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Abstract: Dibenzoannulated cyclooctynes have emerged as valuable compounds for bioorthogonal reactions. They are commonly used in
combination with azides in strain-promoted 1,3-dipolar cycloadditions. They are typically, however, unreactive towards 3,6-disubstituted
tetrazines in inverse electron-demand Diels-Alder cycloadditions. Recently a dibenzoannulated bicyclo[6.1.0]Jnonyne derivative (DMBO) with a
cyclopropane fused to the cyclooctyne core was described, which showed surprising reactivity towards tetrazines. To elucidate the unusual
reactivity of DMBO, we performed density functional theory calculations and revealed that a tub-like structure in the transition state results in a
much lower activation barrier than in the absence of cycloproprane fusion. The same transition state geometry is found for different cycloalkanes
fused to the cylclooctyne core albeit higher activation barriers are observed for increased ring sizes. This conformation is energetically unfavored
for previously known dibenzoannulated cyclooctynes and allows tetrazines and azides to approach DMBO from the face rather than the edge,
a trajectory that was hitherto not observed for this class of activated dieno- and dipolarophiles.
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General

All commercially available chemicals and solvents (Sigma Aldrich, Acros, Carbolution, Alfa Aesar, TCI) were used
without further purification unless otherwise stated. ADIBO was purchased from Sigma Aldrich. All air or moisture
sensitive reactions were carried out under argon atmosphere using standard Schlenk techniques in oven-dried
glassware, which was further dried under vacuum using a heat gun before usage. Flash column chromatography
used for product purification was performed on silica gel 60 (230-400 mesh). Thin-layer chromatography (TLC) was
performed on Merck Millipore silica gel 60 F-254 plates. The developed silica plates were visualized by UV light
(254nm) and/or staining with potassium permanganate, ninhydrin or ceric ammonium molybdate (CAM) solutions,
followed by heating.

NMR spectra were recorded on Bruker AVHD300 (300 MHz for 'TH-NMR, 75 MHz for '3C- NMR), Bruker AVHD400
(400 MHz for "H-NMR, 101 MHz for "*C-NMR) or Bruker AVANCE 500 UltraShield™ spectrometer (500 MHz for
"H-NMR, 125 MHz for 3C-NMR). Chemical shifts (3), reported in ppm, are referenced to the residual proton solvent
signal. Coupling constants (J) are reported in Hertz (Hz) while peak multiplicities are descripted as follows: s
(singlet), d (doublet), t (triplet), g (quartet), quint (quintet), m (multiplet), b (broad) or combinations thereof.

Small molecule LC-MS was carried out on an Agilent Technologies 1260 Infinity LC-MS system with a 6310
Quadrupole spectrometer. The solvent system consisted of 0.1 % formic acid in water as buffer A and 0.1 % formic
acid in ACN as buffer B. Small molecule LC-MS was carried out on a Phenomenex Luna™ Omega PS C18 (pore
size 100 A; 100 x 2.1 mm, particle size 3 um). The samples were analysed in both positive and negative mode as
well as UV absorbance at 193, 254 and/or 280 nm.

For photo-deprotection of the cyclopropenones a Vilber Lourmat VL-215.L UV lamp (2 x 15W 365 nm lamps) was
used. UV-Vis spectra and kinetics were recorded on a Cary 3500 UV-Vis spectrophotometer by Agilent. The
measurements were performed in capped Hellma Ultra-Micro quartz glass cuvettes with a volume of 160 ul and an
optical path length of 10 mm.

All volumes containing methanol for assays or kinetics were transferred using Hamilton syringes with a total volume
of 25, 100 or 500 pl.



Synthesis

Synthesis of photo-DMBO

Bis(3-methoxyphenyl)acetylene'

3-ethynylanisole

Pd(Phs)s O

Cul -

/@\ DIPEA = o
O | reflux; overnight O
| (THF)
1, 70%
/O

DIPEA (2.17 ml, 12.7 mmol, 3.0 eq.) was added to a mixture of 3-iodoanisole (509 pl, 4.23 mmol, 1.0 eq.), 3-
ethynylanisole (672 yl, 5.08 mmol, 1.2eq.), copper(l) iodide (81.0mg; 423 pumol; 0.1eq.) and
tetrakis(triphenylphosphin)palladium(0) (244 mg, 212 pmol, 0.05 eq.) in 21 ml anhydrous THF and the resulting
reaction mixture heated to reflux overnight. The reaction was cooled to room temperature and the solvent removed
under reduced pressure. The crude product was purified by flash column chromatography (pentane : ethyl acetate
=99:1). The resulting product was further purified by recrystallization. Therefore, it was dissolved in minimal amount
of DCM, then a tenfold excess of pentane was added, and the solution stored at 4 °C overnight. The crystals were
washed with cold pentane, dried under reduced pressure and that yielded the product as colorless crystals in 70%
yield (0.72 g, 3.02 mmol).

"H NMR (300 MHz, CDCl3) 6 =7.29 — 7.23 (t, 3J = 7.9 Hz, 2H), 7.13 (dt, 3J = 7.6, *J = 1.2 Hz, 2H), 7.07 (dd, *J =
2.6, 1.4 Hz, 2H), 6.90 (ddd, 3J = 8.3, “*J = 2.6, 1.0 Hz, 2H), 3.83 (s, 6H).

MS(ESI), m/z calculated for C16H1302: 238.10; found: 239.1[M+H]*.

R= 0.42 (pentane : ethyl acetate = 98:2)

The characterization is in agreement with the literature.’

(Z2)-3,3'-Dimethoxystilbene’

O . |
Lindlar-catalyst
o~ y =

= H, atmosphere

O rt; 2h
(hexane) -

o)
e 1 2. 77%

1 (816 mg, 3.42 mmol, 1.0 eq.) and Lindlar-catalyst (163 mg, 20% w/w of 1) were stirred under Hz atmosphere for
1.5 hours in 21 mL hexane at rt. After that LCMS showed complete conversion of the starting material, the reaction

mixture was filtered, and the solvent removed under reduced pressure. The crude product was purified by flash

column chromatography (pentane : ethyl acetate = 98:2). This way 2 was isolated as a mixture with the



corresponding alkane in 77% yield as a colorless oil (616 mg, 2.56 mmol). The product was used without further
purification.

H NMR (300 MHz, CDCI3) 8 = 7.15 (d, 3J = 7.8 Hz, 2H), 6.85 (dt, 3J = 7.6, *J = 1.3 Hz, 2H), 6.82 — 6.80 (m, 2H),
6.75 (ddd, 3J = 8.2, J = 2.6, 0.9 Hz, 2H), 6.58 (s, 2H), 3.67 (s, 6H).

MS(ESI), m/z calculated for C16H1502: 240.12; found: 241.1 [M+H]*.

Rr= 0.46 (pentane : ethyl acetate = 98:2)

The characterization is in agreement with the literature.’

Ethyl 2,3-bis(3-methoxyphenyl)cyclopropane-1-carboxylate

) O
\ / ethyl diazoacetate
o o R
H”\/ H

75°C; overnight
(toluene)

0”0
3, 17%

Ethyl diazoacetate (13% DCM, 1.41 g, 10.5 mmol, 2.5 eq.) was added to a mixture of copper(ll) sulfate (40.0 mg,
0.25 mmol, 0.06 eq.)and 2 (1.01 g, 4.2 mmol, 1.0 eq.) in 6.8 mL anhydrous toluene over 4 hours at 75 °C and then
further stirred overnight at that temperature. The reaction mixture was filtered and the solvent removed under
reduced pressure. The crude product was purified by flash column chromatography (pentane : ethyl acetate = 98:2
- 92:8). This way the unreacted starting material was recovered (roughly 66%) and 3 was isolated as a mixture
with diethyl maleate as a yellow oil in 18% yield (0.23 g, 0.71 mmol). The product was used without further
purification.

"H NMR (300 MHz, CDCIs) & = 7.05 (d, 3J = 7.9 Hz, 2H), 6.66 (ddd, 3J = 8.3, *J = 2.6, 0.9 Hz, 2H), 6.60 (dt, 3J =
7.6, %J = 1.2 Hz, 2H), 6.47 (dd, *J = 2.4, 1.7 Hz, 2H), 4.24 (d, 3J = 7.1 Hz, 2H), 3.62 (s, 6H), 3.02 (d, 3J = 5.3 Hz,
2H), 2.51 (t, 3J = 5.3 Hz, 1H), 1.32 (t, 3J = 7.1 Hz, 3H).

