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Abstract-On the basis of spectra and pK. values structures are assigned to the monomethyl ethcn of 

thebainehydroquinone. Thebainehydroquinone (la) and its 21-methyl ether (lb) rearrange under basic 

conditions to the corresponding flavothebaones (21 and Zc). The IB-methyl ether (le) does not rearrange. 

A mechanism tnvolving a cyclopropane Intermediate is proposcd for the rearrangements. 

THE structure 2s for flavothebaone (obtained by acid treatment of thebainehydro- 
quinone la) was established by Bentley,’ Meinwald,2 and their co-workers. Bentley 
reported two monomethyl ethers (A, m.p. 221-222”, and B, m.p. 258”) of la. The 
former was obtained by heating la with methyl sulphate at 150” ; the latter by adding 
methyl sulphate to a boiling solution of la in alkaline 50% aqueous 2-ethoxyethanol. 
Examination of the IR, UV and NMR spectra of these ethers indicates that they 
are, as Bentley thought, unrearranged products with structures lb and Ic. There 
remains the problem of assigning these structures to the individual ethers. 

Meinwald and Wiley3 used IR and UV spectral measurements to solve the related 
problem of the monoacetates (Id and le). They assumed that hydrogen-bonding 
between the 21-OH and the nitrogen was stronger than that between the 18-OH 
and the C,-OMe groups. On this basis the monoacetate with m.p. 222-222-Y was 
assigned structure Id and that with m.p. 256257” structure le. They also assigned 
structure lb to a monomethyl ether with m.p. 238-240”. We examined the NMR 
spectra of la, its monoacetates, monomethyl ethers and diacetate (If). The spectrum 
of la has peaks due to the phenohc hydrogens at S = 902 and 12.21 ppm. The signal 
at 9.02 does not appear in the spectrum of the acetate, m.p. 255257”; and that at 
12.21 is not present in the acetate 221-222”. These results conform to the earlier 
assignments3 By analogy, we can assign from the NMR spectra of the monomethyl 
ethers, structure lb to A and lc to B. The stronger hydrogen-bonding at 21 makes 
this OH more reactive under nonbasic conditions; under basic conditions, however, 
the 18-OH ionizes first; and thus reaction occurs at that centre. 

As indicated above the deductions of structures lble from spectral measurements 
depends on a reasonable assumption concerning relative hydrogen bonding at the 
Crs and Czl-OH groups. To confirm these assignments independently the pK,‘s of 
la, lb and lc were measured in aqueous dioxan. Although it was difficult to obtain 
good titration curves we feel our values are at least reliable to one decimal place. 
We expected that methylation at 21 would change the pK, of la more than methyl- 
ation at 18. In accord with this we found lb (in which the nitrogen is not involved 
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in hydrogen-bonding) is a stronger base (pK, = 6-5) than la (4-3) and lc (4-6). The 
pK, value of lb is close to that of thebaine (6.7). Thus the studies of pK, clearly 
confirm the structures of the methyl ethers. 

In one attempt to prepare Ic the methyl sulphate was added more slowly than in 
Bentley’s preparation, and the product had m.p. 252”. Examination of its spectra 
suggested that a rearrangement had taken place. Comparison with an authentic 
sample showed that the new product was 2b, the trimethyl ether of flavothebaone. 
Following this observation we found that thebainehydroquinone (la) and the 21 
methyl ether (lb) with base gave flavothebaone (2a) and the corresponding methyl 
ether (2~) respectively. However, the 18 methyl ether (lc) did not rearrange under 
similar conditions. This fact and the failure of the 21 OH of la to methylate under 
basic conditions indicates that Za or its 4-methyl ether was an intermediate in the 
pathway from la to 2b. The rearrangement was not produced by heat alone; nor did 
it take place when la was methylated in base in refluxing aqueous acetone. The latter 
reaction gives lc and is probably the best way of making this compound. 

la: R, = R, = H 
lb: R, = Me; R, = H 
lc: R, = H; R, = Me 
Id: R, = AC; R, = H 
le:R,=H;R,=Ac 
If: R, = R, = AC 

Za:R=R,=H 
2b: R = R, = Me 
2~: R = H; R, = Me 
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DISCUSSION 

Bentley et aL4 reported rearrangements related to that of la to 2a Their starting 
compounds did not have an aromatic ring E. For example, they found that treatment 
of3 with base gave the rearranged keta14, which with acid gave a phenolic unsaturated 
ketone corresponding to ta. If 3 was treated with base and then methyl iodide the 
cyclopropyl compound 5 was isolated. Apparently the free oxygen anion at C, which 
attacked C, was necessary to assist the ketone to open the 3-membered ring. 

6 
8 

1 

We propose that our rearrangement is initiated by the process indicated on 1 to 
give 6. The cyclopropyl ring then opens to give 7 which is attacked by OH ion to 
give the product 2. The stages 6 to 7 to 2 may be concerted. This mechanism explains 
why lc does not rearrange. Further the precipitation of 2b directly from the reaction 
mixture shows that our rearrangements (in contrast to Bentley’s) go directly to the 
flavothebaone in base and the opening of the 3-membered ring does not involve the 
C, anion, Presumably the driving force for the ring opening in 6 is the accompanying 
dienone phenol transformation. Baird and Winstein’ reported that p-cyclopropyl 
dienones (e.g. 8) are very labile. Similarly Meinwald and Wiley6 proposed that a 
nortricyclodienone was an intermediate (not isolated) in a base catalysed rearrange- 
ment of a benzonorbornadiene epoxide. 

