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A PASE-based approach towards 12-(1H-1,2,3-triazol-1-yl)indolo-
[2,1-a]isoquinolines via the reaction of 3-(isoquinolin-1-yl)-1,2,4-triazines
with benzyne
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General. Unless otherwise indicated, all common reagents and solvents were used from
commercial suppliers without further purification. Melting points were measured in a Boethius
apparatus. *H, 3C and °F NMR spectra were acquired on a Bruker Avance-400 spectrometer,
298 K, digital resolution + 0.01 ppm, using TMS as internal reference for *H and **C NMR or
CFClz for ®F NMR. Mass-spectra were recorded on MicrOTOF-Q Il (Bruker Daltonics),
electrospray as a method of ionization. Microanalyses (C, H, N) were performed using a Perkin—
Elmer 2400 elemental analyzer. The structure of compound 8a was determined on a X-ray
diffractometer “Xcalibur E”.

Isoquinoline-1-carbohydrazonamide 3,5 isoquinoline-1-carbaldehyde 5, [52
isonitrosoacetophenone hydrazones 45 were synthesized as described in literature.

1-Cyanoisoquinoline 6. Isoquinoline N-oxide 7 (1.015 g, 7 mmol) was dissolved in dry
DMF (50 ml). Triethylamine (1.07 ml, 7.7 mmol), potassium cyanide (1.37 g, 21 mmol) were
added. Then MesSiCl (3.55 ml, 28 mmol) was added dropwise, and the resulting mixture was
stirred at 50 °C for 8 h. Then potassium cyanide (0.91 g, 14 mmol) and MesSiCl (2.37 ml, 18.7
mmol, dropwise) were added, and the resulting mixture was stirred at 50 °C for additional 8 h.
The resulting mixture was cooled to room temperature, water (100 ml) was added, and this was
stirred at room temperature for 1 h. The obtained precipitate was filtered off, washed with water
and dried in vacuum. The product was used in the next step without additional purification. Yield
755 mg (70%). M.p. 86-88 °C. 'H NMR (DMSO-ds, 5, ppm): 7.78-7.86 (m, 2H), 7.90 (m, 1H),
7.95 (m, 1H), 8.36 (m, 1H), 8.66 (d, 1H, 3J 5.6 Hz). ESI-MS, m/z: 155.06 (M+H)*.

General method for the synthesis of triazines 1b-d

Isoquinoline-1-carbaldehyde 5 (85 mg, 0.54 mmol) was dissolved in acetic acid (20 ml).
The corresponding hydrazone 4 (0.54 mmol) was dissolved in acetic acid (20 ml). The two
solutions have been mixed and this was kept at room temperature overnight. Then mixture was
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heated to reflux 10-20 min until clear solution was formed. The solvent was removed under
reduced pressure. Ethanol (30 ml) was added to the residue; the resulting solid was filtered off,
washed with ethanol and dried. The crude triazines were used directly in the next step without
additional purification.

1-(6-Phenyl-1,2,4-triazin-3-yl)isoquinoline (1b). Yield 100 mg (61%). 'H NMR
(DMSO-ds, 6, ppm): 7.61-7.65 (m, 3H, Ph), 7.66-7.70 and 7.79-7.84 (both m, 2H, H-6, H-7),
8.00 (d, 1H, 3J 5.6 Hz, H-4), 8.08 and 8.27 (both m, 2H, H-5, H-8), 8.33-8.38 (m, 2H, Ph), 8.69
(d, 1H, 3J 5.6 Hz, H-3), 9.60 (s, 1H, triazine). ESI-MS, m/z: 285.11 (M+H)*. Anal. Calcd. for
CisH12N4: C 76.04, H 4.25, N 19.71%; Found: C 76.13, H 4.33, N 19.63%.

1-(6-p-Tolyl-1,2,4-triazin-3-yl)isoquinoline (1c). Yield 89 mg (0.30 mmol, 52%). M.p.
204-206 °C. *H NMR (DMSO-ds, 8, ppm): (s, 3H, CHsPh),7.42-7.46 (m, 2H, PhCHa), 7.64-7.70
and 7.79-7.84 (both m, 2H, H-6, H-7), 8.00 (d, 1H, 3J 5.6 Hz, H-4), 8.08 and 8.26 (both m, 2H,
H-5, H-8), 8.25 (m, 2H, PhCHz), 8.69 (d, 1H, 3J 5.6 Hz, H-3), 9.56 (s, 1H, triazine). ESI-MS,
m/z: 299.13 (M+H)". Anal. Calcd. for C1oH14N4: C 76.49, H 4.73, N 18.78%; Found: C 76.38, H
4.61, N 18.64%.

