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Abstract: An improved procedure to accomplish the O-phosphor-
ylation of 4-hydroxy-N,N-dimethyltryptamine (psilocin 5) is report-
ed that utilizes reaction between the O-lithium salt of 5 and tetra-O-
benzylpyrophosphate. The O-benzyl groups were removed by cata-
lytic hydrogenation over palladium on carbon to afford N,N-dime-
thyl-4-phosphoryloxytryptamine ( psilocybin, 1). In view of
difficulties encountered in the preparation of 1, it is suggested that
4-acetoxy-N,N-dimethyltryptamine (2) may be a useful alternative
for pharmacological studies. The latter was obtained following cat-
alytic O-debenzylation of 4-benzyloxy-N,N-dimethyltryptamine in
the presence of acetic anhydride and sodium acetate.
Key words: psilocin, psilocybin, tetra-O-benzylpyrophosphate,
phosphorylation 

Recently, several laboratories have initiated clinical stud-
ies of h allucinogenic (psychedelic) agents.1–3 Th is re -
newed interest suggests that there may b e some deman d
for i nvestigational subst ances t hat ar e sui tably pu re f or
human use that can be prepared in a relatively economical
fashion. Hallucinogens are not commercially available in
large quantities or in purities suitable for human studies,
and research will likely be carried out only with drugs pro-
duced by  cust om synthesis. Of  t he various dr ugs t hat
might be of interest for this work, most of them, including
mescaline, LSD, DMT, and various substituted amphet-
amines are syn thesized rel atively ea sily. Ind eed, man y
hallucinogens are routinely manufactured in clandestine
laboratories.
By contrast, the synthesis of psilocybin, N,N-dimethyl-4-
phosphoryloxytryptamine (1), is more challenging. Nev-
ertheless, p silocybin h as ph armacological features t hat
make it attractive for clinical research, including a rel a-
tively short duration of action. The increasing worldwide
popularity of psilocybin-containing mushrooms as recre-
ational dr ugs al so poi nts t o th e need  for mor e r esearch
with psilocybin.

We re-examined the synthesis of psilocybin reported by
Hofmann and co-workers.4 Although their approach still
remains useful, there were several weak points that could
be addressed to improve the yields and purities of the final
compound.
The overall syn thetic rout e i s shown in Scheme 1. T he
most  troublesome  step  is  the last, the phosphorylation
of psilocin. In the original synthesis by Hofmann et al.,4
the p hosphorylation st ep was acco mplished u sing O,O-
dibenzylphosphoryl chloride, an unstable reagent that was
used without purification as a solution in carbon tetrachlo-
ride. Furthermore, the final yield of psilocybin was less
than 20%. In view of the overall difficulty in preparing
this material and its precursors, such a low yield in the last
step was deemed unacceptable.
The present synthesis employs a phosphorylation step us-
ing te trabenzylpyrophosphate, a sta ble, c rystalline re -
agent. The phosphorylation step was complicated by the
previously unreported extremely labile nature of the O,O-
dibenzyl ester of psilocybin. Hydrolytic cleavage of one
of the O-benzyl groups occurred rapidly in the presence of
water, at room temperature, and neutral pH. The purifica-
tion of the resulting zwitterionic material was much more
complicated than for the basic O,O-dibenzyl material.
Illustrated in Scheme 2 is the facile preparation of 4-acet-
oxy-DMT5 2. This O-acetyl prodrug of p silocin is much
more easi ly prepared than psilocybin, and may of fer an
economical alternative for clinicians wishing to study the
psychopharmacology of psilocin. This material is readily
crystallized as the fumarate salt, and is considerably more
stable than psilocin i tself. It w ould s eem to be an ideal
prodrug to  replace psil ocybin i n f uture clinical stu dies,
since psilocin is the principal metabolite of psilocybin.6

