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List of Abbreviations

ABC
ACN
CPCM
DIBAC
DIBO
DIC
DIFO
diF-SNO-OCT
DMSO
EDC
HPLC
IEFPCM
LiHMDS
NBO
n-ABC
OCT
PBS
PNBO
SPAAC
TFA
THF

TS

UFF

2-azabenzo-8-chlorobenzocyclootyne
acetonitrile

conductor-like polarizable continuum model
dibenzoazacyclooctyne

dibenzocyclooctyne
N,N'-diisopropylcarbodiimide
difluorocyclooctyne

difluoro-sulfur, nitrogen, and oxygen-containing heterocyclic cyclooctyne
dimethyl sulfoxide
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
high-performance liquid chromatography
integral equation formalism of the polarizable continuum model
lithium bis(trimethylsilyl)amide

natural bonding orbital
n-azabenzo-benzocyclooctyne (n = 2—6)
cyclooctyne

phosphate-buffered saline

pre-orthogonal natural bonding orbital
strain-promoted azide—alkyne cycloaddition
trifluoroacetic acid

tetrahydrofuran

transition state

universal force field
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Computational Details. Geometry optimizations were performed with Gaussian 16
softwareS! at the M06-2X level of theoryS? (including the IEFPCM dielectric continuum solvent
model for either CH2Cl, or water, with UFF radii®?®) or the B97D/6-311+G(d,p) level of theoryS?
(including the CPCM solvation model for either CH>Cl, or waterS*%). Frequency calculations
were performed to confirm stationary points as minima or first-order saddle points. All AE and
AE* values include zero-point corrections. For previous reports benchmarking the methods
utilized, see ref. S6 and S7. Coordinates, total energies, and imaginary frequencies (transition
states) are provided in the XYZ files.

Conformational Search. Manual conformational searches were performed at both levels of
theory employing the specified solvation models for water. Low energy structures were re-
optimized in dichloromethane. For simplicity and brevity, tables contain the activation energies
and free energies corresponding to located minima which display the most favorable free energy
of activation. Figures S1 and S2 contain representative, low lying transition states located for 2-
ABC and ABC.

Starting Materials. In all cyclooctynes (other than DIBAC), rotation about the ethylene bridge
gives an enantiomer. For DIBAC, nitrogen inversion was considered. For diazoacetamides, the
s-cis and s-trans conformers of the diazo group relative to the carbonyl were optimized. For
azidoacetamides, rotation about the ¢ (NC—C,N3 dihedral) and ¢p (CC,—NN>) dihedral angles
were examined via input geometries that varied in 60° increments. These input geometries
converged on 2-3 structures, dependent upon the level of theory and solvation model, that were
within ~0.5-2.0 kcal/mol.

a-Azidoacetamide Transition States. Modes of approach considered the ¢ and ¢ dihedral

angles described above and rotation about the dihedral angle of the azido group (NN-NC,).

The cyclooctyne ring limits the latter to a potential range of ~180° in the TS. For non-

symmetric cyclooctynes (DIBAC and ABCs) both the syn- and anti-approach of the 1,3-dipole

substituents relative to the aza-/azabenzo-ring were considered. For DIBAC, all of the above
was considered, along with nitrogen inversion. Low energy transition states are included.
a-Diazoacetamide Transition States. Modes of approach were chosen as input geometries
for each diazoacetamide conformation (i.e., the s-cis and s-trans conformers). Low energy
transition states are included.
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Table S1. Energies and free energies of activation (kcal/mol) for cycloadditions of 2-azido-/N-
methylacetamide (1) and 2-diazo-N-methylacetamide (2) with constitutional isomers of
dibenzoazacyclooctyne (DIBAC). Geometries were optimized at both MO06-2X/6-
311++G(d,p) employing the IEFPCM solvation model and B97D/6-311+G(d,p) employing the
CPCM solvation model for either CH>Cl, or water.? Energies for the preferred regioisomer are

in bold typeface.
DIBO DIBACH
N NZ =z = N
2-ABC 3-ABC 4-ABC 5-ABC 6-ABC
Azide 1 Diazo Compound 2

Method | Solvent | Compound syn TS antiTS synTS antiTS
AE* | AG* | AE* | AGY | AFE?* AG* AE* | AG*

M06-2X CH2Cl2 DIBO 9.6 | 235 — — 10.6 23.7 — —
DIBAC 89 [ 222 | 89 | 224 | 101 23.2 8.8 | 21.6
2-ABC 6.1 19.5 | 104 | 23.9 5.5 18.8 10.7 | 23.7
3-ABC 9.8 | 23.0 | 95 | 231 9.9 22.9 9.8 | 22.7
4-ABC 95 | 222 | 95 | 23.0 | 10.0 22.9 9.7 | 22.5
5-ABC 9.8 | 227 | 9.6 | 23.1 10.5 23.2 9.7 | 211
6-ABC 86 | 225 | 7.5 | 21.0 7.0 20.7 6.1 | 19.3

M06-2X H20 DIBO 10.3 | 23.7 — — 10.6 23.7 — —
DIBAC 9.6 | 23.3 | 91 229 [ 10.1 23.3 8.9 | 221
2-ABC 83 | 219 | 105 | 238 6.2 19.5 10.6 | 23.7
3-ABC 10.0 | 235 | 9.7 | 23.2 | 10.0 22.8 9.8 | 22.8
4-ABC 9.8 | 233 | 9.6 | 229 9.9 22.7 9.8 | 229
5-ABC 10.1 | 235 | 9.7 | 231 10.3 23.2 10.0 | 23.2
6-ABC 8.6 | 221 7.7 | 21.3 7.1 20.5 6.8 | 19.7

B97D CH2Cl2 DIBO 5.2 19.6 — — 7.8 20.9 — —
DIBAC 4.7 189 | 55 18.5 6.9 20.3 6.0 | 193
2-ABC 3.9 18.2 | 6.2 | 204 3.6 17.3 83 | 217
3-ABC 5.0 19.2 | 4.8 19.2 7.0 20.0 7.0 | 20.2
4-ABC 5.2 195 | 4.8 19.2 7.2 20.2 71 | 203
5-ABC 5.2 196 | 4.9 19.4 7.7 20.7 7.2 | 20.3
6-ABC 5.3 19.3 | 4.9 18.7 4.6 17.8 4.0 | 16.9

B97D H20 DIBO 5.5 18.9 — — 7.9 20.9 — —
DIBAC 5.2 18.2 | 5.8 17.9 7.1 20.4 6.2 | 194
2-ABC 4.3 175 | 64 19.8 4.1 17.8 84 | 216
3-ABC 5.4 186 | 5.1 18.4 7.4 20.4 71 | 201
4-ABC 5.5 18.7 | 541 18.4 7.2 20.1 7.2 | 204
5-ABC 5.6 18.8 | 5.3 18.6 7.7 20.1 74 | 204
6-ABC 5.3 18.6 | 5.3 18.0 4.8 17.8 4.6 | 17.5

“Energies given for conformers favored by AG*. See Figure S1 and the computational details.

