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Abstract - The thermal behavior of a typical geries of rhoeadine alka-
loid N¥~oxides, 2a, 2b, 6b, and 7b, derived from alpinigenine (1a) or
e A T o, o e
its B/D-cig analog 5a is greatly dominated by the Meigsenheimer-iype of
rearrangement with the regiospecific formation of the benzoxazocine
congenerﬁigg,{ga, and 8 of these mlkaloids, Alternatively, Cope elimi-
nation has been posaidble under more extreme reaction conditions when
the side product 4 was isclated in addition to 3a. In each casze of re-
e Py
arrangement there was full retention of configuration, The N-epimeric
O-methyl-gis-alpinigenine Neoxides A Qég) and B (7b) serving as gstar-
P )
ting materials, as well as the hemiacetzls corresponding them, have

been discusged in terms of their chirality at nitrogen and C-14.

The Meisenheimer rearrangement and the Cope elimination are two types of reaction
thet could teke place when tertiary amine oxides are heated at temperatures rang-

ing in general] between 80 and 200°C, The Cope elimination1’2

is glways bound with
the presence of hydrogen on & B-carbon, while the Meisenheimer rearrangement3
congtitutes an intramolecular Ne-») migration of certain groups which are essen~
tially confined to allyl, benzyl and & few others, Scheme I, The O-substituted
hydroxylamines 4 resulting from this rearrangement are now considered to be

5. Stereochemical stu-

formed through a hemolytic cleavage-recombination pathway
dies done in a few caae56*7 have ghown that retention of configuration was al-
ways comblned with racemization varying to a congiderable degree.

Among the isoquinoline family of alkaloids, the thermal behavior of N-oxides has

been examinated in the protopines, phthalideisoquinolineg, and 1-benzylietrahy-
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droisoquinoline10 groups. In this paper, pyrolysis of the Iour N-oxides 2a, 2b,
ER, end Tb related to the rhoeadine elkeioid ' alpinigenine12’13glg) was found to
foliow the Meigenheimer mode, which in this cese included both full regiospecifi-
city and retention of configuration &t the central carbon, C-2, A side product
tentatively assigned structure 4 was probably due to Cope elimination o¢curing

at temperatures higher than those required for the rearrangement, The results

are depicted in the formulae,

CH,—CH ARYL — CH; — O0—NI(CHy— CHg} A
| 2 3 neat 2 2 32
ARYL — CHy — Nt C\Hz Neisenneimer rearrangement
|
0= CH, ARYL—CH;—N—CH—CiHz+ B
H OH CH,=CH,

Cope elimination

SCHEME1
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The starting N-oxides were either known from our previous work as the B/D-irans
fused onea, viz, alpinigenine N-oxide'? (2a) and epialpinine N-oxide!’ (2p), or
were prepared from the ynown > N,G(14)-sterecigomeric cig-alpinigenine N-cxides

A QQ&) or B QZ&) using acid-catalyzed acetalization in methanol et ambient tem-
perature to form the Neepimeric O-methyl-gig-alpinigenine N-oxides A (£b) or B
QIE), reaspectively, The latter was alsc formed as the only reaction product by
direct N-oxidation Of,ék using perbenzoic acid at 0% or boiling ethanolic hydro-
gen peroxide.

A3 to the thermal reaction of the acetal N-oxides, Meisenheimer rearrangement was
found to oceur whenlgg,léh or‘zh'were heated at ca. 130°C under reduced pregsure
and the stable benzoxazoccine derivativea’gg andlgﬁwere igolated in yields reng=-
ing between 55 and 75 %, A higher temperature of at least 160°C waas required for
the trengformation of the hemiacetal 33 into_gi.

