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Key Wad I&x-Spi~~ia oleracea; ChenopodLc+pe; MpiMch; 6-wchoxy-3.S.?,3’.4’-pcnuhydrox~vo~ 
3-0-@-D-glucosyl-(I + b~[@-apiosyl-(I + 2)]-&D-glucoride; bmerhoxy-3.5.7.3’,~-pentahydrox~von 3-O-& 
gcntiobloxide; 6.3’dlmethoxy-3.5.7.4’-Wrahydroxylbvone 3-O-fl-genrlobioside: spinatode. 

Abstract -Besides spinatosidc (3,6dimcthoxy-5.7.3’,4’-tctrahydroxytlavonc 4’-0-/I-D-glucopyranuronide). three new 
tlavonol glycosidcs have now han ~sola~cd from the polar fractions of the methanolic extract of Spin&o oleraceo. They 
have been identified as patulctin 3-0-j?-D-&copyranosyl-( I + 6)-[b-D-apiofuranosyl-( I -, 2)]-&D+sopyranoside. 
patuktin 3-O-/I-gcntiobiosidc and spinacttin 3-0-JLgcntiobiosidc. respectively. 

IhTRODUClION 

In the previous paper [I] of this series, we rcportai the 
presence of thra 3,5,6.7,3’.4’-hcxa-oxygenated &on 
glucuronidcs in spinach kavcs. This paper deals with the 
isolation and idcnti!ication of four additional flavonol 
glycosides from the same sour=. 

RE&MS AND DISCUGSION 

As described in the previous paper [l], thirteen frac- 
tions were obtained by DCCC of the wthanolic extract of 
spinach kavcs. From the most polar fraction compound 1 
was yieldal as yellow powder (yield O.MM% of the fresh 
leaves). Column chrommtographic purification of tht 
ffxtions 3. 4 and 8 rtspactively provided comm 2 
(0.003 Y& 3 (0.002 %) and 4 (0.006 YJ in crystalline state. 
The compounds were all pexitivc to flavonoid colour 
reactions and the IR and UV spectra suggested they were 
flavonoid glycosides. 

FABMS of 1 showed p&s at m/z 81 I, 789.657.495 
and 333, which were respectively ascribed to [M + 231 l , 

I 
M+l]+. [M+l-1323’. [M+l-132-1621’ and 
M+l-132-2x162]+ ions,suggestingtlucxist~ 

of one penlose and two luxosc moieties in the m&&e of 
1. Acid hydrolysis of I afTorded an aglycom (5). which was 
mcthylatai to 3,5,6,7,3’.4’-bexamctboxyfIavone and ident- 
ified ax pctuktin [2J on the bexis of its UV [>Sj, 
‘H NMR [3.4] and ‘C NMR [68] spectra As sugar 
component glucose and apiose were detectad by TLC and 
GC from the hydrolysate. 1 was pertially hydrolysai with 
thcuudchcsperidinascandgavegluco8candancw 
glycoside (0, whose FABMS exhibited the 

Q” 
s at WI/I 

627[M+1]‘,495[M+l-132]‘and333 M+I-132 
- 1621’). UV spaztra of 1. 5 amI 6 were diagnoxtiully 
shiftbd on addition of shift reagent.5 and indkatal lb 

l Put 5 in the scms “chemicll Studia on Itbe Edible ilanu”. 

For PM 4 see Phyfdumirwy (1984) 24. 2438. 

absence of a fra hydroxyl group at C-3 from 1 and 6 
[%S]. Methylation of 1 and subsequent hydrolysis 
yielded 3-hydroxy-5,6,7,3’,4’-ptntawthoxydavonc [9]. 
Thux 1 is a patuktin 3-triglycosidc. where the trisaoEhiu- 

idc contains one apiosc and two glucose moieties, whik 6 
is the corresponding 3diglycoside containing apiosc and 
glucose. This was verified from the “C NMR spactra of 1, 
5 and 6 (Table I) [6-8]. The signals due to the &pvonc 
nuckus in the spazra of 1 and 6 were superimposabk 
each other, while on comparison with those of 5 the signal 
assignabk to C-3 was shifted upfkki by co -3 ppm 
accompanying the downfield shift of C-2 (co + 9 ppm) 
and C4 ( + 1.5 ppm). chorrlerislic of Eglycosylalion of 
3-hydroxyflnvoncs. The disaccharide residue in 6 was 