1-[6-(4-Fluorophenyl)-1,2,4-triazin-3-yl]isoquinoline (1d). Yield 125 mg (76%). M.p.
194-196 °C. 'H NMR (DMSO-ds, 8, ppm): 7.35-7.42 (m, 2H, PhF), 7.64-7.69 and 7.77-7.83
(both m, 1H, H-6, H-7), 7.97 (d, 1H, 3J 5.6 Hz, H-4), 8.06 and 8.28 (both m, 1H, H-5, H-8),
8.40-8.47 (m, 2H, PhF), 8.69 (d, 1H, 3J 5.6 Hz, H-3), 9.60 (s, 1H, triazine). *F NMR (DMSO-ds,
3, ppm): -109.1. ESI-MS, m/z: 303.10 (M+H)*. Anal. Calcd. for C1sH11FN4: C 71.52, H 3.67, N
18.53%; Found: C 71.41, H 3.55, N 18.44%

1-(5,6-Diphenyl-1,2,4-triazin-3-yl)isoquinoline (1a). Benzil 2 (210 mg, 1.00 mmol) was
dissolved in a mixture of ethanol and THF (50 ml, 1:1), then solution of isoquinoline-1-
carbohydrazonamide 3 (186 mg, 1 mmol) in ethanol (50 ml) was added, and the resulting
mixture was refluxed for 10 h. After cooling to room temperature, the precipitate was filtered
off, washed with ethanol and dried. The crude triazine was used directly in the next step without
additional purification. Yield 360 mg (50%). *H NMR (CDCls, §, ppm): 7.32-7.39 (m, 2H, Ph),
7.40-7.48 (m, 4H, Ph), 7.63-7.73 (m, 5H, Ph), 7.74-7.79 (m, 1H), 7.84-7.88 (m, 1H), 7.94-7.99
(m, 1H), 8.61-8.65 (m, 1H), 8.79-8.82 (d, 1H, 3J 5.6 Hz, H-3). ESI-MS, m/z: 461.15 (M+H)*.
Anal. Calcd. for C2sHisN4: C 79.98, H 4.47, N 15.54%; Found: C 79.87, H 4.34, N 15.40%.

General method for the reaction 1,2,4-triazines 1 with arynes

The corresponding 1,2,4-triazine 1 (0.30 mmol) was dissolved in dry toluene (25 ml), and
isoamyl nitrite (0.12 ml, 0.90 mmol) was added. The mixture was stirred under reflux under
argon, while a solution of 2-aminobenzoic acid (124 mg, 0.90 mmol) in dry 1,4-dioxane (10 ml)

