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ALrtrw(--A oew atkatoi& 3dim&yWlyl4dimethyWlyloxy-2quioo+o~ has been isolaled from 
Hqlophyh tubrrcu&rum (Rutaau) and churcrmized by NMR and mam spa~rometry as well as by 
conversion into dibydro4lindcraine. Tbe known alkaloid flinderaine has been atso isolatat from this plant. 

As PART of our survey of the flora of Israel, the herb Haplophylwn ruberculat~ 
(Rutaceae) has been more extensively investigated. The leaves and stems of the plant 
have been successively extracted with various solvents Chromatography of the 
hexane extract yielded two crystalline nitrogen containing compounds C, l H r ,O,N( I) 
and Cr9H,,0,N (II). Compound I. according to its physical constants and spectral 
properties, is identical with the known alkaloid flindersine’ which is present in 
certain species of the Rutaceae family and its identification was accomplished by 
direct comparison with an authentic sample; also the dihydroderivative (III) which 
was obtained by catalytic hydrogenation of I was found identical with a synthetic 
sample of dihydroflindersine.’ 

The mass spectrum of flindcrsinc (I; Fig. 1) is remarkably simple. Most of the total 
ion current is carried by two ionic species, the molecular ion m/e 227 (417; of the base 
peak) and “M-15”, m/e 212, the base peak. The outstanding stability of the latter, 
formed by loss of a Me group from the molecular ion, can be understood by the 
formation of the fully conjugated system A : 
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As to compound II, its UV absorption spectrum was also indicative for a 2- 
quinolonc type chromophore,’ A._ 227,272,324 and 338 mu (e 41,300,32,2CKl, 8500 
and SSOO). 

All the 23 protons of this compound could be accounted for in the NMR spectrum; 
the presence of four vinylic Me groups was disclosed by singlets at b 1.70 (6 protons), 
l+tO and 1.88 (3 protons each); two doublets of two protons each, centered at 6 350 
and 4.57, accounted for the deshielded protons of two methylene groups, while 
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an undefined multiplet between S 518-582 was indicative for the presence of two 
vinylic protons. The low fiekl region of this spectrum could almost be superimposed 
on that of compounds I and III. Analogously. the complex multiplet between 6 7-03- 
7.55 was assigned to the aromatic 6.7 and 8 protons, and the double doublet centered 
at d 7.75 to the 5-H. This assignment is in agreement4 with the higher deshielding of 
the 5-H in 4-alkoxy-2-quinolones and the isomeric 2-alkoxy+quinolones. Robertson’ 
has shown that a distinction can be made between these two systems by using the 
magnitude of the relative deshielding of the 5-H : while in 4-alkoxy-2quinolones this 
signal is shifted downfield from the center of the multiplet of the other three aromatic 
protons by less than 40 c/s, in the 2-alkoxy4quinolones this distance is considerably 
larger, about 60 to 70 c/s. The corresponding distance of 27 c/s measured in the spec- 
trum of compound II indicates therefore a Qalkoxy-2quinolone type structure. 
Furthermore, only one signal (1-H) of an exchangeable proton appeared at extreme 
low field (6 1166) with the same chemical shift as the amidic proton of flindersine. 
The possibility that this signal belongs in compound II to a hydroxylic proton (at 
C-4) is excluded by the failure of II to yield a methyl ether with diazomethane. 

These data, in conjunction with the absorption spectrum and the IR band at 1634 
cm-’ characteristic for an amidic CO, are suggestive for the partial structure B 
for compound II. 
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In the mass spectrum of compound II (Fig 2) the base peak at m/e 228 is formed by 
loss of a fragment of 69 mass units from the mokcular ion (m/e 297) and it is accotn- 
pa&d by a peak at m/e 229 formed by loss of 68 mu. The other two major peaks at 
m/e 174 and m/e 186 arc also most prominent in the spectra of dihydroflindersinc 
(III; Fig 3) and khaplofolint” (IX). This may indicate that in the ions m/e 228 and 
229 the two 0 atoms are retained and consequently the fragments which are lost are 
CsH, and C$H, respectively. 

