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Abstract: The reactions of j3-thevinone and j3-dihydrothevinone with fert.-butyimagnesium chioride
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and nm-propylmagnesium bromide were investigated. Further chemical transformations
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Qur earlier results[1-5] in the field of alkaloids permitted the synthesis of novel derivatives of 73-thevinone and
7B-dihydrothevinone. Literature reports[6,7] deal with the preparation of only a few 7B 6,14-ethenomorphinan
analogues. Our primary aim was to synthesize the 7P-analogues of the pharmacologically active compounds:
R205)[89] (Temgesic) (1), eforphine(7R20R)[10,11]  (Immobilon), (2) and
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dilwvdroetorphine(TR. 20”121 (3). The 7B8-derivatives of divrenorphinel10.131 evivon) have been reported
vdroetforpmine( TR, 205)1121 (3}, The /B-dentvatives of daiprenorphinel 10,131 (Revivon) have been reported
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1| CPM tBu CH3 CH2-CH2 | Buprenorphine
2| CHj nPr CHj3 CH=CH | Etorphine
3] CH3 nPr CHj3 CH2-CH2 | Dihydroetorphine

When studying the preparation of the 7B-analogues of buprenorphine fi B-d
butylmagnesium chloride (5 equivalent) in toluene-tetra hydrgfnraq UfFf et al.[7] reported the formation of a
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single by-product 6 besides the major product 5 (31 %).

NSN—cH, SSN—cH, NSN—cH,

M3~ OCH, s~ OCH, *  ocH, ©
4 5 6
X-Y
4a| CH=CH
4b | CHp-CHp

In our studies the Grignard reaction of B-dihydrothevinone (4b) with 6 molar equivalents of tert.-
butylmagnesium chioride was carried out in toluene-ether and no formation of a compound structurally related
to 6 was observed. The four products of the transformation were separated by column chromatography and their
structures were established by means of NMR spectroscopic methods ('H-NMR, '*C-NMR). Besides the major
product S compound 7 was produced on the alkaline action of the Grignard reagent (fBuMgCl) employed in
excess and the Grignard reaction of this latter with the ketone 7 resulted in 8. In the case of the reagent
BuMgCl a B-hydrogen transfer is also possible and this is responsible for the formation of compound 9.
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Treatment of § with cyanogen bromide and subsequent reaction of the resulting cyanamide 10a with
potassium hydroxide furnished the N-demethyl derivative 10b whose structure was substantiated by means of
X-ray analysis as shown on Fig. 1. The reaction of 10b with cyclopropylmethyl bromide gave 10¢ which was O-
demethylated with potassium hydroxide/diethyleneglycol to afford 7B-buprenorphine(7S, 20R) (11).

Figure 1. Structure of 10b determined by X-ray analysis
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Grignard reaction of B-thevinone (4a) with a sixfold excess of n-propy!lmagnesium bromide furnished again a
f‘r}ur=camnnnent nradiet mivhiies whinrh wwae ganmars ted b.xyr CO}'Lii““l C}‘"Om"t"grﬁphy .1.51(11“:b }_C noma, Uﬁg“hu

a B
of the Grignard-reduction and 13 and 15 were produced on the

In the reaction of B-dihydrothevinone (4b) with »n-propyimagnesium bromide the normal Grignard adduct 16
was accompanied by compounds 17 and 18.

E;N-—-CHS E;N——CHS } N—CH,
A (W] A 1 | '

3-0-Demethylation of 12 and 16 afforded the 7B-analogues of etorphine(7S, 20S) (19) and dihydroetorphine(7S,
208) (20) respectively.
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Melting points (uncorrected) were measured with a Buchi-apparatus in open capillary tubes. Thin layer
chromatographv was carried out on nrecoated Kieselgel 60 Fy54 plates (Merck 5719) bv annlving 10 ul of the
DNy 2t FAL S S J Y7 Srreito SV e

10 mg/ml chloroform solutions on the plates. Preceeding chromatography the chambers were saturated w1th the
solvent systems for 30 min at 25 °C. The front height was 8 cm with the developing systems (v/v): benzene-
methanol 8:2 [A]; chloroform-methanol 9:1 [B]; chloroform-acetone-diethyl amine 5:4:1 [C] and ethylacetate-
chloroform-25 % NH3 70:30:1 [D]. The chromatograms were visualized with a 254 nm UV lamp or with the
Dragendorff reagent

For column chromatography Kieseigel 6
system 9:1 chloroform-methanol.

l/r\

(particle size 0.040-0.063 mm) was employed with the eluent

TH-NMR spectra were recorded with a Varian-Gemini-200 instrument at 20 °C in CDCI3 (or in DMSO-
dg). For the 1H-NMR examinations TMS (3=0.00 ppm) was used as the internal standard. Carbon multiplicities

could be determined with the aid of standard Varian APT (Attached Proton Test). Proton and carbon
assignments based on COSY and HETCOR experiments. Abbreviations: cProp: protons of the cyclopropyl ring;
[a]: deuterable. Mass spectra were obtained with a VG Trio-2 instrument by using the EI method (70 eV).

The elemental analyses were carried out at the Department of Organic Chemistry, Lajos Kossuth
University with a Carlo Erba automatic analyser.

X-ray analysis: Enraf-Nonius MACH3 diffractometer.