The routine mass spectras of th;se oxygen-expanded rhoeadine~type molecules were
very complex and the low-intensiiy molecular lons always lost 60 or 59 mass units
wnich were due %to the expulsion of CH2=N+(OH)CH3 and thus asnalogous to other i,2-

oxaza=ring systems14

s gee Experimental. By the way, the masgs gpectra of N-oxides
were almost ldentical with those of Meisenheimer products, meaning that thermal
rearrangement inside the sgpectrometer may compete with ionlization. On the other
hand, the presence of a small M~16 peak was indicative of oxygen abstraction
from the N-oxide molecular ion15.

The regiospecific insertion of an oxyzen atom between nitrogen and benzylic C=2
rather than ¢-4 with formation of the ring B-enlarged 1,2—oxaza-compounds‘ai,gﬂb
andﬂg_was predicted from the general course of Meisenheimer rearrangements. Cone
¢lusive evidence of this was gzained from the nmr data., In the 130 gpectra of sll
ring-enlarged compounds, the particular ring carbon that becomes directly atiach-
ed to oxygen should exhibit a downfield ahift of maximum size, owing to the high
electronegativity of oxygen. As shown in Table 1, carbon 2 in the benzoxazocines
3a, 3b or 8 encounters & downfield shift as high as As= +17.0 to +19.0 pmm when
compared to carbon 2 in the alkaleids derived from, i. e. lg, 13 or‘iy. On the
contrary, C-5 in the ring-enlarged compounds compared to C-4 in the parent alka-
loids was much less affected.

Such & high degree of deshielding as observed for C=2 ig due to an oxygen H=-sub-
9tituent effeect, which is similar to that found in 6-membered heterocycles18. As

to the B-carbon relative to ring B oxymgen, it should be mentioned that C~5 in
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each benzoxzazocine wag shifted downfield by some & to 8 ppm. A shift of similar
degree wag observed for C-1 in the B/D-trans benzoxazocines, both 3a and 3b,

Fand

while this was significantly smaller in the B/D-gcia compound ‘§_.

b) of the benzaze-

Table 1.=- Carbon-13 chemical hiftsa') (ppm} of ring B carbons
pine alkaloids 18, L‘E, and ,2..‘1 and of their Meisenheimer rearrangement

preducts 3a, 3b, and 8
P, o~

carbon®? 1 1o 50 carbond) 3a 3b 8

Ca1 63.0 62.8 76.7 C-1 68.8 68,7 75.3
c-2 61.6 61.6 59.6 C=2 80,4 80,6 T6.6
I~T--CI-13 33.6 33.4 40,2 N—CH3 45.6 46.6 46.7
C-4 55.9 55.9 54,5 C=5 62,0 62.0 62,4
Cub 3.2 3.2 32.6 C-6 30,8 30.9 3.2
C-5a 131.5 131.5 134.5 C-6a 129,8 129.6 133.1
C-%a 135.3 135.3 129,.5 C-10a 132.8 133.0 130.5

a) Chemical shift values were measured from the central solvent line of CEJDCI3

and celculated to TS ( Jpyg = 50D013 + 77.0 prm).
b} Identificetion of carbons was performed nsing single frequency off-resonance
(SFORD) spectra, selective 130 {1H} decoupling experiments, and selective

130 {11-1} NCE measurements. For Jja en agsignment was already reported in the

literature 16

s which wag confirmed in every detail by our investigation., 4
comprehensive discussion of "M ana 130 nmr spectre for alplinigenine and its

congeners will be publishedﬂ.

¢) " Benzazepine numbering.

d) Benzoxazocine numbering.

The two Y -carbons located in ring B, i. e., C-6 and C-10a, show little or no
response which in general is upfield, except for C~10Ca of 8. This diversity may
result from the fact that 8- and 7y -substituent effects are less dependent on
the electronegativity of {the substituent in question, rather than a consequence
from the complexity of steric and/or electronic interamctions in the 7- or tﬁe 8-
membered ring aystems involved. In the proton nmr specirs of the benzoxazocines

38, 3b, and 8 the downfield shifts associated with 2-H ( A§= +0.5 to +0.8 ppm)
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also reflect the gite of oxygen ingertion, see Table 2.