—S4—



Dones et al. Supporting Information

Table S2. Distortion/Interaction (Activation—Strain) analysis of energies (kcal/mol) for
cycloadditions of 2-azido-N-methylacetamide (1) with constitutional isomers of
dibenzoazacyclooctyne (DIBAC). Geometries optimized at both MO06-2X/6-311++G(d,p)
employing the IEFPCM solvation model for either CH>Cl> or water, and B97D/6-311+G(d,p)
employing the CPCM solvation model for either CH>Cl, or water. Energies for the preferred
regioisomer are in bold typeface.

synTS anti TS
Method Solvent Compound 1,3-Dip0|eAE¢X|s|t(°;:en Total AE‘tlnteraction 1’3_Dip0|2Etd|As;;r;ll;ne Total AEInteraction
M06-2X | CH2Cl> DIBO 18.6 3.2 21.8 -12.1 — — — —
DIBAC 18.3 3.0 21.3 -12.5 16.1 2.5 18.6 -9.7
2-ABC 16.7 2.6 19.3 -13.2 16.2 2.4 18.7 -10.9
3-ABC 16.7 2.9 19.6 -9.9 16.7 2.9 19.6 -10.1
4-ABC 16.8 3.0 19.8 -10.3 16.7 2.9 19.6 -10.2
5-ABC 17.0 3.0 20.0 -10.2 16.8 2.9 19.7 -10.1
6-ABC 16.7 3.7 20.4 -11.8 16.0 3.8 19.7 -12.2
M06-2X H20 DIBO 17.0 3.0 20.1 -9.8 — — — —
DIBAC 18.3 3.1 221 -11.8 16.1 2.6 18.7 -9.5
2-ABC 16.6 2.6 19.2 -10.9 16.8 3.0 19.8 -9.3
3-ABC 16.7 3.0 19.7 -9.7 16.6 3.0 19.6 -9.9
4-ABC 16.7 3.1 19.8 -10.0 16.7 2.9 19.6 -10.0
5-ABC 16.9 3.0 19.9 -9.8 16.8 2.9 19.7 -10.0
6-ABC 16.5 3.6 20.1 -11.5 15.9 3.7 19.6 -11.9
B97D CH2Cl2 DIBO 16.3 3.0 19.4 -14.2 — — — —
DIBAC 16.2 2.9 19.1 -14.4 13.7 2.2 15.9 -10.4
2-ABC 171 3.3 20.5 -16.6 16.0 3.1 19.1 -13.0
3-ABC 16.0 3.0 19.0 -14.0 15.8 3.0 18.8 -14.0
4-ABC 16.0 3.2 19.1 -13.9 15.9 2.9 18.8 -13.9
5-ABC 16.2 3.0 19.2 -14.0 16.1 2.9 19.0 -14.1
6-ABC 15.4 3.9 19.2 -13.5 14.0 3.6 17.5 -12.6
B97D H20 DIBO 16.4 3.0 19.4 -13.9 — — — —
DIBAC 16.3 2.9 19.2 -14.0 13.9 2.2 16.1 -10.3
2-ABC 171 3.3 20.4 -16.1 16.1 3.1 19.2 -12.8
3-ABC 16.1 3.0 19.1 -13.7 15.9 2.9 18.8 -13.8
4-ABC 16.1 3.2 19.3 -13.8 16.0 2.9 18.9 -13.7
5-ABC 16.3 3.0 19.3 -13.8 16.2 2.9 191 -13.9
6-ABC 15.5 3.8 19.3 -14.0 14.1 3.5 17.6 -12.3
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Table S3. Distortion/Interaction (Activation—Strain) analysis of energies (kcal/mol) for
cycloadditions of 2-diazo-N-methylacetamide (2) with constitutional isomers of
dibenzoazacyclooctyne (DIBAC). Geometries optimized at both MO06-2X/6-311++G(d,p)
employing the IEFPCM solvation model for either CH>Cl> or water, and B97D/6-311+G(d,p)
employing the CPCM solvation model for either CH>Cl, or water. Energies for the preferred
regioisomer are in bold typeface.

