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Dianthus deltoides L.  (maiden pink) is a plant of the fami ly  Caryophyl laceae which has not previously  
been studied chemical ly .  Other species  of Dianthus contain saponins, but the i r  individual glycosides have 
not been isola ted [1], We have studied Dianthus col lected in the Ta ta r  ASSR. An investigation of a meth-  
anolic ex t rac t  of the whole plant in th in - layer  chromatograms  showed that it  contains th ree  glycosides ,  
which we have cal led dianthosides A, B, and C (in o rd e r  of increas ing polari ty) .  

Dianthoside A was isolated by the chromatography of an ethyl acetate ex t rac t  f rom a methanolic ex-  
t r a c t  oll ]~)t~-10P ion-exchange re s in .  On being heated with minera l  acids, it decomposed into the aglycone, 
which was identified as gypsogenic acid, and glucose.  F ro m  its molecu la r  weight and the resu l t s  of e l e -  
men ta ry  analysis ,  dianthoside A is a monoside of gypsogenic acid. 

The full methyl  e t h e r / e s t e r  obtained by t reat ing dianthoside A with methyl  iodide and sodium hydride 
in d imethyl formamide  [2] was cleaved by hydrolys is  with the format ion  of dimethyl gypsogenate and 2,3,4,6- 
t e t r a -O-me thy l -D-g lucopyranose .  Consequently,  the glucose was attached to the hydroxyl  of the gypsogenic 
acid, as is shown by the fact dianthoside A is not saponified by alkalis,  the glucose having the fi conf igura-  
tion of the glycosidic bond, as is shown by a calculat ion according to Klyne. The complete s t ruc tu re  of di-  
anthoside A is r ep resen ted  by (I) 

"~COOH 
RR ~DGp 

RO :1 8-D-Gpl-6 IB-D-Gp 

Dianthoside B was isolated f rom a butanolic ex t rac t  of a methanolic ex t rac t  by par t i t ion chromatog-  
raphy on s i l ica  gel.  On acid hydrolys is ,  it decomposed into gypsogenic acid and two molecules  of glucose.  

T rea tmen t  with diazomethane gave the methyl e s t e r  of dianthoside B, which with minera l  acids 
formed not f ree  gypsogenic acid but its dimethyl e s t e r .  This fact  shows that in dianthoside B the ca rbo -  
hydra te  chain is a t tached to the hydroxyl  of gypsogenic acid. In o r d e r  to obtain fu r the r  information on the 
s t ruc tu re  of the sugar  chain, the full methyl e t h e r / e s t e r  of dianthoside B was obtained. On hydrolys is ,  the 
1 a t ter  forme d, in addition to dimethyl  gyps ogenate, 2 ,3 ,4 ,6 - te t ra -O-methy l -D-g lucopyranose  and 2 ,3 ,4 - t r i -  
O-methy l -D-g lucopyranose .  The methylated monosacchar ides  were  isolated and identified by means  of 
the i r  constants and were  compared  with authentic samples  by gas- l iquid chromatography.  Calculation of 
the configurations of the glycosidic cen te rs  by Klyne' s method showed that both glucose res idues  are  a t -  
tached by fl -glycosidic  bonds. On the basis  of the resu l t s  obtained, the s t ruc tura l  fo rmula  of dianthoside B 
can be r ep resen ted  as (II). 

Ill an aqueous ex t rac t  of the methanolic ex t rac t  dianthoside C remained,  together  with r e s e r v e  sugars  
and o l igosacchar ides .  It was obtained in chromatographica l ly  homogeneous fo rm by gel f i l t ra t ion on Seph- 
adex G-25. On acid hydrolys is ,  dianthoside C spli ts  into gypsogenin, galactose (2 moles) ,  arabinose (1 mole),  
xylose (2 moles) ,  fucose (1 mole),  rhamnose  (2 moles) ,  and glucuronic acid. In addition, a smal l  amount of 
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a progenin  was fo rmed  which, on m o r e  s eve re  hydro lys i s ,  decomposed  into gypsogenin and glucuronic acid. 
Dianthoside C contains two ca rbohydra te  chains,  s ince on alkaline hydro lys i s  it spl i t  out an o l igosacchar ide  
and fo rmed  an acid glycoside - desacyldianthoside C. The la t t e r ,  on being heated with an acid, gave gypso-  
genin, ga lac tose ,  xylose ,  and glucuronic acid.  

The o l igosacchar ide ,  in its turn,  was c leaved  by acids into xylose ,  ga lac tose ,  a rabinose ,  and rhamnose .  

