
PllytochwGtcy, 1970. voi. 9, Dp. 835 to s40. Persam Pren. PrintedinEaslMd. 
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Absmet-sevellcoumarius were isolated from the roots of Rutupimutu L. lil. Five ware identitied as xanthyl- 
etin, hwan&n, isopimpkllin, sabandin and thamnosin; the remai&g two are new compounds, furopin- 
narin(I)andpinnarm(III). Thetetrahydroderivative(iI)wasobtainedfromIandthedihydrodcxivative(IV) 
as well as isopbmarill 0% CyclopiMarin (Vl), and limettin (VII) ware obtained from III. Possible structures 
for sabandin (IX, X or XI) are diissed. 

INTRODUCTION 

Rutupimutu L. fil. (Rutaceae) is endemic to the Canary Islands (Spain). In previous papers,1-5 
we reported the isolation of the following coumarins from leaves, twigs or fruits: coumarin, 
umbelliferone, hem&in, esculetin, scopoletin, psoralen, bergapten, xanthotoxin, iso- 
‘pimpmelhn, oxypeucedanin, byakangelicin, marmesin, isobergapten, sphondin, luvangetin, 
seselin and sabandin, the last one being new in the literature. For sabandin, we then pro- 
posed two possible structures;3 more recent experiments suggest that yet other structures are 
possible. Table 1 sun&rims the distribution of the coumarins isolated from the aerial parts 
of the plant. 

RESULTS AND DISCUSSION 

This paper describes the investigation of the coumarins from the roots of Rutu pinnutu 
which have already been the subject of a preliminary communication.6 From the alcoholic 
extract we separated the essential oils by steam distillation; they consist of 94 per cent caryo- 
phyllene, 1 per cent methyl-n-per@1 ketone and traces of methyl-n-nonyl ketone, methyl-n- 
nonyl carbinol, coumarin, xanthyletin and pinnarin.’ After washing the alcoholic extract 

*PartXIVintheseries“NewSourcesofNaturalCoumaks”. 

’ A. G. - and R. J%TEWZ An. Sot. Ekp. Hs. Q&VI. B99,649 (1963). 
J R. Evcavaz and A. G. GONZALEZ, An. See. Erp. J%v. Q&m. BS9,765 (1963). 
3R.-andA.G. GONZALBZ, An. Sot. Esp. Fk Qufm. B61.803 (19as). 
‘R.lksvszandA.G.Go-, An. Sot. Efp.F&. Q&n. B62,981 (M6). 
5R.-andA.G.GoNznz, AIL Sot. Es-. I%. Quint. B64,641(1966). 
: k z zi k $ tiNZALE2, An. a!hc. EQ.A Ffs. Q&m. B66,91(1969). 

. . GONZALW, An. Sot. Ekp. F’k. Q&n. B, to be published. 
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TABLE 1. DBTIUBUTION OF co- IN Ruta pimata 

Fruits’** Leaves’* 4 Twigs” 

COWhIS 
camwin 
Umbelliferone 
Hemiarin 
Jhuletin 
!kopoletin 
Sabandin 
Furocoumarins 
Psoralen 
Bersapta 
xanthotoxin 
Isopimpinellin 
oxypeucedamn 
Byakangelicin 
Marmesin 
Isobergapten 
Sphondin 
Pyranocoumarins 
Luvangctin 
Sesalin 

+ f - 
+ + 

+ + 
- + 

+ 
++ 

- + 
++ + + 
+ + 

++ ++ 
+ - 

+ + 
- f+ 

+ - 
++ - - 

++ 
+ + 

Key: + + Found in major proportion; + found in small quantity; - absent. 

with petroleum ether it was treated with benzene and the benzene extract was chromato- 
graphed on alumina. Eluting with petroleum ether/benzene and then with benzene and 
benzene/ethyl acetate we separated seven coumarins. 

The first one eluted was xanthyletin, identified with authentic material through its 
physical constants and spectra (u.v., i.r., NMR, and MS). 