1 R’ = 8-D -Gkpyr K: = K’ = II 

2 K’ = /IS-D-Glcpyr 6-1 B D-Gkpyr. K’ = K’= tt 

3 K’ =fJ-o-Glcpyr 6- fl D Clqyr K’ = hk. K’. tt 

4 K”Me. RI-H. R’=P-D-Glcpyrlj 

5 R’ - R’ - R’ - H 

6 RI-B -D-Glcpyr-) 

7 R’ = R’ - H. R’ - Me 

8 R’ = Me. R’ - R’ - H 

19 D -Apifur, R’ - R’= H 
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‘Tab& I. “C NMR spocm of drvonoids 1-V 

c 1 6 5 2 3 1 4 8 

2 lS6.1 t 55.8 
3 132.6 132.7 
4 171.4 in.5 
s 152.1~ lS2.3‘ 
6 131.2 131.1 
7 151.e 151.3. 
8 93.7 93.6 
9 I s7.v I s7.r 
IO 104.3 104.3 
I’ 122.ob ltl.9b 
2 I lb.@ llS.8c 
3 lU.7 lU.8 
4 148.3 148.3 
5’ IlS.tF flS.lC 
6 l21.2b I2I.2b 
OMC 60.0 s9.9 

Hexore aturfrad to a&cone 
I 98.6t 98.4 
2 77.P 77.06 
3 76.24 76.1d 
4 69.6 70. I 
5 76.26 ?7.4$ 
6 67.8 60.3 
Tami~IgIucolc 
I l02.8$ 
2 73.r 
3 76.24 
4 69.6 
5 76.24 
6 60.6 
ApiocC 
I lOS.6~ l08.S 
2 76.24 76.4’+ 
3 79.2 79.1 
4 ?3.& 73.8 
5 64.1 64.2 

146.9 156.3 
I3S.4 132.9 
175.9 177.5 
1Sl.P 152.3* 
130.7 131.1 
1Sl.Y lS1.Y 
93.6 93.7 

157.1’ I S7.P 
103.3 NM.3 
121.9b 121.6b 
1IS.P I I&F 
MS.0 144.6 
147.6 148.3 
IIS.@ 11S.f’ 
12O.e 12I.lb 
59.9 s9.9 

156.3 147.3 1Sl.Y 
1326 1354 137.9 
l77.S 176.0 178.2 
I S2P 1Sl.V ISLP 
131.2 130.8 131.1 
1Sl.P 1Sl.Y 154.9 
93.9 93.8 93.9 

lS7.F lS7.1. 153.4. 
104.4 103.4 104.7 
IZl.ob 122.p 124.2 
113.3 III.8 1 I s.7b 
146.8 1457 146.W 
149.3 148.8 147.F 
I IS.2 1lS.S 11 S.6b 
122.ob 121.7” 120.1 
59.9 60.0 59.9 
SS.8 SS.? 59.8 

100.8 loo.9 100.6 
73.34 73.3c 72.9 
76.4: 76.3” 75.4d 
69.d 69.7 71.3 
76.3* 76.26 75.34 
68.0 67.7 169.9 

103.0 103.0 
73.9 74.F 
76.3c 76.r4 
69.F 69.7 
76.4” 76.66 
60.6 60.7 

ISIS’ 
137.3 
178.1 
lS2.P 
131.1 
I SAV 
93.8 

lS7.2’ 
lO4.S 
I 20.8b 
1lS.F 
145.2 
148.6 
I t S.4C 
l20.6b 
s9.9 
s9.7 

l Mtwnd at 68 MHz (except 1, which wu deterxninui at 2S MHz) in DMW, with TMS u intend 
t-cfmna. TIK nlua with the sunc superscript nuy be inrefc&ngablc in the vcrficd cdmn. 

tJ,,.,e - 164Hz 
S'Jf~_Hs - I61 Hz 

O’J C’ “# - I71 Hz. 

assumal to be &apiofuranosyl-( 1 -+ 2~#@copyranosyl 
buss of the good agreement of its carbon sign& with 
those of @in (S,?#-trihydroxyailvonc 7-0+~8pio- 
furanosyi-( 1 -, 2)~D-glucopyraniXi [lo], reported in 
the literature [tj 81. The coupling 00nstant.s (I = 8 Hx and 
singkt) of the anotneric proton signals in the ‘H NMR 
spoztrum of 6 also supported the @onfiguration of the 
glucuse and apiosc [ 101 moictieg On pussing from 6 to 1 
the carbon signals due to the apiose moiety remained 
unchanged whik the one ascrihbk to C6 of the gluume 
was rcpiacui from 60.3 ppm to 67.8 ppm, showing the 1 
-* 6 linkage between two glucose moieties of l(6.83. The 
anowric configuration of the termitutl glucose residue 
couki not be established from the ‘H NMR spectrum of 1 
(100MHzinDNSOd,rudinpyridino_d,)baaustofthe 
overlap of the signals due to anomerk and m&tine 
protons of the sugar moiety. In the “C NMR spectrum of 

1 (Tabk 1) the anomeric carbun signai of the terminal 

d 
ucosc was at 102.8 ppm and had a coupling constant, 

JC,_nL - f60Hz,thcvaIuecr~ngwellwitbthoseofB_ 
~glucopyranosidcs (11 

r’ 
. Thus 1 is patuktin 3+3-b 

ghbcopyranosyl-( l-6)- g-o-apiofuranosyl-( I r* 2) 3 -B- 
D-ghCOp)WlOSidC. 