was added from dropping funnel for 30 min. The mixture was heated under reflux for 1 h and
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then cooled to room temperature. Then, the reaction mass was washed with potassium hydroxide
solution (3 M, 3x50 ml) and dried with anhydrous sodium sulfate. The solvents were removed
under reduced pressure. The products were separated by column chromatography (silica gel,
ethyl acetate as the eluent, Rr = 0.8). Analytical samples of products were obtained by
recrystallization (from MeCN).
12-(4,5-Diphenyl-1H-1,2,3-triazol-1-yl)indolo[2,1-a]isoquinoline (8a). Yield 67 mg
(51%). 'H NMR (CDCls, §, ppm): 6.83 (d, 1H, 3J 7.6 Hz, H-5), 7.05-7.11 (m, 2H), 7.12-7.16 (m,
2H), 7.18-7.22 (m, 2H), 7.31-7.38 (m, 6H), 7.39-7.44 (m, 2H), 7.45-7.50 (m, 1H), 7.59-7.63 (m,
1H), 7.77-7.83 (m, 2H), 8.11 (d, 1H, 3J 7.6 Hz, H-6). *C NMR (CDCls, 5, ppm): 109.8, 110.3,
117.2, 121.6, 122.2, 123.7, 123.9, 124.0, 126.0, 127.2, 127.2, 127.5, 128.0, 128.2, 128.6, 128.7,
129.0, 129.0, 129.2, 129.4, 129.9, 130.0, 131.1, 136.6. ESI-MS, m/z: 437.18 (M+H)*. Anal.
Calcd. for CaoH20Na4: C 82.55, H 4.62, N 12.83%; Found: C 82.53, H 4.34, N 12.71%. The XRD
analysis of the single crystal of CsoH20N4 was accomplished on an “Xcsalibur 3” diffractometer
on standard procedure (MoK-irradiation, graphite monochromator, w-scans with 1o step,
T=295(2) K). Using Olex2,[5¥ the structure was solved with the ShelXSE® structure solution
program using Direct Methods and refined with the ShelXLI® refinement package using Least
Squares minimization in anisotropic approximation for the nonhydrogen atoms. The H-atoms
were added in the calculated positions and were refined in the “riding” model in the isotropic
approximation. Crystal Data: CaoH20N4, M = 436.50, system is monoclinic, a = 13.2659(11) A, b
=12.4205(6) A, ¢ = 14.6024(12) A, p = 111.610(8)°, V = 2236.9(3) A3, space group P21/c, Z =
4, y(MoKa) = 0.078 mm™. On the angles 2.84 < ® < 33.240 32849 reflections measured, 7409
unique (Rint = 0.0442) which were used in all calculations. The final R1 = 0.1222, wR2 =
0.1205 (all data) and R1 = 0.0496, wR2 = 0.1078 (I1>2o(1)). Largest diff. peak and hole are 0.225
and -0.182 & A, CCDC 1861705 contains the crystallographic data for this compound.
12-(4-Phenyl-1H-1,2,3-triazol-1-yl)indolo[2,1-a]isoquinoline (8b). Yield 60 mg (56%).
'H NMR (CDCls, 5, ppm): 6.89 (d, 1H, 3J 7.2 Hz, H-5), 7.16-7.20 (m, 1H), 7.29-7.35 (m, 1H),
7.38-7.54 (m, 7H), 7.61-7.65 (m, 1H), 7.89-7.93 (m, 1H), 8.01-8.06 (m, 2H), 8.16 (s, 1H,
triazole), 8.20 (d, 1H, 3J 7.2 Hz, H-6). 13C NMR (CDCls, §, ppm): 106.4, 110.0, 110.6, 117.0,
121.5, 122.6, 123.5, 123.7, 123.9, 123.9, 125.5, 126.0, 127.3, 128.2, 128.7, 128.9, 129.0, 129.1
(20), 129.9, 130.0, 148.0. ESI-MS, m/z: 361.15 (M+H)*. Anal. Calcd. For C24H1sN4: C 79.98, H
4.47, N 15.54%; Found: C 79.84, H 4.33, N 15.41%.
12-(4-p-Tolyl-1H-1,2,3-triazol-1-yl)indolo[2,1-a]isoquinoline (8c). Yield 61 mg (54%).
'H NMR (CDCls, &, ppm): 2.40 (s, 3H, CHs), 6.71-6.75 (d, 1H, 3J 7.2 Hz, H-5), 7.09-7.13 (m,
1H), 7.20-7.25 (m, 1H), 7.27-7.30 (m, 2H, PhCHs), 7.31-7.34 (m, 2H), 7.34-7.40 (m, 1H), 7.41-

7.46 (m, 1H), 7.49-7.52 (m, 1H), 7.76-7.81 (m, 1H), 7.88-7.92 (m, 2H, PhCHz), 8.02-8.06 (d,
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1H, 33 7.2 Hz, H-6), 8.04 (s, 1H, triazole). 1*C NMR (CDCls, &, ppm): 24.5, 101.4, 104.7, 105.1,
111.7, 116.2, 117.2, 117.7, 118.5, 118.7, 120.3, 120.6, 122.0, 122.4, 122.8, 123.4, 123.6, 124.5,
124.7, 133.1, 143.0. ESI-MS, m/z: 375.16 (M+H)". Anal. Calcd. For C2sHisN4: C 80.19, H 4.85,
N 14.96%; Found: C 80.03, H 4.72, N 14.83%.

