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1. General

1.1 General Experimental Considerations

All reagents were obtained from commercial suppliers (Aldrich, Alfa Aesar, or Strem)
and used without further purification, unless otherwise stated. Solvents were purchased

as anhydrous, and stored over molecular sieves (4 A) under an argon atmosphere.

"H NMR spectra were recorded on Bruker spectrometers, at 300, 400 or 500 MHz. '3C,
1B, °F, and 3'PNMR spectra were recorded on a Bruker DPX 400 spectrometer at 100
MHz, 128 MHz, 376 MHz, and 162 MHz, respectively. Chemical shifts are reported in
ppm. Coupling constants are reported in Hz and refer to 3Jyy couplings, unless

otherwise stated.

The distribution of hydrogen isotopes in the products was determined by one of two

liquid chromatography-mass spectrometry (LC-MS) systems:

System 1: using a Symmetry Shield RP18 column, 3.9 mm x 150 mm with gradient

program. LC column conditions were as follows:

mobile phase A: water (900 mL), acetonitrile (100 mL), TFA (1 mL).
mobile phase B: water (100 mL), acetonitrile (900 mL), TFA (0.75 mL).
Flow rate: 0.6 mLmin-".

Detection: UV (254 nm and 210 nm).

System 2: using a Dionex Summit LC System with a DAD, coupled to a Thermo MSQ+
single quad MS. The LC column used was a Phenomenex Luna C18(2), 3 um particle

size, 100 A pore size, 4.6 mm x 150 mm.

mobile phase A: water (900 mL), acetonitrile (100 mL), formic acid (1 mL).
mobile phase B: water (100 mL), acetonitrile (900 mL), formic acid (0.75 mL).

Flow rate: 0.6 mLmin'.
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Detection: UV (254 nm and 210 nm).

For system 2, prior to mass detection, eluted LC samples were mixed with a 2.5% (v/v)

solution of aqueous ammonia in order to form anionic entrants to the MS system.

High resolution mass spectrometry (HRMS) data were acquired in positive or negative
ESI mode and the method is specifically stated for each compound. Data were obtained
from the EPSRC UK National Mass Spectrometry Service Centre (NMSSC) at Swansea
University. Alternatively, HRMS was provided by Sanofi (Frankfurt, Germany) via a
Bruker micro-TOF-QIl in positive ESI mode. Calibration was achieved against a sodium
formate injection. A Dionex Ultimate 3000 RSLC system was used as an inlet to the MS,
employing a flow of 0.5 mLmin-! of 0.044 % TFA in 50% acetonitrile (aq.). Use of this

system is stated where necessary.
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1.2 General Procedure — Deuteration Procedure Using Carousel

All reactions were carried out using a Radley 12-chamber carousel. The water inlet for
the carousel reflux system was turned on prior to any further reaction set up. To a 25
mL oven-dried carousel tube was added the requisite tetrazole substrate (0.086 mmol,
unless otherwise stated), base (0.043 mmol), and iridium(l) precatalyst (0.0043 mmol, 5
mol%, unless otherwise stated) under air. The requisite solvent (1 mL, unless otherwise
stated) was added, rinsing the inner walls of the tube. The tube was then sealed at the
screw cap (with gas inlet tap left open to air) and reconnected to the carousel rack. After
charging all carousel tubes with their reactants, the air in the tubes was replaced with
argon before cooling the base of the tubes in the rack to 0 °C using an ice/water cooling
bath. Separately, the carousel heating block was set to the desired reaction
temperature. Whilst in the cooling rack, the cooled flasks were evacuated and flushed
with deuterium via a balloon, and this cycle repeated one further time. The carousel
tube gas inlets were then closed, creating a sealed atmosphere of deuterium. After
sealing the flasks, the rack of tubes was transferred back to the heating block and the
reaction timer was started. The reaction mixture was stirred for the allotted time before
removing excess deuterium and replacing with air. At the end of each reaction time, a 2
ML sample was removed for LC-MS analysis. The reaction solution was then transferred
to a single-necked flask, using DCM to wash in any residues in the reaction tube, before
removing the solvent under reduced pressure. The remaining residue was partitioned
between water (5 mL) and 2-MeTHF (5 mL) in a separating funnel. The organic phase
was washed with 0.1 M HCI (5 mL), then dried over anhydrous Na,SO, before filtering
and concentrating in vacuo. The product was then analysed directly via '"H NMR
spectroscopy. The integrals were calibrated against a peak corresponding to a position

not expected to be labelled.
NOTE: it is imperative that the reaction mixture be cooled prior to the introduction of

deuterium. Heating the basified reaction mixture before adding D, was found to degrade

the catalyst before the reaction began.
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2. Reaction Optimisation for ortho-HIE with N-H Tetrazoles

Table S1 is a reprint of Table 1 of the main text, provided for convenience. The general
procedure for deuteration using the reaction carousel, as described in Section 1.2, was
followed. Relevant spectroscopic and spectrometric data are provided in Section 3

(substrate scope).

Table S$1
Entry2 Catalyst Base t/h T/°C %DP
1 2 EtzN 1 25 7
2 2 Cs,CO3 1 25 6
3 3 Cs,CO; 1 25 10
4 2 EtzN 2 37.5 10
5 2 Cs,CO3 2 37.5 15
6 3 Et;N 2 375 0
7 3 Cs,CO; 2 37.5 66
8 2 EtzN 3 50 5
9 2 Cs,CO3 3 50 83
10 2 Cs,CO3 1 50 72
11 3 Cs,CO3 1 50 80
12 3 Cs,CO; 3 50 85
13¢ 3 Cs,CO3 3 50 81
14 3 - 3 50 <5

2 Standard reagent quantities: D, (1 atm), 1 (0.086 mmol, 13.8 mg), Cs,CO; (0.043 mmol, 14.0 mg) or
Et;N (0.043 mmol, 0.006 mL), 2 (5 mol%, 4.4 mg) or 3 (5 mol%, 7.4 mg).

b D incorporation determined by '"H NMR spectroscopy.

¢ Reaction carried out using 2.5 mol% of catalyst 3.
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3. Substrate Scope for Tetrazole ortho-HIE Protocol

3.1 Notes

1. In the "H NMR spectroscopic data reported for the tetrazoles, the N-H protons are not

visible and are thus not reported.
2. Literature references are provided for the characterisation data of known compounds.

3. For each substrate, an overlay is shown of the 'TH NMR spectra of both the starting
tetrazole (green, top spectrum) and the labelled material (black, bottom spectrum). The
integrals used to determine the level of incorporation on the labelled material are shown
on the corresponding spectrum. Please note that only the 'H NMR spectrum of the

labelled material is aligned with the x-axis (ppm).

4. In all reactions reported for the substrate scope (Scheme 2, main text), catalyst 3
(7.4 mg, 0.0043 mmol, 5 mol%) was employed. All reactions in Scheme 2 used 1 mL
from a stock solution of Cs,CO3; (0.043 mM in methanol) as the combined source of
solvent and base, and all reactions employed a temperature of 50 °C. Following the
general procedure, results are reported as a) amount of substrate, b) reaction time, and

c) level of deuterium incorporation.
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3.2 Tetrazole Substrate Scope

5-Phenyl-1H-tetrazole 4a’

HN-N
S /N .
N Chemical Formula: C7HgN4
] 5 Molecular Weight: 146.15
2 4a

TH NMR (300 MHz, DMSO-dg): 5 8.05-8.02 (m, 2H, ArH3), 7.63-7.58 (m, 3H, ArH"' +
ArH2). Incorporation expected at & 8.05-8.02. Determined against integral at & 7.63—
7.58.

HRMS (positive ESI): m/z calculated for C;HsD,N4* [M-dy+H]*: 149.0796; found:
149.0791.

a) 12.6 mg, 0.086 mmol, b) 3 h and c) 87% D.
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5-(4’-Methylphenyl)-1H-tetrazole 1?

