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Cyclo-adducts of Thebaine with Nitrosoarenes 
By Gordon W. Kirby," Department of Chemistry, University of Glasgow, Glasgow G12 8QQ 

Kenneth W. Bentley. Peter Horsewood, and Serjinder Singh, Department of Chemistry, University of 
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Thebaine (1 ) reacts reversibly with various nitroso-arenes to form cyclo-adducts by 1,4-addition of the nitroso- 
group to the conjugated diene system of the alkaloid. Adducts (2) of thebaine with nitrosobenzene and with 4- 
chloro-, 4-methyl-, 3-methoxy-, and 4-nitro-nitrosobenzene have been prepared in good yield. The adduct with 
nitrosobenzene was hydrolysed by hydrochloric acid to give 14~-(N-hydroxyphenylamino)codeinone (3 ; Ar = 
Ph) in high yield. Catalytic hydrogenation of this derivative afforded 7,8-dihydro-l4P-phenylaminocodeinone (4). 
14~-(N-Hydroxyphenylamino)codeinone rearranged readily in alkaline solution to give the phenol, 5,O-dihydro- 
5P,14P- (N-pheny1epoxyimino)codeinone (5). 

THE isolation of ' dimeric ' products from the nitrosation 
of thebaine (1) led to the suggestion that the alkaloid 
might undergo Diels-Alder reactions with C-nitroso- 
compounds. We now report experiments .with nitroso- 
arenes which demonstrate this process and establish a 
convenient route to 14-arylaminocodeinone derivatives. 

RESULTS AND DISCUSSION 

Thebaine (1) reacted with nitrosobenzene in chloroform 
at  room temperature to give the adduct (2; Ar = Ph) in 
high yield. The gross structural features of the product 
were discerned spectroscopically; in particular, n.m.r. 
signals a t  7(CDC13) 3.75 (dd, J 1 and 9 Hz, '7-H), 4.64 
(d, J 9 Hz, 8-H), and 5.25 (d, J 1 Hz, 5-H) supported the 
formulation of (2; Ar --- Ph) as a cyclo-adduct. Treat- 
ment of the adduct with 2~-hydrochloric acid caused 
hydrolysis of the acetal group and afforded the enone 
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(3; Ar = Ph), vmx. 1687 cm-l, in high yield. In 
principle, this enone might have been 14-(N-hydroxy- 
phenylamino) codeinone (as shown) or 14-phenylamino- 
oxycodeinone, depending upon the orientation of the 
nitrosobenzene moiety in the parent adduct. This 
point was settled as follows. Acetylation of (3; Ar = 
Ph) gave a derivative judged to be an O-acetate, rather 
than an acetamide, from its i.r. absorption, v,,,. 1773 
and 1688 cm-l. Further, catalytic (Pd-C) hydrogen- 
ation of (3; Ar = Ph) afforded a dihydrodeoxy-deriv- 
ative, which must be formulated as (4), thereby proving 
a direct connection between the phenylamino-residue and 

The hydroxylamine (3) rearranged rapidly in alkaline 
solutions to give an isomeric enone (5), v,,,,, 3 510 and 
1685 cm-l. The phenolic character of (5) was revealed 
by the formation of an O-acetate, v,,,. 1772 cm-l, and 
by a change in U.V. spectrum induced by addition of 
base: Amax. (EtOH) 235 (E 10 600), 317 (1 220), and 361 
nm (872); l.,llax. (EtOH-EtONa) 254 (E 12 200), 298 
(4 370), and 361 nm (1 480). The rapid cyclisation of 
(3) must, at  least in part, reflect the geometrical require- 
ments , for intramolecular attack by an oxy-anion at  
C-5. Providing that (3) has the relative stereochemistry 
shown, then cyclisation inay occur with a near collinear 
arrangement of the three relevant atoms, O-C(5)-0. 

The formation of adducts (2) from thebaine and 
certain nitrosoarenes is reversible a t  ambient temper- 
atures. Thus solutions of the colourless adduct (2; 
Ar = Ph) in methanol or chloroform showed a green tint 
due to partial dissociation. N.m.r. examination of a 
solution ( 0 . 5 ~ )  or (2; Ar = Ph) in deuteriochloroform 
revealed ca. 10% dissociation at  35 "C. Dissociation 
was diminished by electron-withdrawing substituents 
and enhanced by electron-donating substituents placed 
para to the nitroso-group in the nitrosoarene com- 
ponents. For example, the adduct (2; Ar = 4-N02- 
C,H,) showed (n.m.r.) no detectable dissociation a t  
35 "C and (10% at  100 "C, whereas 4-dimethylamino- 
nitrosobenzene and thebaine did not combine signifi- 
cantly in solution ( 0 . 5 ~ ) .  The following approximate 
dissociations (yo) ( 0 . 5 ~  solutions in CDC1, a t  35 "C) 
were observed (n.m.r.) with various aryl groups [Ar in 
(2)]: 4-N02C6H, (0) ,  4-C1C6H, (0) ,  3-MeOC6H, ( O ) ,  C,H, 

C-14. 
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(lo) , 3-MeC6H, (15) , 4-MeC6H, (35) 4-MeOC6H, (45) and 
4-Me,NC6H, (100).  

