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l. General Information.

All glassware was either ovedried overnight at 130°C or flame dried under a stream of dry nitrogen prior to

use. Reagents were used as obtaiinech the vendor without further purification unless otherwise specified.
Dichloromethane, acetonitrile, dimethylformamidere dried over Catand freshly distilled prior to usdill

other solvents and reagents were purified in accordancegiwithu r i f i cati on of "™Aa-lawr at or vy
moisture sensitive reactions were performed under an atmosphere of nitldgalytical thin layer
chromatography (TLC) was performed utilizing freated silica gel 60 F254 plates containing a
fluorescentindicator, while preparative chromatography was performed using SilicaFlash P60 silica gel
(230400 mesh) vi &THe mobilel phases forecolimm dhromatography varied depending on
substrate as hexanes/ether, pentane/ether, hexanes/ethyk,acetéenzene/ethyl acetate were used.
Columns were typically run using a gradient method, beginning with 100% of the less polar eluent and
gradually increasing the polarity with the other solvent. For reactions producing products without a UV
signature, ptassium permanganateas employed to visualize the reaction progress.

'H NMR and 13C NMR spectra were obtained using Bruker Avance 11 500, Bruker Avance I11 400, Bruker
Avance Ill 600, and Varian Mercww§00 NMR spectrometers. For 1H NMR, chemical &hére reported

relative to residual protiated solvent peats (26, 2.49, 7.15 and 4.80 ppm for CDCI3, (CD3)2S0, C6D6

and CD30D respectively). 13C NMR spectra were measured at either 125 MHz or 150 MHz on the same
instruments noted above for recording NINIR spectra. Chemical shifts were again reported in accordance

to residual protiated solvent peakk®7.1, 39.5, 128.0 and 49.0 ppm for CDCI3, (CD3)2S0, C6D6, and
CD30D, respectively)UPLC/LC-MS data were collected on an Acquity UPLlass PLUSwith an

Acquity QDA MS detector (Waters) using an ACQUITY UPIBEH C18 1.7em 2.1 X 50 mmcolumn

(Waters) Plate reader kinetics were performed on Peiimer Envision plate reader with531 nm filter.

Accurate mass measurements were acquired at the University of Wisconsin, Madison using a Thermo Q
ExactiveE Plus (electrospray ioni zatMSpmethods). Thg mos p h .
NMR facilities are funded by the NSF (CHED48642, CHED342998), the University of Wisconsin, the

NIH (S10 OD012245), and a generous gift from Paul J. and Margaret M. Bender. The purchase of the
Thermo Q ExactiveE Plus i n 1810 DB020822sto thewDemhrenent bfy N1 H
Chemistry.
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Il.  Additional chemicalschemes and figures.

o]
Ho&m
FF

(0]
OH |
i Li—=—TMS DMAP, EDC o)g( ©
E”OH  THE-78°Cc O \: g CHeCla0°Clort Et i\ F
overnight, 95%
2 h, 94% S1 9 ° 2 ™S
MeCN, 100 °C, 24 h T™MS O ™S
e K e
en 2 F FF MeOH, 2 h 7
3:2 toluene:MeOH Et 81% Et
s3 s4
78% yield
over 2 steps
csiHeO ™S cat. Rhy(OAC), =_F
I, HCOoH P PhiO F
_— . OSO,NH HN
MeCN 7 X T0sOuNH, then TBAF ‘5-0
84% E FF 72% o°n
t S5 (e}
34% Overall Yield 5
Scheme 8-1. The syntheticscheme for difluorinated SNOCT 5.
a. Reaction of two competing dipoles with a single SNO-OCT. : b. Reaction of two competing SNO-OCTs with a single dipole.
Bn\N'N\\N 1
_ e N TN o BN
NHye | o O — iR
e B TR
1 0% ! &° 60
1 5
+ regioisomer
Bi \ _ N_P
" PO R = LR )N\ T
+ F\'{:S"“Et ! NH F N N
B ! =-S5 (o
NH g¢ ! e} 8
: 1 0-S% se ' o NS 0-S. ‘0-5".
Taye) | i~o 0
e ! 1 5 b 0,99 1 0 © sb
+ regioisomer Not formed
c. Reaction of two competing SNO-OCTs and two dipoles.
Bn. N, Bn.,-N.
=\WCsHy R\ B BoHN NN "NTN
(_\NH B - BnHN)K& 2 CsHy  F Et
, NH ———
0-8% o-s% BN NH F NH
0 50 ) 0-S. 0-8%
N 0 0
1 5 Not Mutually 1a o 1c O 5c O
Orthogonal + regioisomer + regioisomer + regioisomer

19:6.3:5.8:1.0

Scheme 8-2. Competition experiments and the extrapolation of chemoselecti@tyThe competition
between benzyl diazoacetamide and benzyl azide showed digihntoselectivity that favors the formation
of the adductiorila, while the formation obc is much more favored. However, overall, the selectivity
between the two dipolesitherthe strained alkyne$ and5 remains less thaiteal. (b) The competition
between two competing SNOCTs and Type | or Il dipole. Benzyl diazoacetamide showed preferred
selectivity with 5 as S2A, and ra excellent chemoselectivity of dipyridyl tetrazine for(c) When two

SNO-OCTs and two dipoles competing with each other, the poor selectivity is greatly amplifiedalvhen
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four were combined in ongot. This demonstrated the nonthogonality of Type hnd Il dipoles with the
two SNOOCTs(more details see Figure20).

a.
CsHyy BocHN Br o Gty
N\ 511 1) TFA, CH,Cl,,
N Bocsiner BocrN N _ebnsn “@@ \\
OZS‘O TBAB, 1.0 M aq. NaOH mé\ 2) Coumarin 343, oo s
CHCly, 5 h, 1t g o EDC-HCI, DMAP, 15h
1 82% S6 37% over 2 steps SNO-C343
b. Br
Et HO. Et EDC*HCI, DMAP, CH,Cl, LN NE‘
overnight, rt 2 2
W b N Seog
%ES\ F NaH, DMF, HO. S, F ®
O~ F 0°C to rt, 3h o

Et,N (0] NEt.
=
p N/\ o\\N \
c. #_P ocC N S, F
#_P 00—"%

0.0 0.50 O N 0
B 1) TFA, CH,Cly, K/NH SNO-DF-Rho
X0 0°C, 30 mins o
2) DSC, DIPEA, H o
DMF, 0°C to rt, 20h

H o N__O
itative vi ~ N ~
O _~_N. Boc quantitative yield \([)( b
S8 BE-NHS ©
d.
o Q Coumarin 343, 0] ] Q
/\)L EDC-HCI, DMAP, 15h /\)L o) o)
HoN N // 98% A N N // /\)J\
A N N

