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Abstract --- By the application of the Mitsunobu reaction several 6P-phthalimido- 

14P-hydroxymorphine and 14P-hydroxycodeine derivatives have been 

synthesized. Cleavage of the phthalimido derivatives with hydrazine hydrate 

afforded 6P-amino-14P-hydroxymorphine and 14P-hydroxycodeine derivatives. 

Catalytic hydrogenation of the ~ ' 3 ~  double bond offered a stereoselective way for 

the synthesis of the corresponding 6P-amino-14P-hydroxydihydrocodeine and 

14P-hydroxydihydromorphine derivatives. 

In previous papers of this series we have recently described the successiil application of the Mitsunobu 

reaction12 in the field of morphine alkaloids.3-6 Besides epimerization of the alcoholic hydroxyl group of N- 

demethyl-N-alkylcodeine and 3-O-acetyl-N-demethyl-N-alkylmorphine derivatives several 6P-phthalimido 

analogues have been prepared, and by splitting of the phthalimides compounds carrying a primary amino group 

have been synthesized. These latter amines could not be previously obtained by routine chemical transformation 

(sulphonate + azide displacement and subsequent reduction,7 or reductive ammation of morph~oane 

ketones8.9). 

Since during epimerization of the alcoholic hydroxyl group no difference between the behaviour of the 14P-H 

and 14P-OH derivatives was observed, the synthesis of the corresponding l4p-hydroxy derivatives canying a 

primary amino function at 6P-position was decided. Of the unsaturated representatives of related morphine 

alkaloids the only known substance is 6-deoxy-6~-amino-l4~-hydroxycodeine,~~ and among the saturated 
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ring-C compounds the corresponding dihydrocodeinelo and 6P-amino-6-deoxy-14P-hydroxydihyd~omorphine 

and its N-ally1 and N-cyclopropylmethyl analogues have been prepared by Portoghese and co-workers.!' 

Our previous experiences have revealed that no allyl-migration occurs in the Mitsunobu reaction. Therefore, it 

was supposed that the 6P-amino derivativg.$h a A7J double bond would be readily obtained with related 

derivatives, and thus; 

i.) informations for the structure-activity relationship of morphine alkaloids with respect to the different 

conformational properties of the unsaturated and saturated ring-C derivatives could be obtained, 

ii.) by saturation of the unsaturated bond an independent, a stereoselective route for the preparation of the 

derivatives described earlier by Portoghese et al.839 could he elaborated, and 

iii.) upon tritiation of the double bonds these latter substances could be obtained in labelled form. 

For the preparation of the target phthalimido derivatives (2a-h) the N-demethyl-N-alkyl-14-hydroxycodeines 

(la-d) and the corresponding morphine analogues~~ m) were applied. Temporary protection of the 14P- 

hydroxy group was negligible, but to avoid non-desired side reactions (formation of alkyl phenyl etherslz) the 

phenolic hydroxyl group of the morphine derivatives was protected by acetylation according to the Welsh 

procedure.'3 In the case of the N-demethyl-N-alkyl-l4P-hydroxycodeine derivatives &&) no difference in the 

course and yield of the reaction, as compared to those of the 14P-H analogues, was observed. It was found, 

however, that transformation of the 14P-hydroxymorphines (m) is completed in about an hour under the 

usual conditions (as proved by tlc examinations), but the desired phthalimides either could not be isolated in 

pure form (i.e. the N-cyclopropylmethyl (CPM) derivative a or the yields were unacceptably low, however 

we could not detect any by-product by monitoring the Mitsunobu reaction by tlc. In some cases the lower yields 

(30-40%) can be attributed to the decomposition of the phthalimides during the workup procedure. The yields 

are given (Table 1.) for the recrystallized products and are not optimized. Cleavage of the 3-0-acetyl group of 

