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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  
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o b t a i n e d  b y  t h e  i n t e r a c t i o n  of a d r e n o c h r o m e  (I) a n d  
f l -mercap toprop ion ic  acid in aqueous  sod ium ace ta te )  
has  now been  ob ta ined .  T he  s t r u c t u r e  of t he  p roduc t ,  
i.e. 9- ( f i -carboxyethyl th io)-4 ,  9 - d i h y d r o a d r e n o c h r o m e  mo- 
n o - p - n i t r o p h e n y l h y d r a z o n e  ( I I I )  ha s  been  conf i rmed  b y  
mic roana ly t i ca l  d a t a  a n d  b y  cons ide ra t ion  of i ts  u l t r a -  
v iole t /v is ible ,  IR -  a n d  N M R -  spect ra .  

A d r e n o c h r o m e  (500 mg) was added  to a so lu t ion  of 
f l -mercap toprop ion ic  acid (593 rag, 2 equiv.)  and  N a O A c  
(458 mg, 2 equiv.)  in  5 m l  H20.  N i t rogen  was b u b b l e d  
t h r o u g h  th i s  so lu t ion  for a b o u t  10 m i n  and  i t  was  t h e n  
added  to a s t i r red  suspens ion  of p - n i t r o p h e n y l h y d r a z i n e  
HC1 (582 mg, 1.1 equiv.)  a n d  N a O A e  (254 mg, 1.1 equiv.)  
in  30 m l  H~O. Af te r  s t i r r ing  t h e  r eac t ion  m i x t u r e  for 
20 min,  N a H C O  3 (1 g) was  a d d e d  caut ious ly .  T he  r e su l t i ng  
m i x t u r e  was f i l tered a n d  t he  f i l t r a t e  acidif ied b y  t he  
dropwise  add i t i on  of 2 N  HC1 to  give a l igh t  b r o w n i s h  
yel low p rec ip i t a t e  wh ich  was  f i l tered off and  dr ied  in 
vacuo.  Th i s  m a t e r i a l  was  t h e n  t r i t u r a t e d  w i t h  m e t h a n o l  
(4-5 ml) a n d  t h e  r e m a i n i n g  solid r e m o v e d  b y  f i l t r a t i on  
and  dissolved in 150 ml  of bo i l ing  m e t h a n o l .  This  so lu t ion  
was f i l tered a n d  k e p t  o v e r n i g h t  a t  - 20  ~ a n d  t he  r e su l t ing  
smal l  q u a n t i t y  of yel low p r o d u c t  wh ich  h a d  s e p a r a t e d  ou t  
was  f i l tered off a n d  discarded.  W a t e r  (150 ml) was  added  
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The NMR-spectrum (60 MHz) of III in pyridine-ds/D20 (5:1) using 
TMS as an internal reference in the region ~ (3.4-4.8) : R = p-Nitro- 
phenyl. 

to  t he  f i l t r a t e  a n d  t he  r e su l t ing  so lu t ion  was c o n c e n t r a t e d  
in vacuo  to  a b o u t  150 ml,  g iv ing a l i gh t  b rown i sh  yel low 
mic roc rys t a l l ine  solid (320 mg ,  27%).  The  p r o d u c t  so 
o b t a i n e d  could be  recrys ta l l i zed  f rom a m e t h a n o l / e t h y l  
a ce t a t e  m i x t u r e  to  give 9- ( f i -carboxyethyl th io)-4 ,9-  
d i h y d r o a d r e n o c h r o m e  m o n o - p - n i t r o p h e n y l h y d r a z o n e  (I I I) 
as a yel low mic roc rys t a l l ine  solid. On  hea t ing ,  the  sub-  
s t ance  decomposed  over  a wide  t e m p e r a t u r e  r ange  w i t h o u t  
mel t ing ,  and  i t  was n o t  possible  to  o b t a i n  a sa t i s fac to ry  
me l t i ng  or decompos i t ion  poin t .  ~max (0.1 M NaHCO3 aq.) 
n m  (e): 231 (13,460), 416 (46,400); Vma x (Nujol) :  3323; 
3290 (sh); 1723, 1621, 1607, 1590, 1522, 1503, 1317 cm -x. 
Anal .  Calcd. for CxsH~006N4S: C, 51.42; H,  4.79; N ,  
13.33; S, 7.63%. E q u i v .  Wt .  420. F o u n d :  C, 51.48; 
H, 4.92; N, 13.08; S, 7 .54%. Equ iv .  Wt .  416. The  N M R -  
s p e c t r u m  showed:  6 [ P y r i d i n e - d J D , O  (5:1)] : 8.40-7.76 
(4H, a r o m a t i c  A A ' B B '  cen te red  a t  8.08); 5.77 (1H, s, 
HT); 4.73 (1H, d, X of A B X ,  JAx ~ 0, J B x  = 3.4 Hz,  
m e t h i n e  H of - C H  (OH) CH2-  ) ; 4.31 (1H, dd, B of A B X ,  
JAB = -11 ,9  Hz,  JBx  = 3.4 Hz) ;  3.77 (1H, d, A o f  A]3X, 
JAB = - 1 1 . 9  Hz, J a x  ~ 0); 4.13 (1H, d, A o f  AB, JAB, 
= - - 1 6 . 8  Hz,  C4-methylene  p ro ton ) ;  3.67 (1H, d, B of 
AB, JAB = -16.8 Hz, C4-methylene  p ro ton)  ; 3.03 (4H, m, 
A2B~, -CH2CH , -  side cha in  p ro tons ) ;  2.96 (3H, s, 

