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Among the whole d ive r s i ty  of na tura l  compounds,  su l fur -conta in ing subs tances  of plant or igin occupy an 
insignificant  place,  but in spite of this  they excite enormous  in te res t  among sc ien t i s t s .  An indication of this is 
given by the internat ional  sympos i a  on low-molecu la r -we igh t  sulfur compounds that  a re  held per iodica l ly .  In 
the l ec tu res  p resen ted  at the sympos i a  it is r epor ted  that  l ow-molecu la r -we igh t  sulfur compounds play an i m -  
por tant  role  in the vi ta l  act ivi ty of plant and animal  cel ls .  A sys temat ic  study of the f lo ra  by worke r s  in var ious  
fields has  led to the isolat ion of var ious  natura l  subs tances  produced by plants .  

Sulfur-containing plant subs tances  do not belong to one c lass  of organic  compounds: in addition to th iourea  
de r iva t ives  we find he re  alkyl sulf ides,  sulfoxides,  and iso th iocyanates .  The i r  in te r re la t ionship  follows i m -  
media te ly  f r o m  the i r  common p r e s e n c e  in a plant.  Sulfur is p r e sen t  in plant amino acids,  amines ,  organic  
acids,  some v i tamins  (vitamin Bi, v i tamin  H, pantethine,  pantetheine,  biocytin, biotin / - su l foxide) ,  and ant i -  
biot ics  [penicillin, gliotoxin, thiolutin, acidomyctn (mycobacidin),  aureothr ic in] .  

The ro le  of sulfur  in pro te ins  is impor tant .  In the ma jo r i t y  of prote ins  sulfur  fulfills a s t ruc tu ra l  func- 
tion, i .e. ,  it pa r t i c ipa te s  in the fo rmat ion  and s tabi l izat ion of the i r  molecu la r  s t ruc tu re s .  

Sulfur-containing subs tances  a re  found mos t  f requently in seeds  and roots  and more  r a r e l y  in leaves  and 
f lowers .  They are  widely d is t r ibuted  in plants  of the family  Cruc i fe rae  (in approx imate ly  30 species) ,  are  
found in some spec ies  of the fami l ies  L i l aceae ,  Cappar idaceae ,  and Leguminosae ,  and more  r a r e l y  in r e p r e -  
sen ta t ives  of other  fami l ies  [1]. 

l~ecently, su l fur -conta in ing  bases  have also been found in plants ,  but these  are  c h a r a c t e r i s t i c  only of 
ce r t a in  fami l ies .  Among these  we may  mention the fami l ies  Rhizophoraceae ,  Nymphaeaeeae ,  Cruc i fe rae ,  and 
t~utace ae. 

On consider ing all the su l fur -conta in ing  alkaloids that  have so far  been isolated f r o m  the chemica l  point 
of view, it is e a s y  to obse rve  that  a definite type of base  is cha r ac t e r i s t i c  for  a given spec ies  of plant.  Here  
sulfur  does not play a decis ive  ro le .  I f ,  however ,  we consider  them on the basis  of the inclusion of sulfur  in the 
s t ruc tu re ,  all su l fur -conta in ing  bases  can be a r b i t r a r i l y  divided into two groups:  alkaloids with a sulfur  a tom 
in a r ing and alkaloids with acyci ic  sulfur  (Table 1). In the i r  turn,  the alkaloids included in the f i r s t  group can 
be divided into th ree  subgroups:  Nuphar alkaloids,  peptide alkaloids,  and dithiolane de r iva t ives .  F r o m  the 
second group we can isolate  two subgroups:  oxazolidinethione de r iva t ives  and der iva t ives  of u r ea  and th iourea .  

A new type of su l fur -conta in ing  alkaloids in plants of the family  Nymphaeaceae  was desc r ibed  by Achmato-  
wicz and Bellen in 1962 [2]. In these  compounds,  the sulfur  f o rms  pa r t  of a new r ing s t ruc tu re .  Two spec ies  
of plants  of the genus Nuphar - N. japonica  and N. lu teum - have been  subjected to a sys t ema t i c  chemica l  
study. F r o m  the r h i z o m e s  of N. lu teum growing in Poland, the above-ment ioned authors isolated four su l fu r -  
containing b a s e s -  thiobinupharidine,  al lothiobinuphartdine,  pseudothiobinupharidine,  and thiobideoxynuphar i -  
dine - and two y e a r s  l a t e r  they isolated neothiobinupharidine [3-5]. S t ruc tura l  invest igat ions showed that they 
belong to the sesqui te rpenoid  or  t r i t e rpeno id  type,  combining quinolizidine and furan s y s t e m s  with a t e t r a h y -  

drothiophene s y s t e m .  