Kanematsu and Sasaki’ recently found that photolysis of the adduct of thebaine 
and the dimethyl ester of acetylene dicarboxylic acid gave a product of type 4 together 
with a small yield of the corresponding phenolic unsaturated ketone. By contrast, 
wee observed that la on irradiation with ultraviolet light gave an unrearranged dimer. 

EXPERIMENTAL* 

Thehainclr~~Jroyuinone. Thebainehydroquinone (la) m.p. 273’ had NMR spectrum: 6: 12.21 (IH, s,+ 

disappears on addition of D20). 9Q2 (IH, s. disappears on addition of D,O), 660-680 (4H. complex), 

56&655 (2H. AB qu, J = 8 c/s with minor splitting. J = I.5 c/s. on pair at lower lieId), 465 (1H. d. J = 

1.5 c/s), 3.W15 (7H, complex, with strong s’s at 3.92 and 3.83). 3.40 (IH, d, I = 18 c/s), 2.35-2.85 (6H. 

complex. with a strong s at ZSS), and 1.50-t-85 (2H, complex) ppm. 

* Unless otherwise specified UV spectra were taken in EtOH solns. IR spectra in CH,CI, solns and 

NMR spectra in CDCI, solns. M.ps are uncorrected. 
t s = singlet; qu = quartet; d = doublet. 
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ThebaLlehydroquinone-18-acerare. Compound Ie m.p. 255-257 (lit3 256257”) had NMR spectrum: 

d: 12.97 (IH, 9, 6606.80 (4H, complex), 5.555650 (2H. AB qu, J = I2 c/s with minor splitting, J = 2 c/s 

on pair at lower field). 4.62 (IH. d. J = 2 c!s). 3.954.20 (I H. complex). 3.82 (3H. s). 3.68 (3H. s). 3-25-360 

( IH, ComPlex), 2-35 295 (6H. complex. with a strong s at ?59). 2.27 (3H. s). and 1.50 1% (2H. complex) 

ppm. 
Thebainehydroyui,lone-21-oretolr. Compound Id m.p. 221 222 (ht. 222 iZ2.5 i id NMR spectrum: 

6: 9.31 (IH. s), 655-670 (4H, complex), S-70650 (2H, AB qu, J = 9 c,!s with minor splitting, J = 2 c \ 

on lower held pair), 473 (I H, d, J = 2 c/s), 3.80420 (7H, complex with strong s‘s at 3.92 and 3.811, 33x 

(1H.d. J = 18 c/s). 2.20-2.80(9H,complex with strong s’sat 2-40and 2,ZR)and I 50 1,75(2H,complex) ppm 

Thebainehydroqui,lo,re-1X.21.diocerarr. Compound If m.p. I86 187 (lit.” 187-187.7 ) had NMR spec- 

trum: 6: 6SO7OO (4H. complex). 5.5%45 (2H, AB qu, J = 8 c% with minor splitting, J = 2 c/s on 

pair at lower held), 475 (IH, d. J = 2 c/s). 390-425 (IH, complex), 3.82 (3H. s). 360 (3H. s). 340 (I H, 

d, J = 18 c/s). 2.202.75 (12H. complex with strong s’s at 2.45. 2.35. and 2.32), and 1.40-1~80 (2H. complex) 

ppm- 
Thebainehydroquinone-2I-merhyl ether. Compound lb. m.p. 232-233’ (lit. 222’ lh and 238-240’ 3), had 

NMR spectrum: 6: 9.20 (IH. s). 650690 (4H. complex). S.706.50 (2H, AB qu, J = 9 c/s, wtth minor 

splitting, J = I.5 c/s on pair at lower held), 4.72 (IH. d. J = I.5 c/s), 422 (lH, d, J = 6 c/s), 3-W (3H, s), 

3.82 (3H, s), 3.72 OH, s), 3.10 3.67 (IH. complex), 2.2c2.70 (6H. complex with strong s at 247). and I.SO- 

I.70 (2H. complex) pRm; i,,, = 308 mu (E 5800). 