The second coumarin eluted, furopinnurin (I), is a new compound. It has yellow U.V. 
fluorescence, empirical formula C,,H,,O, and m.p. 125”. Its U.V. spectrum (&,, 254, 273, 
316 nm) is similar to those of derivatives of psoralen with substituents at C5 and Cg.*)-lo 
In the i.r., furopinnarin absorbs at Y,,,~~ 1723, 1593, 821 (coumarin), 911 (----CH,), 1375, 
1364 cm-’ (gem-dimethyl). Its NMR spectrum does not have any signals corresponding to 
benzene protons ; it shows two doublets centred at 7 3.75 and l-85 (2H;J= 9.5 c/s) which may 
be associated with the coumarinic protons at Cr and C,, respectively; two doublets (2H; 
J=2.0 c/s) at T 2.41 and 3.04 correspond to H, and HP of a furan; T 5-83 (3H, s, OMe); 
T 4.85 to 5.19 (2H, =CH2); quadruplet at T 3.33 to 3.83 (IH, -CH=); T 8.23 (6H, s, 
gem-dimethyl). Its mass spectrum gives M+ 284, the base peak at m/e 269 (M+-Me) and 
a metastable peak at m/e 255; the prominent ions are in accord with the fragmentation 
expected for a psoralen derivative. The experimental results obtained for this furocoumarin 
are completely consistent with the proposed formula of 5-methoxy-8-( 1 ‘, 1 ‘-dimethylallyl)- 
psoralen (I). Concerning the isoprene side-chain, we believe it is at Cs because the NMR 
signal for a proton at C, occurs at lower fields if Cr bears a carbon-carbon bond, and also for 
biogenetic reasons.“*‘Z On the other hand, the NMR signal for H-4 in furopinnarin and 
* T. NMMAYASHI, T. TOKORAYAMI, H. MYASAKI and S. ISONO, J. Pharm. Sot. Japan 73,669 (1953);‘Chem. 

Abs. 47,10348 (1953). 
9 W. L. STANLZY and S. H. Ve, J. Am. Chem. Sot. 79,3488 (1957). 

lo W. L. STANLEY and S. H. V&onmt, Phytochem. 6,585 (1967). 
” J. ~LANSKI, Bull. Sot. Chim. Lance, 929 (1958). 
I* L. CROMBIE, D. E. GAMES and A. MCCORLUCR, TetrahedronLetters 151 (1966). 
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tetrahydrofuropinnarin agree with the data given in the literature for furocoumarins and their 
dihydro derivatives with a methoxyl group at Cg. This does not exclude the possibility that 
the isoprene chain might be attached at CS. 

Hydrogenating futopinnarin with Pd/C we obtained tetrahydrofuropinnarin (II), whose 
i.r. spectrum shows the characteristic bands of a coumarin (v,,,.. 1720,1597,826 cm-‘). In 
the U.V. it absorbs at A,,,,.. 340 nm, which corresponds to &,,, 316 nm of a furocoumarin 
displaced by hydrogenation of the furanic to dihydrofuranic ring The NMR signal of the 
methoxyl group is shifted to T 6.06 (3H, 8); the peak at T 8*01(2H, q) probably corresponds 
to the methylene group of the isoprene chain, its three methyl groups absorbing at T 846 
(6H, s) and 9.27 (3H, t). The prominent ions of the mass spectrum are in accordance with the 
expected fragmentation pattern. 

Further elution yielded the second new coumarin, pinnuri~ (III), of empirical formula 
C6H1s04 and m.p. 162-163”, showing blue U.V. fluorescence. In the i.r. it absorbs at 1713, 
1595, 815 (coumarin), 1380-1387 (gemdimethyl), 888 cm-’ (=CH,). Its U.V. spectrum is 

similar to those of known coumarins with a methoxyl group at CS and C, and an isoprene 
side-chain at Cs (see Table 2). The NMR spectrum of pinnarin shows doublets at T 2.10 and 

TABLE 2. ULTRAVIOLET ABSORPTION OF SOME 5,7,8+u~m~mm COUMARINS (IN nm) 

Pinnatin (III) 
Mexotixm13 or 5,7dimethoxy- 

8-[CH,~)+cwnarin 

255 (sh, 3.97) 262 (3.99) 330 (4.17) 
252 (4.09) 260 (4.14) 326 (4-26) 

5,7~~~~8-(3’-methyl-2’-oxobutyl)- 

Coumurrayin’s or 5,7dimethoxy- 
8-[C&-CH=C&&),lcoumarin 

252 (3.86) 261 (3.91) 327 (406) 

239 (3.77) 263 (399) 329 (4.09) 

Sibiicin’6 or 5 ‘I-dimethoxy- 
8-[CHp-C&-C(CH,)&coumarin 

‘0’ 

252 (sh, 3.92) 259 (sh, 3.98) 327 (4.19) 

