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8. S. RAO' esaigned the molecular formula C3DR3408 to morellin, an 

orange-yellow pigment isolated from the seeds of Garcinia norella, and he 

recorded the following data. Treatment with potassium hydroxide In ether 

gave ieoaorellln. Morellin contained four hydroxyl groups yielding p 

tetre-acetate, but formed only P trimethyl ether; two carbonyl groups 

were indicated by a" amorphous dloxime. Fusion with alkali yielded 

methylheptenol 01e2C=CIiCH8CH8CHOHMe), phloroglucinol, and acetic, isova- 

Aeric, rethylsuccinic and homophthaAiC acids. Subsequent work by Bring1 

and others2 led to P revision of the molecular formula of morellin to 

C33H380, end the development of the partial stIWCtUre 1 or the linear 

1 
B. 9. Rae, J. Chem. SOC. 883 (193% 

a 
AN. V. Bringi, K. H. Shah and K. Venkntaraman, J. Sal. Ind. Rec. 148. 
138 (1@68)1 a N. V. Bringi, Y. R. Padhye and K. Venkatarrmrn. ,u.s 
128 (lS68); E V. K. v. Raghave", Ph.D. Thesis. University of Bombay 
(1980); d A. B. Bhat, Ph.D. Thesis under submisaio" to the University 
of Poona. 
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460 The constitution of morellin No.7 
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The complete structure of morelll" has "or been elucidated as II 

from a" X-ray crystallographic study of Its _pbronobe"re"esuApho"yl ester, 

which forma large needles elongated along the p axis and has a” ortho- 

rhombic unit cell with & - 15.56 I, k = 20.65 8, p = 11.33 1, with the 

space group P1*alZ1. Three dlmenalonar Intensity data .ere obtained on 

the GE XRD6 d1ffractomet.r using CUK~ radiation. Out of about 4500 

possible reflections, about 3600 had observable lnte"sltles. The posl- 

tlons of the bromine atou wera obtained from a sharpened Patterson dla- 

gram. A Fourier synthosls using the phases obtained from the 

of th. blwml". atoM alone revealed the sulphur atoms. A" SF 

(P,) .as made with Br + S, and thlm was used for performing . 

posltlo"s 

B-synthc 

ais, 3 In which the modull ef the Fourier coefficients used ..re 

<~Po12-[1’,12)/tF~~*nd the phases were the sm. as P,. Toras with 

IFOIA A F '2.6 ".r. omittad from the caloulatlons. Thla revealed L "umber 

of light atoma (~OY of rhloh turned out to be spurious) and th. other 

atou wars obta1n.d from succ.sslv~ cycles of Fourlor syntheses. No 

3 G. N. Huachandra" and 8. Pama", &&&Cnst, & 967 (lB6S). - 
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distinction was made between carbons and "xygens at this stage, until 48 

Light atoms indicated by the molecular formula C39Hn09SBr were obtained. 

Eight atoms with the higher electron densities were then Identified 

as oxygen atoms(shovn by 01 to 09 in Fig. 1). Taking the remaining light 

atoms to be carbons. a series of cycles of least squ*ree refinements were 

made, which led to the structure in Fig. 1. The reliability factor for 

3559 reflections with Fobs >4.b was 12.y% (maximum F wae 287). 

A difference-Fourier synthesis showed that no atoms had been assign- 

ed wrong positions, and that all the atoms had been accounted for. The 

bond lengths rere therefore cslculated and they indicated the double 

bonds between carbons, as well as the C-O groups .s shorn in Fig. 1. All 

the atoms agreed with the bond length date, except atom marked 09 in Fig. 

1, which was origInaLly assumed to be a carbon atom. The distance from 

atom C30 to atom 09 "as 1.25 q which agreed with a C=O bond. This, 

along with the fact that the moleoular formula required 9 "xygens, led to 

the rseignment of this ator as an oxygen, although its peak electron 

density was lower than that for the other erygenm. NYL evidence (see 

below) also indicated the existence of an l ldehyde group. This atom was 

therefore changed from carbon to oxygen. Two .or. cycles of refinement 

brought the B-value down to less than A2.U. The difference-Fourier was 

now very clean, and it contained no peaks larger than one-tenth of P 

carbon peak, except in the vicinity of bromine and sulphur atoms, which 

had , large anisotropic vibration. The atomic co-ordinates of the sul- 

phur atem have a standard deviation of lesm then 0.002 5 and of the 

oth.r ato" less than 0.015 x (except 09 which ie of the order of 0.022). 
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The bond distances of the final structure agree closely with those in Fig. 

