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Abstract

BACKGROUND: Doping is the use of prohibited substances by athletes to improve their performance. World Anti-Doping
Agency (WADA)-accredited laboratories require various metabolite reference standards of the prohibited chemical substances
or drugs for routine quality control. Therefore, it was proposed to develop efficient synthetic methodologies for highly pure
reference materials of Phase II metabolites of octopamine, norfenefrine and etilefrine, which are prohibited in sports by WADA
under the S6 stimulant category. The reference materials were characterized using various analytical techniques. New high-
performance liquid chromatography with diode-array detection (HPLC-DAD) methods were developed for purity assessment.

RESULTS: The synthesized Phase II metabolite reference standards, i.e. octopamine sulfate, norfenefrine sulfate and etilefrine
sulfate, were confirmed by 1H NMR, 13C NMR, liquid chromatography–high-resolution mass spectrometry (LC-HRMS), attenu-
ated total reflectance Fourier transform infrared and thermogravimetric analysis. In the LC-HRMS study, the mass error value
of synthesized compounds was less than 10 ppm (error) which confirms the identity of the reference materials. New HPLC-
DADmethodwere developed to ensure the purity of the referencematerials. We used the HILIC column asmetabolite reference
standards are highly polar. The mobile phase was composed of water and acetonitrile in fixed composition. The HPLC-DAD
purity of the developed reference materials was observed as 100%.

CONCLUSION: We have developed reproducible synthetic routes for octopamine sulfate, norfenefrine sulfate and etilefrine sul-
fate, which are prohibited in sports by WADA. The synthesized metabolites were characterized using different advanced ana-
lytical techniques. These reference standards will be helpful to all WADA-accredited laboratories in routine anti-doping testing.
© 2023 Society of Chemical Industry (SCI).

Supporting information may be found in the online version of this article.
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INTRODUCTION
The World Anti-Doping Agency (WADA) came into existence in
1999 to promote anti-doping practices.1 WADA aims to provide
a fair play environment and it is an independent international
organization dealing with the illicit use of chemical substances
or non-approved drugs.2 The prohibited drug substances include
anabolic androgenic steroids, 2-agonists, hormone antagonists
and modulators, diuretics, various peptide hormones and growth
factors that are subject to extensive drug testing for sports in dop-
ing control programs.3 Many prohibited substances have no
threshold restrictions and identity confirmation because of the
non-availability of reference materials.4,5 Various types of mush-
rooms, plants and mixtures of wine and herbs were used by
ancient Greeks and Romans to enhance the performance of ath-
letes in 776 BC.6 Since 2004, this agency has started generating
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lists of prohibited drugs and methods for doping-free sports
under the world anti-doping code.7-10 As of now, athletes are
allowed to take some substances with a corresponding urinary
threshold as mentioned in the WADA Technical Document of
‘Decision limits for the confirmatory quantification of exogenous
threshold substances by chromatography-based analytical
methods (TD DL)’ to distinguish allowed use from prohibited sys-
temic misuse. These drugs are permitted with a therapeutic use
exemption up to a decision limit level in various situations, where
alternatives of these threshold substances are not available.11 The
decision limit for urine samples is high, which also includes the
combined measurement uncertainty, and urine samples of
threshold substances containing more than the decision limit
are considered an adverse analytical finding and will lead to a
doping case. Currently, athletes use peptide molecules to
improve their athletic performance.12,13 It is reported in the litera-
ture that a high oral dose of these substances has an anabolic or
harmful impact.14 Octopamine, norfenefrine and etilefrine struc-
ture are closely related to norepinephrine and were restricted
under the S6 stimulants category in 2005–2006 because of
performance-amplifying properties.15 Clinically, octopamine and
norfenefrine are being used as adrenergic drugs.16 Etilefrine
works as an anti-hypotensive drug, also known as an analeptic
and sympathomimetic agent.17 These drugs undergo Phase II
metabolism and sulfate conjugation happens to excrete from
the body as octopamine sulfate (OS), norfenefrine sulfate
(NS) and etilefrine sulfate (ES).18-20 These conjugated sulfate
metabolites have better hydrophilicity and are excreted through
urine. Liquid chromatography–mass spectrometry (LC/MS) is a
widely used technique for quantifying different substances from
biological samples because of its high sensitivity if standards are
available.21 Drugs previously undetectable at particular sample
concentrations are now determined using new methods and
sophisticated advanced instruments.3,22 These conjugated stan-
dard metabolites are essential for monitoring the amount of dop-
ing agents in athletes' blood or urine samples.23,24 Previously, our
laboratory has synthesized three different reference materials,
carboxytoremifene, para-hydroxyprenylamine and norethylmor-
phine, and supplied them to NDTL for further supply to WADA-
accredited laboratories for routine QAQC use.25-29 However, refer-
ence materials of the target metabolites are required for calibra-
tion of test results and confirmation of dope control methods,
simplifying the metabolic assessment of prohibited drugs.30 As
such, it was proposed to develop efficient synthetic routes for
highly purified reference materials of OS, NS and ES (as shown
in Figure 1), which are prohibited in sports by WADA under the
S6 stimulant category for anti-doping studies.31-33

The synthesized material has already been delivered to NDTL,
New Delhi for further supply to all the WADA-accredited laborato-
ries for routine testing.34 Consequently, synthesis of drug metab-
olites as reference materials has emerged as a new research area
within synthetic organic chemistry, which bridges the gap
between synthetic, medicinal and analytical chemistry.9,12,35-37

MATERIALS AND METHODS
All chemicals, reagents and solvents were purchased from a com-
mercial source andwere used as receivedwithout further purifica-
tion. High-performance liquid chromatography (HPLC)-grade
acetonitrile and methanol were obtained from M/s Rankem Pvt
and Limited, India. Potassium bromide (KBr) was purchased from
M/s Tokyo Chemical Industry Co. Ltd (Tokyo, Japan). HPLC-grade

water was used for the entire analysis from a Merck Milli-Q water
purification unit installed at the Department of Biotechnology,
NIPER Guwahati. 1H NMR and 13C NMR spectra were recorded
with Bruker 400 MHz, 500 MHz, 126 MHz and 100 MHz spectrom-
eters, in D2O, CDCl3 or DMSO-d6. The data are presented as
chemical shift (⊐) and coupling constant J in hertz (Hz). LC/MS/
MS: Waters Xevo TQ-XS triple quadrupole mass analyzer. High-
resolution MS (HRMS): Thermo Exactive Plus Orbitrap mass
spectrometer, Thermo Scientific. HPLC-grade acetonitrile was
obtained fromM/S Fisher Scientific. Reversed-phase HPLC system:
M/s Agilent Technologies series, 1260 infinity HPLC-II system.
HPLC system was composed of a G7129A 1260 autosampler, col-
umn compartment and a 1260 diode-array detector (DAD). Agi-
lent 1200 series LC pumps and auto-sampler (Agilent, CA, USA)
system were used in conjunction with a triple quadrupole mass
spectrometer with an electrospray ionization (ESI) source in the
LC/MS/MS system. HRMS: Agilent G6545B LC-QTOF.