In view of the electron impact induced f~~~~ti~ of II it is interesting that 
upon catalytic hydrogenation, one mok of hydrogen is rapidly absorbed inducing 
the hydrogenolysis of a C,HP fragment, to yield IVa, C,,H,,OIN, showing an UV 
absorption spectrum very similar to II. In contrast to the latter, IVa yielded readily 
a methyl ether (IVb) upon treatment with diaxomethane.’ 

Since IVa is not enough soluble in chloroform, its NMR spectrum was recorded 
in pyridinc and DMSO solutions. In comparison with II, the pyridine solution spee- 
trum showed major changes in the high and medium field regions, while the spectrum 
in DMSO clearly indicated that no changes had occurred in the aromatic protons 
region. The experimental difliculties in the analysis of the whole NMR spectrum of 
IVa were overcome by recording the spectrum of the methyl ether (IVb; d-chloroform 
solution). 

Two singlets at 6 I-73 and 1.88 accounted for two vinyhc Me groups; a two proton 
doublet at 6 348 was indicative for a methylene group split by one neighboring proton; 
the two peaks of the doublet were broadened by long range coupling probably due to 
the Me protons. The sharp three proton singlet at d 403 was assigned to the OMe 
group and the one proton multiplct at 6 5.3 was due to a vinylic hydrogen. The 
resonance peaks of the four aromatic protons showed the same pattern as in 
compounds I, II and III. 

Comparison of the NMR spectra of compounds II and IV shows that the protons 
of the C,HP fragment, lost during the conversion of the former to the latter, are those 
of two vinylic Me groups (singlets), of the more deshielded mtthylene (6 4.57, doublet) 
and ofa vinylic proton (multiplet). The reaction which took place (II + IV) can there- 
fore be easily interpreted as the hydro~olysis of an allylic ether, and according to 
the NMR data. the cleaved fragment (R, in B) can only be a 3.3dimethylallyI chain. 
Accordingly, the formation of ions m/e 228 and 229 in the mass spectrum of II can 
be formulated as fission u (see formula C) of the allylic C-0 bond for the former and 
elimination of a diene molecule (C,H,) for the latter case. By subtraction, the R, 
moiety in partial formula C must be also a C&H9 unit attached at C, and again, only a 
3,3dimcthylallyl structure is compatible with the NMR features of IV as well as of II. 
Compound IVa is therefore 3dimethylallyl4hydroxy-2quinolont. Its mass 
spectrum is almost identical with that of dihydroflindersine (III), the main difference 
being the relative intensities of ions m/e 174 (base peak of III, but 92*2”/, of base in IVa) 
and m/e 186 (base peak in IVa us 83.7% of base in III). In view of the structure of IVa, 
this can be explained by a very ready cyclization of its molecular ion to give 111. Such 
a cyclization was actually achieved preparatively by Bowman and Grundon’ who 

have obtained a mixture of dihydroflindersine and khaplofolinc by treatment of IV 
with acid. Compound IVa has been prepared by Grundon’ from aniline and diethyl 
3-methyl-but-2-enyl-malonate and its reported physical constants are the same as 
those of the compound obtained by hydrogenolysis of II. Repetition of the acid 
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induced cyclixation of IV (obtained from II) yielded goo/, ~ydro~d~~ (111; 
identified by comparison with an authentic sample) and ~~ of a second cycbxation 
product to which we assign the structure of khaplofoline (IX) according to its physical 
properties (no direct ~rn~~~ however, was carried out). 

This reaction corroborates the structure of IV, and thereby the structure of the 
natu~lly occurring compound II is established as 3aime~yIalIyl4dim~y~aliyloxy- 
2quinolone. 

Some other degradation studies of II are described in the sequel, mainly in order 
to discuss the NMR spectra of the ~~~~nd~g products. Upon catalytic hydro- 
genation of IVa, one mole of hydrogen is consumed yielding compound V in which 
the i~propyIid~e group is converted into an isopropyl group. This t~fo~tion 
was illustrated in the NMR spectrum of V by disappearance of the multipkt due to 
the vinyhc proton in IV and the upfiefd shift of the signals of the two Me groups 
(doublet, 6 Q88). 

