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Plants of the genus Glaucium belong to the family Papaveraceae. The very name of the 
genus Glauci~ (from the Greek word glaukos -- bluish gray) was acquired because typical spe- 
cies of this genus have an unbroken bluish gray bloom [i]. At the present time, 13 species 
of Glauci~ have been studied chemically. 

The alkaloid composition of the plants of this genus have been investigated in the Soviet 
Union, Czechoslovakia, Bulgaria, and Spain, and recently the results of work carried out in 
Iran have appeared in the literature [2-4]. The beginning of the chemical study of these 
plants was made in 1901 by Fischer who isolated glaucine from G. luteum [5]; the structure of 
this alkaloid was then established by Gadamer [6]. 

In our country, the alkaloid composition of the genus Glauci~ was first studied by A. 
P. Orekhov, R. A. Konovalova, and S. Yu. Yunusov. From G. fimbrilliEerum they isolated five 
alkaloids: sanguinarine, chelerythrine, corydine, protopine, and allocryptopine [7]. At the 
present time, from various species of Glauci~m number of isoquinoline alkaloids have been 
isolated among which there are representatives of the aporphine, benzisoquinoline, benzophenan- 
thridine, protoberberine, and morphinan groups. 

The greatest number of the alkaloids isolated belongs to the aporphine ~roup. For ex- 
ample, while a total of 29 identified alkaloids have been isolated from G. flavum, 18 of them 
are aporphine compounds (Table i). In addition, all the new alkaloids isoiatea recently from 
Glaucium also belong to this group. 

Corydine and isocorydine are the most characteristic alkaloids of plants of this genus 
and are found in almost all species of Glauci~. However, they have not been detected in 
three species -- G. luteum [5, 7], G. leiocarpum [8], aria G. grandiflorum [9] -- which is pos- 
sibly due to an inadequate study of the alkaloid composition of these plants. 

Another alkaloid frequently encountered is glaucine [3, 5-8, 10-18], the amount of which 
in some species reaches 50% of the combined alkaloids [9]. Glaucine (VIII) possesses an anti- 
tussive and sedative action [9] and is used in practical medicine. 
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Two new aporphine alkaloids have been isolated from G. flavum: dehydronorglaucine (I) 
and dehydroglaucine (II) [15, 19]. Their structures have been shown on the basis of spectral 
characteristics and conversion into glaucine (VIII). 
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TABLE 1 

Plant species 

i. G. contor- 
tuplicatum *~ 

2. G. cornicu- 
latum 

3. G. elegans 

4. G. fimbril- 
ligerum* 

5. G. flavum t 

5a. G. flavum 
vat. fulvu 

5b. G. flavum 
vat. leo- 
carpum 

5c. G. flavum 
vat. vesti- 
tum 

6. G. grandi- 
florum 

aporphine protoberberine 

Dicentrine 

Corydine, 
isocorydine 

Corydine, 
isocorydine, 
glaucine, 
isoboldine, 
O-methyl- 
atheroline 
Corydine, 
isocorydine, 
corytuberine, 
N-methyllind- 
carpine, 
glaufine, 
isoboldine, 
glaufidine 
Corydine, 
isocorydine, 
corytuberine, 
magnoflorine, 
bulbocapnine, 
glaucine, 
6,6a-dehydro- 
norglaucine, 
isoboldine, 
O-methyl. 
atheroline, 
glauvine, 
thallcmidine, 
dicentrine 

Dehydroglau- 
cine, glau- 
cine, isocory ~ 
dine, O-meth- 
ylatheroline 
Dehydroglau- 
cine, thalic- 
midine, cata- 
line, corun- 
nine, ponte- 
vedrine 
Glaucine, 
isoboldine, 
thalicmidine, 
O-methyl- 
atheroline 
glauvine 

Berberine, 
¢optisine 
~-canadineme- 
thohydroxide, 
8-stilopine 
methohydroxide 
Coptisine 