1 and they lead to the structural formula I1 for murellin (C33H3&). The 

absolute configuration has not yet been determined. The details of the 

structure analysie will be published elsewhere. 

Chemical. W and IR data 

YoreAlin contains only one OH group. the 5-hydroxyl of a 5-hydroxy- 

chromone or chromanone ; but it formed a diacetnte. The oenaviour to- 

wards carhonyl reagents indicated the presence and different reactivity 

of three CO groups. Catalytic hydrogenation showed the presence of four 

ethylenic bonds, three of which are conjugated to a benzene ring or carbo- 

ny1 group. Yorellin formed a red copper complex (C33H350,C~/~), crystall- 

izable from chloroform. YoreLiin methyl ether, tetrahydromorellin and 

octahydronaorellin did not form copper complexes. The formation of the 

copper complex and its co~o”r <&. rottlerin) apparently invcuves a pheno- 

lit OH chelated with a CO group and a readily reducible ethylenic bond in 

conjugation wrth the CO group. Data on the UV and IR spectra of morel~in 

and its reduction. products have been discussed earlier. a!2 
In the double 

bond region of the IR morellin has four absorption bands: 1730, 1668, 

~628 and 1.58o cm-’ , prO"isiOnaliy assigned to P” unconjugrted CO,a” qp- 

a(‘?‘-unsaturated CO, a chelated CO as in P 5-hydroxychromnnone and aroma- 

tic absorption, and a” ethylenic bond capabAe of very rapid reduction. 

In the W, the long wavelength absorption band of morellin (A,, 360 n,U; 

E ,,,ex 15131)) is eimilar to that of rottlerin which hae been attributed to 

c 

a cinnemoyl group conjugated with a chromene nucleus. 4 

4 
R. A. Morton and 2. Sarires. J. Chem. Sot. 1052 (1040). 
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Treatment of morellin with ten times its weight of Raney nickel in 

boiling et.lanol, cyclohexanol or cyclohexanone gave three crystalline 

products, A, B and C. A was convertible to B by heating with Pd-C in 

p-cymene; C was also obtainable by heating octrhydromorellin with Pd-C 

and p-cymele. Alkali fusion of B at 290' gave steam-volatile fatty acids, 

a phenol, C 1gH240qr aad . dicarboxylic acid, C12kI,,0,. The acid yielded 

naphthalene by treatment with copper bronze in boiling quinoline, decarbo- 

xylation being accompanied by dehydrogenation; nitric acid at 230’ led 

to mellophanic acid. Spectral evidence and synthesis ultimately shored 

that the acid is tetrahydronaphthaleno-5,7-dicarboxylio acid. In conjunc- 

tion with 9. S. Rao's observation, confirmed by us, that homophthallc 

acid is one of the products of alkali fusion of norellin, the assumption 

was made that morellin contains a partially hydrogenated naphthalene ring. 

The condensation of 5,7-dihydroxy-2,2-dithylchromaoone 81th isova- 

leric acid in presence of boron fluoride or phlorolsovalerophenone with 

'-bydroxyisovaleric acid in presence of boron fluoride etherate 5 gave a 

mixture of 5,7-dihydroxy+- and g-isovaleroyl-2,2-dithylchromanone, 

which wert' separated by chromatography. Clemmensen reduction of the 

r(-irumer, carried out first with the object of preparing the correspond- 

Lnz isoam?lchromane (III), unexpectedly yielded a compound identical with 

Lhc CIG-phenol. Some of the properties agreed with the corresponding 

chrOlnOnu1 ;cructure, but this was incompatible with the UV, IR and NMR 

data. 9~ mild alkaline hydrolysis octahydromorellin lost six carbon 

a r OW) 0”~ accounted for as formic acid. The major product, C27H100Sr 

JH . 6. Hlat and Ii. Venkataranan, Tetrahedron (19621, under publication. 
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had the properties of III with P CaCH2R group in the 6-pOsition; R con- 

-1 tained a -CMe2W group, and a peak at 1710 CP in the IR spectrum could 

be explained by a cyclohexanone ring, unconfirmed by chemical tests. 

