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A method for the preparation of N-phenyl-substituted morphine alkaloids by treatment 
of the corresponding N-nor derivatives with Ph3Bi in the presence of Cu(OAc)2 is proposed. 
17-Nor-17-phenylthebaine thus obtained can serve as a convenient stat~ing material for the 
preparation of other N-phenyl-substituted alkaloids. 
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The nature of the substituent at the nitrogen ,4tom in 
morphine alkaloids is a significant factor having both 
quantitative and qualitative influence on their pharma-  
cological activity, l* Recently we synthesized the first 
N-aryl substituted morphine alkaloid by introducing a 
phenyl group into the corresponding N-nor  derivative 
on t rea tment  with (q r - f luo robenzene )ch romiumt r i -  
carbonyl complex  in the presence of  K2CO 3 in a 
THF--ace ton i t r i l e  (1 : 1) mixture followed by el imina- 
tion of  the chromiumtricarbouyl  group. 2 In the present 
study, we describe a more general way to N-phenyl-  
substituted morphine alkaloids, which involves either 
arytation of  N-nor  derivatives by Ph3Bi or the use of the 
N-phenyl derivatives thus obtained as the starting com- 
pounds for subsequent transformations. 

It is known that the amines containing an N - - H  bond 
are phenylated by Ph3Bi in the presence of  coppe r00  
acetate or trifluoroacetate at the nitrogen a t o m )  We have 
found that 17-northebaine 4 (1) and (6R,7R,14S)-7-[(2S)- 
2-hydroxy-3 ,3-d imethylbut -2-y l ] -6 ,7 ,8 ,  14- te t rahydro-  
6,14-ethano- 17-northebaine s (2) are phenylated by Ph3Bi 
upon prolonged refluxing in CH2CI 2 in the presence of  
Cu(OAc) 2 to give 17-phenyl-17-northebaine (3) and 
(6R,7R, t 4S)-7-[(2S)- 2-hydroxy- 3 ,3-dimethylbut-  2- yl]- 
17 - p h e n y l - 6 , 7 , 8 , 1 4 - t e t r a h y d r o - 6 ,  l 4 - e t h a n o -  17- nor -  
thebaine (4), respectively (Scheme 1). 

It can be suggested that compound 3, being an 
analog of the natural alkaloid thebaine (5) (Scheme 2), 
an important starting compound in the synthesis of  
derivatives of morphine alkaloids, t~ would enter  iato the 
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main reactions typical of compound 5 (oxidation, cy- 
cloaddition), and, hence, it could serve as the starting 
compound for the synthesis of  other N-phenyl deriva- 
tives. This assumption has been confirmed experimen- 
tally (Scheme 2). 

Compound 3 is readily oxidized by perforrnic acid 
to give (143")- 14-hydroxy- 17-phenyl-6-deoxy- 17-nor- 

codein-6-one (6) in a high yield. The oxidation of  
thebaine (5) gives a product with a similar structure. 6 

The reaction of but-3-en-2-one with N-phenylated 
derivative 3 proceeds similarly 7 to the cycloaddition of  
the same ketone to thebaine 5. (6R ,7S ,14R) -7 - ( i -  
Oxoethyl)- 17-phenyl-6,7,8,14-tetrahydro-6, 14-etheno- 
17-northebaine (7) formed in this reaction can be easily 
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l O a :  R = Me,  X = I  
l o b :  R = Et, X = Br 
10c:  R = Pr n, X = Br 
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converted into o ther  N-phenyl-substi tuted alkaloids upon 
reactions involving the carbonyl group. In the present 
work, we s tudied the reduct ion of  the carbonyl group in 
ketoiae 7 and the addi t ion o f  Grignard reagents to it. 

The  reduct ion o f  7 with NaBH4 occurs nonselect ively 
to give both possible dias tereomeric  alcohols 8 and 9. 

