
THE ALKALOID OF BERBERIS VMBELLATA. WAll.. 
PART II. 

DY R. CHArTBRJU· 

(Tmbellatine iK shown to p:!!!lsc:ss an imiao methyl group. Of the 8 atoms of oxygen, 
4 were sho'Wn in a. previous rommani~atioa to be present io a methylcoedioxy 8.bd l\\"Q 

methox:v gruups, tbe ren1aioing 4 are aow proved to be present as OH BfOUps. A 
romparisou of the prope-rties, absorption curveli and derivatives rif !UDbellatioe ,..ith 
tbose of berberine baa been made; it has been concluded that methyleuediQ][y•tetrahydra. 
lsoqainolioe skeleton forn1a a part 11£ the umbellatine nucleus. 

Umbcllatioe is me-ntioned to be the chief alkaloid of tbe Himalayan Btrbern, 
e.g., lr. lnsignis H. ncpalcn5is, B. lyciHm and B. WaUichlana etc .• and some o( its 
!llllts are deacribed. 

Umbellatine, the alkaloid first isolated from Bef'be-ris umbellata, Wall 
(/- Indian (.."hem. Soc., 1940, 17, 28g) is found to be preseJJt as the major 
alkal~id in other Himalayan BeTIJc-res. It bas been reported to OC('Ur in 
B. insignis Hook. f. (Cllatterjee, ]. AmeT. Pha'111t. Assoc., 1941, SO, 
247) and also in other species of the Himalayan Be-rbeYes like B. Ju:palensis 
Sprrng., B. lycium Royle and B. Wailicbiana D.C., an account of which 
has not yet been published. Berberine is the clJief alkaloid of all European 
Be-rbe,.es, investigated up till now, and since umbellatine is observed to 
occut commonly in the Himalyau species of -tbe sante genus BerbeTis, it 
is thought that moH probably ~mbellatine is analogous to berber-iDe iu 
structure. A comparative study of the' properties and derivatives of both 
umbelJatine and berberine shows tl'lc dose s-imilarity of the two alkaloids 
c·rable 1). 

In Fig. I are shown the near ultravio!et a&orpt1on curves of umbella
tine and berberill~. It is well known that su<·h comparison of.spc:ctra serves 
as one of lbe physical methods to a;rrive at the '"esseiJtial central structure 
of con1plex organic compounds_ (Hartl~y. Plzil. 1'ra11s., 1885, f78A, 471; 
Dubbie, ]. Chem. Soc .• 1903 83, 005; ~rustier, Bull. Soc. C/lim., 1926, 
39, 1527). It is evident from the figure that the absorption curve& of these 
two alkaloids are extremely analogous. Only a slight hyperchromic -effect 
is observed in the new base which might easily be attributed to tbe several 
phenolic OH groups it contains (Klingstedt and Brode, International 
Critical Tables). Kitasato's work (Ac:tcz Ph,.tocki-m., 1927, 3, Ii'S) on the 
absorptiOD spectra of 42 alkaloids classifies the WeS berberine, coptisiDe-, 
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cotarnine, woreni.nc and hydrastinine us showing very similar absorpHon 
spectra. They aU show the stroug baud ut ca. J4«>·JsuuX, which the 
authur coLtuccts with the methylem.'<lioxy-tctrahydroisoquinoline skeldon 
by Cl process of climi11ation. 'l'he ideLlticalllositiou of this prumineut bllud 
iu umbcllatiue is a strong positive evidence for the prcsent.-e of the same 
basic nucleus in this alkaloid. the evidence being of course as couclusive 
as is w.arrauted by this statistical physical method of structure aualysis. 

FIG. I • 
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Cu:r,·es 1 & ::z rdPr nspccti"ely lo t.rr1Jerir1e and nmbellatine. 