Chemistry
Conversion of 1 to 7
To a stirred solution of octopamine hydrochloride (1; 1 equiv,
30 mmol, 5.68 g) and Boc2O (1.1 equiv, 33 mmol, 7.19 g) in
40 mL of DCM at 0 °C, Et3N (2 equiv, 60 mmol, 6.06 g) was added
dropwise. After 30 min, the reaction was set at room temperature
for an additional 3 h. The solvent was evaporated under reduced
pressure upon completion of the reaction (indicated by TLC). The
crude reaction mixture was purified by column chromatography
on silica gel (EtOAc/hexane = 4:6) to afford 7 (98% yield, 7.50 g)
as a white solid. 1H NMR (400 MHz, DMSO-d6) ⊐ 9.24 (s, 1H), 7.05
(d, J = 8.5 Hz, 2H), 6.65 (d, J = 8.5 Hz, 2H), 6.60 (s, 1H), 5.12 (d,
J = 4.3 Hz, 1H), 4.42 (dt, J = 8.3, 4.5 Hz, 1H), 3.06–2.98 (m, 1H),
2.96–2.87 (m, 1H), 1.32 (s, 9H). 13C NMR (100 MHz, DMSO-d6) ⊐
156.86, 156.13, 134.47, 127.66, 115.21, 78.06, 71.68, 48.72, 28.77.
ATR-FTIR (solid/cm−1) 3397, 3266, 2971, 2925, 2852, 1643, 1613,
1533,1513, 1451, 1366, 1299, 1244, 1213, 1154, 1069, 958, 897,
850, 829, 794, 750, 704, 629. MS (ESI) m/z [M + Na]+ calculated
for C13H19NNaO4: 276.1212, found 275.96. HRMS (ESI) m/z [M
+ Na]+ calculated for C13H19NNaO4: 276.1212, found 276.1208.

Conversion of 7 to 10
TBSCl (4 equiv, 118.5 mmol, 17.77 g) and imidazole (6 equiv,
177.8 mmol, 12.09 g) were added to a solution of 7 (1 equiv,
29.6 mmol, 7.50 g) in 60 mL of DMF and was stirred at room tem-
perature for 4 h. Upon completion of the reaction (indicated by
TLC), 40 mL of water was slowly added to the reaction mixture.
It was extracted with DCM (20 mL × 4). Anhydrous Na2SO4 was
used to dry the organic extract, and under reduced pressure, it
was dried to obtain the crude product. Column chromatographic
purification was done on silica gel (EtOAc/hexane = 1:10) to
afford 10 (94% yield, 13.65 g) as a white solid. 1H NMR (400 MHz,
CDCl3) ⊐ 7.15 (d, J = 8.3 Hz, 2H), 6.77 (d, J = 8.5 Hz, 2H), 4.78 (s,
1H), 4.68 (dd, J = 7.9, 3.5 Hz, 1H), 3.40–3.29 (m, 1H), 3.02 (dt,
J = 13.4, 6.5 Hz, 1H), 1.42 (s, 9H), 0.96 (s, 9H), 0.86 (s, 9H), 0.17 (s,
6H), 0.01 (s, 3H), −0.14 (s, 3H). 13C NMR (100 MHz, CDCl3) ⊐
155.95, 155.01, 135.28, 127.21, 119.83, 79.21, 73.61, 49.12, 29.79,
28.51, 25.91, 25.75, 18.27, 1.11, −4.35, −4.64, −4.97. ATR-FTIR
(solid/cm−1) 3311, 2958, 2930, 2857, 1690, 1606, 1533, 1507,
1466, 1396, 1363, 1251, 1163, 1083, 1017, 944, 910, 783, 703,
666. MS (ESI) m/z [M + Na]+ calculated for C25H47NNaO4Si2:
504.2941, found 504.15. HRMS (ESI) m/z [M + Na]+calculated for
C25H47NNaO4Si2: 504.2941, found 504.2943.
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Conversion of 10 to 13
To a solution of 10 (1 equiv, 28.37 mmol, 13.65 g) in 40 mL of
DMF, Cs2CO3 (1.5 equiv, 42.55 mmol, 13.86 g) was added in por-
tions and was stirred at room temperature for 36 h. After comple-
tion of the reaction (indicated by TLC), 35 mL of water was slowly
added to the reaction mixture and extracted with EtOAc
(20 mL × 4). Anhydrous Na2SO4 was used to dry the organic
extract and evaporated under reduced pressure to obtain the
crude product. Column chromatographic purification was done
on silica gel (EtOAc/hexane = 3:7) to afford 13 (76% yield,
8.10 g) as a colorless sticky solid. 1H NMR (400 MHz, CDCl3) ⊐
7.09 (d, J = 8.5 Hz, 2H), 6.97 (s, 1H), 6.77 (d, J = 8.5 Hz, 2H), 4.99–
4.87 (m, 1H), 4.66 (dd, J = 8.3, 3.2 Hz, 1H), 3.43–3.28 (m, 1H),
3.05–2.94 (m, 1H), 1.43 (s, 9H), 0.86 (s, 9H), 0.01 (s, 3H), −0.14 (s,
3H). 13C NMR (100 MHz, CDCl3) ⊐ 156.44, 155.79, 133.83, 127.31,
115.26, 79.85, 73.72, 49.31, 28.53, 25.92, 18.29, −4.58, −4.98.
ATR-FTIR (solid/cm−1) 3350, 2932, 2858, 1686, 1607, 1509, 1455,
1364, 1250, 1164, 1082, 978, 942, 828, 775, 667. HRMS (ESI) m/z
[M + Na]+ calculated for C19H33NNaO4Si: 390.2077, found
390.2074.

