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Abstract-The N-oxides of (-)-hyoscyamine and (-)-hyoscine have been prepared and characterized. 
Two N-oxides of hyoscyamine have been isolated from species of Atropa, Datura, Hyoscyamus, Scopolia 
and Mandragora, and one N-oxide of hyoscine has been isolated from species of the first four genera. 

INTRODUCTION 

Naturally-occurring N-oxides are well known for 
some of the pyrrolizidine alkaloids found in 
members of the Boraginaceae, Compositae and 
Papilionaceae [l]. Many of the plants in these 
families have been investigated in some detail 
because of their toxicity to livestock and as a result 
more than 100 alkaloids have been isolated, of 
which some 30 are known to occur as N-oxi- 
des [l, 21. Other examples of naturally-occurring 
N-oxides are known and it has been suggested that 
they may be more widespread than the literature 
indicates since they can be missed by normal 
extraction procedures [a]. Tropane alkaloid N- 
oxides have not been reported previously as 
natural products* although they are readily pre- 
pared in the laboratory by oxidation of tertiary 
alkaloids. 

RESULTS AND DISCUSSION 

The N-oxides of (-)-hyoscyamine and (-)- 
hyoscine have been prepared, separated and char- 
acterized. Each alkaloid forms two isomeric N- 
oxides which are termed isomer 1 (equatorial 
N+--O-) and isomer 2 (axial N+-O-). Both 

* A short communication reporting the natural occurrence of 
some tropane alkaloid N-oxides was presented at the British 
Pharmaceutical Conference held in September 1973 [3]. 

isomers of hyoscyamine N-oxide have been iso- 
lated from the roots, stems, leaves, flowers, peri- 
carps and seeds of Atropa belladonna L., Hyos- 
cyumus niger L., and Datura stramonium L. Isomer 
1 of hyoscine N-oxide has been isolated from all 
parts of the latter two species and also from the 
leaves of A. belladonna. The roots, stems and leaves 
of Scopolia lurida Dun. and S. carniolica Jacq. were 
found to contain the two N-oxides of hyoscyamine 
and isomer 1 of hyoscine N-oxide, while the former 
two N-oxides were found in the roots, stems with 
leaves, and fruits of Mandragora qficinarum L. 

The amino-alcohol tropine forms two isomeric 
N-oxides in the ratio of 3: 1; these isomers have 
been separated and the configurations at the N 
asymmetric centre of the major isomer (la) and the 
minor isomer (2a) have been established [4-61. 
The major isomer, which possesses the equatorial 
N+-O- bond, can readily be distinguished from 
the minor isomer by means of the chemical shifts 
of the PMR signals attributed to the N+-Me and 

Me 

(1 b) R = Tr 

Tr = - CO.CH(CH20HL C, HS 
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(50) R = Me (60) R = Me 

(6b) f?=H (6 b) R=H 

to H-2 and -4 and H-6 and -7 [S, 61. These signals 

have been correlated with those found in the spec- 
trum of the major isomer of (-)-hyoscine N-oxide 
(3). the structure of which has been established by 
X-ray crystallography. Although the isomers were 
not separated, the existence of a second N-oxide of 
hyoscine was revealed by the presence of two 
NT-Me signals in the PMR spectrum. Two 
N+-Me signals have been observed in the PMR 
spectrum of atropine [(I )-hyoscyamine] N-oxide 
but the mixture of N-oxides have not been separa- 

ted [S]. 
The use of /?I-chloroperbenzoic acid [6] for the 

preparation of tropane alkaloid N-oxides has been 
criticized on the ground that the reaction was too 
slow and a preference was expressed for the use of 
HzOz [S]. However, in our hands, Hz02 tended to 
give other reaction products whereas rn-chloroper- 
benzoic acid yielded only the two N-oxides after 
3 hr. Although (-)-hyoscyamine N-oxide gives 
one spot in many TLC systems. it can be resolved 
into two components and initial separation of the 
two isomers in the ratio of 3: 2 was effected by pre- 
parative TLC. Subsequently, separation was 
accomplished by the differing solubilities in ace- 
tone, followed by crystallization of the hydrochlor- 
ides. 