3.95 (J= 10 c/s; 2H, coumarin @ and a protons). The relatively low value for HB suggests 
the presence of a methoxyl group at CS shielding the proton at C,. Two singlets at T 6.12 
and 6.20 may be assigned to two methoxyl groups. Another singlet appears at T 3-72 (lH), 
this same value being found in the literature for a benzene proton between two methoxyl 
groups. A series of peaks may be associated with a 1,1-dimethyl ally1 group (T 5-05 to 5.30, 
2H, m, =CH,; T 3.55 to 4G0, lH, m, -CH=; T 8.35, 6H, s, Me&). The experimental 
results for pinnarin are consistent with the proposed structure of 5,7-dimethoxy-8-(1’,1’- 
dimethyl-allyl)-coumarin (HI), confirmed by obtaining from it the corresponding dihydro 
derivative (IV), as well as isopinnarin (V), cyclopinnarin (VI), and limettin (VII). 

Hydrogenation of pinnarin with Pd/C gives dihydropinnarin (IV), Ci6H2,,04, m.p. 125”. 
Its i.r. spectrum shows the typical coumarin absorptions (v,,,.. 1710, 1590, 815 cm-‘), but 
lacks the one at 888 cm-’ which in pinnarin is assigned to the methylene group. The NMR 
spectrum is characterized by the following peaks: T 8.43 (6H, s) corresponding to a gem- 
dimethyl group; 7 7-80 to 8-30 (2H, m) may be assigned to -CHI-, and the triplet at 7 9.28 
‘I D. P. CHAKRABORTI, B. K. CHOWDHURY and B. C. DB, TetrukakonLcttws 3471 (1967). 
I4 D. L. DREYER, Tctrohcckon 23,4613 (1%7). 
I5 E. WAD, WFX-NUE C. LIN, T~uNG-J~H LIN and WJZN-YAB KOO, Tetrahedron Letters 811 (1968). 
l6 P. W. AUSTIN, T. R. S~~HADIU, M. S. fbOD and V~IWAF-AUL, Tettwheuht 24.3247 (1968). 
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(3H) to the methyl group in -C!H&Ie; the other peaks are similar to &hose of .pimmrin (see 
Experimental), indicating that the ring structure of the mokule has not been modified. 
In the mass spectrum appears a molecular ion at m/e 276 and prominent ions according to the 
expected fragmentation ,pattern. The results obtained for dihydrophmarin are consistent 
with the structure of 5,7-dimethoxy-8-(l’,l’dimethyl-propyl~ (IV). Acid treat- 
ment of pinnarin yie1ded.a mixture of products of which we isolated the threeqrkeipal ones. 
Two of them, hitherto 
third was identikl as 
u.v., i.r., NMR, MS). 

unknown, are &t&d isopinnarin (V) and cyclopinnark wand the 
limettin (VII) by dire& comparison with an antheatic sample (m.p., 

H3C--&CH=CH2 
I 

CH3 

(1) 

yH3 

H3C-&CHy--CHj 

&H3 

H3C-&CHy-CH3 H,C--C-CH=CH2 
I 

CH3 CH3 

(II) m 

y-3 
9a3 

QH, 

j-3 

mOCH3 Ow 

WI) t-VIII) 

Isopinnarin (V), of empirkal formula ClbH1sO, and m.p. M-159”, showed yellow U.V. 
fluorescence. Its U.V. spe&rum is similar to that of pinnarin (see Experimental). In the i.r. 
spectrum appear the coumarin absorptions (u,, 1718,1600,803 cm-‘), the one at 888 cm-’ 
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being absent, which in pinnarin is assigned to the methylene group. The NMR data are 
consistent with structure V: T 8.15 (6H, s) may be attributed to the group =CMe, and I 8.57 
(3H, s) to =CMe, the other peaks being similar to those of pinnarin. The mass spectrum 
shows a molecular ion at m/e 274 and prominent ions consistent with the fragmentation 
expected for structure V. The experimental results for isopinnarin coincide therefore with the 
structure of 5,7-dimethoxy-8-(l’-methyl-2’,2’dimethylethenyl)-coumarin or). 