N oo H Il

DBCO O O N 0" So
C343-DBCO O
C343-DBCO

Scheme 8-3. The synthesis of bioorthogonklbeling agents(a) C343SNO (b) Rho-DF-SNO (¢) BE-
NHS (d) C343DBCO.
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Ill.  Preparation of SNO-OCT 5.
OH

Et)\

S1 TMS

Propargylic alcohol precursor to5. This compoundvas prepared based on previously reported procedure

O)g(m

F F
Et \\
S2 TMS

with a comparable yield of 94%

Chlorodifluoro esterprecursor to 5. The ester was prepared from the corresponding propargylic alcohol
(3.6 mL, 19.85mmol) in a dry 50 mL round bottom flask. The alcohol was then dissolve@drmL
dichloromethane under nitrogen atmosphere. Chlorodifluoroacetic &didh(, 40.1 mmol) was added to
the mixture followed by the addition @MAP (0.13 g, 1.10 mmol). The mixture was coole 0°C
E D C A H83Dg , 43.30mmol) was added in small portions to the reaction mixture aw@Cstirredfor
an additional5 min at 0°C The reaction wasllow to warm up to room temperature and todbiered
overnight.Thereaction washenquenchedvith saturated NaHC©O The aqueouphasewas extracted with
three portions oflichloromethaneThe combined organgaverethen washed with brine, dried over 18,
fitered with cotton and concentratén vacuo The crude material wasirified usingKugelrohr distillation
resultinga clear colorless liqui¢s.06 g 18.81mmol) with a yield 0f95%. *H NMR (500 MHz,CDCk) U
5.43(t,J=7.1, 6.4 Hz, 1H)1.915 (p,J = 7.3 Hz, 2H), 105(t, J= 7.4 Hz, 3H),0.18(s, 9H).**C NMR (126
MHz, CDCBh) U 158.28(t, J = 34.6 Hz) 116.77(t, J = 300.8 Hz) 99.44, 93.24, 70.11, 27.82, 9.08,40.
% NMR (377 MHz, CDGJ) -64.07.HRMS (ESI) m/z calculated for1aH1sCIF202Si [M+H]* 269.0571,
found 269.0566.
T™MS O
%
A

Et
S3

OMe

Homoallenic methyl ester precursor to 5. The following reactionswere adopted from a modified
procedure previously reportéd The corresponding chlorodifluomster(2.00g, 7.44mmol) wasaddedto
a 50 mL round bottom containing ~5 g activated zifimethylsilylchloride @.7 mL, 13.39mmol) was
added followed by the addition @ mL acetonitrile.The reaction was refluxedvernightat 100°C.All
volatiles was theroncentratedn vacuoand theresidue was diluted with EtOAd he organic phase was

washed with brine, driedver Na:SQs, andfiltered with cotton. The crude was then concentrated again
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under reduced pressure. The resulting crude material was carried on doeatlgthylation.In a 250 mL
round bottom, the crude was dissolve@8mL methanol, and2 mL toluene Trimethylsilyidiazomethane
(4.5mL, 2.0 M in diethyl ether) was added to the reaction mixture at room temperature in a slow and steady
stream with vigorous stirring. The mixture was stirred under room temperature for 30 min atlftewas
quenched with acetic acid (@.0nL, 0.702 mmol). The crude mixture was concentrated under reduced
pressure and was purified via column chromatography (0% EtOAc/hexanes to 5% EtOAc/hexanes, gradient)
resulting a cleayellow oil (1.45g, 5.84mmol) with a yield 0f78%.'H NMR (500 MHz,CDCk) G 5. 32 ( p,
J=6.2 Hz, 1H), 3.84 (s, 3H), 2.031.98(m, 2H), 1.00 (t,J = 7.4 Hz, 3H), 0.21 (s, 9H}*C NMR (126
MHz, CDCh) 1i208.58 (t,J= 13.3 Hz), 164.26 (1) = 43.9 Hz), 116.18 () = 248.0 Hz), 96.34 ({] = 36.1
Hz), 92.29, 52.68, 20.202.84,-0.99.*F NMR (377 MHz, CDGJ) 1i-9359 (d, J = 256.5 Hz),-93.75 (d,
J=257.2 Hz)HRMS (ESI) m/z calculated for@H1sF202Si [M+NH4]* 266.1382, found 266.1378.
TM§

/‘A(\OH

T OFF

= S4
Homoallenic alcohol precursor to 5. The homoallenic alcohol precursor wasepared from the
corresponding methyl ester. In a 50 mL round bottom, homoallenic methyl ester (1.45 g, 5.82 mmol) was
dissolved in 12 mL methanol. The mixture was cooled to 0°C before the addition ofsN@.BH g, 9.25
mmol). The reaction was stirred @C for 30 min before it was warmed to room temperature. The reaction
progression was monitored by TLC. The mixture was then quenched Witd HCI, and diluted with
diethyl ether. The organic layer was washed with 10%CDg, then washed with brine, idd over NaSQ,
and filteredwith cotton. The crude was concentrate@acuq and was purified via column chromatography
(0% EtOAc/hexanes to 20% EtOAc/hexanes, gradient) resulting a clear chargqugngquid (1.04 g,
4.72 mmol) with a yield of 81%H NMR (400 MHz, CDCd) 5.26(p,J= 6.1 Hz, 1H),3.85(td, J = 13.3,
7.2Hz, 2H), 205(p, J = 7.3 Hz,2H), 1.81(t, J= 7.0 Hz1H), 102 (t, J= 7.5 Hz,3H), 0.19 (s, 9H)**C
NMR (126 MHz, CDC4) 1 207.70 (tJ = 13.7 Hz), 122.09 (tJ = 240.0 Hz), 96.86 (1) = 36.7 Hz), 91.40,
65.13 (t,J = 30.9 Hz), 20.61, 13.250.74."F NMR (376 MHz, CDCJ) i-95.89 (d,J = 254.5 Hz),-97.35
(d, J = 254.4 Hz) HRMS (ESI) m/z calculated for 1¢H18F20Si [M-F] 201.1106, found 201.1105.