2e-h was performed conveniently with the same procedure as for the 14P-H analogues (hydroxyl ammonium - 
chloride in aqueous ethanol, 50 OC), but this method worked well only with the N-methyl and N-propyl 

derivatives @ and 2, respectively). The location and steric position of the phthalimido function in && were 

unambiguously proved by 'H-nmr measurements; namely the J5p,6a coupling constants indicated inversion of 

the configuration. Detailed 'H-nmr analysis of these compounds has been published earlier.14 Dephthaloylation 

of the phthalimides (&&) was accomplished by treatment with hydrazine in ethanol to give rise to the target 

primary amino derivatives (3a-h). Except for the N-ally1 analogues (& and ig), subsequent saturation of the 
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A738 double bond then allowed the preparation of the corresponding dihydro compounds -0. The 6P position 

of the phthalimide group has been verified not only by the 'H-nrnr spectra but also by the fact that the 

compounds prepared by dephthaloylation corresponded with the C-6P mines  described earlier.' 

Phthalimide 
-% 
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Table I. 
Melting points and elemental analytical data for the prepared compounds 

Com- RI R2 yield Formula mp. Analytical data 

pound (%) (OC) calculated found 

C %  N %  C %  N %  

CH3 CH3 
CH3 n-C3H7 

CH3 CH2CH=CH2 

cH3 CPM 
COCH3 CH3 

COCH3 n-C3H7 

COCH3 CH2CH=CH2 

H CH3 

H n-C3H, 

CH3 CH3 

CH3 n-C3H7 

CH3 CH2CH=CH2 

CH3 CPM 
H CH3 

H n-C3H7 

H CH2CH=CH2 

H CPM 

CH3 CH3 
CH3 n-C3H7 

CH3 CPM 

H CH3 

H n-C3H, 

H CPM 

C26H24N205 115-117 70.4 6.3 70.7 6.4 

C28H28N205 162.164 71.2 6.3 71.1 6.5 

C28H26N205 186-188 71.5 6.0 71.1 6.1 

C2,H2,N20S 186-188 71.9 5.8 71.7 5.9 

C27H24N206 218-219 68.6 5.9 68.8 5.7 

C29H28N206 178-180 69.6 5.6 69.4 5.5 

C29HZ6N2O6 197.199 69.9 5.6 70.2 5.5 

C2sH22N205 238-240 69.8 6.5 69.9 6.6 

C2,H26N205 201-303 70.7 6.1 70.9 6.0 

CI8Hz2N2O3 125-126# 68.8 8.9 68.5 8 8 

C2,HZ6N2O3 oil --- --- --- --- 
C20M24N203 oil --- --- --- --- 

C21H26N203 oil --- --- --- --- 
CI,H2,N203 207-209 68.0 9.3 67.8 9.2 

C19H24N203 116-122 69.5 8.5 69.8 8.3 

C19H22N203 123-125 69.9 8.6 70.1 8.4 

C20H24N203 99-101 70.6 8.2 70.4 8.1 

C18H24N203 152-154# 68.3 8.9 68.0 9.1 

C20H28N203 127-129 69.7 8.1 70.1 7.9 

C21H28N203 125-126 70.8 7.9 71.1 8.0 

C17H22N203 260*# 67.5 9.3 67.3 9.1 

CI9Hz6N2O3 191-193 69.1 8.5 68.8 8.7 

CzoHZ6Nz03 oil --- --- --- --- 

#&:I 16-1 17'0; 4a:147-148'0, a: > 260(2HCI)*9; 4f. >270(2HC1)9 

* decomposition 
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Table 2 

Representative IH-nmr and ms data for compounds (24) 
p~ 

Compd. 'H-Nmr 6 @pm) CDC13 (* DMSO-d6) Ms (%) 

2a 2.4(s, 3H, NMe); 3.9(s, 3H, OMe); 4.9(m, J6a,7=4.1 HZ, IH, C6,H); - 444[M+j(60) 
5.l(d, JSp,6a=3.1 HZ, IH, CspH); 5.5(dd, J6,,,=3.0 Hz, J7,,=10.0 Hz, IH, CsH); 426(15) 
5.9(m, IH, C7H); 6.7(ABq, J1,2=8.1 Hz, 2H, CI,C2H); 7.8(m, 4H, Pht-H) 