The cl assical Sp eeter and Ant hony synt hesis of
tryptamines from indoles served as the precedent for this
work.7 The key reaction of oxalyl chloride with 4-benz-
yloxyindole was, however, sluggish. Similarly, the reduc-
tion of  t he 4- substituted gl yoxalylamide 3 was muc h
slower than for indoles without substitution at t his posi-
tion. TLC was used to monitor the complete disappear-
ance o f starting mat erial a nd intermediate red uction
products. The O-benzyl group was then readily removed
by cat alytic hydrogenolysis to af ford 4- hydroxy-N,N-
dimethyltryptamine (psilocin; 5).
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After experimentation with a var iety of phosphorylating
agents, it was fi nally de cided t hat t etrabenzylpyrophos-
phate (TBPP) was the most suitable reagent.8 This crystal-
line and s table mat erial i s commercially avai lable
(Aldrich), but can also be synthesized readily on a multi-
gram scale.
The most  con venient ba se f or t he p hosphorylation ste p
proved to be butyllithium. Generation of the lithium salt
of psilocin in THF at –70 °C, followed by addition of 1.1
equivalents of  TB PP, led t o th e O,O-dibenzyl est er of
psilocybin, with the generation of one equivalent of lithi-
um O,O-dibenzylphosphate t hat must  ul timately b e r e-
moved. Wh ile ordinarily removal o f the l ithium sa lt
would not be probl ematic, washing the organic reaction
mixture with water led to unexpected and rapid hydrolysis
of one  of the  O-benzyl gr oups. Judi cious ex clusion of
traces of water allowed the isolation of O,O-dibenzyl ester
that was nearly free of 6. The O,O-dibenzyl intermediate
proved to be so sensitive to water, however, that i t was
more practical to use an aqueous workup,  allow  hydro-

lysis to occur, and i solate a product that was largely the
zwitterionic O-monobenzylphosphate 6.
Catalytic hydrogenolysis of the crude O-benzyl ester led
to th e fo rmation of ps ilocybin ( 1). T he proced ure was
complicated by small amounts of phosphoric acid gener-
ated from residual dibenzylphosphoric acid carried from
the previous step into the hydrogenolysis reaction. This
highly acidic material leads to discoloration of the product
and prevents satisfactory crystallization. The problem was
solved through the use of an ion exchange resin to titrate
the phosp horic aci d. Th e r eported pH of  a sol ution of
psilocybin i n 50% aqu eous et hanol i s 5.2.9 An ion e x-
change resin (–OH form) was added in portions, with vig-
orous a nd extended stirring, to th e f iltered r eaction
solution until the pH of the solution was 5.2. When this
pH was reached, the resin was removed by filtration and
the fi ltrate was concentrated un der v acuum. The crud e
product was then recrystallized from a smal l amount of
methanol, and a large volume of isopropanol, followed by

Scheme 1

Scheme 2
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storage in the freezer. Psilocybin (1) crystallized as long
colorless needles.
As a potential replacement for 1, 4-Acetoxy-N,N-dimeth-
yltryptamine (2) fumarate was conveniently prepared by
shaking under hydrogen a mixture of 4, acetic anhydride,
and sodium acetate in benzene wi th Pd/C in a Parr low
pressure hyd rogenation appa ratus. Following upt ake of
the required amount of hydrogen corresponding to O-de-
benzylation, the catalyst and insoluble salts were removed
by f iltration. One molar equivalent of  fumaric acid was
added to the filtrate, and the solution was concentrated to
dryness under vacuum. The resulting solid was recrystal-
lized to afford white crystals of the desired product. This
material was stable when stored in the cold, but slowly
darkened on st orage for several months at ambient tem-
perature.

Mps were determined on a Thomas-Hoover Meltemp melting point
apparatus an d are  uncorrected exc ept wh ere i ndicated. 1H N MR
spectra we re reco rded on a  Bruker ARX 300 MHz  spec trometer.
Chemical shifts are reported in d values (ppm) relative to an internal
standard of TMS in CDCl3, except where noted. Abbreviations used
in NMR analysis are as follows: s, singlet; d, doublet; t, triplet; m,
multiplet; br s, broad singlet; dd, doublet of doublets, dt, doublet of
triplets. Microanalyses were obtained from the Purdue Microanalyt-
ical Laboratory. A low pressure Parr apparatus was used for all hy-
drogenations. Solvents and reagents were used as purchased, except
as noted. THF wa s dist illed from potassium metal/benzophenone
ketyl. Al l ot her co mpounds wer e purchased from commercial
sources.