3C NMR (101 MHz, CDCls) 6 = 173.4, 159.4, 137.4, 129.1, 121.5, 114.4, 112.5, 61.1, 55.2, 33.4, 27.7, 14.4.
MS(ESI), m/z calculated for C20H2204: 326.15; found: 327.2 [M+H]*, 281.2 [M-OE{]".

HRMS(ESI), m/z [M+H]" calculated for C20H2204: 327.1596; found: 327.1591.

R= 0.57 (pentane : ethyl acetate = 9:1)



(2,3-bis(3-methoxyphenyl)cyclopropyl)methanol

o 0 o §0
O O @) O
LAH

HT\/TH 0°C-rt; 2h HT\/H
(Et,0)

o” o OH

3 4, 68%

LiAIH4 (1 M in Et20, 1.45 ml, 1.45 mmol, 2.0 eq.) was added dropwise to a solution of 3 (237 mg, 726 umol, 1.0 eq.)
in 6.9 mL anhydrous diethyl ether at 0 °C. The reaction was stirred at room temperature for 2 hours until TLC
showed full conversion of starting material. The reaction was quenched by addition of 3 mL isopropanol and 5 mL
water. The resulting suspension was filtered over celite, the organic phase washed with 5 mL brine, dried over
Na2S0s and the solvent removed under reduced pressure. The crude product was purified by flash column
chromatography (dichloromethane : methanol = 99:1) and the 4 isolated as a yellow oil in 68 % yield (140 mg,
494 ymol).

H NMR (300 MHz, CDCI3) d = 7.04 (t, 3J = 7.9 Hz, 2H), 6.65 — 6.57 (m, 4H), 6.46 (dd, *J = 2.4, 1.7 Hz, 2H), 3.84

(d, 3J =6.5Hz, 2H), 3.62 (s, 6H), 2.39 (d, 3J = 5.7 Hz, 2H), 2.12 — 2.01 (m, 1H), 1.62 (bs, 1H).

3C NMR (75 MHz, CDCl3) d = 159.3, 139.2, 128.9, 121.6, 114.5, 111.9, 66.3, 55.2, 29.8, 28.3.

MS(ESI), m/z calculated for C1sH2003: 284.14; found: 285.2 [M+H]*, 307.1 [M+Na]*, 267.1 [M-OH]*.

HRMS(ESI), m/z [M+H]" calculated for C1sH2003: 285.1491; found: 285.1485.

Rr= 0.47 (dichloromethane : methanol = 98:2)

(2,3-bis(3-methoxyphenyl)cyclopropyl)methyl acetate

\ /

NEt;
. H”\/ “H
HT\/H 0°C - rt: 2,5h
(DCM) o)
OH
4 o)\
5.70%

Acetic anhydride (68.0 uL, 711 pmol, 2.6 eq.) was added to a solution of 4 (79.0 mg, 0.277 mmol, 1.0 eq.), DMAP
(2.0 mg, 14.0 mmol, 0.05 eq.) and triethylamine (189 pL, 1.40 mmol, 4.9 eq.) in 2 mL anhydrous DCM at 0 °C. The
reaction was stirred for 2 hours at room temperature until TLC showed full conversion of starting material. The
organic phase was washed with 2 mL 1 M HCI and 2 mL brine, dried over Na2SO4 and the solvent removed under
reduced pressure. The crude product was purified by flash column chromatography (pentane : ethyl acetate = 95:5
- 90:10) and 5 isolated as yellow oil in 70% yield (58.0 mg, 178 umol).

"H NMR (300MHz, CDClI3) & = 7.04 (t, 3J = 7.9 Hz, 2H), 6.63 (ddd, 3J = 8.3, 4J = 2.6, 0.9 Hz, 2H), 6.58 (dt, 3J = 7.6,
4J=1.2 Hz, 2H), 6.44 (dd, *J = 2.4, 1.7 Hz, 2H), 4.26 (d, 3J = 7.0 Hz, 2H), 3.62 (s, 6H), 2.43 (d, 3J = 5.6 Hz, 2H),
2.13 —2.07 (m, 4H).



3C NMR (75 MHz, CDCI3) & = 171.4, 159.3, 138.9, 128.9, 121.6, 114.5, 111.9, 67.8, 55.2, 30.2, 24.6, 21.2.
MS(ESI), m/z calculated for C20H2204: 326.15; found: 349.1 [M+Na]*, 267.1 [M-OAc]*.

HRMS(ESI), m/z [M+Na]* calculated for C20H2204: 349.1416; found: 349.1410.

R=0.28 (pentane : ethyl acetate = 9:1)

(3,9-dimethoxy-6-oxo-1,1a,6,10b-tetrahydrodibenzo[a,e]dicyclopropalc,g][8]annulen-1-yl)methyl acetate
(photo-DMBO)

\ /
° Q O ° B
tetrachlorocyclopropene

2. H,0
H”\/ “H _
-20°C - rt; 4h
o) (DCM)
o)\
5 photo-DMBO, 55%

In a flame dried flask AICIs (147 mg, 1.10 mmol, 3.0 eq.) and tetrachlorocyclopropene (54.0 mL, 441 ymol, 1.2 eq.)
were stirred in 5.5 mL anhydrous DCM for 20 minutes at room temperature. The reaction mixture was cooled to -
20 °C and a solution of 5 (120 mg, 368 pmol, 1.0 eq.) in 1.8 mL DCM was added dropwise. The reaction was stirred
for 1 hour at -20 °C, then warmed to room temperature over 2 hours and the reaction stirred for an additional hour
at room temperature. The reaction mixture was quenched with 5 mL water and stirred for 30 minutes. The aqueous
phase was extracted with DCM (5 x 5 mL), the combined organic phases washed with 20 ml brine, dried over
Na2S04 and the solvent removed under reduced pressure. The crude product was purified by flash column
chromatography (dichloromethane : methanol = 98:2) and photo-DMBO isolated as yellow oil in 55% yield
(76.0 mg, 202 umol).

"H NMR (300 MHz, CDClI3) & = 7.70 (d, 3J = 8.5 Hz, 2H), 7.12 (d, *J = 2.5 Hz, 2H), 6.87 (t,3J = 8.5, *J = 2.5 Hz,
2H), 4.38 (d, 3J = 6.9 Hz, 2H), 3.86 (s, 6H), 2.38 (d, 3J = 6.9 Hz, 2H), 2.17 (s, 3H), 2.01 (p, 3J = 6.9 Hz, 1H).

3C NMR (75 MHz, CDCl3) 5 = 171.1, 161.7, 153.1, 147.3, 142.3, 133.3, 118.6, 117.6, 112.8, 68.4, 55.6, 31.4, 28.3,
21.2.

MS(ESI), m/z calculated or C23H200s: 376.13; found: 377.1 [M+H]*, 753.2 [2M+H]*.

HRMS(ESI), m/z [M+H]" calculated for C23H200s5: 377.1389; found: 377.1384.

Rr= 0.38 (dichloromethane : methanol = 98:2)



Synthesis of photo-DIBO

1,2-bis(3-methoxyphenyl)ethane

O PA/C O
FZ (|3 H,-atmosphere O o~
O rt; 1h

(methanol)
o Ol 6 82%

1 (266 mg, 1.12 mmol, 1.0 eq.) and palladium on charcoal (53.2 mg, 20 wt%) were added to 15 mL methanol. The
reaction was then stirred for 1.5 hours under H2-atmosphere. The reaction mixture was filtered, and the solvent
removed under reduced pressure. The crude product was purified by column chromatography (pentane : ethyl
acetate = 98:2) and 6 isolated as colorless oil in 82% yield (219 mg, 904 ymol).

H NMR (300 MHz, CDCI3) & = 7.20 (td, 3J = 7.5, *J = 1.2 Hz, 2H), 6.82 — 6.72 (m, 6H), 3.79 (s, 6H), 2.90 (s, 4H).
MS(ESI), m/z calculated for C16H1sO2: 242.13; found: 243.1 [M+H]*.

