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Abstract 4-[2-[(2-hydroxybenzyl)amino]ethyl}-2,5-dimethoxybenzo-
nitrile (25CN-NBOH) was first reported as a potent and highly selective
serotonin 2A receptor (5-HT2AR) agonist in 2014. The compound has
since found extensive use as a pharmacological tool in a variety of in
vivo and in vitro studies. In the present study, we present an improved
and scalable synthesis of 25CN-NBOH making this compound readily
available to the scientific community.
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In recent decades classic psychedelic compounds such
as psilocybin and LSD have been revisited as putative thera-
peutics by the scientific community, which has led to sever-
al groundbreaking clinical studies into the therapeutic po-
tential of these molecules.!-3

The overall pharmacological profiles of the classical
psychedelics differ somewhat but they share a similar phar-
macological component: agonist activity at the serotonin
(5-hydroxytryptamine) 2A receptor (5-HT,4R), which a sub-
stantial amount of experimental evidence suggests is a key
component both for the psychedelic effects mediated by the
compounds and for their efficacy in drug-assisted psycho-
therapy.

25CN-NBOH (1) was discovered in 2014 and is one of
the most selective 5-HT,,R agonists reported to date
(Scheme 1). This compound displays high binding affinity
to the 5-HT,4R (K = ca. 1 nM) and robust selectivity for 5-
HT,,R over 5-HT,z;R and 5-HT,cR in various radio-ligand-
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binding and functional assays and is generally selective for
this class of serotonin receptors over other receptor tar-
gets.11-13
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Scheme 1 25CN-NBOH (1) and the parent phenethylamine 2C-CN (2)

While these psychedelic molecules both act as agonists
of 5-HT,,R, they are not particularly selective for this recep-
tor.4-10

Due to its high selectivity over other serotonin recep-
tors in functional assays, 1 has been utilized as a key tool in
several in vivo investigations involving animal models of
hallucinogenic effects, characteristic of 5HT2AR activa-
tion_11,14,15

Previously reported synthetic routes to 1 involve several
low-yielding and sluggish reactions and use several hazard-
ous reagents as summarized in Scheme 2.16
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Scheme 2 Previously published synthesis of 2C-CN (2). Reagents and
conditions: a) BBr;, DCM, -78 °C to rt, 48 h; b) phthalic anhydride, DMF,
153 °C, overnight; ) CuCN, DMF, 153 °C, 5 h; d) N,H,, EtOH, 78 °C, 15 min.
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Herein, we present a considerably simplified and im-
proved, fully characterized synthetic route to 1 from com-
mercially available 2,5-dimethoxyphenethylamine (2C-H,
3) that is characterized by high yields, short reaction times,
and a safer functional group protection strategy.

The improved sequence of reactions begins by protec-
tion of the primary amine moiety of 3 as the trifluoroacet-
amide 4, as shown in Scheme 3. Previously, the amine was
protected as the phthalimide, requiring an overnight reac-
tion and subsequent deprotection with the toxic reagent
hydrazine. The trifluoroacetamide protecting group, on the
other hand, is easily removed by treatment with sodium
borohydride and the protection is complete within 3 hours
giving an almost quantitative yield of the desired protected
amine. Next, the 4-position was functionalized by formyla-
tion using Rieche conditions. Acquisition of the benzalde-
hyde 5 was immediately followed by direct cyanation, car-
ried out in a single step using hydroxylamine-O-sulfonic
acid in aqueous medium.’

Formyl analogue 5 was obtained from 4 in 83% yield and
6 from 5 in 75% yield. This compares well with the previ-
ously reported approach resulting in 33% yield over three
steps.'® Worthy of note, although we have previously re-
ported the synthesis of 1 using the original literature proce-
dure, we found that isolated yields using the original cyana-
tion procedure (the literature reports up to 91% isolated
yield) are subject to large variability.'>16 This initially
prompted our search for a more reliable procedure for ob-
taining 2.

Finally, the cleavage of the trifluoroacetamide protect-
ing group unmasked the fully functionalized parent
phenethylamine 2, which was converted into 1 by reductive
amination as previously reported.'? This route gives 1 in
37% yield over five steps from 3.

The direct cyanation of aldehyde 5 was efficient up to
the gram scale (method A), but at higher scales (2-6 g),
these reaction conditions gave considerably lower yields of
6 and an incomplete conversion of the aldoxime intermedi-
ate 7. This encouraged us to investigate a stepwise cyana-
tion route, first isolating 7 by reaction of the benzaldehyde
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with hydroxylamine hydrochloride and its subsequent de-
hydration using neat acetic anhydride at reflux (method B).
Both reactions were efficient giving the crude phenethyl-
amine with minor impurities removable by crystallization.
This two-step route consistently gave quantitative yields of
6 on a multigram scale.