Reaction of fB-dihydrothevinone (4b) with tert.-butylmagnesium chloride: To the Grignard reagent
prepared from magnesium shavings (1.46 g) and fert.-butylchloride (6.7 ml) in abs. toluene (9 ml) and abs. ether
(31 ml) a solution of the B-dihydrothevinone (4b) (3.83 g, 10 mmol) in abs. toluene (36 ml) was dropwise added
dropwise over a period of 1 h. Then the solution was stirred under gentle reflux for 1.5 h, allowed to cool to
room temperature and poured into 150 ml of saturated aqueous ammonium chioride solution. The mixture was
extracted with tomene (3 x 50 ml), the combined organic pnase was washed with brine, dried (Na2S0O4) and

ad +a Aht Frnar_, Anant nradinet TT Y Tha miv T ,
Cvapulalcu lU Uulr.uu a lUUl \/Ullll_lullblll lJl\Juu\/l \11_4\_;’ LG 1EA

with eluent system toluene-methanol 8:2.

Fraction 1 (5): 1.5 g (34 %) — Mp. 188-189 °C [lit.[7] 188-189 °C] — RfA = 0.69; RfB = 0.77; RfC = 0.90.
— IH-NMR(CDCI3): § = 0.88 (m, 1H, 19-H); 1.03 (s, 9H, 20-tBu); 1.10-1.30 (m, 2H, 18-H, 19-H); 1.40 (s,
3H, 20-CH3); 1.45-1.70 (m, 3H, 8«-H, 150-H, 18-H); 2.20-2.50 (m, 6H, 7o-H, 8B-H, 10a-H, 15p-H, 16a-H,
16B-H); 2.28 (s, 3H, NCH3); 3.08 (d, J10B,100. = 18 Hz, 1H, 10B-H); 2.70 (d, J9c,10c = 6.38 He, 1H, 9a-H);
3.55 (s, 3H, 6-OCH3); 3.89 (s, 3H, 3-OCH3); 5.13 (d, J5B,18 = 1.65 Hz, 1H, 5B-H); 6.03 (slal, 1H, 20-OH);
6.58 (d, ] =8 Hz, 1H, 1-H); 6.73 (d, 1H, 2-H). — 13C-NMR: § = 21.69 (20-CH3); 21.89 (C-10); 23.73 (C-18);

26.32 (tBu(CH3)3); 28. 04 (C-19); 33.13 (C-15); 33.82 (C-8); 35.65 (C-14); 40.04 (tBu-C); 43.72 (NCH3);
43 89 /(‘ 1’2\ 44 78 f(‘ ]K\ 48 SQ (C.7Y 8§72 76 {E ﬂ(‘”‘)\ QA Q7 /‘2 ﬁ("Ha\ K’) ’)R (F Q\ Ql An f(" R\ OA AR

TFO.SS T g, S

(C-5), 79,.13 (C 20y, 114¢56 (C 2); 119.18 (C-1); 128.41 (C 11); 133.79 (C- 12), 141.81 (C 3), 146.24 (C—4). —
MS (EI - 70 eV) m/z: 441 (10) [M*], 384 (30); 352 (48); 326 (14); 340 (4); 135 (37); 91 (38); 57 (68); MS
(TSP) m/z: 442 (100) [M+1]" — C27H39NO4 (441.6). — Calcd.: C: 73.43; H: 8.90; N: 3.17, Found: C: 73.39;
H: 8.92; N: 3.12.
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3H, 20-CH3); 1.80-2.20 (m, 4H, 15a-H, 158-H, 168-H, 18-H); 2.27 (s, 3H, NC,._’,); 2.35 (m, 1H, 16a-H);
2.45-2.65 (m, 3H, 8(3-H, %a-H, 10a-H); 2.80 (s, 1 H, 5-H); 3.00 (d, J10 51 0, = 17 Hz, 1H, 108-H); 3.33 (s,

3H, 6-OCH3); 3.85 (s, 3H, 3-OCH3); 5.00 (s[2], 1H, 20-OH); 6.10 (s(a] H, 4-OH); 6 58 (d, J=8Hz IH, 1-
H); 6.68 (d, 1H, 2-H). — 13C-NMR: & = 19.34 (C-18); 21.93 (20-CH3): 23.96 (C-10); 27.12 (tBu(CH3)3);
28.61 (C-19); 33.49 (C-5); 34.83 (C-15); 30.05 (C-8); 38.96 (C-14); 39.50 (tBu-C); 43.32 (NCH3); 42.05 (C-
13); 45.71 (C-16); 43.06 (C-7); 54.06 (6-OCH3); 55.76 (3-OCH3); 58.50 (C-9); 78.67 (C-6); 69.95 (C-20);
107.93 (C-2); 117.45 (C-1); 127.35 (C-11); 132.12 (C-12); 143.42 (C-3); 144.59 (C-4). — MS (EI - 70 eV)
m/z: 441 (3) [M*], 408 (6); 383 (32); 340 (14); 312 (6); 277 (15); 240 (5); 217 (6); 176 (17); 149 (7); 108 (18);
57 (58). — C27H39NO4 (441.6). — Calcd.: C: 73.43; H: 8.90; N: 3.17; Found: C: 73.40; H: 8. 81; N: 3.11.

