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A method is proposed f o r  the synthesis of acetylated glycosides of hydroxynaphthoquinones. 
The condensation of D-glucose and D-galactose (tert-butyl orthoaeetate)s with lawsone and 
lapaeh01 has given the tetra-O-acetyl-f l-D-glucopyranosides of lawsone and of lapachol and 
the tetra-O-acetyl-f l-galactopyranoside of lawsone. The s t ruc tures  of the glycosides obtained 
have been confirmed by IR and 1H and 13C NMR spectroscopy. The structure of the lawsone 
aceWlgalactopyranoside described previously has been corrected.  

The majority of investigation of recent  years  in the field of the synthesis of glycosides of hydroxynaph- 
thoquinones have been connected with the creation of water-soluble hydroxynaphthoquinone derivatives, which 
are  necessary  for studying the influence of the carbohydrate moieties on their biological activity. The tetra-O- 
acetyl-fl-D-glucopyranosides of lawsone (40%) and menoctone (56%) with the o-quinoid structure of the a g l y - -  
cone [ 1], and the tetra-O-acetyl-D-glueopyranosides of lawsone (30%) and of lapachol (16%) and the te t ra-O- 
acetyl-D-galactopyranoside of lawsone (28%) with the p-quinoid structure of the aglycone [3] have been ob- 
tained by using various modifications of the Koenigs-Knorr  method. The acetates of glycosides of lawsone and 
lapachol exhibited antitumoral activity [2, 3]. The reduction of an acetylated D-glucose residue leads to a 
marked increase in the immunodepressive action of lawsone [4]. 

The biological activity of glycosides of hydroxynaphthoquinones makes necessary a search for new and 
more effective methods for their synthesis. 
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TABLE 1. S~C Chemical Shifts of Hydroxynaphthoquinone 
Glycoside (ppm relat ive to TMS)* 

C Compound 
atom Hit v vI viii vii 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13 
14 
15 

1' 
2" 
3" 
4' 
5' 
6' 

CH3COO 
C H~C_O 0 

183 1 
160,2 
109,8 
184,~ 
|26,6 
134,3 
133,1 
126,1 
~31.0 
132.0 

178 8 
157,4 
114,9 

178 fl 
157.4 
I14,8 

179.2 
157,1 
115,4 

184,8 189,4 184,8 
126,7 126,7 126,7 
134,2 134.3 134,3 
133,6 133,7 133,6 
126,1 126,1 i26,2 
131,I 131,0 131,2 
131,7 t31.6 131.8 

95 1 
68'45 
67'5 $ 
67'5$ 
67:35 
61,4 
20,5 

170 

97.8 
70.6 
72.3 $ 
68, l 
72 95 
61.9 
20.5 

170 

98.3 $ 
71 9 
70:55 
67.9~E 
66.9'4. 
61,6 

20.5 

170 

180,9 
152,5 
137 8 
184,8 
126,5 
t34, 
a33.4 
126.0 
131.2 
131.9 
25,8 

119.4 
134.1 

18,1 
23,5 
99.2 
71.7 
72,2:$ 
68 4 
72~7* 
61,7 
20 5 

170 

*The ass ignment  of the signals f rom the 13C spec t ra  of 
the ouinoid par t  of compounds (III, V-VII) was made on 
the basis  of [10] and the ass ignment  of the signals in the 
carbohydra te  moieties of glycosides (V-VIII) on the 
basis of [ 1 1 1 .  
t Methyl es ter .  
SAssignment ambiguous. 

Basing ourse lves  on a method descr ibed in the l i tera ture  [5, 6], we have proposed a convenient method 
for the glycosylat ion of lawsone (III) [7 | ,  which consis ts  in boiling equimolar  amounts of the quinone with 
or thoes te rs  of glucose (I) and of galactose  (II) in absolute chlorobenzene. The proposed method of g lycosyla t -  
ing hydroxy-l ,4-naphthoquinones  is s tereospeci f ic  and gives the f l -D-glycos ides  (V-VII) in good yields. An in- 
er t  medium and the absence of  any external  catalysts  whatever permi ts  this method to be used for the gly-  
cosylat ion of labile hydroxynaphthoquinones. 