Conversion of 13 to 16
Compound 13 (1 equiv, 22.07 mmol, 8.10 g) was dissolved in
33 mL of THF and 22 mL of N,N0-dimethylpropylene urea
(DMPU), and the resulting solution was cooled to −75 °C. Sodium
bis(trimethylsilyl)amide (1 mol L−1 in THF, 1.1 equiv, 24.27 mmol,
4.44 g, 23.76 mL) was added dropwise, and for 15 min, it was stir-
red. After that, neopentyl chlorosulfate (1.4 equiv, 30.89 mmol,
5.74 g) was added to the reaction mixture, and the stirring was
continued for 3 h. After 3 h, the reaction mixture was warmed to
room temperature. After the reaction was complete (indicated
by TLC), ethyl acetate (20 mL) and saturated aqueous NaHCO3

solution were subsequently added, and then it was extracted with
EtOAc (20 mL × 4). Over anhydrous Na2SO4 the organic extract
was dried and evaporated under reduced pressure to obtain the
crude product. The crude product was purified by column chro-
matography on silica gel (EtOAc/hexane = 1:10) to afford 16
(88% yield, 10.04 g) as a pale-yellow solid. 1H NMR (400 MHz,
CDCl3) ⊐ 7.36 (d, J = 8.5 Hz, 2H), 7.26–7.23 (m, 2H), 4.82–4.75 (m,
2H), 4.04 (s, 2H), 3.39–3.30 (m, 1H), 3.05–2.97 (m, 1H), 1.41 (s,
9H), 0.96 (s, 9H), 0.87 (s, 9H), 0.03 (s, 3H), −0.12 (s, 3H). 13C NMR
(100 MHz, CDCl3) ⊐ 155.91, 149.53, 141.84, 127.52, 120.86, 83.51,
79.50, 73.14, 49.13, 32.00, 28.47, 26.00, 25.86, 18.25, −4.69,
−4.95. ATR-FTIR (solid/cm−1) 2958, 2927, 2857, 1699, 1509, 1467,
1402, 1367, 1255, 1156, 1085, 948, 887, 827, 779, 743, 671, 629.
MS (ESI) m/z [M + H]+ calculated for C24H44NO7SSi: 518.2608,
found 518.39. HRMS (ESI) m/z [M + Na]+ calculated for
C24H43NNaO7SSi: 540.2427, found 540.2427.

Conversion of 16 to 17
To a solution of 16 (1 equiv, 19.42 mmol, 10.04 g) in THF at 0 °C,
tetra-n-butylammonium fluoride (70% in water, 1.5 equiv,
29.13 mmol, 7.60 g, 10.8 mL) was added dropwise and the reac-
tionmixture was stirred for 1 h. Then, it was warmed to room tem-
perature, and the stirring continued for 3 h. After the reaction was
complete (indicated by TLC), under reduced pressure, THF was
evaporated, and 20 mL of ACN was added. It was then extracted
with EtOAc (20 mL × 4), and over anhydrous Na2SO4 the organic
extract was dried. Under reduced pressure, it was evaporated to
obtain the crude product, which was purified by column chro-
matographic on silica gel (EtOAc/hexane = 3:7). Compound 17
(96% yield, 7.45 g) was afforded as a white solid. 1H NMR

(400 MHz, CDCl3) ⊐ 7.40 (d, J = 8.6 Hz, 2H), 7.27 (d, J = 8.7 Hz,
2H), 4.95 (s, 1H), 4.87–4.78 (m, 1H), 4.07 (s, 2H), 3.54 (s, 1H), 3.44
(dd, J = 12.0, 6.7 Hz, 1H), 3.20 (dt, J = 13.8, 6.5 Hz, 1H), 1.43 (s,
9H), 0.99 (s, 9H). 13C NMR (100 MHz, CDCl3) ⊐ 157.34, 149.66,
141.22, 127.49, 121.15, 83.60, 80.29, 73.55, 48.53, 32.03, 28.36,
25.98. ATR-FTIR (solid/cm−1) 3362, 2961, 2922, 2858, 1673, 1595,
1515, 1463, 1397, 1379, 1315, 1264, 1145, 1064, 1024, 950, 866,
799, 749, 699, 645. MS (ESI) m/z [M – H]− calculated for
C18H28NO7S: 402.1586, found 402.90. HRMS (ESI) m/z [M –
COOH]− calculated for C19H30NO9S: 448.1641, found 448.1651.

Conversion of 17 to 20
In a round-bottom flask fitted with a reflux condenser, compound
17 (1 equiv, 18.50 mmol, 7.45 g) was dissolved in 40 mL of DMF,
and then sodium azide (1.5 equiv, 27.75 mmol, 1.80 g) was added.
In an oil bath, the resulting reaction mixture was stirred at 75 °C
for 24 h. After the reaction was complete (indicated by TLC),
under reduced pressure, the DMF was evaporated, and the crude
reaction mixture was directly subjected to column chromato-
graphic purification on silica gel (EtOH/DCM = 2:8) to afford 20
(97% yield, 6.39 g) as a white solid. 1H NMR (400 MHz, D2O) ⊐
7.28 (d, J = 8.6 Hz, 2H), 7.17 (d, J = 8.7 Hz, 2H), 3.23 (dp, J = 14.0,
8.0, 7.2 Hz, 2H), 1.77 (s, 1H), 1.22 (s, 9H). 13C NMR (100 MHz, D2O)
⊐ 158.09, 150.70, 138.95, 127.68, 121.55, 100.00, 80.99, 71.91,
46.45, 27.60, 23.27. ATR-FTIR (solid/cm−1) 3566, 3505, 3385,
2968, 2923, 2857, 1672, 1531, 1426, 1242, 1167, 1046, 867, 805,
735, 714. MS (ESI) m/z [M – Na]− calculated for C13H18NO7S:
332.0804, found 331.90. HRMS (ESI) m/z [M – Na]− calculated for
C13H18NO7S: 332.0804, found 332.0808.

Conversion of 20 to 4
To a stirring solution of compound 20 (1 equiv, 18.00 mmol,
6.39 g) in 40 mL of DCM, CF3COOH (10 equiv, 180 mmol,
20.52 g, 13.8 mL) was added dropwise, and the resulting reaction
mixture was stirred for 4 h at room temperature. After the reac-
tion was complete (indicated by TLC), the white precipitate
formed was isolated by simple filtration. It was then washed with
DCM (15 mL × 4) to afford pure product 4 (98% yield, 4.10 g) as a
white solid. 1H NMR (400 MHz, D2O) ⊐ 7.36–7.31 (m, 2H), 7.21 (dd,
J = 8.4, 1.5 Hz, 2H), 4.89 (dd, J = 8.0, 3.6 Hz, 1H), 3.21–3.14 (m, 1H),
3.13–3.04 (m, 1H). 13C NMR (100 MHz, D2O) ⊐ 151.19, 137.35,
127.46, 121.95, 69.10, 45.21. ATR-FTIR (solid/cm−1) 3417, 3225,
3157, 2966, 2881, 1682, 1604, 1496, 1213, 1130, 1044, 1004,
938, 873, 832, 728, 653. MS (ESI) m/z [M – H]− calculated for
C8H10NO5S: 232.0280, found 231.91. HRMS (ESI) m/z [M – H]− cal-
culated for C8H10NO5S: 232.0280, found 232.0282.