1is%41 Al 14, LAV, AN y 2 VU8

Fraction 3 (7). 0.3 g (7.8 %) — Mp. 167-169 °C — RfA = 0.34; RfB = 0.23; RfC = 0.87. — 1H-
NMR(CDCI3): § = 1.16 (m, 1H, 19-H); 1.40-1.80 (m, 4H, 8a-H, 15a-H, 158-H, 19-H); 1.80-2.20 (m, 3H, 16p-
H, 18-H), 2.26 (s, 3H, 20-CH3); 2.29 (s, 3H, NCH3); 2.35 (m, 1-H, 16a-H); 2.57 (dd, 1H, 10a-H); 2.70 (d,
J9g,10a = 6.53 Hz, 1H, Sa-H); 2.90 (m, 1H, 8B3-H), 3.00 (1d J1op 10a. = 18.3 Hz, 1H, 103-H); 3.30 (s, 3H, 6-
OCH3); 3.39 (s, iH, 5~ ﬂ),.S 87 (s, 3H, 3-OCH3); 5.82 (slal, 1H, 4-OH); 6.62 (d, ] = 8.1 Hz, 1H, 1-H); 6.69 (d,
1H, 2-H). — 13C-NMR: § = 19.86 (C-18); 23.74 (C-10); 27.66 (C-19); 28.95 (20-CH3); 30.39 (C-8); 35.i6
(C-15); 41.83 (C-14), 42.64 (C-13), 43.09 (NCH3); 43.58 (C-5); 45.42 (C-16); 45.94 (C-7), 54.76 (6-OCH3);
55.95 (3-OCH3); 58.19 (C-9); 72.61 (C-6); 108.34 (C-2), 117.85 (C-1); 125.99 (C-11); 131.58 (C-12); 143.35
(C-3); 144.57 (C-4); 195.32 (C-20). — MS (EL- 70 eV) m/z 383 (53) [M+], 368 (53), 340 (33); 312 (15); 277
(17); 240 (14); 205 (9); 176 (43); 115 (20); 94 (14). — C23H29NO4 (383.4). — Caled.: C: 72.04; H: 7.62; N:
3.65; Found: C: 72.10; H: 7.58; N: 3.58.

Fraction 4 (9): 0.2 g (5.1 %) — Mp. 102-104 °C — RfA = 0.26; RfB = 0.18; RfC = 0.72. — 1H-NMR
(CDCI3): 8 =1.13 (m, 1H, 19-H), 1.30-1.60 (m, 3H, 8a-H, 15a-H, 19-H); 1.33 (d, 3H, 20-CH3); 1.80-2.10 (m,
4H, 15B-H, 16B-H, 18-H); 2.20-2.40 (slal, 1H, 20-OH); 2.30 (s, 3H, NCH3); 2.30 (m, 1H, 16a-H); 2.45-2-75
(m, 3H, 83-H, 9a-H, 10a-H), 2.48 (s, 1H, S-H); 3.00 (d, J0p,100. = 18.36 Hz, 1H, 10B-H); 3.30 (s, 3H, 6-
OCH3); 3.87 (s, 3H, 3-OCH3); 4.13 (m, ng'ggMe—6 53 Hz, 1H, 20-H); 5.80 (s[al, 1H, 4-OH); 6.60 (d, ] = 8.1

Hz, 1H, 1-H); 6.68 (d, 1H, 2-H). — NOE Data": fou (5-H) = 5.7; fyo.tt (20-CH;) = 5.6 — 13C-NMR: 6 = 19.31
(C-18); 21.79 (20-CH3); 23.84 (C-10); 28.82 (C-8); 35.35 (C-5); 35.35 (C-15); 37.50 (C-7); 28.13 (C-19);
41.82 (C-14); 42.71 (C-13); 43.23 (NCH3); 45.68 (C-16); 54.31 (6-OCH3); 55.87 (3-OCH3); 58.55 (C-9);
66.75 (C-6); 66.80 (C-20); 108.01 (C-2); 117.62 (C-1); 127.11 (C-11); 131.98 (C-12); 143.45 (C-3); 144.50

£y AN AW Vs 9 § -~ . AH—I ~ --.

(C-4). — MS (EI - 70 eV) m/z: 385 (24) [M™], 370 (84); 352 (100); 312 (16); 277 (14); 230 (23); 176 (25);

182 F1AN 11K /MINN. &8 21 _ (CAaaTdaa NN 4 ML &\ . Malad 71 L4017 0 11 N 2 £ DA M. 771 £77.

L4 (13), 11 \&VUjJ, I J1). U233 [INU4 (365.0). vailCd.. Ul 71,00, 11, 0.11, IN] 5,00, FOUNG: L. /1.0/,
: 8.06; N: 3.56