Coptisine, 
berberine, 
isocorypalmine 

Coptisine, 

Alkaloids 

benzophenan- 
thridine 

Sanguinarine, 
chelerythrine, 
chelidonine, 
dl-chelidonine, 
chelirubine 

Sanguinarine, 
chelerythrine, 
chelidonine, 
chelirubine, 
dihydrochelery- 

thrine 
Sanguinarine, 
chelerythrine, 
chelidonine, 
chelirubine 

Sanguinarine, 
chelerythrine, 
chelidonine, 
chelirubine, 
bocconoline 

Norchelidonine 

Chelidonine 

Sanguinarine 

L 

protopine 

a-Allocryptopine, 
protopine 

Allocryptopine, 
protopine 

Allocryptopine, 
protopine 

Allocryptopine, 
protopine 

Protopine 

Literature 

46 

30, 31, 47, 
49, 52 

i0, ii, 32 

7, 33, 34, 
35 

2, 12, 13, 
16, 17, 19, 
~3, 48, 52 

42 

15 

14, 25 

ii 
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TABLE i (continued) 

Plant species 

7. G. leiocar- 
pum 

8. G. luteum 
9. G. oxylobum 

I0. G. pulch- 
rum 

ii. G. serpieri 

12. G. squami- 
gerum 

13. G. vitelli- 
hum 

aporphine 

Glaucine 

Glaucine 
Corydine, 
glaucine, 
isobaldine, 
dl-isobal- 
dine, domes- 
ticine, pre- 
dicentrine, 
O-methyl- 
atheroline 
Corydine, 
isocorydine, 
bulbocapnine, 
N-methyllind- 
carpine 
Isocorydine, 
glauvine 
Corydine 

Corydine, 
isocorydine, 
corytuberine, 
bulbocapnine, 
glaucine, 
dicentrine 

Alkaloids 

protoberberine 

Aurotensine 

Coptisine, 
berberine, 
scoulerine, 
aurotensine 

Aurotensine 

Coptisine, 
berberine 
Tetrahydro- 
palmatine 

benzophenan- 
thridine 

Sanguinarine 
Sanguinarine, 
chelerythrine, 
!chelirubine, 
chelilutine 

Sanguinarine, 
chelerythrine 
Sanguinarine, 
chelerythrine, 
chelirubine 

protopine 

Protopine 

Allocryptopine, 
protopine 

Protopine 

Protopine 

Allocryptopine, 
protopine 
Allocryptopine, 
protopine, 
muramine 

Literature 

8 

5, 7 
3, 36 50 

18 

50 

37, 52 

18, 38 

*In additon to the bases mentioned, the benzylisoquinoline alkaloids N-methylcoclaurine and 
reticuline have been isolated from this species. 
+ The morphinan alkaloid sinoacutine has also been isolated from G. contor~plica~, and 
salutaridine and O-methylflavinantine from G. flays. 

The tetrasubstituted aporphine alkaloid glaufine (IX), containing three hydroxy groups 
and one methoxy group, has been isolated from G. fi~rillige~ [20]. According to its UV 
spectrum, glaufine is a 1,2,10,11-substituted aporphine alkaloid [21]. On the basis of the 
appearance of the NMR signal of the methoxy group in a strong field and the production by its 
methylation of N-methyllindcarpine (XII) and isocorydine (XIV), structure (IX) has been estab- 
lished for glaufine 