& 0.9(t, J=7.0 Hz, 3H, propylMe); 3.8(s, 3H, OMe); 4.8(m, J6a,7=4.1 Hz, IH, C6,H); 472[M+](25) 
5.l(d, JSp,6a'3.1 Hz, IH, C5pH); 5.5(dd, J6,,,=3.0 HZ, J7,8=10.0 Hz, IH, CaH); 443(100) 
5.8(m, IH, C7H); 6.7(ABq, J1,2=8.2 Hz, 2H, CI,CzH); 7.8(m, 4H, Pht-H) 

2~ 3 .9(~,  3H, OMe); 4.9(m, J6q7=4.0 HZ, IH, C6&); 5.l(d, J5p,6a=3.2 Hz, lH, CSpH); 470[M+](15) - 

5.2-5.3(m, 2H, allylCH); 5.5(dd, J6a,8=3.1 Hz, J7,,=10.0 Hz, IH, CsH); 452(100) 
5.9(m, 2H, C7H and allylCH); 6.7(ABq, J1,2=8.1 Hz, 2H, Cl,C2H); 7.8(m, 4H, Pht-H) 

2d 0.1-0.9(m, 5H, cyclopropylH); 3.9(s, 3H, OMe); 4.9(m, J6a,7=4,0 Hz, IH, C6,H); - 484[M+j(50) 
S.l(d, JSp,6,=3. 1 Hz, lH, C5pH); 5.5(dd, J6a,g=3.0 Hz, J7,8=10.0 HZ, lH, CsH); 369(10) 
5.9(m, IH, C7H); 6.7(ABq, JIz2=8. 1 Hz, ZH, CI,C2H); 7.8(m, 4H, Pht-H) 

2e 2.3(s, 3H, 0COCH3); 2.5(s, 3H, NMe); 4.9(m, J647=4.0 Hz, lH, C6,H); - 472[M+](20) 
5.l(d, JspI6,=3.1 Hz, IH, CSpH); 5.5(dd, J6,,8=3.1 HZ, J7,8=10.1 HZ, IH, CsH); 428(10) 
5.8(m, IH, C7H); 6.7(ABq, J1,2=8.2 HZ, 2H, CI,C2H); 7.8(m, 4H,'Pht-H) 

2f 0.9(t, J=7.0 Hz, 3H, propylMe); 2.3(s, 3H, 0COCH3); 4.8(m, J6q7=4.0 Hz, IH, C6,H); 500[M+](10) - 
5.2(d, Jsp,6a=3.2 Hz, lH, CspH); 5.6(dd, J6a,8=3.1 Hz, J7,8=10.0 Hz, IH, C8H); 471(40) 
5.9(m, lH, C7H); 6.7(ABq, J1,2=8.Z Hz, ZH, CI,C2H); 7.8(m, 4H, Pht-H) 

& 2.3(~, 3H, OCOCH,); 4.9(m, J 6 , 9 . 0  Hz, lH, C6,H); 5.l(d, J5p,6a'3.1 Hz, 1H, CSpH); 498[M+](10) 
5.2-5.3(m, 2H, allylCH2); 5.5(dd, J6,,,=3.1 Hz, J7,8=10.1 Hz, IH, C,H); 
5.8-5.9(m, ZH, C7H and allylCH); 6.7(ABq, JIB2=8.Z Hz, 2H, CI,C2H); 7.8(m, 4H, Pht-H) 

2i* 2.3(s, 3H, NMe); 4.5(m, J6,,,=4.0 Hz, IH, C6,H); 5.0(d, J5a,6,=3.1 Hz, IH, CSBH): 430[M+](35) - 
5.5(dd, J6a,8'3.1 HZ, 57,8=10.0 HZ, lH, CsH); 5.8(m, IH, c7H); 

6.7(ABq, Jl,2=8.2 Hz, 2H, CI,C2H); 7.8(m, 4H, Pht-H) 

0.9(t, J=7.0 Hz, 3H, propylMe); 4.8(m, J6a,7=4.1 Hz, IH, C6,H); 458[Mf](10) 
5.0(d, J5p,6a=3.2 Hz, lH, CSpH); 5.5(dd, J6,,,=3.0 HZ, J7,8=10.1 HZ, IH, CaH); 429(10) 
5.9(m, IH, C7H); 6.7(ABq, J1,~=8.1 Hz, 2H, Cl,C2H); 7.8(m, 4H, Pht-H) 

