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1. Synthesis of nor-NTI (5) hydrochloride 

Portoghese et al. and Rice et al. independently reported the synthesis of nor-NTI (5) from noroxymorphone 

by the Fischer indole synthesis (Scheme S1) [1, 2]. This method is efficient from the viewpoints of both the yield 

and the number of reaction steps. However, noroxymorphone is difficult to obtain and very expensive compared 

with naltrexone hydrochloride (1). 

 

 

 

Scheme S1. Synthesis of nor-NTI (5) hydrochloride. Reagents and conditions: a) PhNHNH2HCl, HCl/MeOH, 

MeOH, reflux, 98-99%. 

 

 

2. Previously reported synthetic method of the key intermediate 7 

  We previously reported the synthesis of the key intermediate 7 as shown in Scheme S2 [3]. The 3-O-

methylation of naltrexone hydrochloride (1) and the subsequent acetalization provided compound S2 [4-6]. After 

acetylation of the 14-hydroxy group in S2, the treatment of the obtained S3 with Troc-Cl afforded compound S4. 

Both the carbamate and acetate were hydrolyzed under the basic conditions at the same time and the following 

deacetalyzation gave noroxycodone. The Fischer indolization of noroxycodone with phenylhydrazine 

hydrochloride yielded nor-NTI-3-O-methyl ether (S6). The exchange of the protective groups from methyl into 

TBS group provided the key intermediate 7 [3].  
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Scheme S2. Synthesis of the key intermediate 7. Reagents and conditions: a) MeI, K2CO3, DMF, rt, 92%; b) ethylene 

glycol, p-TsOH∙H2O, toluene, reflux; c) Ac2O, 85 ºC, 92% (from S1); d) Troc-Cl, K2CO3, 1,1,2,2-tetrachloroethane, 

reflux, 92%; e) 12 M KOH aq, DMSO, 120 ºC, 71%; f) 2 M HCl, MeOH, reflux; g) PhNHNH2∙HCl, MeSO3H, EtOH, 

reflux, 84% (from S5); h) 1 M BBr3, CH2Cl2, -10 ºC, i) TBSCl, imidazole, DMF, rt, 87% (from S6). 
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3. Optimization of the reaction conditions for synthesis of nor-NTI (5) 

The treatment of a mixture of 4 and 4ʹ with 4 M NaOH aqueous solution using methanol as a solvent gave 

compounds 5 and 6 in 60% and 21% yields, respectively (Scheme S3). 

 

Scheme S3. Hydrolysis of the mixture of compounds 4 and 4ʹ in methanol. Reagents and conditions: a) 4 M NaOH 

aq, MeOH, reflux. 

 

We speculated that nor-NTI (5) was obtained by the mechanism as follows: at first, the hydrolysis of the acetate 

moiety provides the alkoxide anion, which intramolecularly attacks the carbonyl carbon of the carbamate to afford 

oxazolidinone A. In general, the hydrolysis of carbamates requires harsh reaction conditions. However, the  

 

 

Scheme S4. Proposed reaction mechanism for providing compounds 5 and 6. 
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oxazolidinone moiety in A would be prone to undergo hydrolysis due to its strained structure. As a result, the 

hydrolysis of oxazolidinone A proceeds under milder reaction conditions to provide nor-NTI (5). In the case that 

methanol was used as a solvent, the solvolysis of oxazolidinone A would concomitantly occur to give methyl 

carbamate 6 (Scheme S4). Based on the proposed reaction mechanism, the usage of a non-nucleophilic solvent would 

hamper the preparation of carbamates like 6. Indeed, the usage of THF as a solvent instead of methanol successfully 

provided only the target compound 5. 

 

4. Synthesis of NTI derivative (SYK-903) with N-(3-phenylpropyl) group 

SYK-903 was prepared from compound 7 (Scheme S5). 

 

Scheme S5. Synthesis of SYK-903. Reagents and conditions: a) 3-phenylpropanoyl chloride, Et3N, CH2Cl2, rt, 

67%; b) BH3THF, THF, reflux, 90%; c) TBAF, THF, rt, 91%. 