×~v. ~CH3; RFH 

Two new pentasubstituted aporphine alkaloids have been isolated from plants of the genus 
Glaucium-- cataline (XVII) and glaufine (XVI), eacb of which contains a hydroxy group in 
orientation at C~. This was established on the basis of a study of the I~R spectra of the 
bases themselves and of their acetyl derivative. An anaiysis of literature information shows 
that when the hydroxyl has the ~ orientation the geminal proton at C~ gives a signai in the 
4.43-4.47 region in the form of a poorly resolved triplet with a half-width of 5-6 Hz [22], 
while in the case of the ~ orientation of the hydroxy group it appears in the form of a quad- 
ruplet in the 4.93-5.00 ppm region (J~ = i0 Hz, J2 = 5.5-7 Hz) [23]. 
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In these alkaloids, the aromatic proton at C~ gives a signal in a weaker field than in 
the aporphines without a substituent inposition 4 [24]. The catalytic hydrogenation of 
(XVII) with palladium on carbon gave glaucine, which confirms the 1,2,9,10-substituted struc- 
ture of cataline [25]. 

H OH II ,.,OH 

xw OOH~ 
XVII 

In contrast to cataline, glaufidine is a 1,2,10,11-substituted aporphine [26]. Four oxo- 
aporphine alkaloids have recently been isolated: O-methylatheroline , glauvine, eorunnine, 
and pontevedrine. O-Methylatheroline has been detected in five species of Glaucium [3, 9, 
i0, 13, 15]. The new alkaloid glauvine (XIX) has been isolated from the same plants, its 
prime source being G. flavum [13]. There is a report on the formation of glauvine from O- 
methylatheroline [13]. These two alkaloids have the same elementary composition and the same 
substituents, but differ in the locations of the carbonyl group and one methoxy group. In 
glauvine, the C----O group is present in position i0 and one of the methoxy groups in position 7. 

H ~ .] .'] ~'~-/~..~ !q H~OO-L~ N H~CO~ N 

: ~ i ~ 0  C ' ~ O  '8-'m h . < ~  OOi~ ~ 

OCH 3 nO~ OOH 3 
XVItl XIX 

On thermolysis, O-methylatheroline (XVlII) is converted into glauvine. Corunnine (XX) 
isolated from G. flavum var. uestitum is l-hydroxy-2,9,10-trimethoxy-7-oxoaporphine. The 
oxidation of glaucine chromium trioxide forms a mixture consisting of O-methylatheroline, 
corunnine, dehydroglaucine, and pontevedrine (XXI). Treatment of (XVIII) with methyl iodide 
also forms (XX) [14]. 

I 
i 

H,CO I"  
fl3CUL~.. ~-N 

OCH~ 
)~7111 

H~ CO~N'C"a 

HsCO~ 
OCH3 1 

OCH 3 OCH 3 OCH 3 

In addition to corunnine, the dioxoaporphine alkaloid pontevedrine (XXl) has been iso- 
lated from G. flavum. The oxidation of cataline (XVII) has given pontevedrine, and the treat- 
ment of the latter with a methanolic solution of alkali leads through the benzilic acid (A) 
to compound B [27-29]. These facts have enabled structure (XX) with a double bond at 6a-7 
and two carbonyl groups at C4 and C5 to be put forward for pontevedrine. 
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Pontevedrine is the first example of a 4,5-dioxoaporphine isolated from plants. 

Another widespread group of bases in plants of the genus Glauo~um is formed by the benzo- 
phenanthridine alkaloids. Sanguinarine and chelerythrine have been isolated from the majority 
of species [7, 9, ii, 16, 30-38]. A study of the pharmacological properties of these alka- 
loids has shown that they possess an antimicrobial action [39, 40] and also increase the in- 
traocular pressure and exert a depressive action on the smooth musculature [41]. In recent 
times, only one new alkaloid belonging to this group of compounds has been found in these 
plants -- norchelidonine (XXII) [12, 42]. 

