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A6stmct: As a contimtation of our work, aimed at adopting the Mitstmobu reaction in the morphine series, 8 

few representatives of dihydroisocodeines end dihydroisomorphines and their 14~hydroxy emdogues were prepated. 

p-Nitrobettzoic acid was used as carboxylic acid end the prepared esters were cleaved to obtaio the title compounds. 

Using phthalimide as acidic component several new 6fl-phthalimidodihydromorphine aad dihydrowdeine derivatives 

and their 14@hydroxy rmalogues have been synthesized. Cleavage of the phthalimido derivatives with hydtazine 

hydrate afforded the corresponding L@mino derivatives. 

In our recent papers we have described the successful application of the Mitsunobu reaction1 in the 
morphine-alkaloid series. During these studies epimerization of the 6a hydroxyl group of related compounds 
carrying a AT,* double bond2,3, &s well as conversion of the hydroxyl function into a primary amino rnoiety‘t~~ 
have been investigated, and found that all of these reactions proceed with configurational inversion without 
allylic rearrangement. In addition, our results in case of derivatives substituted with bulky halogen atoms at 

position 14, have proved the literature findings that the Mitsunobu reaction with phthalimide is mom. sensitive 
to steric effects than those performed with carboxylic acids6.7. 

Preceding these studies most of the target compounds (CdgOH) were unknown, and in many cases 
either the yield or the stereoselectivity of the transformations were unsatistactorya-16. Except for the N-ally1 
analogues the isomorphine derivatives, saturated in ring C, could be prepamd by means of catalytic 
hydrogenation of isomorphine and isowdeine derivatives with unsaturated ring c prepared in our laboratory 
earlierz. By elaborating an efficient procedure for the N&me&y&ion and N-alkylation3~17 of 
dihydroisocodeine and dihydroisomorphine, as well as of their 14g-hydroxy analogues new completely 
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stereoselective* methods have been developed for the production of p-nahrexol (human me@olite of narcotic 

antagonist naltrexone) and p-naloxol. There is only one completely stereoselective synthesis known for the 
preparation of these compounds: the reduction of naloxone and naltrexone with formamidine sulfInic acid1 1, 
but this method can not be applied in the case of other eompoundGl3~18. 

Some of the target primary amines are known in the literature, and many of them have been prepared 
from the corresponding azide, obtained from sulphonate esters lgq21 and others were synthesized by Portoghese 
et al. by means of reductive amination of morphinan ketone@25. The reported24 synthesis of @aloxamine 

is not completely stereoselective and only one procedure was reported for the completely stereoselective 
synthesis of @raltrexamine23, but its time consuming nature prompted us to examine a simple alternative 

approach. 
The present paper deals with the synthesis of these and related compounds by means of treatment of the 

saturated ring C derivatives with p-nitrobenzoic acid and phthalimide respectively in the presence of 

triphenylphosphine and diethyl azodicarboxylate, and subsequent alkaline hydrolysis of the resulting esters to 
obtain the desired 68 epimers or cleavage of phthalimide derivatives with hydrazine hydrate to obtain the 
primary amine at 6l3 position. Investigation of such a reaction is theoretically also interesting, since the 
alcoholic hydroxyl is not of allylic character, and in case of the unsaturated and dihydro compounds the steric 

position of the hydroxyl function is Dseudo_eouatorial and a, respectively. 

When dihydrocodeine (la) was allowed to react with benzoic acid in benzene no complete conversion 
was observed after several hours of reaction time and at elevated (reflux) temperature. Surprisingly in case of 
14P-hydroxydihydrocodeine @) the reaction is complete within one hour and the desired benzoate ester (h) 
could be prepared. We can not explain the difference between the reactivity of dihydrocodeine and 14g- 
hydroxydiiydrocodeine. However, when p-nitrobenzoic acid was employed, the conversion completed in an 
hour at room temperature even in the case of dihydrocodeine. Similar results were published independently by 
Martin et al.26 concerning the reactivity of benzoic acid and p-nitrobenzoic acid, using another substrates. 