Reaction of 5 with cyanogen bromide (10a): To a solution of the N-methyl compound (5) (3g, 6.8 mmol)
in dry chloroform (30 ml) a solution of cyanogen bromide (0.85 g, 8 mmol) in chloroform (5 ml) was added.
TLC examination showed that the reaction was complete after 24 h at room temperature. The solvent and the
reagent excess were evaporated and the residual solid was crystallized from ethanol. 2.75 g (90 %) — Mp. 206-
207 °C [ht [71211 °C] — RfA = 0.80; ng 0.96; RfC = 0.91. — IH-NMR (CDCI3): § = 0.85 (m 1H, 19-H);
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10); 30.95 (C-18); 31.73 (C- 8) 33.02 (C-15): 35.09 (c 14Y. 40.13 (C-16): 41 20 (20-tBu): 43.64 (C-13): 48.28
(C-7); 52.90 (6-OCH3); 56.94 (3-OCH3); 60.22 (C-9); 79.03 (C-20); 80.83 (C-6); 93.99 (C-5); 115.49 (C-2):
118.03 (N-CN); 119.87 (C-1); 125.57 (C-11); 131.80 (C-12); 142.72 (C-3); 146.60 (C-4). — MS (EI - 70 eV)
m/z: 452 (18) [MT], 395 (38); 363 (67); 337 (10); 255 (8); 165 (9); 101 (32); 57 (77); MS (TSP) m/z: 453 (3)
[M+1]', 435 (100). — C27H36N204 (452.6). — Calcd.: C: 71.65; H: 8.02; N: 6.19; Found: C: 71.60; H: 8.10;
N: 6.11.

! The irradiated proton is indicated in the subscript and the protons whose signals suffered intensity change is in brackets.
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Reaction of 10a with KOH (10b): 10a Was transformed into the N-demethyl derivative (10b) with KOH
in diethyleneglycol as previously described in the literature[14]. —77 %— Mp. 185-186 °C. — RfA = 0.38; RfB
= 0.38; RfC = 0.81. — IH-NMR (CDCl3): 3 = 0.83 (m, 1H, 19-H); 1.03 (s, 9H, 20-tBu); 1.42 (s, 3H, 20-CH3),
3.54 (s, 3H, 6-OCH3); 3.88 (s, 3H, 3-OCH3); 5.10 (d, 1H, 5B-H); 5.97 (s[al, 1H, 20-OH); 6.58 (d, J = 8 Hz,
1H, 1-H); 6.74 (d, 1H, 2-H). — 13C-NMR: § = 21.37 (20-CH3); 23.62 (C-19); 26.07 (20-tBu), 27.88 (C-10);
32.34 (C-18); 33.12 (C-8); 33.70 (C-15); 34.65 (C-14); 36.26 (C-16); 39.83 (20-tBu); 44.53 (C-13); 48.36 (C-
7);, 52.56 (6-OCH3), 54.86 (3-OCH3); 56.74 (C-9); 78.85 (C-20); 81.00 (C-6); 94.55 (C-5); 114.60 (C-2);
119.05 (C-1); 128.03 (C-11); 133.42 (C-12); 141.82 (C-3); 146.20 (C-4). — MS (EI - 70 eV) m/z: 427 (55)
[M*], 370 (48); 336 (85); 312 (21); 251 (R); 226 (18); 204 (28); 175 (11); 123 (17); 101 (34); 83 (24); 57 (79);

LI D L& i) AL \aijy, LVI ST Vo \&T gy, F7 \17),

MS (TSP) mv/z: 428 (100) [M+1] — C26H37NO4 (427.6). — Caled.: C: 73.03: 11: 8.72: N: 3.28: Found: C.
72.94; H: 8.69; N: 3.22.

N-Alkylation of 10b (10c¢): To a solution of 10b (2.1g, 4.9 mmol) in dry N,N-dimethylformamide (12 ml)
powdered sodium hydrogen carbonate (1.25 5,, 14.8 mmol) and cyclopropyimethyl bromide (1.0 g, 7.4 mmol)

...... 1.1 AL o a2

were added. After stirming at 90-95 °C for 20 h the inorganic salts were removed by filtration. The filtrate was
evaporated under diminished pressure, the residue was suspended in water, alkalized with a small volume of

aqueous ammonia, extracted with chloroform and then dried (NapSO4). After evaporation of the solvent the
product (10c) was crystallized from ethanol. 1.68 g (72 %) — Mp. 150-151 °C. — RfA = 0.86; RfR = 0.91; R{C
= 0.90. — IH-NMR (CDCI3): § = 0.12 (m, 2H, cPropCH2syn); 0.49 (m, 2H, cPropCH?2anti); 0.79 (m, 1H,
cPropCH); 0.89 (m, 1H, 19-H); 1.04 (s, 9H, 20-tBu); 1.42 (s, 3H, 20-CH3); 2.98 (d, 1H, 108-H); 3.04 (d, 1H,
9a-H); 3.56 (s, 3H, 6-OCH3); 3.89 (s, 3H, 3-OCH3); 5.15 (d, 1H, 5B-H); 5.98 (s[al, 1H, 20-OH);, 6.57 (d, 1H,
1-H); 6.73 (d, 1H, 2-H). — 13C-NMR: 3 = 3.10 (cPropCHy); 3.79 (cPropCHy); 9.36 (cPropCH); 21.49 (20-
C y 20-tBu); 28.03 (C-18);

0

CH3); 22.82 (C-10); 23.79 (C-19); 26.30 ( 33.27 (C-8); 33.92 (C-15); 35.50 (C-14),
40.02 (20-tBu); 43.27 {C-16); 44.55 (C-13); 459.08 (C-7); 52.76 (6-OCH3); 57.02 (C-9); 59.45 (3-OCH3);
59.74 (NCH;cProp); 79.11 (C-20); 81.55 (C-6); 94.70 (C-5); 114.70 (C-2); 119.26 (C-1); 128.51 (C-11),
134.12 (C-12); 141.90 (C-3); 146.36 (C-4). — MS (EI - 70 eV) m/z: 481 (9) [M*], 440 (12); 424 (15); 392
(33); 366 (13); 310 (6); 101 (16); 83 (13); 55 (100); MS (TSP) m/z: 482 (100) [M+1]" — C30H43NO4 (481.6).
— Calcd.: C: 74.81; H: 9.00; N: 2.91; Found: C: 74.76; H: 8.95; N: 2.87.

