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posed for eugenol and ~nnamica~dchyde is similar to that 
suggested by Ma&to et al. [Z-4] for Ocimum basilicurn. 

EXPERIMENTAL 

Mcterials ed methods Fresh cinnamon cuttings were obtained 
from Royal Botanic Gardens, Sydney. They were divided into 
5 lots each of 25 rt 2 g The stems of the selected cuttings (cc 
15-20 cm long), each with 5-S attached leaves were then recut. 
The cut ends were immediately immersed in glass vials con- 
taining the solns with labelled substrate. The substrate solns 
were 10 pCi of DL-phenyl-[ l- 14Cl-alanin5 or_-phenyl-[3-r4C]- 
alanine, 5 pCi of DL-phenyl-[2-l C]-alanme, 10 pCi of L-[“C- 
Me]-methionine and IO pCi of t-[“C-Me]-mcthionine with 
7 pCi ~L-phenyl-[3-14C]-al~~e, each lot with 4 mmol and I mg 
glucose. The total vol. dsoln in each vial was 0.I ml. The cuttings 
were held in the glass house under normal daylight condition, 
at a constant temp. (25 f 1”). Most of the substrate solns were 
adsorbed in about 30 min; after which the cuttings were main- 
tained on H,O. 

Extraction and isolation procedure. After 5hr each lot was 
removed, cut into small pieces and steam distilled immediately. 
The radioactivity cf the distilled oil was determined using totuene 
based scintillation soln and a scintillation counter. 

Isolation ofeugenol and cinnamic akfehyde. These two com- 
pounds were isolated by preparative GLC on a (3 x 6.4 m o.d.) 
glass column of 20% Carbowax 20 M on Gaschrom Q (SO-100 
mesh). The operating conditions were: column temp. 75-235” 
at 2”/min;injector2l0”;detector235”;carriagasN, 45 ml/min; 
stream splitter I : 10; sample size 30 ~1. The eluant samples were 
collected in a glass tube (7 x 0.25 id.) packed with Si gel 50-200 
mesh with either end plugged with glass wool The relative abun- 
dance of each compound was calculated by peak areas. The 
radioactivity in eugenol and cinnamic aldehyde was measured 
using toluene based scintillation soln (10 ml) containing 40% 
Cab-o-sil. 

lsoiation and degradation of Melled eugenol. Eugenol was 
isolated from the distilled leaf oil by method of ref. [l]. Labelled 
cinnamon leaf oil (460 p1) was dissolved in Et,0 (5 ml) and 

extracted by shaking with 10% KOH (3 x 5 ml). Et~ad WBS 
regenerated by acidifyins with excess H,SO, extracted with 
Et,0 and coned under a gentle stream of Ns, when its radio- 
activity was determined. GLC showed only one peak corm+ 
pondiag to eugenol Eugenol labelled with L-[14C-Mc]-methio- 
nine was subjected to degradation to homoveratric acid by a 
modilicationofthe method described in ref. 133. Labelled eugenol 
(225 pi) mixed with inactive eugenol(25 pl) and methyiated by 
refluxing for 5 hr with Me,SO, (0.7 ml) and 10% KOH (0.7 ml) 
in dioxanc (12Sml). The metbyleugenol was extracted with 
ether, dried and coned over a gentle stream of N,. Methyleugenol 
was degraded to homoveratric acid (3.4dimethoxyphenylacetic 
acid) as follows. A soln of methylkugenol (IO0 ;;I). KMnO, 
(2.5 a) and K,CO. (0.8 a) in 100 ml H-0 was refluxed for 3 hr. 
cool% and faltered Hom<veratric acid was extracted with CHCI; ’ 
(25 ml x 2) and Et,0 (25 ml). The combined solo was evapd and 
the homoveratric acid was recrystallized from hot H,O to 
constant mp (81.5-82.5”). Its radioactivity was determined using 
toluene based scintillation solution. 
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INTRODUCTION 

Ruta pinnata L.fi endemic to the Canary Islands, is 
extremely rich in coumarins, of which we have alre?dy 

*Part 34 in the series ‘New Sources of Natural Coumarins’. 
For part 33, see : Gonxalez, A. G., Cardona, R. J., Diaz Chico, E., 
Dorta, H. L. and Rodriguez Luis, F. (1977) An&s Quim. in press. 
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isolated more than forty, nine being reported for the 
first time [l-4]. We have already reported on the couma- 
rins from the leaves of this plant [4-6] ; this paper deals 
with secondary coumarins from the same source. 

