’ 200]2 (7-[Cp 2ColL-"N) (red trace) b) TF
subtracted spectrum o7-[Cp »Col,) (down) and T-[Cp >ColL-"N)

(up).
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11.  Reduction of MesCH,SNO-BCF (4) with Cp ,Co

(|3H2Mes
§ QHzMes
2 N, +,Co — |(CeF5)sB~ Ny, O« [ . S
%o + 2 Cp*,Co - (CoFs)3 o Ny B(Cer)g]Cp »Co o+ 7
B(CgF i
(CeFs)s 7-[Cp*,Col, CHyMes

74%
Scheme S7. Reduction of MesCESNO-BCF @) with Cp ,Co.

A solution of decamethylcobaltocene (0.046 g, O.f4hol) in fluorobenzene (3 mL)
was added to a solution of Mesg3iNO-BCF 4) (0.1 g, 0.141 mmol) in fluorobenzene
(2 mL). The color of the solution immediately chadgrom orange to dark yellow. The
solution was evaporated, and the resulting darlowesolid was washed with pentane.
The solid was then dissolved in 3 mL dichloromethand filtered through celite to give
a clear solution which was layered with cold peatamd kept at -40 °C to give the
product [(GFs)sB-O"™N=""NO-B(CsFs)3][Cp 2Co}, (7-[Cp 2Col) (0.160 g, 65% vyield) as
yellow crystals’H NMR analysis on the yellow solution indicates fhemation of free
disulfide in 74% vyield via itsH NMR spectrum (400 MHz, 298 K, CD& 6 6.83 (s,
2H, Aryl-CH), 3.92 (s, 2H, Cb), 2.36 (s, 3H, Ch), 2.24 (s, 6H, Cb).

Reduction of ADSNO-B(CeFs)3 (3) with CpaFe

A solution of ferrocene (0.026 g, 0.141 mmol) isldoromethane (3 mL) was
added to a solution of AdASNO-BCR3)( (0.1 g, 0.141 mmol) in
dichloromethane (2 mL). The color of the solutiommediately changed from yellow to
purple. The solution was evaporated, and the tiagufiurple solid was washed with
pentane. The solid was then dissolved in 3 mLrbenzene and was layered with cold
pentane and kept at -40 °C to give the producH{}gB-ON=NO-B(GFs)3][Cp2Fel (7-
[Cp2Feb) (0.145 g, 70% yield) as purple crystal.

Scheme S8. Reduction of ADSNO-BCR3] with CpFe.
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13.  Reduction of MesCH,SNO-B(CgFs)3 (4) with Cp,Fe

A solution of ferrocene (0.026 g, 0.141 mmol) islkdoromethane (3 mL) was added to a
solution of MesCHSNO-BCF @) (0.1 g, 0.141 mmol) in dichloromethane (2 mL)eTh
color of the solution immediately changed from g@®rto purple. The solution was
evaporated, and the resulting purple solid was e@stith pentane. The solid was then
dissolved in 3 mL fluorobenzene and was layereti wald pentane and kept at -40 °C to
give the product [(€Fs)3B-ON=NO-B(GFs)3][Cp2Fel (7-[Cp2Fel) (0.130 g, 63% yield)
as purple crystals.

(|3H2Mes
§ (|3H2Mes
2 N__ + 2Cp,Fe — |(CgF5)3B~ N5 O HC Fel + S
N ? p2 DCM (@) N B(CSF5)3 P2 , + $
B(CsFs)3 7-[Cp,Fel, CH,Mes

Scheme S9. Reduction of MesCFENO-BCF 4) with Cp.Fe.
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14. EPR Analysisfor the Reduction of ASNO-B(CsFs)s (3) with Cp 2Co

A fluorobenzene solution of decamethylcobaltocét® mM, 0.5 ml) in an EPR tube
was slowly layered with a pentane solution of ADSROF 3) (23 mM, 0.217 ml) at
RT. The EPR tube was capped and transferred outstdglovebox without shaking. The
tube was then shaken couple of times and quicldgga in the EPR instrument.