4-Benzyloxyindol-3-yl-N,N-dimethylglyoxylamide (3)
A solution of 4-benzyloxyindole (17.5 g, 0.078 mol) (Biosynth) in
anhyd Et2O (500 mL) was mechanically stirred in a 1 L , 3 necked
flask and cooled in an ice–salt bath to an  internal  temperature  of
0 °C. Oxalyl chloride (20.3 g, 0.16 moles) was added dropwise at a
rate that maintained an internal temperature between 0–5 °C. Stir-
ring was continued for 3 h at a temperature between 5–10 °C with a
gentle argon sparge to remove evolved HCl. The argon sparge was
replaced by a gas inlet tube and a dry ice/acetone condenser. Anhyd
dimethylamine was then bubbled into the reaction with cooling and
vigorous st irring un til a pH ( determined by  moist pH pap er) be-
tween 9 and 11 was achieved. At this time, the orange color of the
initial solution had been mostly discharged, and the reaction had the
appearance of a slightly off-white slurry with a few flecks of yellow
unreacted starting material. CH2Cl2 (20 mL) was added to assist sol-
ubilization of the unreacted material and the reaction was stirred for
an additional 6 h to yield finally an off-white slurry. Et2O (150 mL)
was added, and the mixture was cooled to 10 °C. The white solids
were collected by suction filtration on filter paper in a Buchner fun-
nel and then were suspended in distilled H2O (250 mL) and stirred
for 1 h to remove dimethylamine hydrochloride. The slurry was fil-
tered, and the collected solids were washed on the filter with dis-
tilled H2O (3 x 75 mL) and hexane (75 mL) and dried overnight in
a vacuum oven. The dried product weighed 18.3 g. The organic fil-
trates and washes were combined and the solvent was removed by
rotary evaporation. The residue was dissolved in CH2Cl2 (100 mL)
and the organic solution was washed with distilled H2O (2 x 50 mL)
and brine (2 x 50 mL). After drying (MgSO4) the volume was re-
duced b y ro tary e vaporation. T he concentrated re sidual sol ution
was subjected to flash chromatography over silica gel, first eluting
with CH2Cl2 to recover unreacted indole (1.3 g, 7.4%), followed by
elution with 10% MeOH in CH2Cl2 to recover 3.3 g of 3. The latter
was combined with the initial product to provide a total weight of

21.6 g (85.9%). The crude product was recrystallized from MeOH/
EtOAc to give 19 .5 g ( 77%) of  3 with mp 152–155 °C (Lit. 4 mp
146–150 °C). 
1H NMR (300 MHz, CDCl 3): d = 2.88, 2.92 (2s, 6H, NCH3), 5.21
(s, 2H, CH2), 6.60 (d, 1H, J =7.92 Hz, Ar), 6.86 (d, 1H, J = 8.04 Hz,
Ar), 7.27–7.37 (m, 3H, Ar), 7.50 (m, 3H, Ar), 10.07 (br s, 1H, NH).

4-Benzyloxy-N,N-dimethyltryptamine (4)
A slurry of LiAlH4 (8.90 g, 0.234 mol) in anhyd THF (100 mL) was
prepared in a 2 L, 3-neck flask, previously dried with a heat gun un-
der an argon purge. The flask was fitted with a reflux condenser,
mechanical stirrer, and addition funnel. Anhyd dioxane (200 mL)
was added, and the mixture was heated to 60 °C on an oil bath. 4-
benzyloxyindol-3-yl-N,N-dimethylglyoxylamide (3) (14.5 g, 0.045
moles) was dissolved in a m ixture of dioxane (250 mL) and THF
(150 mL) and, with rapid stirring, this solution was added dropwise
over 1 h. The oil bath temperature was held at 70 °C for 4 h, fol-
lowed by vigorous reflux overnight (16 h) at an oil bath temperature
of 95 °C. Thin layer chromatographic analysis (9:1 CH2Cl2/MeOH;
silica plates) showed nearly complete reduction. The reaction was
heated at reflux for an additional 4 h a nd then cooled to 20 °C. A
solution o f distilled H 2O ( 27 m L) in  THF (100 mL ) was a dded
dropwise, resulting in a gray flocculent precipitate. Et2O (250 mL)
was added to assist breakup of the complex and improve filtration.
This slurry was stirred for 1 h and the mixture was then filtered with
a Buc hner funnel. T he filter cake was  washed on t he fi lter wi th
warm Et2O (2 x 250 mL) and was broken up, transferred back into
the reaction flask and vigorously stirred with additional hot Et2O
(500 mL). This slurry was filtered, and the cake was washed on the
filter with Et2O (150 mL) and hexane (2 x 150 mL). All of the or-
ganic filtrates were combined and dried (MgSO4). After the drying
agent was removed by filtration, the filtrate was concentrated under
vacuum at 40 °C and dried under high vacuum at 0.01 mm Hg, lead-
ing to crystallization of the residue as a white waxy solid. Recrys-
tallization from EtOAc yielded 12.57 g, (94.8%) of 4 with mp 124–
126 °C (lit.4 mp 125–126 °C). 
1H NMR (300 MHz, CDCl3): d = 2.14 (s, 6H, NCH3), 2.58 (t, 2H, J
= 8.0 Hz, CH2), 3.04 (t, 2H, J = 8.0 Hz, CH2), 5.17 (s, 2H, CH2),
6.52 (d, 1H, J = 7.6 Hz, Ar), 6.87 (s, 1H, Ar), 6.93 (d, 1H, J = 8.0
Hz, Ar), 7.04 (t, 1H, J = 7.9 Hz, Ar), 7.29–7.39 (m, 3H, Ar), 7.49
(br d, 2H, J = 7.0 Hz, Ar), 8.06 (br s, 1H, NH).