Thionupharol ine is a new sul fur -conta in ing  alkaloid f rom N. luteum. The r e su l t s  of a study of spec t r a l  
c h a r a c t e r i s t i c s  and chemica l  p r o p e r t i e s  have shown that  it is a hydroxy der iva t ive  of neothiobinupharidine in 
which the OH group is p r e sen t  at C-1 or  C-2 of one of the two quinolizidine s y s t e m s  [7]. 

Other  su l fur -conta in ing  alkaloids of this genus have been descr ibed .  LaLonde et al. [8] have isolated two 
i s o m e r i c  ca rb ino lamines  which have been called,  6,6,-dihydroxythionuphlut ines A and B, the reduct ion of which 
led to the s t e r e o i s o m e r i c  thionuphlutines A and B. Thionuphlutine A has  recen t ly  been shown to be identical  
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with thiobinupharidine [9]. Sulfur-containing alkaloids have been isolated by T. N. I I ' inskaya and A. D. Kuzov- 
key f rom N. luteum [10]. In addition to the known thiobinupharidine and neothiobinupharidine, these workers  
isolated an alkaloid containing a -ea rb ino lamine  groups to which they gave the new name of nuphleine. On r e -  
ductinn with sodium te t rahydrobora te ,  the lat ter  was converted quantitatively into thiobinuphlaridine. On de-  
tailed spect roscopic  study, nuphleine proved to be identical with 6,6'-dihydroxythionuphlutine A [11]. 

This group of alkaloids also includes neothiobinupharidine S-oxide [12], the s t ruc ture  of which was e s -  
tablished on the basis  of the resu l t s  of a comparat ive study of the spec t ra  of the base and of neothiobinuphari-  
dine and deoxynupharidine, and also as the resul t  of passage to neothiobinupharidine (PC13 in ethyl acetate) and 
back by oxidation (tt202 in acetic acid). 

As can be seen f rom what has been Stated above, all the sulfur-containing alkaloids of Nuphar are closely 
related to one another,  include a tetrahydrothiophene ring, and are derivat ives of thiobinupharidine, thionuphlu- 
tine B, and neothiobiaupharidine, which are  s t e r eo i somers  of one another. Consequently, the s t ructure  and 
s t e r eochemis t ry  of these three alkaloids have been considered in many publications. The definitive es tabl ish-  
ment of the s t ruc ture  of thiobinupharidine, per formed in paral le l  with a ~tudy of the s t ruc ture  of neothiobinu- 
pharidine, had grea t  value. According to their  IR spectra ,  they contain a t rans-quinolizidine system,  a mono- 
substituted furan sys tem,  a CH 3 group, and a - H 2 C - S - C - s y s t e m  not attached to the fu ran  ring. Peaks in the 
NMR spec t ra  show the presence  of furan and CH s groups.  

A great  role  in the proof  of the s t ruc tures  of these alkaloids was played by the study of their  mass  spec-  
t r a  [13]. The mixture of bases Obtained in the desulfuration of neothiobinupharidine and thiobinupharidine under 
very  severe  conditions was investigated by mass  spec t romet ry .  The spec t rum of each sample obtained on 
fract ional  evaporat ion within the ion source was identical with that of deoxynupharidine. On this basis it was 
concluded that each of the two alkaloids consis ts  of two deoxynuphar[dine skeletons connected by one - C - C -  
and one - C - S - C - b r i d g e s .  On a careful  study of the s t ruc tures  of f ragments  with m/e 359, 230, 178, 186, 
and 94, the par t ia l ly  co r r ec t  s t ruc ture  of the alkaloids was established, but only in 1965 did Birnbaum show, 
on the basis of the resu l t s  of an x - r a y  s t ruc tura l  analysis,  the s t ructure  of neothiobinupharidine [14] (see 
Table 1), f rom which it followed that both quinolizidine sys tems in the alkaloid molecule are  t rans- l inked,  all 
the s ix -membered  r ings  are present  in the chair  conformation,  and 20 of the atoms forming r ings are located 
a lmost  in one plane. Perpendicular  to this plane are the tetrahydrothiophene ring and two furan r ings,  one of 
which is para l le l  to the tetrahydrothiophene r ing and the other perpendicular  to it. Both furan r ings and both 
- C H  3 groups are equatorial  and C-18 is equatorial  with respec t  to both quinoliz[dine sys tems ,  while C-17 and 
S are axial. 