™S
(°N\OSOZNH2
F F

Et S5
Homoallenic sulfamate precursor to5. The following procedure was adapted from our previously
reported synthesis of SNOCT analogues.In a 250 mL threeeck round bottom flask, chlorosulfonyl

isocyanate (4.5 mL, 51.70 mmadt) 38 mL acetonitrilewas cooled to 0°Crormic acid (2.0 mL, 53.15
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mmol) was added dropwise at 0°C under nitrogen atmosphbemixture was then allowed to warm up

to room temperature and stirred overnight. The reaction was cooled again to 0°C, to which homoallenic
alcohol(4.69 g, 21.26 mmol) was added as a solution in-NifNethylacetamide (35.0 mL, 0.6 M) in a
dropwise fashion. The reaction was stirred for 1 hour at room tempeaaigteen quenched by the addition

of an equal volume of ¥D. The aqueous phase was extedcwith three portions of EtOAc and the
combined organic phases were washed with five portiong0f Fihe combined organics were dried over
Na:SOs, filtered with cotton, and concentratdd vacuo The crude material was purified via column
chromatography0% EtOAc/hexanes to 20% EtOAc/hexanes, gradient) resulting a waxy white solid (5.34
g, 17.83 mmol) with a yield of 84%H NMR (500 MHz, CDC4) 5i83(p, J= 6.1 Hz, 1H)4.99(s, 1H),

4.461 4.37 (m, 2H),2.07(dtd, J = 13.7, 7.4, 3.3 Hz, 2H).03(t, J = 7.4 Hz, 3H) 0.19 (s, 9H)*C NMR

(126 MHz, CDC4) 1 208.07 (t,J = 13.6 Hz), 120.01 () = 241.17 Hz), 96.28 (1) = 36.27 Hz), 92.44,
69.97 (t,J=31.44 Hz), 20.51, 13.18).79.F NMR (377 MHz, CDGJ) i-93.24 (d, J= 257.8 Hz)-93.68
(d,J=257.2 Hz)HRMS (ESI) m/z calculated for aH1dF2NOsSSi [M-H] 298.0750, found 298.0748.

— F
HN_ F
//S_O
© O
5

Compound 5. The following procedure was adapted from pueviously reported synthesis of SNOCT
analogues.In a 100 mL round bottom, the homoallenic sulfamate (2.67 g, 7.04 mmol) was added and was
dissolved in 36 mL dichloromethane. fBAc)4 (156.0 mg, 0.35 mmol) was added to the mixture and then
stirred for5 min at room temperature. PhlO (3.19 mg, 14.50 mmol) was added in one portion and the
reaction mixture was stirred for 30 min while monitoring by TLC. When the TLC indicated the complete
consumption of starting material, the crude mixtwas filtered though a layer of celite, diluted with
dichloromethane, and concentrated under reduced pressure. The resulting residue was quickly purified via
column chromatography (0% EtOAc/hexanes to 10% EtOAc/hexanes, gradient) to yield eantoé
endocyclic methylee aziridine intermediateDue to the concern of decomposition, the purified product
was quickly transferred to a round bottom and diluted with 36 mL of dichloromethane followed by adding
a steady stream of TBARBS.2 mL,1.0 M in THF) After stirring at oom temperature for 30 min, an equal
volume of water was added. The phases were extracted with three portions of dichloromethane. The
combined organics were dried with 6, filtered with cotton, and concentrated under reduced pressure.
The resulting crde was quickly purified via column chromatography (0% EtOAc/hexanes to 20%
EtOAc/hexanes, gradient) resulting a white solid (1.14 g, 5.06 mmol) with a yield of 72% over two steps.
'H NMR (500 MHz,CDCl) 1i5.62(d, J = 7.0 Hz, 1H)4.92(m, 1H),4.67(dt, J = 12.2, 6.0 Hz, 1H)4.24

(tt, J=7.2, 3.3 Hz, 1H), 1.91. 1.72 (m, 2H)1.04(t, J= 7.5 Hz, 3H)**C NMR (126 MHz, CDCJ) li112.55
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(d, J=241.4 Hz), 111.15 (f = 10.8 Hz), 88.37 (tJ = 42.9 HZz),79.04(m), 50.08(t, J = 1.7 Hz),25.03
10.11 °F NMR (376 MHz, CDC$) 11-96.48(d, J = 277.8 Hz),-101.07(d, J = 277.2 Hz). HRMS (ESI)
m/z calculated for @1oF2NOsS [M-H] 224.0198, found 224.0200.
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IV. Stability screening of SNGOCT 5.

— F : Conditions
F o Conditions | TFA(1 equiv)
HN !
O,/§—O 0.05 M i II. | KOH (1 equiv)
O MeCN'd3 :
SNO-OCT 5 i lIl. | Heating at 50°C

General procedure.In a vialequipped with a stir banddedSNO-OCT (2.3 mg, 0.01 mmol) and then it
was dissolved in MeCNls. The mixture is then subjected #ospecfied reaction conditionThe reaction
was stirred for & hours and thef.0 equivalence ahesitylene as internal standard was adddw fixture
wastransferred into an NMR tubendthe stability of SNOGOCT under each condition was examiresded
on integrations against mesitylenes

Condition I. Trifluoroacetic acid (TFA) stability screening.

3 Hs of
mesitylene
standard

_ TR

o T N T T
O o NS o ~ —
© 9 © o % N ©
o oM o o o — [aN]
T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)

Figure S2-1. SNO-OCT 5 in MeCN-ds (0.05 M) with 1 equiv. bTFA for 16 hours at room temperature.
Based on the NMR analysis, 87% of the SQT remained in the solution.
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Condition Il. Potassium hydroxide (KOH) stability screening.

T T T T T T T T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1
f1 (ppm)

Figure S2-2. SNO-OCT 5 in MeCN-ds (0.05 M) with 1 equiv. of KOH for 16 hours at room temperature.
Based on the NMR analysis, 56% of the SQT remained in the solution.
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Condition Ill. Heating at 50°C stability screening.

Juk L

T T T T T T T T T T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1
f1 (ppm)

Figure S2-3. SNO-OCT 5 in MeCN-ds (0.05 M) was heated a80°C for 16 hours. Based on the NMR
analysis,84% of the SNOQOCT remained in the solution.

© |o.sa] i
0.84-
083 =
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V. Reactionsof SNO-OCTs with dipoles and hydrazide.
General procedure.The cyclic alkyne (10 equiv) was dissolved in G €N (0.1 M). The corresponding
dipole (1.0 equiv) was added to the alkyne solution and the mixture was stirred for 1 h to ensure the full

conversion. The solvent was then removed under reduced pressure and transferred using dichloromethane.