Cyclopinnarin (VI), of bluish violet U.V. fluorescence, absorbs in the U.V. at &,,- 345 nm 
(log E 4.15), which corresponds to the values found in the literature for dihydrofurocoumar- 
ins; the remaining absorptions are similar to those of pinnarin (see Experimental). The i.r. 
spectrum shows bands at a~,,,, 1715, 1607 and 810 cm-r (coumarin), the one at 888 cm-‘, 
which in pinnarin had been assigned to ECH,, having disappeared. The NMR spectrum is 
coincident with structure VI: besides the peaks for the coumarin and aromatic protons it 
shows one at 7 550 (lH, q, .T=6+5 c/s) which must correspond to -CH-O-; T 8-62 (3H, 
d, J=6*5 c/s) may be assigned to the methyl group in -O-CH-Me and T 848 and 8.75 
(each 3H, s) to the gemdimethyl. These values are consistent with those published by 
Irie et al.” for glaupalol (VIII), a coumarin with a trimethylated dihydrofuran ring identical 
to the one we think is present in cyclopinnarin. The mass spectrum is also in agreement 
with the proposed structure. 

During the formation of cyclopinnarin by acid treatment of pinnarin, the methoxyl group 
at C7 is demethylated, followed by cyclization; this is similar to the transformation of 
clausedin to cycloclausedin.r* At the same time that pinnarin in acid medium undergoes 
these transformations, there must also occur a splitting-off of the isoprene chain to give 
limettin (VII). 

After eluting pinnarin, the preparative chromatography yielded luvangetin, identified by 
comparison with authentic material (m.p., u.v., i.r., NMR, MS). Further elution gave 
isopimpinellin and sabandin, together representing 60 per cent of the coumarins isolated from 
the roots of R. pinnata. They may be separated either by direct chromatography on alumina 
with AgNO,, or after hydrogenating the mixture, by chromatography on alumina which 
separates dihydroisopimpinellin from sabandin. 

Isopimpineflin was identified through its m.p. and u.v., i.r., NMR and mass spectra, by 
comparison with an authentic sample. Hydrogenating isopimpinellin with Pd/C we obtained 
dihydroisopimpinellin, whose u.v., i,r. and NMR spectra are consistent with the structure of 
said dihydrofurocoumarin (see Rxperimental). 

For sabandin we had provisionally proposed the structure of a futocoumarin~ but in 
view of some new experimental results we must revise it. Sabandin forms yellow needles of 
m.p. 145’ with reddish yellow U.V. fluorescence, the empirical formula being C,2HL00e. In 
the i.r. it absorbs at Y,, 1710,1615,850 cm-‘ (coumarin) and 937 cm-’ which may corres- 
pond to a methylenedioxy group. Its NMR spectrum shows peaks at T 4.05 (2H, s) which 
may be attributed to a methylenedioxy group, and T 6.05 and 6.10 (each 3H, s) assigned to 
two methoxyl groups. The mass spectrum has a molecular ion at m/e 250. Tbe experimental 
results suggest any of the formulae IX, X or XI. In order to definitely establish the structure 
of sabandin, we are preparing it by synthesis. 

Finally, the preparative chromatography yielded thamnosin. This coumarin was isolated 
for the first time from ??tamnosma montana Torr. and Frem. by Dreyer et uI.‘~*~O Table 3 
” H. IRQI, K. Kmosxm~, H. MZUTNUE, S. Uyao and K. YAMAMOTO, Yak. zasshi 88,627 (1968). 
” B. S. Jam, V. N. KAMAT and A. K. SAKSMA, Tetmhedrim 23.4785 (1967). 
” D. L. DREYER, Tier- 22,2923 (l%(t). 
2o J. P. KUTNIW, T. INABA and D. L. DRRYER, J. Am. Chem. Sot. 90,813 (1968). 
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summarizes the results obtained by gas-liquid and paper chromatography of the coumarins 
isolated from the roots of R. pinnata and of its derivatives. 

TILE 3. CHROMATODRAPHIC DATA OF ml? COUMARINS ANDlBRlRDliRWMlVFS, 
FROM THE ROOIR OF Rutapimata 

GLC* PCt 

R/ill 
I \ 

T, (min) Ha0 H,O/S % HOAc 

Xanthyletin 
Furopinnarin 
Tetrahydrofuropinnarin 
Pimlarins 
Dihydropimlarin 
Cyclopbmarin 
Isopimlarin 
Limettin 
Luvangetin 
Isopimpinellin 
Dihydroisopimpinellin 
Sabandin 

17.6 
31.5 

. 
2.: 
29.5 
17.8 
24.4 
14.2 
33.0 

;.: 
36.5 

0.35 
0-O 

;:r 
0.17 
0.34 
054 
0.36 
0.43 
0.31 
0.50 
@51 

0.50 
0-O 
040 

0;2 
0.51 
0.68 
0.51 
0.49 

t; 
0.61 

*Column: QF-1; column temp. at the top: 174”; detector voltage: 1250V; 
sensitivity: x 10; gas flow: 50 ml/mm; chart speed: 6 in&r. 

t Ascending chromatography at 20” on Whatman No. 1 sheets (6-7 cm broad); 
total run: 30 cm. 