For  thiobinupharidine, on the basis  of the s t ructure  of neothiobinupharidine, a s t ruc ture  has been proposed 
in which the two quinolizidine sys tems  are symmet r ica l .  In 1973, a special  study was made of the s t ruc ture  of 
thiobinupharidine with the aid of x - r a y  s t ruc tura l  analysis [15], and s t ructure  1 (see Table t) was established 

for it. 

F r o m  an ethanolic ext rac t  of the fungus Amanita phalloides (death cap) German scient is ts  have isolated 
a whole se r ies  of toxic principles [17] which, f rom the chemical  point of view and in relat ion to toxicity, can be 
divided into two groups:  the aminitine group - toxins which give a bright violet colorat ion with cinnamalde-  
hyde - and the less  poisonous phalloidine group, the toxins of which give a very  weak blue coloration.  The 
representa t ives  of the two groups also differ in their  UV spec t ra  [18] (Fig. 1). 

Chemically,  the substances isolated are  cyclopeptide bases including an indole nucleus. The major i ty  of 
them contain a sulfur atom as a component of the amino acid cysteine,  while the toxins of the aminitine group 
have the nature of sulfoxides. The s t ruc tures  of these substances were shown by hydrogenolyt ic  desulfuration 
over Raney nickel, and also by acid hydrolys is  followed by the deciphering, the identification, and the de te rmin-  
ation of the sequence of the amino acids l iberated on hydrolys is  (see Table 1). 

Dithiolane Derivat ives .  This group of sulfur-containing alkaloids is charac te r i s t i c  for the plants of some 
species of the family Rhizophoraceae.  Thus, f rom two species  of Cass ipourea  have been isolated four sulfur-  
containing bases [26]: ge r ra rd ine ,  ge r ra rdamine ,  and ger rardol ine  were found in C. ge r ra rd i i  and cass ipour -  

ine in C. gummiflua.  

To prove the s t ruc ture  of this group of alkaloids we used desulfuration over  Raney nickel followed by a 
study of the dethio products .  F r o m  the products  of the desulfuration of ger ra rd ine  with Raney nickel we iso-  
lated d imethylaminodecane-2 ,9-diol  and a substance that proved to be decane-2,9-diol ,  which showed the p re s -  
ence of a continuous chain of 10 carbon atoms, and demonstra ted the position of the - O H  group and the site 

of at tachment of the dithiolane ring. 
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Fig. 1. UV spec t ra  of phalloidine, 
phalloine, and phallacidine (I) and of 
o~- and ~-amant ines  (II) in water .  

The s t ructure  of ge r ra rd ine  was established by a study of the mass  spec t rum of the base i tself  and of the 
products  of its desulfuration. The resul t s  of x - r a y  s t ruc tura l  investigation confirmed s t ructure  29 which had 
been proposed for ger ra rd ine  and showed the t rans  a r rangement  of the dithiolane rings and of the OH groups 
[27]: 

UH- CH- GHz- CH -(CH~,)4-C H-GH ~ 
~ H°H ~ OHHsC/'~CHa OH " 
$ -'~S , C"rCH-(CH )c H-CH 

OH OH 
29 

The catalytic desulfuration over  Raney nickel or  another alkaloid - cassipourine [28] - yielded py r ro l i z i -  
dine. The four sulfur atoms present  in the molecule form a tetrathiooctane ring. The s t ructure  of eass ipour -  
ine was shown by the per formance  of a whole ser ies  of chemical  react ions .  Thus, on distil lation with zinc 
dust hydrogen sulfide and pyrrolo[1,2-a]pyrrol id ine  was obtained, oxidation with concentrated nitr ic  acid gave 
pyrrol izidinedisulfonic acid N-oxide, and f rom the products of Hofmann degradation was isolated a substance 
identified as 2 - a l l y l - l -m e thy lpy r ro l e .  On the basis of the react ions performed,  a study of spect ra l  c h a r a c t e r -  
ist ics,  and the resul ts  of x - r a y  s t ruc tura l  analysis,  s t ructure  32 (see Table 1) was established for cass ipourine.  