+ 
)N-CH3). 

The NMR- spectrum of IIl in pyridine-ds/D20 (5:1) 
in the spectral region 6, 3.4-4.8 is shown in Figure I. 

In this manner it has been possible to confirm the 
angular attachment of the thiol residue to the amino- 
chrome ring system in a typical aminochrome-thiol 
addition product. The formation of such addition products 
m a y  be  i m p o r t a n t  in  exp la in ing  t h e  m e c h a n i s m  of inhi -  
b i t i o n  of ce r t a in  enzymes  b y  c a t e c h o l a m i n e  ox ida t ion  
p r o d u c t s  (cf. Refe rencesS-n) .  

Rdsumd. Les a m i n o c h r o m e s  rGagissent avec  les th io ls  
& des p H  neu t r e s  ou 16gGremen t acides en  d o n n a n t  des 
d ihydro -4 ,9 -aminochromes -9 - th iosubs t i t uGs .  On a pu  
isoler u n  dGriv6 p - n i t r o p h G n y l h y d r a z o n i q u e  de ce genre  
de compos6 et  d 6 t e r m i n e r  sa s t r u c t u r e  & l ' a ide  de la  
spect roscopie  RMN.  

W. S. POWELL 12, 13 a n d  R .A .  HEACOCK 14 

Chemistry Department, 
Dalhousie University, Hali[ax, and 
Atlantic Regional Laboratory, 
National Research Council o[ Canada, 
Hali/ax (Nova Scotia, Canada), 15 June 1971. 

1 R. A. HEACOCK, Adv. Heter. Chem. 5, 205 (1965). 
2 W. S. POWELL, R. A. HEACOCK, G. L. ~V[ATTOK and D. L. WILSON, 

Can. J. Chem. d7, 467 (1969). 
3 R. A. HEACOCK and G. L. MATTOK, Arch. Biochem. Biophys. 107, 

352 (1964). 
4 G. L. ~V[ATTOK and R. A. HEACOCK, Can. J. Chem. d3, 119 (1965). 
5 R. L. TSE and M. J. OESTERLING, Clin. ehim. Aeta 8, 393 (1963). 
* R. ~/[ARCHELLI, W. S. POWELL and R. A. HEACOCK, Chcmy. Ind., 

1021 (1971). 
J. VAN ESPEN, Pharm. Acta Helv. 3.5, 207 (1958). 

s V. IV[. DENISOV, Ukr. Biokhim. Zh. 36, 711 (1964); Chem. Abstr. 
62, 2930 (1965). 

9 M. A. INCHIOSA, Biochem. Pharmac. 16, 329 (1967). 
10 M. A. INCHIOSA and I. B. RODRIGUEZ, Biochem. Pharmac. 18, 1883 

(1969). 
11 A. R. KRALL, G. J. SIEGEL, D. M. GOZANSKY and F. L. WAGNER, 

Biochem. Pharmac. 13, 1519 (1964). 
]e Graduate Student, Dalhousie University. 
13 Holder of NRCC Scholarship. 
14 All correspondence and reprint requests to this author at the At- 

lantic Regional Laboratory, 1411 Oxford Street, Halifax (Nov ~ 
Scotia, Canada). 