$ In PC, using the system butylene glycol/HOAc/H,O (6 : 10 : 86) pinnarin has 
R, 0.68. 

EXPERIMENTAL 

The m.p.‘s, determined on a Kotler block, are uncorrected. The U.V. spectra were obtained in EtOH and 
the i.r. spectra in nujol. The NMR spectra were run in CDC& with TMS as internal standard and TLC on 
silica gel Merck. Solvent used for recrystallizing coumarins was petrol. ether/benzene unless otherwise stated. 

Extraction of Comarins 
The cortex (1.46 kg) of the roots of the wild form of Rutapinnata L. fE. collected on the mountains near 

Bajamar (Tenerife) in November 1967 were extracted in a soxhlet with boiling EtOH. After eliminating the 
solvent by vacuum distillation, the extract was steam-distilled, thus separating the essential oils (36.6 g). The 
residue was @solved in EtOH and mixed with deactivated alumina (800 g). This mixture was fhst extracted 
with petrol. ether (b.p. 50-800), separating a viscous oil (729 g) whose investigation will be published later 
and afterwards with hot benxene yielding a dark-red product (83.3 g). 

Chromatography of the Benzene Extract 
After washing with petrol. ether, the benzene extract was mixed with deactivated neutral alumina (200 g), 

which was placed on the top of a column of alumina Merck (1.70 kg; activity II-III) in petrol. ether. Elution 
with petrol. ether gave small amounts of essential oils. Mixtures of petrol. ethr+benxene separated substances 
which showed blue, yellow, light-blue and dark-blue U.V. fluorescence, respectively. With benzene alone we 
obtained one compound with greenish blue and two with yellow U.V. fluorescence. Finally, with benzene/ 
AcQEt (1: 1) a substance with brilliant light-blue fluorescence was eluted. 

Xanthyetin 
Blue U.V. fluorescence. In TLC, PC and GLC as well as by U.V. and i.r. analysis it behaved the same as an 

authentic sample of xanthyletin. M.p. 130”. Found: C, 73.56; H, 5.34. Calc. for C,,HIIO1: C, 73.67; H, 
5.30%. NMR: 72.50 (lH, d,J = 9.5 c/s), H-4). 3.03 (lH, s, H-5), 340 (lH, s, H-8), 350 (lH, d,J = 95 c/s, 
H-3), 3.73 (IH, d, J- 9.0 c/s, H-43,440 (lH, d, J= 9.0 c/s, H-3’), and 8.57 ppm (6H, 8, Mea). MS: M+ 228 
(MW talc. for C,,HIPOI: 228); prominent ions m/e 213 (loO’%), 185 (32’%); metastable peaks at m/e199 
and 161. 
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Furopimarin (Z) 
In PC, using the systems HsO or 5 % HOAc or butyhme glycol/HOAc/HsO (6: 10: 86) it did not move. 

Mp. 126125” (from hexane/henzene). Found: C, 71.58; H, 5.71. CttHlsOI required: C, 71.82; H, 567%. 
h, (log c): 233 (412), 254 (396), 273 (3.97) and 316 mn (3.81). V, 1723, 1593, 1458, 1411,1375,1364, 
1350,1273-1265,1215,1183,1156,1143,1105,1000,980,911,821,730,718 cm-‘,etc. NMR: T 1.85 (lH,d, 
J -9.5 c/s, H-4), 2.41 (lH, d, .7 = 2.0 c/s, H-2’), 304 (1H. d, .Z = 20 c/s, H-3’), 3775 (lH, d, .7 = 9.5 
c/s, H-3), 3.33-3-83 (lH, q, CH=CHs), 4-85-5.19 (2H. m, CH=CZ&), 583 (3H, 8, OMe), and 823 ppm 
(6H, s, gemdimethyl). MS: M+ 284 (MW required for Ct,Hi~O,: 284); prominent ions m/e 269 (lOO%), 
257 (lZ0/6), 241(17x), 229 (36’h, etc.; metastable peak at m/e 255. 