HO,c  'rO > 

~ D  XXll  

The protoberberine a lkalo ids copt is ine and berberine are found in almost a l l  Glauo~um 
plants [ii, 30, 34, 36, 37, 43]. The methohydroxide of (--)-8-canadine (XXXVIII) and the 
methohydroxide (--)-8-stilopine (XXXVII) are new alkaloids of this group [31]. The represen- 
tatives of the other groups of isoquinoline alkaloids are few. They include the protopine 
alkaloids protopine, allocryptopine, and muramine [18]. The first two alkaloids are found in 
almost all plants of the family Papaveraceae [41, 44, 45]. Three morphinan alkaloids are 
known: sinoacutine (XLII) [13, 46], salutaridine (XLIII [2, 4, 47]), which are enantiomers, 
and the methylflavinantine recently isolated from G. yl~uurn [4]. This the first example of 
the finding of this alkaloid in the family Papaveraceae. 

Two benzylisoquinoline alkaloidshave been isolated from the plant G. y~mb~IZ~gez~rn: 
N-methylcoclaurine (XLV) [35] and reticuline (XLVI). 

TABLE 2 

Alkaloid Structural formula Literature 

I. 6, 6 a-Dehydronorglaucine, 
C-~oH2zNO4 

II. Dehydroglau¢ine, C~IHzsN04, 
mp 133-134°C 

H 3 C O ~  
H 3 C O ~ N  

OCH~ 

H 3 C O - ~  

OCH 3 

15 

15, ~5 
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TABLE 2 (continued) 

Alkaloid Structural formula Literature 

Aporphine bases 

III. Domesticine, CIgHagNO4, mp 
155-1560C (ether), [a]D +56 ° 
(chloroform) 

IV. Isobaldine, Ct91-121NO4, mp 
126-12q ° (methanol), 
[aJD +45 ° (chloroform) 

V. Dicentrine, C~.FL~,NO4, mp 
168-169 ° (methanol), 
[a]D +62a (chloroform) 

VI. Thalicmidine, Ca0HzaNO4, mp 
191-192 ° (methanol), 
[ a ]  D +40 ° (chloroform) 

VII. Predicentrihe, C20PLa3NO4, 
[a iD +97 ° (ethanol) 

VIII. Glatlcine, C~lHzsNo4, mp 
120-121 ° (ether), [a]D +114 ° 
(ethanol) 

IX. Glaufine, CtsHtgNO 4, 
[a]D +183 ° (methanol) 

X. Bulbocapnine, CIgHIgNO4, 
mp 199'200 ° (ethanol), 
[a]D +287 ° (chloroform) 

XI. Corytuberine, CagHzlNO 4, mp 
240-242°C (decomp., meth- 
anol). [a]D +314°(methanol) 

XlI. N-Methyllindcarpine, 
CtgHztNO 4, mp 198-200"C 
(dec.rap.,  methanol), 
[a]D +340* (methanol) 

x l n .  Corydine, C2oHz3NO4, mp 
149-150"C (memanol), 
[a]D +204* (c 0.5; chloro- 
form) 

XIV. Isocorydine, Ga0H~NO 4, mp 
184-185"C (acetone), 
[a]D +195 ° (chloroform) 

+ 

XV. Magnoflorine, C-20HzsNO 4, 
mp 249-250°C, [a] D +197° 
(methanol) 

XVI. Glaufidine, C20HzsNO s, 
[a]D +182 ° (methanol) 

XVII. Cataline, C,2,HzsNO s, mp 
183-1840C, [ a ]  D +166 ° 
(chloroform) 

3 4 

1Qty. 