syn TS anti TS
Method | Solvent Compound 1’3-Dip0|2Etd|As;okr;;ne Total AE¥interaction 1’3_Dip0|2Etd|Astlokr;;ne Total AE¥interaction
M06-2X | CHCl> DIBO 18.6 5.0 23.7 -13.0 — — — —
DIBAC 17.5 4.3 21.8 -1.7 17.5 4.4 21.9 -13.1
2-ABC 16.8 3.8 20.6 -15.1 18.5 5.2 23.6 -12.9
3-ABC 18.0 4.8 22.8 -12.9 181 5.0 23.1 -13.3
4-ABC 17.9 5.0 22.9 -13.0 18.2 5.0 23.1 -13.4
5-ABC 18.2 4.9 23.1 -12.6 18.3 4.9 23.2 -13.4
6-ABC 17.4 5.6 23.0 -15.9 16.6 5.7 22.3 -16.2
MO06-2X H20 DIBO 18.6 5.0 23.6 -13.0 — — — —
DIBAC 17.6 4.2 21.9 -1.7 171 4.4 21.5 -12.6
2-ABC 16.8 3.7 20.5 -14.3 18.3 5.1 23.4 -12.8
3-ABC 18.1 4.8 22.9 -12.9 18.0 5.0 23.0 -13.2
4-ABC 18.0 5.0 23.0 -13.1 18.2 4.9 23.1 -13.3
5-ABC 18.3 4.9 23.2 -12.9 18.1 48 23.0 -12.9
6-ABC 17.2 5.4 22.6 -15.5 16.7 5.6 22.3 -15.5
B97D CHCl> DIBO 171 4.5 21.6 -13.8 — — — —
DIBAC 15.8 3.7 19.5 -12.6 15.4 3.9 19.3 -13.3
2-ABC 16.0 3.5 19.5 -16.0 16.9 4.6 21.5 -13.2
3-ABC 16.4 4.3 20.7 -13.7 16.4 4.4 20.8 -13.8
4-ABC 16.4 4.4 20.8 -13.7 16.6 4.3 21.0 -13.9
5-ABC 16.7 4.5 21.2 -13.5 16.8 4.3 211 -13.9
6-ABC 15.7 5.1 20.8 -16.2 15.0 5.4 20.4 -16.4
B97D H20 DIBO 17.0 4.4 21.5 -13.5 — — — —
DIBAC 15.8 3.6 19.4 -12.3 15.4 3.9 19.3 -13.1
2-ABC 16.0 3.5 19.5 -15.4 16.8 4.6 21.4 -13.1
3-ABC 16.3 4.3 20.6 -13.2 16.3 4.4 20.7 -13.6
4-ABC 16.3 4.4 20.7 -13.5 16.5 4.3 20.8 -13.6
5-ABC 16.6 4.5 211 -13.4 16.7 4.2 20.9 -13.5
6-ABC 15.6 5.1 20.7 -15.9 15.0 5.4 20.4 -15.8
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Table S4. Energies and free energies of activation (kcal/mol) for cycloadditions of N-substituted
2-diazoacetamides and N-substituted 2-azidoacetamides (R=H or Me) with ABC. Geometries
optimized at both M06-2X/6-311++G(d,p) employing the IEFPCM solvation model for either
CHxCl, or water, and B97D/6-311+G(d,p) employing the CPCM solvation model for either
CHxCl, or water. Energies for the preferred regioisomer are in bold typeface.

2-azido-N-R-N-methylacetamide | 2-diazo-N-R-N-methylacetamide
Method | Solvent | R synTS anti TS synTS anti TS

AE* AGH AE} AGH AE* AGH AE* AGH
M06-2X | CHCl2 | H 7.3 20.6 10.1 23.1 5.0 18.4 10.3 23.2
H20 H 7.9 21.5 10.2 23.3 5.7 19.1 10.2 23.2
CHCl2 | Me | 84 20.5 9.8 24.3 71 20.8 10.9 24.9
H20 Me | 8.6 21.3 9.8 24.3 7.5 21.1 10.9 25.0
B97D | CHCl2z | H 3.6 18.1 6.1 20.5 3.2 16.9 8.0 21.1
H20 H 4.0 17.3 6.3 19.6 3.7 17.3 8.1 21.2
CHCl2 | Me | 541 18.6 6.3 21.0 5.1 18.3 7.9 214
H20 Me | 5.8 18.5 6.8 21.2 5.4 18.8 8.0 21.6
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Figure S1. Optimized transition state geometries for the syn reaction of 2-azido-
N-methylacetamide (1) with 2-ABC at (A) the M06-2X/6-311++G(d,p) employing the IEFPCM
solvation model for water, and (B) the B97D/6-311+G(d,p) employing the CPCM solvation model

for water.
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Figure S2. Optimized transition state geometries for the reaction of 2-azido-N-methylacetamide
(1) and 2-diazo-N-methylacetamide (2) with ABC at the M06-2X/6-311++G(d,p) employing the
IEFPCM solvation model for water (A), and the B97D/6-311+G(d,p) employing the CPCM
solvation model for water (B).
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Strain Energy (kcal/mol)

0 o~ - O=0 O
CL D) e - =X 0
N

Ny — N

17.7 | O + A~~~ = N = O
/ —

v D0 =0 O
N A
\

Figure S3. Isodesmic equations used to calculate strain energies of dibenzocyclooctyne (DIBO),
dibenzoazacyclooctyne (DIBAC), 2-azabenzo-benzocyclooctyne (2-ABC), and 6-azabenzo-
benzocyclooctyne (6-ABC) calculated at the M06-2X/6-311++G(d,p) employing the IEFPCM
solvation model (water). A correction of 2.2 kcal/mol was used to account for the nonzero strain
energy of cyclohexane.’
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Figure S4. Combining increased strain with electronic activation. (A) Optimized geometries and
NBO charge on each alkyne carbon of dibenzocyclooctyne (DIBO), dibenzoazacyclooctyne
(DIBAC), 2-azabenzo-benzocyclooctyne (2-ABC), and 6-azabenzo-benzocyclooctyne (6-ABC)
calculated at the B97D/6-311+G(d,p) employing the CPCM solvation model (water). (B,C)
Natural bonding orbitals depicting zcc—6*cn interactions with the the syn-periplanar C—N bond
in 2-ABC (B) and anti-periplanar C—N bond in 6-ABC (C).
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Figure S5. Computational analysis of cycloadditions with 2-azido-N-methylacetamide (1) and 2-
diazo-N-methylacetamide (2). (A,B) Optimized transition state geometries and free energies of
activation (kcal/mol) calculated at the B97D/6-311+G(d,p) level employing the CPCM solvation
model (water). (C) Distortion/Interaction (Strain—Activation) analysis.
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Figure S6. Comparison of hydrogen bonding interactions in 2-ABC cycloadditions with 2-azido-
N-methylacetamide (1) (left) and 2-diazo-N-methylacetamide (2) (right). Second-order
perturbations obtained from the NBO analysis provide a measure of relative hydrogen bond
strengths. Optimized transition state geometries are from Figure S5.
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Figure S8. Stability of DIBAC and ABC in the presence of 1 mM reduced glutathione and 0.2 mM
oxidized glutathione in PBS containing DMSO (2% v/v) at 37 °C. (A) Concentration of remaining
DIBAC and ABC as determined by HPLC. (B) Natural logarithm of the concentration of DIBAC
and ABC over time in order to determine the first-order half-life of each cyclooctyne. The half-
lives were 3.8 h and 1.9 h for DIBAC and ABC, respectively. Values are the mean = SD for
triplicate experiments. (Error bars are smaller than the data points.)
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Experimental Procedures

General. All chemicals were from commercial sources and were used without further
purification. NMR spectra were acquired with an Avance Neo 400 spectrometer or Avance Neo
500 spectrometer from Bruker (Billerica, MA, USA). Mass spectra were acquired by using positive
ionization with an AccuTOF-DART 4G instrument from JEOL (Tokyo, Japan). HPLC
experiments were carried out on a 1200 series HPLC from Agilent Technologies (Santa Clara, CA,
USA) equipped with a Varian Microsorb-MV 100-5 C18 250 x 4.6 mm column. Gradients were
run with water containing TFA (0.1% v/v) and ACN containing TFA (0.1% v/v). Absorbance was
measured at 280 nm. Column chromatography was performed with an Isolera automated
purification system from Biotage (Uppsala, Sweden) using prepacked SNAP KP silica gel
columns. Thermostability was assessed with a Stanford Research Systems Optimelt automated
melting point system.