HN-N
NS /N
N Chemical Formula: CgHgN4
3 Molecular Weight: 160.18
1 5 1

TH NMR (300 MHz, DMSO-dg): 6 7.92 (d, 2H, J = 8.1 Hz, ArH3), 7.40 (d, 2H, J = 8.1 Hz,
ArH?), 2.38 (s, 3H, ArCHs;"). Incorporation expected at & 7.92. Determined against
integral at  2.38.

HRMS (positive ESI): m/z calculated for CgH;D,N4* [M-d,+H]*: 163.0947; found:
163.0946.

a) 13.8 mg, 0.086 mmol, b) 3 h, and c) 85% D.

ﬁleebH—ZUMWUD 1H) |'
Imes1396 1 (10 1H)
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5-(4’-Methoxyphenyl)-1H-tetrazole 4b3

HN’NN
SN Chemical Formula: CgHgN,O
1 Molecular Weight: 176.18
~ 3
(0]
2 4b

TH NMR (300 MHz, DMSO-dg): 6 7.97 (d, 2H, J = 8.8 Hz, ArH3), 7.15 (d, 2H, J = 8.8 Hz,
ArH?), 3.83 (s, 3H, OCHj3"). Incorporation expected at & 7.97. Determined against
integral at & 3.83.

HRMS (positive ESI): m/z calculated for CgH;D,N,O* [M-d,+H]*: 179.0896; found:
179.0895.

a) 15.2 mg, 0.086 mmol, b) 3 h, and c) 86% D.
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-
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5-(4’-Chlorophenyl)-1H-tetrazole 4c¢*

HN-N,
= /N
N Chemical Formula: C7H5CINg
ol 2 Molecular Weight: 180.60
1 4c

TH NMR (300 MHz, DMSO-d¢): 6 8.04 (d, 2H, J = 8.6 Hz, ArH?), 7.68 (d, 2H, J = 8.6 Hz,
ArH"). Incorporation expected at d 8.04. Determined against integral at 5 7.68.

HRMS (positive ESI): m/z calculated for C;H4D,3°CINs* [M-do+H]*: 183.0407; found:
183.0398.

HRMS (positive ESI): m/z calculated for C;H4D,3"CINg* [M-do+H]*: 185.0377; found:
185.0372.

a) 15.5 mg, 0.086 mmol, b) 3 h, and c¢) 93% D.

jlr:enzafzmmzn(mm; [
MFebzd-2014 30 (10 1H)
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5-(4’-Trifluoromethylphenyl)-1H-tetrazole 4d °

HN-N
< N
N Chemical Formula: CgHgsF3N4
9 Molecular Weight: 214.15
FsC ]
4d

TH NMR (300 MHz, DMSO-dg): 6 8.25 (d, 2H, J = 8.3 Hz, ArH?), 7.98 (d, 2H, J = 8.3 Hz,
ArH"). Incorporation expected at d 8.25. Determined against integral at 5 7.98.

HRMS (positive ESI): m/z calculated for CgH4D2F3N4* [M-do+H]*: 217.0670; found:
217.0665.

a) 18.4 mg, 0.086 mmol, b) 3 h, and c) 91% D.

:]lFeb24—2014 110 (10 1f
MFebz4-2014 20 (1D 1»‘)
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5-(3-Methylphenyl)-1H-tetrazole 4€°

HN-N
1 5 >~ /N
N Chemical Formula: CgHgN4
9 4 Molecular Weight: 160.18
3 4e

TH NMR (300 MHz, DMSO-dg): 5 7.86 (s, 1H, ArH®), 7.82 (d, 1H, J = 7.7 Hz, ArH*), 7.48
(t, 1H, J = 7.7 Hz, ArH3), 7.41-7.39 (m, 1H, ArH2), 2.40 (s, 3H, ArCHs). Incorporation
expected at 6 7.86 and 7.82. Determined against integral at 6 2.40.

HRMS (positive ESI): m/z calculated for CgH;DoN4* [M-d,+H]*: 163.0947; found:
163.0946.

HRMS (positive ESI): m/z calculated for CgHgDNs* [M-d{+H]*: 162.0884; found:
162.0884.

a) 13.8 mg, 0.086 mmol, b) 3 h, and c) 83% D (ArH*), 58% D (ArH5).
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5-(3-Chlorophenyl)-1H-tetrazole 4f 7

HN-N,
3 N /N
2 N Chemical Formula: C;H5CIN,
1 4 Molecular Weight: 180.60
c 4

H NMR (300 MHz, DMSO-dg): & 8.07-8.06 (m, 1H, ArH%), 8.02-7.98 (m, 1H, ArH3),
7.68-7.60 (m, 2H, ArH' + ArH?). Incorporation expected at & 8.07-8.06 and 8.02—7.98.
Determined against integral at & 7.68—7.60.

HRMS (positive ESI): m/z calculated for C;H4D,35CINg* [M-do+H]*: 183.0407; found:
183.0403.

HRMS (positive ESI): m/z calculated for C;H4D,3"CINs* [M-do+H]*: 185.0377; found:
185.0372

a) 15.5 mg, 0.086 mmol, b) 3 h, and c) 91% D (ArH?3), 93% D (ArH%).

150

® oo J
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5-(2-Methylphenyl)-1H-tetrazole 4g>

1, HN-N
- N
2 N’ Chemical Formula: CgHgN4
5 5 Molecular Weight: 160.18

TH NMR (300 MHz, DMSO-dg): & 7.92 (d, 1H, J = 7.6 Hz, ArH5), 7.50-7.36 (m, 3H,
ArHZ4), 2.43 (s, 3H, ArCHs"). Incorporation expected at & 7.92. Determined against

integral at 6 2.43.
HRMS (positive ESI): m/z calculated for CgHgDN4* [M-d{+H]*: 162.0890; found:

162.0884.

a) 13.8 mg, 0.086 mmol, b) 16 h, and c¢) 81% D.

150

x

-

-
D

160

learm-zumnuqu) [ ‘
|MDZ10419 1 (1D 1H) |

140
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5-Benzyl-1H-tetrazole' (Not shown in Scheme 2 but discussed in the manuscript text)

3 1 -N
HN™" ' Chemical Formula: CgHgNy4

SN Molecular Weight: 160.18
4

TH NMR (300 MHz, DMSO-dg): & 7.35-7.25 (m, 5H, ArH™3), 4.28 (s, 2H, PhCH>*).
Incorporation expected at & 7.35—7.25. Determined against integral at 6 4.28.

a) 13.8 mg, 0.086 mmol, b) 3 h, and c) 0% D.

150

B
-
s

leenza-zum 170 (10 {Hy
MFeb24-2014 150 (1D llH)
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4. Isotope Labelling of Valsartan

4.1 Deuteration of Valsartan

The deuterium labelling reaction was carried out in a Heidolph Synthesis 1 Liquid 16
device. NOTE: compared to the Radley carousel, the Heidolph system possesses
smaller reaction tubes (10 mL versus 25 mL). This results in an overall reduced excess
of deuterium gas.

Following the general procedure, no work-up of the sample was carried out. Results
adjacent to spectroscopic data are reported as: a) amount of 5, b) amount of 3, c)
amount of Cs,CO3, d) amount of MeOH, e) reaction temperature, f) reaction time, and
g) %D.

It has been reported in the literature that Valsartan 5 exists in solution as a pair of
rotamers, due to hindered rotation around the amide bond.® In light of these
complications, full '"H NMR spectroscopic analysis of 5 is not provided. Instead, partial
analysis of the aromatic and stereogenic protons is given, along with the LC-MS trace

showing the predominance of 5-d.

Valsartan
N.
NN
\ 1
NH
1
2 )‘OH Chemical Formula: C4HpgN503

Molecular Weight: 435.52

2 /—14

TH NMR (500 MHz, DMSO-dg):  7.69-7.64 (m, 2H, ArH' + ArH3), 7.56-7.52 (m, 2H,
ArH? + ArH%), 7.25-7.02 (2 x d, with each d split in the ratio 2:1 according to the
presence of two rotamers, 4H in total, both d share J = 8.3 Hz, ArH> + ArHS), 4.59 and

4.15 (1 x d split in the ratio 2:1 according to the presence of two rotamers, 1H in total,
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both d share J = 10.6 Hz, CH'?). Incorporation expected at & 7.69-7.64. Determined
against integral at & 7.25-7.02.