RESULTS AND DI!SCUSSlON 

From the alcohol extract of the leaves of Ruta pinnata, 
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the coumarins already described t4-61 were isolated, 
together with benahorin, byakangelicin, furopinnarin, 
heraclenol, Iuvangetin, oxypeucedanin hydrate, pangelin, 
pinnarin, sabandinin, tamnosin, xanthotoxin and xanthy- 
letin, previously obtained from other parts of the same 
plant and characterized by their constants and spc~tro- 
scopic data. Coumarin 1 has not been found before as a 
natural product and 2 and 6 are hitherto unknown. 

Coumarin I 

Mp 89-90”, C,sH,40,, m/e M+ 260, with significant 
fragments at 217 CM+ -CH(CH,),] and 189 (base peak) 
[M * -CH,-CO-CHMe,]. The UV spectrum shows 
it to be a simpie coumarin with alkylation at C-6 and 
alkoxylation at C-7. Its NMR (60 MHz. CDC13, r-scale) 
has signals at 2.38 and 3.75 (1H each, d, J = 10Hz; 
H-4and H-3);2.79and3.21 (lHeach,s; H-Sand H-8)plus 
thosecorrespondingtothegroup-CH,-CO-CHMe,. 
These data are the same as those for 6(2’-keto-3’-methyl)- 
butyl-7-methoxycoum~in (I), synthesized by King et al. 
f73 from 2’,3’-epoxysuberosin. 

Another coumarin isolated from the leaves of Ruta 
pinnata is 2: mp 112-113”, C,gH,,O,, m/e M+ 260, 
major peaks, 189 (base peak) (M+ -CHOHCMe 7 
CHJ, 175 (M + -CH,CHOHCMe = CH,). Its UV 
was consonant with that of a 7-methoxycoumarin and 
an OH was plainly visible in the IR spectrum (vge’ 3325 
and 3225 cm- ‘). Signals appeared in its NMR at : 2.39 
and 3.80 (1H each, d, J = 9.5 Hz; H-4 and H-3), 2.70 
and 3.23 (1H each, s; H-5 and H-8); it also had the signals 
typical for the CH,CHOHCMe = CH, grouping. By 
oxidation (CrO,/Py), 2 formed ketone 5 and by acetyla- 
tion, the monoacetate 4, mp 76-77”, giving the dihydro 
derivative 3 by hydrogenation. When 2 was heated in 
acetic acid with a few drops of sulphuric acid, it iso- 
merized to ketone 1. We suggest the trivial name, tam- 
arin, for this new coumarin. 

From the alcoholic leaf extract an oily product 6 which 
could not be crystallized was isolated: C,,H,zO,, m/e 
M’ 306, significant peaks, 261 (M’ -OEt), 219 (M’ 
-CMe,OEt), 189(basepeak)(M+ -CHOHCMe,OEt). 
The UV spectrum of 6 was su~rimpo~ble on those of 
1 and 2 while its IR revealed OH absorption (11’: 
3460 cm - ‘). Its NMR (90 MHz, CDCI,, r-scale) showed 
absorption bandsat 2.35and3.76(1Heach,d,J = 9.5 Hz; 
H-4 and H-5). 2.62 and 3.20 (IH each, s ; H-5 and 

1, R = COCHMe2 5, R = COCMe = CH, 
2, R = CHOHCMe = CH, 6, R = CHOHCMe,OEt 
3, R = CHOHCHMe, 7, R = CHOAcCMs,OEt 
4, R = CHOAcCMe = CH, 8, R = COCMe,OEt 

bCH,CHOHCMe,OEt 

9 

H-8) and signals characteristic of the group 
--CH,-CHOH-CMe,OEt. The presence of the 
-CHOH- group was confirmed by the formation 3f an 
acetate 7 and by oxidation (CrO,-Py) to the ketone 8. 