The phrase “concentrated under reduced pressure” refers to the removal of solvents and other
volatile materials using a rotary evaporator at water aspirator pressure (<20 Torr) while
maintaining the water-bath temperature of 40 °C. Residual solvent was removed from samples by
the vacuum (<0.1 Torr) achieved by a mechanical belt-drive oil pump.

All procedures were performed in air at ambient temperature (~22 °C) and pressure (1.0 atm)
unless indicated otherwise.

2-Azido-N-benzylacetamide (5) and 2-diazo-N-benzylacetamide (6). These compounds
were synthesized as reported previously.5!?

4-((N-Tetrazolyl)methyl)morpholine (8). To a cold (0 °C), stirred solution of tetrazole
(0.70 g, 10.0 mmol, 1.0 equiv) in methanol (10 mL) was added morpholine (0.957 g, 0.95 mL,
11.0 mmol, 1.1 equiv), and the mixture was stirred for 15 min. An aqueous solution of 37% v/v
formaldehyde (0.98 mL, 12.0 mmol, 1.2 equiv) was added dropwise, and the mixture was stirred
overnight at room temperature. The reaction mixture was then concentrated under reduced
pressure, and the residue was recrystallized from a 1:2 v/v mixture of CH>Cl, and hexanes to
provide compound 8 as a mixture of N tautomers, as white crystals (1.48 g, 8.74 mmol, 88 %). All
spectral data matches published data.'! 'TH NMR (400 MHz, CDCl3, §): 8.67 (s, 0.2H), 8.56 (s,
0.8H), 5.53 (s, 1.6H), 5.31 (s, 0.4H), 3.82-3.61 (m, 4H), 2.69-2.65 (m, 3.2H), 2.62 (t,J = 4.7 Hz,
0.8H). 3C NMR (101 MHz, CDCl3, d): 152.69, 74.00, 66.64, 66.44, 49.85, 49.76. HRMS m/z
caled for CsHi2NsO [M + H]*, 170.10364; found, 170.10408.

8-Chloro-11-(1H-tetrazol-5-yl)-6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-
ol (4). To a stirred solution of 4-((N-tetrazolyl)methyl)morpholine (8) (0.70 g, 4.12 mmol,
2.0 equiv) and 8-chloro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11(6H)-one (3) (0.50 g,
2.06 mmol, 1.0 equiv) in THF (10 mL), under N»(g) at =78 °C (acetone/CO), was added 1 M
LiHMDS in THF (4.33 mL, 4.33 mmol, 2.1 equiv) dropwise via a syringe. The reaction mixture
was stirred for 2 h at =78 °C then allowed to warm to room temperature overnight. The reaction
mixture was concentrated under reduced pressure, and the remaining residue was treated with
aqueous HCI (1 M, 25 mL) and stirred at room temperature for 1 h. The solution was then extracted
with EtOAc (3 x 50 mL), and the combined organic extracts were dried over Na>SOa(s), filtered,
and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (hexanes/EtOAc 85:15—25:75) to provide compound 4 (0.336 g,
1.07 mmol, 52%) as a white solid. "H NMR (500 MHz, CDCl3, ): 8.78 (s, 1H), 8.46 (s, 1H), 8.09
(dd, J=8.4,4.0 Hz, 1H), 7.64 (d, /= 7.6 Hz, 1H), 7.37 (d, J = 6.6 Hz, 1H), 7.25 (d, J= 8.9 Hz,
1H), 7.17 (s, 1H), 3.40-3.32 (m, 1H), 3.05-2.93 (m, 3H), 2.74-2.67 (m, 1H). '3*C NMR (126 MHz,
CDCls, 0): 161.98, 152.43, 143.57, 142.67, 141.72, 140.09, 138.54, 134.70, 134.38, 129.45,
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127.21, 126.36, 124.64, 30.81, 29.95. HRMS m/z calcd for CisHi30ONsCl [M + H]", 314.08086;
found, 314.08960.

2-Azabenzo-8-chlorobenzocyclooctyne (ABC). To a stirred solution of compound 4
(0.514 g, 1.64 mmol, 1.0 equiv) in THF (5.0 mL), was treated with EDC (0.345 g, 1.80 mmol,
1.1 equiv) and allowed to react overnight. The reaction mixture was concentrated under reduced
pressure, and the residue was purified by flash column chromatography on silica gel
(hexanes/EtOAc 85:15—25:75) to provide ABC (0.157 g, 0.66 mmol, 40%) as a pale yellow solid.
mp: decomposition observed at >80 °C. "TH NMR (500 MHz, CDCls, 6): 8.44 (dd, J=5.0, 1.6 Hz,
1H), 7.51 (dd, J= 7.6, 1.6 Hz, 1H), 7.30-7.20 (m, 3H), 7.12 (dd, J = 7.7, 4.9 Hz, 1H), 3.30-3.18
(m, 2H), 2.36 (ddq, J = 15.1, 8.5, 3.7 Hz, 2H). 3C NMR (126 MHz, CDCls, §): 155.00, 148.55,
147.75, 144.65, 136.34, 134.52, 129.74, 127.45, 126.88, 121.97, 121.20, 113.31, 109.88, 35.62,
34.79. HRMS m/z calcd for CisHiiNCI [M + H]", 240.05800; found, 240.06485. The atom-
numbering and [IUPAC name of ABC is as follows:

1 12 1"
— 10

8-chloro-5,6-dihydro-11,12-didehydrobenzo[5,6]cycloocta[1,2-b]pyridine

5-(1H-Tetrazol-5-yl)-10,11-dihydro-5H-dibenzo[a,d][7]annulen-5-0l (9). To a stirred
solution of compound 8 (0.413 g, 2.44 mmol, 2.0 equiv) and dibenzosuberone (0.25 g, 1.22 mmol,
1.0 equiv) in THF (5 mL), under N»(g) at —78 °C (acetone/CO,), was added 1 M LiHMDS in THF
(2.56 mmol, 2.56 mL, 2.1 equiv) dropwise via a syringe. The reaction mixture was stirred for 2 h
at —78 °C then allowed to warm to room temperature overnight. The reaction mixture was
concentrated under reduced pressure, and the remaining residue was treated with aqueous HCI
(1 M, 25 mL) and stirred at room temperature for 1 h. The solution was then extracted with EtOAc
(3 x 50 mL), and the combined organic extracts were dried over Na>SOu(s), filtered, and
concentrated under reduced pressure. The residue was purified by flash column chromatography
on silica gel (2% v/v MeOH in CH:Cl,) to provide compound 9 (0.3596 g) as a white solid with
some impurities but was used in the next step without further purification. '"H NMR (400 MHz,
MeOD, 6): 8.09-7.99 (m, 2H), 7.31-7.25 (m, 4H), 7.18-7.12 (m, 2H), 2.83 (s, 4H). *C NMR
(101 MHz, MeOD, ¢): 162.16, 141.12, 137.93, 130.25, 128.05, 125.83, 125.22, 71.82, 32.05.
HRMS m/z calcd for CisHisON4 [M + H]", 279.12458; found, 279.12665.

Dibenzocyclooctyne (DIBO). A stirred solution of compound 9 (0.200 g, 0.72 mmol, 1.0
equiv) in CH2Cl> (4 mL) was treated with DIC (0.109 g, 0.86 mmol, 1.2 equiv) and allowed to
react overnight. The reaction mixture was concentrated under reduced pressure and purified by
flash column chromatography on silica gel (hexanes) to provide DIBO (0.072 g, 0.373 mmol, 51%)
as a white solid. '"H NMR (500 MHz, CDCls, §): 7.38-7.31 (m, 4H), 7.31-7.26 (m, 4aH), 3.38—
3.29 (m, 2H), 2.50-2.40 (m, 2H). '3C NMR (126 MHz, CDCls, 6): 153.62, 129.41, 127.69, 126.52,
126.12, 123.95, 111.55, 36.47. HRMS m/z calcd for Ci¢Hiz [M + HJ, 205.10172; found,
205.10245.

2-Bromo-N-benzyl-N-methylacetamide (10). To a stirred solution of N-methylbenzylamine
(0.606 g, 5 mmol, 1.0 equiv) and triethylamine (0.7 mL, 5 mmol, 1.0 equiv) in anhydrous CH>Cl»
(10 mL) was added a solution of bromoacetyl bromide (1.06 g, 5.25 mmol, 1.05 equiv) in CH>Cl»
(2 mL) dropwise at 0 °C. The resulting mixture was allowed to react for 4 h at room temperature.
The reaction was quenched with saturated NaHCO3 (10 mL) at 0 °C, extracted with diethyl ether
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(3 x 25 mL), washed with brine, dried over Na,SOu(s), filtered and concentrated under reduced
pressure. The resultant crude material was used in subsequent steps without further purification.

2-Azido-N-benzyl-N-methylacetamide (11). To a stirred solution of compound 10 (1.34 g,
5.53 mmol, 1 equiv) in DMF (25 mL), was added sodium azide (0.719 g, 11.06 mmol, 2.0 equiv)
and the resulting mixture was allowed to react overnight at room temperature. A mixture of
H>O/Et;O 1:1 was added to the reaction mixture, and the aqueous phase was extracted with EtoO
(3 x 25 mL), the organic extract was then washed with water (8 x 20 mL) and brine, and dried
over NaxSOs(s). The resulting mixture was concentrated under reduced pressure, and the residue
was purified by flash column chromatography on silica gel (hexanes/EtOAc 85:15—25:75) to
provide compound 11 (0.351 g, 31%) as a colorless oil. "H NMR (500 MHz, CDCls, 6): 7.31 (ddd,
J=34.5,19.6,7.7 Hz, SH), 7.15 (d, J= 7.5 Hz, 1H), 4.61 (s, 1H), 4.45 (s, 1H), 3.96 (d, J=11.2
Hz, 2H), 3.01 (s, 1H), 2.86 (s, 2H). 3C NMR (126 MHz, CDCls, d): 167.29, 136.47, 135.57,
129.15, 128.73, 128.24, 128.00, 127.70, 126.21, 52.76, 51.25, 50.64, 50.51, 34.38, 33.88. HRMS
m/z calcd for C1oH130N4 [M + H]", 205.10894; found, 205.11737.

2-Diazo-N-benzyl-N-methylacetamide (12). Compound 11 (0.120 g, 0.586 mmol, 1.0 equiv)
was dissolved in HoO/THF 1:9 (20 mL). To this solution was added 2,5-dioxopyrrolidin-1-yl 3-
(diphenylphosphanyl)propanoate (0.219 g, 0.615 mmol, 1.05 equiv), and the reaction mixture was
stirred for 4 h at room temperature before a saturated aqueous solution of NaHCO3 (15 mL) was
added. The reaction mixture was then stirred vigorously for 3 h. The reaction mixture was diluted
with brine and extracted with CH>Cl, (3%). The combined organic extracts were dried over
NaxSOas(s), filtered, and concentrated under reduced pressure, and the residue was purified with
silica gel chromatography (hexanes/EtOAc 1:1) to provide compound 12 (33.3 mg, 29%). 'H
NMR (400 MHz, CDCl3, 6): 7.40-7.21 (m, 5H), 5.01 (s, 1H), 4.65-4.38 (m, 2H), 2.89 (s, 3H). 1*C
NMR (101 MHz, CDCls, 9): 166.14, 128.78, 127.55, 46.53, 34.33, 33.98, 25.64, 24.97. HRMS
m/z calcd for C1oHi120ON3 [M + H]Y, 190.09804; found, 190.10475.