Recently another paper has dealt with the effect of the acidic component on the Mitsunobu inversion27. The 
different reactivity of benzoic acid and p-nitrobenzoic acid can be interpreted in the knowledge of the reaction 
mechanism: the pK value of p-nitrobenzoic acid is lower, and the equilibrium between the alkoxyphosphorane 
and the alkoxyphosphonium salt is shifted towards the latter, as shown by the related mechanistic studies by 
Jenkins et aL2829. In agreement with these results dihydrocodeine (la) and N-demethyl-N- 
alkyldiiydrocodeines (a-d) could be readily converted with p-nitrobenzoic acid in benzene into the required 
p-nitrobenzoates h-d, whose alkahne hydrolysis gave rise to the dihydroisocodeines Z&l. Boron tribromide 

mediated 0-demethylation then afforded the corresponding diiydroisomorphine derivatives f&h. 
Dihydroisomorphine (&) was prepared from dihydromorphine (le. Rl=H, R@H,) by using the known 
sequence (acetylation, epimerization, hydrolysis). The compounds obtained in this way were shown to be 
identical with those synthesized17 by N-demethylation of diiydroisocodeine and subsequent N-alkylation. 
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The 14p-hydroxydihydroisocodeine derivatives Za-d were also obtained as described for the 
corresponding dihydroisocodeines. Although 0-demethylation with boron tribromide could also be employed 
for these compounds, the related 14-hydroxydihydromorphine derivatives h-h (R,=H) were more easily 

accessible (through the corresponding ketones) than their 14-H analogues. Therefore the 3-0-acetyl 
derivatives (a-h, R,=Ac), prepared by the Welsh acetylation of the phenolic hydroxyl groups, were reacted 
with p-nitrobenzoic acid in the presence of triphenylphosphine and diethyl azodicarboxylate to obtain the 
p-nitrobenxoates (k-h) of the 14-hydroxydihydroisomorphine derivatives. Due to their good water-solubility 
de-esterification of these latter compounds could be achieved with a catalytic amount of sodium me&oxide in 
methanol, and the resulting alcohols 2-h were isolated in form of their chlorohydrates. These compounds 

were also prepared3 from the corresponding 14hydroxy-dihydroisocodeines w N-demethylation, N- 
allcylation and 0-demethylation), and the physical data of these samples were found to be identical, in all 
respect with those synthesized by means of the Mitsonubu reaction. 

When the dihydrocodeine la-d &si and 3-0-acetyldihydromorphine derivatives k-h, and’ 2& were 
treated with phthabmide in benzene in the presence of triphenylphosphine and diethyl azodicarboxylate the 
target phthalimido compounds j&-h and h-h could be readily obtained. Temporary protection of the 14p- 
hydroxy group was negligible, but to avoid undesired side-reaction (formation of alkyl phenyl ether@) the 
phenolic hydroxyl group was temporarily protected by the usually employed Welsh acetylation procedu&r. 
Removal of the acetyl group with hydroxylamine hydrochloride or sodium carbonate in aqueous ethanol gave 
rise to the derivatives a-d and Ila_d, bearing f&e phenolic hydroxyl functions. Cleavage of the phthalimido 
moiety with hydra&e hydrate then allowed the isolation of the primary amines 12p-h and m-h. 
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the mstry of C-6 was proved not only by the chemical identity of the compounds synthesized 

in an independent way, but also by their IH-NMR speclm. The coupling ccwtants of CSg and C&-H 
(J5P,6a-4.5-8.5 Hz) verified the position of the substituent at C-6. The detailed analysis of the 1H-NMR 
spectra of these compounds is pubIished in the Merature*O~2-34 

The in vitrv studies and pharmacological properties of 6&epimers prqxued by us was reporkd in pa@. 

Tbe antagonist propeAk of fi-naioxol and @x&exol are known in the litemture~1~36. 
The opiate &nal &examine is employed as an intermediate in the synthesis of the aEinity label 

B-m xami1&7~ which is employed as a tool in opioid researchsa. 
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Table I. 

Melting points and yields for the prepad compounds 

compolmd RI R2 X FOIltUb M.W. yield mP. 