The spectral data obtained for 6 and for its derivatives 
are in accordance with the structure 6(2-hydroxy-J’- 
etho~~~but~l-7.meiho~ycoumarin. which is a new cou- 
marin. It could tx formed as an artifact from 2 during the 
extraction process. 

From the alcoholic extract of the leaves ofRuta pinnata 
the 0-tri-ethyl-hydrate of oxypeucedanin 9, a coumarin 
in the fruits of Ruta oreojasme Webb 181 was also isolated, 
as was the lignan, savinin. 

Ex.?WHMENTAL 

The mp’s are uncorr. UV spectra were taken in EtOH; IR 
spectra on a PE 257 and NMR on a PE-R32, using TMS as 
int. stand. 

Extraction. 5 kg dried leaves of wild Ruta pinnota, gathered 
in the region of Bajamar (Tenerife) were extracted under nflux 
with EtOH. When the extract had been coned, the sticky residue 
was rinsed in H,O vapour. It was extracted again by tefluxing 
with petrol and then with C+,H,. After the C,H, had been re- 
moved, 103 g of a dark substance were left (C,H, extract). The 
liquid from the rinse was cleaned in CHCI,, yielding 228 of 
a semi-solid reddish product (CHCI, extract). 

Separation and characterization ofthe products. C,H, extract : 
this was chtomato~phed on a column of Al,O, (Merck) of 
II-111 activity and eluted with petrolC,H,, C,H,-CHCI,, 
CHCI,, CHCI,-EtOH and EtOH. This process yielded pre- 
dominantly coumarin mixtures later separated on A&O, or 
Si gel. The following coumarins were isolated, simple-pinnarin, 
sabandin, sabandinin and sabandinol; furocoumarins-bena- 
horin, bergapten, furopinnarin. isopimpinellin, oxypeucedanin 
hydrate, pangelin andxanthotoxin : pyranocoumarins-luvan- 
getin and zanthyletin ; the bicoumarin, thamnosin and thelignan, 
savinin. All products were identified by their constants, spectral 
data (IR, UV, NMR and MS) and by TLC and PC of these pro- 
ducts and samples of known substances. From the benzene 
extract, 1,2,6 and 9 were also isolated. CHCI, extract : the 22 g 
of the CHCl, extract were subjected to chromatography on a 
column of 450 g of activated (IV) 110 % H,O] AI,O, and the 
following substances were isolated : byakangelicin, 2’.3’-dihy- 
droxy-2’,~~~ydrosu~rosin, heraclenol. oxypeucedanin hy- 
drate and sabandinol, further identified by their constants, by 
spectroscopy and by comparative chromatography. 

6(2’-Keto-3’-methyl)butyl-7-methoxy-coumorin (1). Blue tluor- 
essence in UV. Mp 88-89’; IR PA?’ 1~25,1628,1568.821 cm-‘; 
UV J.,., 327, 291 (inn. 251.5. 240 (inn. 221 and 240nm (lop c ..- 
3.88, 3.62, 3.39, 3.50, j.96 and 4.14); ‘NMR (CDCI,, 60 i&j 
6.13(3H,s;Me0),6.23(2H,~;C~~-C0),7.27[1H~m,~ = 7Hz; 
CBMe,] and 8.87 (6H, d, f = 7Hz; gemdimethyl). 

b(Z’-Hydroxy-3’-methyi)buten-3-yl-7-methoxy-coumarin (2). 
Blue fluorescence in UV. Mp 112-113”; IR v$0’cm-’ 332.5, 
3225, 1619, 1564,902, 821; UV l,,nm 331,300,253,242 (inf), 
223 and 207 (log z, 3.91, 3.65. 3.47, 3.58. 4.02 and 4.11); NMR 
(CD&, QOMHz) 5.06 (in, apparently a br s; =CH,), 5.17 
(lH, m; =CHJ, 5.67 (1 H, m; CH,-Cfl), 6.09 (3H, s; MeO), 
7.15 (2H, m; C&-CH), 7.80 (OH), 8.18 (3H. s; =C-Me). 
Found:C,69.23;H,6.18.C,,H,,O,requires.C,69.18;H,6.19. 