The d i sappearance  of the fucose can apparent ly  be explained by i ts  decomposi t ion  during alkaline 
hydro lys i s  [3]. As a compar i son  showed, in i ts  quali tative and quantitative monosacchar ide  composi t ion di-  
anthoside C does not coincide with any of the known glycosides  of gypsogenin.  

E X P E R I M E N T A L  

Chromatography  was p e r f o r m e d  with type KSK s i l i ca  gel, a lumina,  Sephadex G-25, and type "M" 
("slow") pape r  of the Volodarski i  Leningrad P a p e r  Mill with the following solvent  s y s t e m s :  1) b u t a n - l - o l -  
acet ic  a c i d - w a t e r  (4 : 1 : 5); 2) b e n z e n e - b u t a n - l - o l - p y r i d i n e - w a t e r  {10 : 50 : 30 : 30); 3) b e n z e n e - e t h e r  
(3:1); 4) b u t a n - l - o l - e t h a n o l - w a t e r  ( 5 : 1 : 4 ) ;  5) b u t a n - l - o l  sa tu ra ted  with water ;  and 6) c h l o r o f o r m -  
ethyl aceta te  (3 : 1). 

The analyt ical  r e su l t s  for  all the compounds co r responded  to the calcula ted f igures .  

The d ry  raw m a t e r i a l  (1400 g) was f i r sLdefa t ted  with ch lo ro fo rm and was then ex t r ac t ed  exhaust ively  
with methanol  in a Soxhlet appara tus .  The yield of methanol ic  ex t r ac t  was 170 g. It was d issolved in wa te r  
(1.2 l i ter )  and ex t rac ted  with ethyl  aceta te  (8 x 150 ml) and with b u t a n - l - o l  (9 x 200 ml) .  The weight of the 
ethyl aceta te  ex t r ac t  was 4 g, and that  of the butanolic ex t r ac t  37 g. 

Dianthoside A. 3.5 g of the ethyl aceta te  ex t r ac t  was t r a n s f e r r e d  to a column (5 x 15 cm) of I~DI~-10P 
ion-exchange r e s i n .  The neut ra l  f rac t ion  was eluted with 10 l i t e r s  of 80% ethanol (0.5 g) and the acid f r a c -  
tion with four l i t e r s  of 1070 acetic  acid in aqueous ethanol (2.5 g). The l a t t e r  was c rys t a l l i zed  f r o m  i s o -  
propanol ,  and then had the composi t ion C3~H56010 • 2H20 , mp 220-225°C, [~]~ +37 ° (c 1.1; pyridine),  tool.  
wt. 716 (by t i t ra t ion) .  

The aceta te ,  C44H_~4014 , had mp 180-182°C (from aqueous ethanol),  [oz]~ +12 ° (c 2.4; ch loroform) .  

Acid Hydrolys is  of Dianthoside A. A mix tu re  of 0.8 g of dianthoside A and 10 ml  of 5% hydrochlor ic  
acid was heated for  6 h. The prec ip i ta te  that  deposi ted was f i l te red  off and dr ied  (0.3 g). The f i l t ra te  was 
neut ra l ized  with AV-17 anion-exchange r e s in  and was ch romatographed  on paper  in s y s t e m s  1 and 2. Glu- 
c o s e w a s  identified. The res idue was t r a n s f e r r e d  to a column of s i l i ca  gel (2 x 15 cm) .  The genin was 
eluted with 80 m l  of e ther ,  mp 358-360°C (from isopropanol) .  It gave no depress ion  of the mel t ing  point 
with gypsogenic  acid, [c~]~ +93 ° (c 1.07; pyridine) .  The mel t ing  point of the aceta te  of the genin was 340- 
343°C (from ethanol), [e~]~ + 72 ° (c 1.0; pyridine) .  The methyl  e s t e r  of the genin (by t r ea tmen t  with d iazo-  
methane)  had mp  241-243°C, [~]~ + 76 ° (c 1.2; ch lo roform) .  The analytical  r e su l t s  for  the genin and i ts  
de r iva t ives  co r responded  to the ca lcula ted  f igures .  

An Attempt  at the Alkaline Hydrolys is  of Dianthoside A. A solution of 50 mg of dianthoside A in 5 ml  
of 5% KOH was heated at 90°C for  5 h, a f t e r  which it  was neut ra l ized  with KU-2 ca t ion-exchange r e s in  and 
evapora ted  in vacuum.  Unchanged dianthoside A was r e c o v e r e d .  