Reaction of [-thevinone (4a) with n-propylmagnesium bromide: To the Grignard reagent prepared from
magnesium shavings (1.90 g) and n-propy!l bomide (9.8 ml) in abs. toluene (12 ml) and abs. ether (27 ml) a

solution of the B-thevinone (4a) (4.90 g, 12.8 mmol) in abs. toluene (47 mi) was added dropwise over a period
of 1 h. Then the solution was stirred under gem!e reflux for 2 h, allowed to cool to room temperature and
poured into 150 ml of saturated aquecus ammonium chloride solution. The mixture was extracted with toluene
(3 x 50 ml), the combined organic phase was washed with brine, dried (Na2SO4) and evaporated to obtain a
four-component product (TLC). The mixture was separated by column chromatography with eluent system [B].

Fraction 1 (12): 0.54 g (10 %) — Mp.: 162-163 °C [diethyl ether] — RfA = 0.68; RfB = 0.85; RfC = 0.87. —
1H-NMR (CDCI3): o 0.87 (t, 3H, Pr-CH3) 0.93 (m, 1H, 8a-H); 1.20-1.54 (m, 5H, Pr—(CHz)z), 8B-H); 1.40
(s, 3H, 20- CH3) 70 (m, lH H 7- H) 2.13-2.60 (m, 4H 15[3 01. -H, 16-H(2)), 2. 36 (s,
fa . ¢ la
(s

NMETAY. A 71Q 1
Ubnj},‘l.lb SLal,
9;

16

=108 fgn(6 OCH?)— 11 3 flsﬂ(m H) 28 —_— 13CNMR 6 436 (Pr-CH3) 15 93 (PrCHQ_) 22 17(C-
10); 26.37 (C-8); 26.37 (20- CH3), 29.97 (C-15); 42.55 (C-14); 43.57 (NCH3); 44.79 (PrCH?); 45.22 (C-16);
46.34 (C-13); 55.15 (6-OCH3); 56.87 (3-OCH3); 60.87 (C-9), 75.57 (C-20), 85.28 (C-6); 94.86 (C-5); 114.20
(C-2); 119.42 (C-1); 127.94 (C-11); 130.61 (C-18); 134.36 (C-19); 136.05 (C-12); 142.32 (C-3); 147.55 (C-4).

— MS (TSP) m/z: 426 (100) [M+1]+. — C26H35NO4 (425.6). — Caled.: C: 73.38; H: 8.29; N: 3.29; Found:
C: 73.35; H: 8.22; N: 2.21.
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Fraction 2 (13); 0.40 g (7 %) — Mp. 203-204 °C — Rfa = 0.60; R@m = 0.65; Rec = 082. — IH-

£U3 U, AN L

NMR(CDCI3): = 0.70 (d, 1H, 8c-H); 0.88 (t, 3H, Pr-CH3): 1.20-1.60 (m, 4H, Pr-(CH2)2); 1.49 (s, 3H, 20-
CH3); 1.70 (m, 1H, 15B-H); 1.88 (ddd, 1H, 158-H); 2.08 (ddd, 1H, 16B-H); 2.33 (s, 3H, NCH3); 2.40 (m, 1H,
16a-H); 2.48 (d, 1H, 88-H); 2.77 (dd, 1H, 10a-H); 2.95 (s, 1H, 5-H); 3.08 (d, 1H, 9a-H); 3.12 (d, J108 100 =
16 Hz, 1H, 10B-H); 3.44 (s, 3H, 6-OCH3); 3.82 (s, 3H, 3-OCH3); 4.72 (s[a], 1H, 20-OH); 5.60 (d, J19,13 = 8.8
Hz, 1H, 19-H); 5.96 (d, 1H, 18-H); 6.55 (d, ] = 8 Hz, 1H, 1-H); 6.63 (d, 1H, 2-H). — NOE Data": fiox (18-H)
= 9.1', f]g.H (9(X-H) = 35, f]g.ﬂ (10a—H) = 7.3', flg.H (80.—H) = 12, fsa.ﬂ (SB—H) = 320, f&x—H (90.-1{) = 3], fgu.ﬁ
(19-H) = 3.7, faot (18-H) = 2.0 — 13C-NMR: 5=14.47 (Pr-CH3); 16.14 (Pr-(CH2)); 24.29 (C-10); 28.28 (20-

CHA)Y 21 7 /. QY 11 QK (_KY 1D A I AN 1& (O 1A\ AN AL i 12)- A2 21 /NIOLTA). AA £0 M (OTTAN
ALY f, L. IG (=0, J1.O0J (LmJ), JL.UT \~ AV AU (Ll ), U000 \\./-l.)) 43.591 \l\bﬂ_j) 49.07 \I‘l‘\\.,ﬂzjj,

15
46.14 (C-7); 46 23 (C-16); 55.76 (6-OCH3),

vIN22 5

(C-2), 117.67 (C- 1) 125. 74 (C-IS) 127.55 (C-1 ) 130 62 (C 19); 131 91 (C 12); 143 1] (C 3) 14432 (C-4)
— MS (TSP) m/z: 426 (100) [M+1]t. — C26H35NO4 (425.6). — Calcd.: C: 73.38; H: 8.29; N: 3.29; Found:
C:73.31; H: 8.32; N: 3.25.