12-[4-(4-Fluorophenyl)-1H-1,2,3-triazol-1-yl]indolo[2,1-a]isoquinoline (8d). Yield 59
mg (0.156 mmol, 52%). *H NMR (CDCls, §, ppm): 6.82-6.86 (d, 1H, 3J 7.6 Hz, H-5), 7.08-7.16
(m, 3H, CeHa4F, isoquin.), 7.23-7.29 (m, 1H), 7.32-7.39 (m, 2H), 7.40-7.46 (m, 2H), 7.55-7.60
(m, 1H), 7.83-7.88 (m, 1H), 7.90-7.96 (m, 2H, CsH4F), 8.06 (s, 1H, triazole), 8.12-8.16 (d, 1H, 3J
7.6 Hz, H-5). 1°F NMR (DMSO-ds, &, ppm): -113.1. 3C NMR (CDCls, &, ppm): 101.2, 104.7,
105.1, 110.8 (d, J 22.0 Hz), 111.6, 116.1, 117.2, 117.8, 118.3, 118.5. 118.6, 120.2, 121.5 (d, J
3.0 Hz), 122.0, 122.4, 122.5, 122.7, 123.4, 123.6, 124.7, 142.1, 157.6 (d, J 246.4 Hz). ESI-MS,
m/z: 379.14 (M+H)". Anal. Calcd. For C24H1sFN4: C 76.18, H 4.00, N 14.81%. Found: C 76.11,
H 4.10, N 14.77%.

References

[S1] S. P.J. T. Bachollet, D. Volz, B. Fiser, S. Miinch, F. Ronicke, C. Franziska, J. Carrillo,
H. Adams, S. Brise and J. P. A. Harrity, Chem.-Eur. J., 2016, 22, 12430.

[S2] M. Setoguchi, S. limura, Y. Sugimoto, Y. Yoneda, J. Chiba, T. Watanabe, F. Muro, Y.
ligo, G. Takayama, M. Yokoyama, T. Taira, M. Aonuma, T. Takashi, A. Nakayama and
N. Machinaga, Bioorg. Med. Chem., 2012, 20, 1201.

[S3] B. B. Dey, J. Chem. Soc., 1914, 105, 10309.

[S4] O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H. Puschmann, J.
Appl. Crystallogr., 2009, 42, 339.

[S5] G. M. Sheldrick, Acta Crystallogr., 2008, A64, 112.

S4



@ [ 3] NOOWNOITITOND DO N @ © ~ O~ — @
@ @ o0 QOO FTTOVODOOODOAORN s, NS
wn © o MEOOOONNNN—-0O009 @ ©©QoOoQ
(=2 0 0 ©0 c0 00 ©0 0 €0 cO ©0 ¢0 ¢0 €0 00 ©0 M~ M~~~ Ll e
'H NMR (400 MHz, DMSO-dj)
Nay
7 N
N ~N
=
206 3.00
1.00 0.96 : 0.98 096 097 1.01 11
T £ _/_ . e e — /f
T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 PPM
Krinochkin AK880 USER: nmr -- DATE: 13:32:34.445 +0500 nmr(@EP-ZH070706
F1: 400.130 |F2: 1.000 SW1: 8224 OF1: 2463.2 PTS1d: 32768 ‘
EX: zg30 PW: 14.0 us PD: 1.0 sec NA: 14 LB: 0.3 Nuts - $4495 1.1

Figure S1

S5



8.209
8.190
8.165

8.046
8.043
8.025
7.921
7.904

(4N

(= T H OWHW—WOWT O
<+ OO N~ — OO NW
© © VW WWWwW s < <+
NN N NNNMNNNRN

Ny

1H NMR (400 MHz, CDCI,)

\
XN

Z N

7.448
7.445
7.429
7.411
7.256

7189
7169

7.317

6.900
6.881

1.82
0.99 88 / 0.90 /099 1.13 /o_gs /0.95
I T T T I T T T T | T T T | T T
8.4 8.2 .8 7.6 7.4 72 7.0 6.8 PPM
Khasanov GS-70-2 USER: nmr -- DATE: 13:02:39.033 +0500 nmr(@EP-ZH070706
F1:400.130 ‘FZ: 1.000 SW1: 8224 OF1: 2458.7 PTS1d: 32768 |
EX: zg30 PW: 14.0 us PD: 1.0 sec NA:11 LB: 0.3 Nuts - $4706 1.1
Figure S2

S6



147.955

13C NMR (100 MHz, CDCI,)

g

NZI\{ l
@/N Z >N

.