a3 CH3 H 

CH3 n-C3H7 H 

CH3 CH2CH=CH2 H 

a3 CPM H 

COCH, CH, H 

CH3 C% OH 

CH3 n+H7 OH 

CH3 CH2CH=CH2 OH 

CH3 CPM OH 

COCH3 CH3 OH 

COCH3 “c3H7 OH 

COCH3 CH2CH=CH2 OH 

COCH3 CPM OH 

CH3 CH3 H 

CH3 CH3 H 

CH3 ‘+@7 H 

CH3 CH2CH<H2 H 

C*3 CPM H 

H CH3 H 

H n-C3H7 H 

H CH2CH=CH2 H 

H CPM H 

CH3 CH3 OH 

CH3 nG3H7 OH 

a3 CH2CH=CH2 OH 

CH3 CPM OH 

H CH3 OH 

H n-C3H7 OH 

H CH2CHSH2 OH 

H CPM OH 

CH3 CH3 H 

CH3 n-C3H7 H 

9 CH2CH==CH2 H 

a3 CPM H 

COCH3 CH3 H 

COCH3 n-C& H 

COCH, CH2CH<H2 H 

COCH, CPM H 

CH3 CH3 OH 

CH3 nC3H7 OH 

450.48 9il 164-165 

478.53 60 149-151 

416.5 1 60 158-160 

490.54 48 laa-189 

478.49 40 250-253 

466.48 19 218-220 

494.53 57 189-191 

492.51 61 170-172 

506.54 71 223-225 

494.49 39 215-217 

522.54 59 166-168 

520.52 48 169-171 

524.55 33 154-156 

421.48 43 .lao-la2 

301.38 57 204-205 

329.43 61 146-147 

327.40 66 121-123 

341.44 36 136138 

287.35 % 224-226 

315.40 53 lo4-lo6 

313.37 63 180-182 

327.40 51 286-290’ 

317.38 78 171.173 

345.43 37 146-148 

343.40 a6 112-J 13 

357.44 53 173-175 

303.35 63 251-252 

331.40 a2 263-265. 

329.37 71 203’ 

343.40 90 207. 

430.49 49 m-193 

458.54 74 212-214 

456.52 50 176-177 

470.53 68 219-2.21 

458.50 38 laa-1% 

486.55 26 144-146 

484.53 53 167-169 

49a.56 53 147-149 

446.49 90 115-117 

474.54 73 234-236 
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Table I continued 

Compound R, R2 X Formula M.W. yield mp. 

WI PC) 
!ki CH3 CH2CH=CH2 OH %H28N205 412.52 207-208 

CH3 CPM OH %%o%% 

COCH, CH, OH %~za%O6 
COCH, n-C3H, OH ‘%H3o%O, 

COCH, CH2CH=CH2 OH C29H28N206 

COCH, CPM OH c30H30N206 

H CH3 H C25H24N204 

H n-C3H, H c27H2sN204 

H CH,CH=CH, H c27H26N204 

H CPM H c28H28N204 

H CH3 OH C25H24N205 

H II-C3H, OH C27H2uN205 

H CH,CH=CH, OH c27H26N205 

H CPM OH c2SH2fiN205 

CH3 CH3 H Cl &24N202 

CH3 n-C3H, H C2OH28N202 

CH3 CH2CH=CH2 H c2$26N202 

CH3 CPM H C21H28N202 

H CH3 H C17H22N202 

H n-C3H, H c1@26N202 

H CH,CH=CH, H clb124N202 

H CPM H c2@26N202 

CH3 CH3 OH ClSH24N203 

CH3 n-C3H7 OH c2@2SN203 

CH3 CH,CH=CH, OH c2&!J6N203 

CH3 CPM OH C21H2SN203 

H CH3 OH C17H22N203 

H n-C3H7 OH C19H26N203 

H CH2CH=CH2 OH C,9H24N203 

H CPM OH c2$26N203 

All compounds gave satisfactory elementary analytical data. 
l as hydrochloride salt 

Melting points of the known compounds: 
b: 20114; &:224-225’;; &: 166-16716; a: 172-17313; 

486.55 

474.50 

502.55 

500.53 

514.56 

416.46 

444.51 

442.50 

456.52 

432.64 

460.51 

458.50 

414.54 

300.39 

328.44 

326.43 

340.46 

286.37 

314.42 

312.40 

326.43 

316.39 

344.44 

342.43 

356.46 

302.37 

330.42 

328.40 

342.43 

16 

60 

46 

42 

30 

33 

58 

25 

26 

38 

62 

70 

61 

58 

35 

70 

98 

98 

93 

88 

66 

78 

51 

70 

90 

90 

90 

15 

44 

61 

246-248 

217-219 

206-208 

186-188 

212.215 

261-263 

213-215 

195-196 

136-138 

305-307 

279-28 1 

250-252 

215-277 

140-142 

oil 

oil 

109-I 10 

269-271 

106-108 

102-103 

216-218 

152-154 

127-129 

145-147 

125-126 

260* 

191-193 

295-302* 

277-219* 

B: 248-250(HC1)12; a: 205-207(HCl)ll; a: 205-208(HCl)ll 
m: 13919; a: 2652”; u: 216-21722; &: 147-14821; 
J&*: 26023; JJg*: >270=; J.&*: 27023 
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Table II 
Representative IH-NMR and MS data for compounds (24) 