Compound V still contains the A3 benzylic double bond which could be ckaved 
with ozone. After ~t~~~ti~ with dilate, two methyl esters VI and VII 
could be separated by chromatography. 

T’he former (VI), snug the a-amide-ketone system, mol wt 277, (by mass 
spectromttry) is formed by simpk cleavage of the ozonide, while the latter (VII), 
mol wt 279, is obtained by the subsequent reduction of the a-amide-ketone system to 
an a-amide-alcohol during the zinc-acetic acid work up of the crude ozonide. 
Indeed, when VI was exposed to zinc in acetic acid solution, it couId be partly con- 
verted into VII. 

The structures assignaI to VI and VII are supported by their NMR spectra. The 
metbyknic protons next to the ketone in VI give rise to a triplet at 6 300, while in 
VII no signals are present in this region of the spectrum; instesd, two signals appear 
for the CHOH protons: the hydroxylic proton as a doubkt at S 3.17 (dipping 
upon adt%tion of K&O) and the CEjOH proton as a tripkt at 6 4-25. The resonance 
signals of the aromatic protons of both VI and VII are almost superimposabk, 
each of the four protons being well separated: in VI, doubk doubkts at b 8.10 and 
8.75, accounting for the 5-H and 8-H respectively* and doubk triplets at d 7.20 
and 7+&T, for the 6-H and 7-H respectively. In VII the corresponding signals appear 
at 6 806, 8.70, ‘7.10 and 7.55 respectively. 

The d~~c~~g of the 8-H in these compounds is due to the amidic oxygen and is 
indicative for its cis relation to the aromatic ring (restricted rotation around the 
amidic N-C bond). Such an effect has aheady been observed* in N-acyl indohnes 
and N-acyl hcxahydrocarbazoles in which the amidic Co is preferentially oriented 
towards the Fh ring While in thesecases, the NMR spectra contain also signals arising 
from the rrans isomers, our ~rn~~~ (VI and VII) seem to exist practically only 
in the cis conformation. The same situation has been observed in ac&tnihde9 while 
N-me~yl~~ilide exists almost exclusively as the frarrs stereoisomer. For com- 
parison, the NMR spectrum of N-aoetyl methylantbranilatc was recorded. The signals 
of the aromatic protons were tacitly s~~~bk on those of ~rn~un~ VI 
and VII, hence it also exists in only one conformation with the acetamido oxygen 
cis to the aromatic ring 
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In contrast, in compound VIII obtained by ozonolysis of III, the acetamido group 
as part of a ring, is fued in a conformation holding the amidic oxygen truns to the 
aromatic ring. As expected, the 8-H is no more deshielded, its signal being included in 
the complex multiplet at b 7.Kk7.70, together with the signals of 6-H and 7-H ; 
the only deshiclded aromatic proton in VIII is the S-H giving rise to a double doublet 
centered at b 843). 
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FIG 2 The masa spectrum of 3-dimccbylallyl&lunztbylallyloxy-2quinolonc 
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A compound related to II is Mimethylallyl4mcthoxy-2quinolone. recently 
isolated from Fagmu zmthoxybides (Rutam).” 

Many natural compounds contain one or more C, units in the mokculc, which 
may be linked to a nuclear C atom of the main skekton or to an 0 atom, forming an 
ether.” Addition of a C, unit to a 2&dihydroxyquinoline intermediate and further 
cyclization, may lead to flindersine and khaplofoline. The cyclization step can be 
however precluded by etherification of the 4-OH kading in this case to a compound 
such as 3dimethylaIlyl4dimethylaIlyloxy-2quinolone (II), or to a 4-OMe analog 
such aa the compound isolated” from Fugue zunthoxyloides. 