Umbellatine forms salts with acids like hydrocllloric, hydriod.ic. uitric, 
sulphuric ar:d picric acids mostly analogous to the correspoadiug salts of 
berberiat!. in their colour and solubility in water. With palladium
cbarcoat, umbellatine takes up successively 2 and 4 atoms of hydrogen; 
forming a yellow dihydroumbellati11e and a lemon-yellow tetnlhydro
umbellatine, m.p. 2 IJ·I5a (decomp.). It had been nileady shown that 
umbellatiue formed a yellow coloured, bright cr)tstalline derivative \\iith 
nitr0\15 add. From the estintation of nitrogen of the derivatLve, it was suppos
ed to be a nitroso compouud which pointed to the ~ondary character of 
the nitrogen atom in umbeltatine. The analytical data are also in good 
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agreement with the formula C,.,H,.,o.N, HN01 , where nitruus acid forms 
the nitrite of lhe ba::k.:. It is not "imJJrubablc, therefore, tbut the N atom 
in umbellatine molecule might IJc preseut as a te1·tia1'y amine. More tb;,~.n 
une example of alkaloids miglit be cited wberc a mol«ulc of nitrous acid 
is added to the tertiary nitrogen group. The phenylthiocarbamide test 
fur the secondary nitrogen fails in the case of umbcllatine. The base 
forms a methoiodide and its imino-methyl determination (llerzig and Meyer) 
iii positive, elucidating the tertiary nature of the N atom of the base; so 
the molecu'ar formula of umbellatinc C11H 110 1N, can be extended to 
l.::~aHieUo (N"CH3). 

The product of methylation of the base by diazomethane could not 
be isolated ; tbe methylating agent methyl iodide reacted only to form a 

urethoiodide ; umbelJatine could only be succes1ifully methylated by dimethyl 
sll.lp.bate, produciag a mo11ometbyl ether, which iudicates tbe phenolic 
character of oae of the hydroxyl groups present. OIJ boiling with acetic 
anhydride iu presence of a few drops ofpy ridine, umbellatine yields a 
a diacetyl derivative. Of the 8 oJr.ygeu atoms prese11t, in one molecule 
of the base, 6 can now be accounted for-z of th,·m are in the methylene
dioxy group and 2 in the methoxy groups in the molecule as has beeu 
previously recorded. The remaining 2 which arc acetylated must be 
present in hvo free hydroxyl groups. Now the formula of umbellatinc 
is further extended to C.H.Oa tCH 10 2 ) lNCH.J (0Me)1 (OH)1 • The func
tion of the remaining 2 oxygen atoms of the molecu1e could not be determin
ed directly as yet. Umbellatine does 11ot undergo hydrolysis in presence 
of an acid or a11 alkali, eliminating the possibility of the 2 oxygen atoms 
being present in a lactone ring. Unlike berberine, it wouid neither fonn 
an oxiwc nor a semicarbaz.oue which, ill all probability, ind1c.ates the 
absence of a carbonyl group. The base contains 4 reactive hydrogen 
atoms (ZerewitinoJI). It has alrea.dy been mentioned (loc. cit.) that 
umbellatine retains half a n1olecule of water of crystallisation even when 
dried in 11Acvo over P 110 6 at uo0

• The experianeutal results show that 
the volumes of methane collected during the active hydrogen detenninations 
are always greater than the calculated volumes. There the excess volume 
of methane can 5afely be considered to be formed from hall a molecule 
of water reacting with magnesium methyl iodide, so the 4 atoms of hydro
gen have been, in all probability, obtained from 4 hydroxyl groups of the 
base, 2 of which could be acetylated. Hence the formula of umbellatine mn 
be written as : 

C.H. (OHlz (CHaOa) (NCH.) (OMe)a (OH)8 
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T,\Bl.ll 1. 

ComJ?.nisc•ll of prop.:rlics c•/ U-11/bdf..tl ;,.., ,,,J b,.,bc··ri,e lind 

llu:ir dcrh•<rlit••·s. 

:\Iol. furmu Ia 

l'ulour 

ll.J>. 

Water of <'TJ':itulli..ativu 

Solubility 

llpticalacli\·ity 

Ac:idific:d- with. cone. 
Hz804 and 'brought 
in contact "ith chlO· 
rine 'lll.'ater. 

Sa.IU; of the type n, HX 
with mineral acid!:. 