Full Methyl E t h e r / E s t e r  of Dianthoside A. A solution of 100 mg of dianthoside A in 10 ml  of d imethy l -  
f o r m a m i d e  was t r ea t ed  with 1 ml  of methyl  iodide and 50 mg of sodium hydride  and boiled with s t i r r ing  for  
3 h. Then it was poured into a s a tu ra t ed  solution of sodium thiosulfate .  The prec ip i ta te  that deposi ted was 
f i l te red  off, and the f i l t ra te  was ex t rac ted  with ch lo ro fo rm (5 x 20 ml) .  The ch lo ro fo rm ex t r ac t s  were  
washed with water ,  evapora ted ,  and t r a n s f e r r e d  to a column of s i l ica  gel (15 x 1.5 cm).  The full methyl  
e t h e r / e s t e r  of dianthoside A was eluted with 100 ml  of ch lo ro fo rm (60 rag). This  gave C40Hs4010 with [~]~ 
+16 ° (c 1.7; ch lo roform) .  

The resul t ing product  (20 rag) was dissolved in 5 ml  of 2% hydrochlor ic  acid in methanol  and the so lu-  
tion was heated in the wa te r  bath for  6 h. Then it was diluted twofold with wa te r  and heated for  another  
1.5 h. The prec ip i ta te  (7 rag) was f i l te red  off. Dimethyl  gypsogenate  was identified by th in - l aye r  c h r o m a -  
tography in s y s t e m  3 .  
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The f i l t ra te  was neut ra l ized  with AV-17 anion-exchange res in ,  evapora ted ,  and t r a n s f e r r e d  to a 
column of s i l i ca  gel (10 x 1.5 cm) .  Elution with 50 ml  of ch lo ro fo rm gave 7 mg of 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l -  
D-g lucose  [w]~ + 83 o (1.0; acetone),  Rg 1.00 in s y s t e m  4. According to the l i t e r a tu re ,  [~]~ + 83.9 ° (ace-  
tone) [4]. 

Dianthoside B. 37 g of a butanolic ex t r ac t  f rom the methanol ic  ex t r ac t  was d isso lved  in 50 ml  of s y s -  
t em 6 and the solution was f i l t e red  twice through a l ayer  of a lumina (10 × 5 cm) .  The f i l t ra te  was evap-  
ora ted  (30 g) and t r a n s f e r r e d  to a column of s i l ica  gel (55 × 5 cm).  Elution was p e r f o r m e d  with s y s t e m  5, 
200-ml  f rac t ions  being col lected.  F rac t ions  4-9 contained ch romatograph ica l ly  homogeneous dianthoside B 
(5 g), C42H66Oi5 • 2H20 with mp 229-234°C (from butanol), [~]~ -18  ° (c 1.9; pyridine) ,  tool.  wt. 846 (by t i t r a -  
tion). 

The aceta te ,  C56H8002~, had mp 159-162°C (from aqueous ethanol),  [~]~ -23  ° (c 1.4; ch lo roform) .  

Dimethyl  Es t e r  of Dianthoside B. A solution of 250 mg  of dianthoside B in 10 ml  of dioxane was 
t r e a t e d  with 5 ml  of an e the rea l  solution of diazomethane,  and the mix tu re  was kept at room t e m p e r a t u r e  
for  24 h. Then it was evapora ted  and the res idue  was c rys t a l l i zed  f rom b u t a n - 1 - o l ,  giving C44H70015.2H20 
with m p  214-218°C, [~]~ -36  ° (c 1.1; pyr idine) .  

The product  obtained (50 mg) was d isso lved  in 5 ml  of 5% hydrochlor ic  acid and the solution was 
heated  in the wa te r  bath for  6 h. The prec ip i ta te  that  deposi ted was f i l te red  off and c rys t a l l i zed  f rom e tha-  
nol, mp 243°C giving no depress ion  of the mel t ing  point with dimethyl  gypsogenate .  Glucose was found in the 
f i l t ra te  a f t e r  neut ra l iza t ion  with AV-17 r e s in  by paper  ch romatography .  

Acid Hydro lys i s  of Dianthoside B. Dianthoside B (50 rag) was d isso lved  in 3 ml  of 5% hydrochlor ic  
acid and hydro lyzed  at 90°C for  6 h. The prec ip i ta te  that deposi ted was f i l t e red  off and r e c r y s t a l l i z e d  f rom 
ethanol .  The cons tants  and chromatograph ic  behav ior  of the product  agreed  with those of gypsogenic acid. 
Glucose was found in the f i l t ra te  by paper  ch romatography  in s y s t e m s  1 and 2. 