HRMS (positive ESI): m/z calculated for C,4H29DN5O3* [M-d4+H]*: 437.2412; found:
437.2406.

a) 18.5 mg, 0.043 mmol, b) 3.7 mg, 0.002 mmol, 5 mol%, c) 14.0 mg, 0.043 mmol, d)
1mL, e) 50 °C, f) 6 h, and g) 88% D.

The 'H NMR spectrum of deuterium labelled Valsartan 5 is shown below, followed by
expansions of the 7.4—7.9 ppm and 4.1-4.6 ppm regions, respectively. From this, it can
be seen that the stereogenic proton, H'2, remains largely unchanged, with an estimated

total integration of ~1H:

Pprm
Tl
7.64

~=IF 56
7.52

—7.25

__460
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416
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!
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=

i S . Y,
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ey ji
i B idiCiniair (iR i1 IR iR B

o —_ — H
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LC-MS (System 1) supports the presence of 5-d,

Print of all graphic windows
Valsartan,

Agilent Easy-Access Method: 'M2M.M°
**+ No target masses specified *+**

1

: 22.07.2014 15:56:29

Injection Date

Sample Mame t PR3IG.2 Ad Location : Vial 84
Acg. Operator ¢ P.Rojahn Inj @ 1
Acg. Instrument : INSTRUMENTL Inj Volume : 2 pl

@ C:\HPCHEM\1\METKODS\M2M. M

r 22.07.2014 15:55:19 by P.Rojahn
{modified after loading)

Analysis Method i Ci\HPCHEM\1\METHODS\LCMSKURZ.M

Last changed : 30.11.2012 13:20:14 by G.5cholz

Acg. Method
Last changed

Current Chromatogramis) _ a .
[ DABiJ | Foefe 530,50 (DAEZXDATARCIAHNT- 1422 1002 0)

Al
1500
1000
500
1 o — = - ==
T R ) SN S SSRGS L B D o H
e I

]
Mans Z.9527e+006

437

INSTRUMENT1 ©5,08.2014 09:05:27 P.Rejahn

as the major product:
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4.2 Tritiation of Valsartan

The tritiation of Valsartan 5 was carried out at Sanofi (Frankfurt) using a standard
Tritec® tritium manifold. Valsartan 5 (3.5 mg, 8.0 ymol), Cs,CO; (2.62 mg, 8.0 pmol, 1
eq.), and catalyst 3 (0.7 mg, 8.0 umol, 6.7 mol%) were dissolved in MeOH (0.7 mL) in a
1.0 mL reaction flask before being connected to the manifold. The solution was frozen in
liquid nitrogen and the flask was evacuated, then charged with tritium (1.5 Ci, 212-370
mbar). The reaction mixture was then allowed to warm to room temperature over 15 min
before stirring at r.t. for a further 30 min (212 mbar pressure). The reaction mixture was
then heated to 50 °C (370 mbar pressure) and stirred for 45 min before cooling again to
r.t. and stirring for a final 2 h. Purification and isolation via HPLC gave the tritiated
product (0.91 mg, 5-T4, 98.9% radiochemical purity). Radiochemical purity was
established by comparison of the activity of the product-containing CH3CN/H,0 fraction
following HPLC purification (1168.7 MBq), with the activity of 5-T4 (15 Ci/mmol), which
was measured by TOF-MS.

3H NMR (533 MHz, DMSO-dg): 5 7.63 (d, 1H, 3Jy.1= 9.1 Hz, ArH")
HRMS (positive ESI): m/z calculated for C,4H29TNsO3* [M-t4+H]*: 438.2431; found:
438.2502.

The 3H NMR spectrum, below, shows tritium incorporation ortho to the tetrazole only:
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5. Investigating Nitro versus Tetrazole Labelling

In both studies, substrate 4h (16.4 mg, 0.086 mmol) was employed with catalyst 3 (7.4
mg, 0.0043 mmol, 5 mol%). The basic reaction (Table S2, entry 1) employed base from
a stock solution of Cs,CO3; (1 mL, 0.043 mM in MeOH) as the combined source of
solvent and base. The base-free reaction (Table S2, entry 2) used MeOH (1 mL) as the
solvent rather than the stock base solution. The general labelling procedure for the

optimized deuteration conditions was followed otherwise, and no work-up was used

before analysis. The results are summarised in Table S2.

Table S2
-N
3@mo%) g [89] \N,N
D2, 052CO3 (05 eq.),
HN’N\ MeOH, 50 °C, 3 h O,N ) [89]
a - N
b N 49% D (total)
OoN HN-N
4h o [30] N
3 (5mol%) [27] XN
D,, MeOH, 50 °C, 3 h (30]
OoN 27]
29% D (total)
Entry Conditions %D2 %DP
12 basic 89 8
2b base-free 30 27

2Conditions: 4h (16.4 mg,), Cs,CO3 (1 mL, 0.043 mM in MeOH), 3 (5 mol%), 3 h, 50 °C.
bConditions: 4h (16.4 mg), MeOH (1 mL), 3 (5 mol%), 3 h, 50 °C.
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5-(4-Nitrophenyl)-1H-tetrazole 4h®

3

HN-N,
a N /N
b N Chemical Formula: C;Hs5N50,
2 Molecular Weight: 191.15
O,N
! 4h

TH NMR (300 MHz, DMSO-dg): 6 8.42 (d, 2H, J = 8.8 Hz, ArH"), 8.29 (d, 2H, J = 8.8 Hz,
ArH2). Incorporation expected at all positions. For the base-free reaction, incorporation
at positions ArH' and ArH? was measured against an equimolar quantity of the following

internal standard (15.5 mg, 0.086 mmol):

0]

OH Chemical Formula: C1gH1205
1 ~0 3 Molecular Weight: 180.20

TH NMR (300 MHz, DMSO-dg): 6 7.61 (s, 2H, ArH?3), 3.67 (s, 3H, ArOCH3"), 2.23 (s, 6H,
ArCHs2). Signal at & 3.67 used to calibrate the extent of integrals in labelled 4i.

For the base-mediated reaction, the ratio of 'TH NMR spectrum signals in the product
was compared to HRMS data in order to estimate the %D adjacent to each directing
group. Specifically, a '"H NMR spectrum residual peak ratio of 1:0.095 b:a (i.e. favouring
tetrazole labelling) was compared to HRMS peaks [M-d,+H]* (n = 1, 2, 3) in the ratio
7.4:85.0:7.6 (d4:d2:d3). This translates to approximately 89% D2 and 8% Db.

HRMS (positive ESI): m/z calculated for C;H4D2oNsO,* [M-do+H]*: 194.0647; found:
194.0655.
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With base:
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6. Mechanistic Studies

6.1 Investigating the pH of the Reaction and Likely State of the
Tetrazole

Methyl red indicator test

As described in the results section (main text), substrate 4d was used in repeat
experiments of the conditions from Table 1, Entries 12 and 14. In the first instance,
these two reactions were compared visually (after the 3 h reaction time) without the
addition of indicator (top, Figure S1). Separately, two more reactions were carried out,
and a similar visual comparison made after the addition of a spatula-tip of methyl red
into each carousel flask (bottom, Figure S1). See Figure S1 below for a comparison of
the reactions with and without indicator; left flask — without base; and right flask — with

base.

Figure S1. The nature of the substrate versus reaction basicity.

S28



F NMR studies of substrate 4d

NOTE: all NMR studies in this section were carried out separately from the methyl red
experiments. The following NMR data relates to the right-hand side of Figure 1 in the

main text.

The relevant data for substrate 4d in methanol-d, are provided below:

Chemical Formula: CgHsF3N4
Molecular Weight: 214.1512

'H NMR (400 MHz, Methanol-d,): & 8.24 (d, 2H, J = 8.6 Hz, ArH2), 7.89 (d, 2H, J = 8.6
Hz, ArH").
19F NMR (376 MHz, Methanol-d,): 5 —64.6 (CF5).