HO , 

R,W;O~.T_aH ' R, R~OAr. R , ' ~ O  
OH3 Trr.Ra=HLawsone v. R~%=H; R~=~Ac 

LR~=H; RffOAc . Iv.R~=CH$CH=~(ofl~)2 v~.R~=DAc; R~R~=H 
Z.R~=0A~; R2 = ti Lapachol v~.R~=H ; R~=0Ac 

H,,.~ /- i]H~ 14 
P, = P_,Huu= C....-~ 

The s t ruc tu res  of glycosides  (V-VII) were confirmed by the resul ts  of IR and NMR spectroscopy,  and 
also by e lementary  analysis .  Because of the tautomeric  nature of the hydroxynaphthoquinones (III) and (IV), 
the formation of glycosides  with ei ther  the o- or  the p-quinoid s t ruc ture  of the aglycone is possible,  in pr inci-  
ple. The choice in favor  of the p-quinoid s t ruc ture  of glycosides (V)-(VII) was made on the basis  of a compar -  
ison of the lac spec t ra  of 2-methoxy-l,4--naphthoquinone and of compounds (V-VII) (Table 1). The values of 
the SSCCs J1',2' = 7.3 Hz in the 1H spec t rum of compound (VII) shows the fl configuration of the glycosidic 
bond. In the case of compounds (V) and (VI), in the IH spec t ra  of which no isolated signals of anomeric  p ro -  
tons were observed,  the configuration of the glycosidic bond was established f rom the chemical  shift of the 
anomeric  carbon atom in the lSC spectra .  

The conclusion of the fi configuration of the glycosidic bond in (V) and (VI) was made on the basis  of a 
compar ison of the 13C spec t ra  of (V) and (VI) and those of the fl- and a - t e t r a -O-ace ty l -D-ga l ae topy ranos ide s  
(VI) and (VIII) (see Table 1), which agrees  well with the resul ts  of the work of Steinerova et al. [4]. 
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The p rocess  of glycosylat ion of (III) and (IV) by the o r thoes te r s  (I) and (II) apparently takes place by a 
mechanism of protonic ca ta lys is  [8],  since 2-hydroxy-1,4-naphthoquinones a re  medium-s t rength  acids (for 
lawsone, pK = 4) [9]. This case  is obviously an example of autocatalysis  when the glycosylated alcohol is 
s imultaneously an acid catalyst .  It is in teres t ing that 5-hydroxy-1,4-naphthoquinone,  the proton of the hydroxy 
group of which is bound by a s trong in t ramoleeu la r  hydrogen bond and is deprived of mobili ty to a consider-  
able degree  as compared  with the analogous proton of lawsone was prac t ica l ly  iner t  under the conditions of the 
proposed method of glycosylat ion.  

When the physicoehemical  cha rac t e r i s t i c s  of the glycosides (V) and (VI) which we have synthesized were 
compared  with those of analogous substances descr ibed  previously  [3],  considerable  d iscrepancies  in the 
melt ing points were  observed.  A careful  analysis  of the IH and 13C spec t ra  and a mixed melting point tes t  of a 
sample of the galactopyranoside  (VI) and compound (VIII) kindly supplied by Prof .  M. M. de Oliveria showed 
that (VIII) has the (~, not the fi, configuration of the glycosidic bond, and the melt ing point of the glycoside (VI) 
that we had obtained did not ag ree  with the l i t e ra tu re  f igure [3]. Attempts to obtain lawsone glycosides by the 
method of [3] led to (V) and (VI) with the fl configuration of the glycosidic bonds. 

