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A FIVE-STEP SYNTHESIS OF PSILOCIN FROM INDOLE-3-CARBALDEHYDE!
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Abstract———— A novel preparative method of psilocin was established in only

five steps from indole-3-carbaldehyde in 50% overall yield.

Psilocin? (1, Scheme 1) and psilocybin2 {2) are known to enter the central nervous system through the
gastrointestinal tract® and cause powerful psychotomimetic effect.2”4Although considerable efforts2:4 have
been devoted to the syntheses of psilocin analogs, there still remains to establish structure-activity relationships.
While, recently, psychotic diseases such as depression, schizophrenia, Alzheimer’s disease, and so on, are
becoming social problems and the development for their medicines has been waited. With a hope to find a lead
compound among psilocin analogs possesing suitable pharmacological effects, we have needed an effective
preparative method of 1 which makes it possible to pursue systematic structure-acti\}ity relationship studies. in this
paper, we wish to report the desired five-step preparative method of 1 from indole-3-carbaldehyde (3) as shown in
Scheme 1.

We have already reported one pot procedure5 for preparing 4a from indole-3-carbaldehyde (3). The overall yield of
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4a, however, did not exceed 58% and varied depending on the reaction conditions. The one pot procedure
consists of three reactions: 1) regioselective thallation of the 4-position, 2) transformation of C-TI bond to C-1 bond,
and 3) conversion of the C-I bond to C-OCH2Ph bond.

We have attempted to improve the yield of 4a as well as the reproducibility in order to utilize the one pot procedure
as the first step in the preparative method of 1. Among the three reactions involved, we thoroughly reexamined
the third reaction of 4-iodoindole-3-carbaldehyde {5) with metal benzyloxide (20-26 mol eq) in the presence of Cul
(3 mol eq) in DMF at 120°C 3 Table 1 provides a comparative example to present that not only the preparation

method of metal benzyloxide but also the metal itself is an important factor for controlling the overall yield.

| Table 1 i
(0]
CHO MOCH,Ph CHO
I Cul (3 mol eq) I
N 5 DMF, 120°C H 4a
Entry MOCH,Ph Reaction Yield (%)
(mol eq) Time (h) of 4a
Na / PhCH,OH
1 (26) 2 24
NaH / PhCH,0H
2 1) 1 48
K/PhCH,0H
3 (26) 2 54
KH / PhCH,0H
4 (20) 1 70
Table 2
CHO 0 moto CHO  \an CHO
! Cul (3 mol eq) > I !
N U mol eq N Mel N
H Solvent, 120°C, 1 h H
5 4 6 Me
Entry Solvent R Yield (%)
of 4
1 Me,NCHO a) -OCH,Ph 70
2 {MeoN)sPO -OCH,Ph 48
3 PhCH,0H -OCHyPh 30
4 MeNHCHO b) -NHMe 46
5 NH,CHO ¢) -NHCHO 77
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As can be seen from Entry 1, treatment of § with sodium benzyloxide (NaOCH»Ph), prepared from sodium and
benzyl alcohol (PhCHoOH), afforded 4a in 24% yield. When NaH was employed to produce NaOCHsPh, the yield
doubled to 48% (Entry 2). In contrast, when potassium was used instead of sodium, further improvement in the
yield was observed (54%, Entry 3). Finally, KH was found to be the reagent of choice and thereby the yield was
seised up to 70% (Entry 4).

Table 2 summarizes the solvent dependence on the transformation of 5 to 4a using KH and PhCHoOH. Among
the tested solvents, DMF was found to give the best yield of 4a (70%, Entry 1). Replacement of DMF by either
HMPA or PhCHoOH dropped the yield to 48 or 30%, respectively (Entries 2 or 3). It is interesting to note that in
cases where methylformamide (Entry 4) and formamide (Entry 5) were used as a solvent, the products were 4b
and 4c, respectively, and in both cases 4a was not formed at all. Consequently, a novel reaction for introducing
amino functional group into the 4-position of indole nucleus was discovered. The structure of 4¢ was confirmed by
the spectral data and converting it to 6 in 76% yield by the reaction with Mel in the presence of NaH.