‘_
Ad. Ad.
E Cp~C E »
A t Cp2Co — N + Cp*,Co
Q PhF o P2

|
B(CsF5)3 B(CsF5)3

5
Scheme 10. Reduction of AASNO-BCF3j with Cp »Co to generate [AdSNO-BCF5).

a) b}

g,,=1.9985 g, =1.9998
Exp

T 1 T T 1
3150 3200 3250 3300 3350 3400 3200 3250 3300 3350
Field (G} Field (G)

Exp

Figure S37. Isotropic X-band EPR spectra ue trace) and simulation (red trace’
the reaction betwee(a) ADSNO-BCF 8) or (b) AdS°NO-BCF (-"°N) and Cp*Ca
to generateradical anions5'*N and 5-°N, respectively,in a mixture o
fluorobenzene/pentane at 25 °Frequency =9.194384 GHz, power = 0.99 r
ModWidth = 15 mT, tim-constant = 0.03 s. Simulation providgs, = 1.9985
Ais(**N) = 45.0 MHz andWg, = 2.7 mT (for3), andgie, = 1.9998 Ais(*°N) = 62.5
MHz, Wi, = 2.1 mT (for3-"*N). As expected, the ratio of isotropitN and *'N
hyperfine coupling constanA(™N)/A(**N) = 1.38is very close to the ratio of th
gyromagnetic ratioy(*>N)/y(**N) =1.40.
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15.  Crystallographic Details and Additional Structures

Single crystals of each compound AdSNO-Bt)s (3) (CCDC 1945525),
MesCHSNO-B(GFs)s (4) (CCDC 1945527), [(6Fs)sB-ON=NO-B(GsFs)3][Cp 2COl (7-
[CpCok) (CCDC 1945528), [(§Fs)sB-ON=NO-B(CsFs)s][CpoFel  (7-[CpaFel)
(CCDC 1945529) were mounted under mineral oil oMigegen micromount and
immediately placed in a cold nitrogen stream at(2P& prior to data collection. Data
for compounds3, 7-[Cp »Co],, and 7-[Cp,Fel, were collected on a Bruker D8 Quest
equipped with a Photon100 CMOS detector and a M8 buource. Data fo4 were
collected on a Bruker DUO equipped with an APEXC detector and Mo fine-focus
sealed source. A series of 0@ andw-scans were collected with monochromatic Mo
Ka radiation,. = 0.7107 A and integrated with the Bruker SAINgmram. Structure
solution and refinement was performed using the ISHE/PC suite and ShelXle.
Intensities were corrected for Lorentz and poldiara effects and an empirical
absorption correction was applied using Blessingsthod as incorporated into the
program SADABS. Non-hydrogen atoms were refinedhwanisotropic thermal
parameters and hydrogen atoms were included ifizddapositions unless otherwise
noted. Further comments on structural models:
[AdSNO-BCF] (CsH12)0s (3). One half occupied lattice pentane solvent molegsile
present in the lattice. This molecule is disordesieross a symmetry site. The like C-C
distances were restrained to be similar.
[(C6F5)3B-ON=NO-B(C¢Fs)3][Cp2 Co]. (7-[Cp 2C0l;). A total of eight highly
disordered fluoro-benzene solvent molecules pdragii were removed from the model
using the SQUEEZE routine in PLATON. Attempts todual the disordered solvent
molecules resulted in non-convergence, thus theg veanoved.
[(CeFs5)3B-ON=NO-B(CsFs)3][CpoFe]. (7-[CpoFel). The data was refined as a two
component twin. The ratio of the twin domainsmefl to ~69:31, and the twin law by
rows was (-1 0 0), (O -1 0), (.123 0 1). Two Cefidups are disordered over two
orientations. The like C-F and C-C distances westrained to be similar. The C1/C1B
and C31/C31B atom pairs were constrained to hawmlexyy,z positions and equal

anisotropic displacement parameters.
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Figure S38. Molecular structure of AASNO-BCR)( (CCDC 1945525). The thermal
ellipsoid plots are drawn at 50% probability levelydrogen atoms are omitted for
clarity. Selected bond distances (A) and angles) 1.6252(17), N-O 1.278(2), O-B
1.612(3), S-N-O 112.37(13), N-O-B 118.74(14).
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Figure S39. Molecular structure of MesGBNO-BCF @) (CCDC 1945527). The
thermal ellipsoid plots are drawn at 50% probapilével. Hydrogen atoms are omitted
for clarity. Selected bond distances (A) and anfigsS-N 1.608(5), N-O 1.274(5), O-B

1.586(7), S-N-O 116.0(4), N-O-B 116.9(4).
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Figure $40. Molecular structure of [(§5)sB-ON=NO-B(GsFs)3][Cp. Col (7-[Cp 2Col)
(CCDC 1945528). The thermal ellipsoid plots arewdraat 50% probability level.
Hydrogen atoms are omitted for clarity. Selecteddbdistances (A) and angles (°): N-O
1.381(6), N-N 1.257(9), O-B 1.489(7), O-N-N 106.5(8-O-B 109.0(4).
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”