 

4.1. 1-(3-((tert-Butyldimethylsilyl)oxy)-6,7-didehydro-4,5-epoxy-14-hydroxyindolo[2ʹ,3ʹ:6,7]morphinan-17-

yl)-3-phenylpropan-1-one (S7) 

 

Under an Ar atmosphere, to a solution of compound 7 (132 mg, 0.28 mmol) in dichloromethane (1.3 mL) were 

added triethylamine (0.12 mL, 0.84 mmol) and 3-phenylpropanoyl chloride (80 L, 0.56 mmol), and the mixture was 

stirred at room temperature for 1 hour. The reaction mixture was poured into saturated sodium bicarbonate aqueous 

solution and extracted with chloroform. Combined organic layers were washed with brine and dried over anhydrous 
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sodium sulfate. After removing the solvent in vacuo, the residue was purified by silica gel column chromatography 

to give compound S7 (113 mg, 67%) as a light tan amorphous material; IR (film) cm-1: 3415, 3026, 2928, 2857, 1713, 

1614, 1496, 1444, 1328, 1273, 1214, 1162, 1112. 1H NMR (400 MHz, CDCl3): δ 0.00 (s, 2.1H), 0.02 (s, 0.9H), 0.03 

(s, 2.1H), 0.04 (s, 0.9H), 0.88 (s, 9H), 1.67 (dd, J = 2.4, 12.5 Hz, 0.7H), 1.79 (dd, J = 2.8, 12.9 Hz, 0.3H), 2.28-2.43 

(m, 1H), 2.62-3.08 (m, 7.3H), 3.13 (ddd, J = 3.6, 13.4, 13.4 Hz, 0.7H), 3.25-3.38 (m, 1H), 3.67 (dd, J = 4.6, 13.8 Hz, 

0.7H), 4.28 (d, J = 6.5 Hz, 0.3H), 4.63 (dd, J = 4.7, 13.7 Hz, 0.3H), 5.28 (d, J = 6.7 Hz, 0.7H), 5.55 (s, 0.3H), 5.57 

(s, 0.7H), 6.52 (d, J = 8.0 Hz, 0.3H), 6.53 (d, J = 8.1 Hz, 0.7H), 6.59 (br d, J = 8.1 Hz, 1H), 7.05 (br t, J = 7.4 Hz, 

1H), 7.15-7.36 (m, 7H), 7.38 (d, J = 8.0 Hz, 0.3H), 7.41 (d, J = 7.9 Hz, 0.7H), 8.09 (br s, 0.7H), 8.17 (br s, 0.3H), a 

proton (OH) was not observed. 13C NMR (100MHz, CDCl3): δ -4.8, -4.7, 18.2, 25.5, 29.4, 29.7, 29.8, 29.9, 30.7, 

31.49, 31.53, 32.5, 32.9, 34.6, 35.4, 39.1, 48.0, 48.2, 53.6, 58.3, 73.4, 73.6, 83.8, 84.0, 110.0, 110.6, 111.1, 111.3, 

118.7, 118.9, 119.0, 119.4, 119.5, 122.3, 122.4, 122.9, 123.1, 124.8, 125.4, 126.1, 126.18, 126.20, 126.7, 128.27, 

128.37, 128.45, 128.50, 128.7, 130.16, 130.21, 137.06, 137.11, 138.7, 138.8, 141.0, 141.4, 146.4, 146.5, 172.1, 172.4. 

HR-MS (ESI): Calcd for C37H43N2O4Si [M+H]+: 607.2992. Found: 607.3019. 

 

4.2. 3-((tert-Butyldimethylsilyl)oxy)-6,7-didehydro-4,5-epoxy-17-(3-phenylpropyl)indolo[2ʹ,3ʹ:6,7] 

morphinan-14-ol (S8) 

 

Under an Ar atmosphere, to a solution of compound S7 (113 mg, 0.19 mmol) in THF (6 mL) was added 1.0 M 

solution of borane-THF complex in THF (1.1 mL, 1.1 mmol), and the mixture was refluxed with stirring for 24 hours. 

After cooling to room temperature, to the reaction mixture was added saturated sodium bicarbonate aqueous solution 

and extracted with chloroform. The combined organic layers were washed with brine and dried over anhydrous 

sodium sulfate. After removing the solvent in vacuo, the residue was purified by silica gel column chromatography 

to give compound S8 (84 mg, 90%) as a white amorphous material; IR (film) cm-1: 2928, 1496, 1444, 1328, 1270, 

1161, 960, 854, 740, 425, 408. 1H NMR (400 MHz, CDCl3): δ -0.01 (s, 3H), 0.03 (s, 3H), 0.88 (s, 9H), 1.73-1.94 (m, 