EXPERIMENTAL 

Mp were tica oo I Fixha-John, appuatux and UC unco~~~~cd. IR spectra were rcco&d on a 

Pcrkio-Etmcx Iofracord modd 137 cpearop4otomuer equipped with a NaQ prism; UV qxctra were 
rccordaioarCuy I4 in&umca~; NMR tpaan were cktamhd on a Varian A&I tpcctromctcr. for 

>lO% oolnx in CDCI,. d,-DMSG or pytidinc coo- TMS ax intem~I sundud TLC wax dooc on 
chromatoplata d silica gel G (Merck) and spotx were developal with I, npon. Man spc&a were raken 
with an Atlax CH4 inrtrumcnt, the aampkx kiog introduced directly into the xourcz through a vacuum- 

lock ; ckctrcm abqy 70 cV, clcctra~ aumot 20 p& xoura tanp < loo” ; wcooduy ckctrcm multiplier ax 
the da-or. Analyam were m in the microanaJytial hbor8tory of our Irutitute. under tbc dircctmn 
of Mr. R. Hdkr. 

Grouod dry lava and stanx (2 kg) of Hoplofiybrm ti&arun were extracted (xoxhlct) with heuru 
for 24 hr. IIIC bcxanc solo wax cooantnted IO a volume of e 2U3 ml ti &orbed cm l column of aluminr 
(Alcoa FI, ; I-2 Kg) Elutlon with hexanc-CHCl, (9: I) yIeldal fractions showmg two spotx on a chromato- 
plate (rod colora~ioo with WtlT rageat). Theme fractions (6 gr) were combined aod rechroma~o- 
pap&al &rough ncurral alumi~ (Wodm. rctivify IIlk The product giving the uppa spot wax dutcd w101 
hcxanc-CHCl, (I : I) and after repeated crystallization horn aatol~ yiddal I.3 gr. of II. mp. I14- I1 5”; 

Y, 1603Pnd1634cm~‘;~227,272324IDd3UIm~(s41~3~.8~~5800).(Fouod:C7673; 
H. 7.70; N. 466; M l , 297; C,,H,,O,N requires: C 7673; H, 7.80; N. 4.71%; M. wt. 297.38). 



A new qumolone lypc alkalord from haplophylwn rubercu/arum (rutaccac) 3017 

Elution w-itb bcuncCHCI, (I :4) &rvc I rhowinp the lower spot on the chromatopktc (2.8 8). m.p. 
196 1W (from aatonc~ II wu idchicd by direct compuiroa with art autbattrc aampk: 

Upon catalytic bydrmtiat in EtOH soln. ova loo/, W-C, at roan tanp aod l tm ~KLS& 00~ mok Hr 
WM rapidly a- ykldin8 III m.p. 2352M” (from aceto otbeune), idcntkal with a sampk of thts 
compoutxi, &ainod by rynthcaia. +I 

Hydroggrndysb ofIt to IVr Compound II (500 mp) in EtOH solo (lOOmI) was hydrofenrtai over 10% 
PdC at room taop and rtm praa After tbc absorption d one mok H, (- IS min) the reaction was dis- 
continued, tbc oatalyat WM hltcrxd offaod tbe solvent removed in vacuum The rexidw. in CHCI, solution. 
was tiltcrcd tbrougb a column dtilka gel. Tbc crysUmc material whidt was obtained sbowad one spot on 
a cbromatoplate and crystallimd from aatott+hcxaoc(MOm~ m.p. 17Sl77”;:v, l65Oan-‘. 11.223. 
262 270 tnp (C 4QOtX. 30.0.804 30,700) atu.l sboukkrs at 302 and 3 IS mp (Found : C, 7367; H, 6.47 ; N. 6.20; 
M’. 229; C,,H,,OsN requires: C 73.34; H. 659; N. 611%; M. wt_ m27). 

EthcTificarLatwithdiaromcthancinh4cOH solnasdacribcd’alfordod 1Vb.m.p. l32-133;‘(fromaatone 
hexane); reported m.p. 132-134”’ and 133”.” 

Hydrogenmion o/lVa ro V. Compound IVa (500 me) was bydrogcnrted in EtOH soln as dcacribal above. 
One tnok H, was taken up in about 2 hr. what the absorption e The cnuk product, in CHCl, 
soln, was filtered through a silia gel column and tbm cry~tallixed frcur CHCl,. mp. 158-160“; vu 
1637 cm- ’ ; A_ 22& 262 m)c (c 44,ooO and 28,CKlO) and sboukkn at 303 sod 320 m+~ (Found: C. 72.72; 
H, 7.42; N. 60; M’. 231 ;C,,H,,O,N t’UJUiRS: C, 72.70; H. 7.41; N. 6.06%; M. wt, 231.28%). 