Cycloaddition General Procedure A. Azides or diazo compounds were dissolved in
anhydrous CH>Cl, (0.5 mL) in a scintillation vial at room temperature with stirring. To this
solution was added a solution of cyclooctyne in anhydrous CH>Cl, (0.5 mL), and the reaction
mixture was stirred overnight. The reaction mixture was concentrated under reduced pressure, and
the residue was purified by flash column chromatography on silica gel (hexanes/EtOAc
85:15—25:75) to provide the desired product.

ABC-2-azido-N-benzylacetamide Cycloadduct (13). Following Cycloaddition General
Procedure A, a solution of azide 5 (7.989 mg, 0.042 mmol) dissolved in anhydrous CH>Cl, was
treated with ABC (10 mg, 0.042 mmol) to provide compound 13. "TH NMR (500 MHz, CDCls, 6):
8.27 (dd,J=4.7, 1.6 Hz, 1H), 7.65 (dd, J=7.9, 1.6 Hz, 1H), 7.53 (d, /= 8.2 Hz, 1H), 7.49 (t,J =
5.9 Hz, 1H), 7.35-7.18 (m, 8H), 5.26 (s, 2H), 4.47 (d, J= 5.7 Hz, 2H), 3.22 (dd, J = 8.3, 5.0 Hz,
2H), 3.13 (dd, J = 8.3, 5.0 Hz, 2H). ®*C NMR (126 MHz, CDCls, d): 171.19, 165.82, 147.31,
144.97, 144.36, 140.34, 139.83, 137.80, 136.56, 134.59, 134.46, 132.25, 129.71, 128.70, 128.36,
127.68, 127.56, 126.93, 123.85, 52.64, 43.62, 34.24, 33.31. HRMS m/z calcd for C24H21ONsCl
[M + HJ", 430.14346; found, 430.16281.

ABC-N-diazo-N-benzylacetamide Cycloadduct (14). Following Cycloaddition General
Procedure A, a solution of diazo compound 6 (7.358 mg, 0.042 mmol) dissolved in anhydrous
CH:Cl» was treated with ABC (10 mg, 0.042 mmol) to provide compound 14. "H NMR (500 MHz,
CDCIl; CDCls, 0): 9.77 (s, 1H), 8.10 (dd, J=4.8, 1.7 Hz, 1H), 7.66 (dd, J= 7.8, 1.7 Hz, 1H), 7.37—
7.12 (m, 3H), 7.25 (m, 3H), 7.19 (d, /= 2.2 Hz, 1H), 7.15 (m, 2H), 4.58 (d, /= 5.2 Hz, 2H), 3.34—
3.22 (m, 2H), 3.11 (d, J= 7.1 Hz, 2H). 3C NMR (126 MHz, CDCls, §): 159.67, 146.36, 139.54,
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138.91, 137.34, 136.84, 134.22, 134.01, 130.07, 128.67, 127.81, 127.51, 126.46, 123.01, 43.92,
35.45, 32.34. HRMS m/z caled for Ca4H20ON4Cl [M + H]*, 415.13256; found, 415.14917.

ABC-2-azido-N-benzyl-N-methylacetamide Cycloadduct (15). Following Cycloaddition
General Procedure A, a solution of compound 11 (8.578 mg, 0.042 mmol) dissolved in anhydrous
CH>Cl, was treated with 2-ABC (10 mg, 0.042 mmol) to provide compound 15 as regioisomers.
'TH NMR (500 MHz, CDCls, 6): 8.45 (dd, J = 4.7, 1.7 Hz, 1H), 8.37 (dd, J = 4.8, 1.6 Hz, 0.5H),
7.66 (ddd, J=17.5, 5.6, 1.7 Hz, 2H), 7.55 (d, /= 8.3 Hz, 1H), 7.53 (d, J = 8.3 Hz, 1H), 7.41-7.33
(m, 2H), 7.25 (m, 8H), 7.13-7.07 (m, 1H), 6.94-6.86 (m, 2H), 5.73 (s, 3H), 4.58 (s, 1H), 4.46 (s,
2H), 3.35-3.30 (m, 3H), 3.27 (dd, J = 8.1, 4.7 Hz, 3H), 2.96 (s, 3H), 2.87 (s, 2H). 3C NMR (126
MHz, CDCls, 9): 165.51, 165.25, 147.08, 146.98, 146.16, 146.03, 144.96, 144.93, 140.61, 139.37,
139.32, 136.84, 136.73, 136.29, 135.41, 134.77, 134.62, 134.16, 134.14, 132.42, 129.81, 129.78,
129.18, 128.88, 128.86, 128.62, 128.04, 127.75, 127.54, 126.68, 126.67, 126.29, 123.37, 123.31,
52.70, 51.28, 50.32, 50.11, 34.49, 34.02, 33.98, 33.88. HRMS m/z calcd for CosH230NsCl [M +
H]", 444.15911; found, 444.18030.

2-ABC-2-diazo-N-benzyl-N-methylacetamide Cycloadduct (16). Following Cycloaddition
General Procedure A, a solution of compound 12 (8.136 mg, 0.042 mmol) dissolved in anhydrous
CH,Cl» was treated with 2-ABC (10 mg, 0.042 mmol) to provide compound 16 as regioisomers.'H
NMR (500 MHz, CDCl3, 9): 8.43 (d, J=4.7 Hz, 1H), 8.34-8.27 (m, 0.59H), 7.51 (d, J = 7.5 Hz,
2H), 7.35-7.20 (m, 12H), 7.16-7.03 (m, 3H), 4.69 (s, 3H), 3.25-3.19 (m, 2H), 3.19-3.09 (m, SH),
2.89 (s, 2H), 2.87 (s, 3H). 13C NMR (126 MHz, CDCl3, 9): 164.85, 164.36, 149.68, 149.43, 146.90,
143.64, 143.39, 141.45, 139.26, 136.76, 136.51, 134.97, 134.83, 133.86, 131.49, 129.94, 129.81,
128.56, 128.49, 128.23, 128.14, 127.59, 127.39, 127.32, 126.76, 122.05, 121.92, 121.07, 54.84,
50.94, 36.07, 34.66, 34.45, 33.61, 33.53, 32.82. HRMS m/z calcd for CasH2,ON4Cl [M + HJ,
429.14821; found, 429.16635.

