Supporting Information

Photo-generated radical in phenylglyoxylic acid for in vivo
hyperpolarized *C MR with photo-sensitive metabolic
substrates

Irene Marco-Rius,* Tian Cheng,’ Adam P. Gaunt,* Saket Patel,” Felix Kreis,* Andrea Capozzi,° Alan J.
Wright,* Kevin M. Brindle,* Olivier Ouari,” and Arnaud Comment ¢

* University of Cambridge, Cambridge, UK ; * Aix-Marseille University, CNRS, ICR, Marseille, France ; ©
Department of Electrical Engineering, Center for Hyperpolarization in Magnetic Resonance, Technical
University of Denmark; ¢ General Electric Healthcare, Chalfont St Giles, UK.

S1



Photochemistry

0 o* OH

OH hv ~__OH OH
—_— . +

0 77K 0 77K o

(0] (0]
OH
)H]/ + )LOH + COZ
(o)

Scheme 1. Radical production upon photo-irradiation of phenylglyoxylic acid (top) and pyruvic acid
(bottom) at 77 K.

Hyperpolarized signal corrected by flip angle and T1 relaxation

The hyperpolarized signal was corrected by flip angle and T relaxation, as per eq. 1:
. _((n—l)-TR/ )
Sp = Sycos (Byp)“ e n,

where S, is the signal amplitude of the n™ spectrum, iy is the flip angle, and TR is the repetition

time.

To calculate the liquid-state polarization, the thermal *C-NMR signal was acquired with the same
parameters as above but repetition time 5xT). The polarization, P, at the time of the first

acquisition (n = 1) was then calculated using eq. 2:
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where Orp and Gup are the flip angles used during the thermal and hyperpolarized signal
acquisition, respectively. Iup (proportional to S:) is the integral of the [2-* C]DHACc peak in the
first spectrum, Itp is the integral of the thermally polarized [2-"*C]DHAc peak using the same
frequency limits as for Iup, Ntp is the number of averages of the thermal signal and Peq is the
predicted thermal equilibrium polarization from eq. 3:

hy By
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P.q = tanh (22) x 100 % , (3)

where 71 is the Planck constant, y is the '*C gyromagnetic ratio, B is the magnetic field strength,
T is the temperature, and « is Boltzmann’s constant. In this paper, all values for P and P.q are
quoted in percent. At Bo=7 T and T'=298 K, Peq=6 x 10* %.
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Supporting Figure 1. ESR spectrometer calibration curve. The double integral of the ESR signal of known
concentrations of the stable radical 4-hydroxy-TEMPO (TEMPOL) dissolved in H,O, DMSO/H,O
(v/v) and glyc/H,O (v/v) was linearly fitted. The average of the four linear fits is shown as a solid black
line. The average slope (23S + 34) mM" was used to convert the volume-corrected ESR signal of the
photo-generated radicals into a concentration estimate. Abbreviations: DMSO = dimethyl sulfoxide; glyc
= glycerol.

S3



—_~
Q
N

S

— o— VisiCure 405nm
—s=— BlueWave 75

45

—e

radical yield (mM)

0 50 100 150 200 250
irradiation time (s)

(c)

90| — o— VisiCure 405nm
—=— BlueWave 75 0

0 200 400 600 800 1000
irradiation time (s)

—e— BlueWave 75

u

N

radical yield (mM)
N w

0]

Ho _J_oH |

irradiation ti

0 500 1000 1500 2000 2500

me (s)

Supporting Figure 2. Radical yield as a function of photo-irradiation time of (a) phenylglyoxylic acid, (b)
pyruvic acid and (c) dihydroxyacetone. Each measurement was performed twice. Lines are guides for the
eye. Note: VisiCure 405 = Dymax BlueWave LED VisiCure 405; BlueWave7S = Dymax BlueWave 75.
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Supporting Figure 3. Solid-state microwave spectra of [2-'*C]dihydroxyacetone (DHAc) doped with
radicals of unlabeled and perdeuterated phenylglyoxylic acid (PhGA). Data acquired in a 3.35 T polarizer
at 1.25 K (HyperSense, Oxford Instruments, Abingdon, UK).
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Supporting Figure 4. First derivative (black) and absorption (red) ESR spectra of solutions containing (a)

0X063, (b) 4-hydroxy-TEMPO, (c) photo-irradiated phenylglyoxylic acid (PhGA) along with ds-PhGA
in dashed line, and (d) photo-irradiated pyruvic acid.
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I TOF MS: 3 MCA scans from Sarmple 1 (PhPA-Photo-2h) of PrPA_Proto_2h d2aa DP-20.wiff Vex 8144.0 courts]
a=3,50819753712958950e-004, t0=0.064059199604333402+000 (Turbo Spray)
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Supporting Figure S. Electrospray ionization mass spectrometry (ESI MS) analysis of the mixture after 2h
of photoirradiation of PhGA (50% in volume in EtOH) has shown the presence of the starting material
PhGA and benzoic acid. No other product can be detected.

Synthesis data for the synthesis of deuterated PhGA
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Scheme 2. Synthesis of 2-Oxo-2-(phenyl-d;s)acetic acid

(Phenyl-ds)glyoxylic acid (ds-PhGA):' - In a 50 ml round bottom flask acetophenone-
(phenyl-ds) (1.5 g 12 mmol, 1 equiv., 99 atom % deuterated from Sigma Aldrich ), SeO, (2.0 g,
18 mmol, 1.5 equiv.) was introduced and 30 ml of pyridine was added. The reaction mixture was
heated at 110 °C for 1 hour under argon atmosphere and then the temperature of the reaction was
reduced to 90 °C. The progress of the reaction was monitored using thin layer chromatography
(TLC). After the completion of the reaction, reaction mixture was filtered to remove the selenium
powder and washed with chloroform. The filtrate was treated with 50 ml of 1 N HCl and the

organic phase was removed. The aqueous phase was extracted with chloroform (3*50 ml) three
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times. The combined organic phases were treated with 25 ml of 1 N NaOH and aqueous phase
was separated. The organic phase was again extracted with 50 ml of water and the combined
aqueous phase was acidified using 1 N HCl up to pH ~1 and extracted with chloroform (3*S0 ml).
The combined organic phase was dried over Na,SO4 and concentrated under reduced pressure.
The purification over silica gel by using 5% acetic acid in ethanol as the eluent provided the

product as a white powder in 42 % yield (0.770 g, 99 atom% D).
"H NMR (300 MHz, CDCl;) § 9.25 (s, 1H), 8.29 (s,0.02 H), 7.71 (s5,0.01H), 7.54 (s, 0.02 H).

13C NMR (75 MHz, CDCl;) § 184.6,162.7,135.1 (t, J = 27.2 Hz), 131.6,130.41 (t, ] = 25.6 Hz),
128.5 (t, ] =24.0 Hz).

HRMS-ESI: m/z calcd for CsDsOsH [M-H] 154.0553, found 154.0558.
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Supporting Figure 6: '"H NMR (300 MHz, CDCl;) of ds-PhGA.
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Supporting Figure 7. "C NMR (300 MHz, CDCI;) of ds-PhGA.

TOF MS: 15 MCA scans from Sarrple 1 (PrPA-5-R) of Prpa_d5 R Vextwiff Vex. 1.264 counts|
a=3.598337F J6-00%, 0032034430 000 (Turbo Spray)
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Supporting Figure 8. HRMS ESI in negative mode of ds-PhGA sample. Peaks at m/z 141.0169 and m/z
223.0200 are internal references (QStar Elite from Applied Biosystems SCIEX, Spectropole, Marseille).
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