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RHOEAGENINE AND RHOEADINE—III
THE HOFMANN DEGRADATION OF RHOEAGENINE METHIODIDE
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Abstract- The Hofmann degradation of rhocagenine methiodide leads to several compounds resulting
from the expected route or from basc catalyzed reactions of the lactol grouping.

For several years we have been interested in the alkaloids of Papaver Rhoeas'*
particularly rhoeagenine 1a and rhoeadine 1b. The correct structure of rhoeadinc
was first proposed by Santavy® and the C-6 hydroxyl* orientation was assigned
by Shamma.* Recently these results have been confirmed by an X-ray crystallographic
study®+ and by total synthesis.”

In this article we report some of our studies on the Hofmann degradation of the
methiodide of rhoeagenine 1a. From this reaction we obtained a mixture of several
compounds, four of which we have been able to characterize. The low yields and
lability of the other components of this reaction mixture make it unlikely that we
will be able to examine all components, thus we report our definitive results.

The main product (20-5%) of the reaction was desrhoeagenine,® 2a whose NMR
spectrum (Table 1) supported the structure shown. The mass spectrum of this com-
pound parallels that reported by Santavy® for desrhoeadine (28 R’ = OMe, R = H)

* We use the numbering system proposed by A. Brossi et al. based on the basic rheadan skeleton.*
This is indicated in formula 1.

t The absolute configoration of rhoeagenine methiodide is as indicated in this reference. Dr. C. S. Huber,
unpublished work. cf. M. Shamma, J. L. Moniot, W. K. Chan and K. Nakanishi. Tetrahedron Letters 4207
(1971
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in that the base peak* at m/e 206 (m/e 383-206 m* 111-5 calcd. 111-88) indicate a
reverse Diels-Alder type process followed (scheme 1) by loss of - CH,(m/e 207 — 192,
m* 178 calcd. 178-09) and then - NHCH, (m/e 192-162, m* 137 calcd. 136-69). Treat-
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HO

mfe 383 mfe 207

SCHEME 1

ment of desrhoeagenine 2a in methanol with a trace of HC! yielded desrhoeadine.®

A second des-base was isolated in small amounts (1-3%) which we formulate as
6-epidesrhoeagenine 2b. The mass spectrum of this compound differed only slightly
in the relative intensities of some of the peaks to that of 2a, and treatment of 2a
with base converts it into a mixture of materials of which 2b is a major component.
One possible source of this material is from 6-epirhoeagenine present as a contami-
nant in the starting material. Although we cannot rule out this possibility, all our
physical data on rhoeagenine indicate that it is pure. The other source of 2b is from
the base- catalyzed opening-reclosing of the hemiacetal ring: this we favour.

The NMR spectrum of 2b supported the formulation proposed from the coupling
constants of C-SH and C-11H. In both 2a and 2b the coupling constants of C-5H
and C-11H are about 2-5 Hz indicating a common stereochemistry about these
sites (¢f isorhoeadine Ref 3).

A third product (11-5%) is assigned structure 3 on the basis of its spectral properties
and elemental analysis. Its NMR spectrum indicates the presence of the vinyl group
and an extra AB system (quartet centered at 495 §). The characteristic signals for
the C5H and C,7H of the parent alkaloid and derivatives are absent. The AB system
is reminiscent of that observed in desmethoxyrhoeadine,® the smaller coupling
constant in this case (12 Hz, vs 14:5-16 Hz in Ref 9) could possibly be a consequence

* The mass spectral fragmentations discussed herein are all supported by metastable peak data. These
are indicated after the fragment in question.
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of the smaller ring size incorporating the methylene group.'®!! The mass spectrum
of 3 displays two major peaks: the base peak at m/e 206 and another at m/e 163
(47%). These observations, together with a fragment at m/e 175 (4%,) are consistent
with the fragmentation of 3 as indicated in scheme 2.

mfe 175
NMez—l m* 80 +
caled 799  NMe, :
(O

; m* 1109
caled 1108
3 M*383 mje 206 _/
l —CH,=NMe

m* 129
calcd 129

m/e 163
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Compound 3 would appear to arise via intermediate 5 (scheme 3) which in turn
could arise from the oxidation of species 4 formed by an internal hydride ion trans-
fer.'? This process is supported by the observation (TLC 3 systems) that 3 is formed
when 2a is treated with base in the presence of air and that it is optically inactive
(5 has no asymmetric centres). The physical data obtained on the hydrochloride of
3 supports this structural proposal. Exclusion of air during the Hofmann degradation
of rhoeagenine methiodide (argon atmosphere) resulted in an entirely different
product distribution in which 3 could not be detected. Instead enhanced yields of
2a and 2b were obtained.

