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178,175,166,163,161,153,151.03651 (C,H,Os, lOOYQ, 137,131, 
124, 115, 109, 103, 93, 81, 77, 70, 65, 55. 

4-Acetoxp2,6 -di(4’-acetoxy-3’-methoxy)phenyl-3,7-droxabi- 
cyclo(3.3.0)octane (2). A mixture of 1 (15 mg), AcsO (0.5 ml) 
and pyridine (1.5 ml) was left overnight at room temp. 
Usual work-up yielded a viscous mass (12 mg); MS m/z: 
SOO[M]+, 458,416,398, 369,356,328,205,191, 175,163,151, 
137, 131, 97. 

1164,1130,1 113; UV1sH nm: (loge), 281.5 (4.19), 237 (4.58); 2,6-Di-(4’-hydroxy-3’-methoxy)phenyl-3,7-dioxab~cyc~o(3.3.0) 
MS m/z: 374 [Ml’, 356, 327,222,205,204, l%, 193, 192, 191, octane (5). A soin of l(l0 mg) and diborane+DMSO complex in 

THF (1 ml) was heated at 50” for 4 hr. Excess of the reagent was 
decomposed by adding a satd aq. NH&Z1 soln to the reaction 
mixture. The THF was removed in wcuo and the resultmg residue 
was extracted with CHCl, (3 x 20 ml). The organic layer was 
washed with HrO, dried (Na,SO,) and the solvent removed to 
give a viscous mass which was purified by prep TLC to afford 5 
(2.5 mg) tdentical in all respects with (+ )-pinoresmol. 

4-Hydroxy-2,6-di-(3’,4’-dimethoxy)pheny/clo- 
(3.3.0) octane (3). Compound 1 (10 mg) in dry MeOH (1 ml) was 
methylated with CHrN, in ether to yield 3 (8 mg), mp 146-147” 
(hexane-CH,Cl,); MS m/z: 402 [Ml’, 384, 355, 341, 325, 281, 
264,236,219,210,205,192,189,177,167,165,151,139,131,119, 
77, 69. 

4-Methoxy -26 -do -(3’,4’- dmwthoxy)phenyl -3,7- dioxobicyclo- 

(3.3.0)octane (4). A soln of 1 (10 mg) and Me1 (0.2 ml) m 
dry acetone, 1Oml) was refluxed in presence of KsCOJ for 
4 hr. The reactton mixture was filtered, the solvent removed 
and the residue purified by prep TLC to yteld 4 (2 mg), mp 123.5 
(hexane-CHsC12); MS m/z: 416 [Ml’, 383, 354, 218, 206, 191, 
176, 166, 164, 151, 84, 71, 69, 57, 55. 
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Abstract-A new phenolic ester was isolated from unroasted robusta coffee beans (Co&r canephoru) by HPLC. The 
isolated compound was identi6ed as an ester of caffeic acid and ferulic acid with quinic acid (3-O-feruloyl-4-O- 
caffeoylquinic acid) using ‘H NMR and mass spectroscopy. 

INTRODUCTION 

Quinic acid esters of hydroxycmnamic acid are of interest 
in plant physiology and food chemistry because of their 
ubiquitous occurrence in plants. Considerable amounts of 
them are contained in unroasted coffee beans [l-4]. The 
most common compounds are esters of caffeic acid, that 
is, chlorogenic acid and its derivatives [SJ. They are often 
found together with ferulic acid esters [6]. 

isolated by this method and the structure of the com- 
pounds have been confirmed by mass and ‘H NMR 
spectroscopy. In the course of separation of the phenolic 
compounds using reversed-phase HPLC we noticed an 
additional peak and isolated the compound. The isolated 
compound was identified as 3-0-feruloyl-4-O-caffeoyl- 
quinic acid by using mass and ‘H NMR spectroscopy and 
forms the subject of the present report. 

Because of the structural similarity of chlorogenic acid 
derivatives, a highly effective separation method is re- 
quired to resolve all compounds r71. We have now RESULTS AND DISCUSSION 

developed a HPLC method which ail&s a clear separ- Crude green coffee bean extract was applied to a Fine 
ation of the possible positional isomers [S]. Seven phe- Sil Cir, semi-preparative column with 10 mM HsPO., and 
nolic compounds in unroasted coffee beans have been methanol as eluents. By employing a combination of 
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Table 2. ‘H NMR chemical shifts of C protons of some chlorogenic 
acid derivatives @pm)* 

Substituted position 

Compound 3 4 5 Free 

CA 
5-O-CQA 
4-0-CQA 
3-O-CQA 
4,5-O-DCQA 
3,5-0-DCQA 
3,4-O-DCQA 
FA 
3-0-FQA 
3-O-F-40-CQA 
3-O-c-40-FQA 

6.17 
6.20 (0.03) 

6.27 (0.10) 
6.15 (-0.02) 

6.24 (0.07) 6.19 (0.02) 
6.16 (-0.01) 6.25 (0.08) 
6.15 (-0.02) 6.24 (0.07) 

6.36 
6.38 (0.02) 
6.38 (0.02) 6.23 (0.06) 
6.16 (-0.01) 6.47 (0.11) 

*Chemical shifts from free c&eic and ferulic acid are presented in 
parentheses. 

Abbreviations: CA, caffeic acid; CQA, caffeoylquinic acid; DCQA, 
dicaffeoylquinic acid; FQA, feruloylquimc acid. 

employed. The UV detector was set at 325 nm, for prep. 
separation and was equipped with a 1 mm path length 8 ~1 prep. 
cell. Sample was injected by a sample loop valve fitted with a 4 ml 
loop. The column used was a Fine Sil Cls semi-prep. column (250 
x 7.2 mm id). The elution solvents were 10 mM HaPOh and 
MeGH. A combination of isocratic and linear gradient elution 
was used: 0-30min, I-SO% MeOH in 1OmM H,P04 (linear 
gradient) 30-50 min, 50% MeOH (isocratic); 50-55 min, 
So-SO% MeOH (linear grtient); 55-70 min, 80% MeOH 
(Isocratic). For analytical sepn, the UV detector was fitted with a 
10 mm path length, 8 pl analytical cell and a variable loop injector 
was equipped with a 100 pl loop. A Finepak C1s prepacked 
analytical column (250 x 4.6 mm id) of Fine Sil Cl,-5 (5 p) was 
employed. Gradient elution with 10 mM H,PO* and MeOH was 
used. The elution profile was; O-15 min, C-SO% MeOH, 
16-30 min, 50-70 % MeOH. The column temp was kept at 40 

‘H NMR. The 360 MHz spectrum was recorded m DMSO 
with TMS as int standard. Measurement was made at 25” and 80”. 
A 45” pulse width at 1.0 sec. pulse interval was employed. 
Decoupling was performed using a homo-gated decoupling unit. 
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