To assess the effects of the basic reaction conditions on tetrazole 4d, the substrate
(18.4 mg, 0.086 mmol), catalyst 3 (7.4 mg, 0.0043 mmol), and Cs,CO; (14.0 mg, 0.043
mg) were dissolved in methanol-d4 (1 mL) and added to an oven-dried NMR tube. After
sealing the tube with a rubber septum, D, was bubbled through the tube for 30 min prior

to NMR spectroscopic analysis at 300 K.

Similarly, for assessing the base-free conditions, a sample identical to that above,

minus the addition of Cs,CO3; was prepared in a separate NMR tube.
Comparative "H NMR spectrum resonances (not shown in the main text) are provided

below. In addition, all peak positions and relevant integrations are listed in Table S3,

below the spectra.

S29



Dik. D211465 2 (1D 1H) MeOD 400MHz X
J u - | [
SRRLE HEGE i
E_’lamzaﬂw (10 TH) p
% |MD211464 2 (1D 1H)
iID2114552(1D1H)
7 I\ Tetrazole only [\,
J J / J \/
5 ] Basic reaction /
_| —_— S 7—//; \~__ S—
] Jl\/ll\ Base-free reaction NL,\,
N Ll | [
Table S3
N Integral ratio
Entry Conditions F NMR/ppm  'HNMR/ ppm? (ArHZAHY)
rH2:Ar
1 Tetrazole only -64.6 8.24,7.89 2.0:2.0
2b Basic reaction -64.2 8.24,7.77 0.3:2.0
3 Base-free reaction -64.6 8.26, 7.91 1.8:2.0

@ Position of each resonance stated only (no coupling given).

b Significant deuterium labelling observed in ortho-positions.
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6.2 3'P NMR Spectroscopic Study of the Catalyst with Various
Components of the Tetrazole Labelling Method

The relevant spectroscopic analyses of complex 3 in methanol-d, are given below.
NOTE: the complex is only sparingly soluble in methanol-d, and has to be shaken

vigorously to obtain a red solution.

n*—Cycloocta-1,5-diene(1,3-dimesitylimidazol-2-ylidene)(triphenylphosphine)iridium(l)
tetrakis[(3, 5-trifluoromethylphenyl) Jborate 3'°

® CF3
1 PPh?,_| %
\Ir/ Mes Chemical Formula: C7gHg3zBFo4IrNoP
\// YN CFs /4 Molecular Weight: 1730.35
Mes/N 7 3

TH NMR (400 MHz, methanol-d;): & 7.74 (s, 2H, NCH=CHN), 7.61-7.59 (m, 12H,
ArHgacs), 7.52—-7.48 (m, 3H, ArH), 7.38-7.33 (m, 6H, ArH), 7.24-7.19 (m, 6H, ArH), 7.13
(s, 2H, ArH), 6.76 (s, 2H, ArH), 4.48-4.45 (m, 2H, COD CH), 3.39-3.36 (m, 2H, COD
CH), 2.37 (s, 6H, ArCH3), 2.17 (s, 6H, ArCHj3), 1.83 (s, 6H, ArCHj3), 1.76-1.52 (m, 6H,
COD CHy), 1.34-1.29 (m, 2H, COD CH,).

31P NMR (162 MHz, methanol-d4): 5 16.2 (PPhj).

9F NMR (376 MHz, methanol-d;): 5 —64.3 (BArF ArCF3). These spectral details were
largely unchanged between 300 K and 318 K.

Triphenylphosphine
31P NMR (162 MHz, methanol-d,): 5 —5.94 (PPhj;).

Triphenylphosphine oxide
31P NMR (162 MHz, methanol-d,): 5 32.1 (Ph3zP=0).

S31



A 3'P{'H} NMR spectroscopic study of the catalyst in methanol-d, under various

conditions revealed an intriguing variation in the phosphine-containing species present

in solution. A single peak at 16.2 ppm was visible for the precatalyst, 3, in the absence

of any other reagent. Interestingly, whether mixing either 3 with H,, or 3 with Cs,COs,

complete conversion to a peak at 32.3 ppm, corresponding to Ph;P=0, was observed in

both cases. Only when 3, Cs,CO3;, and H, were mixed together, were distinct peaks at

14.2 and 13.3 ppm observed, corresponding to the active catalyst, with both signals

persisting in the presence of tetrazole 4d. Figure S2 below shows the 3'P{'"H} NMR

spectroscopic study of complex 3 with various components of the tetrazole labelling

method. The specific details of each entry (1 — 7) are detailed following the image.

B31062 cat (1D 31P) MeQD 400MHz

X

I 3

1,800 =20405030080
L

GO0

1,400

1,200

If

M B31163 Ph3P=0 (1D 31F)

M B31506 cat + HZ (10 31F)

B E31507 cat + HZ + hase (1D 31P)

M BE31506 cat + HZ + base + et {1D 31F
W 0208923 free PPh3 (1D 31F)

PR
d2.325
32,140

i llai i)

— 14230 L
——13.308

M E31103 cat + base (10 31F)

> M E31062 cat (1D 31F)

Active species?

7. PhsP

-5.940

1,000

6. PhsP=0

200
Ll

5. Catalyst + H, + base + 4d

T Ty v

600
P

4. Catalyst + H, + Cs,CO;

400
[

3. Catalyst + H,

200
[

2. Catalyst + Cs,CO;

1. Precatalyst

Figure S2. 3'P{'H} NMR study of complex 3.
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Analysis of Catalyst 3 + Cs,COj3

Catalyst 3 (7.4 mg, 0.0043 mmol) and Cs,CO;3; (2.8 mg, 0.0086 mmol, 2.0 eq.) were
dissolved in methanol-d4 (1 mL) in an NMR tube, which was then sealed under an argon
atmosphere. The contents of the tube were shaken vigorously for 10 min, causing a red
to yellow colour change. NMR spectroscopic analysis of the sample at 300 K is provided
(primarily 3'P). Additional spectral overlays are provided for 'TH NMR spectroscopic data

(relative to catalyst 3) where formal peak assignment is not yet possible.

3P NMR (162 MHz, methanol-d,): 6 32.3 (unknown).

9F NMR (376 MHz, methanol-d4): 5 —64.3 (BArF ArCF3).

TH NMR (400 MHz, methanol-d,): overlayed with 3 (green) below (7.8—6.3 ppm, 6.2—
2.4 ppm and 2.4-1.0 ppm regions, respectively).

£
4=
=

6.736
—6.707
6434

Ime31233 1 (10 1H)
Imestzor 1 o 1H)
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Similar results were obtained with only 1 eq. of Cs,CO3 (14.0 mg, 0.043 mmol) under

otherwise identical conditions.
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Analysis of Catalyst 3 + H,

Catalyst 3 (7.4 mg, 0.0043 mmol) was placed in methanol-d4 (1 mL) in an NMR tube,
which was then sealed using a rubber septum. Hydrogen gas was bubbled through the

mixture with shaking, dissolving the precatalyst and giving a clear yellow solution.

31P NMR (162 MHz, methanol-d,): 6 32.4 (unknown).
9F NMR (376 MHz, methanol-d,): 5 —64.3 (BAr" ArCF3).
TH NMR (400 MHz, methanol-d,): overlayed with 3 (green).

M. B31506 1 (1D 1H) MeOD 400MHz =X

150

%
|

1562 [

E
4=
=

——2372
—2.150

o_[MB312331 (1D 1H)
ME31506 1 (10 TH)

Loss of COD Clean Formation of single new IMes-containing species

A LA AL e

No hydride signals (& < 0 ppm) were observed. This is presumably due to exchange

with methanol-d,.
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Analysis of Catalyst 3 + H, + Cs,COs3

Catalyst 3 (7.4 mg, 0.0043 mmol) and Cs,CO3; (14.0 mg, 0.043 mmol) were dissolved in
methanol-d, (1 mL) in an NMR tube, which was then sealed using a rubber septum.

Hydrogen gas was then bubbled through the mixture, producing a clear yellow solution.

31P NMR (162 MHz, methanol-d,): 6 32.3, 14.2, 13.3 (unknown).