Compound 2 was formulated as C,,H,IO,,.HsO 
from ekmental analysis and FDMS [ 121. An 
assumption that 2 is a glycoside of monomcthoxy- 
pcntabydroxyflavone hving two hcxosc moktia wasdue 
to the fragment ions in FDMS ((M + 1 - 1623’ and [M 
-2 x 162)+) and to the signals aszribbk to one 
wthoxyl, four aromaticand fourteen sugar protons in the 
‘H NMR spectrum [b3.95 (sk 6.73 (s), 7.30 (dj, 8.12 (ddf 
and 8.40 (& 4.06 (4 5.46 (d) and 2.s3.9 (m)]+ Compound 
2 was hydrdysal to patuktin and glucose. On the basis of 
uv 8nd 13c N?@iR SfhYCtf& the &%ddi~ hh3gC W&S 





uncbngal on addition of NaOAc atxl H,BG,-NaOAc. 
lp-msnm (log c): 265 (4.39). 421 (4.49). unchanged on 
addition of HCL ‘H NMR (60 MHz, CDCl,b 63.89. 3.92, 3.95. 
4.01(15H.0Me).7.72(1H.s.H-8),6.94(IH,d.J- 10&H-5’), 
7.67.8 (2H. m. H-Y, 6’j 

Compound 2 Fraction 3 uhibicad a spot oTR, 0.18 [silica pl. 
CHCl,-MeGH (7:3) satd with H,O]. It was subjaxcd to CC 
over Diaion HP2tMG (H,O - McOHj The TLC w 
2 aystalkd from 50% MeGH to yellow nadks. mp 2XQ22”. 

Ial2; - 22.3” (MeOH; c O.lOj It gaw paitin cokntr rexkits 
with F&l,. M8-HCI and Zn-HCl. (Found: C. 49.53; H. 5.16. 
C H 0 1. 11 1. Hi0 rquirex C. 49.85; H. 5.oB 7;) FDMS m/r (rcl 
int.t 679 [M + 231. (lOA 657 [M + I]’ (100). 495 [M + I 
-1621’ (IOA 332 [M-2x 1621’ (85). IRrga-‘: 16@ 
1610, lltX&lOC0. UVIe” nm (Lol e.) 257 (4.3lA ca 27Oah 
(4.25A co 300 rh (3.97), 355 (4.33). ,Ip-“‘@‘& nm (lop 8): 270 
(4.16Aca 330 ch (3.84A 390 (4.09j Ip-“,Y),-wk nm (lq@ 
262 (4.19A 377 (4.I3j M&” pw)yI nm (ti et 270 (4.17.A 337 
(3.87). 409 (4.22). &km; nm (lop 0: 276 (4.43A co 3101 
(3.89A 3% (3.8lA 437 (4.44). lK”-w,-HOnm (b ak 270 
(4.3OA co 300 (3.92). 390 (4.28). ca 400 ink [5] (4.28j ‘H NMR 

(270MHz DMS0-d.): bL5-3.9 (m, H oa supr cxapt two 
anwkc HA 3.76 (s, OMcA 4.06 (d, I - 7 Hz H-l of tcrmitwl 
&ceacA 5.41 (1, J I 7 Hz. H-l of inner &aecA 6.50 (J. H-8). 
6.85 (d, J - 9 Hz H-51 7.5&7.59 (m H-Y, 61. 

Acid hydrdysis of 2 Compound 2 was bydrolyxd with 5 % 
HCI in 5Oy. McOH for 3 hr. Tlx bydrdyutc was tratod just in 
tbenmcrmnncruiat&cueof1.fbcrglyoone,mp2$(1~3”. 
YOI idm~icdwi~bSincvcfynrpa*r TLCofthcrugarfraction 
exhibital the SpoI of ghKs6c. 