Figure $41. Molecular structure of [(§F5)sB-ON=NO-B(GFs)s][CpFeL (7-[Cp.FeL)
(CCDC 1945529). The thermal ellipsoid plots arendraat 50% probability level. ¥
drogen atoms are omitted for clarity. Selected bdistances (A) and angles (°): NIt
1.380 (4), N2-O2 1.364 (4), N1-N2 1.274 (4), O1-B492(6), O2-B2 1.505(6), N1-O1
Bl 113.8 (4), N2-0O2-B2 111.9 (3), N2-N1-O1 10@® N1-N2-0O2 106.3 (4).
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16. Computational Details and Results

Electronic structure calculations were performethgislensity functional theory
(DFT) with wB97XD range-separated density functional with ermopir dispersion
correction®”! previous benchmarking of the performance of thel Direthods for the
RSNO compounds against high-level ab inito reSitiemonstrated a good performance
of the wB97XD functional for description of the —SNO groppperties. A triple-zeta
quality basis set augmented with diffuse functiomg-def2-TZVPP, has been used
throughout; preliminary calculations also employsdaller ma-def2-SV(P) basis $&t.
Due to the system size, calculations of structunetuding more than one B{Es)s
moieties (Figures S46-S48) used a reduced ma-défR)dasis set, red-ma-def2-SV(P),
with removed diffuse and polarization basis funasimn F atoms and removed diffuse
functions on C atoms.

Solvent (dichloromethane) effects have been treas#dg the integral equation
formalism polarizable continuum model (IEFPCM) mpiemented in Gaussian ¥6.

Harmonic frequency calculations have been perfornfied all optimized
structures to ascertain the nature of the statoroint found; thermodynamic
parameters have been calculated within harmonicoappation for theT=298 K, 1 M
standard state.

NMR chemical shifts were calculated with the stadd&auge-Independent
Atomic Orbital (GIAO) method Atomic spin populations were evaluated with Natura
Population Analysis (NPA!

The relative contributions of the resonance stmedS, D, andl (Figure 1A in
the main text) have been estimated using Naturabiance Theory (NRT) approach as
implemented in the NBO 7.0 col®. The NRT calculations used a local NRT variant,
where only the resonance structures arising fraem-BNO group have been considered.
To ensure consistency of the NRT results acrosdifferent molecules/complexes, the
three resonance structur8sD, andl have been used as the reference structures for the
NRT calculation and the NRTPAR parameter has beeto99%.

Cartesian coordinates for calculated structureg meafound in an accompanying
supporting information file.
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119 1.73 1.19 1.72

anti-AdSNO syn-AdSNO
AH° = 0.0 kcal/mol AH° =1.1 kcal/mol
AG° = 0.0 kcal/mol AG° = 1.4 kcal/mol

syn-MesCH,SNO anti-MesCH,SNO
AH° = 0.0 kcal/mol AH° = 0.5 kcal/mol
AG° = 0.0 kcal/mol AG° = 2.6 kcal/mol

Figure $42. Structures and relative free energies of AASNO anesCHSNO
conformers calculated at theB97XD-PCM(CHCI,)/ma-def2-TZVPP level. Bond
lengths in A; hydrogen atoms not shown for clarity.
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2 NS g )b
= Sried X

' \ 1.19
/ ) 1.72
A 125161 1.25&1_62 =N

/A —d
S ST B v

oA o<
anti-AdSNO, anti-AdSNO, anti-AdSNO,
O-coordinated O-coordinated, 2 N-coordinated
AG° = 0.0 kcal/mol AG° = 2.2 kcal/mol AG° = 2.7 kcal/mol
r

syn-AdSNO, syn-AdSNO,
O-coordinated N-coordinated
AG° = 4.9 kcal/mol AG° = 11.9 kcal/mol

Figure $43. Structures and relative free energies of AASNOgB{g complexes
calculated at theoB97XD-PCM(CHCl,)/ma-def2-TZVPP level. Bond lengths in A;
hydrogen and fluorine atoms not shown for clarity.
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D i‘j—y
syn-MesCH,SNO, syn-MesCH,SNO,
O-coordinated N-coordinated
AG° = 0.0 kcal/mol AG° = 1.4 kcal/mol

;Jm

1.62

L @
%\

U %;,6
)
|

b\.\é

J—— — Iy1 62 '
——=
anti-MesCH,SNO, anti-MesCH,SNO, anti-MesCH,SNO,
O-coordinated O-coordinated, 2 N-coordinated
AG° = 2.8 kcal/mol AG° = 5.1 kcal/mol AG° =10.3 kcal/mol