The other important factor to keep reproducibility in the one pot procedure was the relative ratio of iodination
reagents (I and Cul) to KOCH5Ph. The typical resuits examined are summarized in Table 3. The results obtained

in Entries 1 to 4 show the suitable amount of KOCH5Ph is 25 mol eq 1o the starting material (3).

Table 3. One Pot Procedure

Ph
1) THOCOCF3)3 in CF3COOH J

r, 24 h
Sw -~ Q]
H 2) 15, Cul, DMF, it, 1 h H
3) KH / PhCH-0OH
3 DMF, 120°C, 1 h 4a
Entry I Cul KOCH,Ph Yield (%)
{mol eq) (mol eq) {mol eq) of 4a
1 3.0 41 20 43
2 3.1 4.2 25 65
3 3.0 4.0 36 60
4 3.0 41 41 56
5 3.1 5.1 25 63
6 3.0 3.1 26 72
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Fixing the amount of KOCH5Ph to about 25 mol eq, the ratio of | to Cul was changed in Entries 2, 5, and 6
culminating in finding the best reaction conditions, where the desired 4a was produced in 72% overall yield from 3
with an excellent reproducibility (Entry 6) .

As the second step in the preparative method of 1, 4a was transformed to 4-benzyloxyindole-3-acetonitrile {7 in
89% yield utilizing our reaction,® thus by treating 4a with NaBH 4 in the presence of NaCN in MeOH and formamide.
Reduction of 7 with LiAlH4 in Et0 is the third step giving the known 4-benzyloxytryptamine2 (8) in 96% yield.
Interestingly, when THF was used as a solvent in the place of Et0, the yield of 8 decreased dramatically to the
range of 25 to 46%. As the fourth step, dimethylation of 8 was carried out with formaldehyde and sodium
cyanoborohydride” in AcOH to produce 92Cin 97% yield. The final step of debenzylation of 9 was the catalytic
hydrogenation using 10% Pd/C producing 12din 84% yield. Since 1 was converted to psilocybin (2) in two steps
by Hoffman and co-workers,2C the present method constitutes a seven-step synthesis of 2 as well.

in conclusion, we could estabiish a simple five-step preparative method of 1 in 50% overall yield and 50% originality
rate.8 Utilizing 1 and its intermediates, the syntheses of psilocin analogs and particularly the compounds having

substituents in the benzene part are in progress.

EXPERIMENTAL

Melting points were determined on a Yanagimoto micro meiting point apparatus and are uncorrected. IR spectra
were determined with a Shimadzu 1R-420 spectrophotometer, and 1H-NMR spectra with a JEOL GSX-500
spectrometer with tetramethylsilane as an internal standard. MS were recorded on a JEOL SX-102A spectrometer.
Column chromatography was performed on silica gel (SiO,, 100-200 mesh, from Kanto Chemical Co. Inc.).

4-Benzyloxyindole-3-carbaldehyde (4a) from 4-iodoindole-3-carbaldehyde (5): Table 1, Entry
4 A solution of PACHo0H (1.063 g, 9.85 mmol) in THF (4.0 mL) was added to 35% KH (1.129 g, 9.86
mmol, washed with hexane) cautiously at 0°C with stirring. After additional stirring for 30 min at rt, the solvent was

evaporated in vacuo to dryness leaving KOCHaPh. A solution of 5 (133.1 mg, 0.49 mmol) in DMF (3.0 mL, 0.49
mmol) and Cul (303.5 mg, 1.59 mmol) were added to the solution at rt. The mixture was heated at 120-130°C for 1 h
with stirring. After cooling, saturated NH4Cl-Hy O was added and the whole was extracted with EtQAc. The extract
was washed with brine, dried over NapS0Qy4, and evaporated to dryness under reduced pressure. The crude
product was purified by column chromatography on SiOp with EtOAc-hexane (1:1, v/v) as an eluent to give 4a®
(85.9 mg, 70%).