6(2’-iiydroxy-3’-methyl)butyl-7-methoxy coumarin (3). 50 mg 
2 in EtOH were hydrogenated uoder pressure at 20’ with 1% 
Pd-C as catalyst. A solid was formed which crystallized from 
C,H6: mp 132-133”; IR ~~~‘crn-~ 3360.3320.1733,1629,1565 
and 819; UV L,nm 331,298 (inf), 252, 241 (inf), 222 and 205 
(log tz, 3.86, 3.60, 3.42, 3.50, 3.96 and 4.12); NMR (CDCI,, 
6OMHz) 3.39 (iH, d, J = 1OHz; H-4), 2.72 (IH, s; H-5), 3.22 
(lH, s; H-8), 3.79 (lH, d, 3 = lOHz), 6.16 (3H, s; MeO), 6-7.5 
(3H. m: CFI,-C&U 8.20 (lH, broad-based s; OH), 9.07 (6H, 
d, J = 7 Hz;gem-dimethyl); MS, M’ 262(4.C,sH,sO, requires 
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262),s@iSeantpeaks219[2,M+ -CH(CH,),], WOfbasepurk) 
[M+ -C@H)CHMe,]. 

6.50 (2H, q, J = 7 Hz; -C&--Me), 8.20 (3H, s; C&-CO), 
8.83 (6H, s; gem-dimctbyl) and 8.87 (3H, t, J = 7 Hz; 

6(2’-AcetyCJ’-methyl)bulen-3-yl-7-methoxy coumarfn (6). GCHs--C&). 6 was oxidised with CrGs-Py yielding an oil, 
2 when trcated with Ac+Py formed an aoctate (4) : mp 7677”; 
MS m/e M+ 302 (6, C,,H,sCIs requires 3023 m/e 242 (36, 

6(2’-kcto-3’-metbyl-3’~tboxy)butyl-7-methoxy eoumarin 8. IR 

M+ -MeCGOH), 190 (60, MC. C(GCOMc)C2&&, 189 [base 
#zetn-i 1725,1624,1565 and 825. UV rl, urn 329,298 (inf), 
252,242 (infj, 220 and 205 (iog E 3.86,3.69,3.64,4.01 and 4.11). 

FpE 
+ -C(H) (GCOMe)C g!j&], and 43 (28, MeCO+); NMR (CDCI, 90 MHz) 2.41 (iH, d, J = 9.5 Hz; H-4), 2.81 

em-’ 1730,16x), 1515,1240(McC0), 1132(McCO), 
900 (ZCHs), 821; W 1-nm 328,295,25f, 241 (inf), 221 and 

(lH, s; H-S), 3.19 (lH, s; H-8), 3.75 OH, d, J = 9SHz; H-3), 
6.05(2H,s;C&-CO),6.17(3H,s;MeO),6.54(2H,q,J = 7 Hz; 

204 (log e, 3.85, 3.66, 3.56,4.01,4.19); NMR (CD&, 60 MHz) @Z&Me), &64(6H, s; gemdimethyl) and 8.73 (3H, t. J = 7 Hz; 
2.40 (lH, d, J = 1OHz; H-4). 2.79 OH, s; H-5), 3.21 OH, s; OCH,CH,). 
H-8), 3.76 (lH, d, J = 10Hz; H-3), 4.56 (lH, m; CH,-CHL 

5.13(2H,s ; =CH,), 6.12 (3H, s; MeO), 7.05 (2H. m; C&-CH), Ackrwwtedgemem--Gne of us (MRE) acknowledges a grant 
8.08 (3H, s; MeCO), 8.25 (3H. d, J = 1.3 Hz; =C-Me). from the Plan Cultural de 1s Exerna Maucomunindad Inter- 

6(t’-Keto-3’-methyl)btcten-3-yl-Fmetfroxy coumorin (S). 2 was insular Provincial de Las Palmas. 
oxidized with CrOs-Py to for& a products which gave a blue 
flouresecna in UV: NMR fCDCl, 9OMHz) 2.32 OH d. 
I= lOHt:H-4),275(1H,s;H-~3.~(l~s;~-8),3.7~(1~d, 
J = 1OHz; H-3), 4.85 (2H, m; =CHs), 5.96 (3H, S; MeO), 
6.l2 (ZH, s; CM-CO) and 7.95 (3H, s; =X--Me). 