Another sulfur-containing alkaloid of the family Rhizophoraceae,  isolated from Brunguiera  sexangula is 
brugine [29]. Desulfuration of the alkaloid over  Raney nickel led to tropine n-butyrate .  Alkaline hydrolysis  
yielded the amino alcohol tropine and 1 ,2-di th iolane-3-carboxyl ic  acid: 

5--S ~O-C-Oli~" Cli2- CHo 

On the basis of the react ions  per formed and spectra l  charac te r i s t i cs ,  s t ructure  33 is proposed for bru-  
gine. 

Oxazolidinethione Derivat ives.  Few alkaloids of this group have been isolated f rom plants. At the p r e s -  
ent time, only three such alkaloids are known: 5,5-dimethyloxazolidine-2-thione [30], goitrin ( / -5 -v iny loxa -  
zolidine-2-thione) [31], and resedinine (5-phenyloxazolidine-2-thione) [32]. The heterocycl ic  skeleton of these 
bases  consists  of an oxazolidine thione nulceus substituted in position 5. The fact that these alkaloids belong 
to this group has been c lear ly  demonstrated by spectroscopy.  Thus, their  UV spect ra  show absorption maxima 
at 240 am, and in an alkaline medium a slight hypsochromic  shift is observed.  The IR spectra,  which are cha r -  
acter ized by groups of bands at 3425, 3155, 1538, 1508, and 1167 cm -I,  show the function of the heteroatoms.  

The alkaloid resedinine is a thio analog of resedine [33]. On reduction with lithium tetrahydroaluminate ,  
the oxazolidinethione r ing opens with the simultaneous reduction of the position of cleavage of the bonds. F r o m  
resedinine (36) was obtained f i -hydroxy-f i-phenylethyl(methyl)amine,  which definitely showed the s t ruc ture  of 
the alkaloid. 
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~NH , . t ' H ~ L ~  ~..~ 5 ~ CH2-- NH 
~ L - G H  C 3 

| 

# 6  OH 

The alkaloid goi t r in  has  been isolated f r o m  the edible root  of the turnip  and also f r o m  the seeds  of many  
other  spec ies  of plants  of the genus B r a s s i c a  (family Cruc i fe rae)  [34]. It has been shown spec t ropho tome t r i c -  
ally that  goitr tn is p r e sen t  in all  the spec ies  of the family  Cruc i fe rae  studied with the exception of mus t a rd  
seeds  and caul i f lower .  

Alkaloids with a sulfur  a tom in the side chain a re  m o r e  numerous  and include var ious  c l a s s e s  of c o m -  
pounds.  Such a re  de r iva t ives  of th iourea ,  u rea ,  pyr ro l iz id ine ,  and indole. 

As a l ready  mentioned,  plants  of the fami ly  Cruc i fe rae  produce sul fur-conta in ing compounds.  A c lea r  
example  of this  is Dipthyohocarpus s t r t c tus ,  belonging to this fami ly .  Separat ion of the combined bases  of the 
epigeal  pa r t  yielded seven compounds [35]. 

The two alkaloids d iptoearpaine  and d ip tocarpamine ,  which a re  s im i l a r  in the i r  chemica l  p rope r t i e s ,  
p rbved  to be N - a l k y l u r e a  de r iva t ives .  In both these  bases ,  the sulfur  was p re sen t  in the sulfoxide form,  as was 
shown by spec t r a l  c h a r a c t e r i s t i c s  and the r e su l t s  of  a number  of chemica l  reac t ions .  The exis tance of opt ical  
act ivi ty in these  alkaloids and the absence  of it in the i r  reduct ion products  is also explained by the p re sence  
in t hem of sulfoxide groups in which the sulfur  atom, bound to two nonequivalent r ad ica l s  and one e lec t ron  pai r ,  
playing the ro le  of  fourth substi tuent ,  is a s y m m e t r i c a l  [36]. In both alkaloids hydrogenolyt ic  desulfurat ion over  
Raney nickel  has  been used.  In this way, d iptoearpaine yielded an opt ical ly  inactive substance of neut ra l  c h a r -  
ac te r  which proved to be N-n -hexy lu rea .  

o 
NH F C-NH ~ ~  C~ 

0 

lm this reaction, diptocarpamine gave N-n-hexyl-N-isopropylurea. 