ABC-benzyl 2-diazoacetate Cycloadduct (17). Following Cycloaddition General Procedure
A, a solution of compound 7 (7.399 mg, 0.042 mmol) dissolved in anhydrous CH>Cl> was treated
with ABC (10 mg, 0.042 mmol) to provide compound 17. '"H NMR (400 MHz, CDCls, 6): 11.31
(s, 1H), 8.39 (dd, /= 4.7, 1.7 Hz, 1H), 7.57 (dd, J = 7.8, 1.7 Hz, 1H), 7.34-7.29 (m, 4H), 7.25-
7.09 (m, 5H), 5.29 (s, 2H), 3.15 (s, 4H).13C NMR (101 MHz, CDCls, 6): 147.28, 137.92, 131.99,
130.18, 128.44, 128.22, 128.08, 126.69, 122.64, 66.92, 34.55, 33.14. HRMS m/z calcd for
C24H1902N3Cl1 [M + H]", 416.11658; found, 416.11660.

DIBO-2-azido-N-benzylacetamide Cycloadduct (18). Following Cycloaddition General
Procedure A, a solution of azide 5 (7.989 mg, 0.042 mmol) dissolved in anhydrous CH>Cl, was
treated with DIBO (10 mg, 0.042 mmol) to provide compound 18. "TH NMR (500 MHz, CDCls,
0): 7.55-7.48 (m, 1H), 7.41-7.17 (m, 12H), 7.14 (dd, J = 7.4, 1.2 Hz, 1H), 5.16 (d, J = 16.4 Hz,
1H), 5.03 (d, J=16.6 Hz, 1H), 4.53 (dd, J = 14.7, 6.0 Hz, 1H), 4.43 (dd, J = 14.9, 5.4 Hz, 1H),
3.35(td, J=12.1,10.3, 4.5 Hz, 1H), 3.15-3.03 (m, 2H), 2.92-2.81 (m, 1H). '3C NMR (126 MHz,
CDCls, 0): 165.43, 147.01, 141.71, 137.85, 137.27, 135.18, 131.70, 130.92, 130.46, 130.25,
129.23, 129.01, 128.81, 128.41, 127.77, 127.72, 126.80, 126.13, 125.14, 51.32, 43.75, 36.34,
33.02. HRMS m/z calcd for C2sH23N40 [M + H], 395.18718; found, 395.19003.

DIBO-2-diazo-N-benzylacetamide Cycloadduct (19). Following Cycloaddition General
Procedure A, a solution of diazo compound 6 (7.350 mg, 0.042 mmol) dissolved in anhydrous
CH:Cl» was treated with DIBO (10 mg, 0.042 mmol) to provide compound 19. 'H NMR (500
MHz, CDCls, 0): 11.58 (s, 1H), 7.34-7.08 (m, 13H), 6.84 (s, 1H), 4.73—4.57 (m, 1H), 4.50-4.39
(m, 1H), 3.44-2.87 (m, 4H). 3C NMR (126 MHz, CDCl;, §): 171.21, 160.59, 140.56, 139.01,
137.82, 131.05, 130.95, 130.91, 130.88, 129.85, 128.68, 128.64, 128.30, 127.69, 127.45, 126.09,
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126.07, 120.39, 43.26, 36.30, 33.18. HRMS m/z calcd for C2sH22ON3 [M + H]*, 380.17629; found,
380.185730.

DIBO-benzyl 2-diazoacetate Cycloadduct (20). Following Cycloaddition General
Procedure A, a solution of compound 7 (7.399 mg, 0.042 mmol) dissolved in anhydrous CH>Cl»
was treated with DIBO (10 mg, 0.042 mmol) to provide compound 20. '"H NMR 'H NMR (400
MHz, CDCls, §): 9.22 (s, 1H), 7.56-6.91 (m, 13H), 5.48-5.11 (m, 2H), 3.47-2.78 (m, 4H). 3C
NMR (101 MHz, CDCls, d): 139.88, 139.22, 134.98, 131.52, 131.23, 129.81, 129.16, 128.51,
128.36, 128.25, 126.25, 125.66, 67.06, 36.35, 32.84. HRMS m/z calcd for C2sH21N2O2 [M + HJ,
381.16030; found, 381.16040.

Kinetic Analyses

Kinetics General Method A. Stock solutions at the specified concentrations in the specified
solvents were prepared for each dipole and dipolarophile. Aliquots (0.5 mL) of dipole and
dipolarophile were mixed, and reactions were monitored by HPLC with aliquots injected at the
timepoints shown in the kinetic traces below. Each reaction was carried out in triplicate. The
concentration of remaining dipolarophile was obtained from its corresponding peak in the
chromatogram monitored at 280 nm. Second-order rate constants were calculated from the slope
of the plot of [dipolarophile] ™" versus time.

Kinetics General Method B. Stock solutions of the specified dipoles and dipolarophiles were
prepared in DMSO at 2.5 mM. An aliquot (10 uL) of each stock was added to 1 mL of PBS (final
concentration: 25 uM), and reactions were monitored by HPLC with aliquots injected at the
timepoints specified in Figure S3. Each reaction was carried out in triplicate. The concentration of
remaining dipolarophile was obtained from its corresponding peak in the chromatogram monitored
at 280 nm. Second-order rate constants were calculated from the slope of the plot of
[dipolarophile]™ versus time.

Reaction of Compound 5 with DIBO in CH.Cl,. Kinetics General Method A was followed
using stock solutions at 2 mM and resulting in final reaction concentrations of 1 mM compound 5
and 1 mM DIBO.

Reaction of Compound 6 with DIBO in CH.Cl,. Kinetics General Method A was followed
using stock solutions at 2 mM and resulting in final reaction concentrations of 1 mM compound 6
and 1 mM DIBO.

Reaction of Compound 5 with ABC in CH:Cl.. Kinetics General Method A was followed
using stock solutions at 20 uM and resulting in final reaction concentrations of 10 uM compound 5
and 10 uM ABC.

Reaction of Compound 6 with ABC in CH:Cl.. Kinetics General Method A was followed
using stock solutions at 80 uM and resulting in final reaction concentrations of 40 uM compound 6
and 40 uM ABC.

Reaction of Compound 7 with ABC in CH:Cl.. Kinetics General Method A was followed
using stock solutions at 400 uM and resulting in final reaction concentrations of 200 puM
compound 7 and 200 uM ABC.