T h e  react ions  of  7 with M e M g l ,  E tMgBr ,  and 
Pr'~MgBr gave rise to the corresponding addition products 
10a--e .  However ,  in the case o f  compounds  10b and 
10c, which can  exist as two diastereomers,  only  one  o f  
them was actual ly  detected in the reaction mixture  in 
each  case,  and the  absolute  conf igura t ions  at the 
dias tereogenic  cen ter  could not be established. 

Instead o f  the addit ion product,  the react ion of  
ketone 7 with ButMgCI gave the product o f  reduct ion  of  
the earbonyl  group in 7, a lcohol  9, identical to one of  
the a b o v e - m e n t i o n e d  products of  the reduct ion  o f  7 
with NaBH4;  the isomeric  alcohol  was not de tec ted  in 
the react ion mixture.  The absolute configurat ions at the 
dias tereogenic  cen te r  both in this product (9) and in 
the d ias te reomer ic  alcohol  8, isolated after the react ion 
o f  7 with NaBH4,  were established by X-ray diffract ioq 
analysis 8 and proved to be S and R, respectively. In turn, 
the structure o f  these products unambiguously indicates 
the structure o f  the starting ketone 7 ( inc luding the 
absolute conf igura t ion  at the C(7) atom).  Thus,  the 
regio- and s te reochemica l  ou tcomes  of  the cycloaddi t ion  
react ion Of b u t - 3 - e n - 2 - o n e  to compounds  3 (see above) 
and 5 7 are identical .  

Experimental 

All reactions were carried out under dry argon. Di- 
chloromethane was distilled over P205, and benzene and 
diethyl ether were distilled over sodium benzophenone ketyl. 

The lH NMR spectra were recorded in CDC13 using a 
Bruker WP-200 SV spectrometer (operating at 200 MHz for 
I H); the chemical shills are referred to internal tetramethylsilane. 
Mass spectra (El, 70 eV) were run on an AEI-MS-30 mass. 
spectrometer. IR spectra were measured on a UR-20 spectro- 
meter in the form of pellets with KBr. 

17-Phenyl-17-northebaine (3). Compound 1 (5.00 g, 
0.017 moo was added to a stin-ed mixture of Ph3Bi (8.88 g, 
0.020 moo and Cu(OAc) 2 (3.05 g, 0.017 tool) in 150 mL of 
CH2CI 2. The mixture was refluxed with stirring for 130 h, 
cooled to -20 ~ and filtered through a layer of A120 3 (4 cm); 
the products were eluted with CH2CI 2. The filtrate was evapo- 
rated to dryness. The residue was recrystallized from MeOH to 
give 2.03 g (32.4%) of 3, m.p. 177--178 *C. Found (%): 
C, 77.25; H, 6.22; N, 3.53. C24H23NO 3. Calculated (%): 
C, 77.19; H, 6.20; N, 3.75. tH NMR, fi: 3.61 (s, 3 H, OCH3); 
3.85 (s, 3 H, OCH3); 5.35 (s, 1 H(5)); 5.08 and 5.68 (AB- 
system. 2 H, H(7) + H(8)); 6.55 and 6.66 CAB-system, 2 H, 
H(I) + H(2)); 6.81--7.35 (m, 5 H, C6H5). MS, m/z(Ire I (%)): 
373 [MI + (100), 358 [M - CH3] + (28), 242 (51), 104 (35), 77 
[C6Hs] (31), 43 (46). 