Conversion of 2 to 8
To a stirred solution of norfenefrine hydrochloride (2; 1 equiv,
25 mmol, 4.740 g) and Boc2O (1.1 equiv, 27.5 mmol, 5.995 g) in
35 mL of DCM, Et3N (2 equiv, 50 mmol, 5.05 g) was added drop-
wise at 0 °C. After 30 min, the reaction was set at room tempera-
ture and continued to stir for an additional 3 h. After the reaction
was complete (indicated by TLC), under reduced pressure, the sol-
vent was evaporated. The crude reaction mixture was then puri-
fied by column chromatography on silica gel (EtOAc/
hexane = 4:6) to afford 8 (99% yield, 6.29 g) as a colorless sticky
solid. 1H NMR (400 MHz, DMSO-d6) ⊐ 9.25 (s, 1H), 7.05 (t,
J = 7.8 Hz, 1H), 6.67 (dd, J = 17.2, 9.5 Hz, 3H), 6.57 (s, 1H), 5.24
(d, J = 4.3 Hz, 1H), 4.45 (dt, J = 8.4, 4.5 Hz, 1H), 3.05 (ddd,
J = 13.3, 6.3, 4.8 Hz, 1H), 2.91 (ddd, J = 13.3, 7.9, 5.2 Hz, 1H), 1.33
(s, 9H). 13C NMR (100 MHz, DMSO-d6) ⊐ 157.66, 156.16, 145.81,
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129.41, 117.13, 114.37, 113.38, 78.11, 71.99, 48.80, 28.77. ATR-FTIR
(solid/cm−1) 3466, 3328, 3149, 3096, 2975, 2925, 1657, 1586, 1546,
1479, 1445, 1371, 1259, 1159, 1088, 1050, 989, 882, 786, 686. MS
(ESI) m/z [M + Na]+ calculated for C13H19NNaO4: 276.1212; found
276.01. HRMS (ESI) m/z [M – H]− calculated for C13H18NO4:
252.1236, found 252.1239.

Conversion of 8 to 11
TBSCl (4 equiv, 99.2 mmol, 14.88 g) and imidazole (6 equiv,
148.8 mmol, 10.11 g) were added to a solution of 8 (1 equiv,
24.8 mmol, 6.29 g) in 55 mL of DMF. The reactionmixture was stir-
red at room temperature for 4 h. After completion of the reaction
(indicated by TLC), 40 mL of water was slowly added to the reac-
tion mixture and was extracted with DCM (20 mL × 4). The
organic extract was dried over anhydrous Na2SO4, and the solvent
was evaporated under reduced pressure to obtain the crude
product, which was further purified by column chromatography
on silica gel (EtOAc/hexane = 1:10) to afford 11 (98% yield,
11.68 g) as a colorless oil. 1H NMR (500 MHz, CDCl3) ⊐ 7.15 (t,
J = 7.8 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 6.81 (s, 1H), 6.71 (dd,
J = 7.9, 1.7 Hz, 1H), 4.81–4.72 (m, 1H), 4.69 (dd, J = 7.8, 3.8 Hz,
1H), 3.43–3.28 (m, 1H), 3.02 (dt, J = 13.4, 6.5 Hz, 1H), 1.42 (s, 9H),
0.96 (s, 9H), 0.88 (s, 9H), 0.17 (s, 6H), 0.03 (s, 3H), −0.11 (s, 3H).
13C NMR (126 MHz, CDCl3) ⊐ 155.94, 155.65, 144.19, 129.27,
119.31, 119.17, 117.83, 79.29, 73.58, 49.04, 28.52, 25.92, 25.77,
18.31, 18.28, −4.30, −4.62, −4.98. ATR-FTIR (solid/cm−1) 3461,
3376, 2940, 2893, 2859, 1712, 1593, 1489, 1362, 1259, 1163,
1093, 971, 951, 832, 776, 700, 668. HRMS (ESI)m/z [M + Na]+ calcu-
lated for C25H47NNaO4Si2: 504.2941, found 504.2932.

Conversion of 11 to 14
To a solution of 11 (1 equiv, 24.2 mmol, 11.68 g) in 40 mL of DMF,
Cs2CO3 (2.5 equiv, 60.50 mmol, 19.60 g) was added in portions
and was stirred at room temperature for 48 h. After completion
of the reaction (indicated by TLC), 40 mL of water was slowly
added to the reaction mixture and was extracted with EtOAc
(20 mL × 4). Anhydrous Na2SO4 was used to dry the organic
extract, evaporating under reduced pressure to obtain the crude
product. This was purified by column chromatography on silica
gel (EtOAc/hexane = 3:7) to afford pure product 14 (98% yield,
8.70 g) as a colorless sticky solid. 1H NMR (400 MHz, CDCl3) ⊐
7.24 (t, J = 7.8 Hz, 1H), 6.97–6.79 (m, 3H), 6.38 (s, 1H), 4.96 (s,
1H), 4.79 (d, J = 7.4 Hz, 1H), 3.47 (dd, J = 13.7, 6.4 Hz, 1H), 3.13
(dt, J = 13.0, 6.2 Hz, 1H), 1.53 (s, 9H), 0.98 (s, 9H), 0.12 (s, 3H),
0.00 (s, 3H). 13C NMR (100 MHz, CDCl3) ⊐ 156.27, 156.10, 144.21,
129.47, 118.05, 114.62, 113.11, 79.69, 73.73, 49.06, 28.51, 25.92,
18.30, 1.10, −4.63, −5.00. ATR-FTIR (solid/cm−1) 3351, 3240,
3066, 2962, 2892, 2858, 1675, 1587, 1538, 1471, 1372, 1332,
1259, 1161, 1091, 1020, 973, 934, 867, 818, 777, 698, 662, 633.
MS (ESI)m/z [M – H]− calculated for C19H32NO4Si: 366.2101, found
366.09. HRMS (ESI) m/z [M – H]− calculated for C19H32NO4Si:
366.2101, found 366.2095.