Fraction 3 (14):

fal 1xrx

(staj, 1H, 20-0

H), 3 25 (d, 1F .
1.57 Hz, 1H, 58-H); 5.41 (d, I19. 19= Hz, 1135 7E

H); 6.49 (d. 1H, 1-H), 662 (d, 1H, 2-H). ——13C-NMR 5= 2222( 10); 22.99 (C-8); 23 6(20—CH3) 2930
(C-15); 42.97 (C-14); 43.60 (NCH3); 45.57 (C-16), 46.59 (C-13); 47.23 (C-7); 52.75 (6-OCH3); 56.78 (3-
OCH3); 61.05 (C-9); 64.25 (C-20); 81.68 (C-6); 93.47 (C-5), 113.78 (C-2); 118.90 (C-1); 127.89 (C-11);
129.78 (C-18); 135.75 (C-19); 136.28 (C-12); 142.20 (C-3); 148.08 (C-4). — MS (TSP) mv/z: 384 (100)
[M+1]*+. — C23H29NO4 (383.5). — Calcd.: C: 72.04; H: 7.62; N: 3.65; Found: C: 72.10; H: 7.55; N: 3.58.

LRy

W

~J

R

[e,
eoh:
o u'
%

Lpaction 4 (18- 01 o0 {20 __nil __RBea =0AN0 Bm =02 Ran =076 — I NMD /CDCIaY- 8 = 0 78 74
LTQRCHUN 7 \15). V.1 B\& 70) Ul faNg V.3V, N\ V.40, N V.9 SOSINIVION (LLULLS ). O V./r0 (4,
Jo.ea =12 Hz 1H Ra«-H): 132 (d 3 20-CH?2Y: 1.70 (m. 1 15¢-H)Y: 188 (m 1H 158-HY:- 212 (m 1H
v ol,0p 1L xki, 1x3y) VRATAR), .04 (B, Jia, LVTRORRG g, 4.0 0Ey 2di, 1JWAMELS, 200\, 2dky 1OPTER), ke \abL, aXa,
16B-H); 2.37 (s, 3H, NCH3); 2.46 (m, 1H, 16a-H); 2.62 (d, 1H, 88-H); 2.73 (s, 1H, 5-H); 2.82 (m, 1H, 10a-

H); 3.09 (d, 1H, 10B-H); 3.17 (d, 1H, 9a--H); 3.42 (s, 3H, 6-OCH3); 3.82 (s, 3H, 3-OCH3); 4.23 (quar, 1H, 20-
H), 5.58 (d, 19,18 = 8.89 Hz, 1H, 19-H); 5.77 (sla], 1H, 4-OH); 6.00 (d, 1H, 18-H); 6.55 (d, 1H, 1-H), 6.64 (d,
1H, 2-H). — 13C-NMR: & = 22.00 (20-CH3); 24.36 (C-10); 27.92 (C-8); 32.72 (C-15); 34.50 (C-5); 39.36 (C-
14); 40.18 (C-13); 43.17 (NCH3); 45.68 (C-7); 46.20 (C-16); 55.78 (6-OCH3); 56.82 (3-OCH3); 56.97 (C-9);
66.29 (C-20); 69.57 (C-6); 108.01 (C-2); 117.68 (C-1); 125.69 (C-18); 127.20 (C-11); 130.11 (C-19); 131.69
(C-12): 14314 (C-3); 144.34 (C-4). — MS (TSP) m/z: 384 (100) [M+1]*. — C23H29NO4 (383.5). — Caled.:
-7 04 - "7K’) N 2T AS Fannd- l" ’7’7 l’) I-T 787 N-2 AL

o fAVUT, LR T 1IN, J.UJ, L vuLiuL f.20, 1N, J.JL.

Reaction of p-dihydrothevinone (4b) with n-propylmagnesium bromide: To the Grignard reagent
prepared from magnesium shavings (1.90 g) and n-propyl bomide (9.8 ml) in abs. toluene (12 ml) and abs. ether
(27 ml) a solution of the B-dihydrothevinone (4b) (5.00 g, 13 mmol) in abs. toluene (47 ml) was added dropwise
over a period of 1 h. Then the solution was stirred under gentle reflux for 2 h, allowed to cool to room
temperature and poured into 150 mi of saturated aqueous ammonium chioride solution. The mixture was
extracted with toluene (3 x 50 ml), the combined organic phase was washed with brine, dried (Na2SO4) and

V"\*AI‘ + f\k#ﬂl“ *l"\ NAarmmnAanan “rf\A 1t [TI ’-‘\ Tkﬂ mivhira wag L‘nhnfafnr‘ k" f‘n]‘lm“ f‘l‘fnmofnnf',ﬂ“"
€vaporaicd 10 ootain a nf €C-Componer it Proqudt o). 1 n€ miXwure was séparailG oy Coumi

with eluent system [B].