15 S |

116.971
110.554
109.985
106.404

T
150

| T
120

T ]
115 110 PPM

145 140 135 130 125
Kopchuk GS-70 USER.: nmr -- DATE: 00:03:23.881 +0600 nmr(@EP-ZH070706
F1:100.613 |F2: 1.000 SW1: 24038 OF1: 10060.8 PTS1d: 32768 |
EX: zgpg30 PW: 105 us PD: 2.0 sec NA: 3840 LB:1.0 Nuts - $2348 13.1
Figure S3

S7



9.562

1.00

! ! I
9.5

Krinochkin AK1018

IH NMR (400 MHz, DMSO-dg)

9.0

1.00

I

3.07

oy

T T T T
8.0

USER: nm

7.815

7.672

7.452
7.432

T
PPM

r -- DATE: 14:40:03.139 +0‘600 nmr(@EP-ZH070706

F1: 400.130 ‘FZ: 1.000 SW1: 8224 OF1: 2463.9 PTS1d: 32768
EX: zg30 PW:13.6 us PD: 1.0 sec NA: 8 LB: 0.3 Nuts - $2485 1.1
Figure S4

S8



8.051

8.042
8.032
7.907
7.887
7.793
7.785
7.770

(NN

0.92

2
/ e

O I~ O ONODNTN NN TN D - OWNOM— O
— O FTONOOOMDWOLFTONN—OATFNNOONOD
wn T FEFTONOOOMOONO0ONNNNNNN N
N~ NNNNNNMNNNNNMNMNNRNNENNNRNNRN

Ny

IH NMR (400 MHz, CDCI,)

A

\N/N

1 93 212
1,0‘]

6.747
6.728

N

M JUWWM o

1.00

T T
6.6PPM

T T T T T T
8.2 8.0 7 6 6.8
Krinochkin AK1065 USER: nmr -- DATE: 13:15:37.610 +0600 nmr(@EP-ZH070706
F1:400.130 |F2: 1.000 SW1: 8224 OF1: 2446.4 PTS1d: 32768 |
EX: zg30 PW:13.6us PD:1.0 sec NA:10 LB:03 Nuts - $2762 1.1
Figure S5

S9



(=2 T OO I~ T ONODHD OO T—DMOM ~— v~ M~ @ 0 < M~
o COCOWNNOMNMOOIODOOWDOIION®M AN <+ O — uw
=) CTOFTOITNTAOUNOT T O —N— O ™ 0w =+
o) T FTONNNTOODVDDONMNSWO~ W 3 — [ Bl -t
i pooudMdoddd Tt Egee M~ o
13C NMR (100 MHz, CDCl,)
N=N
\ |
N~
I 1 J wd bensordgue .Jl.ll. W,
‘ T | T T ‘ T | T T ‘ T Tl
140 120 100 80 60 40 20 PPM
Krinochkin AK1069 USER: nmr -- DATE: 00:45:22.510+0600 nmr@EP-ZH070706
F1:100.613 |F2: 1.000 SWI1: 24038 OF1:10010.5 PTS1d: 32768 |
EX: zgpg30 PW:10.5us PD: 2.0 sec NA: 4096 LB:1.0 Nuts - $2803 13.1

S10



Figure S6
o [Te ] Lo OO OO — I~ « I~ ~©
[=) o o~ O~ — M~ < o0 © Q [(s] o o O
o ©© ALY 09 a0 D © < M0
()] o0 <0 € 0 0@ c0 @ 0 @ 0 @ M~ P~ ~ I~ M~ P~
IH NMR (400 MHz, DMSO-dG)
N
= \|N
X N
N | N
=
2.05 2.02
h.00 0.98 / 0.98
} JJ‘UL ~
T T I T T T T I T T T T T T T I T T
9.5 9.0 8.5 8.0 75 PPM
krinochkin AK1060 USER: nmr -- DATE: 14:06:06.326 +0600 nmr@EP-ZH070706
F1:400.130 [F2: 1.000 SWI1: 8224 OF1: 2466.7 PTS1d: 32768 |
EX: zg30 PW:13.6 us PD: 1.0 sec NA: 16 LB: 0.0 Nuts - $2714_1.1