P,----OH 
R2=OCHa 
Rg_ lo:CH202 

RI,9=OH 
R2,1o=OCHa 

Rt=2=CH20., 
. Rg, lo=OCHa 

RI=OH 
R2, 9, Io=OCHa 

RI, 9, lo=OCHa 
R==OH 

RI, 2, 9, lo=OCHa 

Rt=OCHa 
P2,10,11 = O H  

RI_2=CH2C2 
R,o=OCHa 
Rn=OH 

RI,n=OH 
Re,!o=OCHa 

R~do=ocv; a 
R2,n=OH 

Ra=OH 
R%:o, l l=OCHa 

R1, e, lo=OCHa 
Rn=OH 

R1,n=OH 
R2,1o=OCH a 

CHa 
> N < c H  a 

RI=OH 
R2. 10, n=OCHa 
R~=~--OH 

R1, 2, 9, Io=OCl-!a 
P4=c~--OH 

36 

10, it, 13, 17, 35. 
36. 50 

2 ,4 ,46 

9, 19. 25 

3,5,8--18,52 

20 

3,4, 18 

33, 38, 43 

1S, 20 

7, 11, 15, 30, 38, 
' "  49 

il ,  i3, 15. !8, 30 
31, 33, 35, 38, 42 

43 

26 

25 

i08 



TABLE 2 (continued) 

Alkaloid 

Oxoapo~hine base, s 

XVIII. O-Methylatheroline, 
C.zoHtTNOs, mp 223-224°C 

XIX. Gtauvine, C_~0HzTNO 5, mp 
210-212°C (methanol) 

+ 

XX. ComnRine, Cz0HnNO S, nap 
255-257"C (ethanol) 

XXI. Pontevedrine, C,,HtgNO a, 
mp 269-291°C l-c'hloro- 
totTn -- emanol  ( i :  1)] 

Benzophenanthridine bases 

Structural formula 

HsCO~ HaCO~2 
H3C0~ 

00113 

Hzr, O - ~  N 

0 ~ 0C~3 
OCHs 

H3CO~÷ 

H3GO-~ ~0 
OCH~ 

0 

H3CO~It-CHs 

Hs O0"L~T.J 
0OH 3 

,o x j,v , , 
9 8 

Literature 

3, 9, I0, 13, 15 

9, 10, 13, 15 

14 

14, 27 

109 



TABLE 2 (continued) 

Alkaloid Structural formula Literature 

i9_, 42 XXII. Norchelidonine, CigHITNOs, 
nap 198-199"C (methanol), 
[ a  ]13 +100° (chloroform) 

XXIII. Chelidonine~ Cz0H~�NO~ , 
mp 135-136 C (ethanoi'), 
[ a ]D -- 115" (ethanol) 

XXIV. dl-Chelidonine, nap 
217-218"C (ethanol) 

+,  

XXV. Sanguinarine, C20Hz4NO4, 
mp 242-243"C (methanol) 

+ 
XXVI. Chelerythrine, CzIHuNO4, 

mp 207-208"C (ether) 
+ 

XXVII. Chelimbine, CzzHz~NOs, 
mp 257-258"C 

+ 
XXVIII. Chelilutine, C22Nz0NOs, 

mp 229-230°C 

XXIX. Dihydroehelythrine, 
CzIHmNO 4, mp 164-165"C 
(methanol - chloroform) 

XXX. Bocconoline, CmH~INOs, mp 
221-222"C 

Protoberberine bases 

+ 

XXXI. Coptisine, C19HI4NO4. mp 
216-218"C (ethano+l) 

XXXII. Berberine, C-.z0HlsNO 4, mp 
145°C (aq. ethanol) 

Tetrahydroprotoberberlne 
bases 

R~_a=R�_io =-CHaO ~ 
R6=OH 

R2_a=R�_lO = EH.,202 
R~=OH 
>N--CH a 
R2_a=R�_ lo=-CH_~Oa 
R~=OH 
>N--CHa 

R2_aR g_lo=CH20., 

• R2_a=CH20:~ 
R�,lo=OCiqs 

R2_a~-R�L!o ~C  H 20._, 
p~= OCi-, a - 

R2_3=CH202 
R6, 9, Io= oCHa 

R 2 _ 3 ~ C H 2 0 .  2 

R 2 _ 3 - ~ C H 2 0 2  

R�,lo=OCHa 
Rs--CH~OH 

4 

2 

J 
i li,~ 

l! 