=—_ F

F F
HN_ F

O/’n_o HN\

_.S-0
o”
_ 0
5 5a Major 5a Minor

Diazoles5a major and 5a minor from reaction of 5 with benzyl diazo acetamide.The diazolesa
major and 5a minor were prepared from alkyng (50.0 mg, 0222 mmol) according to the general
procedure. The crude was purified via column chromatography (0% Ht@Aznes to60%
EtOAc/hexanes, gradient) to yietdo regioisomerss white solids (major 70.3mg, 0.76 mmol;, minor
13.0 mg,0.032 mmol; ratio = 5.4)1with a yield 0f94% in total *H NMR (major, 500 MHz,CDCk) U
12.42 (s, 1H), 7.42Z 7.23 (m, 5H)7.06(p, J = 5.2 Hz, 1H)5.76(s, 1H), 4.90 4.73 (m, 1H), 4.68 4.45
(m, 4H), 2.12i 2.00 (m, 1H), 1.97 1.86 (m, 1H),1.04(t, J= 7.3 Hz, 3H)."*C NMR (major, 126 MHz,
CDCh) 1159.35, 148.54, 139.65, 136.72, 128.88, 127.92, 127.67, 11i8.B% 238.4Hz), 110.43(t, J =
29.9 Hz) 70.69(t, J = 40.4 Hz) 52.34, 44.26, 26.83, 10.66F NMR (major, 376 MHz, CDCJ) i-77.28
(d,J= 274.7 Hz)-84.20."H NMR (minor, 500 MHz, CDCJ) Ui 10.36(s, 1H), 7.40° 7.27 (m, 8H), 5.31
5.21 (m, 1H), 4.95 4.81 (m, 2H),4.65(dd,J = 14.8, 6.1 Hz, 1H)4.56(dd, J = 14.8, 5.8 Hz, 1H)4.30
(ddd,J =23.7, 14.2, 12.4 Hz, 1H®.22(dqd,J = 14.9, 7.5, 3.3 Hz, 1H}1.69(ddq,J = 14.5, 8.7, 7.3 Hz,
1H), 1.07(t, J= 7.4 Hz, 3H)*C NMR (minor, 126 MHz, CDC#) (i160.85, 144.26, 137.80, 131.62, 128.78,
127.79, 127.63, 12408(d,J = 6.1 Hz) 118.8 (dd,J = 249.6, 239.0 Hz)71.3) (dd,J = 46.4, 36.2 Hz)
51.89 (d,J = 1.2 Hz) 43.09, 30.11, 10.18°% NMR (minor, 376 MHz,CDCLk) ti-70.51(d, J = 268.5 Hz),
-101.71(d, J = 269.5 Hz).HRMS (ESI) m/z calculated for 1eH1sF2N4O4sS (major) [M+H]* 401.1090,
found 401.1088. HRMS (ESI) m/z calculated fouetisF2N4OsS (minor) [M+H]* 401.1090, found
401.1090.

_ N7 AR
—_ F | Pyr Pyr
F NN —UF
HN_ + N — X F
o//”—o AN N’/ CHSCN HN\
| N (@) §_O
o)
5 5b

S212



Pyridazine 5b from reaction of 5 with 3,6-di-2-pyridyl -1,2,4,5tetrazine. The reaction was performed

under the general proceduido reaction progress was observed.

N. N,
—_ F N NN @AN N
F —~_F —_F
HN_ F + F
O//§_O CH5;CN HN_ HN_
O O//II_O O//§_O
o] @)
5 5¢ Major 5¢ Minor

Triazoles 5¢c major and 5¢ minor from reaction of 5 with benzyl azide.The triazolessc major and5c
minor were prepared from alkyrie(40.0 mg, 0.18 mmol) according to the general procedure. The crude
was purified via column chromatography (0% EtOAc/hexanes to 45% EtOAc/hexanes, gradient) to yield a
clea viscous oil (61.0 mg, 0.I7mmol) as a mixture of regioisomer$¢ major:5¢ minor 1.8:1) in 96%
yield. '*H NMR (major, 500MHz, CDCE) U 7. 743@ (m, 3H),7.19(dd, J = 7.0, 2.6 Hz, 2H)5.78(d, J
=15.1 Hz, 1H)5.68(d, J = 15.1 Hz, 1H)4.94(d, J= 9.9 Hz, 1H),4.62(q, J = 8.7 Hz,1H), 4.48i 4.38

(m, 1H), 4.391 4.26 (m, 1H, 2.33 (dqdJ = 14.7, 7.4, 5.0 Hz, 1H), 2.07 (dgdi= 15.9, 7.3, 5.8 Hz, 1H),
1.12 (t,J = 7.4 Hz, 3H)."*C NMR (major, 126 MHz, , CDGCJ) 11 147.19 (t,J = 3.8 Hz), 134.22128.93,
128.80, 127.55, 125.96 @,=29.5 Hz), 116.39 (t) = 242.6 Hz), 69.96 69.10 (m), 54.74 (1) = 3.9 Hz),
52.23, 27.07, 10.23°F NMR (major, 376 MHz,CDCl) ii-83.51(d, J = 288.1 Hz)-93.18(d, J = 286.4
Hz). '"H NMR (minor, 500 MHz, CDCJ) i 7.437 7.35 (m, 3H), 7.17 (dd] = 8.0, 1.9 Hz, 2H), 5.61 (d]
=15.8 Hz, 1H), 5.57 (d] = 15.9 Hz, 1H), 5.05 (s, 1H), 4.84 (dti 13.9, 12.1 Hz, 1H), 4.47 (m, 3H), 4.33
(ddd,J = 26.5, 13.9, 9.9 Hz, 1H), 1.63 (dqgdi= 15.0, 7.5, 3.3 Hz, 1H), 1.52idq,J = 14.7, 9.1, 7.4 Hz,
1H), 0.92 (t,J = 7.4 Hz, 3H)C NMR (minor, 126 MHz, CDCJ) 11 137.47 (dJ = 7.4 Hz), 136.69 (dd]

= 34.4, 25.5 Hz), 132.99, 129.49, 129.21, 126.94, 118.76)(¢dR48.3, 239.3 Hz), 71.87 (dd,= 47.1,
35.8 Hz), 53.21, 584 (d,J = 1.4 Hz), 28.05, 9.69%F NMR (minor, 376 MHz, CDCJ) 1i-71.62 (d,J =
270.2 Hz),-104.51 (d,J = 269.7 Hz).HRMS (ESI) m/z calculated for 1@H16F2N4O3S (major) [M+H]"
359.0984, found 359.0982. HRMS (EStyz calculated for GH16F2N4OsS (minor) [M+H]* 359.0984,
found 359.0984.

(0]
_ Nos A
HN_
0-S-0 MeCN-dj
0]
2
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Diazoles2afrom reaction of 2 with benzyl diazo acetamideThe diazole®2a were prepared from alkyne

2 (9.6 mg, 0.05mmol) according to the general proceduggcept the deuterated acetonitrile was used and
it was stired under room temperature overnigRtoducts?a wasobtainedas a single regioisomer in the
form of a white solid (13.6 mg, 0.04 mmol) without further purification with a yield of 80%. Due to
p r o dslow sofubility in acetonitriledichloromethane, and chloroforrine eventual NMR spectra were
taken in DMSQds. 'H NMR (600 MHz, DMSGds) & 13. 06 (Js 6.4 HzH)H), 8.8 (d6=79.0( t ,
Hz, 1H), 7.31 7.27 (m, 4H), 7.24 7.20 (d,J = 6.7 Hz, 1H), 5.18 (t) = 5.8 Hz, 1H) 4.48 (qJ = 7.1 Hz, 1H),
4.41 (dJ = 6.0 Hz, 2H), 4.40 (d] = 6.0 Hz, 2H), 4.35 (dddl = 11.2, 5.1, 3.4 Hz, 1H), 4.02 (td~ 10.9, 5.6