CcqvundJ.Frrtion4was dtromrroqap4dowrhb1t 

Hf’2OAG (Ha0 + McOHj Tbc TLC ho- 3 (R, 0.37) 
crysullizd from McOH to yellow nadla. mp l92-lw”. [a]: 
- 19.0” (MeOH; c 0.19). It PVC posihvc colcur racuona with 
FeCi,, M8-HCI and Zn-HCI. (Found: c. 5O.a H. 5.40. 
C*.H,.O,,. H1OnquirqC. 50.58.H. 5.27y/,.)FDMSm/z (rel. 
mt.):693[M+23]‘(6).671[M+1]‘(100).509[M+I-162]’ 
(3). 346 [M-2x162]’ (18). IRrEcm-‘: 1640. 1600, 
I IOslOoO. uv 1p nm (lop s): 254 (4.28). co 270 sh (4.21 A co 
300 rb (3.97), 350 (4.33). 1p-m’= nm (h ck 272 (4.35). 322 
(3.793 390 (4.27). IF-“+@-- nm (kq a): 255 (4.27). 268 
(4.25). 355 (4.29j ‘r- tiue nm (log rt 270 (4.33A 334 (4.05). 
415 (4.48j I-, B am (log r)z 267 (4.29A co 280 sh (4.25A co 
305sh (3.95). 382 (4.33A ca $00 in&c [5] (4.3Oj 
A&” IUC1amHC1 nm (lop c): 267 (4.28A co 280 in&c [S] (4.24). co 
3OOrh (3.97). 382 (4.32A co 410 ink [5] (4.25j ‘H NMR 
(270 MHz. DMSGd& dL6-5.4 (H on ruw exapt two anom- 
crx HA 3.76, 3.85 (I. OMeA 4.0s (d, J - 7 Hz. H-l of terminal 
glucoseA 5.52 (d. J - 7 Hz. H-l of iorur glucose). 6.55 (5. H-8). 
6.92 (d. J - 9 Hz. H-5’). 7.51 (dd. J - 2.9 Hr. H-6’). 7.94 (d. J 

- 2 Hz H-Y). 
H+dybc 43. A rdn of 3 in 5 % HCl-McGH was rdluxcd for 

I hr. Tbc ranion mixture yu diluted with Ha0 and he pp( that 

scpuatsd uucokdanduystdkd from MeOH-H,Oto 
give 7. mp 227-2w (lh. [2] mp 23>.2M”j UV lzH nm (lol at 
255 (4.299). cu 270 rb (4.13). 295 (3.86). co 340 i&c [5] (4.22). 367 
(4.35j rp - nm (kq rt 270 (4.25). co 275 rh (4.29 320 
(4.(w). 390 (4.32). Ip-H+@.- run (log rt 255 (4.28A co 
27Osh (4.14). 370 (4.33). r--* nm (log rk co 24Osh 
(4.22A 333 (4.32). ip 1 nm (log 8): 266 (4.35). co 300 sh 
(3.78),cu380rh(4.17).430(4.41j1~” we HC1nm(bgrk.266 

(4X), co 305 (3.75A co 37Orh (4.lOA 430 (4.34). ‘H NMR 
(60 MHz. py+dbd,t 63.97.4.05 (wh 3H. OMc), 6.90 (IH, L 
HJ3A7.35(IH.d. J - 9 H&H-518.0-8.4(2H,n.H-Y.63. It pvc 
an acetate. mp 168-169” (MeGHA and III methyl ether showed 
the ramc bchaviour on TLC with thoec of 3,56.7.3’.4’- 
hcxamcthoxyawom. 

Capatrd 4. F&n 0 was purilkd by CC over D&m 
HP2tMG (Hz0 + 70% McGHj The fmions of 4 (R, a27) 
were cdktad and m from MeOH-HaO. mp 153” (Lit. 
[l3] mp 159”). [a]:-8Qo” (M&H; c 0.11). IRvz: 1730, 
1640.1614 I loo- ItXXl, idat~kd with that of ruthattic qinntcr 
sidc.UVqmctrainMcGHandinMeOH-rqcntswcrcidcntical 
with the mporml nlwa [l3]. FABMS n/r (reL int.): 523 [M 
+I]’ (12). 347 [M+I-1761’ (12j ‘HNMR (270MHz 
DMSGd& 63.c4.0 (m, H on sugar exagt anomcric HA 3.77, 
3.82 (s, GMeA 5.12 (1. J - 7 Hz awmcric HA 6.57 (s, H-8). 7.22 
(cl. J = 9 H& H-5‘), 7.5-7.6 (m H-Y, 6’). Compcwd 4 was 
hydrolysat with 10% HQ IO 4 mp 207-w (M. [l3] mp 
20~#n”)IDdOlucuroOifdd~~UVrpc*rrOf8(in 
M&H. McGH-AICI, atxl M&H-AK&-HCl) were idcntkal 
with the reported vdua [5. 131. The IR rpenrum yu idcntkal 
with that oiauthcntk ax&tin. Gntqwnd 0 wat methyhtal to 
3.5.6,7.3’.4’-hexamc~boxy&voaz mp I38- 139” ( McGH-HIO) 
(Id. [2] mp 14s1u0j 
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