4-Hydroxy-N,N-dimethyltryptamine (Psilocin; 5):
A solution of 4 (4.0 g, 0.0135 moles) in 95% EtOH (250 mL) was
added to 1.5 g Pd/C (10% w/w) in a 500 mL Parr low pressure hy-
drogenation bottle. The mixture was shaken under 60 psig o f H 2
pressure for 2  h. T he catalyst was r emoved by  vacuum f iltration
through Celite and was washed on the filter with EtOH (3 x 50 mL).
The filtrate was concentrated by rotary evaporation. The clear resid-
ual oil was placed under high vacuum and induced to crystallize by
seeding. The white crystalline powder (2.68 g, 97.0%) was used in
the next step without further purification. 
1H NMR (300 MHz, CDCl3): d = 2.36 (s, 6H, NCH3), 2.68 (m, 2H,
CH2),10 2.93 (m, 2H,CH2),10 6.54 (d, 1H, J =7.6, Ar), 6.83 (br d, 2H,
J =12.2 Hz, Ar), 7.03 (t, 1H, J = 7.8 Hz, Ar), 7.86 (br s, 1H, NH),
13.2 (br s, 1H, OH; observed only by integration).

4-O-Monobenzylphosphoryloxy-N,N-dimethyltryptamine (6)
A solution of 0.45 g (2.2 mmol) of psilocin (5) and 0.073 g (0.73
mmol) of diisopropylamine in anhyd THF (50 mL) was magnetical-
ly stirred in a 100 mL 3-necked flask and was cooled to –78 °C in a
dry ice–acetone bath. A 2 .5 M solution (1.14 mL, 2.85 mmol) of
BuLi in hexane was added dropwise using a syringe. After complete
addition, the re action wa s stirred fo r 3 m in a nd
tetrabenzylpyrophosphate8 ( 1.50 g , 2. 8 mm ol) was a dded al l at
once. The dry ice–acetone ba th was repl aced by  an i ce–salt bath,
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and stirring was continued for 1.5 h. TLC (9:1 CHCl3–MeOH; alu-
mina plates) showed complete disappearance of st arting material.
The reaction was quenched by addition of sat. NH4Cl (30 mL). The
biphasic solution was rapidly transferred to a separatory funnel, and
the aqueous layer was separated and washed with EtOAc (2 x 20
mL). T he o rganic l ayers were  com bined an d wa shed wi th b rine
(25 mL), f ollowed by dr ying a nhyd (MgSO4). Th e solution wa s
then concentrated to a clear residue using rotary evaporation. This
residue (1.12 g) was shown by thin layer chromatography and NMR
analysis to be  a mixture of O,O-dibenzylpsilocybin, O-monoben-
zylpsilocybin (6), and a small amount of dibenzyl phosphoric acid.