Tetrahyaivf~opinna& (ZZ) 
Obtained by hydrogenating furopimrarin in EtGH with 10% W/C. &,., (log e): 230 (4.33), 255 (3.98). 

264(397)and34Omp(432). v~1720,1597,1550,1410,1385-1375,1340,1294,1240,1208,1130, 1108,1020, 
990,826,800,770,720 cm-‘. NMR: 7 2.06 (lH, d, .Z = 10 c/s, H-4), 3.88 (lH, d, .Z = 10 c/s, H-3), 5.41 @I-I, 
t, J = 6.5 c/s, H-23,686 (3H, s, OMe), 6.70 @I-I, t, J = 6.5 c/s, H-3’), 8.01 @II, q, C&Me), 846 (6H, s, gem- 
diiethyl), and 9.27 ppm (3H, t, CH&fe). MS: M+ 288 (MW required for Ci7Hs004: 288); prominent ions 
m/e 259 (1000/d), 231(35’%), 217 (40’4,189 (60”&. 

ZVlmcrin (ZZZ) 
Needles or quadrangular laminas, m.p. 162163”. Found: C, 70.13; H, 658; OMe, D2. C,~H,sO, 

required: C, 70.07; H, 6.57; two OMe, 22.6%. U.V. spectrum: seeTable 2. v,,,.. 1713,1595,1452,1387-1380, 
1260,1230,1217,1170,1125,1100,1ooO, 942,888,815,770 cm-‘, etc. NMR: 7 210 (lH, d,J = 10 c/s, H-4), 
355+00 (lH, m, CZZ=CH,), 3.72 (lH, s, H-6), 3.95 (lH, d, J = 10 c/s, H-3), 5.05 and 5.30 (2H, m, CH= 
C&), 612 and 620 (each 3H, s, OMe), and 835 ppm (6H, s, gem-diiethyl). 

DihydroZGn~rin (IV) 
F%narin (0.150 g) was hydrogenated with 10% W/C (MO g). Hydrogenation occurred rapidly. After 

filtering off the catalyst, the solution yielded a residue which, passed through alumina and recrystallired, had 
m.p. 125”. Found. C, 69.88; H, 7.42. C,,Hs,O, required: C, 69.56; H, 724%. &,,.. (log e): 217 (445), 256 
(sh, 399), 263 (4.01), and 330 nm (420). vmX 1710,1590,1452,1380,1324,1255,1230,1170,1130,1105,1080, 
947,835,815,770 cm-i, etc. NMR: 7 2.02 (lH, d, J = 10 c/s, H-4). 398 (lH, d, J = 10 c/s, H-3), 603 and 
6.08 (each 3H, s, OMe), 780-8~30 (2H, m, CZZsMe), 8.43 (6H, s, gemdimethyl), and 9.28 ppm (3H, t, CI&Me). 
MS: M+ 276 (MW required for ClsHsOO,: 276); prominent ions m/e 247 (lOO%), 261 (9x), 233 (60/, 219 
(80%), etc.; metastable peaks at m/e 247,229,221. 

Acid Treatment of Pinnarh 
Pimarii (O-15 g), dissolved in glacial HOAc (4 ml), was gently heated on a water bath, whereupon cont. 

H,SO, (2 drops) was added and the mixture left at room temp. for 1) hr. It was then diluted with Ha0 and 
extracted with ether. The solid obtained on evaporating the ether was chromatographed on a column of 45 g 
alumina + 10% AgNOa + 10% H1O, mixtures of petrol .ether/benxene eluting cyclopinnarin (0.060 g), 
isopinnarin (O-025 g), limettin (0824 g) and a mixture (O-030 g) of iiiettin with a second compound whose 
i.r. spectrum showed the presence of hydroxyl groups. 