The major isomer (lb). which was acetone-sol- 
uble and had a lower R, value, is referred to as 
isomer 1, while the acetone-insoluble isomer with 
higher R, is referred to as isomer 2 (2b). Both 
isomers were readily reduced by HzS03 to yield 
hyoscyamine. The important feature in the PMR 
spectra of the two N-oxides is the chemical shift of 
the N’-Me signal, well downfield at (5 3.30 in the 
spectrum of isomer 1 and at fi 3.12 in the spectrum 

of isomer 2; the corresponding signals for the hyd- 
rochloridcs appeared further downfield at ii 3.56 
and 6 3.45 respectively. Since isomers of quater- 
nised tropane alkaloids with axial N’-Me substi- 
tuents produce signals lvhich resonate at lower 
field than the corresponding equatorial iso- 
mers [5. 8). it is concluded that isomer 1 has an 
axial N ‘-Me and isomer 3 has an equatorial 
N’-Me. Further support for these assignments 
comes from a study of the signals attributed to the 
axial H-2 and H-4 which appeared further down- 
field (6 3.25) in the spectrum of isomer 2 than in the 
spectrum of isomer 1 (6 2.40). 

Treatment of (-)-hyoscine with /n-chloroper- 
benzoic acid resulted in the formation of two 
isomers, obtained in the ratio of 3: 1. The major 
isomer (3) was separated by crystallization of the 
hydrochloride and the minor isomer (4) was 
obtained by preparative TLC. The major isomer 
which had a lower R f value is referred to as isomer 
1. while the minor isomer is referred to as isomer 
2. In contrast to the PMR spectra of (-)-hyoscya- 
mine N-oxides, the hydrochloride of the major 
isomer 1 of (-)-hyoscine N-oxide has a signal for 
the axial N+-Me (6 3.45) which resonates at higher 
field than the signal for the equatorial N ‘-Me of 
the hydrochloride of the minor isomer 2 (6 3.62). 
These differences in chemical shift are due to the 

deshielding effect of the epoxide oxygen on the 
equatorial N ’ -Me (4) 151. Further differences 
between the two hyoscine N-oxide isomers were 
noted since in the PMR spectrum of the major 
isomer 1 (3), the signals for H- 1 and H-5 (ii 4.43) 
and for H-6 and H-7 (6 4.22) appeared at lower 
fields than the corresponding signals (6 4.30 and 
6 3.92 respectively) for the minor isomer 2 (4); 
these differences in chemical shift are due to the 
deshielding influence of the axial N’-O- bond in 
the minor isomer. 

MS has proved useful in the structure deter- 
mination of some tropane alkaloid esters (e.g. 
phyllalbin 191) but generally such alkaloids give 
complicated spectra [lo] and this was noted in the 
present work since the N-oxides undergo thermal 
decomposition. Each of the four N-oxides was 
heated to 200’ and when the residues were exam- 
ined by TLC, spots corresponding to the tertiary 
and nor-alkaloids were observed. This indicates 
that the MS obtained resulted from mixtures of N- 
oxide, tertiary and nor-alkaloids. When hyoscya- 
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mine N-oxide was heated, a portion of the N- 
oxides remained unchanged but no N-oxides were 
observed after heating hyoscine N-oxides. This is 
consistent with the absence of the M’ in the spec- 
tra of the latter compounds. Despite thermal 
decomposition it was possible to distinguish the 
two N-oxides of hyoscyamine ,and of hyoscine. 
Both isomers of (-)-hyoscyamine N-oxide gave 
MS with peaks of low intensity at m/e 305 (M+) 
and 289 (M+-16) indicating the presence of the ad- 
ditional oxygen atom. The spectrum of isomer 1 
had a base peak at m/e 124 (5a) which is the .base 
peak of hyoscyamine. However, this ion was of 
lower intensity in the spectrum of isomer 2 and the 
peaks at m/e 139, 136 and 118 due to the tropic 
acid moiety were more pronounced. The hydroch- 
lorides of both isomers gave spectra which differed 
from those of the bases and in which the first dis- 
cernible fragment appeared at m/e 303. The pres- 
ence of this ion, which cannot be explained by the 
normal mass fragmentation rules, and the further 
complexity of the spectra, indicated that thermal 
decomposition was taking place. The presence of 
peaks of low intensity at m/e 275 show that the N- 
oxides lose HCHO and form the nor-alkaloids. 
Both spectra also showed the presence of ions at 
m/e 124 (ca 30%) with a composition of CsHi4N+ 
(Sa) and had base peaks at m/e 110 due to an ion 
of composition C,Hr2N+ (5b). This latter ion can- 
not arise from an ion of structure 5a and most 
probably is derived from nor-hyoscyamine. Peaks 
which appear at m/e 148 and 118 in the spectra of 
the two N-oxides are attributed to ions of compo- 
sition O=C=C (CH,OH) &Hz. (C9HB02) and 
O=C=CH. CsH:. (C8H60) respectively. 