Drastic alkali fusion of the C27 compound or octahydromorellin led to 

the chromane (III) and the C16-phe""A. 

The dimethy&alLyL group in I was confirmed by ozonization which gave 

acetone; more prolonged ozonizrtion gave pyruvic rldehyde, probably 

resulting from the group , 'cw-cao. ! 

The NMR spectrum of moreliin gives a total proton count of 36 and 

shore the presence of seven methyl groups. Four of these absorb at 

8.47 (21, 8.5 and 8.67 and 

are cited on the I' scale. 

are attached to &&. C atoms; chemical shifts 

The remaining three give peaks at 8.2, 8.25 

and 8.3 and are evidently on CI: bonds. 'Ihere is no CH3-CO- group. The 

LOW field part of the spectrum shows singlet single proton absorption6 

due to a strongly cheiated hydroxyl at -2.77 and an aidehyde at 0.37. The 

former is broadened by exchange with trifluoroacetic acid, while the latter 

is unaffected. In the vinyl region there are three doublets at 2.4 (5~7 

cps), 3.35 (J=lO cps), 4.43 (J=lO cps), and two triplets at 3.0 (AS cps) 

and 4.75 (J~7.5 cps). No aromatic hydrogen is indicated. 

The vinyl doublets at 3.35 and 4.43 with a coupAing constant of 1OCPg 

in COnjUnCti"" with the two Ye groups at 8.47, indicate a 2,2-dimethyl- 

chromene system. * ' 7 The vinyl triplet at 4.75 and the ale signals at 8.2 

8 B. F. Burrowa, W. D. Ollis and L. Y. JackmaqProc. Chem. SW. 177 (lYSO1 
7 L. Crombie and J. W. Lawn, J. Chem. SOC. 775 (19132). 
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Morcllin 

Horrllln diocrtotc 

FIG. 2. NMR spectra at 60 MC in CDCI, solution 
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and 8.3 may be assigned to a YY-dimathylallyl group; if this is attached 

to an aromatic ring, the allylic methylene will be benzylic also and one 

would expect it to absorb in the region 6.6 to 6.7, 
6 
giving a doublet. In 

morellin itself the absorption in this region shows more than two protons 

in a aultiplet structure; however, there is a strong suggestion of a 

Z-proton doublet. In isomorellln, which has P very similar spectrum, the 

position is more satisfactory, the l-proton doublet at 6.77 being well 

resolved. Together with the chelated hydroxyl signal at -2.77, the part 

structure I or the linear isomer, without the hydrogenated nrphthalene 

ring, may be formulated. 

The vinyl doublet at 2.4 (Jil cps) shows that the proton is attached 

to a double bond linked to P strongly electron-withdrawing group. This 

cm be the p-proton of an HP-unsaturated ketone, which has a planar 8-a 

conformntion* or is part of P cyclopentenone ring. The absorption of 

morellin in the near W region (xm_ 360 rnfi) requires that there should 

be a double bond in conjugation with the CO in the central ring of I, and 

the proton under conmidaration can we11 be on this double bond. It is 

apin coupled to a lone proton on an adjacent carbon. If this carbon is 

part of a ring, the magnitude of the coupling constant implies that the 

dihedral angle hetreen them is close to zero. Structure II confirm,? thie 

assignment. In tetrahydromorellin the chromene doublets and the doublet 

at 2.4 disappear. 

The triplet absorption at 3.9 in the morellin spectrum indicate8 an- 

other proton with an adjacent CIi2 pnd on a double bond attached to an 

8 L. M. Jackman, Ap& 
p. 122. Pergamon Press, London (1959). 
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electron-withdrawing group. This is shIftad to 3.03 in tetrahydromorell- 

in. The shift may be associated with destruction of cross-conjugation, 

removal of anisotropic shielding, or isomerization during hydrogenation. 