Conversion of 14 to 18
Compound 14 (1 equiv, 23.7 mmol, 8.70 g) was dissolved in
33 mL of THF and 22 mL of DMPU, and the resulting solution
was cooled to −75 °C. Sodium bis(trimethylsilyl)amide (1 mol L−1

in THF, 1.1 equiv, 26.07 mmol, 4.77 g, 26.01 mL) was added drop-
wise, and the resulting reaction mixture was stirred for 15 min.
After that, neopentyl chlorosulfate (1.4 equiv, 33.18 mmol,
6.17 g) was added to the reaction mixture, and the stirring was
continued for 3 h. Then the reaction mixture was warmed to

−20 °C and stirred for 2 h. After completion of the reaction (indi-
cated by TLC), ethyl acetate (20 mL) and saturated aqueous
NaHCO3 solution were added (at −20 °C), and then the reaction
system was allowed to reach room temperature. After that, it
was extracted with EtOAc (20 mL × 4). The organic extract was
dried over anhydrous Na2SO4, and the solvent was evaporated
under reduced pressure to obtain the crude product, which was
further purified by column chromatography on silica gel (EtOAc/
hexane = 3:7) to afford 18 (45% yield, 4.30 g) as a colorless oil.
1H NMR (400 MHz, CDCl3) ⊐ 7.38 (t, J = 7.9 Hz, 1H), 7.33 (d,
J = 1.9 Hz, 1H), 7.30 (d, J = 7.7 Hz, 1H), 7.22 (ddd, J = 8.1, 2.5,
1.0 Hz, 1H), 4.93 (s, 1H), 4.89–4.82 (m, 1H), 4.08 (s, 2H), 3.58–3.40
(m, 2H), 3.22 (dt, J = 13.8, 7.1 Hz, 1H), 1.44 (s, 9H), 1.00 (s, 9H).
13C NMR (100 MHz, CDCl3) ⊐ 150.48, 144.65, 130.04, 124.82,
120.27, 118.70, 100.00, 83.56, 80.36, 73.65, 48.55, 32.03, 28.40,
26.03. ATR-FTIR (solid/cm−1) 3422, 2970, 2933, 2876, 1691, 1612,
1584, 1513, 1484, 1447, 1396, 1370, 1247, 1189, 1166, 1128,
1100, 1047, 957, 860, 793, 694, 636. MS (ESI) m/z [M + Na]+ calcu-
lated for C18H29NNaO7S: 426.1562, found 426.36. MS (ESI)m/z [M
+ Na]+ calculated for C18H29NNaO7S: 426.1562, found 426.1551.

Conversion of 18 to 21
In a round-bottom flask fitted with a reflux condenser, compound
18 (1 equiv, 10.6 mmol, 4.3 g) was dissolved in 40 mL of DMF, and
then sodium azide (1.5 equiv, 15.75 mmol, 1.02 g) was added. The
reaction mixture was stirred at 75 °C in an oil bath for 24 h. After
completion of the reaction (indicated by TLC), the DMF was evap-
orated under reduced pressure, and the crude reaction mixture
was directly purified by column chromatography on silica gel
(EtOH/DCM = 2:8) to afford 21 (69% yield, 2.60 g) as a white solid.
1H NMR (500 MHz, D2O) ⊐ 7.25 (t, J = 8.0 Hz, 1H), 7.12–7.04 (m,
3H), 4.61 (t, J = 6.1 Hz, 1H), 3.16 (qd, J = 13.9, 6.2 Hz, 2H), 1.17 (s,
9H). 13C NMR (100 MHz, D2O) ⊐ 158.11, 151.21, 143.23, 129.94,
123.99, 120.90, 119.33, 81.02, 71.96, 46.47, 27.58. ATR-FTIR
(solid/cm−1) 3399, 2968, 2924, 2852, 2119, 1691, 1519, 1448,
1389, 1364, 1237, 1176, 1141, 1064, 950, 917, 873, 806, 740, 719,
669, 641. MS (ESI) m/z [M – Na]− calculated for C13H18NO7S:
332.0804, found 331.98. MS (ESI) m/z [M – H]− calculated for
C13H17NNaO7S: 354.0623, found 354.2967.

Conversion of 21 to 5
To a stirring solution of compound 17 (1 equiv, 7.3 mmol, 2.60 g)
in 30 mL of DCM, CF3COOH (6 equiv, 43.80 mmol, 4.99 g,
3.35 mL) was added dropwise, and the resulting reaction mix-
ture was stirred at room temperature for 8 h. After completion
of the reaction (indicated by TLC), DCM was evaporated under
reduced pressure. Then to the crude reaction mixture, EtOH
(20 mL) was added, resulting in the formation of a white precip-
itate, which was purified by simple filtration and washed with
EtOH (10 mL × 4) to afford the pure product 5 (90% yield,
1.53 g) as a white solid. 1H NMR (400 MHz, D2O) ⊐ 7.36 (t,
J = 8.0 Hz, 1H), 7.25–7.13 (m, 3H), 4.91 (dd, J = 8.4, 3.7 Hz, 1H),
3.20 (dd, J = 13.1, 3.8 Hz, 1H), 3.09 (dd, J = 13.1, 8.6 Hz, 1H). 13C
NMR (100 MHz, D2O) ⊐ 151.42, 141.57, 130.40, 123.72, 121.72,
119.13, 69.11, 45.22. ATR-FTIR (solid/cm−1) 3533, 3154, 3091,
3053, 2971, 1681, 1605, 1517, 1481, 1447, 1313, 1223, 1120,
1042, 1001, 951, 922, 880, 846, 812, 792, 727, 696, 667, 635. MS
(ESI) m/z [M – H]− calculated for C8H10NO5S: 232.0280, found
231.92. HRMS (ESI) m/z [M – H]− calculated for C8H10NO5S:
232.0280, found 232.0290.
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Conversion of 3 to 9
To a stirred solution of etilefrine hydrochloride (3; 1 equiv,
25 mmol, 5.24 g) and Boc2O (1.1 equiv, 27.5 mmol, 5.99 g) in
40 mL of DCM, Et3N (2 equiv, 50 mmol, 5.05 g) was added drop-
wise at 0 °C. After 30 min, the reaction was set at room tempera-
ture and continued to stir for an additional 3 h. After completion
of the reaction (indicated by TLC), the solvent was evaporated
under reduced pressure, and the crude reaction mixture was

purified by column chromatography on silica gel (EtOAc/
hexane = 4:6) to afford 9 (90% yield, 6.29 g) as colorless sticky
solid. 1H NMR (500 MHz, CDCl3) ⊐ 7.35 (s, 1H), 7.13 (t, J = 7.7 Hz,
1H), 6.89 (s, 1H), 6.80 (d, J = 7.6 Hz, 1H), 6.72 (d, J = 7.3 Hz, 1H),
4.92–4.83 (m, 1H), 3.56–3.09 (m, 4H), 2.30 (s, 1H), 1.46 (s, 9H),
1.02 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) ⊐ 156.58,
143.73, 129.66, 117.70, 114.98, 113.01, 80.85, 74.26, 55.64, 44.25,
28.40, 13.55. ATR-FTIR (solid/cm−1) 3327, 2975, 2932, 2875, 1659,

Figure 1. Structures of octopamine, octopamine sulfate, norfenefrine, norfenefrine sulfate, etilefrine and etilefrine sulfate.