The first discernible peak in the MS of the major 
isomer of (-)-hyoscine N-oxide appears at m/e 303 
(M+-16). The peak at m/e 138 has a relative abun- 
dance of 50% in the spectrum of the base but was 
the base peak in the MS of the hydrochloride. This 
peak can be assigned to an ion of structure 6a, ana- 
logous to ion 5a produced by hyoscyamine N- 
oxide. The MS of the hydrochloride showed peaks 
due to ions at m/e 303, 302 and 289 due to loss of 
0, OH and HCHO respectively. The ion which 
appeared at m/e 124 (90%), is attributed to an ion 
of structure 6b. Hence the MS of the major isomers 
of hyoscyamine and hyoscine N-oxides show 
marked similarities. The MS of the hyoscine N- 
oxide major isomer was readily distinguished from 

that of the minor isomer since in the spectrum of 
the latter, peaks due to ions at m/e 138 and 124 
were of much lower intensity. 

Both isomers of hyoscyamine N-oxide and the 
major isomer of hyoscine N-oxide were obtained 
from fresh plant material and were characterized 
by their TLC behaviour, by reduction to the corre- 
sponding base and by their MS. The proportions 
of N-oxide to tertiary base varied between the dif- 
ferent organs examined and also varied at different 
stages of development. Preliminary results indi- 
cate that this proportion is between 5 and 40% in 
A. belladonna, the highest N-oxide proportion be- 
ing found in seeds of mature fruits. Considerable 
variations in the ratio of tertiary alkaloid to N- 
oxide have been noted in other plants and notably 
in Senecio platyphyllus [ 111. Such variations in N- 
oxide to tertiary base ratio is an indication that the 
N-oxides are not artifacts and this was confirmed 
by control experiments in which hyoscyamine and 
hyoscine were subjected to the extraction 
methods; no N-oxides were produced. Despite the 
relatively high proportions present these N-oxides 
have not been detected previously in the Solana- 
ceae and this is probably a direct result of the 
general method of isolation. Diethyl ether, in 
which the N-oxides are insoluble, is frequently 
used in extracting the alkaloids. 

The function of the alkaloids and their asso- 
ciated N-oxides is not known. The MS of the N- 
oxides and their thermal decomposition show that 
they readily lose their oxygen to yield the tertiary 
alkaloid and that they are readily demethylated to 
the nor-alkaloids. It is possible that the alkaloids 
and their N-oxides are interconvertible in the plant 
or that the N-oxides may be involved in demethy- 
lation. Further studies of these possibilities are in 
progress. 

EXPERIMENTAL 

The 60 MHz and 100 MHz PMR spectra were determined in 
CD,OD (hydrochlorides) or in CDC13 (bases), using TMS as 
internal reference; high resolution MS were determined at 
70 eV. The TLC systems used were Si gel G with (A) EtOAc- 
isoPrOH-20%NH,OH (45: 35: 15) for N-oxides and (B) 
Me,CO-H,O-cone NH,OH (90: 7: 3) tertiary alkaloids. The 
alkaloids and their N-oxides were detected with Dragendorffs 
reagent. 

Preparation of N-oxides. General procedure. Equal wts of 
alkaloid and m-chlorooerbenzoic acid were stirred in CHCl, at 
0” for 3 hr and then shaken with 10% aq. Kz CO3 to remove any 
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excess acid. The CHC13 was washed with H,O. dried and eva- 
Dorated to dryness. 

( - )-H~~osc&unine N-oxides. 200 mg Hyoscyamine yielded 
total N-oxide residue of 185 ma (88%). The residue was divided 
into Me,CO soluble and insolidle portions and further purifi- 
cation was effected by preparative TLC (system A) or by recrys- 
tallization of hydrochlorides. The two isomeric N-oxides were 
obtained in a ratio of 3:2. 

(-)-Hposcine N-ouitles. 380 my Hyoscine yielded total N- 
oxide residue of 360 mg (82’j;). Recrystallization of the hydro- 
chloride resulted in separation of the major isomer. Separation 
of the minor isomer was effected by preparative TLC (system 
A), The two isomeric N-oxides were obtained in a ratio of 3: 1. 