The chemical reactions performed and the analysis of the spectral characterist ics both of the alkaloids 
themselves and of their  dethio products made it possible to establish the following structures for the two bases 
[36, 37]: 

GH~ "~u ~H r~ . . ~ ~  CH 

CH3"~I]H- N H - G - N H ~ ~ t H  CH~" Q > 3 

A r a r e  th iourea  der iva t ive  is the alkaloid zapotidine f rom seeds  of the t r e e  C a s s i m i r o a  edulus (famLly 
l~utaeeae), the type of r ing s y s t e m  in the molecule  of which has not h i ther to  been found in other  na tura l  c o m -  
pounds. On being boiled in s i lve r  ni t ra te  solution in the p r e sence  of alkali,  the alkaloid gives a u r e a  der iva t ive  
C7I-I9N30. On reduct ion with l i thium te t rahydroa lumtna te ,  N ,N ' -d imethy lh i s t amine  was obtained, and boiling in 
concent ra ted  caus t ic  soda solution yielded N-methy lh i s tamine .  On the bas i s  of the NMR s p e c t r u m  and chemica l  
reac t ions ,  s t ruc tu re  43 is p roposed  for  the alkaloid [38]: 

,~'.NJk.N_C,o 

43 

0 

H 

J 

F r o m  the plant P e n t a c e r a s  aus t ra l i s  (family Rutaceae) ,  Aus t ra l ian  sc ien t i s t s  have isolated methyl th io-  
eanthinone [39 ], inwhich the sul fur  is  p resen t  in a methyl th i?  group.  On alkal ine hydro lys i s ,  the alkaloid is con-  
ver ted  into the known 4-hydroxycanth in-6-one .  
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Two glyeoalkaloids  that  a re  de r iva t ives  of t ryptophan have been isolated f r o m  B r a s s i c a  seeds  - g luco-  
b r a s s i c i n e  and neoglueobrass ie ine ,  which, on enzymat ic  c leavage,  give thiocyanate,  glucose,  indolylaeetoni-  
t r i l e ,  and indolyacetic  acid [40]. 

The p resence  of g lucobrass ic ine  and of neoglucobrass ic ine  is c h a r a c t e r i s t i c  for  many  spec ies  of  the 
fami l ies  Cruc i fe rae ,  Cappar idaceae ,  Tova r i caceae ,  and Resedaeeae .  Thus,  the study of the seeds  of 14 spec ies  
of  these  fami l ies  has  shown that  they all contain g lucobrass ic ine  or  neoglucobrass ic ine  or  the i r  e s t e r s  [40]. 

Among the bases  of the pyr ro l iz id ine  group has  been found a single sul fur-conta in ing alkaloid - p lanchon-  
el l ine - w h i c h  is the t r a n s - f l - m e t h y l t h i o a e r y l i c  e s t e r  of  laburnine [41]. Hydro lys i s  of the alkaloid gave l abu r -  
nine and a thio acid which proved to be t r a n s - p - m e t h y l t h i o a e r y l i c  acid. 

Thus,  su l fur-conta in ing alkaloids,  in spite of  the i r  smal l  number ,  a re  found among many  c l a s se s  of  
na tura l  organic  compounds.  The proof  of  the i r  s t ruc tu re  reduces  to obtaining desulfurat ion products  followed 
by the cha rac te r i za t ion  of these  products .  Here ,  a large amount of  information is given by a ca re fu l  study of 
the m a s s  Spectrum. 

The p resence  of sulfur  in an alkaloid is eas i ly  de te rmined  without the use  of analyt ical  methods.  By m a s s  
s p e c t r o m e t r y ,  f r o m  the p r e sence  in the s p e c t r u m  Of the peaks  of an isotopic sulfur  ion it is poss ib le  not only to 
de te rmine  whether  the substance  contains sulfur  or  not but also to c a r r y  out the analys is  quanti tat ively,  with the 
poss ib i l i ty  of dist inguishing sul fur-conta in ing and su l fu r - f r ee  f r agment s ,  which cons iderably  faci l i ta tes  the 
de te rmina t ion  of the s t ruc tu r e s  of unknown compounds.  On the other  hand, the m a s s - s p e c t r o m e t r i c  f r a g m e n t a -  
tion of su l fur -conta in ing alkaloids is cons iderably  compl ica ted by the p r e sence  of numerous  r e a r r a n g e m e n t  
ions in the spec t rum.  