Hz, 1H), 3.79 (dtJ = 10.9, 5.3 Hz, 1H), 3.69 (di,= 11.8, 6.1 Hz, 1H), 3.5D 3.46 (m, 2H).3C NMR (151
MHz, DMSO-ds) a 162. 77, 142.54, 141. 08, 139. 90, 128. 13, 12
20.47.HRMS (ESI) m/z calculated for €H1sN4OsS [M+Na]* 389.0890 found389.0086

N~ |
N NS
|
— | X NN
HO _N
HN, MeCN-d
—_ e -
O//II 0 8
2

Pyridazine 2b from reaction of 2 with 3,6-di-2-pyridyl -1,2,4,5tetrazine. Thepyrazine2b wasprepared
from alkyne2 (9.6 mg, 0.05mmol) and dipyridyl tetrazine (11.8 mg, 0.05 mmaljcording to the general
procedureexcept the deuterated acetonitrile was used and it was stirredrondetemperature overnight
Products were obtained without further purificatesa white solidwith pinkish tints(19.2 mg. Due to
productsd | ow s oéanddhiorbformthe eventuahNIMR tspecatra wereitakem in DM&O

The yield was calulated basedn'H NMR peaks ratio between the cycloaddition product and the tetrazine
starting material fproduct= 8.788.72 ppm, int. = 2.00. 2HJtetrazine= 8.95 ppm, int. = 0.43, 1H'H NMR

(600 MHz, DMSQOds) U4 (dl,J £ 6.2, 1.4 Hz, 1H), 91.(dd,J = 8.1, 1.4 Hz, 1H), 881 8.72(m, 2H), 8.3
(ddd,J = 7.7, 6.0, 1.5 Hz, 1H), 89(td, J = 7.7, 1.8 Hz, 1H), 748(dt, J = 7.8, 1.2 Hz, 1H), 756(ddd,J = 7.7,

4.9, 1.2 Hz, 1H), 52(d,J= 6.1 Hz, 1H), 20(s, 1H), 4.%(ddd,J=12.6, 6.9, 5. Hz, 1H), 487(ddd,J = 13.9,

9.9, 4.6 Hz, 1H), 48(td, J= 6.9, 3.3 Hz, 1H), 4.06 3.96 (m, 1H), 3.88 3.81 (m, 1H), 3.72 3.66 (m, 1H),
3.60(s, 1H)."*CNMR (151 MHz,DMSGds) & 160 . 8 2, 155. 77, 148. 39, 147. 52,
137.78, 137.40, 127.83, 125.35, 124.65, 124.15, 62.50, 55.39, 52.80, PIRMS (ESI) m/z calculated for
Ci1sH17Ns04S [M+Na]* 422.0894 found422.0892

S214



V1. Preparation of bioorthogonal conjugates

Boc\N N \\

S6

Boc-protected aryl precursor to SNO-C343(S6). A 50 mL round bottomed flas&quipped with a stir bar

was charged with SN@CT 1 (148.0 mg, 0.64 mmol) and dissolved in dichloromethane (200007 M).
BocBnBr (212.7 mg, 0.70 mmolyas addedollowed by tetrabutylammonium bromide (20.6 mg, 0.06
mmol). 4.5 mL1.0 M aq. NaOH was then added and stirred under room temperature for 5Wjponsthe
completion indicated by NMR aliquot, equal amount of water was added and the layers extracted with three
portions of dichloromethane. The combined orgamieredried with sodium sulfatefiltered with cotton,

and concentrated under reduced presdure crude product was then purified by silica gel chromatography
using a 0 to 30% gradient of ethgtetate in hexane with 5% increments. The product was obtained 82%
yield (237.2 mg, 0.53 mmol) as a white foattd NMR (500 MHz,CDCk) U i 7.25(8, 3H), 7.25

7.20 (d,J=7.4 Hz, 1H), 5.01 4.92 (m, 1H), 4.81 4.71 (d,J= 14.8 Hz, 1H), 4.67 4.57 (m, 1H), 4.35

4.25 (t,J= 5.4 Hz, 2H), 4.23 4.17 (d,J = 14.7 Hz, 1H), 3.69 3.55 (t,J= 7.8 Hz, 1H), 2.87 2.72 (dddd,
J=16.9,11.4,5.6, 2.5 Hz, 1H), 2.3&®.23 (dd,J=17.1, 3.8 Hz, 1H), 1.87 1.69 (td,J = 8.4, 3.9 Hz, 2H),

1.497 1.41 (s, 9H), 1.19 0.95 (m, 4H), 0.8 0.72 (t,J = 7.2 Hz, 3H).}*C NMR (126 MHz, CDCG) i
155.90, 139.60, 136.35, 128.92, 127.54, 127.22, 96.45, 93.75, 79.51, 75.96, 54.92, 54.53, 44.43, 33.82,
30.83, 28.39, 25.79, 22.35, 21.73, 13188MS (ESI) m/z calculated for&Hz4N20sS [M+NHa]* 468.2527,

found 468.2522.
CsHy4

(@]
XN N N\
ascy
N O (@] O/’ \O
SNO-C343

Compound SNO-C343 A 25 mL round bottom flaskequipped with a stir bawas charged wittBoc
protected aryl precursq118.9 mg, 0.26 mmol) and dissolved dichloromethahé (nL, 0.1 M). The
solution was cooled down to 0°C and then added trifluoroacetid &mL, 5.2 mmolpat 0°C dropwise.

The mixture was stirred for 5 mins before warming it up to room temperature. After 8 hours, the reaction
was quenched with equal amount of saturated NatdT®e layers were extracted with three portions of
dichlorometfane, filtered with cotton, and concentrated under reduced pressure. The crude product was
directly carried forward. A 10 mround bottom was charged with the crude product in dichloromethane
(2.2 m_, 0.1 M). Coumarin 343 (61.7 mg, 0.22 mmol, 1.0 equiv) dndimethylaminopyridingDMAP;
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8.0 mg, 0.07 mmol, 0.2 equiv) were then added f ol

2.2 equiv). The reaction mixture was stirred at room temperature for 15 Adwrseaction was stopped
with the additiorof water and diluted with dichloromethane. The layers were extracted with three portions
of dichloromethaneThe pooled organic layer was dried with sodium sulféitered with cotton, and
concentrated under reduced pressure. The crude product wagutiied by silica gel chromatography
using a 40 to 80% gradient BIOAc in hexane with 10% increments. The product was obtained 37% vyield
(60.7 mg,0.098mmol) over two steps as a dark yellow solitHH NMR (500 MHz, CDQ) 9i25(t, J =

6.0 Hz, 1H),8,63(s, 1H), 7.4 7.28 (m, 4H),7.01(s, 1H),4.97(td, J = 11.2, 4.0 Hz, 1H)4.76(d, J =

14.7 Hz, 1H), 4.71 4.57 (m, 3H)4.22(d, J = 14.8 Hz, 1H)3.65(t, J= 8.2 Hz, 1H),3.33(g, J = 5.7 Hz,

4H), 2.93i 2.71 (m, 5H),2.29(dd, J = 17.0, 3.9 Hz1H),1.97(h, J= 6.3, 5.5 Hz, 4H)1.80(dh, J= 20.4,

7.7, 7.3 Hz, 2H), 1.200.94 (m, 6H)0.76(t, J= 7.2 Hz, 3H)HRMS (ESI) m/z calculated for4aH3aN30eS
[M+H]" 618.2632, found 618.2639.