4,9-dimethoxy-6,7-dihydro-1H-dibenzo[a,e]cyclopropa[c][8]annulen-1-one (photo-DIBO)

1. AICI,
O tetrachlorocyclopropene

O -20°C - rt; 4h

DCM
5 (DCM)

~

photo-DIBO, 56%

In a flame dried flask AICI3 (180 mg, 1.36 mmol, 1.5 eq.) and tetrachlorocyclopropene (111 pL, 904 mol, 1.0 eq.)
were stirred in 9 mL anhydrous DCM for 20 minutes at room temperature. The yellow reaction mixture was cooled
to —78 °C in a dry ice/isopropanol cold bath and a solution of 6 (219 mg, 904 pmol, 1.0 eq.) in 9 mL DCM was
added dropwise over 15 minutes. The reaction was stirred for 2 hours and then TLC showed full conversion of the
starting material. The cold bath was removed, 4 ml water carefully added using a Pasteur pipette and the reaction
warmed to room temperature. The yellow mixture was transferred into a separatory funnel and washed twice with
20 ml water. The combined aqueous phase was extracted with 20 ml DCM once and the combined organic phases
dried over Na2SOzq, filtered and the solvent removed under reduced pressure. The crude product was purified by
flash column chromatography (50 — 100% EtOAc in DCM) and photo-DIBO isolated as a colorless solid in 56%
yield (148 mg, 506 pymol).

"H NMR (500 MHz, CDClI3) d = 8.07 (d, 3J = 8.3 Hz, 2H), 6.99 — 6.86 (m, 4H), 3.90 (s, 6H), 3.37 (d, 3J = 10.7 Hz,
2H), 2.66 (d, 3J = 10.7 Hz, 2H).

MS(ESI), m/z calculated for C19H1603: 292,11; found: 293.1 [M+H]*.



Synthesis of photo-ODIBO

(3-((tert-butyldimethylsilyl)oxy)phenyl)methanol

o 1. TBDMSCI, imidazole (DCM) OH
2. NaBH, (MeOH)

OH OTBDMS
7,97%

tert-Butyldimethylsilyl chloride (1.48 g, 9.80 mmol, 1.2 eq.) was added to a solution of 3-Hydroxybenzaldehyde
(1.00 g, 8.19 mmol, 1.0 eq.) and imidazole (1.67 g, 24.6 mmol, 3.0 eq.) in 13 mI DCM. The reaction turned orange
and was stirred for 1 hour until TLC showed full conversion of the starting material. The reaction mixture was
washed with 15 ml 10% citric acid solution and 15 ml brine, dried over Na2SO4 and the solvent removed under
reduced pressure. The crude product was dissolved in 25 ml methanol cooled to 0 °C and sodium borohydride
(310 mg, 8.19 mmol, 1.0 eq.) was added in three portions over 30 minutes. The solution was stirred at that
temperature for 1 hour until TLC showed full conversion of the starting material and 6 ml water were added to the
reaction. The organic solvent was removed under reduced pressure and the product extracted with ethyl acetate
(3 x 5 ml), dried over Na2SO4 and the solvent removed under reduced pressure. The crude product was purified
by column chromatography (pentane : ethyl acetate = 85:15) and 7 isolated as a colorless oil in 97% yield (1.89 g,
7.94 mmol) over two steps.

H NMR (500 MHz, CDCl3) & = 7.21 (t, 3J = 7.8 Hz, 1H), 6.94 (d, 3J = 7.6 Hz, 1H), 6.88 —6.83 (m, 1H), 6.76 (dd,
3J=8.0,%J=2.1Hz, 1H), 4.64 (s, 2H), 1.62 (bs, 1H), 0.99 (s, 9H), 0.20 (s, 6H).

MS(ESI), m/z calculated for C13H2202Si: 238.14; found: 221.2 [M-OHJ".

Rr= 0.25 (pentane : ethyl acetate = 85:15).

tert-butyl(3-((4-(tert-butyl)phenoxy)methyl)phenoxy)dimethylsilane

DIAD
PPh,
OH 4-tert-Butylphenol
0°C - rt; 4h ©
OTBDMS (THF)
OTBDMS
8; 84%

Diisopropyl azodicarboxylate (1.44 ml, 7.34 mmol, 1.0 eq.) was added at 0 °C to a solution of 7 (1.75 g, 7.34 mmol,
1.0 eq.), 4-tert-butylphenol (1.10 g, 7.34 mmol, 1.0 eq.) and triphenylphosphin (1.93 g, 7.34 mmol, 1.0 eq.) in 17 ml
dry THF. The light yellow reaction solution was stirred for 4h and slowly warmed to room temperature during that
time. After that TLC showed full conversion of the starting material, silica was added and the solvent removed
under reduced pressure. The crude product was purified by column chromatography (pentane : ethyl acetate =
95:5) and 8 isolated as a colorless oil in 84% yield (2.28 g, 6.14 mmol).



H NMR (500 MHz, CDCl3) & = 7.33 — 7.26 (m, 2H), 7.23 (t, 3J = 7.8 Hz, 1H), 7.01 (d, 3J = 7.6 Hz, 1H), 6.93 — 6.87
(m, 3H), 6.78 (dd, 3J = 7.9, J = 1.6 Hz, 1H), 5.00 (s, 2H), 1.30 (s, 9H), 0.98 (s, 9H), 0.18 (s, 6H).

3C NMR (75 MHz, CDCl3) & = 156.7, 156.0, 143.7, 139.0, 129.7, 126.4, 120.4, 119.6, 119.2, 114.5, 69.9, 34.2,
31.7,25.8,18.4, -4 3.

Rr= 0.83 (pentane : ethyl acetate = 95:5)

3-((4-(tert-butyl)phenoxy)methyl)phenol

TBAF
© rt; 1h ©
(THF)
OTBDMS OH
8 9,91%

TBAF (6.14 ml 1 M in THF, 6.14 mmol, 1.0 eq.) was added to a solution of 8 (2.28 g, 6.14 mmol, 1.0 eq.) in 25 ml
THF and stirred at room temperature for 1.5 hour until TLC showed full conversion off the starting material. The
solvent was removed under reduced pressure and the crude product dissolved in 15 ml DCM and washed with
15 ml water. The aqueous phase is extracted once with 10 ml DCM, the combined organic phases dried over
Na2S04 and the solvent removed under reduced pressure. The crude product is purified by column chromatography
(pentane : ethyl acetate = 92:8) and the product isolated as a colorless oil in 91% yield (1.43 g, 5.59 mmol).

H NMR (500 MHz, CDCl3) & = 7.33 — 7.29 (m, 2H), 7.25 (t, 3J = 7.9 Hz, 1H), 6.99 (d, 3J = 7.6 Hz, 1H), 6.95 — 6.88
(m, 3H), 6.78 (dd, 3J = 8.1, 4*J = 2.4 Hz, 1H), 5.01 (s, 2H), 4.95 (s, 1H), 1.30 (s, 9H).

3C NMR (75 MHz, CDCl3) & = 156.6, 155.9, 145.3, 137.1, 130.8, 124.8, 119.1, 115.4, 114.4, 114.3, 69.2, 34.2,
31.7.

Rr= 0.29 (pentane : ethyl acetate = 92:8)

Photo-ODIBO?

1. AICl;
tetrachlorocyclopropene
2. 1M HCI /\
© -78°C - rt; 3h
(DCM)
HO e
OH 9 photo-ODIBO; 8%

Tetrachlorocyclopropene (96 ul; 780 pmol; 1.0 eq.) was added to a suspension of aluminium chloride (156 mg;
1.17 mmol; 1.5 eq.) in 8 ml DCM and stirred for 20 minutes at room temperature. The orange reaction was cooled
to -78 °C and 9 (200 mg; 780 pumol; 1.0 eq.) in 8 ml was added dropwise. The reaction turned dark green and was
stirred at -78 °C for 3 hours, afterwards warmed to room temperature and stirred for another 45 minutes. The
reaction was quenched by addition of 12 ml 1 m HCI, the organic phase separated, and the aqueous phase

extracted with DCM (5 x 8 ml), the combined organic phases dried over Na2SO4 and the solvent removed under

10



reduced pressure. The crude product was purified by column chromatography (pentane : ethyl acetate = 1:1 -> 3:7)
and the product isolated as a colorless solid in 8% yield (19.1 mg; 62.4 umol).

