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Synthesis  of  2 - O - a - L - R h a m n o p y r a n o s y l - D - g a l a c t o s e ,  a Reported Partial Hydrolysis  Product of a -  

S o l a n i n e ,  and Some Taste-Elicit ing Flavonoid 2-O-a-L-Rhamnopyranosyl-~5-D-galactopyranosides  

Solatr iose,  t he  c a r b o h y d r a t e  m o i e t y  of ~-solanine,  is 
cons idered  b y  KUHN et  al.Z to be  O-fl-D-glucopyranosyl-  
(1 -+ 3) -O-[e-L-rhamnopyranosyl - (1  -~ 2)]-D-galactose (I). 
E v i d e n c e  has  been  p re sen t ed  t h a t  th i s  b r a n c h e d  t r isac-  
char ide  also cons t i t u t e s  t he  sugar  po r t i on  of o t h e r  s te ro ida l  
a lka lo ids  such  as e-solasonine  ~ a n d  e - so lamar ine  a, and  
b iogene t i c  cons ide ra t ions  h a v e  led SCHREIBER 4 to sugges t  
t h a t  l ep t ine  I I  a n d  t he  co r re spond ing  acetyl - f ree  l ep t in ine  
II~, * are  also solatr iosides.  P a r t i a l  acid hydro lys i s  of 
e -so lanine  resu l ted  in the  l i be ra t ion  of sola t r iose  and  two 
d i sacchar ides  ident i f ied  as 3-O-fl-D-glucopyranosyl-D- 
galac tose  (solabiose) and  2 -0 -e -L- rhamnopyranosy l -D-  
galactoseZ. W e  wish  to r epo r t  t h e  syn thes i s  of t he  l a t t e r  
d isacchar ide .  

Hep ta -O-ace ty l -  2-O- e-L- r ham nopyr anos y l - e - D - ga l ac to -  
py ranose  (IIa)  was  p r epa red  in 82% yield b y  c o n d e n s a t i o n  
of 2, 3 ,4 - t r i -O-ace ty l - e -L- rhamnopyranosy l  b r o m i d e  (III)  
a n d  1, 3,4, 6 - te t ra -O-ace ty l -a -D-ga lac topyranose  (IV) 7 in 
ace ton i t r i l e  c o n t a i n i n g  Hg(CN)~ a n d  H g B r  2. I I a  crys ta l l i -  
zed f rom e t h a n o l  in  colourless p r i sms  m.p.  196-198~ [el~ 5 
-t-49,40 ~ (c 1,74 in me thano l ) .  T he  exis tence  of a n  e-L 

biose l inkage  in t he  p r o d u c t  was  conf i rmed  b y  compar i son  
of t he  obse rved  op t ica l  r o t a t i o n  w i t h  va lues  ca lcu la ted  
accord ing  to  KLYNE s, and  b y  syn thes i s  of I I a  ( a l though  
only  in 2 ,5% yield) b y  c o n d e n s a t i o n  of 3 ,4-di -0-acetyl -  

1 ,2 -O- (1-methoxye thy l idene) -L- rhamnose  (V) 9 w i t h  I V  
i n  bo i l ing  n i t r o m e t h a n e  c o n t a i n i n g  HgBr~ as ca ta lys t ,  

a p rocedure  cons idered  to lead s tereospecif ical ly  to  1,2- 
t rans-glycosides  1~ The  c o n d e n s a t i o n  of I I I  and  I V  u n d e r  
the  cond i t ions  of HELFERICH a n d  ZIRNER~ therefore  pro- 
ceeds, as in t he  syn thes i s  of neohesper idose  (2-O-e-L- 
rhamnopyranosy l -D-g lucose )  zz, w i t h o u t  inve r s ion  of con- 
f igura t ion  a t  C-1 of t h e  ace ty l a t ed  glycosyl  b r o m i d e  
(III) .  D e a c e t y l a t i o n  of I I a  in  0 . 4 %  sod ium m e t h o x i d e  
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afforded the  free sugar which crystal l ized in 66% yield 
f rom methanol -e ther  as prisms, m.p. 125-126 ~ (dec.); 
[~]~ +10 ,19  ~ (10 mill, equil ;  c 2,03 in water).  