19F NMR (376 MHz, methanol-d,): & —64.3 (BArF ArCF3).

TH NMR (400 MHz, methanol-d,): The overlap provided shows the current experiment
(black) versus the previous experiment (green), where catalyst 3 was mixed only with
H,. Analysis of the aliphatic region shows the formation of at least two distinct patterns
of mesityl substitution. Analysis of the hydride region shows a trace doublet (-9.7 ppm)
with a suspected 3Jy.» = 13.6 Hz, consistent with a cis-ligated phosphine relative to at

least one hydride ligand.
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Analysis of Catalyst 3 + H, + Cs,CO3 + tetrazole 4d

Catalyst 3 (7.4 mg, 0.0043 mmol), Cs,CO3; (14.0 mg, 0.043 mmol) and tetrazole 4d (1.1
mg, 0.0086 mmol) were dissolved in methanol-d4 (1 mL) in an NMR tube, which was
then sealed using a rubber septum. Hydrogen gas was bubbled through the mixture,

producing a clear yellow solution.

31P NMR (162 MHz, methanol-d,): 5 32.3, 14.3 (trace), 13.5 (unknown).

9F NMR (376 MHz, methanol-d,): 6 -64.3 (BAr" ArCF3), -64.2 (tetrazole CF3).

TH NMR (400 MHz, methanol-d,): The overlay provided shows the current experiment
(black) versus the previous experiment (red), where the tetrazole was absent. Firstly, it
appears that similar species are formed in solution in the presence or absence of
tetrazole 4d. Most interestingly, however, complete exchange of the ortho-protons was
observed, despite the fact that H, has been used in place of D,. The use of a 1:2
mixture of 3:4d does not allow definitive conclusions to be drawn regarding the catalytic
reactions. Nonetheless, this may indicate a favorable exchange between H (in the Hy)
and D (in methanol-d;), mediated by iridium. Analysis of the hydride region allowed
observation of the same trace doublet (-9.7 ppm) with a suspected 3Jyp = 12.8 Hz,

consistent with a cis-ligated phosphine relative to at least one hydride.
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6.3 Investigating the Effect of Substrate Electronics in Ir-catalysed
Tetrazole Labelling

Following the general labelling procedure, tetrazoles 1 and 4a—4d were subjected to the
optimised labelling conditions as reported above for the reaction scope. The only
change was in the reaction time (now 5 min rather than 3 h). For brevity, readers are
directed to the spectroscopic data and reagent stoichiometries reported in Section 3.2.
For construction of the Hammett plot, the %D values for substrates manifesting <30% D
incorporation after 5 min (X = H, Me, and OMe) were used as reaction rate surrogates.

These values are shown below, in Table S4.

Table S4

Entry X Substrate %D  %Dx/%Dy  10g10(%Dx/H) Fb R op°
1 H 4a 26 1.00 0.00 0.00 0.00 0.00
2 Me 1 14 0.54 -0.27 0.01 -0.18 -0.17
3 OMe 4b 10 0.38 -0.41 029 -0.56 -0.26
4a Cl 4c 73 2.81 - - -
52 CF; 4d 67 2.58

@ Not considered in the Hammet analysis.
b Field (F) and resonance (R) values obtained from the literature.
¢ogp=a.F + b.R such that op produces a straight line of R2 = 1 when plotted against logo(%Dxx). Here, a

=1.00 and b = 0.98. In other words, field and resonance effects are almost balanced.
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The graph in Figure S3 shows the p value calculated from Table S4:

-0.3

-0.25 -0.2 -0.15 -0.1

y =1.60x - 0.00
R?=1.00

o

p

Figure S3. Pseudo-Hammett values for 1, 4a and 4b.
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6.4 Investigating the Role of the PPh; Ligand in Ir-catalyzed Tetrazole
Labelling

Synthesis of n*—cycloocta-1,5-diene(1,3-dimesitylimidazol-2-

ylidene)(acetonitrile)iridium(l) hexafluorophosphate 6

The yellow complex [(COD)Ir(IMes)CI] (0.250 g, 0.389 mmol, 1 eq.),'? was dissolved in
dry THF (10 mL) in a flame-dried round-bottom flask, fitted with a stopcock sidearm.
After all the solids had dissolved, AgPFg¢ (0.098 g, 0.389 mmol, 1 eq.) was added,
affording a yellow to opaque orange colour change and formation of a precipitate. The
reaction mixture was stirred for 15 min at r.t. before filtration through Celite under argon.
Addition of dry acetonitrile (0.020 mL, 0.016 g, 0.389 mmol, 1 eq.) to the clear orange
solution resulted in the immediate appearance of a bright red colour. After stirring for 16
h at r.t., the THF solution was reduced to a quarter of its original volume and the residue

triturated using cold hexane, to afford the product as an orange solid (0.241 g, 78%

yield).
/// | PFe
N
/
\Ir/ /Mes
}/ AN Chemical Formula: Cs1H3oF6IrNsP
M /N\/ Molecular Weight: 790.86
es

6

Appearance: orange/yellow solid.

m.p.: >175 °C (dec.).

FTIR (neat): 2980, 2935, 2920, 2885, 1607, 1495, 1335, 1240 cm-".

TH NMR (400 MHz, CDCl3): 5 7.10 (s, 2H, NCH=CHN), 7.08 (bs, 4H, ArH), 4.03—4.01
(m, 2H, COD CH), 3.46-3.44 (m, 2H, COD CH), 2.48 (s, 3H, CH3CN), 2.41 (s, 6H,
ArCHs), 2.18 (s, 12H, ArCHj3), 1.89-1.82 (m, 2H, COD CH,), 1.75-1.66 (m, 2H, COD
CH,), 1.61-1.51 (m, 4H, COD CHy,).
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3C NMR (100 MHz, CDCI3): 5 173.9, 140.0, 135.0, 134.9, 129.3, 125.1, 124.2, 82.7,
65.8, 32.8, 29.0, 21.1, 18.3, 3.44.

13C JMOD NMR (100 MHz, CDCl;): 6 140.0 (CH3CN, inverted), 135.0 (inverted), 134.9
(inverted), 129.3, 125.1 (inverted), 124.2, 82.7 (inverted), 65.8 (inverted), 32.8
(inverted), 29.0 (inverted), 21.1, 18.3, 3.44 (CH3CN, inverted).

31P NMR (162 MHz, CDCl;): & —144.4 (septet, 'Jp.-=711.8 Hz PFg).

19F NMR (376 MHz, CDCl;): 6 -73.2 (d, "Jp.r = 711.8 Hz, PF).

HRMS (positive ESI): No mass ion was observed nor was expected, based on
literature precedent.’® Suspected fragment (structure shown below) m/z calculated for
[M - PFg— COD — MeCN — 2H]*: 495.1412; found: 495.1402.

—|®

Chemical Formula: Co1HxoIrN,

N Molecular Weight: 494.6380

| r\NVj

Application of NHC/Acetonitrile Catalyst 6 in Tetrazole Labelling

Following the general procedure (page S5), tetrazoles 1, 4a — 4d, and 4i were subjected
to identical labelling conditions as reported earlier for the reaction scope. The only
change was in the catalyst (2 and 6, rather than 3). The comparison of catalysts here
was chosen in order to maintain the same counterion whilst comparing the
phosphine/NHC and acetonitrile/NHC combinations. For brevity, readers are directed to
the spectroscopic data and reagent stoichiometries reported in Section 3.2. The data
for catalysts 2 versus 6 are shown in Table S5 below. Spectroscopic data for substrate

4i are also provided.
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Table S5

R\N’N\ D R\N’N\
\N'N Catalyst 2 or 6 (5 mol%) . \N'N
D,, Cs,CO5 (0.5 eq.), MeOH,
X 50 °C,3h X D
Entry Substrate X R %D (catalyst 2)2 %D (catalyst 6)°
1 4a H H 83 20
2 1 Me H 83 6
3 4b OMe H 89 11
4 4c Cl H 78 37
5 4d CF; H 93 28
6 4i H Me 17 (29)° 22

2 Conditions: Substrate (0.086 mmol), Cs,CO; (1 mL from 0.043 mM solution in MeOH), 2 (4.3 mg, 0.0043
mmol, 5 mol%).

b Conditions: Substrate (0.086 mmol), Cs,CO3 (1 mL from 0.043 mM solution in MeOH), 6 (3.4 mg, 0.0043
mmol, 5 mol%).