Fraction 1 (16): 0.90 g (16 %) — Mp. 155-156 °C — RfA = 0.67; RfB = 0.88; RfC = 0.91. — IH-NMR
(CDCI3): & = 0.80-1.00 (m, 2H, 19-H); 0.92 (20-Pr-CH3); 1.10-1.30 (m, 2H, 18-H); 1.37 (s, 3H, 20-CH3);
1.30-1.80 (m, 4H, 20-Pr-(CH?2)2); 2.00-2.50 (m, 8H, 7a-H, 8a-H, 8B-H, 10a-H, 150-H, 158-H, 16B-H, 16a-
H); 2.31 (s, 3H, NCH3); 2.73 (d, Jog, 10a = 6.38 Hz, 1H, 9a.-H); 3.10 (d, J10p,100 = 18.43 Hz, 1H, 10B-H);
3.54 (s, 3H, 6-OCH3); 3.88 (s, 3H, 3-OCH3); 5.12 (d, J5p,18 = 1.91 Hz, 1H, 5p-H); 5.20 (slal, 1H, 20-OH);
6.58 (d, J = 8 Hz, 1H, 1-H); 6.72 (d, 1H, 2-H). — 13C-NMR: & = 14.49 (Pr-CH3); 15.85 (Pr-(CH2)); 21.83 (C-
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10); 23 .82 (C-18); 25.33 (20- CH3} 28.26 (C-19); 31.74 (C-8); 32.96 (C-15); 35.56 (C-14); 43.29 (Pr-(CH2));
43.69 (NCH3), 43.99 (C-13); 44.89 (C-16); 50.25 (C-7); 52.82 (6-OCH3); 57 00 (3-OCH3); 62.22 (C-9); 75.48

(C-20); 81.16 (C-6); 94.46 (C-5), 114.74 (C-2); 119.17 (C-1); 128.29 (C-11); 133.59 (C-12); 141.82 (C-3);
146.32 (C-4). — MS (EI - 70 eV) m/z: 427 (100) [M*], 394 (40); 340 (63); 310 (68); 276 (31); 240 (40); 87
(27). — C26H37NO4 (427.6). — Calcd.: C: 73.03; H: 8.72; N: 3.28; Found: C: 72.95; H: 8.74: N: 3.25.

Fraction 2 (17): 0.58 g (10 %) — Mp.: 179-180 °C — RfA = 0.53; RfB = 0.50; Rfc = 0.90. — 1H-
NMR(CDCI3): & = 0.92 (t, 3H, 20-Pr-CH3); 1.12 (m, 1H, 19-H); 1.24 (d, 1H, 8a-H); 1.42 (s, 3H, 20-CH3);
135-1.65 (m, 6H, 15-H, wm, 20-Pr-(CH2)2); 1.82-2.10 (m, SH, 15-H, 168-H, 88-H, 18-H(2)); 2.30 (s, 3H,
NCH3); 2.24-2.40 (m, 1H, 16a-H), 2.47-2.69 (m, 3H, 8B-H, 9a-H, 10a-H); 2.86 (s, 1 H, 5-H); 3.00 (d,
J10,100 = 17.6 Hz, 1H, loa-m 3.34 (s, 3H, 6- OCHﬂ 3.87 (s, 3H, 3-OCH3); 4.82 (s[al, 1H, 20-OH); 5.85

(s[a] 1H, 4-OH); 6.58 (d, 1H, 1-H); 6.68 (d, 1H, 2-H). — I3C-NMR: 5 = 14.64 (Pr-CH3); 16.79 (Pr-CH2);
19.55 (C-18); 23.93 (C-10); 26.18 (20-CH3); 28.27 (C-19); 32.16 (C-5); 32.50 (C-8); 35.01 (C-15); 38.57 (C-
14); 42.24 (C-13); 42.97 (C-7); 43.24 (N-CH3); 45.03 (Pr-CH32); 45.70 (C-16); 54.17 (6-OCH3); 55.75 (3-
OCH3); 58.56 (C-9); 68.81 (C-6); 73.90 (C-20); 107.98 (C-2); 117.48 (C-1); 127.09 (C-11); 131.73 (C-12);

143.41 (C-3); 144.56 (C-4). — MS (TSP) m/z: 428 (100) [M+1]*t. — C26H37NO4 (427.6). — Caicd.: C:
73.03; H: 8.72; N: 3.28; Found: C: 73.08; H: 8.63; N: 3.19.

Fraction 3 (18).— 0.10 g (2 %) — oil — RfA = 0.15; RfR = 0.13; RfC = 0.67. — 1H-NMR(CDCI3): § = 0.92
(m, 1H, 19-H); 1.24 (d, 3H, 20-CH3); 2.35 (s, 3H, NCH3); 3.13 (d, 1H, 10B3-H); 3.42 (s, 3H, 6-OCH3), 3.88 (s,
3H, 3-OCH3); 4.47 (m, 1H, 20-H); 5.16 (d, 1H, 5B-H); 6.56 (d, 1H, 1-H); 6.72 (d, 1H, 2-H). — MS (TSP) nv/z:
386 (100) [M+1]". — C23H31NO4 (385.5). — Calcd.: C: 71.66; H: 8.11; N: 3.63; Found: C: 71.58; H: 8.13;
N: 3.57.