Rhoeadine alkaloids faell into two main groups”, the B/D~irans compounds with =
trans diexial arrangement and a large vicinal coupling for 1~H and 2-H, 3J1'2~
7.5 to 9.5 Hz, or the thermodynamically more gteble B/D-g¢ls series showing a1.0
to 2.5 Hz, As to stereochemistry, Meisenheimer rearrangement in both the B/D-
irens N-oxides 2a and 2b as well as the gis-compounds 6b and b has been found
to proceed with full retention of configuration at €-2, Evidence of this was
provided by the fact that vicinal couplinge indicative of the mode of ring B/D-
conjunction have not changed in the benzoxezoecines 22.. 213, or E.’ cf. Table 2,
Accordingly, all benzoxazocine derivatives resemble the alkaloids derived from
in having an optical rotation of positive asign,

No products of side reacticna were 1solated, except the singular case that alpi-
nigenine N-oxide (2a) was heated at 180°C, a tempermture higher than that requim-
ed normally. Under these conditions the Meisenheimer product 32_ was accompanied
by a small amount of the optically inactive hydroxylamine 4, the tentative smtruce
ture of which mainly rests upon its UV-spectrum (71m 215, 328 nm) which indica-
tes the occurrence of two aromatic chromophores connected by a double bond.

The thermal reactions of & typicel triad of rhoeadine alkaloid N-oxides are dis-
tinguished for their high degree of aspecificlty in both regional and stereoche-
mical terms. Retention of configuration at C~-2 is in accord with a& homolytic
disscciation recombination mechanism occurring in a solvent cages’s. Retention
had already been observed in the pyrolysis of simpler N-oxides, but a consider-
able amount of racemization was always present7. Even in more recent studies
dealing with isoquinoline N-oxides, stereochemical aspects were neglected9’1o.
The stereochemigtry of the four N-oxides ag ég, ,.6.3’ Ta, and ’1‘9_ related to cis-
alpinigenine (_gg.) requires a comprehensive discussion bamed on the prineiples
summarized in a recent review article' . As reported previously13, R-oxidation
of 5a gave rise to the two isomeric N-oxides 4 (6a) and B (7a) which differ in
their chirality not only at. the quatermary nitrogen but also at the anomeric
carbon, C-14. The slightly dominating isomer 4 gimilar %o 25 has an equatorial N-
methyl group ( §= 3.28 ppm) and consequently, no interaction beiween the axial
rearside N-oxide oxygen atom and the aromatic proton at C-10 is obvious from the
proton nmr spectirum of f?f." when compared to that of E_a, Table 2, On the cther
hand, the axial N-methyl group of W-oxide B (13) shows & much more up~field
signal (8= 2,77 ppm, A5= -0.51 ppm)}, while its eguatorial oxygen approximetes
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10-H, thus producing & very pronounced down-field ghift in the latter (4= 7.84,

AS= +0.93 ppm relative to 5a).

Table 2.- Selected proton rmr dataa) of benzazepine alkalolds, N-oxides and

Meigenheimer products

benzazepine alkaloids

Compound gromatic benzylic

6~H 9=-H 10-KH 1=-H 2-H 14=-H

18 6.68 T.24 7,23 5.80 4.03  6.40
{8.9) (9.4) (9.4)

1b .66 T.30 T.18 5.54 3.99 5.81
~ (8.6) (9.3} (9.3)

58 6069 6-69 6.91 4-59 3.15 6-34
— (8.3) (1.0 (1.0)

5b 6.60 6,76 6.96 5.07 3,68 5,74
- (8.4) (2.2) (2.2}

N-oxides

68 6.71°) 6,73 4,79 4230 6.49
(1.4) (1.4)

Ta 6.62 6,83 5.43 4,53 6,33
aad br. br.