Oronofysis 4 IVa Compound IVa (400 me) in EtOAc soln (70 ml) was oxonitad at - 15’ for IO min 
(5 I.3 equin of 0,). Most d Use solnat was then removed in vacuum, AcOH (6 ml) and Zn powder 
(200 m8) wm added and the mixture stirred for 2 hr at room temp. After Rltratton tbc product was extracted 
with CHCl,. tbc soln waahal witb water and then rccxtractal witb a IpA Na,CO,4. The alkaline soln 
was acidified to pH c 2 (nth HCl), the ppt was extracted with CHCl,. driuf over Na,SO, and evaporated. 
The residue (200 me) was tsteribcd with diaxomethanc in ctba sofn. at room temp. for 34I mitt yickliag a 
mixture of two esters which were scparati by cbrotnatography on neutral alumina (Wochn, rct~vity II) 
Elution with bcxan&HCl, (9:l) yickkd VI. 60 mg m.p. JS55’ (from acetonthexane) e 1587. 1675. 
1695 and 1721 cm-‘. (Found: C. 65.15; H. 6.80; N. 4.95; M’. 277; C,,H,,O,N requires: C. 6496; 
H, 6.91; N. 505%; M. wt.. 277.31). 

Elution with hexano CHCl, (8:2) gave VII 25 mg m.p. 88-90’ (from acetoobhexanc) Y, ISEO. 
1655 and 1692 cm-‘. (Found: C. 6442; H, 7.28; N. 4.97; M’. 279; C,,Hs,O,N requirea: C. w49; 
H. 7.58; N. 501%; M. wt.. 279.33) In several runs tbc proportions dthoc two compounds WM variable. 

Oro~lysis o/ dihydrqllfndewine (Ill). Dibydroflindersinc (III; 48Omg) in EtOH (5Oml) was oxonizd 
as deacribod above. Following reductive workup (A&H and Zn) for 2 hr at room temp. the product was 
extracted with CHCl,. the soln waabod with NaHCOsaq and water. dried over NaSO, and the solvent 
rctnovbd in vacuum. Tbc crude product was chromatograpbad over neutral alumina Elution with bcxane 
CHCl, (l:I) yielded 250 mg of pure product which crystallize from aoetonobcxa~ m.p. I97 198‘; 
v,1603.1634.1664~1709~“.(Fouad:C639%;H.5~71;N.5~;M’.261:C,,H,,0,Nrequira: 
C. 64.36; H, 5.79; N. 5.36% ; M. wt., 261.27). 

Redaction qf VI to VII. Compound VI (50 me) in AcOH soln (3 ml) was stirrui at room tunp with Zn 
powder (30 m8) for 2 hr. After filtration. the product was takco up in CHCl,. the soln wasbed with 
NaHCO,aq and water. dried over Na,SO, and the solvent rcmowd in vacuum. The residue (4Omg) 
showed two spots on a chrotnatoplate for a mixture d unreaaal VI and of VII. An NMR spectrum of the 
mixturr indicated that Ilk two compoomts arc pruettt in a ratio of 4 I : I. 

N-Acrryl merhylanrhrcmilarc. NMR spectrum (dchloroform soln): 3-H. d.d.. 6 8.72; 4-H and 5-H d. tr. 
each d 705 and b 7.55; f&H. d.d.. d 7.95; amidic proton. multtpkt 6 1109; COOCfI,. d 3.92. NHCOCH_,. 
d 2.23. 
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l Although the reported” m.p. is I85 186’ (crystallization from MeOH) the m.p. of the authentic 
sample of fliodcrxit~ taken on the Fisba-Jobos l pParatus u also 196198”; mtxturr m.p. was undeprcsscd. 

+ Reported’ m.p. 23S234” (from EtOAc) Dibydroflindmioe &Goal by tbc hydrognution of 
llindcrsinc’ has m.p. 229” (also horn EtOAc). 

: Reported2 m.p. for this compound obtained by synthesis is 180-182’ (from aq. EtOHl 
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