4-Benzyloxyindole-3-carbaldehyde (4a) from indole-3-carbaldehyde (3): Table 3, Entry 6 —
— A 0.88 mol solution9 of TI{OCOCF3)3 in CF3COOH (TFA, 1.71 mL, 1.50 mmol) was added to a solution of 3
(145.7 mg, 1.00 mmol) in TFA (1.0 mL) and the mixture was stirred for 24 h at rt. The solvent was evaporated in
vacuoto leave a residue, which was dissolved in DMF (5.0 mL). To the solution, l> (768.0 mg, 3.0 mmol) and Cul
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(582.0 mg, 3.1 mmol) were added and stirring was continued for 1 h at rt. The reaction mixture was added to
KOCH,Ph or KOCH,Ph was added to the reaction mixture using DMF (15.0 mL) and the whole was heated at
120°C for 1 h with stirring. KOCHaPh was prepared in advance as follows: addition of a solution of PhCHyOH
(2.760 g, 25.6 mmol) in THF (8.0 mL) to 35% KH (2.925 g, 25.5 mmol, washed with hexane), stirring for 30 min atrt,
and evaporation of the solvent in vacuo to dryness. After cooling, saturated NH4CI-Ho O and MeOH-CHCl (5:95,
v/v) were added to the reaction mixture. After removing the precipitates by filtration, water layer was extracted with
MeOH-CHCl3 (5:95, v/v). The filtrate and the extract were combined and washed with brine, dried over NayS Oy,
and evaporated to dryness in vacuo. The crude product was purified by column chromatography on Si0y with
EtOAc-hexane (1:1, v/v) as an eluent to give 4a® (180.4 mg, 72%).

4-Methylaminoindole-3-carbaldehyde (4b) from 5: Table 2, Entry 4—— A solution of PhCHyOH
(1.039 g, 9.63 mmol) in THF (4.0 mL) was added to 35% KH (1.110 g, 9.94 mmol, washed with hexane) cautiously
at 0°C with stirring. After additional stirring for 30 min at rt, the solvent was evaporated in vacuoto dryness leaving
KOCHoPh. A solution of 5 (130.3 mg, 0.48 mmol) in A-methylformamide (3.0 mL) and Cul (278.6 mg, 1.46 mmol)
were added to the flask containing KOCHoPh at rt. The mixture was heated at 120°C for 1 h with stirring. After
cooling, saturated NH4CI-HoO was added and the whole was extracted with EtOAc. The extract was washed with
brine, dried over NapS04, and evaporated under reduced pressure to leave an oil, which was column
chromatographed on SiO5 with EtOAc-hexane (1:1, v/v) as an eiuent to give 4b (38.7 mg, 46%). 4b: mp 180.0-
182.0°C (decomp, colorless needles, recrystallized from MeOH). IR (KBr): 3320, 3240, 1625, 1592 cm~1. 1H-NMR
(DMSO-dg) 8: 2.83 (3H, d, J=4.9 Hz, collapsed to s on addition of D20), 6.14 (1H, d, J=7.8 Hz), 6.65 (1H, dd,
J=8.1, 0.7 Hz), 7.05 (1H, dd, J=8.1, 7.8 Hz), 7.43 (1H, q, J=4.9 Hz, disappeared on addition of D50}, 8.16 (1H,
d, J=2.9 Hz, collapsed to s on addition of D0), 9.57 (1H, s), 12.06 (1H, br s, disappeared on addition of Dy0).
MS m/z. 174 (M*). Anal. Calcd for C1 gHq gN20: C, 68.95; H, 5.79; N, 16.08. Found: C, 69.20; H, 5.86; N, 16.19,