In this connection it is pertinent to note that for isomorellin the 

corresponding absorption is at 3.68. It is also suggestive that, whereas 

the moreuin udehyde signal is at 0.37, the corresponding signals of 

tetrabydrcmorellin and isomorelli" appear at 0.68 and 0.82 respectively. 

It is more than likely that lsomerisotion has taken place during hydro- 

genation. 

The singlet character of the lAdehyde absorption of mormlli" shows 

the absence of protons on the'=&arbo" atom, and the rldehyd. group im 

therefore tertiary or C(B_u"aaturated with a" c(-subatltuent. I" the 

*attar oaie it 10 expcted that the doubla bond concemod should be on. 

of those that am readily saturated on hydrogenation; but tetrrhydromo- 

rollin showa a l harp Bing1.t l ldohyd. absorption. Yoreov*r, efforts to 

get the uriusl chonicrl avidonce for an aldehyde group wra unsucaassful. 

These facts together sugg.8t.d that the aldohyde is tertiary. If it ia 

conjugated with a doubl. bond that real&m hydrogenation for storic =.a- 

SOlI*, the SPSCtnu of ootahydrmmor~lll" should r-v. th. amblmity. Un- 

iortunrtel.y, octahydromorelli" is amorphous; the l poctrum giwm pairs of 

signals that are not very sharp for the cholatmd bydroxyl and aldohyd. 

functiona, and the compound is widontly P mixture of iwm.rs. Th. aldo- 

hyde n ig"aJs obtained are definitely broadwed, but It ia not cortai" if 

spin coupling is involved. Thar. im a ahift of 0.46 p.p... in the 

position of the aidehyde l igml in going from moralli" to ismor.lli". 
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This is tee large for P change from il saturated to I” HR-unsaturated 

aldehyda. The shift is probably due to anisotropic shielding factors 

affecting the aldehyde group in iscaorellir) but not in morelli”. 

The spectrum of morellin diacetate shows some very revealing 

features. The vinyl triplet at 3.0 and two protons, probably belonging 

to P ULJ. coming in the region of 6.2 to 7.15 in the norellin spectrum, 

as well es the sldehyde signal, have disappeared; and three “er vinyl 

protons appear at 2.8, 3.52 and 4.84. The first gives a singlet absorp- 

tion, and the remaining two constitute P pair of w vinyl protons 

(doublets, J-15.5 cps). The first appears to be the ,X-proton of a 

vinyl acetate formed by rcylation at the aldehydic oxygen of morellin. 

If morellin has an angular aldehyde group, the formation of a pair of 

w vinyl hydrogens in the acetylrtion of morellin implies that one 

ring has opened up. Alternatively, if this aldehyde group is tip-unea- 

turated and is present in P side chain, the observed changes will be con- 

sietent with the presence of a -CH3-C--CIiO group in morellin, conver- 

ted to -CBrCH-$*:H-OAc in the diacetate, the Y-and b -protons giving 

rise to the doublet abiorptions at 3.52 and 4.84. If the methylene 

grcup of -CH,-CE 
9 

-CEO ie u to the substituent at the a(-poeition in 

morellin, the driving force for the isomerization to isomorellin is the 

repulsion between these groups. In addition, a confOm~tional preference 

invo~vlng rotation around the -CH3 -Cli- bond may also be a factor. The Me 

group abeorbing et 8.10 may be conveniently aeeigned as the C<-submtitu- 

ent. If the aldehyde group is attached to a double bond in a ring, it 

ie very unlikely that ecylation at the aldehydic oxygen would be 
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accompanied by the formation of a m-disubstituted double bond. These 

considerations show the presence in morellin of the group -CHa-CH?-CEO, 

and that morellin and isomorellin are &-a iSolOr.8. 

