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Summary. Structures of the safflower red pigment carthamln and the yellow pigment 

safflor yellow A are shown to be expressed by 2 and 2 respectively, 

mainly on the basis of spectroscopic evidence. 

The structure of red 
l-4) 

and yellow 3,5) pigments In the flower petals of 

Carthamus tinctorius L. has been studied for many years by a number of workers, 

lncludlng one of us (M.W.). Recently, tentative formulas 1 4) 

proposed by other workers for the main red pigment, carthazln, 

and 2' have been 

and one of the 

yellow pigments, respectively. Stereochemistry at the glycosldlc carbon atom and 

the ring-size of the glucose moiety In l_ and 2_ were not expllcltly desdrlbzd, 

however. Moreover evidence for the structure of the polyol side chain moiety in 

2 1s not clearly stated. We wish to report herein our own findings, which are 

best explained by assigning an equatorlally C-1-alkylated glucopyranoslde formula 

36' to carthamln and by giving a structure 4 6) 

7) - 
for the yellow pigment, for which 

we suggest the name safflor yellow A. 

The 
1 
H nmr spectrum of carthamln at 400 MHz(py-d5/CD30D=95/5) indicated a 

symmetrical structure for the pigment and exhibited well resolved signals due to 

the protons attached to oxygen-bearing carbon atoms (Fig 1). Clearly, all the 

substltuents of the hexose moiety are equatorlally orlented on a six-membered 

ring, Judging from the coupling constants Jl 2=J2 3=J3 4=J4 5'8.5 Hz. 

on the qulnonold ring 1s: how&er,' 
, 

Configuration at C* still obscure. 

The FD mass spectrum of safflor yellow A (4) exhibited the M+l peak at m/z 
Cv 

595 and the spectrum of its nonaacetate (M=972), prepared with acetic anhydrlde- 

pyrldlne, presented FD peaks at m/z 972, 973 and 996 (M+23+1) Comparison of lH 
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nmr spectra of Land. the nonaacetate lndlcated thatA contalned thirty protons. 

On the other hand the noise decoupled 
13 

C spectrum of4_ showed that It 1s a C27 

compound. ThereforeA has a molecular formula C27H30015(M=594, nitrogen was not 

detected) and hence 1s supposed to be formally constituted by two hexoses 

(C12H24012) and one pentahydroxychalcone(C15H1206), under ellmlnatlon of three 

moels of water. SupportIng evidence for this hypothesis was obtalned from 

further study of the 
13 

C and 'H nmr spectra of the pigment. In the former 

spectrum(~~~~-$~), the twelve peaks ascribed to the hexose moleties appeared at 

6 61.2(t), 61.7(t), 69.0(a), 70.0(a)xi2, 71.0(a), 74.1(a), 78.0(a), 79.0(a), 

80.0(d), 80.7(d) and 85.8(d). Since in the spectrum of carthaminAessentlally 

same 6 values with those underllned were found and In2 as well as In 3, a 

singlet at 6 85.8 (C*, 
N 

overlapped on the doublet) was observed, the presence of a 

carthamln-like C-glucopyranoslde moiety In Awas suggested. The signal antici- 

pated for an acetal carbon (ca 100 ppm, a) was not observed. Therefore in2 the 

presence of a second C-hexoslde moiety was Inferred. Other peaks representative 

of the qulnochalconold moiety ofA are recognlzed at 6 158.6(s), 115.6(d)x2, 

130_0(a)x2, 127.8(s) (phenyl); 136.8(d), 123.6(d) (-CH=zH=C=O); 99.4(s), 106.0(s) 

(RO-C=C-C=O); 170.0(s), 183.2(s), 189.4(s), 

nmr spTctrum(200 MHz, 

194.4(s) (C=O, RO-GC-C=O)? The H 

DMSO-_d6) of 2 exhlblted two peaks allocated to acldlc 

protons at 6 18.25(1H, s, chelated OH), and lO.O8(1H, s, phenollc OH) as we11 as 

peaks due to a p-hydroxyclnnamoyl moiety at 6 6.88, 7.55(each 2H, d, JZ=9 Hz), 

7.36 and 7.68(each lH, d, J=15 Hz). Further, In aadltlon to the complex 

resonance lines arising from twelve protons attached to oxygen-bearing carbon 

atoms between 6 3.0 and 6 3.7, characteristic peaks at 6 4.32(1H, d, J=lO Hz) and 

3.98(1H, t, J=lO Hz) were observed. The last two peaks are coupled each other 

and must be due to the C-l and C-2 protons of the second hexose, respectively, 

since no corresponding signals are observed at such a low field region in the 

spectrum of carthamln In the same solvent. In D20 solution at 400 MHz, the 

proton signals attrlbuted to the two hexoses of 4 were well separated and the 2D 

J-resolved spectrum 9) as we11 as decoupling expeylments allowed us to assign the 

signals as shown in Fig 2. 10) J values (W 9 Hz for doublets and trIplets) thus 

obtalned for the two hexoses Indicated that their substltuents also are all 

equatorlally oriented on a six-membered ring, viz. the yellow pigment contains 

two C-glucopyranoslde moieties. Taking into conslderatlon all the above results, 

In particular the large 6H values for C-l and C-2 protons of the second hexose, 

MW, and the number of acldlc protons, we conclude that the chemical constitution 

of safflor yellow A is expressed by formula 4 The stereochemistry at C* is, 

however, not yet clear. 

Treatment of Awwlth 12%-phosphoric acid in ether gave glucose and a 

chalconold2 mp 260-262 'C, m/z 432(M+), 'H nmr(200 MHz, py-is) 6 8.46(18, d, 

J=15 Hz), 8.16(1H, d, J=15 Hz), 7.72(2H, d, J=6 Hz), 7.26(2H, d, J=6 Hz), 4.69, 
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4 30(each lH, ABq, J=18 Hz, l-HZ), 4.91(1H, d, J=9.5 Hz, 3-H), 4.99(1H, dd, 

J=9.5, 4 Hz, 4-H), 4.69(1H, br.d, J=4 Hz, 5-H), 4.66, 4.32(each lH, br, ABq, 

J=12.5 Hz, 6-H2, J5 6a=J 5 6b=l Hz). In DMSO-a,, the chalconold exhlblted peaks 

due to acldlc proto& at i 13.8(2H, s) and 10.2(2H, s). Acetylation of 5 with 
N 

acetlc anhydrlde-cone sulfuric acid gave an exhaustively acetylated heptaacetate, 

mp 119-120 'C, m/z 726(M+), FeCl3(-), ’ H nmr(200 MHz, CDC13) 6 3.22, 3_12(each 

lH, ABq, J=16 Hz, 1-H2), 5.60(1H, d, J=lO Hz, 3-H), 7.35(2H, m, 4-H, S-H), 4.10, 

3.77(each lH, br, ABq, J=12.5 Hz, 6-H2), 2.35, 2.30, 2.28, 2.27, 2.17, 2.07 and 

2.06(each 3H, s, CH3C02). On the basis of these flndlngs, the chalconold was 

formulated as shown by 5. 11) 

depicted In Scheme 1 any this, 

Formatlon of L/from $1~ reasonably explained as 

together with the J values of the protons on the 

modified hexose of 5, supports the valldlty of formula 4. 
N N 
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The conflguratlon at C-2 1s most probably expressed by 5, since In this 
ICI 

structure the anomerlc oxygen atom (O*) and the C-l methylene group take 

thermodynamically stable axial and equatorial orlentatlons respectively. 
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