Characterization of prepared N-oxides. l- 2 mg of N-oxide 
was treated with I ml of 5% HZSO, at 20’ for 12 hr. TLC (sys- 
tems A and B) indicated that each N-oxide resulted in only one 
alkaloid spot which corresponded to the tertiary base. 

(-)-Hyoscyamine N-oxide, isomer I, major isomer, hR, 30. 
hydrochloride mp 165-170” (decomp.); PMR base (100 MHz) 
ae7.27(5H. s. aromatics), 5.02 (lH, t, H-3). 4.18 (lH, t, benzylic). 
3,80(2H. ~1. CH-OH), 3.30 (3H. .s. N-Me. axial). 2.40 (2H. ~1. H- 
2 and 4, axial)Ti.94 (2H, m, H-2 and 4 equatorial. PMR hydro- 
chloride (60 MHz), 6 3.56 (3H. s. N-Me. axial). MS base (210”). 
rnjr 305(M+, l), 289 (M’-16, 8), 288 (M--17, 0.7), 287(1,4), 275 
(1.4). 272 (X), 140(35), 139 (15). 136 (21), 124 (loo), I18 (?O), 110 
(28), 103 (49), 96 (56). 94 (63), 91 (42) 83 (63), X2 (77). 81 (21), 
77 (56), 68 (35), 67 (49). MS hydrochloride (195“), 111/r 305 (0.04), 
303 (0.3), 289 (0,7), 275 (0,2), 148 (8), 136 (38). 124 (36), 1 I8 (27), 
1 lO(lOO), 103 (21), 91(30). 82(45), 77 (18), 68 (42). Accurate mass 
measurements, 303.1460, C17H,,N04 requires 303.1470; 
289.1681, CliHZ3N03 requires 289.1678: 1241216, &H,,N 
requires 124.1124; 110.0982, C,H,,N requires 110.0970; 
148.0531, C,H,02 requires 148.0524; 136.0533, C,H,O? 
requires 136.0524; 118.041 I. C,H,O requires 118-0419; 91.0541, 
C,H, requires 9 1.0548. 

( -)-Hyosc?umir~~ N-o.xide. isomer 2, minor isomer, hR r 35, 
hydrochloridk mp 175.-180” (decomp.). PMR base (100 GHz) 
6 7,26(5H. s. aromatics), 5.08 (IH. t. H-3). 4.16 (1H. t. benzvlic). 
3.80 (iH, 111, C&OH), !?l2 (3& s, N-Mel equa;or&l), 3.25 i2H, 
m, H-2 and 4 axial), I.60 (2H, M. H-2 and 4 equatorial), PMR 
hydrochloride (60 MHz), 6 3.45 (3H, 9, N-Me. equatorial). MS 
base (210?). /n/e 305 (M-, 5), 289 (M+-16. 0.5). 287 (M--IX. 0,3), 
275 (M+-HCHO. 0,24), 272 (2), 156 (4). 148 (4). I39 (55), 138 (16). 
136 (55), 124 (161, 118 (50). 110 (38). 108 (28). 104 (38). 103 (28). 
97 (28), 96 (55), 94 (28), 91 (72). $0 (33). 8j (38), X2 (loo), 81 (38j, 
69 (38), 68 (loo), 67 (44). MS hydrochloride (195 ,n/e 305 (0.02) ‘J 
303 (0,2), 289 (0.6). 275 (0.2), 148 (l), 136 (9). 124 (32). 118 (S), 
110 (lOO), 103 (i9), 91 (9), 82 (18). 68 (18). Accurate mass 
measurements, 303.1457, C, .H,, NO, 
289.1690. C,7H13N03 . -’ 

requires 303.1470: 
requires i89.lk78; 275.151 1, 

CI,HZIN03 requires275.1521; 257.1420. C,,H,,NO* requires 
257.1410; 110.0974, C,,H,,N requires 110.0970. 