"H NMR (400 MHz, DMSO) & = 10.71 (s, 1H), 7.79 - 7.72 (m, 2H), 7.62 (dd, 3J = 8.6, 2.6 Hz, 1H), 7.28 (d, 3J=8.5
Hz, 1H), 7.08 (d, “J = 2.5 Hz, 1H), 6.98 (dd, 3%J = 8.3, 2.5 Hz, 1H), 5.30 (d, 3J = 12.2 Hz, 1H), 4.83 (d, 3J = 12.2
Hz, 1H), 1.33 (s, 9H).

MS(ESI), m/z calculated for C5oH;503: 306.13; found: 307.1 [M+H]".

Synthesis of azides and tetrazine

2-Azidoethanol (pAz)

NaN3
cl ~~_OH TBAB N ~_OH
110°C; overnight 3

pPAz; 54%

Sodium azide (845 mg; 15 mmol; 1.3 eq.), tetrabutylammonium bromide (97 mg; 0.3 mmol; 0.03 eq.) were added
to 2-chloroethanol and heated to 110 °C overnight. The slightly yellow reaction was cooled to room temperature
filtered and the solid washed with diethyl ether. The ether was removed under reduced pressure (careful product
is slightly volatile) and the product isolated as a colorless liquid in 54% yield (474 mg; 5.44 mmol).

"H NMR (400 MHz, CDCl3) 8 = 3.82 — 3.75 (m, 2H), 3.49 — 3.42 (m, 2H), 1.77 (s, 1H).

2-Azido-2-dimethylpropanol (tAz)

@)

N\

_Se e)
u? NNl

—

CuSO,

></ K2C03
H K H
HoN © N3 ©

rt; overnight
(MeOH)

tAz; 66%

2-Amino-2-methylpropanol (1.00 g; 10.1 mmol; 1.0 eq.), potassium carbonate (1.67 g; 12.1 mmol; 1.2 eq.), and
copper(ll) sulfate (16 mg; 0.1 mmol; 0.01 eq.) were given into 42 ml methanol. Imidazole-1-sulfonyl azide
hydrochloride® (2.7 g; 12.1 mmol; 1.2 eq.) was added portion-wise to the reaction and stirred at room temperature
overnight. The solvent was removed under reduced pressure und the brown crude product was dissolved in water,
acidified with 3 M HCI to pH=3 and extracted three times with ethyl acetate. The collected organic phases were
dried over sodium sulfate, the solvent removed under reduced pressure and the crude product purified via column
chromatography (pentane : ethyl acetate = 2:1). This way tAz was isolated as a colorless liquid in 66% yield
(765 mg, 6.65 mmol).

H NMR (300 MHz, CDClI3) d = 3.44 (s, 2H), 1.77 (bs, 1H), 1.30 (s, 6H).
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3,6-Dimethyltetrazine

1. NoH4*H0
NH *HCI 2. NaNO,, HCI pH=3 N,NY
)L )l\
NH, rt; 5h N"N
(water)

19%

Hydrazine monohydrate (1.03 ml; 21.2 mmol; 2.0 eq.) was added dropwise to a solution of acetamidine
hydrochloride (1.0 g, 10.6 mmol, 1.0 eq.) in 5 ml water. The reaction was stirred at room temperature for 5 hours
and turned red over time. Then the reaction was diluted with an additional 5 ml of water, sodium nitrite (3.5 g,
53.0 mmol, 5.0 eq.) was added and the reaction cooled in an ice bath. 6 M HCI was added dropwise until pH=3
was reached (caution nitrogen oxides are produced) and stirred for additional 15 minutes. The solution is
transferred to a separation funnel and extracted three times with dichloromethane, the combined organic phases
are dried over sodium sulfate and the solvent as good as possible removed under reduced pressure (product
volatile). The crude product was obtained as a violet oil which still contained residual solvent and therefore pentane
was added which crystallized the product as a pink solid. After drying on air, the product was obtain in 19% yield
(219 mg, 1.99 mmol).

H NMR (500 MHz, CDClI3) & = 3.03 (s, 6H).

Handling and storage of cyclopropenones
All cyclopropenones were stored at -20 °C in screw cap vials and protected from light by aluminum foil. For all

experiments 5 mM stock solutions in MeOH were prepared.
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LC-MS Assays

All LC-MS samples contained a final concentration of 250 uM of the corresponding cyclopropenone, the strained
alkyne or the reaction product. The resulting products and reaction mixtures were analyzed using LC-MS showing

the absorption trace at 254 nm (Supplementary Fig. S1-S4 and S7-S10).

Photo Deprotection

Photo deprotection was carried out in a 4 °C cold room. 50 ul of the 5 mM cyclopropenone stock solutions in
methanol were mixed with 450 pl methanol in a 12 well dish to get a final concentration of 500 um and the well dish
covered with its lid. The solution was irradiated under stirring with UV-light of 365 nm wavelength (Vilber Lourmat
VL-215.L UV lamp (2 x 15W 365 nm lamps); distance to reaction roughly 8 cm) for 5, 6, or 10 minutes for photo-
DIBO, photo-ODIBO and photo-DMBO respectively. The completion of the reaction was checked via LC-MS by
mixing 20 pl reaction solution with 20 pl of methanol to reach a final concentration of 250 uM (see Supplementary
Fig. S1a), S2a), and S4a). Afterwards the reaction solution was transferred into an Eppendorf tube and used for

further reactions within one hour.

DMBO: MS(ESI), m/z calculated for C22H2004: 348.14; found: 349.1 [M+H]*.
DIBO: MS(ESI), m/z calculated for C1sH1602: 264.12; found: 265.1 [M+H]*.
ODIBO: MS(ESI), m/z calculated for C19H1sO2: 278.13; found: 279.1 [M+H]*.

Synthesis of iIEDDAC products
50 pl of a 500 uM solution of strained alkyne in methanol was mixed with 12.5 pl of 20 MM MeMe-Tet solution in
methanol and reacted at room temperature for 40 hours. The reaction was then diluted to a total volume of 100 pl

(250 uM based on strained alkyne) and analyzed by LC-MS (Supplementary Fig. S1-S4).

DMBO: +MeMe-Tet MS(ESI), m/z calculated for CasH2sN204: 430.19; found: 431.2 [M+H]* (quantitative

conversion)

DIBO: +MeMe-Tet MS(ESI), m/z calculated for C22H22N202: 346.17; found: 347.2 [M+H]* (conversion
<1 %)

ADIBO: +MeMe-Tet MS(ESI), m/z calculated for C22H22N4O: 358.18; not found

ODIBO: +MeMe-Tet MS(ESI), m/z calculated for C23H24N202: 360.18; found: 361.2 [M+H]* (conversion
<1 %)

Synthesis of SPAAC products

50 pl of a 500 puM solution of strained alkyne in methanol was mixed with 2.5 ul of 100 mM pAz or 10 pl of 100 mM
tAz solution in methanol and reacted at room temperature for 24 hours (pAz) or 72 hours (tAz; 120 h for DIBO).
The reaction was then diluted to a total volume of 100 pl (250 uM based on strained alkyne) and analyzed by LC-
MS (Supplementary Fig. S7-S10).
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DMBO:

ADIBO:

DIBO:

ODIBO:

+pAz MS(ESI), m/z calculated for C24H25N30s: 435.18; found: 436.2 [M+H]".
+tAz MS(ESI), m/z calculated for C2sH29 N3Os: 463.21; found: 464.2 [M+H]".

+pAz MS(ESI), m/z calculated for C20H21N502: 363.17; found: 364.2 [M+H]".
+tAz MS(ESI), m/z calculated for C22H25Ns502: 391.20; found: 392.2 [M+H]*.

+pAz MS(ESI), m/z calculated for C20H21N303: 351.16; found: 352.2 [M+H]".
+tAz MS(ESI), m/z calculated for C22H25N303: 379.19; found: 380.2 [M+H]*.