Cmpd. ‘H-NMR S(ppm) CDCI, (* DMSD-&) 

2.4(s, 3H, NMe); 3.8(s, 3H, OMe); 4.7(d, lH, C&I); 4.9(m, lH, C&l); 

MS W) 

45OIM+l(~O) 
6.7(ABq, 2H, Cl&H); 8.3(m, 4H, OCOC6H4N&) 

0.9(t, 3H, propylMe); 3.8(s, 3H, OMe); 4.7(d, lH, C,@; 4.9(m, IH, C&I); 

6.7(ABq, 2H, C,,C$I); 8.3(m, 4H, OCOC,H,NO~ 

3.8(s, 3H, OMe); 4.7(d, lH, CspH); 4.9(m, lH, C&H); 5.2-5.3(m, 2H, allylCH$; 5.9(m, 
IH, allylCH); 6.7(ABq, 2H, C1,CZH); 8.3(m, 4H, OCOC,H,NO,) 

O.l-0.9(m, 5H, cyclopropylH); 3.8(s, 3H, OMe); 4.7(d, lH, CsPH); 4.9(m, IH, C&I); 

6.7(ABq, 2H, C,,C$I); 8.3(m, 4H, 0COC,H4NO~) 

2.2(s, 3H, OCOCH,); 2.4(s, 3H, NMe); 4.7(d, lH, C#); 4.8(m, lH, C&H); 

6.7(ABq, 2H, C,,C$); 8.3(m, 4H, OCOC,H4N02) 

2.4(s, 3H, NMe); 3.8(s, 3H, OMe); 4.8(d, lH, C$l); 5.0(m, lH, CsaH); 

6.7(ABq, 2H, Cl&H); 8.3(m, 4H, OCOC,H.+NOz) 

0.9(t, 3H, propylhrle); 3.8(s, 3H, OMe); 4.8(d, IH, CT,,@; 5.0(m, lH, f&H); 

6.7(ABq, 2H, C,,C,H); 8.3(m, 4H, 0COC,H4NOz) 

3.8(s, 3H, OMe); 4.8(d, IH, CsBH); S.O(m, lH, Cs,H); 5.2(m, 2H, allylCH,); 

5.8(m, lH, allylCH); 6.7(ABq, 2H, C,,C,H); 8.3(m, 4H, OCOC,H,NO3 

0.1-0.9(m, 5H, CyclopropylH); 3.8(s, 3H, OMe); 4.8(d, IH, $H); 5.0(m, IH, C&H); 

6.7(ABq, 2H, C&$-J& 8.3(m, 4H, OCOC,H,NO,) 

2.2(s, 3H, OCOCH,); 2.4(s, 3H, NMe); 4.8-5.0(m, 2H, C,,,H and&H); 

6.7(ABq, 2H, C,,C$I); 8.3(m, 4H, OCOC,H,NO,) 

0.9(t, 3H, propylMe); 2.2(s, 3H, OCOCH,); 4.8-5.0(m, 2H, CsBH and C&I); 

6.?(ABq, 2H, C,,C,H); 8.3(m, 4H, OCOC,H,NOz) 

2.2(s, 3H, OCOCH,); 4.8-5.O(m, 2H, CspH and l&H); 5.2(m, 2H, allylCH2); 

5.8(m, IH, allylCH); 6.7(ABq, 2H, C,,C,H); 8.3(m, 4H, OCOC,H,NOd 

O.l-0.9(m, 5H, cyclopropylH); 2.2(s, 3H, OCOCH,); 4.8-5.O(m, 2H, CsBH and C&I); 

6.7(ABq, 2H, C,,C,H); 8.3(m, 4H, OCOC,H,NO,) 

2.4(s, 3H, NMe); 3.8(s, 3H, OMe); 4.8(d, IH, CsBH); 4.9(m, lH, C,H); 

6.7(ABq, 2H, C&H); 7.5(m, 3H) and 8.O(m, 2H, OCOC,H,) 

2.4(s, 3H, NMe); 3.9(s, 3H, OMe); 4.4(d, lH, $H); 6.7(ABq, 2H, C,,C,H) 

0.9(t, 3H, propylMe); 3.9(s, 3H, OMe); 4.4(d, IH, C$I); 6.7(ABq, 2H, C,,C,H) 