¢ The reaction in parenthesis was carried out in the absence of base.
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5-Phenyl-N-methyitetrazole 4i'*

EAN

N-N
NS /N
N
; 3 Chemical Formula: CgHgN4
5 4 Molecular Weight: 160.18

TH NMR (300 MHz, Methanol-dg4):  7.85-7.82 (m, 2H, ArH?), 7.68-7.61 (m, 3H, ArH"
2), 4.21 (s, 3H, NCH3*). Incorporation expected at & 7.85-7.82. Determined against
integral at d 4.21.

13.8 mg, 0.086 mmol of substrate 4i were employed.

Entry 6, catalyst 2:

,‘ B L

150

— =g
1 BB72 965 3.000

H e S ST ST L e e e e e e e e e e e e e e e ]
] 7 g g 4 3 2 1 0
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Entry 6, catalyst 2 (parenthesis):

o
o

S

[
1.4193.005

T [ e T T T
Ll 7

Entry 6, catalyst 6:
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—
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6.5 Investigating the Importance of N-H Tetrazoles and Changes in the
Active Catalyst — Additional Reactions Not in the Main Text

In reaction both with and without base, substrate 4i (13.8 mg, 0.086 mmol) was
employed with catalyst 3 (7.4 mg, 0.0043 mmol, 5 mol%). The base-free reaction (A,
below) used MeOH (1 mL) as the solvent rather than the stock base solution. The basic
reaction (B, below) employed base from a stock solution of Cs,CO3 (1 mL, 0.043 mM in
MeOH) as the combined source of solvent and base. The general labelling procedure
for the optimised deuteration conditions was followed otherwise, and no work-up was
used before analysis. As for similar reactions employing catalyst 2 (Table S5), the N-
protected tetrazole gave only low levels of deuterium incorporation under the reaction
conditions (Table S6, below), showing again that the method is selective for

unprotected tetrazoles.

NN Reaction A \N’N Reaction B \N’N

Y

N \ N
(171 N N (28] N
SN 3 (5 mol%) SN 3 (5 mol%) SN
[17] D2, MeOH, 50 c’C, 3h D2, 082003 (05 eq.), [28]

MeOH, 50 °C, 3 h

4
Table S6
Entry Conditions % D
1a basic 28
2b base-free 17

@ Conditions: 4i (13.8 mg, 0.086 mmol), Cs,CO3 (1 mL, 0.043 mM in MeOH),
3 (5 mol%).
b Conditions: 4i (13.8 mg, 0.086 mmol), MeOH (1 mL), 3 (5 mol%).

S47



6.6 Probing the Deuterium Source in Ir-catalysed Tetrazole Labelling

Labelling of Substrate 1 in Methanol-d, in the Absence of D,

Following the general labelling procedure, tetrazole 1 (13.8 mg, 0.086 mmol), Cs,CO3
(14.0 mg, 0.043 mmol), and catalyst 3 (7.4 mg, 0.0043 mmol) were dissolved in
methanol-d, (1 mL) and added to an oven-dried carousel tube under an argon
atmosphere. Here, no cooling was carried out as no D, was introduced to the system.
The reaction tube was heated to 50 °C (as before) and the solution stirred for 3 h. The
solvent was removed in vacuo and the product analysed directly via 'H NMR
spectroscopy (8% D incorporation). See Section 3.2 for the spectroscopic data relating
to 1.

Labelling of Substrate 1 in Methanol-d, in the Presence of D,

Following the general labelling procedure, tetrazole 1 was subjected to identical
labelling conditions as reported in Section 3.2 for the reaction scope, but replacing
MeOH with methanol-d4. The concentrated reaction mixture was analysed directly via
"H NMR spectroscopy (98% D incorporation). See Section 3.2 for the spectroscopic

data relating to 1.
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7. Additional HRMS Data

Tetrazole 1

HRMS (positive ESI; NMSSC):

p-Me tet MW=1607 EPSRC National Facility Swansea Marc Reid
CBHBN4 LTQ Orbitrap XL 181272014 07:15:08 AM
(MeOH}MeOH + NH40AC
: 163.0946 NL:
100 4.79E5
] STRKER332-0A-HNESP#29-
7 Observed Data 44 RT:066-1.03 AV:15T:
B0+ FTMS + p NSI Full ms
] 162.0883 [140.00-1935.00]
il 164_9‘380
0 . 1
2 100+ e _ g Ii'zEd,
% 7 Theoretical Isotope Model: [M + H}+ §
'E N Ca Ha N4 H:
=1 Non-Deuterated CaHg Ny
2 50 p (gss, s /p:40) Chrg 1
o i R: 100000 Res Pwr . @ FWHM
2 h :
;‘% e I52.|D855 163.0889
NL:
100 LT Theoretical Isctope Model: [M + H}+ 2 12E4
] Mono-Deuterated CaH7 N4 HD:
Ca Ha N4 D i
50+ p (gss, s /p:40) Chrg 1
i R: 100000 Res .Pwr . @ FWHM
= 163.|09 18 164,095
) 163.0947 NL:
Lo 2.12E4
E Theoretical Isotope Model: [M + H]+ CgHs Na HD
g : CaH7N4Da
50 Di-Deuterated p (gss, s /p:40) Chrg 1
i R: 100000 Res Pwr . @ FPWHM
0] 16d'F981 165.1014
T T T T T T T T T T T T T T T S T T T T T T T T T T
160 161 162 163 164 165
miz
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Tetrazole 4a

HRMS (positive ESI; Sanofi):

Generic Display Report
Analyzle info Acquisiion Cat2 11 4/2015 G48:20 AM
Analysls Mama  Crilata\Labor 11PNMRLabordare Reld HRMEWR 11.1_551_01_346.4
Mathad low maor2 dry gas callp epastm Oparaior del153e5
Samplke Mame MR 111 Instnumen mikcrOTOR-2 I
Comment
"Halbidaselkar
A H2OGACKNTEA S01:100:0.5
B H2OUWACHTEA 100:500:0.375
'fmgi MR 11.L_BA1_01_$86.d: +M5, O.1-0u2min #7-5
00 14590751
B
L]
40
1480729
0
1500813
154.1276
147 15,9638
| I "“'I:'ns.m.mu
|
2 1350 1375 1400 14325 1450 17 5 1500 1525 155 i} 1575 mu
Fage 1o
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Tetrazole 4b

HRMS (positive ESI; NMSSC):

p-OMe tet MW=1767 EPSRC National Facility Swansea Marc Reid
CBHBN4O LTQ Orbitrap XL 18/12/2014 07:06:32 AM
(MeOHN¥MeOH + NH40AC
179.0895 NL:
'HJU': 3.74E6
] STRKER329-0OA-HNESP#28-
] Observed Data 45 RT:0.65-1.05 AV: 16 T:
50+ FTMS + p NSI Full ms
8 178.0833 [140.00-1935.00]
7 180.0928
0 |
100 177.0771 NL:
g 1 Theoretical Isotope Model: [M + H]+ o
g e CeHaNsOH:
: 7] Non-Deuterated CeHeN4O;
lon-) 1
2 504 p (gss, s /p:40) Chrg 1
2 il R: 100000 Res Pwr . @FWHM
s ] 178.0805 179 0839
x 178.0834 : NL:
100+ Theoretical Isotope Model: [M + HJ+ 2.11E4
: Ca H? N4 OHD:
Mono-Deuterated CoHaNs 01D
507 p (gss, s /p:40) Chrg 1
_ R: 100000 Res Pwr . @ FWHM
0] I?B'FBBB 180.0901
) 179.0896 NL:
100 Theoretical Isotope Model: [M + H]+ 2 11E4
] - CaHa N4 OHD =z
B Di-Deuterated
9 i-Deuterate CgH; N4 0O, D>
504 p (gss, s /p:40) Chrg 1
i R: 100000 Res Pwr . @ FWHM
] 180'1[]930 181.0964
0 T T T T T T L R Pld )l . e P L L 5] PR el FVAL PR ) L) R R
176 TEL 178 179 180 181
miz
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Tetrazole 4¢c