4-Formylaminoindole-3-carbaldehyde {4c) from 5: Table 2, Entry 5§ A solution of PhCH0H
(1.091 g, 10.1 mmol) in THF (4.0 mL) was added to 35% KH (1.145 g, 9.99 mmol, washed with hexane) cautiously
at 0°C with stirring. After additional stirring for 30 min at 1, the solvent was evaporated in vacuoto dryness leaving
KOCHoPh. A solution of § (132.9 mg, 0.49 mmol) in formamide (5.0 mL) and Cul (296.7 mg, 1.56 mmol) were
added to the flask containing KOCHoPh at rt. The mixture was heated at 120°C for 1 h with stirring. After cooling,
saturated NH4CI-H>0 was added and the whole was extracted with EtOAc. The extract was washed with brine,
dried over NapSQy4, and evaporated under reduced pressure to leave crystals. Recrystallization from EtOAc-MeOH
afforded 4c (40.3 mg) as prisms. The mother liquor was column chromatographed on SiO» with EtOAc-hexane
(1:1, viv) as an eluent to give additional 4¢ (31.1 mg). Total yield was 71.4 mg (77%). 4c: mp 243.0-245.0°C
(decomp, colorless prisms, recrystallized from MeOH). IR (KBr): 1673, 1638, 1613, 1591, 1425, 1311 cm™1. 1H-
NMR (DMSO-dg, 27°C, rotational isomers existed in the ratio of 7:3) &: 7.21-7.28 (2H, m), 7.29-7.34 (3/10H, m),
8.23-8.27 (7/10H, m), 8.45 (3/10H, d, J=3.2 Hz, collapsed to s on addition of D0}, 8.46 (7/10H, d, J=3.4 Hz,
collapsed to s on addition of D> 0), 8.55 (7/10H, d, J=2.0 Hz, collapsed to s on addition of DZO); 9.07 (3/10H, d,
J=10.7 Hz, collapsed to s on addition of D>0), 9.66 (3/10H, s), 9.67 (7/10H, s), 11.13 (3/10H, br d, J=10.7 Hz,
disappeared on addition of Dy0), 11.64 (7/10H, br s, disappeared on addition of D0), 12.50 (3/10H, br s,
disappeared on addition of D>0), 12.52 (7/10H, br s, disappeared on addition of D50). MS m/z: 188 (M*). Anal.
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Calcd for Gy gHgN2O2: C, 63.82; H, 4.29; N, 14.89. Found: C, 63.99; H, 4.21; N, 14.80.

1 ,N-Dimethyl-4-formylaminoindole-3-carbaldehyde (6) from 4c 60% NaH (19.2 mg, 0.48
mmol) was added cautiously to a solution of 4¢ (27.2 mg, 0.145 mmol) in DMF (3.0 mL) at 0°C. After additiona!

stirring for 10 min at rt, Mel (0.04 mL, 0.64 mmol) was added and the mixture was stirred for 5 h at rt. After addition of
saturated NH4CI-H O, the whole was extracted with EtOAc. The extract was washed with brine, dried over
NapsS 0y, and evaporated under reduced pressure to leave an oil, which was column chromatographed on SiOp
with MeOH-CHCl3 (3:97, v/v) as an eluent to give 6 (23.8 mg, 76%). 6: mp 140.0-141 .0°C (colorless prisms,
recrystallized from EtOAc-hexane). IR (KBr): 1666, 1572, 1515, 1487, 1342 cm 1. TH-NMR (DMSO-dg, 27°C,
rotational isomers existed in the ratio of 3:1) 8: 3.17 (9/4H, s), 3.29 (3/4H, s), 3.92 (3/4H, s), 3.93 (9/4H, s), 7.13
(1/4H, dd, J=7.8, 0.8 Hz), 7.20 (3/4H, dd, J=7.8, 0.8 Hz), 7.38 (1/4H, dd, J=8.1, 7.8 Hz), 7.40 (3/4H, dd, J=8.1,
7.8 Hz), 7.59 (1/4H, dd, J=8.1, 0.8 Hz), 7.64 (3/4H, dd, J=8.1, 0.8 Hz), 8.15 (3/4H, s), 8.24 (1/4H, s), 8.31 (1/4H,
s), 8.37 (3/4H, s), 9.76 (1/4H, s), 9.78 (3/4H, s). MS m/z. 216 (M*). Anal. Calcd for Gy gH{ oN20O2: C, 66.65; H,
5.59; N, 12.96. Found: C, 66.94; H, 5.52; N, 12.97.