Figure $44. Structures and relative free energies of MesfND-B(GFs)s complexes
calculated at theoB97XD-PCM(CHCl,)/ma-def2-TZVPP level. Bond lengths in A;
hydrogen and fluorine atoms not shown for clarity.
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[AdSNO-B(CF,).I"

AdSNO*
r(S-N)=2.68A s(S)=0.02¢" rS-N)=1.71 A
rN-0)=1.17A s(N)=0.70 e rN-0) =1.33 A

s(0)=0.32 ¢

MesCH,SNO*

rS-N)=262A s(S)=0.04¢
rN-0)=1.17A s(N)=0.71e"
s(0)=0.33 e

Figure $45. Unpaired spin density distribution (0.004 au istmtes) in RSNO anion-
radicals A, C) and the corresponding RSNO-Bfs); anion-radicals B, D) with

corresponding S—-N and N-O bond lengths and total gppulationss on the —SNO
group atoms calculated at th®97XD-PCM(CH.Cl,)/ma-def2-TZVPP level. Hydrogen

and fluorine atoms not shown for clarity.

[MesCH,SNO-B(C,F,),I*

r(S-N) = 1.68 A
r(N-0) = 1.34 A

S37




trans-(C,F,),BO-N=N-OB(C,F >~ cis-(C,F.),BO-N=N-OB(C,F )%~

AG° = 0.0 kcal/mol AG° = +1.6 kcal/mol
AH° = 0.0 kcal/mol AH° = +0.6 kcal/mol
6 BN 425 ppm 6 N 380 ppm

Figure $46. Two forms of [(GFs)sBONNOB(CsFs)s]>™ calculated at thesB97XD-
PCM(CH,Cl,)/red-ma-def2-SV(P) level: relevant bond length, (&lative energies, and
predicted®N NMR shifts. Hydrogen and fluorine atoms not shdamclarity.
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2—

S-Ad AgH® = -27.3 kcal/mol
A G° = -6.5 kcal/mol

[AdSNO-B(C,F,),]* [AISNO-B(C,F,),1* [(C4F.),B(AdS)O-N=N-O(SAd)B(C,F,)I*~
2 2-
B (Cer)sB\ (CGFs)aB\
o) s-Ad 0, g-Ad A H® =-22.6 kcal/mol
N—N — N=N, o °=-
Ad—S \O; O\ Ad’S ALG° = -39.0 kcal/mol
B(CeFs)3 B(CsFs)s
8 7
a\
) A
K \)
< '
" .~ + \
 S— ~ I
[(C,F.),B(AdS)O-N=N-O(SAd)B(CF,).]*~ [(C,F,),BO-N=N-OB(C,F,).]*~ AdS-SAd

Figure $47. Thermodynamic parameters &f)(the dimerization reaction of the AASNO-
B(CsFs)s anion-radical and B) subsequent AdS—SAd elimination calculated at the
®B97XD-PCM(CHCl,)/red-ma-def2-SV(P) level. Hydrogen and fluorineoras not
shown for clarity.
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A BCeFs)s | (CsF5)35;
! O, S—CHMes A H° = -35.7 kcal/mol

-0
2 g —_— —
NN, AG° = -6.7 kcal/mol
~ CH.Mes MesCHz—S O\
2 B(CeFs)s

)

vy
b
[

[MesCH,SNO-B(C,F),]* [MesCH,SNO-B(CF)]*  [(C,F,),B(MesCH,S)O-N=N-O(SCH,Mes)B(C,F,).]*~

2—
B (CGF5)3I3* (CGF5)3Ei /CHgMes
0 s— CH,Mes 0 , S AL H° = -17.6 kcal/mol

SN - NN 7 AG°=-41.3kcal/mol
MesCHz— | MesCHz

B(CeFs)s

o

»\\ mJ

[(C,F.),B(MesCH,S)O-N=N-O(SCH,Mes)B(C,F,),>~ [(C,F.),BO-N=N-OB(C,F),]’~ MesCH,S-SCH,Mes

Figure $48 Thermodynamic parameters of)( the dimerization reaction of the
MesCHSNO-B(GFs); anion-radical and B) subsequent MesGB-SCHMes
elimination calculated at thewB97XD-PCM(CHCI,)/red-ma-def2-SV(P) level.

Hydrogen and fluorine atoms not shown for clarity.
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Figure $49. Full reaction profile for the dimerization reaxtiof the small model system,
CHsSNO-BFR; anion-radical, and subsequent $SHSCH elimination calculated at the
®B97XD-PCM(CHCl,)/ma-def2-TZVPP  level, broken-symmetry  unrestricted
calculations have been used for the open-shell 3t®icture ($9)=0.40); transition
structures have been verified with IRC calculatidsnd lengths in A.
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