éb 6.72 6.T72 5.35 4,40 5.83
~ br. br.

b 6.67 6.79 5.39 4.51 5.T9
A br. br.
Meisenheimer products

aromatic benzylic

I=H 10-H 1=H 2-H 15-H

3a 6.71 7.25 Ded3 4,59 6,38
it (9.3 (9.3)

b 6.72  T.31 5.26 4,57 5.82
~ (9.3) (9.3)

8 .76 6,76 5.11 4,64 5.81
o~y br. br.

¢{14)-0CH,

3.54

3.53

3.76

3.68

C(15)-OCH3

3.51

3.52

NCH

2.34

2,29

2,20

a) Chemical shifts ( §) with vicinal coupling comstants BJH g (Hz) in parenthe-
r

ses, b) Asgsignment may be interchanged. br,: Broadened einglet.

Stable N-spimeric couples of N-oxide alkaloids are now well established and in

several cases an equatorial N-methyl group of a corresponding cyelic tertiary
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amine N-oxide in proton nmr was found to show the more down-field signal among
the two epimeric counterparts, for example, A8= +0.34 p1:m116 or AG: +0,25 ppm17.
There are examples of N-epimeric N-oxide couples, however, that disclose no sig-
nificant difference in their N-methyl resonancesw. An alternative epproach to
the chirality of alkaloid N-oxldes was via nmr nuclear Overhauser difference
studies®!,

The stereochemistry at anomeric carbon is opposite in the two hemiacetal N-oxides
_6_3 and Zf'..’ but it is identical in the methyl acetals §_}3 and ﬂl’ The latter two
alike hemlacetal IE have (148)-chirality which is mirrored in their proton nmr
gpectra by a strong down-field shift for 1~H (A8 ~+0.6 ppm) due to 1,3~diaxial
interaction with an axial oxygen substituent at C=-14., Such an intersction is
abgent in N-oxide A (62) ( 81-H = 4.79 ppm) showing that 6a has adopted the
game chirality at C-14 and nitrogen as the atarting jg. N-oxide A is a stable
compound that neither shows mutarotation nor is liable to rearrange into itas
apparently more stable igomer B (lg,). In the methyl ecetal N-oxides,'é_b_ and 113_,
additional evidence for the chiral uniformity at the anomeric carbon was gained
from reductive retransformation of the two into O-methyl-cig-alpinigenine (~5~E)

using lithium aluminium hydride.

EXPERIMENTAL

A1l melting points (mp) were taken on a microscope hot stage apparatus and are
corrected. Optical rotations were determined in methanol solution using a
"Polamat A" from Zeiss/Jena, Uliraviolet apectra (uv) were recorded in 95 %
ethanol on an "Ultrascan" spectrophotometer from Hilger & Watts, Nuclear magne-
tic resonance {(nmr) spectra were measured in Ci)(!l3 on 8 Bruker WP=200 at

200,13 MHz and 50.33 MHz for 'H or 1°C, respectively; chemical shift (&) values
are ppm downfield from atandard tetramethylsilane and coupling constants (J} are
in Hertz, Mass spectrs (ms) were run oh an Ardenne (Dresden) low-energy lonizing
instrument with the sample evaporator heated to approximately 100°%¢.

0-Methyl-gig-alpinigenine N-Cxide A (8b).~ A golution of cig-alpinigenine

N-oxide A'° (68) (160 mg, 0,384 mM) in 15 ml of dry 0.1 X methanolic HC1 was kep
at room ftemperature in the dark overnmight and then evaporated to dryness ensuring
temperstures below 40%C, The residue was dissolved in CH2012 and gtirred with

ary K2003 {1 g) for 15 min and the mixture filtered and evaporated in vacuo, The

crude product was crystallized from methanol aveiding temperatures above 40°%¢
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aend using & stream of nitrogen for concentrating the solution to give crystals
sensitive to light (116 mg, 65 % yield), mp 220-224%C (dec.), [w}3* +242.5° (¢ =
0.8).- Anal. caled for C,,H,gN0, + 2H,0 (467.5): ¢, 59,08; H, 7,12; N, 3,00 %.
Found: C, 59,103 H, 6.84; N, 2,79.= uv: A, {(log€) = 211(4.62), 238(4.23),