Because of the d ive r s i ty  of the i r  chemica l  s t ruc tu re s ,  the s p e c t r u m  of the pharmaco log ica l  action of 
su l fur -conta in ing alkaloids is ve ry  wide. 

Concerning the pha rmaco logy  of the Nuphar alkaloids,  it can be stated that  the f i r s t  r e p o r t s  of the use  of 
ex t r ac t s  f rom the rh i zomes  of the plant in inf lammat ion of the smal l  intestine,  gingivi t ises ,  and skin d i s ea se s  
was published as e a r l y  as 1945 [43]. La te r ,  it was es tabl i shed that  a r ep re sen t a t i ve  of this group of alkaloids 
nuphleine (6,6 ' -dihydroxythiobinupharidine)  p o s s e s s e s  p ro t i s tos ta t i c  and spe rmic ida l  activity,  inhibiting the 
growth of Tr i chomonas  vaginal is ,  and it also s u p p r e s s e s  the growth of fungi and G r a m - p o s i t i v e  b a c t e r i a  [44]. 
A high activi ty of 6 ,6 ' -dihydroxythiobinupharidine against  eight spec ies  of pathogenic fungi has been r epor t ed  
[43]. 

It is in te res t ing  that in the m o n o m e r s  the high biological  ac t iv i ty  cha r ac t e r i s t i c  of the d imer i c  su l fu r -  . 
containing alkaloids of Nuphar comple te ly  d i sappea r s  and is not manifes ted .  This can apparen t ly  be explained 
by the p resence  of the te t rahydrothiophene r ing in the d i m e r s .  According to Prof .  Watson, su l fur -conta in ing  
alkaloids that  are  de r iva t ives  of dithiolane - g e r r a r d i n e  and cass ipour ine  - pos se s s  pronounced act ivi ty  against  
ce r t a in  spec ies  of Salmonella ,  which belong to the family  En te robac te r i aceae .  The effect  proved to be b a c t e r -  
icidal  but not inhibi tory [26]. The biological  effect  is apparent ly  shown when two dithiolane r ings  a re  p resen t ,  
isolated,  as in g e r r a r d i n e ,  and forming  a pecul ia r  r ing s t ruc tu re  including four sulfur  a toms,  as in c a s s i p o u r -  
ine. Nei ther  ge r ra rdo l ine  nor  g e r r a r d a m i n e  - m o n o m e r i c  f o r m s  cor responding  to g e r r a r d i n e  - p o s s e s s e d  ant i -  
bac t e r i a l  p rope r t i e s .  

It has  been repor ted  that the seeds  of  the plant f rom which the alkaloids zapotidin was isolated p o s s e s s  
sedat ive ,  hypotensive,  and also hypnotic p rope r t i e s .  

An anti thyroid act ivi ty of  alkaloids of  the oxazolidinethione group has been found. It has  been repor ted  
t h a t  cabbages ,  turnips ,  grape seeds ,  soybeans,  and groundnuts causes  an i n c r e a s e  in the act ivi ty  of  the thyroid 
gland [34], but a t tempts  to isolate  the act ive pr inc ipa l  f rom them were  unsuccessful .  

Antithyroid compounds isolated f r o m  plants are  also known, such as th iourea  f r o m  Laburnum anagy:  
ro ides  and 5 ,5-dimethyloxazol id ine-2- th ione  f rom the seeds  of Conringia  or ienta l i s  [30]. 

It is known that some foods delay the absorpt ion of rad ioac t ive  iodine in the s ame  way as anti thyroid 
subs tances .  The mos t  effect ive in this r e s p e c t  have proved to be the ru tabaga  or  swede [34], and also f resh  
cabbage leaves  [30], f r o m  which goi t r in  has  been isolated.  A compara t ive  study of the thyroid act ivi ty of  
oxazol id ine-2- th ione,  5 ,5-dimethyloxazol id ine-2- th ione ,  and / -5 -v iny loxazo l id ine -2 - th ione  (goi t r in)has  shown 
that  the la t ter  p o s s e s s e s  five t imes  g r e a t e r  activity,  f r o m  which it follows that  the p re sence  of a vinyl group 
in the C-5 posit ion of goi~rin cons iderably  i nc rea se s  its activity.  
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On considering the pharmacological propert ies,  the conclusion involuntarily suggests itself that sulfur- 
containing alkaloids are characterized to some degree or other, or should be characterized (if this has not yet 
been investigated), by microbiological activity. 
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