3.9(s, 3H, OMe); 4.4(d, lH, CsBH); 5.3(m, 2H, allylCHz); 5.9(m, lH, allylCH); 

6.7(ABq, ZH, C&H); 

O.l-l.l(m, 5H, cyclopropylH); 3.9(s, 3H, OMe); 4.4(d, lH, CsBH); 

6.7(ABq, 2H, C,,C2H) 
2.4(s, 3H, NMe); 4.4(d, lH, C$I); 6.7(ABq, ZH, CI,C2H) 

0.9(t, 39 propyllvle); 4.4(d, lH, CsBH); 6.7(ABq, 2H, C,,C,H) 

4.4(d, IH, CsBH); 5.3(m, ZH, allylCH2); 5.8(m, IH, allylCH); 6.7(ABq, 2H, Ct,C2H); 

O.Z-O.S(m, 5H, cyclopropylH); 4.4(d, lH, C,& 6.7(ABq, ZH, Ct,C#) 

478[M+l(lO) 

449(90) 
476[M+](30) 

446(20) 

49O[M+](20) 

449(15) 

478[M+](lO) 

436(15) 

466[M+](30) 

494[M+](lO) 

465(20) 

492[M+](lO) 

506[M+](35) 

465(15) 

494m+](35) 

452(40) 

522[M+](lO) 

493(30) 

52O[M+](lO) 

534[M+](lO) 

492(10) 

42 1 [M+](40) 

3Ol[M+](lOO) 

286(20) 

329[M+](lO) 

300(100) 

327[M+]( 100) 

341[M+](lOO) 

300(52) 

287[M+](70) 

315w+](12) 

286(95) 

313[M+](lOO) 

286(10) 

327[M+])60) 

286(30) 
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Table II contiaued 

cmpd. tH-= Bht@a) CLq (* DMs0-Q M(sc) 

la 2.4th 3K NMe); 34m, IH, c&l; 3.9& 3H, OMC); 4.5(4 lH, c&r); 317FI) 

6.7(ABg, 2H, C&$0 

Zb 0% 3& pwylW; 3.6& 1K C&I; 3.9(s, 3H, OMe); 4.5(d, lH, C@; 

6.7&B% 2H, C,,C# 

ZG 3.a(m, 19 C&I; 3%~. 3H, OMe); 4.5(d, la, C,p); 5.3(m,2H, aIlylcHz); 

5.8(m, lH, WlCH); 6.7(ABq, ZH, C,,C$H); 

zd o.l-Wm, 5H. cyckpq~ylH); 3.6(m, lH, C&i); 3.9(s, 3H, OMe); 

4.Y4 lH, C,@; 6.7(A&I, 2H, C&$9 

b* 2.40.3H, NMe); Wm, lH, C&I; SW, lH, C$S); 6.7(AJSq. ZH, c,,cgI) 

If Wt,3H, PKWAW; 3.6@, W, C&l; 4.5(d, lH, C$-i); 6.7(ABq, 2H, c,,C.$-i) 

Zg 3.6(m, 1% C&0; 4.6& lH, C@); S.l-5.3(m, ZH, allylCIQ; 
5.7-5.9(m, lH, allylCH); 6.7(ABq, 2H, C&J-I); 

Ih o.l-Wm, 5q c~lopropmr); 3.6b lH, C&H); 4.6@ lH, C@); 

6.7wq. 2H, ct,q9 

Sn 2&o, 3H, NMe); 3% 3tE, OMe); 4.O(m, lH, C&i); 5.2(d, lH, C$i); 
6.7(ABq, ZH, C,$-I); 7.S(m, 4H, Fht) 

8b 0.9@ 3H, propylhic); 3.W. 3H, OMe); 4.O(m, lH, C&H); 5.2(d, lH, C+I); 
6.7(ABq, 2H, C,$); 7.8(m, 4H. PM) 

SE 3.8(s, 3H, OMe); 4.o(m, lH, C&k S.Z(m, 3H, CsfiH and allylCHz ); 

5.9(m, 1% allylCH)6.7(ABq, 2K CIzH); 7.8@1,4H, Pht) 

&d 0.1-0.9(m, SH, cyclopropylH); 3.8(s, 3H, OMe); 4.O(m, lH, C&I; 

5.2(4 1H. c,BH); 6.7w% 2Ha c,,@; 7.h 4H, pho 
&G 2.2(s, 3H, OCOCg); 2.4(s, 3H, NM@; d.O(m, lH, t&H); 5.2(4 lH, C+); 