Et
N

HO 'S, F
o) ad:;

S7
Benzoic acid precursor tosSNO-DF-Rho (S7). A 10 mlround bottom equipped with a stir bar was charged
with SNO-OCT 5 (128.5mg, 0.57 mmol) and dissolved i2.2 mL dimethylformamide The solution was
cooled to 0°C followed by the addition of NaH 60% in mineral 48.8 mg, 1.08 mmol). The mixture was
stirred at 0°C for 5 minsThe reaction mixture was removed from the ice batid a solution of 4
(bromomethyl)benzoic acid®{.7 mg, 045 mmol) in 2.2 mL dimethylformamidg DMF) was then added
dropwise over 10 minsSolid formation was observed during the ceun§ the addition. The reaction
mixture was stirred at room temperature for 3 hours. Upon the full consumptiefibcdfiomethyl)benzoic
acid, the reaction was cooled to 0°C, dmdL 1.0 M HCl was added dropwise at 09@der inert atmosphere
The crude mixture was then quickly transferred separatory funnel and diluted ethyl acetate. The layers
were extracted with three portions of ethyl acetate. The combined organic layer was dried with sodium
sulfate, filtered with cotton, and concented under reduced pressure. The crude product was then purified
by silica gel chromatography using a 0 to 30% gradient of ethyl acetate in hexane with 10% increments
containing a consistent 1% acetic acid. After two round of purifications, the producibigiaed40%
yield (64.7mg, 0.18mmol) as a white solidH NMR (400 MHz,CDCk) U 1 8.062(diJ= 8.2 Hz, 2H),
7.617 7.45 (d,J=8.0 Hz, 2H), 5.11 4.97 (dd,J = 26.4, 12.4 Hz, 1H), 4.964.83 (d,J = 15.3 Hz, 1H),
4.731 4.60 (dd,J = 12.4, 8.6 K, 1H), 4.48 4.34 (d,J = 15.3 Hz, 1H), 3.80 3.61 (s, 1H), 2.02 1.90 (dt,
J=15.0, 7.7 Hz, 1H), 1.901.78 (dt,J= 14.0, 7.3 Hz, 1H)}:*C NMR (126 MHz, CDGJ) 1 170.89, 140.92,
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130.82, 129.52, 128.64, 112.50J& 241.3 Hz), 111.06 (f] = 10.9 Hz), 85.79 (t) = 43.4 Hz), 78.77 (m),

56.03, 54.81, 26.19, 10.66F NMR (376 MHz,CDCLk) 1i-94.47 (d,J = 277.0 Hz)-103.11 (d,J = 276.9
Hz). HRMS (ESI) m/z calculated for&H1sF2NOsS [M-H]- 358.0566, found 358.@B.

Et,N ! l NEt2

m

SNO-DF-Rho

Compound SNO-DF-Rho. The following reaction worlup was adopted from a previously reported

proceduré. A 25 ml round bottom was charged with ArCO@HMHfo-SNO-OCT (5.2 mg, 0.0145mmol)
and dissolved i4.0 mL dichloromethane Rhodaminepiperazine 3.2 mg, 0.0258 mmol) and 4
dimethylaminopyridine @.8 mg, 0.@M65mmo | ) were then added follo

(15.3mg, 0.0798mmol). The reaction mixture was stirred at room temperature overiigateaction was

we d

guenchedy the addition of saturated NaH@(O he agueouphasewas saturated with NaCl and extracted

with three portions of dichloromethane. Thembinedorganic layes were dried with sodium sulfate,

filtered with cotton, and concentrated under reduced presBaeecrude product was then purified by silica

gelchromatography using a 0 to 10% gradient of MeOH in dichloromethane with 5% increments containing

a consistent 1% NKDH. After two round of purifications, the product was obtaié@d yield (7.7 mg,
0.0087mmol) as a purple solidd NMR (400 MHz,CDClL) U 71 77338 (m, 10H), 7.27 7.15 (m, 2H),
6.911 6.74 (m, 2H),5.02 (dddJ = 23.7, 12.5, 3.1 Hz, 1H), 4.79 (@= 15.2 Hz, 1H), 4.61 (dd] = 11.4,
7.4 Hz, 1H), 4.41 (d) = 15.2 Hz, 1H), 3.85% 3.77 (m, 1H), 3.76 3.63 (q,J = 7.2 Hz, 8H), 3.62 3.41 (m,
8H), 1.95 (dgJ = 15.4, 7.5 Hz, 1H), 1.84 (dd,= 13.8, 7.3 Hz, 1H), 1.35 (8,= 7.1 Hz, 13H), 0.77 (] =
7.4Hz, 3H)’**CNMR (126 MHz,CD&) & 170.21, 167.72, 159.10,
132.05 (boad singlet), 130.44 (broad singlet), 130.34, 130.20, 128.96, 128.89, 128.67, 128.44,
(broad singlet), 127.87, 127.63, 113.80, 112.58 &,239.6 Hz, 1C), 96.31(m, 1C), 78.65 (dds 46.3,
34.5 Hz, 1C), 55.88, 54.94, 46.24, 26.20, 12.72, 16%6MNMR (376 MHz, CDCJ) -94.16 (d,J = 275.8
Hz), -103.08 (d,J = 275.8 Hz).HRMS (ESI) m/z calculated fo€a7HsF2Ns0eS" [M]* 852.3601,found
852.3602
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Compound S8. This compound was prepared based on a previously published proéedure.

o. O
~0
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O~ YO N
N 0]
BE-NHS

Compound BE-NHS (Boronic esterkNHS). The following reactions was preparbdsed orpreviously
published proceduré? In aglassvial equipped with a stir baCompoundS6(118.1 mg, 0.29 mmol) was
dissolved in dichloromethan@®.0 mL). The solution homogeneous solution was then cooled to 0°C and
then trifluoroacetic acid (0.4 mL, 5.80 mmol) was added dropwise. At 0°C, the mixture was then stirred
under nitrogen atmosphere for 30 mins. All volatiles were then removed undeedegghessure, resulting

a viscus yellow oil.The crude material was carried forward without any purification. In a vial equipped
with a stir bar, the crude was diluted with DMF (0.64 mL). The mixture was then cooled to 0°C in an ice
bathfollowed by the drpwise addition of disuccinimidyl carbonate$C;148.6 mg, 0.58 mmol) in DMF