(6R,7R, 14S)-7- [(2S)-2-Hydroxy-3,3-dimethylbut-2-yl] - 
17-phenyl-6,7,8,14- tetrahydro-6,14-ethano- tT-northebaine 
(4). Compound 4 was prepared similarly to 3 from 2 (6.20 g, 
0.014 tool), Ph3Bi (7.64 g, 0.017 m o l l  and Cu(OAc) 2 (2.63 g, 

0.014 mol l  Yield 1.48 g (21%), m.p. 183--185 ~ Found (%): 
C, 76.54; H, 8.22; N, 2.57. C32H39NO 4. Calculated (,~ 
C, 76.61; H, 7.84; N, 2.79. tH NMR, fi: 1.03 (s, 9 H, But); 
1.44 (s, 3 H, CH3); 3.63 (s, 3 H, OCH3); 3.94 (s, 3 H, 
OCH3); 4.53 (s, I H, H(5)); 6.56 and 6.75 (AB-system, 2 H, 
H(I) + H(2)); 6.88--7.32 (m, 5 H, C6H5). MS, m/z (I~ (96)): 
503 [M] § (34), 485 [M - H20] + (23), 470 [M - H20 - -  CH3] + 
(20), 446 [M - C4H9] + (43), 428 [M - H20 --  C4H9] + (36), 
414 (100), 106 (68), 77 [C6H5] (53), 57 [CaHg] + (53), 
43 (73). 

(14S)- 14-Hydroxy- 17-phenyl-6-deoxy-17-noreodein-6-one 
(6). Compound 3 (0.97 g, 2.60 mmol) was added with stirring 
to 10 mL of a mixture prepared from HCOOH (15 mL), water 
(13.6 mL), and H2SO 4 (0.1 mL). The resulting solution was 
cooled to 15 ~ and 1.7 mL of a solution of performic acid, 
prepared from HCOOH (6.8 mL) and 30% aqueous H20~ " 
(3.3 mL), was added with stirring. The mixture was stirred at 
15 ~ for 30 rain and poured into 200 mL of cold water. The 
resulting mixture was treated with stirring with 10% aqueous 
solution of ammonia until pH 9.0 was attained and extracted 
with CHC13 (3x50 mL). The combined extracts were dried 
with anhydrous Na2SO4, filtered, and evaporated to dryness. 
Chromatography on a SiO 2 column (elution with CHCI~) 
followed by recrystallization from a benzene--hexane (2 : [) 
mixture gave 0_46 g (49%) of  6, m.p. 187.5--188.5 ~ 
Found (%): C, 73.20; H, 5.89; N, 3.40. C23H21NO 4. Calcu- 
lated (%): C, 73.58; H, 5.64; N, 3.73. IR, v /cm- l :  3430 (OH); 
1690 (C=O). tH NMR, 6:3.92 (s, 3 H, OCH3); 4.93 (s, I H, 
H(5)); 6.27 and 6.69 (AB-system, 2 H, H(7) + H(8)); 6.58 
and 6.69 (AB-system, 2 H, H(I) + H(2)); 6.96--7.42 (m, 5 H, 
C6H5). MS, m/Z (/rd (%)): 375 [MI + (28), 374 [M - 11 + 
(9), 373 [M - 2] + (45), 276 (15), 266 (10), 169 (9), 149 (89), 
121 (31), 119 (55), 105 [CI-12=NC6Hsl + (45), 104 (100), 103 
(64), 93 OIL 77 {C6Hsl (92). 

(6R,7S, 14R) -7-( l -Oxoethyl)-  17 -phenyl-6,7,8,14 -tetra- 
hydro-6,14-etheno-17-northebaine (7). Compound 3 (1.26 g, 
3.37 mmol) was heated in 30 mL of but-3-en-2-one at 90 ~ 
for 30 rain, and the mixture was concentrated to dryness. The 
residue was recrystallized from MeOH to give 1.28 g (86%) of 
7, m.p. 128--130 *C. Found (%): C, 75.92; H, 6.51; N, 3.00. 
C28H29NO 4. Calculated (%): C, 75.82; H, 6.59; N, 3.16. tH 
NMR, ~i: 2.10 (s, 3 H, COCH3); 3.57 (s, 3 H, OCH3); 3.77 (s, 
3 H, OCH3); 4.60 (s, 1 H, H(5)); 5.57 and 5.93 (AB- 
system, 2 H, H(18) + H(19)); 6.43 and 6.68 (AB-system, 
2 H, H(1) + H(2)); 6.80--7.27 (m, 5 H, C6H5). 