3a 2.4(s, 3H,NMe); 3.8(s, 3H, OMe); 4.7(dd, Jsp,6a=l.0 Hz, Jsp,7=1.1 Hz, IH, CSpH); 314[M+](100) - 

5.6(d, J7,,=9.7 Hz, IH, C8H); 6.2(dd, JSP,7=1.1 HZ, J6,,7=6.0 HZ, IH, C7H); 
6.7(ABq, J1,2=8.1 Hz, 2H, CI,C2H); 

3b 0.9(t, J=7.0 Hz, 3H, propylH); 3.8(s, 3H, OMe); - 342[M+](60) 
4.7(dd, J5~ ,6a=I .0  Hz, Jsp,7=1.1 Hz, IH, CSpH); 5.6(d, J7,8=9.7 Hz, IH, C8H); 313(100) 
6.2(dd, J5p,7=1.1 Hz, J6,,7'5.9 Hz, IH, C7H); 6.7(ABq, JIa2=8.2 Hz, 2H, CI,C2H); 
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Table 2. continued 

,.. , 

3s 3.8(s, 3H, OMe); 4.7(dd, JSp,6a=l.0 Hz, J5p,7=1.1 HZ, lH, CSpH); 340[M+](30) 
5.2(m, 2H, allylCHz); 5.6(d, J7.*=9.8 HZ, lH, C8H); 5.9(m, IH, allylCH); . ~ 

6.2(dd, Jsp,7=l.0 Hz, J6,,7=6.0 Hz, IH, C7H); 6.7(ABq, JIa2=8.1 Hz, 2H, Cl,C2H); 

3d 0.1-0.9(m, SH, cyclopropylH); 3.8(s, 3H, OMe); - 
4.7(dd, J5p,6a=l.0 Hz, J ~ ~ , ~ = l . l  Hz, IH, CSpH); 5.6(d, J7,*=9.7 Hz, IH, C8H); 
6.2(dd, JSp,7=l .I HZ, J6a,7=6.0 Hz, IH, C7H); 6.7(ABq, J1,2=8.2 Hz, 2H, CI,C2H); 

3e* 2.3(s, 3H,NMe); 4.S(dd, JSp,6a=l.0 Hz, J5p,7=1.1 HZ, IH, CSPH); - 

5.6(d, J7,8=9.8 HZ, IH, C8H); 6.0(dd, J5P,7=1.1 HZ, J6,,7=6.1 Hz, lH, C7H); 
6.7(ABq, J1,2=8.2 Hz, 2H, CI,C2H); 

3f 0.9(t, 5-7.0 HZ, 3H, propylH); 4.9(dd, JSp,6a=l.0 Hz, J5p,7=1 .0 Hz, IH, CSpH); - 
5.6(d, J7,,=9.7 Hz, IH, C8H); 6.l(dd, J5p,7=1.1 Hz, J6a,7=6.0 Hz, IH, C7H); 
6.7(ABq, Jl,z=8.2 Hz, ZH, CI,C2H); 

4.9(dd, J5p,6a=1.0 Hz, J5p,7=1.0 Hz, IH, CSpH); 5.2(m, 2H, allylCH2); 
5.6(d, J7,8=9.7 Hz, lH, CsH); 5.9(m, IH, allylCH); 6.l(dd, J5P,7=1 .I HZ, 

J6a,7=6.0 Hz, IH, C7H); 6.7(ABq. J1,2=8.2 Hz, 2H, CI,C2H); 

3h 0.1-0.9(m, SH, cyclopropylH); 4.9(dd, JSp,6a=l.0 Hz, J5p,7=1.1 Hz, IH, CspH); - 
5.7(d, J7,*=9.8 Hz, IH, C8H); 6.l(dd, J5p,,=l .O Hz, J6,7=6.1 Hz, lH, C7H); 