+pAz MS(ESI), m/z calculated for C21H23N303: 365.17; found: 366.2 [M+H]".
+tAz MS(ESI), m/z calculated for C23H27N30s: 393.21; found: 394.2 [M+H]*.
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Kinetics

UV-Vis characterization of cyclooctynes and reaction products

For all characterizations the final concentration of cylcooctynes and the corresponding reaction product was 50 pum
in methanol. All spectra were recorded in methanol at room temperature. The spectra are shown in Supplementary
Fig. S5.

Kinetic Measurements and data evaluation

All reactions were conducted in methanol and the final concentration of cylcooctyne was 50 um in a total volume of
200 pl. The second-order rate constants were measured under pseudo first-order conditions with excess of azides
or tetrazines (> 50 eq.). All solutions were transferred using Hamilton syringes with a total volume of 25, 100 or
500 pl.

For all reactions, stock solutions of 500 uM strained alkyne, 100 mM pAz, 200 mM tAz and 100 mM MeMe-Tet in
methanol were used. First methanol or PBS and the corresponding azide/tetrazine were mixed in a quartz glass
cuvette to a total volume of 180 pl and thoroughly mixed using a 100 uyl Eppendorf pipette. This solution was used
to measure the baseline absorption at the characteristic absorption maximum of the corresponding cyclooctyne
(DMBO: 327 nm; DIBO: 320 nm; ADIBO: 309 nm; ODIBO: 322 nm). Then 20 ul of the corresponding strained
cyclooctyne were added and the reaction again thoroughly mixed using an Eppendorf pipette. Afterwards the
cuvette was capped, and the reaction followed by measuring the decay of absorption at the characteristic
absorption maximum of the corresponding cyclooctyne. Data points were taken every 2 s (for pAz and MeMe-Tet

reactions) and every 10 s (for tAz) and all reactions performed in triplicates.

The data evaluation was done using Prism software (GraphPad software Prism 9) assuming pseudo first-order
conditions. Non-linear regression of the exponential decay gave different observed first-order rate constants Kobs
which were then plotted against the concentration of the used azide/tetrazine. Linear regression (Prism software)

gave the line of best fit, and its slope describes the second-order rate constant kz of the reaction.
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Computational Methods and Results

DFT calculations were performed using Gaussian 16 Revision A.03.* The M06-2X functional® in combination with
the 6-311+G(d,p) basis set,® Grimme’s D3 empirical dispersion’ as proposed by Grimme® and the SMD solvent
model® were used. Stationary points were identified by no or exactly one imaginary frequency for minima and
transition states, respectively. Conformer searches were performed for all structures using CREST 2.7.1'% and XTB
6.2."" Default settings were applied. For transition states forming bonds were frozen to values obtained from an
initially found transition state geometry. Entropies were corrected using the quasi-harmonic correction in
GoodVibes'? by setting all frequencies below 100 cm™ to 100 cm™.

Energy decomposition analysis and distortion interaction analysis was performed using PyFrag'® and ADF 20184
'6 with the M06-2X-D3 functional, TZ2P basis set,'” and a numerical quality of VeryGood in the gas phase using
geometries obtained from SMD calculations in Gaussian. Distortion interaction analysis results from ADF were
compared to those obtained from Gaussian using autoDIAS'® to ensure no discrepancies between software

packages.

Discussion on the used DFT Method

The density functional M06-2X consistently performs among the best hybrid meta-GGA functionals for reaction
barriers. In combination with Pople basis sets, it has been successfully employed to study cycloadditions of strained
alkenes and alkynes. In particular, it seems to be well suited to reproduce relative barrier heights. In published and
unpublished work, we also found M06-2X to reproduce absolute barriers of such reactions reasonably well, a
generally challenging task. In similar systems, M06-2X seems to slightly overestimate the entropic contribution to
the absolute barrier by 2 kcal/mol. In this study, the calculated absolute barrier for the reaction of DMBO* with
MeMe-Tet was calculated to be 20.3 kcal/mol while the measured rate constant corresponds to a barrier of 18.4
kcal/mol, again overestimating the barrier by 2 kcal/mol. Our calculated entropic contribution (-TAS) at 298K was
found to be -16.3 kcal/mol, a typical value for calculations this kind of Diels—Alder cycloadditions and comparable
to previous calculations. As we are interested in drawing mechanistic insights from relative electronic barriers of
activation, an overestimation of entropic contributions does not affect our analysis. The chosen computational

method can therefore be considered as a good choice for this investigation.
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Supplementary Tables S1-S8

Table S1 shows the results of the distortion/interaction and energy decomposition analysis of the transition states
of DIBO* and DMBO* with MeMe-Tet. The analysis was performed in ADF using M06-2X-D3/TZ2P on Gaussian
M06-2X-D3/6-311+G(d,p) SMD(water) calculated structures. For DIBO* both TS show similar electronic barriers.
Distortion energy is considerably lower for the face approach, while at the same time Pauli repulsion is lowered as
well, demonstrating the reduced steric interaction in this geometry. On the other hand, orbital interactions are also
lower, which can be explained by a worse alignment of the triple bond with the tetrazine diene. For DMBO* only
the face approach is found. Compared to DIBO* the distortion energy and Pauli repulsion are again considerably

lower and are the main contributors to the lowered activation barrier when reacting with Me-Me-Tet.

Table S1: Distortion/interaction and energy decomposition analysis of DIBO*-TSedge, DIBO*-TStace, and DMBO*-TS at the
respective transition state. All values are given in kcal mol™.

Structure AEF AEFn; AE% g AE*pay;i AE*g AV eistat AEgisp
DIBO*-TSedge 15.87 -22.16 38.03 119.64 -71.76 -68.88 -1.15
DIBO*-TStace 16.28 -16.76 33.04 79.49 -46.72 -48.4 -1.15

DMBO*-TS 6.86 -14.94 21.80 67.08 -37.92 -42.9 -1.19

Table S2 lists calculated energies for the reactions between MeMe-Tet and cyclooctynes.

Table S2: M06-2X-D3/6-311+G(d,p) SMD(water) calculated energies for the reaction of MeMe-Tet with cyclooctynes. All values
are given in hartree.

Structure AE (hartree) ZPE (hartree) AHygg (hartree) AGggg (hartree)
DIBO* -616.764277 0.229275 -616.522476 -616.572013
DMBO* -654.825103 0.234673 -654.577204 -654.628098
MeMe-Tet -374.923874 0.106761 -374.808358 -374.848928
DIBO*-TSedge -991.665682 0.339285 -991.306884 -991.369497
DIBO*-TStace -991.667858 0.338435 -991.309491 -991.373353
DMBO*-TS -1029.742630 0.342831 -1029.379019 -1029.444560
4C-DIBO* -694.123173 0.263853 -693.845126 -693.898137
5C-DIBO* -733.452007 0.294027 -733.142944 -733.197626
6C-DIBO* -772.763030 0.323785 -772.423349 -772.479554
4C-DIBO*-TS -1069.043295 0.372504 -1068.649112 -1068.716477
5C-DIBO*-TS -1108.367591 0.402086 -1107.942672 -1108.012102
6C-DIBO*-TS -1147.666763 0.431495 -1147.211306 -1147.282890
MeO-DMBO* -883.856760 0.300295 -883.538103 -883.599586
MeO-DMBO*-TS -1258.774915 0.408427 -1258.340515 -1258.416378
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Table S3 shows a DIA/EDA analysis of the reaction of DMBO* and DIBO* with MeMe-Tet investigating the effect
of asynchronicity. Therefore DIA/EDA was conducted using two consistent geometries. First, both forming bond
lengths were set to 2.32247 A, the bond length encountered in the synchronous DMBO* transition state. Then the
forming bond lengths were set to 2.22126 and 2.26285 A, bond lengths encountered in the slightly asynchronous
DIBO* transition state. In both the synchronous and asynchronous case DIBO* shows a considerably higher
distortion energy compared to DMBO*. In the asynchronous transition state, preferred by DIBO*, distortion energy
is also considerably increased compared to DMBO*, while in the synchronous approach it is only slightly increased.

This supports the data presented in Figure 2d.

Table S3: Distortion/interaction and energy decomposition analysis of synchronous and asynchronous transition states of
DIBO*and DMBO* with MeMe-Tet. All values are given in kcal mol.