At tempt  at the Alkaline Hydrolys is  of Dianthoside B. A mix tu re  of 50 mg of dianthoside B and 10 ml  
of 5% KOH was heated  at 90°C for  6 h. Then it was neut ra l ized  with KU-2 ca t ion-exchange r e s in .  Un-  
changed dianthoside B was r e c o v e r e d .  

Full Methyl E t h e r / E s t e r  of Dianthoside B. A solution of 300 mg of dianthoside B in 10 ml  of d imethy l -  
f o r m a m i d e  was t r e a t ed  with 1.5 ml  of methyl  iodide and 150 mg of sodium hydride .  The reac t ion  was p e r -  
f o rmed  in a s i m i l a r  manne r  to that desc r ibed  above, giving 350 mg  of a product  which was t r a n s f e r r e d  to a 
column of s i l i ca  gel  (15 × 1 .5cm) ,  a f t e r  which elution with s y s t e m  6 (150 ml) yielded the full methyl  e t h e r /  
e s t e r  of dianthoside B (240 mg).  The IR spec t rum of the product  had no absorpt ion bands in the hydroxyl  
region:  C49H80015 , m p  75-78°C, [~]~ - 27 ° (c 2.2; acetone).  

The product  obtained (100 rag) was heated in 10 ml  of 2% hydrochlor ic  acid in methanol  as desc r ibed  
p rev ious ly .  Twenty mg of the hydro lysa te  was s epa ra t ed  on Schleicher  and Sehull No. 2043 pape r  p r e p a r a -  
t ive ly  in s y s t e m  5. This  gave 8 mg of 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o p y r a n o s e ,  [~]~ + 82 ° (c.10; water) ,  
Rg 1 in s y s t e m  4, and 7 mg of 2 , 3 , 4 - t r i -O-me thy l -D-g lucopy ranose ,  [~]~ + 71 ° (c 2.1; water) ,  Rg 0.85 in 
s y s t e m  4. According to the l i t e r a tu re ,  [~]~ +66.8 ° (water) [5]. 

The methyla ted  monosaccha r ides  were  identified with authentic s amp le s  by gas- l iqu id  chromatography ,  
as well .  The ana lys i s  was p e r f o r m e d  on a Tswet t -1  ch roma tog raph  using a column (1 m long and 0.4 cm in 
d iamete r )  filled with Cel l i te-545 impregna ted  with 15% of poly(1,4-butylene succinate)  with ni t rogen as the 
c a r r i e r  gas  at a t e m p e r a t u r e  of 175°C. The retent ion t imes  were  m e a s u r e d  with r e spec t  to methyl  2,3,4,6-  
t e t r a - O - m e t h y l - f l - D - g l u c o s i d e ,  the re tent ion t ime  of which was taken as unity.  The c h r o m a t o g r a m  had 
peaks ~ t h  re tent ion  t imes  of 1 and 1.42 (methyl 2 ,3 ,4 ,6 - t e t r a -O-methy l - f i  - and -~ -D-g lucos ide s )  and 2.55 
and 3.5;9 (methyl 2 , 3 , 4 - t r i - O - m e t h y l - f l -  and -o~-D-glucosides) .  

Dianthoside C. Fifty g r a m s  of an aqueous ex t r ac t  of the methanol ic  ex t r ac t  was d isso lved  in 50 ml  of 
wa te r  and t r a n s f e r r e d  to a column of Sephadex G-25 (600 g). F rac t ions  of 200 ml  were  col lected.  F r a c -  
t ions 1-4 contained dianthoside C (7.5 g) with the composi t ion  C81H130044 • 3H20,~_m p 270-275°C, [o~]~ +28 ° 
(c 1.2; pyr idine) ,  tool.  wt. 1885 (by t i t ra t ion) .  