(0.58 mL). DiisopropylethylamineDIPEA; 0.1 mL, 0.58 mmol) was then added at 0°C. The mixture was
allowed to warm up to room temperature and stirred under nitrogen atmosph2@ehfmurs. The reaction

was diluted with 50 mL ethyl acetate and then washed with 50 mL of 1M HCI. The organic phase was
washed with 3 x 50 mL of watef.he organics was then dried with &, filtered through cotton, and
concentrated under reduced pregsstA brown viscus oil (152.7 mg) was obtained without purification.
Due to the presence of DMF as the only impurity, we determéngdantitative yieldbased ortH-NMR
integrationbetween the desired product and DMF (ratio =1 : 0.8; DMF = 0.24 mmolyPred.30 mmol).

'H NMR (400 MHz,CDCL) 1@.64(s, 1H),7.86(d, J = 8.2 Hz, 1H),7.47(d, J = 2.6 Hz, 1H),7.13 (dd,J

= 8.2, 2.6 Hz, 1H)6.03(s, 1H),4.13(t, J= 6.0 Hz, 2H),3.49(td, J= 6.7, 6.0 Hz, 2H)2.81(s, 4H),2.09

(m, 3H),1.37 (s, 2H). °C NMR (101 MHz, CDG) & 195. 03, 170.18, 160. 98,
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120.36, 111.23, 84.32, 65.75, 39.58, 37.46, 25.55, 24'B5NMR (128 MHz, CDCY) i HBMD 7.
(ESI) m/z calculated for £H2BN2Os [M + Na]* 469.1753found469.1757 (Note:*C signal of thé*Caryi -
B at 124.53 ppm was missing from tH€- NMR spectra due to the quadrupolar effect'& thus the shift

of *Cani-B was determined by HSQC and HMBC correlations; see NMR spectra section for more details)

TR-Hyd

Compound TR-Hyd. Thefollowing reactions was prepared from previously published procedures.

' N“)OLN/

N o O

C343-DBCO O

Compound C343-DBCO. In a dried vial equipped with a stir bar, dibenzocyclooctgméne PBCO;10.0

mg, 0.036 mmol) and coumarin 343 (13.0 mg, 0.045 mmol) were dissolved in dickldrdma n e . EDCAHC

(9.3 mg, 0.049 mmol) was then added to the mixture followed by the addition of DMAP (0.6 mg, 0.005
mmol). The reaction was stirred under room temperature overnight. The next day, the reaction mixture was
diluted with dichloromethane, andeh washed with brine. The organics were then dried oves®a

filtered through cotton, and concentrated under reduced pre3werude product was then purified by
silica gel chromatography using a 0100% gradient of ethyl acetate in hexane w20% incrementsThe

product was obtairke98% yield (19.2 mg, 0.035mmol) as arown sold. 'H NMR (500 MHz, CDCJ) U
8,86(t, J= 6.1 Hz, 1H), 8.8 (s, 1H), 7.2 (d, J = 7.5 Hz, 1H), 7.39 7.31 (m, 5H), 29(dd,J=7.5, 1.3

Hz, 1H), 719(dd,J= 7.5, 1.4 Hz, 1H)6.97 (s, 1H)5.18(d, J= 13.8 Hz, 1H), 34 (d, J= 13.8 Hz, 1H),
3.53(qd,J=6.7, 3.5 Hz, 2H), 33(q,J = 5.4 Hz, 4H),2.87(t, J = 6.5 Hz, 2H), ZI6 (t, J = 6.3 Hz, 2H),

2.62 (dt, J = 16.2, 7.1 Hz, 1H), 22(dt, J = 16.2, 6.4Hz, 1H),1.97 (h, J = 6.0 Hz,4H). °C NMR (126
MHz,CDCk) U0 171.52, 163. 44, 162.63, 152.62, 151. 40,

128.27, 128.03, 127.67, 127.05, 126.92, 125.46, 123.11, 122.58, 119.47, 115.00, 109.22, 108.18, 107.73,
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105.67, 55.30, 50.20, 49.79, 35.77, 34.74, 27.45, 21.16, 20.23, HRIMS (ESI) m/z calculated for

CaaH2dN304 [M + H]* 544.223] found544.2231.
O

O
g\OJVNQ

O
Diaz-NHS
Compound DiazNHS. The following reactions was prepared from previously published procedures.
N

2
0]
NH,—OAc
AcO \[O
AcO
OAc
Ac,;ManDiaz

Compound AcsManDiaz. The following reactions was prepared from previously published procetfures.
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VIl. NMR kinetics for SNO-OCT/dipole cyclization.

NMR kinetics general procedure.We employedreviouspublished proceduren the study of SNO
OCT analogues.

—_ F
F
HN_
.S-0
0’6 .
on ©
5 5a Major 5a Minor
Trinlmethoxy
-benzene
(3H} 1 equiv) 2H of both
regioisomers
-«JW A w wwwm«mwwwj‘}\/‘mmw
py -
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 O
f1 (ppm)

Figure S2-4 Reaction betweed and benzyl diazoacetamiddtex 1 min and 45 secondst 24°C,we
observed around 93% conversion.

S221



Mesitylene
(3H, 1 equiv)

Diazoacetamide
(2H, 1 equiv)

AN !

T T T T 1
4.0 3.5 3.0 2.5 2.0 1.5 . .
f1 (ppm)

Figure S2-5. Reaction betwee® and benzyl diazoacetamidsdter 2 min and 15 seconds at 0°C, we
observed aroun89% conversion

MLasiterne
3H. 1 equiv)

Diazoacetamide
(2H, 1 equiv)

3.00

0.39x

0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)

Figure S2-6. Reaction betweeB and benzyl diazoacetamide aftérmin and 13 seconds at25°C, we
observed aroun81% conversion
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(3H, 1 equiv)
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o <
m o

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)

Figure S2-7. Reaction betwee® and benzyl diazoacetamide aftermin and4 seconds at32°C, we
observedaround80% conversion.