Hepta-O-acetyl -2-O-~-L-rhamnopyranosyl -  fl-D-galacto- 
pyranose  (IIb) was prepared  in 58% yield f rom I I a  by 
conversion of the  l a t t e r  to the  a c e t y l a t e d  glycosyl  
bromide  (IIc), and t r e a t m e n t  of the  product  wi th  mercuric  
ace ta te  in glacial acetic acid (cf. 11,12). Pure  I I b  crystall iz-  
ed f rom e thanol  as colourless needles, m.p.  183-184~ 
[~]~5 +2,53  ~ (c 1,74 in methanol) .  

Sat is factory  analyses were obta ined for bo th  anomeric  
hepta-aceta tes ,  and the  I R -  and NMR-spec t ra  were in 
conformi ty  wi th  s t ructures  I I a  and I Ib .  Nei ther  p roduc t  
possesses physical  proper t ies  in agreement  wi th  those of the  
compound,  m.p. 75-80~ [e]~ 9 --3,5 ~ isolated by  KUHN 
et al. 1, and described as a hep ta -ace ta te  of 2-O-e-L- 
rhamnopyranosyl-D-galactose .  The chromatographic  pro- 
pert ies repor ted  for the  free sugar der ived f rom e-solanine 
are, however,  in close agreement  wi th  those of the  synthet ic  
product  which suggests t h a t  the aceta te  of I{UHN et al l .  
migh t  be an impure,  amorphous  prepara t ion  of the  fl-D 
anomer  (IIb). 

Hexa-O-acety l -  2- 0-  a -L- rhamnopyranosy l -  e-D-galacto- 
pyranosyl  bromide  (IIc), m.p. 98-100~ Ee]~) 7 +121,20 ~ 
(c 3,40 in chloroform) has been employed in the  synthesis  
of nar ingenin  7-[2-O-e-L-rhamnopyranosyl-fl-D-galacto- 
pyranoside] (VI) by  a procedure essential ly the  same as 
described by  AURNHAMMER 18 for the  synthesis  of f lavano- 
ne neohesperidosides and rutinosides.  Hydrogena t ion  of VI  
wi th  an equal  mass of 10% Pd/C in 8,5% ethanolic  K O H  
under  a pressure of 1 bar, yielded the  corresponding 
dihydrochalcone (VII). Compounds  VI  and V I I  failed to 
crystall ize,  bu t  were obta ined  pure by ch romatography ;  
Jell) 7 --66.74 ~ (c 4.78 in ethanol)  and [~  ~1 _83.58 ~ (c 
2.48 in methanol) ,  respect ively.  

Organolept ic  studies revealed VI  to be as b i t t e r  as the  
isomeric neohesperidoside,  naringin, and V I I  to be as 
sweet as the  corresponding nar ingin dihydrochalcone.  
The findings of I-IoROWITZ and GENTIL114 indicate  t ha t  the  
C-3 and C-4 hydroxy l  groups of the  D-glucose uni t  are of 
fundamen ta l  impor tance  in de termining the  tas te  proper-  
t ies of f lavanone  and dihydrochalcone neohesperidosides. 
Similar  conclusions were reached by  EVANS 15, and 
BIRCH et  al.~6 for o ther  D-glucose der ivat ives ,  and the  
results are in conformi ty  wi th  the hypothes isof  SHALLEN- 
BERGER and ACREE 17 t h a t  the  saporous uni t  of sugars is 
the  a-glycol group, and t h a t  its effect is most  pronounced 
when its conformat ion  is synclinal.  