Zsopinnarii ( V) 
Clustered needks, m.p. 158-159”. Found: C, 70.28; H, 6.84; OMe, 20.7. CiIHts04 required: C, 70%; 

H, 6.61; two OMe, 22~6%. & (log E): 225 (424), 255 (sh, 4-W), 263 (486), and 333 run (418). vmX 1718, 
1680,1580,1465 (broad), 1380,1332,1285,1243,1215,1190,1160,1125,1105,995,938,848,820,803 cm-i, 
etc. NMR: 7 280 (lH, d, J = 10 c/s, H-4), 3.65 (lH, S, H-6), 3.86 (lH, d, J = 10 C/S, H-3), 6a and 6.12 (each 
3H, S, OMe), 8.15 (6H) and 8.57 ppm (3H) both singlets assigned to -C(Me)=CXMe)l. MS: M+ 274 (100%; 
MW required for CIIHL004: 274); prominent ions m/e 259 (45 %), 244 (18x), 231 (75 %), 216 (15 “/.), etc.; 
metastable peaks at m/e 245,230. 

cyc10pimlorin (Vz) 
Bluaviokt U.V. flu orescence which on treatment with alkali changes to bluegreen. In TLC and on wetted 

paper it shows brilliant green U.V. fluorescence. In TLC, PC and GLC it behaved as a pure substance. Fine 
needles, m.p. 115-116’ (from Pe). &,,,= (log e): 227 (4.17), 241 (sh, 3*86), 258 (sh, 3.96), 265 (4.01) and 345 run 
(415). Y,.. 1715,1607,1465,1385,1355,1315,1280,1225,1205,1170,1112,1108, 1065,1035, 993,965,870, 
850,830,810 cm-i, etc. NMR: T 2.08 (IH, d, J = 10 c/s, H-4), 380 (lH, s, H-6), 3.95 (lH, d, J = 10 c/s, H-3), 
55O(lH, q, J E 6.5 c/s, G-CH), 6.16 (3H, 8, OMe), 8.62 (3H, d, J = 6.5 c/s, G-CHMe), 8.48 and 8.75 ppm 
(total6H,s,gemdimethyl). MS: M+26O(MWrequired for CisHthO,: 260); prominent ionsm/e245 (RX&&, 
230 (14x), 217 (71x), 189 (32x), etc.; metastable peaks at m/e 231,192,164, etc. 
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Limettin (VIZ) 
Bhtoviokt U.V. fluomscence. By chrw (TLC, PC, GLC) as well as U.V. and ix. anaiyma it was 

found to be identical to an authentic samuk of lime&. Needles. m.u. 144-1459 Found: C. 6397: H. 4.97. 
yak. for c,,H,~o, : c, 64a ; H, 489 %. NMR: T 292 (1~. d, J L lb C/S. ~-4), 358 (1~ d,; = 2 c/s~-6), 
3.72 (lH, d, / = 2 c/s, H-8). 3-87 (lH, d,J = 10 c/s, H-3), 6.12 and 6.15 ppm (each 3H, s, OMe). MS: M+ 206 
(100%; MW talc. for Ci,HiOO,: 206); p rominent ionsm/e 178(81O%), 163(48x). 

Llam@in 
Bluegreen U.V. fluorescence. In TLC, PC, GLC, U.V. and i.r. analysk it gave the same values as an authentic 

sample of luvangetin. Coiourkss needles, m.p. 109“. Found: C, 7W5; H, 5.41; OMe, 12.93. Cak. for 
C,SH,,O,: C, 6972; H, 5.43; one OMe, 12.02%. NMR: T 246 (lH, d, J = 95 c/s, H-4), 320 (lH, I, H-5). 
368 (lH, d, J = 9 c/s, H-4’), 3.83 (lH, d, J = 9-S c/s, H-3), 434 (1H. d, J = 9 c/a, H-3’), 6Q5 (3H, s, OMe), 
and 850 ppm (6H, s. gem&methyl). MS: M+ 258 (MW talc. for CllHl,OI: 258); prominent ions m/e 243 
(100~~,228(440/,215(170~,209(420~;met~bkpeaksatm/e229,214,175. 

Isopiimpindiin 
GLC revealed that isopimpinellin and sabandin repreacnt 60% of the coumarins inthebcnzencextractof 

the roots of R. ptbatu. By TLC and PC they are both easily separated from one another, but on preparative 
scale the separation is more di8kult. The probkm was resolved by chromatographing the mixture on acid ahr- 
mina and on alumina with AgNO,. Isopimpinellin, showing reddish U.V. fluommenq cry&U&d as yellow 
tree&a, m.p. 149-15tP. Its chromatographic (TLC, PC, GLC) and spectral (u.v., i.r., NMR, MS) data were 
the same as those af an authentic sample. 