N,N-Dimethyl-4-phosphoryloxtryptamine (Psilocybin; 1)
In a 250 mL Parr hydrogenation bottle was placed 1.0 g of 10% Pd/
C ca talyst followed by  anhyd M eOH ( 50 mL ). The dib enzyl/
monobenzylphosphoryloxy-N,N-dimethyltryptamine ( 1.12 g ) pr e-
pared in the previous step was added and the mixture was sh aken
under 60 psig hydrogen pressure for 3 h, at which time hydrogen up-
take had ceased. The hydrogenation bottle was removed from the
apparatus and the catalyst was removed by filtration through a pad
of Celite 545 on a Buchner funnel. The pH of the clear solution was
measured at 3.7 using a pH meter. Amberlite IRA-400 anion ex-
change resi n (–OH form) (0 .75g) was ad ded in 3 portions to the
well-stirred methanolic solution to raise the pH to 5.3.9 The resin
was removed by vacuum filtration and the  resulting c lear filtra te
was concentrated to dryness by rotary evaporation. The residue was
dissolved in a minimum amount of hot MeOH, and hot isopropanol
was added to the cloud point. An additional drop of  MeOH pro-
duced a clear solution. Upon storage in a –20 °C freezer the product
slowly crystallized as white needles 0.294 g (46.9%, from psilocin).
This product was dried under high vacuum to produce solvent-free
psilocybin, which had mp 212–213 °C (lit.5 mp 210–212 °C). 
1H NMR (300 MHz, D20): d = 2.72 (s, 6H, NCH3), 3.14 (t, 2H, J =
7.3 Hz, CH2), 3.29 (t, 2H, J = 7.5 Hz, CH2), 6.85 (d, 1H, J = 7.6 Hz,
Ar), 6.99 (t, 1H, J = 7.9 Hz, Ar), 7.03 (s, 1H, Ar), 7.09 (d, 1H, J =
8.0 Hz, Ar). 
Anal. Calcd for C12H17N2O4P (284.25): C 50.71, H 6.03, N 9.86, P
10.90; found: C 50.37, H 5.91, N 9.68, P 10.75.

4-Acetoxy-N,N-dimethyltryptamine5 fumarate (2)
In a 250 mL Parr hydrogenation bottle was placed 0.25g 10% Pd/C
and anhyd NaOAc (1.50 g, 18 mmol). Benzene (50 mL) was added,
followed by acetic anhydride (5mL, 5.41g, 5.32 mmol), and 4 (0.50g, 
1.7 mmol). The mixture was shaken under 60 psig of hydrogen for 4 h.
After the uptake of hydrogen had ceased the hydrogenation bottle
was removed from the apparatus, the mixture was diluted with THF
(25 mL), and the catalyst was removed by filtration through a pad
of Celite 545. The catalyst was washed repeatedly with isopropanol
(3 x 50 mL). The washings and mother liquor were collected sepa-
rately because of unreacted Ac2O in the filtrate. The mother liquor
was concentrated under vacuum to about one half the original vol-
ume, then toluene (50 mL) was added. The solution was again con-
centrated by  r otary e vaporation. T he i sopropanol wash es were
combined with the residue and also concentrated. The residue was
then dissolved in anhyd MeOH (50 mL). Fumaric acid (0.198 g, 1.7

mmol) was d issolved in MeOH ( 10 mL) and added to the st irred
methanolic solution of the residue. After stirring for 10 minutes, tol-
uene (50 mL) was added and the solution was concentrated to dry-
ness by rotary evaporation. Absolute EtOH was added to the residue
and a whi te precipitate of 2 fumarate (0.290 g, 0.8 mmol) formed
and was collected by filtration. The filtrate was evaporated and the
residue was dissolved in a minimum amount of MeOH. EtOAc was
added and clear crystals began to form. After storing the solution in
a freezer at –10 °C, 0.170 g of additional product was collected for
a total yield of 0.460 g (74.8%); mp 172–173 °C. 
1NMR (300 MHz, D2O) d = 2.29 (s, 3H, CH3), 2.72 (s, 6H, NCH3),
2.98 (t, 2H, J = 7.1 Hz, CH2), 3.32 (t, 2H, J = 7.1 Hz, CH2), 6.49 (s,
1H, CH), 6.72 (d, 1H, J = 7.7, Ar), 7.08 (t, 1H, J = 8.0, Ar), 7.16 (s,
1H, Ar), 7.29 (d, 1H, J = 8.3, Ar). 
Anal. C alcd fo r C18H22N2O6 ( 362.38): C  59 .66, H 6 .12, N  7. 73;
found C 59.43, H 6.35, N 7.58.
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