Reaction of Compound 11 with ABC in CH.ClI,. Kinetics General Method A was followed
using stock solutions at 80 uM and resulting in final reaction concentrations of 40 puM
compound 11 and 40 uM ABC.
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Reaction of Compound 12 with ABC in CH.ClI,. Kinetics General Method A was followed
using stock solutions at 80 uM and resulting in final reaction concentrations of 40 puM
compound 12 and 40 uM ABC.

Reaction of Compound 5 with ABC in MeOH. Kinetics General Method A was followed
using stock solutions at 20 uM and resulting in final reaction concentrations of 10 uM compound 5
and 10 uM ABC.

Reaction of Compound 6 with ABC in MeOH. Kinetics General Method A was followed
using stock solutions at 80 uM and resulting in final reaction concentrations of 40 uM compound 6
and 40 uM ABC.

Reaction of Compound 11 with ABC in MeOH. Kinetics General Method A was followed
using stock solutions at 80 uM and resulting in final reaction concentrations of 40 puM
compound 11 and 40 uM ABC.

Reaction of Compound 12 with ABC in MeOH. Kinetics General Method A was followed
using stock solutions at 80 uM and resulting in final reaction concentrations of 40 puM
compound 12 and 40 uM ABC.

Reaction of Compound 5 with ABC in PBS Containing DMSO (2% v/v). Kinetics General
Method B was followed.

Reaction of Compound 6 with ABC in PBS Containing DMSO (2% v/v). Kinetics General
Method B was followed.

Reaction of Compound 11 with ABC in PBS Containing DMSO (2% v/v). Kinetics General
Method B was followed.

Reaction of Compound 12 with ABC in PBS Containing DMSO (2% v/v). Kinetics General
Method B was followed.

Cyclooctyne Stability Experiments

A solution of ABC (25 uM) or DIBAC (25 uM) was prepared in phosphate-buffered saline
containing reduced glutathione (1.0 mM), oxidized glutathione (0.2 mM), and DMSO (2% v/v).
The solutions were incubated at 37 °C, and HPLC analyses were performed at hourly intervals to
determine the remaining concentration of dipolarophile. Subsequently, plots of In(concentration)
versus time were prepared to calculate half-lives of each cyclooctyne. (Note: The DMSO cosolvent
was used to solubilize the alkynes, but does oxidize reduced glutathione. Hence, the ratio of the
half-lives is more meaningful than the individual values.)
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Kinetic Traces

Kinetic traces for the reactions of ABC with (A) azide S, (B) diazo compound 6, (C) diazo
compound 7, (D) azide 11 (k= 1.0 M 's™"), and (E) diazo compound 12 (k= 0.75 M's™!); and the
reactions of DIBO with (F) azide 5, (G) diazo compound 6, and (H) diazo compound 7. All
reactions were carried out in CH>Cl at 26 °C and were monitored by HPLC. Values are the mean
+ SD for triplicate experiments.
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Kinetic traces for the reactions of ABC with (A) azide 5, (B) diazo compound 6, (C) azide 11, and
(D) diazo compound 12. All reactions were carried out in MeOH at 26 °C and were monitored by
HPLC. Values are the mean + SD for triplicate experiments.
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Kinetic traces for the reactions of ABC with (A) azide 5, (B) diazo compound 6, (C) azide 11, and
(D) diazo compound 12. All reactions were carried out in PBS containing DMSO (2% v/v) at 26 °C
and were monitored by HPLC. Values are the mean & SD for triplicate experiments.
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NMR Spectra (All compounds were dissolved in CDCIs unless indicated otherwise.)

'H and "*C NMR Spectra of 4-((N-Tetrazolyl)methyl)morpholine (8
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'H and "*C NMR Spectra of 8-Chloro-11-(1H-tetrazol-5-yl)-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11-ol (4)
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'H and "*C NMR Spectra of 2-Azabenzo-8-chlorobenzocyclooctyne (ABC)
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Dones et al.

'"H NMR Spectrum of 2-Azido-N-benzylacetamide (5)
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'H and "*C NMR Spectra of 5-(1H-Tetrazol-5-yl)-10,11-dihydro-5H-dibenzo[a,d][7]annulen-
5-ol (9). Both spectra were obtained in CD3OD.
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'H and "*C NMR Spectra of Dibenzocyclooctyne (DIBO)

ONQOOVOVITNNODDON NOYTYTNNT—D ONOOTTNT
QnOOOOMOOQQOONNNN OOOOMQON IELLIITITT T
NNNNNNNNNNNNNN SN qmw ww

g3 5 iy
0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.
f1 (ppm)
N N N 7

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

—S27—-



Dones et al. Supporting Information

'H and "*C NMR Spectra of 2-Azido-N-methyl-N-(phenylmethyl)acetamide (11)
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'H and "*C NMR Spectra of 2-Diazo-N-methyl-N-(phenylmethyl)acetamide (12)
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'H and "*C NMR Spectra of ABC-2-diazo-N-benzylacetamide Cycloadduct (13)
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'H and "*C NMR Spectra of ABC-2-diazo-N-benzylacetamide Cycloadduct (14)
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'H and "*C NMR Spectra of ABC-2-azido-N-methyl-N-(phenylmethyl)acetamide

Cycloadduct (15)
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'H and "*C NMR Spectra of ABC-2-diazo-N-methyl-N-(phenylmethyl)acetamide
Cycloadduct (16)
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'H and "*C NMR Spectra of ABC-benzyl Diazoacetate Cycloadduct (17)
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'H and "*C NMR Spectra of DIBO-2-azido-N-benzylacetamide Cycloadduct (18)
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'H and "*C NMR Spectra of DIBO-2-diazo-N-benzylacetamide Cycloadduct (19)

a1
160,59

B8 88

60.43
—2107
—uz

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
11 (ppm)

—-S36—



Dones et al. Supporting Information

@~ Q
0 00 I~ N N

TNN— O e e}
.......... RRRRREEERREES
NI IS N

NNNNNNNNND o
EnEhERERERENERLNN

'H and "*C NMR Spectra of DIBO-benzyl Diazoacetate Cycloadduct (20)

[=¥=
S
o oS

11.3

N T P

2.33{ gk

T L ——
& 8 333 8
°© o o < <
11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 3.0 25 2.0 15 1.0 0.5 0.
f1 (ppm)
SE3
[a) [a}
& 53238883 ES SIS -
& boaddgEs S I 38
| \ ¥

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

—S37—-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