(6R,7 R, 14R) -7- [ (  IR)-  ! - Hydroxyethyl l  - 17-phenyl- 6, 
7,8,14-tetrahydro-6,14-etheno-17-northebaine (8) and (6R, 
7R, 14R)-7- [(1S)- l-hydroxyethyl]- 17-phenyt-6,7,8,14-tetra- 
hydro-6,14-etheno-17-northebaine (9). Compound 7 ([.00 g, 
2.25 retool) was added to a solution of NaBH 4 (0.10 g, 
2.70 minor) in 70 mL of MeOH. The mixture was refluxed for 
I h, concentrated to 20 mL, and poured into 100 mL of water. 
The reaction products were extracted with CHCI 3 (3x30 mL), 
and the combined extracts were concentrated to dryness, The 
reaction products were separated by preparative TLC on a 
SiO 2 plate (elution with CHCI3) and recrystaUized from MeOH 
to give 0.32 g (32%) of 8 and 0.35 g (33%) of 9 �9 CH3OH. 

Compound 8, m.p. 123--125 ~ Found (%): C, 75.54; 
H, 6.97, N, 2.73. C28H31NO 4. Calculated (%): C, 75.48; 
H, 7.01; N, 3.14. tH NMR, 5:1.09 (d, 3 H, CH3); 3.77 (s, 
3 H, OCH3); 3.83 (s, 3 H, OCH3); 4.63 (s, I H, H(5)); 5.57 
and 6.00 (AB-system. 2 H, H(18) + H(19)); 6.49 and 6.63 
(AB-system, 2 H. H(I) + H(2)); 6.84--7.24 (m, 5 H, C6H5). 

Compound 9"CH3OH.  m.p. 94.5--96"C.  Found (%): 
C, 72.92; H, 7 23, N, 2.38. C29HjsNO s. Calculated (%): 
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C, 72.93; H, 7.39; N, 2.93. tH NMR (CDCI3), 8:1.07 (d, 
3 H. CH3); 3.66 (s, 3 H, OCH3); 3.81 (s, 3 H, OCH3); 4.63 
(s, I H, H(5)); 5.49 and 5.88 (AB-system, 2 H, H(18) + 
H(19)); 6.58 and 6.61 (AB-system, 2 H, H(I) + H(2)); 
6.80--7.36 (m, 5 H, C6H5). 

Reaction of compound 7 with ButMgC1. A solution of 7 
(0.48 g, 1.08 mmol) in 30 mL of benzene was added dropwise 
with stirring to a solution of  ButMgC1 prepared from Mg 
(0.05 g, 2.16 retool) and ButCI (0.20 g, 2.16 retool). The 
mixture was refluxed with stirring for 1 h and cooled to 
-20 ~ and 70 mL of a saturated aqueous solution of NH4CI 
was slowly added. The organic layer was separated. The aque- 
ous layer was extracted with CHCI 3 (3x30 mL). The organic 
layer and the extracts were combined, dried with anhydrous 
Na2SO4, and concentrated to dryness. The residue was recrys- 
tallized from MeOH to give 0.14 g (29%) of 9 -CHzOH.  