The crystalline adducts (2; Ar = 4-C1C,H4, 4-MeC6- 
H,, 3-MeOC,H4, and 4-N0,C,H4) were isolated and 
characterised. Hydrolysis of (2; Ar = 4-C1C6H,) and 
(2; Ar = 4-MeC,H4) gave tlie corresponding codeinone 
derivatives (3). 

EXPERIMENTAL 

M.p.s were determined with a Kofler hot-stage apparatus. 
N.m.i. spectra were recorded at 60 MHz. 

Reaction of Thebaine with Nitrosobenzene.-Thebaine ( 1) 
(7.44 g) in chloroform (20 ml) was added to  nitrosobenzene 
(2.56 g) in chloroform (20 ml). The mixture was kept a t  
room temperature until no further colour change occurred 
(ca. 0.5 h).  The solvent was evaporated and the residue 
crystallised from methanol to give 6,14-dihydro-6p, 14p- 
(N-phenylepoxyimino)fhebaine (2; Ar = Ph) (8.8 g, 90%) 
as colourless needles, m.p. 115-1 18 "C (decomp.) (Found : 
C, 71.8; H,  6.4; N, 6.7. C,,H,,N,O, requires C, 71.75; 
H,  6.3; N ,  6.70,:,); ~(CllCl,  2.87 (br s, Ph),  3.32 and 3.45 
(AR q, J 8.5 Hz, 2-H and 1-H), 3.75 (dd, J 9 and 1 Hz, 

3-OMe), 6.24 (s, e-OMe), and 7.51 (s, NMe). 
Preparation of Other Cyclo-adducts (2) of Theba im-The  

foregoing procedure was used to prepare the following cyclo- 
adducts (2) of thebaine and nitrosoarenes: (2; Ar = 4- 
ClC,H,) (76%,), m.p. 125-130 "C (dec0mp.j (from CH2C1,; 
crystallisation was difficult) (Found: C, 65.7; H, 5.5; N ,  
5.75. C,,H,,ClN,O, requires C, 66.3; H,  5.5; N, 6.20,;); 
T(CiiC1,j 2.8 (Lr s, NAr), 3.30 and 3.40 (AB q ,  J 8.5 Hz, 2- 
H and 1-H), 3.72 (dd, J 9 and 1 Hz, 7-H), 4.60 (d, J 9 Hz, 
8-H), 5.25 jd, J 1 Hz, 5-H), 6.17 (s, 3-OMe), 6.26 ( s ,  6-OMe), 
and 7.53 ( s ,  N M e )  ; (2; Ar = 4-MeC,H4) (650,:) (crystallised 
slowly from MeOH ; decomposed gradually with heating) 
(1'CJUIld: C, 71.8; H, 6.4; N, 6.0. C,,H,,N,O, requires C, 
72.2; H, 6.5; N, 6.50/,), T(CDC~,) 2.92 (br s, NArj, 3.35 (111, 

1-H and 2-H), 3.73 (dd, J 9 Hz and 1.4 Hz, 7-H), 4.67 (d, J 
9 Hz, 8-H), 5.26 (d, J i .4  H z ,  6. its (s, S-L'Xe), 6.26 
(s, 6-OMe), 7.53 (s, NMe), and 7.73 (s, ArMe); (2; Ar = 
3-MeOC,H4) (Y2c;/,), n1.p. 142-143 "C (decomp.) (from 
MeOH) (Found: C, 69.9; H ,  6.5; N, 6.2. C,,H,,N,O, 
requires C, 69.6; H, 6.3; N, 6.250/); T(CDC1,) 2.70-3.60 
(m, 1-H, 2-H, and NAr), 3.82 (q,  J 8.5 and 1.5 Hz, 7-H), 
4.70 (d, J 8.5 Hz, 8-H), 5.35 (d, 1.5 Hz, 5-H), 6.24 and 6.29 
(overlapping singlets, 3-OMe, 6-OMe, and Ar-OMe), and 7.55 
(s, NMe); (2; Ar = 4-NO2C,H,) (97y0), m.p. 166-167 "C 
(decomp.) (from MeOH) (Found: C, 64.5; H, 5.7; N, 8.8. 
C2,H,,N,0, requires C, 64.8; H, 5.4; N, 9.1"/); T(CDC1,) 
1.60 and 2.43 (q, J 9.5 Hz, 4-NO2C,H,), 3.12 (m, l -H  and 
2-H), 3.56 (dd, J 10 and 1.5 Hz, 7-H), 4.50 (d, J 10 Hz, 
8-Hj ,  5.17 (d, J 1 5 Hz, 5-H). 6.14 (s. 3-OMe), 6.20 (s, 6- 
OMe), and 7.52 (s, NMe). 