7hrhoblehyrlroqurflo,le-IX-merhyf erher. Compound lc. m.p. 258 ’ (lit.“’ 25X ‘) had NMR spectrum: 

6: I2.80 (I H, ~L6.60 6.90 (4H. complex). 5.50-650 (ZH. AB. qu. J = 9 cs with minor splitting, J = IS c/s 

on pair at lower field). 4.60 (IH, d. J = 2 c/s). 3.204.20 (I lH, complex with strong s’s at 3.87, 3.81 and 

3.73). 2-20 300 (6H. complex with a strong s at 2.58). and l~SO2GO (ZH, complex) ppm, ,$,_, = 298 mu 

(c 4200) ; v,, : 2905, 2790, 1625, 1590. 1500. 1480, 1435, 1350, 1320, 1300. 1245. 1215, tl90, 1170, 1135, 

1105. 1075, 1055, 1020, 1005,975,965,940, Y IS, 875.865,825,800, and 785 cm ‘_ 

flororhehaone rrimerhyl erherfrom rhebairwhydroquinone. Me,SO, (25 ml) was added over a period of 

1: hr to a relluxing mixture of water (75 ml). 2-ethoxyethanol (75 ml), KOH (35 g) and thebainehydro- 

quinonc (5.0 g). The cooled mixture was kept overnight, and the ppt was washed with water, and crystallized 

from MeOH to give flavothebaone trimethyl ether in pale yellow plates. m.p. 2Sl252” (l-2 g): I’,,,: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

995980.970. Y25.905.850,835. and 795 cm ’ ; i.,,, = 275 mu Ic 2450). and 335 mu (c: 3200); NMR peaks 

at b: 6.7W90 (4H. complex). 5.20 7.25 (2H. AB qu. J = 9 c/s with minor splitting, J = I.5 c/s on pair 

at higher field 46S5.20 (ISH, complex with a singlet at 4.80 and strong s’s at 402 and 387). and I-30 

3.30 (8H, complex with a strong singlet at 2.43) ppm. 

The identity of this compound was established by m-p., mixed m.p., IR. UV and NMR spectral com- 

parison with an authentic specimen of 2b (m.p. 252”, In9 252”) prepared by methylation of 2a under the 

conditions described above for thebainehydroquinone. 

Base-caralysed rearrangement of thebainehydroqublone. A mixture of thebainehydroquinone (I.0 g), 

KOH (7-O g) water (IS ml) and 2-ethoxyethanol (15 ml) was refhtxed for I hr. The pH of the soln was 

lowered to 6 with cone HCI, and the volume was decreased under reduced press. On saturation of the 

resulting soln with NaCI. llavothebaone HCI separated out. Addnion of cone NH,OH to an aqueous 

soln of the hydrochloride precipitated the free base, m.p. 195-205’ (deck identthed by m.p., mixed m.p. 

and IR, UV, and NMR spectral comparison with an authentic specimen. 

Base-caralysed rearramgemenr oj fhebai,lehydroquiilofte-2I-mrrirrl erher. Thebainehydroquinone-21. 

methyl ether (0.7 g) was heafcd to rellux in a soln of KOH (I4 g), water (30 ml), and 2-ethoxyethanol 
(30 ml). The soln turned dark red-brown and was cooled. The pH of the mixture was lowered to 8 with 

cone HCI and flavothebaone-2l-methyl ether (m.p. 257-259”) (lit.‘8 272’) (0.3 g) separated. The product 

was identilied as the 21-methyl ether of Ravothebaone by mixed m.p. and IR spectral comparison with 

an authentic sample. The latter, prepared by the acid catalysed rearrangement of I b, had m.p. 260-265” 

(lit.lb 272”): vii;: 3570.3300. 1665. 1495.1430, 1390. 1320. 1285, 1250. 1220. 1190. 1180. 1145. 1125. 1070, 

1045, 1025. 1010. 965, 955, 915, 888, 865. 810, 790. 755. 730, and 695 cm-‘. J,,,,= 279 mu (c 2600) and 

343 mu (t 2800) and NMR peaks (in C,D,N) at 6: ft.88 (lH, s), 7.70 (IH, s). 67tK7.20 (4H. complex), 

5407.50 (2H, AB qu, J = IO c/s, with minor splitting, J = 1-S c/s, on pair at higher field), 5.87 (lH, d, 

J = I.5 c/s), 2.8(&440 (9H. complex with strong s’s at 3.88 and 3.67) and I-20 2.70 (7H. complex with 

strong s at 2.47) ppm 

The ll-methyl ether on similar treatment with base was recovered unchanged. 
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Merhylation oftheboinehydroquinone in aqueous acetone. Me,SO, (59 ml) was added over 25 min to a 

refluxing soln of thebainehydroquinone (092 g) in KOHaq (14 g in 30 ml of H,O) and acetone (30 ml). 

The crude product precipitated from the cooled soln and on crystallization from MeOH separated as 

plates m.p. 25&256’ (0.24g) identihed as lc by m.p.. mixed m.p.. IR and NMR spectral compartsons 

with authentic material. Further crystallization and drying under vacuum gave m.p. 2562S7’. 

Detrrmitmtion o(pK. rolues. A weighed amount OC base (about 100 mg) in aqueous 75”,, dioxan (20 ml) 

was titrated with HCI (0.1886N. standardized against standard Na,CO,). The pH values were determined 

potentiometrically on a pH meter which was bulTcred at 3.55 with a standard soln of potassium hydrogen 
tartrate. The following pK, values were obtamed as the midpoint of the respective buffer regions: thebame- 

hydroqurnone. 4.3; thebainehydroquinone-18-methyl ether, 46; thebainehydroquinone-21 -methyl ether. 

6.5; thebamc. 6-7; thcbamcquinone. 5.0; flavothcbaonc. 5.0; flavothebaonc trimethyl ether, 5.9. 
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