(6R,7R, 14R)-7-(2- Hydroxyprop-2-yt)- 17-phenyl-6,7,8,14- 
tetrahydro-6,14-etheno-17-northehaine (10a). A solution of 7 
(0.70 g, 1.58 retool) in 30 mL of benzene was added dropwise 
with stirring to a solution of MeMgl, prepared from Mg 
(0. t2 g, 5.00 retool) and Mei (1.00 g, 7.00 mmol) in 80 mL of 
ether. The mixture was stirred for 30 min, and 100 mL of a 
saturated aqueous solution of NH4CI was slowly added; the 
resulting 10a was isolated as described in the previous proce- 
dure for 9 -CH3OH to give 0.54 g (74%) of  10a, m.p. 
221--222.5 ~ Found (%): C, 75.73; H, 7.07; N, 2.94. 
C29H33NO4 . Calculated (%): C, 75.79; H, 7.24; N, 3.05. IH 
NMR, 5:1.03 (s, 3 H, CH3); 1.09 (s, 3 H, CH3); 3.79 (s, 3 H, 
OCH3); 3.83 (s, 3 H, OCH3); 4.62 (s, 1 H, H(5)); 5.48 and 
6.04 (AB-system, 2 H, H(18) + H(19)); 6.46 and 6.63 (AB- 
system, 2 H, H(I) + H(2)); 6.83--7.35 (m, 5 H, C6H5). 

(6R,7R, 14R)-7- (2-Hydroxybut*2-yl)- 17-phenyt-6,7,8,14- 
tetrahydro-6,14-etheno-17-uorthebaine (10b). A solution of 7 
(0.50 g, 1.12 retool) in 30 mL of benzene was added dropwise 
with stirring to a solution of EtMgBr, prepared from Mg 
(0.I I g, 4.60 retool) and EtBr (0.50 g, 4.60 retool) in 80 mL of 
ether. The mixture was stirred at ~20 ~ for 30 rain, and 
100 mL of a saturated aqueous solution of NH,~CI was added 
dropwise. The organic layer was separated, and the aqueous 
layer was extracted with CH2C12 (2x50 mL). The organic layer 
and the extracts were combined and concentrated in vacuo, 
and the residue was reerystallized from MeOH to give 0.35 g 
(65,%) of 10b, m.p. 212--214.5 ~ Found (%): C, 75.70; 
H, 7.51; N, 2.50. C30HasNO 4. Calculated (%): C, 76.08; 
H, 7.45; N, 2.96. iH NMR (CD2C12), ,5:0.95 (s, 3 H, CH3); 
3,71 (s, 3 H, OCH3); 3.77 (s, 3 H, OCH3); 4.54 (s, I H, 
H(5)); 5.45 and 6.00 (AB-system, 2 tt, H(18) + H(19)); 6.42 
and 6.60 (AB-system, 2 H, H(I) + H(2)); 6.77--7.30 (m, 5 H, 
C6H5). 

(6R,7R, 14R)-7-(2- Hydroxypent -2 -y l ) -  17-phenyi-6,7,  
8,14-tetrahydro-6,14-etheno-17-uo~hebaine (10c). A solu- 
tion of 7 (0.97 g, 2.17 mmoI) in 50 mL of benzene was added 
dropwise with stirring to a solution of  PrMgBr prepared from 
Mg (0.19 g, 7.80 mmot) and Pr'aBr (0.96 g, 7.80 mmol) in 
150 mL of ether. The mixture was stirred at -20 ~ for 3 h, 
and 150 mL of a saturated aqueous solution of  NH4CI was 
added dropwise. The organic layer was separated, and the 
aqueous layer was extracted with CHCI 3 (2x70 mL). The 
organic layer and the extracts were combined and concentrated 
in vacuo, and the residue was chromatographed (PTLC) on a 
SiO 2 plate (elution with CHCI3). The product was recrystal- 
lized from MeOH to give 0.43 g (34%) of  10c, m.p. 
178--179 ~ Found (%): C, 76.08; H, 7.75; N, 2.80. 
C31['137NO4. Calculated (%): C, 76.35; H, 7.65; N, 2.88. ~H 
NMR, 5:0.96 (s, 3 H, CH3); 3.74 (s, 3 H, OCH3); 3.80 (s, 
3 H, OCH3); 4.58 (s, 1 H, H(5)); 5.43 and 6.02 (AB-system, 
2 H, H(18)+H(19)); 6.43 and 6.58 (AB-system, 2 H, H(1) + 
H(2)); 6.83--7.33 (m, 5 H, C6H5). 
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