Structure AE AEjnt AE gist AEp.aui AEo AVeistat AE gisp
DMBO*-TSsynch 6.91 -13.19 20.1 60.7 -34.13 -38.58 -1.18
DIBO*-TSsynch 14.58 -6.65 21.23 68.35 -31.85 -41.98 -1.17
DMBO*-TSasynch 6.70 -20.09 26.79 75.01 -47.77 -28.86 -1.18
DIBO*-TSasynch 16.26 -16.79 33.05 79.49 -46.72 -48.4 -1.15

Table S4 shows the result of an EDA analysis of 4C-DMBO*, 5C-DMBO*, and 6C-DMBO* with MeMe-Tet. This
analysis was performed at a consistent geometry with both forming bond lengths fixed at 2.32247 A, essentially
the distance found at the transition state for DMBO* with MeMe-Tet. This “consistent geometry" was chosen to
eliminate any influence of the different lateness of the respective transition states and identify the underlying
mechanism. Data shows that while AEoi, AEpaui, AVeistat, and AEdisp sShow little variation, AEist increases significantly
with increased ring size. This highlights the importance of the small ring size which enforces a cis-configuration on

the backbone C2 unit, allowing for lower energy access of the tub-like conformation.

Table S4: Distortion/interaction and energy decomposition analysis of 4C-DMBO*, 5C-DMBO*, and 6C-DMBO* with MeMe-
Tet. All values are given in kcal mol™.

Structure AE AEjnt AE gist AEpayii AEo AVeistat AE gisp
4C-DMBO*-TS3 32, 5.3 -14.1 19.45 60.8 -34.5 -39.2 -1.26
5C-DMBO*-TS>.322 7.7 -15.2 229 60.2 -34.8 -39.3 -1.36
6C-DMBO*-TS;.322 151 -16.0 311 59.6 -35.2 -38.9 -1.44
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Table S5 lists energy barriers for the reactions between pAz* or tAz* and cyclooctynes. Difference in Gibbs Free
Energy barriers between tAz* and pAz* reactions are approx. 4 kcal mol™ for DIBO*, ODIBO*, and ADIBO*. For
DMBO* this difference is decreased to 2.1 kcal/mol.

Table S5: M06-2X-D3/6-311+G(d,p) SMD(methanol) calculated energy barriers of the reactions between azides and
cyclooctynes. Differences of free energy barriers (AAGaest) between the reaction of tAz and pAz.

Reaction between | AE¥ (kcal mol'') | AGges* (kcal mol') | AAGags* (kcal mol ') tAz-pAz
DIBO* pAz* 8.2 23.2
4.0
DIBO* tAz* 11.7 27.3
DMBO* pAz* 8.3 22.4
2.1
DMBO* tAz* 9.8 24.5
ODIBO* pAz* 5.8 20.8
3.8
ODIBO* tAz* 9.1 24.7
ADIBO* pAz* 6.9 22.0
4.2
ADIBO* tAz* 10.4 26.2

Table S6 lists calculated energies for the reactions between pAz* or tAz* and cyclooctynes.

Table S6: M06-2X-D3/6-311+G(d,p) SMD(methanol) calculated energies for the reaction of azides with cyclooctynes.

Structure AE (hartree) ZPE (hartree) AHygg (hartree) AGggg (hartree)
DIBO* -616.774368 0.229189 -616.532648 -616.582193
DMBO* -654.835473 0.234592 -654.587652 -654.638550
OoDIBO* -652.672267 0.204768 -652.455176 -652.504363
ADIBO* -785.466616 0.255399 -785.195490 -785.251661
pAz* -243.369258 0.079430 -243.283285 -243.318171

tAz* -321.987883 0.135385 -321.843615 -321.883876
DIBO*-pAz-TS -860.130569 0.310317 -859.801909 -859.863319
DIBO*-tAz-TS -938.743544 0.365757 -938.356820 -938.422589
DMBO*-pAz-TS -898.191576 0.314591 -897.857689 -897.921004
DMBO*-tAz-TS -976.807766 0.370188 -976.415694 -976.483360
ODIBO*-pAz-TS -896.032264 0.285963 -895.728157 -895.789313
ODIBO*-tAz-TS -974.645717 0.341519 -974.283459 -974.348941
ADIBO*-pAz-TS -1028.824847 0.336405 -1028.466861 -1028.534766
ADIBO*-tAz-TS -1107.437953 0.392140 -1107.021721 -1107.093826

19




Table S7 shows the result of an EDA analysis on the reaction between pAz* and tAz* with DMBO* and DIBO*.
Due to the different asynchronicities in the observed transition states, a consistent geometry was used across all
four systems using 2.25 A for both forming bond lengths. In this case AE*4st is higher for DMBO* than DIBO*.
However, adopting the higher energy tub-like geometry allows for considerably reduced AE¥paui in case of DMBO*
compared to DIBO* for reactions with both pAz* and tAz*. In addition, the steric repulsion in case of DMBO* is
only increased by 2 kcal/mol when going from pAz* to tAz* while in case of DIBO* a 3.4 kcal/mol difference is
observed. This highlights the reduced steric demand of DMBO* in the tub-like geometry.

Table S7: Results of EDA calculated in ADF using M06-2X-D3/TZ2P at Gaussian M06-2X-D3/6-311+G(d,p)-SMD(methanol)
calculated geometries. All energies are given in kcal mol™.

Structure AEF, AE*paui AE*o, AVEeistat AEgisp AEtgist
DMBO*-pAZ*-TS; 25 -10.2 63.66 32.46 4054 -0.85 20.00
DIBO*-pAz*-TS;.25 -7.31 67.61 -31.08 -42.98 -0.87 16.02
DMBO*-tAz*-TS; .25 -9.44 65.66 -32.54 -41.43 -1.13 20.18
DIBO*-tAz*-TS;.25 -4.83 71.05 -30.03 -44.69 -1.15 15.93

Table S8 shows the result of an EDA analysis on the transition state geometries of pAz* and tAz* with DMBO*.
pAz* shows a lowered activation barrier due to lowered distortion energy. In addition, Pauli repulsion is

considerably lower in case of pAz*. Both point to a lowered steric hindrance.

Table S8: Results of EDA calculated in ADF using M06-2X-D3/TZ2P at Gaussian M06-2X-D3/6-311+G(d,p)-SMD(methanol)
calculated geometries. All energies are given in kcal mol™.

Structure ABYn | AE*paui | AE*g AVgsiat | AE*gisp AE*gist AB*gist azide | AE¥qistomeo
DMBO*-pAz*-TS -10.7 66.71 -34.21 -42.34 -0.85 20.41 14.17 6.24
DMBO*-tAz*-TS -11.27 69.69 -36.29 -43.54 -1.13 22.2 14.88 7.32

20




Supplementary Figures S1 — S23
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Supplementary Fig S1: LC-MS assay of photo-DMBO, DMBO and its reaction with MeMe-Tet (reaction conditions:
concentration DMBO: 250 uM and concentration MeMe-Tet: 2.5 mM, in MeOH, 25 °C). a) Shows the photo-deprotection
reaction of photo-DMBO to DMBO and the corresponding LC-MS absorption trace (254 nm) of photo-DMBO and DMBO after
10 minutes of irradiation with 365 nm UV-light. b) Depicts the reaction equation of DMBO and MeMe-Tet as well as the LC-MS
absorption trace (254 nm) of the reaction after 40 hours showing full conversion of DMBO to the iEDDAC product DMBO-MeMe-