284 nm (3.67).- me: m/z = 431(0.5 %, M), 415¢10 %, - 0), £13(10 %), 399(100 %),
37116 %, ~ CHp=N'(CH,)OH), 340(65 %), 209(81 %), 206(40 %),193(40 %), 179

(40 %),

O-Methyl-cig-alpinigenine N-Oxide B (Tb).- a) A mixture of 5 ml of methancl and

2.5 ml of agueous H,0, (30 %) containing O-methyl-gig—alpinigenine13 (5p) (415mg,
1,00 mM) was refluxed for 4.9 h, enother peortion of oxidant (2 ml) being added
after 3 h, Evaporation of the solvent under reduced pressure (%< 40°%) gave 4
product which in benzene solution was transferred to a column of alumina (40 g,
H,0 content 5 %) prepared in benzene. Less polar substances were removed using
the same solvent and addition of 2 % of Et,0 to the eluant yielded Tb (400 mg)
uniform on tic. No yield can be gpecified, gince the amorphous substance by ana-
logy to other N-oxides should incorporate an unknown number of structurally

bound water molecules reaisting usual drying procedures, ﬁdgs +150,4° (¢ = 0,8)
uv: A (log€ ) = 211(4.59), 237(4.23), 284 mm (3.69).- me: m/z = 431(10 %, M%),
415(43 %, - 0), 399(90 %), 37T1(39 %, - CH,=N'(CH,)OH), 356(44 %), 340(78 %),
222(52 %), 209(100 %), 194(84 %), 179(82 %).

) A sclution °f,23u(124‘5 mg, 0.300 mM)} in 4 ml of CHCl; was treated with per-
benzoic acid (55 mg, 0.400 mM) disaolved in 2 ml of CHCl3 at 5°C for 18 h. The
reaction mixture was diluted with CHCl3, neutralized with aqueocus K2003, dried
and evaporated in vacuno (t< 40°C). The product was shown by tlc %o contain a
minute amount of the isomeric¢ N-oxide, é&, which was geparsted by chromato-
graphy on alumina as described in the preceding paragraph, The yield of Tb was
110 mg.

¢) gig-Alpinigenine N-oxide B monohydrate13 QZ&Q {70 mg, 0.16 mM) was treated
with 4 ml 0f 0.1 K methanolic HCl and worked up as shown in the preparation of

60 (65 % yield).

Deoxygenation of the N-Oxides 6b and 7b Using LiAlH,.- The N-oxides 6b and Tb
A A 4 o A,

{200 mg each) were reduced in tetrahydrofuran with 100 mg of LiAlH, at boiling

4
temperature for 3 h and the products isolated were found to be identical by mp,

ir, and tlc with both each other and O-methyl-cis-alpinigenine {5b).
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Thermal Rearrangement of N-Oxides 2a, 2b, 6b, and 7b: (15, 2R, 15R}-8,9,13,14,15-

Pentamethoxy-4-methyl-1,2,5,6-tetrahydro-4H-1igochromano [3,4-8] benz [(c] oxazoci-

ne (29.).- Epialpinine N-oxide trihydrate13 (.?.E,) (280 mg, 0.577 mM) was heated at
mc’c under reduced pressure {1 Torr) for 45 min, The material was crystal-
lized using methanol to give 3b (184 mg, 74 %), mp 200-202°C, [m]]g)2 +246.5° (¢ =
0.,16) .~ Anal. calcd for C2BH29NO7 (431.5): C, 64,023 H, 6.77; ¥, 3.25 9. Found:
C, 64.30; H, 7.05; N, 3.47 %.= uv: A, _(log€) = 231(277), 282 nm (3.07),- ms:
m/z = 431(6 %, ¥'), 415(10 %), 399(100 %), 371(43 %, - CH,=N"(CH,)0H), 356(50 %),
340 (81 %), 222(50 %), 209(50 %), 206(67 %), 194(63 %), 178(55 %), 165(50 %),
147 (70 %),