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

Melting points were de termined on a Bo[t ius stage. The specif ic  rotat ions were  measured  on a Perk in-  
E lmer  141 po la r imete r .  NMR spec t ra  were obtained on a Bruker  HX-90 spec t rome te r  with a working f r e -  
quency of 90.0 MHz for  IH and 22.6 MHz for 13C at 30°C in CDCI3, with TMS as internal  standard. IR spec t ra  
were  r eco rded  on a Speeord-IR spec t rophotometer  in CHC13. TLC was pe r fo rmed  on Silufol plates (Czecho- 
slovakia) in the h e x a n e - b e n z e n e - a e e t o n e  (2 : 1 : 1) sys tem.  The plates were previously  saturated with NH 3 
vapors  to prevent  decomposi t ion of the o r thoes t e r  during the p rocess  of chromatography.  Spots were revealed 
by heating the plates.  Column chromatography was pe r fo rmed  on SiO 2 L (40-60 u) (Czechoslovakia) in the 
h e x a n e - a c e t o n e  (10: 1~2: 1) sys tem.  The resu l t s  of the e lementa ry  analyses  of all the newly obtained com- 
pounds were  in sa t i s fac tory  ag reement  with the calculated values.  

2-Hydroxy- l ,4-naphthoquinone (lawsone) (III) was obtained as descr ibed  by Donaldson [ 12], lapachol 
(IV) f rom lawsone as descr ibed  by Jacobsen  and T o r r s s e l  [ 13], 3 ,4 ,6 - t r i -O-ace ty l -  ~ -D-g lucopyranosy l  1,2- 
( ter t -butyl  or thoaeeta te)  (I) according to [14], and 3 ,4 ,6 - t r i -O-ace ty l -~ -D-ga l ac topy ranosy l  1,2-( ter t-butyl  
or thoaceta te)  (II) according to [ 15]. 

General  P rocedu re  for  the Glycosylation of Hydroxynaphthoquinones. A mixture  of an o r thoes te r  (1 
mmole ) ,  a hydroxynaphthoquinone (1 mmole ) ,  and 15 ml of absolute chlorobenzene was boiled until the or tho-  
e s t e r  had disappeared complete ly  f rom the react ion mixture  (1-6 h).  The solvent was evaporated off in vac-  
uum, the res idue  was dissolved in 50 ml of CHCl3,.and the solution was washed success ive ly  with 1 M K2CO 3 
solution (2 x 20 ml) and with water  (2 x 20 ml) and was dried over  Na2SO 4. The solvent was el iminated and the 
des i red  glycoside was isolated f rom the res idue by crys ta l l iza t ion  or  by column chromatography.  The com- 
bined wash-waters  were acidified with HCI, ex t rac ted  with ethyl aceta te  (2 x 2 0  ml) ,  washed with water  (2 x 
20 ml) ,  and dr ied with Na2SO 4. The solvent was dr iven off, and the res idue consisted of the chromatographical ly  
pure  quinone. 

2 - (Te t ra -O-aee ty l -{~-D-glucopyranosyloxy) -  1,4-naphthoquinone (V) ~o Yield 64%. C24H24012 " 0.5 C[-I3OH. 

mp 166.5-168.5°C (MeOH). [a]~  --30.6 (e l .0 ;  CHC13). Lit. [4],mp 168.5-170 C (ethanol). 1H spec t rum (6 ,ppm): 
2.05-2.12 (m, 12 H,4 x OAt); 3.90-4.01 (m, I H, H~); 4.21-4.25 (m, 2 n 2H~); 5.10-5.42 (m, 4 H, HI, H~, 
H~, HI); 6'411 (s, I H, H3); 7.61-7.84 (m, 2 H, HoHT); 8.02-8.15 (m, 2 H, Hs, Hs). IR spectrum (v cm=l): 1758 
(CH3COO), 1689 and 1658 (C=O). 