6(2’-Hydroxy-3’-methyt-3’-ethoxy)brrtyl-7-mcthoxyc~in 
(6). This WBS obtained as a viscous oil which.would not crystal- 
lize+ Ct,HZaOp MS, M‘ 306 (37, C,,H,,O, requires 306). 
signiliit peaks, 288 (5, M + -H,O).220(31,M’ --CC&l,,~\ 
190 [M+ -C(OH)CMe,OEt] and 189, base peak. IR _ em 
3460, 1720, 1620, 1562 and 824. UV rl,nm 332, 300 (inf), 
252(i& 242(inl)222and 207(loge. 3.85.3.54.3.62.4.01 and4.15). 
NMR(CDCI,,90 MHz)showssignalsat235(1H,d,J = 9.5 Hz; 
H~),262(lH,s;H-5~3.2O(lH,s;H-8~3.76(lH,d,J = 9.5Hz; 
H-3), 5.8-7.65 (3H, m; -C&CIL), 6.09 (3H, s; MeO), 6.52 (2H, 
q, J = 7.Hz; GC&Me), 8.25 OH, br s; OH). 8.75 (6H. s; gem- 
diiethyl) and 8.82 (3H, t, J = 7 Hz; GCH,C&). 6 witb AC&- 
4 forms the oily aectate 7, C1sHsQOe : MS m/e M l 348 
(C,,H,,G, requires 348). &nifieant peaks 288 (48 M” 
-McCOOH), 273 (71, M+ -MeCOOH-Me), 243 (31, M* 
-MeCOOH-OEt) and 189, base neak. IR. r$!!?‘cm-’ 1725, 
1621, 1580 and 827: W, .X,328, 3i)o (in& 250-&L 241 (inf), 
220linBand206flone3.87.3.71.3.623.67.4.04and4.151.NMR 
(C~~~MHz~2.~1 (lH;d, J = lO’Hz;~4),2,82(lH,~;H-~~ 
3.25 (lH, s; H-8), 3.79 (lH, d, J = 10Hz; H-3). 4.75 (lH, m; 
CHs-Cftt, 5.84-7.30 (2H, m; C&--CH), 6.13 OH, s; MeO), 

1. 

2. 

3. 

4. 

5. 
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KGY Wenl Idsx-Dictyotadichotonto; Dictvotales; brown algae; polyphenols; ~p~or~hol pcntaacctate; difucol 
he&acetate; idcntificution. 

Pflanze und Herkunft--Dicryota dichotoma ck udson) 
Z,umowoux (Ro~off~re~gne, Sept. 1974, April 1975). 

In Extrakten aus D. dichototna wurde bisher nach der 
Acetylierung Phloro~ucint~a~tat (1) dc nachgewiesen 

*Mitt. 21. ‘Antibiotica aus Algcn’, Mitt. 20 s. Glombitza, 
K.-W., Wiedenfcld, G. und Eckhardt. G. Arch. Fharm. im Druck. 

[l]. Bei der Aufarbeitung gr66erer Mengen Algen- 
materials wurden 4,5 mg 1 isoliert und durch MS, PMR-, 
IR-Spektren und Smp eindeutig identifiziert. 
, Neben 1 (R 459, ~eselgeS-Fan,-Fe~i~latten Merck, 
CHCI -Me (!O (47:3)) wurden zwei weitere UV-Licbt 
Bsch&de, &it Vanillin-H,SO, rot farbbare Substanzen 
beobachtet: 2, R, 453 und 3, R, 0.49. 