Dihydroisopimpincilin 
The mixture of isopimpinellin and sabandin (@51 g) in EtOH (60 ml) was hydrogenated with 10% Pd/C 

and then chromatographed on neutral alumina Merck (4Og; activity II-III). Elution with benzene yklded 
sabandm and dihydroisopimpinellin separately. Dihydroisopimpineliin, brilliant yellow U.V. fluorescence, 
m.p. 143-144”.! & (log E): 230 (444), 258 (sh, 384), 265 (3.91) and 338 nm (420). v,. 1725, 1610, 1582, 
1410,1376,1280,1207,1130,I098,1065,1010,978,830cm-‘, etc. NMR: 7 2.13 (lH, d, J = lOc/s, H-4), 
390 (lH, d, J = 10 c/s, H-3), 5.32 (2H, t, J = 6.5 c/s, H-2’), 6a (6H, s, 2 OMe), and 6.61 ppm (2H, t, 6.5 c/s, 
H-3‘). 

Sabamiin (IX, X or Xr) 
Yellow needks, m.p. 145”. Found: C, 5770; H, 4.16; OMe 24.31. CllHIoOI required: C, 57.61; H, 

4.03; twoOMe, 2472%. &,..(log e): 228(4.36),242 (sh,430), and 328 nm (4.26). vui 3878,1710,1615,1590, 
1480,1420,1376,1280,1150,1090,1970,993,975,952,937,875,850, 806cm-‘,etc. NMR: r2*12(1H,d, J = 
9.5 c/s, H-4), 3.87 (lH, d, J = 95 c/s, H-3), 405 (2H, s, O-CH~-O), 695 (3H, s, OMe), and 6.10 ppm (3H, 
s, OMe). MS: M+ 250 (MW required for C1&,Os: 250); prominent ions m/e 235 (108%), 222 (8’A, 207 
(23 %), 177 (23 “/, memstabk peak at m/e 221. 

Brilliant blue U.V. fluorescence. By TLC in several systems it behaved as a pure substance. Q&ranguk.r 
plates, m.p. 240” (from petrol .ether/CHCh). Its U.V. and ix. data proved to be the same as those published by 
Dreyer et al.19*zo NMR: T 2.45 and 2.50 (each lH, d, J = 10 C/S; 2 H-4), 2.90 and 2.95 (each HI, S; 2 H-5), 
3.38 (2H, s,2H-8), 3.853*92(4H,m, 2H-3 and~c--cH)75 (lH,m,HG-CMe), 62O(lH,Pb--CH-Me). 
628 (6H, s, 2 MeO), 7.85 l2H. m, J = 7 c/s, &=C(Me)-C~,-CH~-1,820 (3H, s, C&CMe), 8.35 [2H, m, 
J = 7 c/s, CkC(Me)--CI&-CI&-_I and 875 ppm (3H, s, Ph-CMe). MS: M+ 484 (MW cak. for 
CtoHtaOc: 484); prominent ions m/e 242 (loon& 211 (55x), 183 (16%); metastabk peak at m/e 213. 

Dihydrothamnosin 
This derivative was prepared by hymting thamnosin (028 e) with 10% Pd/C in EtOH/CHC&. 

The U.V. and i.r. spectra were am&tent with those determined by Dreyer et aLB9*‘0 NMR: T 2.43 and 2.50 
(each lH, d, J = 9 c/s; 2 H-4), 290-3.30 (4H, 4 peaks, 2 H-5 and 2 H-8), 3.82 (2H, d, J = 9 c/s, 2 H-3), 4.81 
(lH, m, ZfC+CMe), 6~15-620 (7H, 2 OMe and Ph-H-Me), 7.54 (2H. q, J = 7 c/s, Ph-C&), 790 
[W, m not resolved, C=C(Me)-CKl, 824 [3H, s with broad base, C==C%Ue)-CHJ 8.33 [2H, m not 
resolved, C=C@ie)-CH~-C&l. 8%3 (W, q, J = 7 c/s, Ph-CH,-C&-) and 8.93 ppm (3H, s, Ph- 
CH-CMe). 

~&mwle&~me~~The authors thank Dr. J. L. BretQ for running the NMR spectm, Dr. Maroni of the 
PerkhiElmerItalianaS.A.forthemassspectraandDr.caMa6n of the Centro National de Quimka 
~~forca&ngouttheekmentaryanalyms. Thisstudywasperformedi+hthe&uncial 
support “MBnUel AguiW’ granted to one of the authors (A. G. G.) by Aailar S.A. de Ebcxmea. 