That the intermediates formed during this Hofmann degradation are sensitive
to oxidation is exemplified further by the obtention of an amino acid for which we
propose structure 6, presumably formed by oxidation of the intermediate aldehyde
obtained from opening of the lactol of 2a (Scheme 3). Support for structure 6 comes
from the NMR spectrum where amongst other signals (see Table I) the N Me,
signal is shifted downfield to 2:6 § indicating protonation of the nitrogen atom. The
IR spectrum shows strong broad carboxylate absorption centered at about 1600 cm™".
The mass spectrum of 6 shows intense peaks at m/e 205 (40%,) 190 (25%) and at 176
(100%), probably arising as indicated in scheme 4.

cleavage at}
_'OH ]
6
H,C
o N—°
4
(o}
eaklh I 2
N ¢ m* 176
Me” \g\ caled 1761 m/e 190
? o
mje 205 Y0 e
m* 1525 3
caled 1512 Q\N
4
((>
mje 176
SCHEME 4
EXPERIMENTAL

All m.ps were determined on a Kofler block and are not corrected. IR spectra were measured in KBr
and chloroform, in 0-1 mm and 1 mm cells on a Unicam SP 200G, and in 1 cm cells on Pye-Unicam
SP 700A spectrophotometers. NMR spectra were taken at 100 MHz on a Varian HA 100 or HX-100-12
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and at 80 MHz on a Tesla BS 487A, using TMS and HMDSO as internal standards. See Table 1 for 100
MHz NMR data on the compounds described herein. Sample concentrations were approx. 10% w/v in
CDCl, and DMSO. Mass spectra were determined on an AEI MS 12 spectrometer. Purity of all compounds
described was checked by TLC on alumina plates (Woelm, neutral).

Rhoeagenine methiodide (1a methiodide). Rhoeagenine (1 g) was suspended in 20 ml of chloroform and
20 mi of Mel added. This mixture was refluxed for 4-5 hr. 1-3 g (90%) of crystalline ppt was obtained which
was recrystallized two times from water, m.p. 230-235° dec. [a]3° = +169° (¢ = 1, MeOH): IR, vcm ™!
(KBr) 3260 (OH). (Found: 1, 24-62%,: Calc. for C; H,,0¢NI: 1, 24-85%).

Hofmann degradation of rhoeagenine methiodide. Rhoeagenine methiodide (5-18 g) was dissolved in 96%
EtOH (55 mi) and 15% NaOHag (55 ml) and the mixture was refluxed for 2-5 hr. The solvents were almost
completely removed under reduced pressure when the remaining slurry was mixed with Hyflo-Super-Cel.
This mixture was then dried and washed with MeOH, when removal of solvent left a glass 3-2 g Chroma-
tography on alumina (Woelm, neutral) yielded the compounds described below.

Compound 3. Light petroleum-benzene (1:1) eluted an oil (043 g 11-5%) which partially crystallized on
treatment with MeOH. Recrystallization from the same solvent gave needles m.p. 132-133° [a]3° = 0°
(c = 1 CHCl,): IR (KBr) v, 1690 cm ™! (¢ = 0). (Found: C, 66:36: H, 5-36: N, 3-59. Calc. for C,,H,4O¢N,
C, 6614 H, 498: N, 3:67%). M* 383 m/e, 206 (100%): 175 (4%): 163 (4%), hydrochloride m.p. 145-146°.

Compounds 2a and 2b. Chloroform eluted 2b first which recrystallized from EtOAc-benzene (0-05 g,
1:3%) as needles, m.p. 216-7°C [«]3° = +13° (¢ = 02 in EtOH): IR (CHCl,) v, 3200 (OH). (Found:
C, 6547 H, 554: N, 3-48. Calc. for C;,H;,O¢N, C, 6579: H, 548: N, 3-65%): M* — 18 at m/e 365 (4%).

After crystallization of 2b, des-rhoeagenine 2a remained in the mother liquors and was crystallized from
MeOH, CHCl,, EtOAc or benzene m.p. 177-178°, [«]3® = ~35° (c = 0:5 in EtOH): IR (CHCl,) v,,,, 3570
(OH). (Found: C, 6574: H, 557: N, 3-70. Calc. for C,,H;,04N: C, 6579: H, 548: N, 3-65%): M* not
observed but M* — 18 at m/e 365 (3%).

Compound 6. Elution with MeOH gave 0-34 g (9%) of 6 which was crystallized from MeOH, m.p. 180-
182°, [«]2° = +139 (c = 0-49): IR (KBr) v,,, 3400-3200 broad (COOH Me,NH, 1600 cm™~! (COO®).
(Found: C, 62:99: H, 5-35. Calc. for C; H,,0,N:C, 6316: H, 5$26%): Mass spectrum M * —not observed
but M-18 at m/e 381 (8%,).
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