The total overall yield is improved to 20% with only a
single overnight reaction and a single chromatographic pu-
rification. This synthetic approach is recommended as an
alternative strategy for the procurement of larger quantities
of the phenethylamine 1, albeit that it adds an additional
step to the synthetic route.

In summary, we have developed a new, more rapid,
more efficient, and more convenient route for the synthesis
of the selective 5-HT,,R agonist 1.'® This route presents a
scalable alternative to the previously published literature
procedure, with a safer protection group strategy (Scheme
4). Furthermore, the route affords a higher overall yield
than previously reported, utilizes less challenging experi-
mental setups, and requires minimal chromatographic pu-
rification steps. This new approach to the synthesis of the
compound should make this valuable pharmacological tool
readily available to the scientific community.
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Scheme 4 Comparison with previously reported synthesis of 2 and
completion of synthesis of 1. Reagents and conditions: a) salicylaldehyde,
NaBH, anhydrous EtOH, 0 °C to rt, 13 h.
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Scheme 3 Improved synthesis of 2C-CN (2). Reagents and conditions: a) TFAA, TEA, anhydrous DCM, 0 °C to rt, 3 h; b) TiCl,, dichloromethyl methyl
ether, anhydrous DCM, -78 °C, 30 min; c) method A: hydroxylamine-O-sulfonic acid, H,0, AcOH, 60 °C, 48 h; d) method B: NH,OH, HCl, EtOH, 70 °C,
15 min; e) Ac,0, reflux, 3.5 h; f) NaBH,, EtOH, rt, 1 h, reflux, 2.5 h; g) 4 M HCl, i-PrOH.
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(18) Synthesis of 4-{2-[(2-Hydroxybenzyl)amino]ethyl}-2,5-dimeth-
oxybenzonitrile Hydrochloride (1)
A flame-dried round-bottom flask equipped with a stirrer bar
and flushed with argon was charged with 2 (300 mg, 1.24
mmol), salicylaldehyde (0.144 mL, 1.36 mmol), trimethylamine
(0.172 mL, 1.24 mmol), and anhydrous EtOH (32 mL). The reac-
tion mixture was stirred at ambient temperature until the for-
mation of imine was complete as indicated by TLC and UPLCMS.
After 3 h the reaction mixture was cooled to 0 °C, then NaBH,
(93.5 mg, 2.47 mmol) was added in small portions. The reaction
mixture was stirred for 30 min at ambient temperature before
being evaporated in vacuo. The resulting residue was dissolved
in DCM (25 mL) then diluted with water (25 mL). The phases
were separated, and the aqueous phase further extracted with
DCM (2 x 25 mL). The combined organic layers were dried over
MgSO,, filtered, and evaporated in vacuo. The crude amine was
purified by column chromatography (DCM, MeOH, NH, [98:2 +
0.25]) giving the desired amine as a clear oil. The purified free
base was transformed into the hydrochloride salt by dissolving
it in MeOH (5 mL) and passing HCl gas, generated by the addi-
tion of 35% aq. hydrochloric acid to CaCl,. The resulting suspen-
sion was cooled to 4 °C and left to crystalize over 24 h. The solid
formed was filtered, re-suspended in boiling 2-propanol, and
diethyl ether was added dropwise until turbidity was observed.
The flask was cooled to 4 °C overnight giving the crystalline
product. The crystals were isolated by filtration and washed
with cold diethyl ether before being dried under high vacuum to
yield the desired amine hydrochloride 1 as a white solid (285
mg, 65%). Analytical data were consistent with previously pub-
lished literature data.
Mp 220.5-2220 °C; R = 053 (silica gel, 95:5:0.2,
DCM/MeOH/NH3;). 'H NMR (600 MHz, MeOD): 6 = 7.30 (ddd, J =
15.0, 7.6, 1.8 Hz, 2 H), 7.22 (s, 1 H), 7.09 (s, 1 H), 6.93-6.88 (m, 2
H), 4.25 (s, 2 H), 3.91 (s, 3 H), 3.83 (s, 3 H), 3.26 (dd, ] = 8.9, 6.5
Hz, 2 H), 3.10 (dd, J = 8.9, 6.5 Hz, 2 H). *C NMR (151 MHz,
MeOD): & = 157.48, 157.37, 152.73, 133.67, 132.59, 132.42,
121.06, 118.65, 117.12, 116.29, 115.95, 115.75, 101.24, 57.15,
56.71, 48.30, 47.45, 28.82. HRMS-ESI: m/z calcd for C;gH,;N,05
[M + H]J*: 313.1546; found: 313.1546; HPLC: t; = 17.51 (96.5%).
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