Note: We also performed a VNMR kinetics experiment on the GENGC-OCT 2 (see belowlsing the

same method aS + benzyl diazoacetamide to show case that our method is valid. We beliewsd tbat
kinetics is too fast for us to achieve an accurate kinetics data at a reasonable temperature, but here we would
like to provide as much information as possible to showcashititekinetics rate 06. We performed a

series of competition experimentsdstimate the rate of this reaction to be > 5.13A8 (more detail see

Figure S216 and S217).
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Reaction of5 with benzyl azide (MeCHN,)

700
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«""
500 | e
5 5oL Lo o
Tl g™
s400 | @
= T} y = 0.4537x + 184.44
D300 @ R2=0.979
200 | gl y-- y = 0.484x + 161.34
> R2 = 0.9906
100 y =0.4421x + 145.48
R2=10.9939
0
0 200 400 600 800 1000
time (s)
ko = 0.459+ 0.02 M1 st
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—_ F N3/\© N“ N N
F — F
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o5 0 1:2 = CD3CN:D,0 HN_ HN_
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O 1 O 11
0] 0]
5 5¢ Major 5¢ Minor
Trimethoxy
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f1 (ppm)
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Figure S2-8. In the reaction betweeb and benzyl azidin CDsCN : DO (1 : 2 ratio)after 1 min and 37
seconds, we observed aroufitho conversionthus we conclude the kinetics rate of this reaction is too fast
for NMR to measure the initial kinetics ras¢ 23°C, when the reaction takes place in a more aqueous
environment. We believe this rate increase is duettoe stabilization effect of a more polar transition state

that was also observed in other cycloaddition reactibns
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Reaction of 2 with benzyl diazoacetamide (Me@3y 272.38 K)
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VIIl. Plate reader kinetics for SNO-OCT/tetrazine cyclization.

General procedure. A stock solution of SNA@OCT (0.02 M) and a stock solution 8f6-di-2-pyridyl-
1,2,4,5tetrazing(0.002 M) both in methanol were prepar&tie kinetics between SNOCTSs and tetrazine

was monitored using oRerkinElmer Envision plate reader in clear fladttomed 96well pates.100eL

of tetrazine solution was first added to a well and itiiBal absorptionwas measuredAint). After the
addition of SNGOCT solution to the tetrazine containing well, the decrease of tetrazine absorbance was
measured e31nm over a period of 9,000 seconds with an interval of 300 secéidsxperiments were

performed in triplicatesThe seconarder kineticrate kz) was derived from the equation below:

(1) 0 = At / 0.002
(2) In [tetrazine] = In (A1t 300/ (0 X 2))
3) kobs = slope ofin([tetrazine]) vs time
(4) k2 = Kobs/ 0.01
N7 N-N
CeHyyo/— N | Py—  )—Py
NN CsH
AN, ¥ LN MeOH o
o-5-0 | A N” e HN\S_O
O 1 _N (OEar 1b
0]
Well No. Abs 1 Abs 2 Abs 3 Average
A int 0.171 0.199 0.181 0.184
6 f 85.5 99.5 90.5 91.83
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In ([Tetrazine]) vs time
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Note: Due to the change of the slope pass 5000 seconds, we decided to use data points before 5000 seconds
to achieve a more accurate initial kinetics data. A reduced version of data points up to 5000 cateds

seen below.
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In ([Tetrazine]) (M)

In ([Tetrazine]) vs time (up to 5000 sec)

L0
A

0.132

66.0

-6.6
-6.7
6.8 S y =-1.7621E04x- 6.7258E+00
e ) R2=9.901181
6.9 AT y =-1.7387E04x- 6.7384E+00
- R R? = 9.8904B1
S, y =-1.6219E04x- 6.7829E+00
71 ! ....... by, R? = 9.880181
7.2 .‘.‘.'-.‘.‘:-}z-...h
§y,
7.3 g,
h),h
-7.4 ’*v"“‘
75 @ ‘."'
-7.6 g ‘*"‘.‘
7.7
500 1000 1500 2000 2500 3000 3500 4000 4500
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Well No. Average
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k2 1.7621E02 1.6219E02 1.7387E02 1.7076E02
k2=0.0171+ 0.0004M* st
NP N-N
HO WLNEN —
HN_ + HO
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In([Tetrazine]) (M)

In([ Tetrazine]) vs time
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Well No. Average
kobs 6.8066E05 6.2859E05 6.7843E05 6.6256E05
k2 6.8066E03 6.2859E03 6.7843E03 6.6256E03

k2 =0.0066+ 0.0002M! st
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IX. SNO-OCTs teactivity study with hydrazide.

General procedure.In a vial equipped with a stir bar, SNOCT (1 equiv) was dissolved in MeG@

and then hydrazine (1 equiv) was added to the mixture. The mixture was stirred under room temperature
overnight. After 24 hours, one equivalence of mesityliewernal standard was added to the reaction

mixture and the sample was then transferred to an Nl to be analyzed.

__ 0]
=\_.CsH11 MeOD-d,

NH OH
-8, HaN- 0.025 M

0 H
1
-2
Hydrazide

—

Reaction mixture

T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure S2-9A. Overlaid spectra shows hydrazide remains in the mixture unreacted.
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1.011
0.98-J

=l
o951

& [0.95

Figure S2-9B. Due to the observed low solubility of hydrazine, the integration appears to be lower. On the

other hand, SNE@CT 1 has mostly remained unreacted based on the integration.

*kkkkkkk

J— @)
Fe /L Ft MeOD-d,
F>D OH SNO-OCT was consumed
NH N
0-8% 2N~ 0.025 M
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure S2-10. Overlaid spectra shows both SN@CT 5 and hydrazine were consumed. Therefore, we
conclude that SNE@DCT 5 isreactive to hydrazind.he r esul ting productsdé isol at

but this resulted an insoluble white solid when we tried to dissbleroductsn MeOD-da.
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X. Reactiorns ofone SNO-OCT with two competing dipolesor one dipole andone hydrazine.

General procedure 1. This procedure was adopted from a previously published competition méethods.
Stock solutions (@2 M in acetonitrileds) of the SNO-OCTs and thedipoles were preparedone
equivalence oSNO-OCTswere combined together in a vial equipped with a stir fodowed by the
addition of one equivalence of the dipole solusiohhe reaction was allowed to stir under room temperature
for one hour for fullconversion. All volatiles were removed under reduced pres3itne selectivity was

determined based on NMR integrations of the products peaks.

Bn_ _N_
NN
CsHy
NH
N 4
2:1 0-8:0
o)

+ regioisomer

1 + Diazo
2H of the
product

1+ Azide
2H of the
regioisomers
[ e 1
o ~
S N
o~ <
56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 3.7 36 35 34

f1 (ppm)
Figure S2-11. In the competition between benzyl diazoacetamide and benzyl azide éoratio of the
cycloaddition products was calculated based on the product formation ratio bdteseemiazoacetamide.

We calculated that there would Be27 equiv of la against2.00equiv of1c. Resulting a ratio o2 : 1.
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Figure S2-12. In the competition between benzyl diazoacetamide and benzyl &xide a ratio of the
cycloaddition products was calculated based on the product formation ratio bé&tasemliazoacetamide.

We calculated that there would be 1.16 equib@htgainst 0.09 equiv &c. Resulting a ratio 013 : 1.
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