4-Benzyloxytryptamine (8) from 7 LiAlH4 (69.3 mg, 1.83 mmol) was added to a solution of 7 (31.4
mg, 0.12 mmol) in anhydrous EtoO (3.0 mL) at 0°C with stirring. The whole was refluxed for 1 h with stirring. To the
reaction mixture, MeOH and 10% aq. Rochelle salt were added and the whole was extracted with EtOAc. The
extract was washed with brine, dried over NaoSO4, and evaporated under reduced pressure o leave crystalline
solid. The crude product was purified by column chromatography on SiOz with CHCIl3-MeOH-28% aq. NH3
(46:5:0.5, v/v) as an eluent to give 8 (30.6 mg, 96%). 8: mp 123.5-124.5°C (colorless prisms, recrystallized from
CHCl3-petroleum ether, lit.,zamp 117-120°C). IR (KBr): 3110, 2900, 1590, 1515, 1455, 1263, 1095, 1015, 960,
735 e 1. TH-NMR (CD30D) &: 2.86 (2H, t, J=6.7 Hz), 2.96 (2H, t, J=6.7 Hz), 5.16 (2H, s), 6.53 (1H, dd, J=7.3,
1.2 Hz), 6.91 (1H, s), 6.95 (1H, dd, J=8.3, 1.2 Hz), 6.98 (1H, dd, J=8.3, 7.3 Hz), 7.30-7.34 (1H, m), 7.37-7.42
(2H, m), 7.48-7.52 (2H, m). MS m/z. 266 (M?*). Anal. Caicd for C{7H1 gN2O: C, 76.66; H, 6.81; N, 10.52. Found:
C, 76.43; H, 6.75; N, 10.42.

N,N-Dimethyl-4-benzyloxytryptamine (9) from 8 A solution of 95% NaBH3CN (58.2 mg, 0.88
mmol) in MeOH (1.5 mL) was added to a solution of 8 (92.4 mg, 0.34 mmol) in AcOH (0.3 mL). To the mixture, a
solution of 35% ag. HCHO (123.3 mg, 1.44 mmol) in MeOH (1.5 mL) was added and the whole was stirred at rt for 3
h. After evaporation of the solvent under reduced pressure, 1N NaOH was added to the residue and the whole was

extracted with EtOAc. The extract was washed with brine, dried over NapS0O4, and evaporated under reduced
pressure to leave an oil, which was purified by column chromatography on SiOo with CHCl3-MeOH-28% aq. NH3
(46:5:0.5, v/v) as an eluent to give 9 (98.7 mg, 97%). 9: mp 129.5-131.0°C (coloriess prisms, recrystallized from
CHCl3-hexane, lit., 2€ mp 125-126°C). IR (KBr): 2820, 1520, 1465, 1370, 1260, 1170, 1075, 975, 855, 730 cml.
TH-NMR (CDClg) &: 2.16 (6H, s), 2.68 (2H, t, J=8.1 Hz), 3.08 (2H, t, J=8.1 Hz), 5.17 (2H, s), 6.56 (1H, d, J=7.7
Hz), 6.92 (1H, d, J=2.2 Hz), 6.98 (1H, dd, J=8.1, 0.7 Hz), 7.07 (1H, dd, J=8.1, 7.7 Hz), 7.31-7.36 (1H, m), 7.37-
7.42 (2H, m), 7.48-7.52 (2H, m), 8.03 (1H, s). MS m/z 294 (M*). Anal. Caicd for C{ gH22N20: C, 77.52; H, 7.53;
N, 9.52.-Found: C, 77.47; H, 7.57; N, 9.53.
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Psiiocin (1) from 9 10% Pd/C (24.5 mg) was added to a solution of 9 (60.3 mg, 0.21 mmol) in MeOH
{10.0 mL) and the mixture was stirred under Hy atmosphere at 1t for 1 h. After evaporation of the solvent under
reduced pressure, the residue was purified by column chromatography on SiO, with CHCl3-MeOH-28% ag. NHg
{46:5:0.5, v/v) as an eluent to give 1 (35.0 mg, 84%). 1: mp 174.5-176.0°C (colorless prisms, recrystallized from
EtOAc, lit., 29 mp 173-176°C). IR (KBr): 3250, 1590, 1470, 1340, 1045, 835, 730, 690, 590, 480 cm™ 1. TH-NMR
(DMSO-dg) 8: 2.22 (6H, s), 2.55 (2H, t, J=6.7 Hz), 2.88 (2H, t, J=6.7 Hz), 6.25 (1H, dd, J=7.3, 1.0 Hz), 6.73 (1H,
dd, J=8.1, 1.0 Hz), 6.79 (1H, dd, J=8.1, 7.3 Hz), 6.90 (1H, d, J=2.2 Hz), 10.56 (1H, s}, 10.71 (1H, br s). MS m/z
204 (M*). Anal. Calcd for Cq 5Hq1 gN2O: C, 70.56; H, 7.90; N, 13.72. Found: C, 70.39; H, 7.95; N, 13.57.
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