6.7(AW 2H, CI,2H); 7.8(m, 4H, wt) 
Bf O.W, 3H, propylble); 2.2& 3H, OCOCH,); 4.O(m, lH, C&H); 

X2(4 la, C,#i); 6.7(ABq, ZH, C,$l); 7.8(m, 4H, PM) 

aP 2.2(%3H, OCOCH& 4JXm. lH, C&I S.Xm, 3H. CSeH and allylCH2 ); 

5.9& la all~lCH)6.7(AB% 2H, CI,$Q; 7.8(m, 4H, PIN 
8h O.l-O.%m, SY cyclopmpylHl; 2.2(x, 3H, CCOCH~); 4.O(m, lH, C&l); 

5.X4 19 C$-D; 6.7(ABq, 2Y Ct,& 7.4m, 4H, FW 
Pp 2.4h 3H. Me); 3.80~. 3H, OMe); 4.l(m, lH, C&-Q 5.3(4 lH, C&H); 

6.7W-h 2H, C,,$0; 7Nm, 4H, W 
!& 0.9& 3H, pmpyiMe); 3.8@, 3H, OMe); 4.l(m, lH, C&H); 5.3(4 lH, C,@; 

6.7(ABa BH, C,$h 7.&n, 4H, lW 
Q 3.8(s, 3H. OMe); 4.l(m, lH, t&H); 5.3(m. 39 C,pH and allylCH2 ); 

S.S(m, lH, allylCH); 6.7(ABq, ZH, C,$-& 7.8(m, 4H, pht) 

pd O.l-Wm, SH. @opropylH); 3.)(s, 3H, OMe); 4.l(m, lH, C&H); 

5.3(4 W C$-U 6.7tABq. 2H. C$% 7.8(m, 4H, W 
h 2.2(s, 3H, OCOCH,); 2.4(s. 38, NM@; 4.O(m, lH, C&l); 5.3(4 lH, C$l); 

6.7(ABq, 2H, C&I); 7.8(m, 4H, pht) 

!X 0.9& 3H, propylMe); 2.2(s, 3H, OCOCH,); 4.O(m, lH, C&H); 

5.3(4 IH, C$G 6.7(ABq, 2H, CltH); 7.8(m, 4% W 

L 2.2(s. 3H, OCOCH,); 4.0@ lH, C&I; SXm, 3H, C$-l and allylCH2 ); 
5.8(m, lH, allyNX); 6.7(AJSq, ZH, C&l); 7.8(m, 4H, Pht) 

345w+.l(O) 
361(100) 

343WKlO) 

357Wl 

303[M)(65) 

33lWl(lO) 
302(100) 

329[M+KlO) 

343WK25) 
302(10) 

43OD4+1(45) 
373(15) 

45qbfq15) 

429(100) 

456Wl(JW 

47wTw) 

45Qf+1(15) 
416(20) 

4S7fM+j(lO) 

484ww) 

442W) 

49w+l(lw 
456(50) 

446WlcrO) 

474[M+](lS) 

445(lW 
472wKlS) 

4ww(25) 

474Pa30) 
432(35) 

502w+K20) 
472w) 

5Owf+l(lO) 
458(10) 
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cm@. *H-Nrals (ppln) CDCI, (‘DMso4j) 

9ll 0.1-o.qm, 5H, @opmpylHI; 23(s, 3H. OCoCHsh 4.qm, IH, c&r); 

MS CK) 
514~](10) 

uh 

ulh 

u!G 

Md 

uk 

ll.8 

l_ld 

lz8 
m 

I28 
lzf 
128 

i2b 
l.2a 
L?k 

ud 

5.3(d, lH, C$i); 6.7(ABq, W, C&l); 7.qm, 4G Pht) 
._ 

472618) 

2.4@, 3H, NW; 4.qm, IH, C&I; 5.W lH, C$Q; 6.7(AW 2I-J C&0 
7.qm. 4H, Pht) 

O.qt.3H, propylh@; S.qm, lH, &H);5.1(4 1H, C5,@; 

6.7(ABq, 2K C&k 7.8(m, 4H, *t) 
4.qm, lH, C&Q 52(m, 3H, CseH and allyllXQ ); 

S.qm, IH, aIIylCH)6.7(ABq, W, C&Q 7.qm, 4H, Pht) 

O.l-O.qm. SH, cyciopropyW; 4.qm, lH, C&Q 5.1(4 !I% CASH); 
6.7(AJ3q, 2H, C1fl, 7.qm. 4H, Pbt) 