R._ 3=R9_ lo=-CH20~ 

R2_ a-=CHzO2 
R�,Io=OCHa 

15, 12, 39, 31, 43 

11, 39, 35 

7, 9, II, 16, 
30--38, 43 

7,9, ll, 16, 
39--38, 43 

11, 12, 30, 32, 34, 
36, 38. 43 

36 

10 

38 

11, 30, 31, 34, 
36. 37, 43 

30, 31, 34. 36. 37 

Ii0 



TABLE 2 (continued) 

Alkaloid Structural formula Literature 

:0 XXXIII: Seoulerine, C19H21NO4, R2, 9 =OH 
nap 192-194"C (ethanol), Ra.m=OCl43 
[a]D +260* (ethanol) 

XXXIV. Aumtemine, C19H2tO4, R2.9 =OH 
mp 125-126"C, [ a i d  +60' Ra, ]o =OCHa 
(ethanol) 

XXXV. Isocorypalmine, C~0HzsNO a R2=OH 
mp 231-232"C (methanol) Ra, 9, 10=OCHa 
[a]D ---282* (methanol) 

XXXVI. Tetrahydropalmatine, [~2. a, 9, 10 =OCHa 
C~H~_.~NO 4, nap 141-142"( 

(ethanol), [ a  ]13 --292* 
(chloroform) 

-XXXVII. Methohydroxide+of (-)-B- R:a-a=Rg-m=CH20~ 

stilopine, Cz~-t2oNO4, mp[ \ - r  
297-299*Co(metbano1), 1 ~  N-CHa 
[a] D --123 (methanol) ] 

XXXVHI. P2_a--CH202 
P9, lo=OCHa 

Methohydroxide of 
(-)- 8-eanadine, + 
C, aHzaNO 4, mp 260- 
261"C, (water), [ a i d  
--130" (methanol) 

Protopine Bases 

XXXIX. Protopine. CzoH,gNOs, mp 
206-20q*C (methanol) 

XL. Allocryptopine, CaIH~NOs, 
mp 159-160°C (methanol) 

XLI. Muramine, C.nHzTNOs, mp 
175-176"C (acetone) 

Morphinan bases 

XLH. Sinoacutine, CtgHzINO4, nap 
194-t97°C (decomp.) 
[ a ] --11"/" (ethanol) D 

XLIII. Salutaridine, C,gH~INO4, 
nap 198-199"C [~tfihnol') 

1t 

R2_a=Rg_Io=CH202 

R2_a=CHaO2 
Rg, lo=OCHa 

R2, a. 9, 10=OCHa 

H 3 CO 7 ~  

HO ~--N-Ot  s 
J , 

0 

5 ~ , '  N-CHs 
fiR3, 6=OCI-I 3 

0 R,=OII 

t2, 16, 4& 50, 5I 

34 

18 

31 

31 

2-4 ,  7--9, 11, 12, 
15, 16, 18. 30--38. 
49, 50, 52 

7, 11. 1 , 30--38, 
49. 52 

18 

13. 46 

3,4 

iii 



TABLE 2 (continued) 

Alkaloid Structure formula Uteramm 

XLIV. O-Methylflavinantine, 
C-~OI~sNO4 

BenzyHsoquinoline Bases 

XLV. N-Methyleoelaurine, 
C18H~INO3, mp 132-133"C 
(methanol) [CX]D --62.3" 
(chloroform) 

XLVI. Reticuline, [Ce]D +47 ° 
(methanol) 

R2, 3, 6 =OCl-!a 

5 4 

Sign UH3 
4 y 2  m 

R7, 4, = O H  
Ro=OCH a 

Rr, a' =OH 
Rs, 4' =OCHa 

35 

At the present time, more than forty alkaloids have been isolated from Glaucium plants. 
Nine species of Glaucium grow on the territory of the USSR, of which G..insigne and G. bra- 
cteatumhave not yet been studied for their alkaloid content, while some other species have 
been studied inadequately. 
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