I 'mi.JeiiAtinc. 

C11 llr1t laN 

\'cllow 

~m-7" f<lc•.,•mp.l 

:; 5 •uolecules ; J molecule 
is retained even ou drying 
in vacuo at no". 

Soluble in ethyl and metbyl 
alcobo1s, sparingly ~olub1~ 
in ac:etone, cbloroforn1 and 
cold .,..·ater. Insoluble in 
ben,.,.ne. 

Inactive· 

,\ blood-red ring at the 
junction ol thc·la.yers of 
two liquids. 

l 'mbellatine ehlnroplatina.h· 
cannot be Cr)·fitallu; .. d. 

Contains 2 methoxy group!', 
1 ruethylenediox~· group. 

\:ontains at least h~o-o adh·e 
h}'dt'Oll)'l groups. 

Contains an imino- methyl 
group 

ll.~s not fonn All n:r.;ime. 

'felrahydrounlbellatine 

Len!on-yelJow plateR, r.y .. ta-
llmc:, m.p. 213-15" 
(decon&p.J 

tTmbel.,.tine, HCl etc. 
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Ilt:rberiue. 

v .. n .. w 

145" 

~ · 5 mulecu les ; :zj n1ule· 
· 'c-oles are retained on 

drying at 100". 

Salable- in ~byl a.od 
1ne-thyl alcotiola~ spar• 
ingly soluble i11 'Ue· 
tone lllld chlornrorm, 
ruori! soluble in'- Vl'a\et. 
SlighUy solahJ,. in 
ben IJI"De. 

Inactive 

.'\ blood-red . ring at tJJc 
junction ot the layeff' 
of tVI'D JifJUidll. 

:nerberine chloroplatinof~ 
can be cr,-staDised 
front boiling ann·! 
al~obol. · 

Cootaios 2 metholn· 
B!DDps, :x methylene
d•o•y group. 

I )oes not n)nta~n 811)" 
h~·dro!!t)'l group. 

Contsir111 
groop. 

an imir10 

Form!' nn oxime under 
certai11 <-onditiom;. 

1'rtnlh~·drobe-rbrrioe 

Crystalli~, · colourle-ss 
prismatic needle!' 
Jll p. 26:11" (dec:onlp.~. 

Berberine. HCI etc. 

A bso,-ption Spe,;t-ra of Umbellatine and Berberine.-Solutio.os of 
tbe bas"'s having a concentration of 1 i11 Bo,ooo in water were used. 
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Tungsten steel spark was the source of light. The spectra were photo
graphed with a Spekker spectrophotometer on a quartz spectrQ
graph. Tbe match points were marked by visual comparison aud the 
wave-lengt~s read off approximately from a wave-lccgth reading plate 
slipped behind the negative. Both fhe curves.show two absorption maxima 
at z6so and 3430, micbria 'at 2490 and 3050~. (FIG. I). 

Umbellatine nih'ate, prepared by the usual method, crystallised from 
akohol as dull yellow needles. It charred without melting above 250°. 
(Found: N, 6"3. CslH:uOaN. HNO:s requires N, 6"o per cent). 

UmbellaUne sulpl1ate, prepared by the usual method, crystallised from 
hot alcohol as glistening ,.enow needles, m.p. 274• (decamp.). [Found: S, 
3"2, (CsJHuOaN):sHsSO. requires S, 3"4 per cent]. 

UmbellaUne Picrate.-On treating a solution of umbellatine in alcohol 
with au alcoholic solution of picric acid, the picrate was precipitated at 
occe. The picrate was crystallised from hot alcohol as brown featl:.ery 
needles, m.p, 232• (decamp.). (Found: N. 8"9. C~17H • .,OuN. requires N. 
8"7_pe~ ~nt). 