Tet.
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Supplementary Fig S2: LC-MS assay of photo-DIBO, DIBO and its reaction with MeMe-Tet (reaction conditions: concentration
DIBO: 250 yM and concentration MeMe-Tet: 2.5 mM, in MeOH, 25 °C). a) Shows the photo-deprotection reaction of photo-
DIBO to DIBO and the corresponding LC-MS absorption trace (254 nm) of photo-DIBO and DIBO after 5 minutes of irradiation
with 365 nm UV-light. b) Depicts the reaction equation of DIBO and MeMe-Tet as well as the LC-MS absorption trace (254 nm)
of the reaction after 40 hours showing nearly no conversion of DIBO to the iEDDAC product DIBO-MeMe-Tet.
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Supplementary Fig S3: LC-MS assay of ADIBO and its reaction with MeMe-Tet (ADIBO concentration: 250 yM and
concentration MeMe-Tet: 2.5 mM, in MeOH, 25 °C). a) Shows the LC-MS absorption trace (254 nm) of ADIBO. b) Depicts the
reaction equation of ADIBO and MeMe-Tet as well as the LC-MS absorption trace (254 nm) of the reaction after 40 hours
showing no formation of the iEDDAC product ADIBO-MeMe-Tet.
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Supplementary Fig S4: LC-MS assay of photo-ODIBO, ODIBO and its reaction with MeMe-Tet (reaction conditions:
concentration ODIBO: 250 uM and concentration MeMe-Tet: 2.5 mM, in MeOH, 25 °C). a) Shows the photo-deprotection
reaction of photo-ODIBO to ODIBO and the corresponding LC-MS absorption trace (254 nm) of photo-ODIBO and ODIBO
after 6 minutes of irradiation with 365 nm UV-light. b) Depicts the reaction equation of ODIBO and MeMe-Tet as well as the LC-
MS absorption trace (254 nm) of the reaction after 40 hours showing nearly no conversion of ODIBO to the iEDDAC product
ODIBO-MeMe-Tet.
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Supplementary Fig S5: UV-Vis spectra of 50 uM cyclooctynes (red and green curves) and the corresponding SPAAC or
iEDDAC reaction products (blue, orange and purple curves). The black line indicates the wavelength at which kinetics were
measured. A) UV-spectra of DMBO and reaction products in MeOH. B) UV-spectra of DIBO and reaction products in MeOH.
C) UV-spectra of ODIBO and reaction products in MeOH. D) UV-spectra of ADIBO and reaction products in MeOH. E) UV-
spectra of azides (pAz and tAz) and MeMe-tet each at 250 uM in MeOH.
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Supplementary Fig S6: Pseudo-first order kinetics between DMBO and MeMe-Tet in MeOH/PBS (1/1). a) Reaction equation
between DMBO and MeMe-Tet. b) Shown is the decay of the characteristic DMBO absorption at 327 nm (data points are the
black dots) in the presence of varying MeMe-Tet concentrations (20 MM — 40 mM) over time and the nonlinear regression
calculated by prism software (fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kops from triplicate
measurements are plotted against MeMe-Tet concentration and linear regression by prism software yielded the second-order
rate constant kx> of reaction between DMBO and MeMe-Tet (slope of line). Note: Error bars are not visible if they are smaller
than the data point for the corresponding concentration of MeMe-Tet. DMBO concentration is 50 uM in MeOH/PBS (1/1).

26



: <@
OO0, ™ -

V4 4"(':‘/;| 1g£1in \Y4 o
o © J
o)J\ °
photo-DMBO DMBO
?&U_ photo-DMBO photo-DMBO
calculated mass: 377.13 [M+H]*
600 m/z found: 377.1 [M+H]*
400
200
0 "\
T T T T T T T T T T T T T T T T T T T T T T —
1 2 3 4 5 min
mAU
photo-DMBO + 10 mins UV DMBO
600 calculated mass: 349.14 [M+H]*
m/z found: 349.1 [M+H]*
400
200
0 o'
1 2 3 4 5 min
b <@® X Oy
X e )
YV o YOO e MeoH Y0 O O o~
OJ\ Y g
o)K
DMBO pAz DMBO-pAz
mAU
400][DMBO + 2.5 mM pAz; 24h] DMBO-pAz
calculated mass: 436.18 [M+H]*
300+ m/z found: 436.2 [M+H]*
200 \\\\
100
0 v\~
: 3 ] : 5 mn

LI,
: G @ &
Y o Ho 25°C,MeOH O o~

W4
g 0
o o

DMBO tAz DMBO-tAz
mAU
400.|[PMBO + 10 mM tAz; 72n| DMBO-tAz

calculated mass: 436.18 [M+H]*
300 m/z found: 436.2 [M+H]*
200+
100

0 v\
1 2 3 4 5 min

Supplementary Fig S7: LC-MS assay of photo-DMBO, DMBO and its reaction with primary or tertiary azides (cyclooctyne
concentration is 250 uM for all experiments). a) Shows the photo-deprotection reaction of photo-DMBO to DMBO and the
corresponding LC-MS absorption trace (254 nm) of photo-DMBO and DMBO after 10 minutes of irradiation with 365 nm UV-
light. b) Depicts the reaction equation of DMBO and pAz as well as the LC-MS absorption trace (254 nm) of the reaction after
24 hours showing full conversion of DMBO to the SPAAC product DMBO-pAz. c) Depicts the reaction equation of DMBO and
tAz as well as the LC-MS absorption trace (254 nm) of the reaction after 72 hours showing full conversion of DMBO to the
SPAAC product DMBO-tAz.
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Supplementary Fig S$8: LC-MS assay of photo-DIBO, DIBO and its reaction with primary or tertiary azides (cyclooctyne
concentration is 250 uM for all experiments). a) Shows the photo-deprotection reaction of photo-DIBO to DIBO and the
corresponding LC-MS absorption trace (254 nm) of photo-DIBO and DIBO after 5 minutes of irradiation with 365 nm UV-light.
b) Depicts the reaction equation of DIBO and pAz as well as the LC-MS absorption trace (254 nm) of the reaction after 24 hours
showing full conversion of DIBO to the SPAAC product DIBO-pAz. c) Depicts the reaction equation of DIBO and tAz as well as
the LC-MS absorption trace (254 nm) of the reaction after 150 hours showing full conversion of DIBO to the SPAAC product
DIBO-tAz.
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Supplementary Fig S$9: LC-MS assay of ADIBO and its reaction with primary or tertiary azides (cyclooctyne concentration is
250 pM for all experiments). a) The structure of ADIBO and the corresponding LC-MS absorption trace (254 nm). b) Depicts
the reaction equation of ADIBO and pAz as well as the LC-MS absorption trace (254 nm) of the reaction after 24 hours showing
full conversion of ADIBO to the SPAAC product ADIBO-pAz. c) Depicts the reaction equation of ADIBO and tAz as well as the
LC-MS absorption trace (254 nm) of the reaction after 72 hours showing full conversion of ADIBO to the SPAAC product

ADIBO-tAz. For b) and c): Note that two peaks are observed since ADIBO is not symmetrical and yields two different reaction
products (diastereomers).
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Supplementary Fig S10: LC-MS assay of photo-ODIBO, ODIBO and its reaction with primary or tertiary azides (cyclooctyne
concentration is 250 uM for all experiments). a) Shows the photo-deprotection reaction of photo-ODIBO to ODIBO and the
corresponding LC-MS absorption trace (254 nm) of photo-ODIBO and ODIBO after 6 minutes of irradiation with 365 nm UV-
light. b) Depicts the reaction equation of ODIBO and pAz as well as the LC-MS absorption trace (254 nm) of the reaction after
24 hours showing full conversion of ODIBO to the SPAAC product ODIBO-pAz. c) Depicts the reaction equation of ODIBO and
tAz as well as the LC-MS absorption trace (254 nm) of the reaction after 72 hours showing full conversion of ODIBO to the
SPAAC product ODIBO-tAz. For b) and c): Note that two peaks are observed since ODIBO is not symmetrical and yields two
different reaction products (diastereomers.
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Supplementary Fig S11: Transition states for Diels-Alder reactions between MeMeTet and DMBO* or MeO-DMBO*
highlighting that the methoxy groups of DMBO have little effect on barrier height and geometries. Calculated at the M06-2X-
D3/6-311+G(d,p) SMD(water) level of theory.
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Supplementary Fig S12: Dibenzocyclooctynes fused with differently sized cycloalkanes and their effect on structure. a)
Chemical structures of the dibenzoannulated cyclooctynes used in DFT calculations. b) DFT geometries of DMBO*, 4C-, 5C-,
6C-DMBO* and DIBO* calculated using M06-2X-D3/6-311+G(d,p) SMD(water). The dihedral angle of the C-4 backbone unit is
highlighted in orange and absolute deviation from a planar 0° angle is given. Geometries are shown from three different angles.
Looking along the pink-marked bond is used to the evaluate the structure of the cyclooctyne core and better visualization of the
dihedral angle in the C-4 backbone unit.
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Supplementary Fig S13: DFT geometries of the transition states in the reaction between 4C-, 5C- or 6C-DMBO* and MeMe-
Tet calculated using M06-2X-D3/6-311+G(d,p) SMD(water). All cycloalkane fused dibenzocyclooctynes show exclusive face
approach of MeMe-Tet and a tub-like structure in their transition state (marked red). Despite the similar geometry, larger
cycloalkanes exhibit a higher activation barrier with 6C-DMBO* only being 1.3 kcal/mol lower than unsubstituted DIBO*. The
transition sates are shown from three different angles and the cyclooctyne core is marked in red.
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Supplementary Fig S14: Pseudo-first order kinetics between DMBO and pAz. a) Reaction equation between DMBO and
primary azide (pAz). b) Shown is the decay of the characteristic DMBO absorption at 327 nm (data points are the black dots)
in the presence of varying pAz concentrations (10 mM — 20 mM) over time and the nonlinear regression calculated by prism
software (fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqss from triplicate measurements
are plotted against pAz concentration and linear regression by prism software yielded the second-order rate constant k, between
DMBO and pAz (slope of line). Note: Error bars for kops are not visible if they are smaller than the data point for the corresponding
concentration of pAz. DMBO concentration is 50 yM in MeOH.
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Supplementary Fig S$15: Pseudo-first order kinetics between DMBO and tAz. a) Reaction equation between DMBO and tertiary
azide (tAz). b) Shown is the decay of the characteristic DMBO absorption at 327 nm (data points are the black dots) in the
presence of varying tAz concentrations (50 mM — 100 mM) over time and the nonlinear regression calculated by prism software
(fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqbs from triplicate measurements are plotted
against tAz concentration and linear regression by prism software yielded the second-order rate constant k, between DMBO