Figure 2. Hypothesis for synthesizing OS, NS and ES.

Developpment of references standards for octpoamine sulfate, norfenefrine sulfate and etilfrine sulfate www.soci.org

J Chem Technol Biotechnol 2023 © 2023 Society of Chemical Industry (SCI). wileyonlinelibrary.com/jctb

5

http://wileyonlinelibrary.com/jctb


1610, 1590, 1479, 1455, 1416, 1366, 1276, 1249, 1221, 1151, 1074,
961, 870, 776, 700. MS (ESI)m/z [M – H]− calculated for C15H22NO4:
280.1549, found 279.98. HRMS (ESI) m/z [M – H]− calculated for
C15H22NO4: 280.1549, found 280.1556.

Conversion of 9 to 12
TBSCl (4 equiv, 98.48 mmol, 14.84 g) and imidazole (6 equiv,
147.72 mmol, 10.04 g) were added to a solution of 9 (1 equiv,
24.62 mmol, 6.29 g) in 55 mL of DMF. The reaction mixture was
stirred at room temperature for 4 h. After completion of the reac-
tion (indicated by TLC), 45 mL of water was slowly added to the
reaction mixture and was extracted with DCM (20 mL × 4). Anhy-
drous Na2SO4 was used to dry the organic extract. Under reduced
pressure, the solvent was evaporated to obtain the crude product,
which was purified by column chromatography on silica gel
(EtOAc/hexane = 1:10) to afford 12 (96% yield, 11.07 g) as a color-
less oil. 1H NMR (500 MHz, CDCl3) ⊐ 7.14 (q, J = 7.5 Hz, 1H), 6.95–
6.77 (m, 2H), 6.70 (t, J = 9.6 Hz, 1H), 4.89 (ddd, J = 61.4, 8.5,
4.0 Hz, 1H), 3.39–3.22 (m, 2H), 3.17–2.92 (m, 2H), 1.47 (d,
J = 10.3 Hz, 9H), 1.01–0.97 (m, 3H), 0.96 (s, 9H), 0.86 (s, 9H), 0.16
(s, 6H), 0.00 (s, 3H), −0.14 (d, J = 4.3 Hz, 3H). 13C NMR (126 MHz,
CDCl3) ⊐ 155.69, 155.65, 155.55, 155.19, 145.02, 144.86, 129.21,

129.04, 119.32, 119.25, 119.16, 118.96, 117.87, 117.77, 79.35,
79.11, 74.02, 73.09, 56.08, 55.60, 44.63, 43.59, 28.71, 28.63, 25.98,
25.94, 25.78, 25.76, 18.29, 18.27, 18.20, 18.17, 13.50, 13.02, −4.32,
−4.73, −4.84, −4.89, −4.96. ATR-FTIR (solid/cm−1) 2939, 2893,
2860, 1695, 1593, 1472, 1405, 1366, 1262 1154, 1084, 950, 832,
778, 699. MS (ESI) m/z [M + H]+ calculated for C27H52NO4Si2:
510.3435, found 510.3. HRMS (ESI) m/z [M + H]+calculated for
C27H52NO4Si2: 510.3435, found 510.3405.

Conversion of 12 to 15
To a solution of 12 (1 equiv, 21.74 mmol, 11.07 g) in 40 mL of DMF
was added Cs2CO3 (2 equiv, 43.49 mmol, 14.13 g), and the reac-
tion mixture was stirred at room temperature for 48 h. After com-
pletion of the reaction (indicated by TLC), 40 mL of water was
slowly added to the reaction mixture and was extracted with
EtOAc (20 mL × 4). Anhydrous Na2SO4 was used to dry the sol-
vent and evaporated under reduced pressure to obtain the crude
product. Column chromatographic purification of the crude prod-
uct was done on silica gel (EtOAc/hexane = 3:7) to afford pure
product 15 (98% yield, 8.18 g) as a colorless sticky solid. 1H NMR
(400 MHz, CDCl3) ⊐ 7.14 (q, J = 8.0 Hz, 1H), 6.91–6.68 (m, 3H),
4.89 (ddd, J = 49.5, 8.0, 4.1 Hz, 1H), 3.40 (ddd, J = 16.3, 11.6,

Scheme 1. Synthesis of OS, NS and ES.

www.soci.org SJ Kalita et al.

wileyonlinelibrary.com/jctb © 2023 Society of Chemical Industry (SCI). J Chem Technol Biotechnol 2023

6

http://wileyonlinelibrary.com/jctb


5.1 Hz, 1H), 3.23 (td, J = 13.7, 6.1 Hz, 1H), 3.18–2.89 (m, 2H), 1.46
(d, J = 5.2 Hz, 9H), 1.02–0.96 (m, 3H), 0.86 (s, 9H), 0.01 to −0.01
(m, 3H), −0.13 (d, J = 11.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) ⊐
156.03, 155.84, 155.50, 145.00, 129.45, 129.33, 118.11, 114.52,
114.30, 113.05, 79.69, 79.48, 73.71, 73.31, 56.01, 55.37, 44.62,
43.53, 28.63, 25.95, 25.92, 25.73, 18.20, 13.48, 12.95, −3.51,
−4.74, −4.87, −4.90, −4.99. ATR-FTIR (solid/cm−1) 3340, 2939,
2892, 2861, 1664, 1598, 1467, 1417, 1369, 1252, 1155, 1085,
945, 830, 773, 695. MS (ESI) m/z [M + H]+ calculated for
C21H38NO4Si: 396.2570, found 396.16. HRMS (ESI) m/z [M – H]−

calculated for C21H36NO4Si: 394.2414, found 394.2406.

Conversion of 15 to 19
Compound 15 (1 equiv, 20.70 mmol, 8.18 g) was dissolved in
33 mL of THF and 22 mL of DMPU, and the resulting solution
was cooled to −75 °C. Sodium bis(trimethylsilyl)amide (1 mol L−1

in THF, 1.1 equiv, 22.77 mmol, 4.15 g, 22.63 mL) was added drop-
wise, and the resulting reaction mixture was stirred for 15 min.
After that, neopentyl chlorosulfate (1.4 equiv, 28.98 mmol,
5.39 g) was added to the reaction mixture, and the stirring was
continued for 3 h. Then the reaction mixture was warmed to
−10 °C and stirred for 2 h. After completion of the reaction (indi-
cated by TLC), ethyl acetate (20 mL) and saturated aqueous

Figure 3. HPLC chromatograms of ES, NS and OS.