(-)-Hyoscine N-oxide, isomer 1, major isomer, hR, 20, hy- 
drochloride mp 125.-130” (decomp.). PMR hydrochloride 
(60 MHz), 6 7.32 (5H, s, aromatics), 5.07 (lH, f, H-3). 4.43 (2H. 
111, H-l and 5). 4.22 (2H. f, H-6 and 7). 3.60 4.0 (3H. 171, ar-CH- 
CH20), 3.45 (3H, s, N-Me axial). MS base (220 ) w/e 303 (M”- 
16, S), 290 (I), 288 (2), 154 (IO), 152 (IO), 138 (50). 136 (45), 122 
(60), 118(35), 108 (35). 103 (65). 94 (loo), 91 (65). 80 (65), 78 (65). 
MS hydrochloride (200’) ~tje 3 17 (0.4), 303 (63), 289 (3.8), 286 
(4,2), i52(37), 148(37). 138 (loo), 136 (40), 124(88). 122 (50) 118 
(20). 108 (30). 103 (52). 94 (80). 91 (32). 80 (50). 78 (37). 

(-)-H~‘o.sciw N-o.k, isomrr 2. mine;, hR, 45, hydrochlo- 
ride-amorphous. PMR hydrochloride (60 MHz), 6 7.31 (5H, .s. 
aromatics), 5.04 (lH, t, H-3). 4.30 (2H, 117, H-l and 5), 3.92 (2H. 
t, H-6 and 7). 3.30-3.90 (3H, 1% ar-CH-C&O). 3.62 (3H, s. N- 

Me, equatorial). MS hydrochloride (190’). III/C 303 (1.6), 290 
(1.5), 289 (1.3), 267 (29). 156(16), 148 (43). 139 (33). 136(66), 114 
(59) I18 (43). 103 (100). 99 (36), 91 (66). 80(X). 7X (57). 

7hernzul decomposition oj‘N-oxides. A few crystals of base and 
of hydrochloride were heated in a capillary tube in a mp appar- 
atus and on meltine bubbles immediately formed [HCHO). 
Heating was continued until 200 . the residue was dissolved in 
CHC13 and examined by TLC (systems A and B). Spots corre- 
sponding to tertiary alkaloid and to nor-alkalotd were obscrvcd 
from the N-oxides of (~ )-hyoscyaminc (starting from b;~sc and 
from hydrochloride) and from the isomer 1 of ( - I-hyoscine .v- 
oxide. Some N-oxides remained when h!oscyamine IV-oxides 
were heated but not when hyoscine N-oxide was heated. 

Isolurio,~ own-o.uidrs,frot,r pluut ~w~~tviul. Fresh plant material 
was extracted in a blender with Z”,, NH,OH in MeOH and 
maceration continued for IX hr. The eYtraCI was filtered and 
concentrated under red. pres. to a semi-solid which wa:, 
extracted into 2”” HZSO,. The filtered acid extract was made 
alkaline with NH&OH and extracted successively with CHCI, 
and CHCl,-MeOH (9: I). All extracts were cxamincd h> TLC 
(system A) and the N-oxides were isolated bg preparative TLC. 
Control extractions with tertiary alkaloids indicated thal S- 
oxides were not formed by the isolation procedures. 

Ident$ctrtio,l of’nutural N-o.~itlcs. The R, ‘s of the natural .V- 
oxides were ideniical with those of the prepared compounds on 
TLC (system A) and on reduction with H,S03 they gave spots 
with identical R,‘s lo the corresponding tcrtiarq alkaloids (sys- 
tems A and B). MS of natural hyosc)aminc !V-oxides 1 and 2 
isolated from A. hrlladormu lcavcs and hyoscine \-oxide I iso- 
latcd from H. rliqrr leaves wcrc identical with those of the pre- 
pared compounds. 

Sperirs and plant purf.s contairlirq N-o.~itlc.s. .Atropu twIta- 
doma. Hyoscyamine N-oxides I and 2 were isolated from roots. 
stems, leaves. flowers. fruit pulp and seeds: hyoscine N-oxide 1 
was isolated from the leaves. The ratio of X-oxide to tcrtiar! 
base varies between each organ at diRerent stages of growth and 
is between 5 and 40”,,, being hlghcst in the seeds of mature 
fruits. Hyosc_vamus nigrr and Darura ,sirc~,r~o~iunt. HJoscyamine 
N-oxides 1 and 2 and hyoscine S-oxide isomer 1. \\ere isolated 
from roots, stems. Icavcs. flowers. pericarp and seeds. .2forlt/rtr- 
yora oj’icinnrum Hyoscyamine X-oxides I and 2 \%cre isolated 
from roots, stems and leaves, and fruits. .%opo/itr iwirtu and S. 
currliolictr. Hvoscyamlne :v-oxidcr I and 7 and hyoscinc .X- 
oxide 1 were isolated from roots. leabcs and stems. 
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