and tAz (slope of line). Note: Error bars for keps are not visible if they are smaller than the data point for the corresponding
concentration of tAz. DMBO concentration is 50 yM in MeOH.
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Supplementary Fig S16: Pseudo-first order kinetics between DIBO and pAz. a) Reaction equation between DIBO and primary
azide (pAz). b) Shown is the decay of the characteristic DIBO absorption at 320 nm (data points are the black dots) in the
presence of varying pAz concentrations (20 mM — 40 mM) over time and the nonlinear regression calculated by prism software
(fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqss from triplicate measurements are plotted
against pAz concentration and linear regression by prism software yielded the second-order rate constant k, between DIBO
and pAz (slope of line). Note: Error bars for kqps are not visible if they are smaller than the data point for the corresponding
concentration of pAz. DIBO concentration is 50 uM in MeOH.
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Supplementary Fig S17: Pseudo-first order kinetics between DIBO and tAz. a) Reaction equation between DIBO and tertiary
azide (tAz). b) Shown is the decay of the characteristic DIBO absorption at 320 nm (data points are the black dots) in the
presence of varying tAz concentrations (100 mM — 150 mM) over time and the nonlinear regression calculated by prism software
(fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqss from triplicate measurements are plotted
against tAz concentration and linear regression by prism software yielded the second-order rate constant k> between DIBO and
tAz (slope of line). Note: Error bars for kops are not visible if they are smaller than the data point for the corresponding
concentration of tAz. DIBO concentration is 50 uM in MeOH.
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Supplementary Fig S18: Pseudo-first order kinetics between ADIBO and pAz. a) Reaction equation between ADIBO and
primary azide (pAz). b) Shown is the decay of the characteristic ADIBO absorption at 309 nm (data points are the black dots)
in the presence of varying pAz concentrations (2.5 mM — 7.5 mM) over time and the nonlinear regression calculated by prism
software (fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqss from triplicate measurements
are plotted against pAz concentration and linear regression by prism software yielded the second-order rate constant k, between
ADIBO and pAz (slope of line). Note: Error bars for kops are not visible if they are smaller than the data point for the
corresponding concentration of pAz. ADIBO concentration is 50 pM in MeOH.
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Supplementary Fig $19: Pseudo-first order kinetics between ADIBO and tAz. a) Reaction equation between ADIBO and
tertiary azide (tAz). b) Shown is the decay of the characteristic ADIBO absorption at 309 nm (data points are the black dots) in
the presence of varying tAz concentrations (50 mM — 100 mM) over time and the nonlinear regression calculated by prism
software (fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqss from triplicate measurements
are plotted against tAz concentration and linear regression by prism software yielded the second-order rate constant k, between
ADIBO and tAz (slope of line). Note: Error bars for kops are not visible if they are smaller than the data point for the corresponding
concentration of tAz. ADIBO concentration is 50 uM in MeOH.
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Supplementary Fig S$20: Pseudo-first order kinetics between ODIBO and pAz. a) Reaction equation between ODIBO and
primary azide (pAz). b) Shown is the decay of the characteristic ODIBO absorption at 322 nm (data points are the black dots)
in the presence of varying pAz concentrations (2.5 mM — 7.5 mM) over time and the nonlinear regression calculated by prism
software (fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqss from triplicate measurements
are plotted against pAz concentration and linear regression by prism software yielded the second-order rate constant k, between
ODIBO and pAz (slope of line). Note: Error bars for kops are not visible if they are smaller than the data point for the
corresponding concentration of pAz. ODIBO concentration is 50 uM in MeOH.



a HO\><N'N“N

o + Ng —
O O HO 25°C, MeOH O O
HO lo} HO o

oDIBO tAz ODIBO-tAz
b 500eq tAz (25 mM) 750eq tAz (37.5 mM)
1.0 1.0
=) =)
Zos Zos
€ €
c c
9 0.6 N 0.6
L ©
S04 S04
= =
2 0.2 302
o F-1
© ©
0.0 . 0.0
0 10000 20000 0 5000 10000 15000
time [s] time [s]
1000eq tAz (50 mM) 1250eq tAz (62.5 mM)
1.0 1.0
=) =)
< 0.8 < 0.8
13 £
c c
E 0.6 g 0.6
Soa S04
B =
202 S 0.2
-1 o
© ©
0.0+ - T 0.0 T )
0 5000 10000 0 5000 10000
time [s] time [s]
1500eq tAz (75 mM)
1.0
=)
Zos
€
c
o 0.6
S
504
g
202
E-3
©
0.0 T T
0 2000 4000 6000 8000
time [s]
¢ ODIBO + tAz
0.0015 k, = 0.01437 + 0.00009 M-'s™
R2 =0.9995
- 0.0010 |
o,
2
o
* 0.0005
0.0000 T
0.00 0.02 0.04 0.06 0.08

concentration tAZ [M]

Supplementary Fig S21: Pseudo-first order kinetics between ODIBO and tAz. a) Reaction equation between ODIBO and
tertiary azide (tAz). b) Shown is the decay of the characteristic ODIBO absorption at 322 nm (data points are the black dots) in
the presence of varying tAz concentrations (25 mM — 75 mM) over time and the nonlinear regression calculated by prism
software (fit curve is the red line). Note: only one of the triplicate runs is shown. c) Average kqss from triplicate measurements
are plotted against tAz concentration and linear regression by prism software yielded the second-order rate constant k. between
ODIBO and tAz (slope of line). Note: Error bars for kops are not visible if they are smaller than the data point for the corresponding
concentration of tAz. ODIBO concentration is 50uM in MeOH.
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DIBO*-tAz*-TS DMBO*-tAz*-TS

Supplementary Fig S22: Transition states for SPAAC reactions between DIBO* and tAz* and DMBO* and tAz*. Shortest H—
H distances in the DIBO*-tAz* and DMBO*-tAz* transition states are shown and indicated by dashed lines. Calculated at the
MO06-2X-D3/6-311+G(d,p) SMD(methanol) level of theory.
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DMBO*-tAz*-TS

Supplementary Fig S23: Transition states for SPAAC reactions between DMBO* and tAz* or pAz* highlighting the reduced
steric demand for the primary azide as evident by the longer forming bond length on the alkylated nitrogen. Calculated at the
M06-2X-D3/6-311+G(d,p) SMD(methanol) level of theory.
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