Table 1. Mass accuracy study by LC-HRMS

Compound name Molecular formula Calculated mass (m/z) Experimental mass (m/z) Diff (Tgt, ppm)

Octopamine sulfate C8H11NO5S 233.0358 232.0285 −3.61
Norfenefrine sulfate C8H11NO5S 233.035 232.0285 −4.35
Etilefrine sulfate C10H15NO5S 261.066 260.0598 −4.49
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NaHCO3 solution were added (at −10 °C), and then the reaction
system was allowed to reach room temperature. After that, it
was extracted with EtOAc (20 mL × 4). Over anhydrous Na2SO4

the organic extract was dried and evaporated under reduced
pressure to obtain the crude product, which was directly used in
the next step.
To a solution of the crude reaction mixture in THF at 0 °C was

added dropwise tetra-n-butylammonium fluoride (70% in water,
1.5 equiv, 31.05 mmol, 8.10 g, 11.5 mL), and the reaction mixture
was stirred for 1 h. Then, the reaction mixture was warmed to
room temperature, and the stirring continued for 3 h. After com-
pletion of the reaction (indicated by TLC), THF was evaporated
under reduced pressure, and 20 mL of water was added to the
reaction mixture. It was then extracted with EtOAc (20 mL × 4),
and anhydrous Na2SO4 was used to dry it. Under reduced pres-
sure, the solvent was evaporated to obtain the crude product,
which was purified by column chromatography on silica gel
(EtOAc/hexane = 3:7) to afford 19 (75% yield, 6.76 g) as a color-
less sticky solid. 1H NMR (400 MHz, CDCl3) ⊐ 7.37 (t, J = 7.8 Hz,
1H), 7.35–7.26 (m, 2H), 7.24–7.17 (m, 1H), 4.93 (dd, J = 7.4,
3.1 Hz, 1H), 4.08 (s, 2H), 3.41–2.91 (m, 3H), 1.47 (s, 9H), 0.99 (s,
9H), 0.05 (s, 5H). 13C NMR (100 MHz, CDCl3) ⊐ 150.50, 145.40,
129.94, 124.81, 120.07, 118.74, 83.55, 80.83, 74.16, 56.02, 44.58,
32.04, 28.50, 26.08, 13.57, 1.14. MS (ESI) m/z [M + Na]+ calculated
for C20H33NNaO7S: 454.1875, found 454.12.

Conversion of 19 to 22
In a round-bottom flask fitted with a reflux condenser, compound
19 (1 equiv, 15.6 mmol, 6.76 g) was dissolved in 40 mL of DMF,
and then sodium azide (1.5 equiv, 23.4 mmol, 1.52 g) was added.
The reaction mixture was stirred at 70 °C in an oil bath for 24 h.
After completion of the reaction (indicated by TLC), the DMF
was evaporated under reduced pressure, and the crude reaction

mixture was directly subjected to column chromatography on sil-
ica gel (EtOH/DCM = 2:8) to afford 22 (84% yield, 5.01 g) as a
white solid. 1H NMR (500 MHz, D2O) ⊐ 7.26 (t, J = 7.6 Hz, 1H),
7.15–7.01 (m, 3H), 4.76 (d, J = 5.2 Hz, 1H), 3.39 (ddd, J = 75.4,
13.3, 6.8 Hz, 2H), 3.06–2.85 (m, 2H), 1.22 (s, 3H), 1.16 (s, 6H), 0.99
(q, J = 7.0 Hz, 1H), 0.88–0.77 (m, 3H). 13C NMR (126 MHz, CDCl3)
⊐ 156.91, 151.89, 129.40, 123.78, 121.29, 119.22, 114.17, 80.09,
72.42, 53.56, 43.57, 29.81, 28.44, 22.80, 14.25. MS (ESI) m/z [M –
Na]− calculated for C15H22NO7S: 360.1117, found 360.1.

Conversion of 22 to 6
To a stirring solution of compound 22 (1 equiv, 13.08 mmol,
5.01 g) in 40 mL of DCM, CF3COOH (6 equiv, 78.48 mmol, 8.94 g,
6.00 mL) was added dropwise, and the resulting reaction mixture
was stirred at room temperature for 8 h. After completion of the
reaction (indicated by TLC), DCM was evaporated under reduced
pressure. Then to the crude reaction mixture, EtOAc 20 mL was
added, resulting in the formation of a white precipitate, which
was purified by simple filtration and washed with EtOAc
(10 mL × 4) to afford pure product 6 (97% yield, 3.50 g) as a white
solid. 1H NMR (500 MHz, D2O) ⊐ 7.28 (t, J = 7.9 Hz, 1H), 7.15 (d,
J = 7.4 Hz, 2H), 7.10 (d, J = 7.1 Hz, 1H), 4.87 (dd, J = 9.1, 3.5 Hz,
1H), 3.18–3.05 (m, 2H), 2.95 (q, J = 7.2 Hz, 2H), 1.09 (t, J = 7.3 Hz,
3H). 13C NMR (126 MHz, D2O) ⊐ 151.30, 141.49, 130.32, 123.61,
121.69, 119.03, 68.43, 52.38, 43.06, 10.25. ATR-FTIR (solid/cm−1)
3485, 3047, 2835, 1443, 1389, 1286, 1210, 1138, 1044, 958, 883,
837, 804, 730, 696, 598, 578. MS (ESI) m/z [M + H]+ calculated for
C10H16NO5S: 262.0749, found 262.0.

HPLC study
A reversed-phase HPLC system (M/s Agilent Technologies series,
1260 infinity HPLC-II system) was used. The HPLC system was
composed of a G7129A 1260 autosampler, column compartment

Figure 4. HRMS/MS of OS, NS and ES.
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Figure 5. Fragmentation of OS, NS and ES.