3H), 2.26-2.40 (m, 2H), 2.48-2.64 (m, 3H), 2.62 (dd, J = 1.1, 15.7 Hz, 1H), 2.70 (d, J = 7.6 Hz, 2H), 2.81 (dd, J = 

6.5, 18.8 Hz, 1H), 2.87 (d, J = 15.7 Hz, 1H), 3.12 (d, J = 6.5 Hz, 1H), 3.15 (d, J = 18.8 Hz, 1H), 4.84 (br s, 1H), 5.61 

(s, 1H), 6.50 (d, J = 8.2 Hz, 1H), 6.54 (d, J = 8.2 Hz, 1H), 7.02 (ddd, J = 0.9, 7.1, 7.9 Hz, 1H), 7.14 (ddd, J = 1.1, 7.1, 

8.1 Hz, 1H), 7.18-7.24 (m, 3H), 7.26-7.33 (m, 3H), 7.40 (d, J = 7.9 Hz, 1H), 8.01 (br s, 1H). 13C NMR (100MHz, 

CDCl3): δ -4.8, -4.7, 18.2, 23.6, 25.6, 28.8, 29.2, 31.4, 33.5, 43.5, 47.9, 53.9, 63.2, 72.6, 84.5, 111.0, 111.5, 118.5, 

118.9, 119.2, 121.8, 122.7, 125.9, 126.3, 126.8, 128.36, 128.42, 129.0, 131.2, 137.1, 138.3, 141.8, 146.4. HR-MS 

(ESI): Calcd for C37H45N2O3Si [M+H]+: 593.3199. Found: 593.3855. 
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4.3. 6,7-Didehydro-4,5-epoxy-17-(3-phenylpropyl)indolo[2ʹ,3ʹ:6,7]morphinan-3,14-diol (SYK-903) 

 

Under an Ar atmosphere, to a solution of compound S8 (75 mg, 0.13 mmol) in THF (0.7 mL) was added 1.0 M 

solution of tetrabutylammonium fluoride in THF (0.15 mL, 0.15 mmol), and the mixture was stirred at room 

temperature for 1.5 hours. The reaction mixture was poured into saturated sodium bicarbonate aqueous solution and 

extracted with chloroform. The combined organic layers were washed with brine and dried over anhydrous sodium 

sulfate. After removing the solvent in vacuo, the residue was purified by silica gel column chromatography to give 

SYK-903 (55 mg, 91%) as a light tan oil; IR (neat) cm-1: 3398, 2928, 1455, 1326, 1159, 1116, 960, 742, 699. 1H 

NMR (400 MHz, CDCl3): δ 1.76 (br d, J = 12.6 Hz, 1H), 1.82-1.94 (m, 2H), 2.23-2.41 (m, 2H), 2.50-2.61 (m, 3H), 

2.62 (dd, J = 0.9, 15.8 Hz, 1H), 2.70 (t, J = 7.6 Hz, 2H), 2.79 (dd, J = 6.5, 18.6 Hz, 1H), 2.88 (d, J = 15.8 Hz, 1H), 

3.12 (d, J = 6.5 Hz, 1H), 3.13 (d, J = 18.6 Hz, 1H), 5.71 (s, 1H), 6.47 (d, J = 8.1 Hz, 1H), 6.55 (d, J = 8.1 Hz, 1H), 

7.01 (ddd, J = 0.9, 7.0, 7.9 Hz, 1H), 7.12 (ddd, J = 1.1, 7.9, 8.1 Hz, 1H), 7.18-7.24 (m, 2H), 7.24-7.28 (m, 2H), 7.28-

7.34 (m, 2H), 7.41 (d, J = 7.9 Hz, 1H), 8.20 (br s, 1H), two protons (OH) were not observed. 13C NMR (100MHz, 

CDCl3): δ 18.3, 23.4, 29.2, 33.4, 43.4, 48.0, 53.8, 58.4, 63.2, 72.9, 85.5, 111.3, 111.4, 117.2, 118.9, 119.1, 119.2, 

122.7, 125.1, 125.9, 126.5, 128.3, 128.4, 128.7, 130.5, 137.2, 138.9, 141.7, 142.6. HR-MS (ESI): Calcd for 

C31H31N2O3 [M+H]+: 479.2341. Found: 479.2334. Anal. Calcd for C31H30N2O3·1.3H2O·0.1CHCl3: C, 72.68; H, 6.41; 

N, 5.45. Found: C, 72.57; H, 6.16; N, 5.28. 
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5. 1H and 13C NMR spectra 
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