416(M+J(lOO) 

35q20) 

6Q4WluO) 
415(100) 

442LM+wO) 
415(15) 

456W+I(W 

2.3(s, 3H, EIMe); 3.9@, lH, C&Q 5.1(d, IX, C$-i); 

6.7(ABq, 2H, C,$i); 7.qm, 4H, PM) 

O%f 3H, pmpy&k 4.qm. 1H, c,w5.2(d, lH, CspH>; 
6.7(AFQ, 2H, Cl& 7.qm, 4H, Pht) 

4.qm, lH, C6JB; 5-2(m, 3H, C5B d Wa2 X 
5.8(m, lH, allyiCH)6.7(ABq, ?I& Ct#I); 7.8(m, 4H. Pht) 

O.l-O.qm, 59 cyciopropylH); 4.qm, IH, C&l); 5.2(d, 1H. +$I); 

6.7(A%, W, C+); 7.8(m. 4H, fit) 
2,4(s, 3H, NMek 3,9@, 3H, OMe); 4.2(d, lH, C&Q 6.7(ABq, ZH, Ctfl; 

O.qt, 3H, propylkle); 3.9(s, 3H, OMe); 4.2(d, lH, C&I); 

6,7&J% w, C,,$% 

432Pf+lW 
357(25) 

-Pf+lW 
431(100) 

458~~10) 

4721w1(20) 

3.9(s, 3H, OMC); 4.2(d, IH, C&I); 52(m, ZH, ally1 CH& 5.9(m, 1H. allylCI-l); 6.7(AEtq, 326m(lO) 
2HC,,$Q 
O.t-O.qm. 5H, cy&propyIK); 3.9(s, 3Ii, OMe); 4.2(d, IH, C.&l); 

6.7(ABq, 2H, C,JH); 
2.3(.s, 3H, I@&); 4.4(4 lH, C& 6.7(ABq, 2%. C#); 

O.qf3H. pwylW; 4.W, 1H, C&b 6.7(ABe 2H. C$k 

4.1(4 lH, Cd; 5.20% 2R lruyl CH& 59(m, lH, Wlcw); 

6.7(ABq, 2HC,,$B 
O.l-O.qm,5H, cycloprapy~4.1@, lH,CQ,H);6.7(ABq,2H,CIfl, 

2.3(s, 3H, IWe% 3.qs, 3H, OMe); 4.1(4 lw, C&Q 6.7(ABq, 2H, C,,C$l); 

O.qt, 3H, propylli); 3.qs, 3H, OMe); 4.3(4 lH, C& 

6.7(ABq, 2H, CI.c2H); 
3.9(s, 3H, OMe> 4.4(4 lH, C&H); 5.2(m, 2H, ally1 CH2); 5.qm, 1% aIlyICH); 

6.7(AABq, ~C*,g-Q 
O.l-O.qm. 5H, cyclu~ropym 3.qs, 39 OMet); 4.3(4 IH, C&Q 

6.7(ABe 2H, C&# 
2.3(s, 3H, NMeh 4.1(4 W, t&H>; 6.7(ABq, 2H. CI,C$Q 

O.qt, 3H, propylll); 4.3& W, C&K 6.7(- w, C&$9; 

34WK85) 

32wa 

286wwJO) 

3lWKw 

314B4w9 
285(20) 

32www 

3lWloW 

344W+I(25) 
315(100) 

342wJ(25) 

356W+l(25) 

302[M+~loo) 

33O[M+1(20) 

301(70) 

4.3(d, IH, C&l); 52(m, 2H, aIly1 Cl-I& 5.qm. lH, alfylcH); 

6.7(ABg =t$HE 

328[M+K40) 
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Experimental 

Melting points were determined with an “Electrotermal” digital instrument (Type 8103) in open 
capillary tubes and the data are uncorrected. Thin layer chromatography was performed on pmcoamd Merck 

5554 Kieselgel 60 F254 foils using 8:2 benzene:methanol, 9:l chlorofornumethanol, 5:4:1 
chloroform:acetone:diethylamine and 8:2:1 ethyl acetate:methanol:25% ammonia solution developing 
systems. The spots were visualised by DragendortT-reagent. For column chromatography Kieselgel 60 H 
absorbent and 91 benzene-methanol eluent were applied. lH-NMR spectra were recorded with a Varian- 
Gemini 200 instrument and mass spectra were obtained with a VG-TRIO-2 spectrometer. 