Preparation of 14- (N-Hydroxypheny1amino)codeinone (3  ; 
Ar = Ph).--The cyclo-adduct (2; Ar = Ph) (8 g) was 
warmed and triturated with 2~-hydrochloric acid (20 ml) 
until the resulting pasty mass solidified. The solid crystal- 
lised from 96% aqueous ethanol t o  give needles (90%) of 
14-(N-hyd~oxyphenylamino)codeinone hydrochloride hydrate, 
n1.p. ca. 125 "C (decomp.) (Found: C, 63.2; H, 5.95; N, 
6.15; C1, 7.8. C2,H,,N,O,~HC1*H,O requires C, 62.8; H,  
5.9; N, 6.1; C1, 7.7%); T[(CDJ,SO] 2.62 (br s, Ph), 3.13 
and 3.20 (AB q, J 8.5 Hz, 2-H and 1-H), 3.61 and 3.76 (AB 
q, J 10 Hz, 8-H and 7-H), 5.02 ( s ,  5-H), 6.25 (s, OMe), and 

7-H), 4.64 (d, J 9 Hz, 8-H), 5.25 (d, J 1 Hz, 5-H), 6.18 (S 

6.92 (br s, NMe) ; vmx. (Nujol) 3 490, 1 683, and 1 620 cm-'. 
Hydrolysis of the Cyclo-adducts (2; Ar = 4-C1C,H4) and 

(2; Ar = 4-MeC6H,) .-The foregoing procedure was used to  
prepare the following codeinone derivatives (3) from tlie 
corresponding cyclo-adducts (2). 14- (N-Hydroxy-4-chloro- 
pheny1amino)codeinone hydrochloride hydrate (88?/,) (from 
EtOH), decomposed slowly above 150 "C (Found: C, 58.8; 
H, 5.4; N ,  5.4; C1, 14.5. C,,H,3C1N,0,*HCl~H,0 requires 
C, 58.4; H, 5.3; N ,  5.7; C1, 14.4%); vnlaX. (Nujol) 3400, 
1 678, and 1 515 cm-l. The corresponding free base (3; 
Ar = 4-C1C,H4) had m.p. 108-108.5 "C (from EtOH) 
(Found: C, 64.0; H ,  6.05; N, 5.9. C2,H,,C1N,0,*Et0H 
requires C, 64.4; H,  6.0; N ,  5.8%) ; v , , ~ ~ .  (CHC1,) 3 340 and 
1685 cm-l; T(CDC1,) 2.79 (br s, KAr), 3.40 (m, l-H and 

5-H), 6.21 ( s ,  OMe), 7.64 ( s ,  NMe), and signals for EtOH 
(ca. 1 mol) . 14-~N-Hydroxy-4-methylphenylamzno)codeinone 
hvdrochloride hydvate (820/,) (from EtOH), decomposed 
above 150 "C Found: C, 63.85; H,  6.1; N ,  6.5; C1, 7.4. 
C2,H2,N204*Hfh-H20 requires C, 63.5; H, 6.2; N, 5.9; C1, 
7.5%); v,,,. ('Nujol) 3 260 and 1 682 crn-l; T[(CD,),SO] 2 82 
(br s ,  NXr), 3.15 ( s ,  l-H and 2-H), 3.60 (C ,  j 10 H L ,  8-Hj, 
3.74 (d, J 10 Hz, 7-H), 5.05 (s, 5-H), 6.26 ( s ,  OMe), 6.95 
( s ,  NMe), and 7.T2 ( s ,  ArMe). 