The ace ta te ,  CI25HluO66 , had mp 164-167°C; [~]~ - 14 ° (e 1.8; ch loroform);  and the methyl  e the r  (by 
t r e a t m e n t  with diazomethane) ,  C82H132044 • 3H20 had m p  235-240°C, [o~]~ +21 ° (c 1.5; pyridine) .  
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Acid Hydro lys i s  of Dianthoside C. A solution of 2 g of dianthoside C in 50 ml  of 5% hydrochlor ic  acid 
was heated at the t e m p e r a t u r e  of the boiling wa te r  bath for  7 h. The prec ip i ta te  that deposi ted (0.55 g) was 
f i l te red  off, dried,  and t r a n s f e r r e d  to a column of s i l i ca  gel (15 x 1.5 cm) .  Elution with s y s t e m  3 yielded 
200 mg of the genin, mp 265-267°C, [~]~ +93 ° (c 1.0; ethanol).  A mix tu re  with gypsogenin gave no d e p r e s -  
sion of the mel t ing  point.  Then methanol  eluted 70 mg of a product  ch romatograph ica l ly  different  f rom 
gypsogenin.  Crys ta l l i za t ion  f r o m  ethanol gave a subs tance  with the composi t ion  C36H54010 " 2 H 2 0  , mp 200- 
203°C, [~]~ +33 ° (c 1.1; pyr idine) .  

The product  (10 mg) was hydro lyzed  with 2 ml  of 15% hydrochlor ic  acid for  7 h. The hydro lysa te  was 
shown by ch romatography  in s y s t e m s  1 and 2 to contain glucuronic acid and i ts  lactone.  The f i l t ra te  a f te r  
the hydro lys i s  of the dianthoside C was neut ra l ized  with AV-17 anion-exchange r e s in  and was then found by 
ch romatography  on pape r  in s y s t e m s  1 and 2 to contain ga lac tose ,  a rab inose ,  xylose ,  fucose,  rhamnose ,  and 
glucuronic acid.  A ra t io  of 1.85 : 1 : 1.90 : 0.80 : 1.70 was found by the aniline phthalate pho toco lor imet r ic  
method [6]. 

Alkaline Hydro lys i s  of Dianthoside C. Dianthoside C (4 g) was dissolved in 100 ml  of 5% KOH solu-  
tion in a tube fi l led with ni t rogen and this was heated  in the boiling wa te r  bath for  6 h. Then it was 
neut ra l ized  with KU-2 ca t ion-exchange res in  and evapora ted ,  and the desacyldianthoside C was ex t rac ted  
f r o m  the solution with b u t a n - l - o l  (7 x 50 ml) .  The butanol ex t r ac t  was washed with water ,  evapora ted ,  and 
t r a n s f e r r e d  to a column of s i l ica  gel (30 x 2.5 era).  Elution was p e r f o r m e d  with s y s t e m  5, 100-ml f r a c -  
tions being col lected.  F rac t ions  2-4 contained the desacyldianthoside C (1.8 g), with the composi t ion  
C53H92022 ' 3H20 , m p  280-285°C (from bu tan - l -o l ) ,  [(~]~ + 23 ° (c 1.0; pyridine) .  

The product  (50 mg) was hydrolyzed in 2 ml  of 5% hydrochlor ic  acid.  Af ter  neut ra l iza t ion  of the 
hydro lysa te ,  it was found by pape r  ch roma tog raphy  in s y s t e m s  1 and 2 to contain ga lac tose ,  xylose ,  and 
glucuronic acid.  An aqueous ex t rac t  of the hydro lysa te  (1.7 ml) was t r a n s f e r r e d  to a column of s i l i ca  gel 
(50 x 2.5 cm).  Elution was p e r f o r m e d  succes s ive ly  in s y s t e m s  6 and 1, 80-ml  f rac t ions  being col lected.  
Frac t ions  15-19 contained an o l igosacchar ide  (0.6 g). It was prec ip i ta ted  with acetone f rom aqueous m e t h -  
anol, mp 155-158°C, [(~]~ +30 ° (c 1.2; water ) .  A solution of 20 mg of the o l igosacchar ide  in 2 ml  of 5% 
hydrochlor ic  acid was heated  at 90°C fo r  6 h and was then neu t ra l i zed  with AV-17 anion-exchange res in .  
Galac tose ,  a rab inose ,  xylose ,  and rhamnose  were  identified by pape r  ch roma tog raphy  in s y s t e m s  1 and 2. 

SUMMARY 

F r o m  Dianthus deltoides L.  we have isola ted th ree  new t r i t e rpene  glycosides :  dianthosides A, B, 
and C. It has  been shown that  dianthoside A is the 3-O-fl  -g lucopyranoside  and dianthoside B the 3 - 0 - [ 0 -  
f l - D - g l u c o p y r a n o s y l - ( 1 -  6) - f l -g lucopyranoside]  of gypsogenic acid. Some informat ion  on the s t ruc tu re  of 
dianthoside C - a new glycoside of gypsogenin - has  been obtained. 
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