Developpment of references standards for octpoamine sulfate, norfenefrine sulfate and etilfrine sulfate www.soci.org

J Chem Technol Biotechnol 2023 © 2023 Society of Chemical Industry (SCI). wileyonlinelibrary.com/jctb

9

http://wileyonlinelibrary.com/jctb


and a 1260 DAD. HPLC separation was achieved at 30 °C using a
Luna Hypersil C8 GOLD (150 mm × 3.0 mm, 5 μ) for OS separa-
tion, and a C18 column (250 mm × 4.6 mm, 5 μm) for NS and ES
separation. The data were collected using control panel software
connected to a 21CFR part 11 enabled central server.38-40 The
mobile phase was composed of water and acetonitrile in isocratic
elution (50:50) with flow rates of 0.7 mL min−1 for OS and
1.2 mL min−1 for NS and ES. The wavelength for the analysis
was kept at 212 nm for the three compounds. A sample was dis-
solved in water–acetonitrile in (50:50) composition andmade into
a 1 mg mL−1 solution. Further dilution wasmade to 100 ppmwith
methanol and run through HPLC. Injection volume and the col-
umn temperature were kept at 10 μL and 30 °C.21-23

LC-HRMS study
For the LC-HRMS study, an Agilent G6545B LC-QTOF was used
where the sheath gas temperature was 350 °C and the drying
gas flow rate was 8 mL min−1. Full-scan mass range: 100–400 m/
z, resolution: 40 000 (full MS); MS/MS was scanned in the range
of 50–350 m/z with a collision energy for OS and ES of 20 V,
whereas, for NS, the collision energy was 25 V. The mass spectro-
metric properties of the analytes were investigated using ESI in
the negative ion mode. The full scan and MS/MS were done
through union, and 0.1% formic acid in water and acetonitrile
was used as the mobile phase. The data analysis was done using
Agilent software qualitative analysis 10.0 version.42,44,45

RESULTS AND DISCUSSION
Synthetic chemistry
It is apparent from the above discussion that developing a reliable
and efficient methodology for the synthesis of these metabolites
is a significant task. To achieve this goal, we envisage exploring
neopentyl chlorosulfate as a promising sulfating agent51 to pro-
cure the conjugated sulfate metabolites of octopamine, norfe-
nefrine and etilefrine. The presence of multiple reaction sites in
the parent drug molecules makes the synthesis challenging and
complicated. In order to achieve the selective sulfation of the phe-
nolic hydroxyl group, a protecting/deprotecting group strategy is
sought. As depicted in Fig. 2(b), initially, we intend to protect the
active amine group, and subsequently, both the phenolic and
benzylic hydroxyl groups will be protected.47 Next, selective
deprotection of the phenolic hydroxyl group and sulfation will
be carried out. Finally, after benzylic hydroxyl and amine group
deprotection, the desired sulfate conjugated metabolites would
be afforded.9,36-38,41,43,47-50

To validate our hypothesis, we began the synthesis of OS (4)
from octopamine hydrochloride (1). As shown in Scheme 1, ini-
tially, tert-butyloxycarbonyl (Boc) protection of the amine group
of 1was carried out to get compound 7 in 98% yield. Next, pheno-
lic and benzylic hydroxyl groups in 7 were protected with tert-
butyldimethylsilyl (TBS) to get compound 10 in 94% yield. Then
the aromatic hydroxyl group was selectively deprotected using
Cs2CO3 at room temperature to afford compound 13 in 76% yield.
The sulfate ester of compound 13 was subsequently prepared by
reacting it with neopentyl chlorosulfate in the presence of
NaHMDS. TBS deprotection in the resulting compound 16 (70%
yield) was achieved by tetra-butylammonium fluoride (TBAF),
which produced compound 17 in 94% yield. NaN3 deprotected
the neopentyl group to get compound 20 in 97% yield, from
which the desired OS 4was obtained in 98% yield after trifluoroa-
cetic acid (TFA)-assisted Boc deprotection. The overall yield of the

process after seven steps is 42%. A similar strategywas adopted to
synthesize NS (5) and ES (6). It is worth noting that while prepar-
ing the sulfate ester of compound 14 by reacting it with neopen-
tyl chlorosulfate in the presence of NaHMDS, TBS deprotection of
benzylic hydroxyl group also co-occurs to produce compound
18 in 45% yield. NS (5; 26% overall yield) was obtained after
two deprotecting steps of neopentyl and Boc groups. In the case
of ES synthesis, the crude sulfate ester was treated with TBAF to
achieve TBS deprotection of benzylic hydroxyl group to get com-
pound 19 in 75% yield from which ES was obtained after two
steps of neopentyl and Boc group deprotections in 54% overall
yield. It is worth mentioning that Gerk et al. also attempted to
synthesize ES using sulfur trioxide pyridine complex as a sulfat-
ing agent but with a lower yield of only 8%.46 All the NMR spectra
have been mentioned in Figs S1–S38 in the supporting
information.

HPLC analysis
Purity assessment of OS, NS and ES is essential to ensuring the
quality of synthesized reference materials using HPLC-DAD. HPLC
is the most common technique to ensure peak purity by spectral
analysis. The authors developed a novel HPLC-DAD method for
OS, NS and ES purity assessment. The purity of the three com-
pounds was >99% as shown in Fig. 3. The chemical purity (%
w/w) of synthesized OS, NS and ES was calculated using Eqn (1),
and the loss on drying and ignition was studied using TGA and
a muffle furnace, respectively. OS, NS and ES chemical purity
was 95.56%, 98.97% and 98.91% (w/w), respectively. HPLC
method validation data are presented in the supporting informa-
tion (Figs S39–S44), and the TGA results are shown in Fig. S45.

Chemical purityðpotencyÞ¼ 100%

− %Impurities byHPLCð
þ Loss ondrying%

þ%Residueon IgnitionÞ…

ð1Þ

LC-HRMS analysis
In order to determine the mass accuracy of OS, NS and ES, LC-
HRMS and LC-HRMS/MS were used. The three metabolites were
all well ionized in the negative ionization mode ([M − H]–). A full
scan was performed at 100–400 m/z, where the deprotonated
precursor ion for OS and NS was 232.0285 m/z, and that for ES
was 260.0598 m/z, as shown in Table 1. The error value of the
three synthesized compounds was less than 10 ppm. Further,
the authors have studied LC-HRMS/MS of OS, NS and ES at colli-
sion energies of 20–30 eV. The product ions of the three com-
pounds are shown in Fig. 4, and it was observed that product
ion m/z 79 was common in the three metabolites, product ion
m/z 152 was common in OS and ES, and common m/z 121 was
found in NS and ES. Figure 5 illustrates the fragmentation patterns
of OS, NS and ES.

CONCLUSION
The Phase II metabolites OS, NS and ES were successfully synthe-
sized and characterized using 1H NMR, 13C NMR, LC-HRMS/MS and
TGA. It is intended to synthesize the sulfate conjugates of octopa-
mine, norfenefrine and etilefrine, which are prohibited in sports
under the category of S6 stimulants. The reference materials were
obtained with high overall yields (26–54%). The new HPLC-DAD
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method has been developed using C8 and C18 HIILIC columns.
The developed materials’ HPLC-PDA purity was greater than
>99%. These developed reference materials will be used by
WADA-accredited laboratories to maintain clean sports missions
across the globe. Developed high-quality reference materials will
provide a ray of hope to WADA laboratories in routine testing to
maintain mandatory testing guidelines to stop doping in sports.
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