6.7(ABq, JIs2=8.1 Hz, 2H, CI,C2H); 

4a' 2.3(s, 3H, NMe); 3.8(s, 3H, OMe); 4.l(d, Jsp,6a=7.3 Hz, IH, CspH); - 
6.7(ABq, J1,2=8.2 HZ, 2H, CI,C2H); 

a* 0.9(t, J=7.0 Hz, 3H, propylH); 3.8(s, 3H, OMe); 4.3(d, J5p,6a=7.2 Hz, lH, CspH); 
6.7(ABq, J1,2=8.2 Hz, 2H, C1,C2H); 

4c 0.1-0.9(m, SH, cyclopropylH); 3.8(s, 3H, OMe); 4.3(d, J5p,6a=7.2 Hz, IH, C5pH); - 

6.7(ABq, J1,2=8.2 HZ, 2H, CI.C2H); 

4d 2.3(s, 3H, NMe); 4.l(d, J5p,6a=7.3 Hz, IH, C5pH); - 
6.7(ABq, JIB2=8.2 Hz, 2H, Cl,C2H); 

4e 0.9(t, 5-7.0 Hz, 3H, propylH); 4.3(d, Jsp,6a=7.1 Hz, 1H, CSpH); 
6.7(ABq, J1,*=8.I Hz, 2H, C1,C2H); 

4f 0.1-0.9(m, SH, cyclopropylH); 4.3(d, J58,6a=7.2 HZ, lH, CSpH); - 

6.7(ABq, J1,2=8.2 HZ. 2H, CI,C2H); 

* DMSO-d6 as solvent 
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EXPERIMENTAL 

Melting points were determined with an "Electrotermal" digital instrument (Type 8103) in open capillaq tubes 

and the data are uncorrected. Thin layer chromatography was performed on precoated Merck 5554 Kieselgel 60 

F254 foils using 8:2 benzene:methanol, 9:l chloroform:methanol, 5:4:1 chloroform:acetone:diethylamine and 

8:2:1 ethyl acetate:methanol:25% ammonia solution developing systems. The spots were visualised by 

Dragendorff reagent. For column chromatography Kieselgel 60 H adsorbent and 9: 1 benzene-methanol eluent 

were applied. 'H-Nmr spectra were recorded with a Varian-Gemini 200 instrument and mass spectra were 

obtained with a VG-TRIO-2 spectrometer. 

General nrocedure for the oreoaratinn of the 60-ohthalimido (2a-h) derivatives 

Compound (1) (10 mmol), triphenylphosphine (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(l0 ml) was dropwise added over a period of 5-10 min. The reaction mixture was stirred for 

I 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 aqueous 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. 

General nrocedure for snlittine of the ohenol esters (~renaration of (2i-i) 

To a solution of the 3-0-acctyl derivative (1.0 g) in ethanol (45 ml) an aqueous solution ( 5  ml) of 

hydroxylamine hydrochloride (0.15 g, 2.2 mmol) was added and the mixture was stirred at 50 O C  for 10 min. 

After completion of the reaction, ethanol was distilled off in vacua, the residue was taken up with water, made 

alkaline with 10% aqueous solution of ammonium hydroxide or sodium carbonate and extracted with 

chloroform The organic layer was washed with brine and water, dried over sodium sulphate and evaporated. 

The residual product was crystallized from ethanol. 

General nrocedure for the oreoaration of 60-amino derivatives 

A solution of the 6P-phthalimido derivative (1.0 g) in ethanol (15101) was treated with 98% hydrazin hydrate 

(0.41~1, 8 mrnol). After completion of the reaction the hot mixture was poured into 30 ml of 1.5 N acetic acid 

and the precipitated ftalazin-1,Cdione 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:l 
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chlorofom:isopropanoI 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. 

General ~rocedure for the hvdroeenation of the 6B-amino derivatives with unsaturated C-ring 

A solution of the starting compound (0.5 g) in ethanol (30 ml) was hydrogenated in the presence of 10% 

palladium-on-charcoal. The catalyst was filtered off, the filtrate was concentrated under diminished pressure 

and the residue was crystallized from ethanol or ether. 
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