3a-e. 4a . . _ ; 
Compound (.l& or &h) (10 mmol), triphenylphosphine (5.24 g, 20mmol) and p-nitrobenzoic acid 

(3.34 g, 20 mmol) or benzoic acid (2,24 g, 20 mmol) were dissolved in anhydrous benzene (100 ml) and 

diethyl szodicarboxylate (3.4 ml, 20 mmol) dissolved in anhydrous benzene(l0 ml) was dropwise added over 
aperiodof5-10min.Thereactionmixturewasstirredforanother1handtheprecipitatewasf&eredoff.The 
solvent was evaporated, the syrupy residue treated with D-tartaric acid (2.0-2.5 g) dissolved in 100 ml of 

water and extracted with ether. The aqueous phase was alkali& with 10% ammonium hydroxide and 
extracted with chloroform. The chloroform solution was washed with brine, then with water, dried over 

sodium sulfate, the solvent was evaporated, and the residue was crystallized from ethanol. 

A mixture of compound (a or a) (1.0 g), 10% aqueous KOH solution (lOml), and ethanol (1Oml) 
was refluxed for 10 min, then the pH of the mixture was adjusted to 8-9 with 10% ammonium hydroxide and 

extracted with chloroform. The organic phase was washed with brine, then with water, dried over sodium 

sulfate, the solvent was evaporated and the residue was crystallized to afford compounds (dae &h). 

To a cold (0 OC) solution of boron tribromide (1.2 ml, 12mmol) in dry chloroform (50 ml) a solution of 

the codeine derivative (5.8 mmol) in chloroform (30 ml) was dropwise added over a period of 20 min with 
stirring and under nitrogen atmosphere. Stirring was continued for 60 min at O-5 OC and then the mixture was 

poured onto ice (100 g) and the pH of the aqueous layer was adjusted to 8.5-9.0 by the addition of 
ammonium hydroxide. The chloroform layer was separated and the aqueous phase was extracted with 
chloroform (3x20 ml). The combined organic extract was washed with aq. sodium chloride, dried and 

concentrated. 

A solution of the ester (a) in methanol (15 ml) was treated with a 0.1% solution of sodium methoxide 

in methanol Under reflux temperature for 30 min. The solvent was removed Under diminished pressure and the 

product was prepared as the chlorohydrate. 

Compound (l& or a) (10 mmol), triphenylphospbine (5.24 g, 20 mmol) and phthalimide ( 2.94 g, 20 
mmol) were dissolved in anhydrous benzene (100 ml) and diethyl azodicarboxylate (3.4 ml, 20 mmol) 
dissolved in anhydrous benzene(10 ml) was dropwise added over a period of 5-10 min. The reaction mixture 
was stirred for another 1 h and the precipitate was filtered off. The solvent was evaporated, the syrupy residue 
treated with D-tartaric acid (2.0-2.5 g) dissolved in 100 ml of water and extracted with ether. The qUeoUs 
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phase was alkalized with 10% ammonium hydroxide and extracted with chloroform. The chloroform solution 
was washed with brine, then with water, dried over sodium sulphate, the solvent was evaporated, and the 

residue was crystallized from ethanol. 

To a solution of the 3-O-acetyl derivative (1.0 g) in ethanol (45 ml) an aqueous solution (5 ml) of 
hydroxylamine hydrochloride (0.15 g) was added and the mixmre was stirred at 50 oC for 10 min. After 
completion of the reaction, ethanol was distilled off in vacua, the residue was taken up with water, made 
alkaline with a dilute aqueous solution of ammonium hydroxide or sodium carbonate and extracted with 
chloroform. The organic layer was washed with aqueous sodium chloride and water, dried over sodium 

sulphate and evaporated. The residual product was crystallii from ethanol. 

A solution of the 6g-phthalimido derivative (1.0 g) in ethanol (1Sml) was treated with 98% hydraxine 
hydrate (0.4ml, 8 mmol). After completion of the reaction the hot mixture was poured into 30 ml of 1.5 N 
acetic acid and the precipitated l?alazin-1,4-dione was filtered off. The filtrate was neutralized with 10% 

aqueous solution of ammonium hydroxide and extracted with chloroform or (in the case of morphine 
derivatives) with a 2: 1 chloroform:isopropanol mixture. The organic layer was washed with brine and water, 
dried over sodium sulfate and concentrated under reduced pressure. The residue was crystallized or purified by 

column chromatography. 
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