HRMS (positive ESI; Sanofi):

Generic Display Report
Analysle Infa Acguisiion Date 17142015 9:56:40 AM
Analyele Mame  Do\Datailabor 11¥MMRLabonMar: Rald HRMEWMR 11.3_B52_01_348.0
Methad low mare ory 93 callp spast.m Cperasr ga016596
Zample Nam= MR 11.3 Inetrument mizrOTOF-Q 1l
Comment
“Halbklaselkar”
A H20/ACNTFA 900:100:0.5
B: H2OFACNITFA 100:800:0.375
'm[;- MR 113 883 01 _348.d: +ME 0,1-0.2mim &3-10
|
Ll
153.0398
il
Rl
404
1850372
20
1 184 0406
182.0332
186.0350
5 : . . . i ]
176 1Ta 180 182 184 186 158 190 miz
Erukar Compass DataAnalysls 4.1 printed: 1/14/2015 10:04:25 AM by: de0i5286 Page 1af 1
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Tetrazole 4d

HRMS (positive ESI; Sanofi):

Generic Display Report

Analyaia Infa Acquishion Date  1/14/2015 9:52:35 AM
Analyels Name  Dv\DataiLabor 1 15NMRLaborMar: Reld HRMSIMR 11.2_B52_01_347.d
Methaod low mere gry gaE callp Epaet.m Dperatr 2015295
SamgleNams MR 11.2 Instrument mizraTOF-a Il
Comment

*Halkizselkar

A2 HZOMACNTFA 300:100:0.5
B: H2O/ACNTFA 100:800:0.5375

P, MR 11.2_BB2_O1_347.d: +MS, 0.1-0.2min #6-13
i) T 065

A

2160597

1 218.0683

220077

E R 214 278 B P ) 26 220 miz

Enukar Compass CalaAnalysks 4.1 printed: 1/14/201510:03:17 AM oy: da0i6o96 Paga 1af1
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Tetrazole 4e

HRMS (positive ESI; NMSSC):

m-Me tet MW=1607 EPSRC National Facility Swansea Marc Reid
CEHEN4 LTQ Orbitrap XL 18/12/2014 07:03:43 AM
(MeOH¥MeOH + NH40AC
162.0684 NL:
100+
7 STRKER328-0A-HNESP#29-
45 RT: 067-1.03 AV-15T:
B Observed Dat:
507 e Rt FTMS + p NSI Full ms
] [140.00-1935.00]
B 161.0821
0- | %
é 100 TainEe Theoretical Isotope Model: [M + HJ+ 9 19E4
§ ] for non-deuterated CgHg N4 H:
3 CgHgNg
2 507 p (gss, s /p:40) Chrg 1
4 ] R: 100000 Res Pwr . @ FWHM
= - F
T 4 e 163.0889
o 162.0664 NL:
100 ! _ 2.12E4
] Theoretical Isotope Model: [M + H]+
i Cg H? N4 HD-:
for Mono-deuterated CeHeN4Dy
50 p (gss, s /p:40) Chrg 1
] R: 100000 Res Pwr . @ FWHM
0 I53'P918 164.0952
NL:
100+ Theoretical lsotope Model: [M + H[+ 1630947 2 12E4
] for Di-deuterated 8: H: m: ijzi
50 p (gss, s /p:40) Chrg 1
i R: 100000 Res .Pwr . @ FWHM
b IM'PSBI 165.1014
i} R o RO PR R R R RRH FEN LGRS P75 A I Pt R R AL ok LT RO Paad Rakin Rand
160 161 162 163 164 165
miz
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Tetrazole 4f

HRMS (positive ESI; Sanofi):

Generic Display Report

Analyels Info Acguishion Date  1/14/2015 10:04:53 AM
Analyels Mame  Do\DataiLabor 118NMRLaboriMare Reld HRMEWMR 11.5_B85_11_350.d
Methad low mare dry gae callp epast.m Operatar d2015585
Zample Nama MR 11.5 Inetrument milcrOToF-2 1l
Comment
"Halkizeelkar
A H20/ACNTFA 900:100:0.5
B: H2O/ACMITFA 100:800:0.375
lmrg. MR 11,5_B85_01_350.0- +M5, 0.1min &8
|

o 183 0403

Al

[

A

1850372
0
182.0340 LA 1871226
1B | 13,1272 1940913
| s 1
1750 1ma 18040 1825 1850 1675 180.0 v} 1950 miz

Enukar Compaes DataAnalysls 4.1 printed: 1114/2015 10:02:11 AM by: da016296 Page 1af 1
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Tetrazole 4g

HRMS (positive ESI; Sanofi):

Generic Display Report
Analysla Info Acguisilon Date  1/14/2015 10:05:55 AM
Analyels Name  Do\DataiLabor 11%NMRLaboriMare Reld HRMS3'WR 11.9_B86_01_351.d
Methad low mare dry gas callp spast.m Operator ga015L9s
Zample Nama MR 1149 Instrumeant milerOTOF-Q
Comment
“Halbklagelkar®
A H20ACMTFA900:100:0.5
B H2O/ACMNTFA 100C500:0.375
""-ﬁ;- MR 11.59_BB&_01_351.d: +M5, 0,1-0,2min &3-9
|
frivs 1620884
1610823
B
BI
40
20
1630911
158.5646
o . \ . \ i — . . \ .
156 158 180 1462 6 166 miz
Bruker Compass CataAnalysis 4.1 prinied: 1/14/2013 1:21:52 PM by: deDigegs Page 1afi
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Tetrazole 4i (base-mediated)

HRMS (positive ESI; Sanofi):

Generic Display Report
Analysis Info Acquisibon Date 141472015 10:00:47 AM
Analysis Name  Df\DataLabor 118NMRLsborMars Reid HRMSWR 11.4i_BBE4_01_34B.d
Method bow more dry gas calip spastm Operatar del15296
Sample Name MR 1141 Instrument micrOTOF-2 I
Comment
"Halbklazsiker”
A H2OVACNTRA 900:100-0.5
B: H2OVACMWTRA 100:B00:0.275
Inbars. MR 114 i_B84_01_349.d: +MS, 0.1min #8
il 1840655
ED.
404
;":l'
1310928 } :I‘.JHJLEEI:' 2050863
i} y . . J il 4 } . A . il .l .
180 185 190 135 0 s
Bruker Cornpass DatzAnalysi= 4.1 prnted: 1142015 100459 AM by: del1GEES Fape Tof 1
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Tritiated Valsartan 5-t

Generic Display Report
Analysis Info Acquisition Date  2/19/2015 3:22:03 PM
Analysis Name  D:\Data\Labor 119\NMRLabor\Derd8757\Valsartan 3H FFC.URA.55_BB2_01_553.d
Method low more dry gas.m Operator de016996
Sample Name  Valsartan 3H FFC.URA 55 Instrument micrOTOF-Q I
Comment "Halbklassiker"
At H2O/ACN/TFA 900:100:0.5
B: H2O/ACN/TFA 100:900:0.375
XBridge BEH C18 XP
2.1x50mm, 2.5 um
XB18XP-1
lnlenss- ’7 Valsartan 3H FFC.URA.55_BB2_01_553.d: +MS, 4.2-4.3mlIn #248-255
x10
438.2502
1.0
0.8
0.6
0.4
0.2
873.4875
209.1042  308.1849 “ i
0.0 ; R TTRR FERT O \ My ™ A K I{n " ; . i g Al ;
' 100 200 300 400 500 600 700 800 900 m/z
Bruker Compass DataAnalysis 4.1 printed: 2/19/2015 3:56:50 PM by: de016996 Page 1 of 1
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8. Additional LC-MS Data

Tetrazole 4a

LC-MS(System 2):