I* the wrellin diacetate spectrum there ia a broad three proton 

.,,ltiplml signal centered at 0.6 that .is well separated from others. ho 

of these protons have been already assigned to the YY-dimethylallyl 

group on the aromatic ring. The remaining proton, which shows up at 6.4 

and 5.5 XII norel&in and isomorellin, is either on . carbon bound to 

oryl.n c.,- uy bm c< to P k&o group and allylic at the same time; 0 the 

proton a’; the bridge-head H to the keto sro”p of the bicycle-octsnone 

part in :[I has the latter type of environunt. The rbaorptions in the 

7.1 to &,I. region cornspond to nine protons including those of the a=.- 

tyl methyls. Thus the methylone and mOthine protons appearing in the 

r.nge of 7.15 to 7.8 in morsllin an rUativ.ly unaff*ct.d by acatylrtion. 

The uthln. proton of this region of the morollln smotrum .ppears as a 

8.U resoAv.d doublet (Ja4.5 cps) centwed at 7.7 and therefore seems to 

b. coupled only to ooe proton. The uthy1.n. group gives an unsyuatri- 

cal and ‘distorted qusrtst cantered at 7.35; it is apparently under the 

dmhieAdLn(l influonca Of one oz’ .ore multipls bonds. These am r.adUy 

id.atifird in structure II as they ar. the only on.6 of their typos )rft 

unassignwi. 

The three proton paks at 8.5 and 8.57 in th* spectrum of morellin 

occur in thm l xwcted region for Y groups oc C attached to 0. Although 

1. Cronbio urd J. II. Lawn, J. Chr. Soo. 108 (1962). 
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Lhey may form a gum-dlmethyl system, their environments are appreciably 

different. In isomoreA&in these Ye groups are in similar environrenta 

and lead to a single sharp resonance at 8.67. 

YorelAin can be derived biogenetically from 1,3,7-trihydroxyxanthone 

(IV) and four units of "active isoprene" by the scheme outlined in Chart 

I. The transformation of a phenol (presumably derived from acetate or 

acetate-malonnte units) to a bicycle-octenone by the cyclizntion of an 

isoprenoid side chain is remarkable. There is obviously no evidence for 

the reaction sequence shown in Chart 1; a mechanism can also be written 

which does not involve hydrogenation and dehydrogenatio" after the 

formation of the chromene V. 

CHART 1 
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Jrcrreubi" (VI). 
LO 

mmgostin,l~ and celebixrnthon.& are other 

xanthones rlth dimethylrl~yl side chains, and they all occ"r in plants 

of the family Guttiferaa to which Garcinia moreAh belongs; in jrcareu- 

bin, as in q  orellin, a dimethylalAy1 group has cyclized with an adjacent 

phenolic hydroxyl to form a 2,2_dimethylchromene. However, among 

xa"th""ee and flavonoids moreAlin is unique in possessing a carbocyclic 

ring derlred from a" isoprenoid side chain. Yorel~in is ale0 one of the 

fee natural products containing a bicyclo[2.2.2]octa"e ring system; 

other examples are the diterpene arka,oids of the atieine typeU and the 

bisditarpene, maytenone." 

We are indebted to Dr. W. D. 01~18 and Dr. R. I. Reed for the mass 

spectrum of morellin. Dr. Y. Caserio, Dr. A. Melera and Dr. C. S. 

Barnes for the NW spectra, and Dr. 1. D. Ollis and Dr. Sukh Dev for 

stimulating discussions. 

Note: Structure II represents isomorellin, and morellin has the 

structure in which the aldehyde and methylene groups are in the tie- - 

configuration. The chemical shifts of the group* concerned in the NUR 

spectra of morelli" and isomorellin are more consistent with the 

modified structurea. The facile ieomerization of morcllin to iemorel- 

lin is under investigation in relation to the proposed etructures. 

10 
P. B. King., T. J. King and 1. C. Manning, L Cher. SOC. 583 (1957). 

11 P. Yatee and G. II. Stout, J. Amer. Cher. Sot. 9 1991 (19%). 

12 G. Ii. Stout, V. 1. Stout and Y. J. Welsh, Tetrahedron Letter& 
No.13, 541 (A962). 

13 K. Yieoner and 2. Valenta in ?ortechr. Cber. Ors. Neturatoffe 
& 44 (lU5Ss) - 

" A.W. Johnson, T.J. King and R.J. Martin. J. Chow 50% 4420 (1901). 