(1R, 2R, 158)-8,9,13,14,15=-Pentanethoxy-4-methyl-1,2,5,6-tetrahydro-4t~-isochro-

meno (3,4-a) benz (c] oxmzocine (8).- a) O-Methyl-gig-alpinigenine N-oxide B x

nH,0 (7b) (260 mg} was thermolyzed in the way specified above and the crude pro-
duct (222 mg) was separated over a column of alumina (14 g, H,0 content 5 %),
Benzene/Et,0 = 4:1 as the eluant provided 8 (127 mg), mp 164-166°C from methanol,
{126 4197.3° (c = 0.6).- Anal, caled for CpyH,gN0, (431.5): C, 64.02; H, 6.77; N,
3.25 %, Found: C, 64.,37; H, 6.74; N, 3.35 %. - uv: 1m(1ogs) = 210(4,36), 233
(3.92), 283 mm (3.65).- ma: m/z = 431(26 %, M), 399(100 %), 371(84 %, - CHy=N"
(CH3)}OH), 356(90 %), 340(67 %), 222(56 %), 209(89 %), 194(79 %), 179(86 %).

b) Analogously, 6b (93.6 mg, 0,200 ml) gave 40 mg of 8, mp 162-164°C, ()2
+196.1° (¢ = 0.5), identical by ir, ms, and tlc with the benzoxazocine 8 prepa-
red above from "\T'R.

(18, 2R, 15R)-15-Hydroxy-8,9,13,14-tetramethoxy-4-methyl-1,2,5,6-tetrahydro=qH=
12

isochromano (3,4-a} benz [c ] oxazocine (3a).- Alpinigenine N-oxide monohydrate

(2e) (400 mg, 0.919 mM) was heated at 160°C under reduced pressure (1 Torr) for

70 min. Crystallization from methanol gave pure 3a (240 mg, 62.6 %), mp 187-188%,
(oJ2" +258.1° (c = 0.7).- Anml. oalcd for CopHy MO, (417.5): €, 63.29; H, 6.52;
N, 3.36 %. Found: C, 63.29; H, 6.60; ¥, 3.27 %.~ ir (noujol): 3200 (broad), 3374
cm™! (0H)u= uv: A ax(log €) = 210(4.62), 233(4,27), 284 nm (3.74).- ms: w/z= 417
(6 %, M), 399 (100 %), 371 (35 %), 358(42 %), 340(69 %), 206(62 %), 179(34 %).
1-Hydroxy-7,8«dimethoxy-3- (4 ,5-dimethoxy=2 —~(N-hydroxy-f-methylaminoethyl)-phenyl] ~

isochromene (4),~ Compound 2a (300 mg, 0.690 mM) was heated &t 180°C under re-

duced pressure (1 Torr) for 30 min, The material containing the hydroxylamine 4
in addition to the benzoxazocine 3a was chromstographed on alumina (20 g, 5 %

P~

H20) uging methylene chloride as solvent and eluent to yield & small fraction of
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4. After addition of 3 % of methanol to the aolvent, 108 mg of impure “333 were
eluted. Compound 4 waz crystallized from Et,0 and 15 mg of cryatals (5.2 %) were
obteined, mp 186-18900, optically inactive.- ir(CHCl3): 1639 (C=C), 3603 em™ !
(0H),= uv: A, (log£) = 215(4.43), 328 mm (4.33). - me: m/z = 399(100 %), 382
(16 %), 370012 %), 356(48 %), 340(92 %), 325(&8 %), 309(57 %), 297(50 %}, 281
(57 %), 178(80 %), 151(62 %).
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