TetralaydTDUJtlbllllali71e.-A solution of umbellatine base (o"2J g.) ic 
methyl alcohol f2o c.c.) was mixed with· palladium-charcoal catalysl (o"z g.) 
and shaken with hydrogen u11til the yellow!solution was practi<-ally colour· 
less. Absorption was at. first rapid but became slower after 20 minutes; 
23 c:-.c. of hydrogen were. absorbed in 45 minutes (Calc. for C21HnO•N• 
-1 H 10: 4 H, 25 c.c l,- . The solution· was filtered from the charcoal ; the 
charcoal was washed carefully. with methyl alcohol (zo c.c.). l"he 50lution 
deposited on coccentration a pale yellow powder which on recry!'tatlisation 
yielded Jemon-yeJlow transparent plates of tetrahydroumbellatine, m.p. 
2IJ·I5° (decamp.). (Found: C. 59"5: H, s·s; N, 3"3 C1 1 H •• o.N requires 
C, 6o'o; H, 6.o; N. 3)4 per cent). 

Dih:rdroumbelltdine.-A solution of umbellatine (o'2 g.) in methyl 
alcohol (20 e.c.) was shaken with palladium-charcoal catalyst (o"z g.) in 
hydrogen. Absorption was stopped after 20 minutes when II c.c. of 
hydrogen (equivalent to 2 atoms} had been taken up. The solution 
of tbe product was :filtered from the catalyst and was concectrated to yield 
dihydroumbel1atine a& dull yellow. rods, which charred without meltinl{. 
(Found: C. 6o"o; H, 5"34- C,aHsaOaN requires C, 6o"43; H. s"s pel" cent). 

The Jmi11o-methy( i11 Umbellatine.-The imino-methyl was determined 
by the micro Herzig-Meyer metbod •. (Found: N"J\.Ie, s'J .. c.lHsiOIN, i 
H~n Jequires N"Me, 6"8 per cent). 

Umbellatine Monometl1yl etlleT.-An excess of dimethyl sulphate was 
added drop by drop to a solution of umbellatine {o"t g.) in Io% potassium 
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hydroxide with constant shaking. After i ·hour yellow, silky fine needle!. 
separated. Tbe shaking and the addition of di10ethyl sulphate were 
continued and the mixture was kept alkaline. After an hour the crystals 
were filtered, well washed with water, dried and then crystallised from 
alcohol as silky yellow needles, m.p. :z6s". [Found: OMe, 21"1. ClltHsuOaN 
{OMe) requires, OMe ::~o"g per eeat ; equiv. to 3 OMe groups of which 
2 are already present in a molecule of umbellatine]. 

Diacetylumbellatifte.-Umbellatine (o"I g.) was mixed with acetiC' 
on)Jydride (2p c.c.) and pyridine (6 to 8 drops) and heated on a water-bath 
till the last traces of umbellatine went completely into solutiou, the time 
usually taken beiug ai hours. On leaving overnigl1t, yellow needles 
aPJJeared which shrink at 187" and melt with decomposition at 193°. 

(I-"ound: C, 59"72; H, 5"84; N, 1·9s. C,..HuOaoN requires C, 59"8 ~ H, 5"4 i 

N, 2"8 per C'e11t). 

Reactive H atoms in Umbellatine.-A Zerewitinoff determination of the 
hase libeTated methane eqnivalent to 4 reactive hydrogen atoms. 

0.48 G. of umbellatine, CliiHuO.N, i HzO, in pyridine treated at l11e 
ordinary temperature for 10 minutes with excess of methyi mag11esium 
iodide, gave 13":1 c.c. of methane ltheory requires 11"2 c.c. of methane, 
equiv. to 4. reactive hydrogen atoms). 

0"454 G. of umbellatine gave 12·3 t'.c. of methane (theor:r requires 
1o"6 c.c. of methane; equiv. to 4 reactive hydrogen atoms). 

o·3s G. of umbellatine gave 10"4 c.c. of methane (theory requires 
7"8 c:c. of methane; equiv. to 4 reactive hydrogen atoms). 

The author expresses his gratefulness to the Rec-tor, the very Rev. 
Father C. A. Vrithoff, S.J., for affcuding him Jaborator}· facilities, to :P.Ir. 
G. Karmakar, M.Sc., for the absorption Ilhotographs and to Mr. N. ChosJ1, 
"M.~. fOr all the m'cro-analyses, recorded in this J>Bper. 
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