F l avanone  VI  dltfers f rom the isomeric nar ingin merely  
in respect  of the conf igura t ion  of C-4 of the  D-hexose uni t  

which N M R  studies indicate  to be stabil ized in the  CI 
conformat ion  in bo th  cases. Moreover,  a synclinal  con- 
format ion  of the  C-3 and C-4 hydroxy l  groups is re ta ined 
in bo th  compounds,  and this  migh t  be of par t icular  signi- 
ficance in account ing for the  lack of difference in the  
tas te  proper t ies  of these f lavanone  glycosides. Similar  
considerat ions app ly  in respect  of V I I  and nar ingin 
dihydrochalcone.  D-Galactose is, however,  i tself only about  
one-half  as sweet as D-glucose. This  has been ascribed to 
in t ramolecular  hydrogen  bond format ion  be tween the  
axial  C-4 hydroxy l  group and the  ring oxygen  a tom in 
l )-galactopyranose (CI conformation) ,  resul t ing in less 
effect ive in termolecular  hydrogen  bonding a t  the tas te  
bud receptor  site 17. If  this exp lana t ion  is correct,  the  results 
of the  present  s tudy  indicate  t h a t  the  mechanism is ei ther  
inopera t ive  in VI  and v i i ,  or its effect is great ly  o u t -  
weighed by  the  tas te-enhancing effects of the  subst i tuents  
at  C-1 and C-a of the  D-galactose units.  

Zusammen/assung. Ein  acetyliertes,  aus e -Solanin  ge- 
wonnenes Spal tprodukt ,  das fiir Hepta-0-acetyl -2-O-e-L-  
rhamnopyranosy l -D-ga lak topyranose  angesehen wurde, 
s t immt  in physikal ischen Eigenschaf ten  mi t  dem e- oder 
f l -Heptaaceta t  des synthet i sch  dargestel l ten Disaccharids 
nicht  fiberein. Naringenin-7-[2-O-~-t-rhamnopyranosyl-fl- 
D-galaktopyranosid]  (VI) und das entsprechende Dihy-  
drochalkon (VII) wurden  synthet is ier t .  F l avanon  VI  ist 
ebenso b i t t e r  wie Naringin,  w/ihrend V I I  gleichen Stis- 
sungsgrad wie Nar ing in-Dihydrocha lkon  zeigt. 
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A d r e n o c h r o m e - T h i o l  Addit ion Products  

Aminochromes,  such as adrenochrome (I) react  readi ly  
wi th  compounds  conta in ing  a n - S H  group to give a 
va r i e ty  of products  (for a list of references see HEACOCK 1 
and POWELL et  al. 2). I n  general  three major  types  of 
products  are formed:  a) 5 ,6-dihydroxyindoles ,  b) 5,6- 
d ihydroxyindole-4- th ioe thers  and c) aminochrome- th io l  
addi t ion  products.  I t  was suggested, largely on the  basis 
of paper  chromatograph ic  and spectroscopic evidence,  
t ha t  the  th i rd  g r o u p  of compounds  (i.e. the  addi t ion 
products)  were s t ruc tura l ly  s imilar  to the  be t te r  known 
adrenochrome-sodium bisulphi te  addi t ion compound  
(II) 8, ~ in which the  bisulphi te  residue is a t t ached  to the  
9-position of the  aminochrome ring system ~, 6. 

At  low p H ' s  the  5,6-dihydroxyindoles and 5, 6-dihydro- 
xyindole-4- thioethers  p redomina te ;  however  at  mi ld ly  
acidic or neut ra l  p H ' s  the  addi t ion  compound  appears to 
be the  ma jo r  product  formed. All previous a t t empts  to 
obta in  the  la t te r  in solid form have  been unsuccessful, due 
to the ease wi th  which it  decomposes on a t t e m p t e d  isola- 
tion, the  th io l -addi t ion  products  being considerably less 
stable than  the  corresponding sodium bisulphi te  addi t ion 
products .  VAN ESPEN7 has repor ted  tha t  s table semicar- 
bazones and p-n i t rophenylhydrazones  can be prepared 
form the  adrenochrome-sodium bisulphite  addi t ion 
product .  A solid p-nitrophenylhydrazone der iva t ive  of a 
typ ica l  th io l -aminochrome addi t ion  product  (i.e. t h a t  