Generic MS Marc Reid Feb14 #20 Polarity: n.a. [modified by DE021657E]

p-H-pheny! tetrazole Cone n.a. uv_vis 2
200 [ ]
0002y = = WVL:254 i
o (s} o
z £ Genz-684406-Gluc - 7.57 min %
£ £ £
2,000 g
8
W
£
1,000 =
5-13.937
N 4-11.245 6 -16.028
SB1j\ SB2 2-9.038-9.037 2- ‘ ‘ ‘
T T T T T T T T T T T T T T T o
0.0 10 20 30 40 50 6.0 70 80 9.0 10,0 110 120 13.0 14.0 15.0 16.0 17.0 18.0 19.0 2
9,195,836 RT: 8.19 min T:{0:0} - c ESI !corona sid=70.00 det=1718.00 Full ms [115.00-1000.00]
2 ounts
1 147.0
5,000,000
2,500,000 146.0
148.0
0 T 14\?0 T T T T T / T T T 4
143.66 144.50 145.00 145.50 146.00 146.50 147.00 147.50 148.00 148.50 149.00 149.50 150.18
LC-MS(System 2):
Generic MS Marc Reid Feb14D #27 Polarity: n.a. [modified by DE021657E] MR 11.10 (4-MeO) Cone na. V uv_vis 2
300045 L WVL254
féU % 6 54 nm)|
I i 0
3 3 3
£ £ £
2000 g
T
H
1,000 =
5 T T T T T T T T T T T T T T T T T o
00 10 20 30 4.0 50 6.0 70 80 90 10.0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 200
1,975.950_RT: 8.00 min T:{0;1} + ¢ ESI Icorona sid=70.00 det=1718.00 Full ms [115.00-1000.00]
ounts
177.1
1,500,000-]
1,000,000-]
176.1
500,000+
1782 179.1
175.1 ‘ 180.1 m/z
o T T T T T T T T T T T T T T
1713 173.0 174.0 175.0 176.0 177.0 178.0 179.0 180.0 181.0 182.0 183.0 184.0 185.0 186.4
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Tetrazole 4¢c

LC-MS(System 2):

Generic MS Marc Reid Feb14 #22 Polarity:

.a. [modified by DE021657E]

p-Cl-phenyl tetrazole Cone n.a. V' uv_Vis 2
3000 [ ]
=Y = < WVL:254 ni
S S S
i n i
5 H H
£ £ £
2,000 g
8
N
B4
£
1,000-| =
x T T T T T T T T T T T T T T T T T .
00 1.0 20 30 4.0 5.0 6.0 7.0 8.0 9.0 100 110 120 130 14.0 150 16.0 170 180 19.0 2
7,361,899 RT: 10.30 min T: {0:0} - c ESI !corona sid=70.00 det=1718.00 Full ms [115.00-1000.00]
’ ' fcounts
1 181.0
4,000,000
180.0
183.0
2,000,000 182.0
179.0
T T ‘\ 1 I T I 18?‘0 T T T ‘m/z
176.2 177.0 178.0 179.0 180.0 181.0 182.0 183.0 184.0 185.0 186.0 187.0 188.2
LC-MS(System 2):
Generic MS Marc Reid Feb14 #21 Polarity: n.a. [modified by DE021657E] p-CF3-phenyl tetrazole Cone n.a. V' uv_Vis 2
250 [ ]
R =] = z WVL:254 nm|
S S S
i " i
13 H H
£ £ £
g
8
W
1,000 &
=
e |
z T T T T T T T T T T T T T T T T T i
0.0 1.0 20 30 4.0 5.0 6.0 7.0 8.0 9.0 100 1.0 120 130 14.0 150 16.0 170 18.0 19.0 200
27,182,951 RT: 11.73 min T:{0:0} - c ESI !corona sid=70.00 det=1718.00 Full ms [115.00-1000.00]
T lcounts
215.0
20,000,000
10,000,000+
214.0
216.0
R 213.0 | mid
L e L A e e e m e O e B e T T LA e o e e T L S e e
211.56 212.00 212.50 213.00 213.50 214.00 214.50 215.00 215.50 216.00 216.50 217.00 217.50 217.99
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Tetrazole 4e

LC-MS(System 2):

Generic MS Marc Reid Feb14D #25 Polarity: n.a. [modified by DE021657E]

MR 11.8 (3-Me) Cone na. V. v vis 2
3,000 [1] :
Fgu 5 s WLZ54
I W "
3 3 3
£ £ £
2,000 g
g
W
£
1,000 =
M ]
T T T T T T T T T T T T T T T T T o
0.0 10 20 30 40 50 60 70 80 9.0 100 110 120 130 140 150 160 170 180 19.0 200
4,462,604 RT: 891 min T: {00} - ¢ ESI Icorona sid=70.00_det=1718.00 Full ms [115.00-1000.00]
T fcounts
161.0
160.0
2,500,000
133.1
1,250,000
159.0 102
131.0 1344 620
— i — T T T T T T T T T i T T i
128.9 1325 135.0 137.5 140.0 142.5 145.0 147.5 150.0 152.5 155.0 157.5 160.0 162.5 165.0 167.6
LC-MS(System 2):
Generic MS Marc Reid Feb148 #5 Polarily: n.a. [modified by DE021657E] m-Cl-pheny telrazole Cone n.a. V. uv_vis 2
£u 5 5 WLZ54 i
0 " W
3 3 =
£ £ £
arslg
8
W
250 &
H
125
N
50 T T T T T T T T T T T T T T T T T o
00 10 20 30 40 50 60 70 80 90 100 1.0 120 130 140 150 160 170 180 190 200
3621 409_RT: 10.51 min T: {0:0} - ¢ ES! Icorona sid=70.00 det=1718.00 Full ms [115.00-1000.00]
e fcounts
181.0
2,000,000-]
1,000,000 183.0
1804 182.0
o T T T T T ‘ ; i 1 18\% ’ T T T T e
174.3 176.0 177.0 178.0 179.0 180.0 181.0 182.0 183.0 184.0 185.0 186.0 187.0 188.0 189.2
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Tetrazole 4g

LC-MS(System 2):

Generic MS Marc Reid Feb14D #26 Polarit

n.a. [modified by DE021657E] MR 11.9 (2-Me) Cone n.a. V. uv_Vis 2
1,400 [1] 3
Fgu 5 5 WVL:254 nm|
i 0 0
2 5 S
1,000 £ 5 =
8
8
N
H
5004 =
T T T T T T T T T T T T T T T T o)
00 10 20 30 40 5.0 6.0 7.0 8.0 9.0 10.0 1.0 120 13.0 14.0 150 16.0 17.0 18.0 19.0 2
3,021 74.17RT: 8.53 min T: {0:0} - c ESI !corona sid=70.00 det=1718.00 Full ms [115.00-1000.00]
e fcounts
159.0 160.0
2,000,000-|
1,000,000+
161.0
o T T I T T T T T T T T T T T T ‘m/z
156.0 157.0 158.0 159.0 160.0 161.0 162.0 163.0 164.0 165.0 166.0 167.0 168.0 169.0 170.0 171.0 172.3
LC-MS(System 2):
Generic MS Marc Reid Feb14B #6 Polarity: n.a. [modified by DE021657E] benzyl tetrazole Cone n.a. V uv_Vis 2
35.04—
&U 5 5 WVL:254 i
JW I i
3 3 3
£ £ £
=3
2008
W
k4
=
10.0-{ =
04—~
10,0 min)
T T T T T T T T T T T T T T T T T
0.0 1.0 20 30 4.0 50 6.0 7.0 8.0 9.0 100 110 120 130 140 150 16.0 17.0 18.0 190 200
1.591,836_RT:8.07 min T: {0;0} - c ESI !corona sid=70.00 det=1718.00 Full ms [115.00-1000.00]
T Jeounts
159.0
1,000,000+
500,000-|
160.0
m/z|
o T T T T T T T T T T T T T T
148.2 150.0 152.0 154.0 156.0 158.0 160.0 162.0 164.0 166.0 168.0 170.0 172.0 174.0 176.2
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