.)-u-uernanyluuun

12 (1.3 g, 3.0 mmol) was added to a solution of 2.0 g potassium hydroxide in 20 ml diethylene glycol at 70
°C. The mixture was boiled at 210-220 °C under argon for 75 minutes. The reaction mixture was diluted with 50
ml of water and 3.0 g of ammonium chloride was added until precipitation of the phenol. The product was
isolated by chloroform-methanol 9:1 extraction. The crude product was purified by column chromatography

with the eluent system ethyl acetate-chloroform-25 % NH; 70:30:1 [D].

7[%Etorphine (19): 0.57g (46 %) — Mp. 168-170 °C — R{B = 0.50; RfC = 0.51; Rp = 0.37. — IH-
NMR (CDCl3): 6 = 0.83 (t, 3H, Pr-CH3); 1.20-2.05 (m, 6H, 8a-H, 15a-H, Pr-(CH?2)2); 1.40 (s, 3H, 20-CH3);
2.10-2.60 (m, 6H, 7a-H, 8B-H, 10a-H, 158-H, 16B-H, 16a-H); 2.37 (s, 3H, NCH3); 3.18 (d, 1H, 9a-H); 3.20
(d, 1H, 10B-H); 3.68 (s, 3H, 6-OCH3); 4.86 (s[al, 1H, 20-OH); 5.26 (d, 158,18 = 1.2 Hz, 1H, 5p-H); 5.35 (d,
1H, 19 H); 6.16 (dd, IH 18- H)' 647(d, J1=8 Hz, 1H l-H)' 659 (d, 1H, 2—H\ — 13C-; MR 5 = 1422 fP

44.57 (PrCHp): 45.15 (C-16); 46.46 (C 13); 51.25 (C-7); 54.94 (6- 0CH3), 60.78 (C- 9), 7598 (C-20): 85.19
(C-6); 94.59 (C-5); 116.38 (C-2); 119.67 (C-1); 126.33 (C-11); 129.90 (C-18); 134.52 (C-19); 135.18 (C-12);
138.62 (C-3); 146.12 (C-4). — MS (EI - 70 eV) m/z: 411 (77) [M*]; 396 (7); 368 (4); 324 (24); 298 (10); 266
(4); 241 (7), 215 (41); 162 (15); 121 (18); 87 (23); 44 (100) — C25H33NOg (411.5). — Caled.: C: 72.96; H;

8.08; N: 3.40; Found: C: 72.87; H: 8.12; N: 3.43.
11 and 20 were prepared from 10c¢ and 16 analogously to 19

7f-Buprenorphine (11): 42 % Mp.: 214-215 °C, 1it.[7] 216 °C — RfA = 0.35; RfB = 0.29; RfC = 0.50.
— IH-NMR (CDCI3): = 0.09 (m, 2H, cPropCH2syn); 0.47 (m, 2H, cPropCH2ant;); 0.78 (m, 1H, cPropCH),
0.90 (m, 1H, 19-H); 0.99 (s, SH, 20-tBu); 1.39 (s, 3H, 20-CH3); 2.97 (d, 1H, 108-H); 3.06 (d, 1H, 9a-H); 3.53
(s, 3H, 6-OCH3); 5.14 (d, 1H, 5p-H); 6.03 (slal, 1H, 20-OH); 6.53 (d, 1H, 1-H); 6.71 (d, 1H, 2-H). — 13C-
NMR: & = 3.14 (cPropCH,); 3.76 (cPropCH,), 9.23 (cPropCH); 22.24 (20-CH3), 23.24 (C-10), 23.70 (C-19);
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(C 13); 48 79 (C 7); 52 54 (6-OCH C 0 79.28
5); 117.19 (C-2); 119.43 (C-1); 126.95 (C 1); 13343( 12); 138.21 (C-3); 14
467 (100) [M+1]* — C29H41NO4 (467.6). — Calcd.: C: 74.48; H: 8.84; N: 3.
N: 295,

7p-Dihydroetorphine (20): (
NMR (CDCI3): 6 0.80-1.00 (m, 1
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58,18 = 1.2 Hz, 1H, 5B-H); 5.23 (sla] slal, 1H, 3-OH); 6.1
Hz, 1H, lH) 668 (d, 1H, 2-H). — 13C-NMR: & = 14. 44 (Pr—CH3) 15 85 (Pr-(CH2)); 22.03 (C ) 23.71
(C-18); 25.53 (20-CH3); 28.24 (C-19); 31.61 (C-8); 32.74 (C-15); 35.65 (C-14); 43.19 (Pr-(CHR)); 43.54
(NCH3); 44.21 (C-13); 44.89 (C-16); 49.60 (C-7); 52.84 (6-OCH3); 6227 (C-9); 75.86 (C-20); 81.21 (C-6);
94.60 (C-5); 116.71 (C-2); 119.49 (C-1), 126.88 (C-11); 133.12 (C-12); 138.11 (C-3); 144.98 (C-4). — MS

(TSP) m/z: 414 (100) [M+1]t, (100) — C25H35N04 (413.5). — Caled.: C: 72.61; H: 8.53; N: 3.39; Found:
C:72.55; H: 8.51; N: 3.35.
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