S11



Figure S7

0]
~
@
=]
19F NMR (376.3 MHz, DMSO-dﬁ)
=
N
~ N
NS l N
N | N
=
| T T T T T T
0 -50 -100 -150 -200 PPM
Krinochkin AK1060 USER: nmr -- DATE: 13:55:43.480 +0600 nmr@EP-ZH070706
F1:376.498 ‘FZ: 1.000 SW1: 89286 QF1: -37649.6 PTS1d: 65536 ‘
EX: zgthiggn PW:17.0 us PD: 1.0 sec NA: 16 LB: 0.0 Nuts - $2714 19.1

S12



Figure S8

[y MTs] [Te] Q QO 0 I W) O [Ty} o] MO0 —~OOD DM~ oWk~ @ )
w ™ w noo— O 0 © v 00 O3 W OWM— D < O
== =] OO RO DD 0 0 LT nmad =) 0 @
0 0 0 Ll el e e e M~ M~ L el L L L S o A Lol (e}
'H NMR (400 MHz, CDCl,)
N=N I
\
NN~ N
F W
3.10
1.96 214 205
/1.00 D.95 / /0.93 /0.95 / / //1.07 /1.04
=
H_ﬁ___k;wjukj LNMWW“W MW/NL%_*JM?
T T T I T T T I T T T I T T T T
8.0 7.5 7.0 PPM
Krinochkin AK1069 USER: nmr -- DATE: 13:18:51.984 +0600 nmr(@EP-ZH070706
F1: 400.130 [F2: 1.000 SW1: 8224 OF1: 2432.6 PTS1d: 32768
EX: zg30 PW: 13.6 us PD: 1.0 sec NA: 16 LB:0.3 Nuts - $2894 1.1

S13



Figure S9

©
©
]
19F NMR (367.3 MHz, CDCl,)
N:l\{
N~
F O
T T T T T T T T T T
0 -50 -100 -150 -200 PPM
Krinochkin AK1069 USER: nmr -- DATE: 13:32:35.699 +0600 nmr(@EP-ZH070706
F1:376.498 |F2: 1.000 SW1: 89286 OF1: -37649.6 PTS1d: 65536
EX: zgthigqn PW:17.0us PD: 1.0 sec NA: 16 LB: 03 Nuts - $2894 19.1

S14



Figure S10

[=e] = M~ [+)] MO MOTFTNOUULONONO NG M~ B~ —
[l ~ — w OO O - WOUANMNMNWDO — O N~MNLW — M j=]
0 © - N OTOITMONV WD MO- WO i~ I
o0 L=} (] o) FTONNANN— OO M~MNO— QOO v <+ —
2 ] 2 § UHOUOUOUdUTErRETEREEE 282 e
13C NMR (100 MHz, CDCl,)
=N
\ |
N~
F W
i IL_ L tl l i |l wad \JU\UJL i da LJL.,\ JMLU
T T T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 PPM
Krinochkin AK 1069, USER: nmr -- DATE: 08:14:41.690 +0600 nmr(@EP-ZH070706
F1:100.613 ‘F2: 1.000 SWI1: 24038 OF1:10010.5 PTS1d: 32768 |
EX: zgpg30 PW:105us PD:2.0 sec NA: 5120 LB: 1.0 Nuts - $2961 _13.1

S15



8.809
8.795

8.641
8.621

LY

Figure S11

7.972
7.951
7.943
7.867
7.853

Ly

IH NMR (400 MHz, CDCl,)

ﬁ-—“-.;

i

Ny
— N
N N
=
1 02
ﬁm J}m | sm JM
T T T T I T I T T T T T T T T T T T
9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 PPM
Hasanov AF491-1 USER: nimyr -- DATE: 14:52:26.968 +0600 nmr@EP-ZH070706
F1:400.130 |F2: 1.000 SW1: 8224 OF1: 2460.7 PTS1d: 32768 ‘
EX: zg30 PW:11.6us PD: 1.0 sec NA: 9 LB: 0.3 Nuts - $4661 1.1

S16



Figure S12
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