2-(Tetra-O-acetyl-fl-D-galactopyranosyloxy)-l,4-naphthoqulnone (VI). Yield 70%. C24H24012 . mp 176- 
178°C (MeOH), [a]~ --16.6 ° (c 1.0; CHC13). IH spec t ra  6, ppm):  2.01-2.19 (m, 12 H, 4x  OAc); 4.18 (m, 3 H, 
H~, 2 H~); 5.12-5.22 (m, 2 H, H~, H~); 5.47-5.54 (m, 2 H, H~, H~); 6.46 (s, 1 H, H3); 7.69-7.79 (m, 2 H, H~ 
HT) ; 8.02-.8.06 (m, 2 H, Hs, Hs). IR spec t ra  (v,  cm-1): 1758 (CH3COO), 1686 and 1656 ( C = O ) .  

2-( Te t r a -  O-acetyl-f l  -D-glucopyranosyloxy)  - 3- (3-methylbut-  2- enyl ) - !, 4-naphthoquinone (VII). Yield 
72%. nap 62-630C (MeOH). Lit. [2]: mp 62-65°C (MeOH-ethyl ace ta te) .  1H spec t rum (5, ppm):  1.66 (s, 3 H, 
CH3); 1.79 (s, 3 H, CH3); 2.00-2.12 (m, 12 H, 4x  OAc), 2.33 (d, J = 6.7 Hz, 2 H, 2 Hll); 3.90-4.00 (m, 1 H, H~); 
4.08-4.20 (m, 2 H, 2 H~); 5.10-5.33 (m, 4 H, HI2 , H~, H~, H~); 5.82 (d, JI,,2,=7.3Hz, IH,1H~); 7.65-7.75 
(m, 2 H, H 6, HT); 8.00-8.09 (m, 2 H, H 5, Hs). IR spectrum (v, era-l: 1758 (CH3COO), 1673 and 1623 (C=O). 

2- ( Tetra- O-acetyl- ~ -D- galactopyranosyloxy ) - I, 4-naphthoquinone ( VIII ). mp 210- 211 ° C (MeOH- ethyl 
acetate). [c~]~ --170.4 ° (e: 0.5 CHCI3). IH spectrum (5, ppm): 1.98-2.18 (m, 12 H, 4x OAe); 4.08-4.23 (m, 3 H, 
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H~, 2 H~); 5.35-5.38 (m, i H, H3); 5.56-5.65 (m, 2 H, H~, H~); 5.88 (d, JI,,2,=3.2Hz,1H,1H~);6.54(s,1H ' 
H3); 7.70-7.80 (m, 2 H, H6, HT); 8.04-8.12 (m, 2 H, Hs, Hs). IR spectrum (v, cm-l): 1748 (CH3COO), 1681 and 
1648 (C--O). 

S U M M A R Y  

A method is proposed for the synthesis of acetylated glycosides of hydroxynaphthoquinones. 
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The condensation of D-glucose (tert-butyl orthoacetate) with 3-a lk[en]yl -2-hydroxy- l ,4-  
naphthoquinones has yielded a ser ies  of acetylated glycosides of hydroxynaphthoquinones. It 
has been established that the time of the glycosylation reaction lengthens with an increase in 
the length and in the degree of branching of the side chain of the quinone, It has been shown 
that when the glycosides obtained are  deacetylated cleavage of the glycosidic bond takes place 
with the formation of glucose and the corresponding quinone methyl ethers.  Details of IR and 
1H and 13C NMR spectra are  given. 

We have previously [ 1, 2] reported a new method of obtaining acetylated glycosides of hydroxynaphtho- 
quinones which consists in boiling equimolar amounts of a quinone and an or thoester  in absolute chlorobenzene 
without a catalyst. To elucidate the possibilities of the proposed method of glycosylation, a number of 3-alk- 
[en]yl-2-hydroxy-l ,4-naphthoquinoneshavebeencondensed with the glucose orthoesters  (I) and (II). The re-  
sults are  given in Table 1. 
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