14-(N-A cetoxyphenylamino)codeinone.- 14-(N-Hydroxy- 
pheny1amino)rodeiiione ( 1 g) was acetyiated with acetic 
anhydride (0.25 ml) in pyridine (25 nil) a t  room tcirnperat:ire 
overnight and the product was isolated in the usual way. 
14-(N-Acetoxyphenylarnzno)codeznone had m p. 167-168 "C 
(from C,H,) (Found: C, 69.7; H,  5.6; N, 6.1. C z s H z s N 2 0 ,  
requires C, 69.9; H, 5 . 8 ;  N ,  6.3%) ; v,,,,. (CHCI,) 1 774 and 
1 690 cn-'; r(CDC1,) 2.70 (ni. NPh), 3.40 (m, l-H and 2-H), 

6.20 (s, OMe), 7.65 (s ,  NMe), and 8.03 ( s ,  COMe). 
T ,  8- D ih7dro- 14-p henyltzmi tiocodeinone .- 14- (AT H yil r m  y- 

p1ienylamino)codeinone hydrochloride hydrate (290 mg) was 
hydrogenated in methanol (6 ml) using 10% Pd-C catalyst 
(40 mg) for 4 h a t  room temperature and pressure. The 
product was converted (aqueous KaHCO,) into the free 
I.L~Y= ~ N ! ~ : r F -  wi; cr~stsl!ised fr9r.i ethmol. 7 , 8 - D z h y d ~ c -  14- 
phenyia~ninocod~inorle had m.p. 188-189 OC (Found: C, 
72.9; H, 6.7; N, 6.7. C,,H2,N,0,.0.5EtOH requires C, 
72.7; H, 7.0; N ,  6.874,) (Found. m / e  390.194 5 .  C,,H,,- 
N,O, requires &I, 390.194 3); v,,,. (CHC1,) 3 360 and 1 721 
cm I ;  T(CI)Cl,) 2.85 (m, NPh),  3.34 ( s ,  1-H and 2-H), 5.32 
( s ,  5-H), 6.13 (s, OMe), and 7.68 (s ,  NMe). 

Base-calalysed Hearrawgernent of (3 ; Ar = Ph) . --The 
codeinone (3; Ar = Ph) hydrochloride hydrate (500 mg), 
dissolved in the minimum quantity of methanol, was 
treated with sodium methoxide [from sodium (50 mg)] in 
methanol (10 nil). Methanol (10 ml) was added to dissolve 
the precipitste which formed. After 10 min a t  room 
temperature the solvent was evaporated and the residue was 
dissolved in water. An excess ulr 3uLC: carbar, dic.+dp w a q  

added and the resulting precipitate was collected and 
crystallised from ethanol to give 5,0-dzhydro-5P, 14P-(N- 
phenyZepoxyirnino)codeznone (5j (380 mg) as yellow needles, 
m.p. 207-208 "C (Found: C, 70.0; H, 6.8; N, 6.1. C24- 

H,,N,O,*EtOH requires C, 69.4; H, 6.7, 24, 6.2q.L); m,ie 
404; v,,, (CHCI,) 3 550 and 1 687 cm-l; T(CDC1,) 2.82 (m, 
NAr), 3.33 ( s ,  l-H and 2-H), 3.89, (s, 7-H and 8-H), 4.12 
(s ,  OH), 4.81 ( s ,  5-H), 6.20 (s, OMe), 7.45 ( s ,  NMe), and 
signals for EtOH (ca. 1 mol); U.V. spectra are recorded in 
the main text. Solvation of the phenol seemed variable; 
in a separate preparztion the product had m.p. 197 "C (from 

2-H), 3.70 (d, J 10 Hz, 8-H), 4.08 (d, J 10 Hz, 7-H), 5.10 (s, 

3.66 (d, J 10 Hz, 8-H), 3.78 (d, J 10 Hz, 7-H), 5.39 (s, 5-H), 
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EtOH) (Found: C, 70.5; H, 6.2; N, 6.8. C,4H24Nz0,e0.5 
EtOH requires C, 70.2; H, 6.3; N, 6.6%). 

Treatment of the phenol (5) with acetic anhydride in 
pyridine at room temperature in the usual way gave the 
corresponding O-acetyl derivative, m.p. 22 1-223 "C (from 
EtOH) (Found: C, 70.0; H, 5.5; N, 6.4. C2,H2,N20, 
requires C, 69.9; H, 5.9; N, 6.3%); vInrrX. (CHCl,) 1 772 
cm-l; T(CDC~,) ca. 3.0 (m, l-H, 2-H, and Ph), 3.95 (s, 7-H 
and 8-H), 5.20 (s, 5-H), 6.31 (s, OMe), 7.50 ( s ,  NMe), and 
7.68 ( s ,  COMe). 
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