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CHAPTER w VI

Detection and structure determination of a new triterene -

a cyclolaudenol homoloquea, 83285401 by mass = spectyometry,

Fraction tlo, 2 (Chapter - III; Paée -187, Tablel) was
rechromatographed and the separation of pPolypodinol A,
Polypodinol B, a conmpound m.p. ,148-%‘) has been described in
Chapter - IV, Page =204, Table - II, The next fraction
from the petroleum - benzene (3:;2) eluate was found to be a
seimixture of cyclolaudenol and cyclolaudenol homologue (a).
Izolation of KEMXMEMOACKKSE cycleolaudenol and its homologue
has also been described in Chapter - IV (bage =204, Table =Il,
fractions 108-20). e F@_zé)"

The above mixture (A), was acetylated with acetic
anhydride and pyridine when an acetate (B), m.p. 107-B°.

() 55.17° was obtained, Hydrogenation of the original
mixture in presence of Adam's catalyst in alcohol gave a
compound (C), mep. B32-33°, which on acetylation gave an
acetate (D), M.p. 127-280. NMR spectrum of the original
mixture (A, Flg - 27) and 1¢s acetate (B,Fig -« 28) both
showed distinct pesks at »4.65 (= CH,) and $4.6§ (34, = CH,
and «CH=-0AC) reSpectivelﬁ but in the spectrum of the hydro = -
genated product (C, Fig=239) the peak due to vinylihene group

was no 'longer present indicating thereby that both the
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cohxoounds in the mixture probably contained a '- CH2 group.
Oxidation of the original mixture (A) with Jone's reagent
gave a mixture of ketones (“’)o Me Do 117-18°, we have
measured the mass spectra of the orlginal mixture (2, Flg-30)
its acetate (B, Fig-31), the dihydroc¢oupound (C, Fig=32)
and its acetate (D, Flge=33) and it was observed that along
with cyclolaudenol m* 446. a second component M* 454, that
is a new' C=32 triterpene alcohol, 032}!540{ was present in
the original mixture, | |

The mass spectrum ¢f this new compound was found to

correspond very closely to that of cyclolaudenol 36. The

mass spectra of 9, 19~cycioartenol 37 and methylene « 24 -
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eycloartenol 38 derivatives has been discussed by Benveniste,

39 who have mentioned that the compounds

Hirth and Ourisson
showed strony peaks at.my/e 286 and my/e 300 regpectively
corresponding to loss of ring A, Audier, Bengelmans and
0as?® have also discussed the mass spectra of some 9,19 =
cyclolanostane d@ﬁvativea and indiéateci four typeas t:":f
fragmentation pesks. Aplin .and ct“:wc::Jckvaax:“yfl have also des =
cribed in detall about application of mass spectrometry
to the structursl investigation of 9, 19 - cyclosterols
and triterpenes and ﬁave recorded detailéd mass spectral
fragmentaﬁion ©of variocus triterpenes containing 9,19 =
cyclofunction including cyclolaudenocl, It will be evident
from the discussions which follew that our data are in
agreement with the earliegr findingso=41,

' The unusual feature of the spectrum of dyclolaudenol
141 (Chart = IV) is the intense fragment (a) at m/e 300 and
have the composition c22H36 and _éorresponds to loes of ring
A plus one hydrogen atom, since it remains at mye 300 in the
spactrum of the corresponding ketone 11, This is formed
from the molecular ion m/e 440 by a one step process, The -
other fragments, besides the loss of a methyl group (m/e 425),
water (m/e 422) and methyleplus-water (n/e 407), arise from
M=18 fragment and involve cleavage of the side chain
£ragment (b) m/e 379 (»1-18-::3}17.) and (C) m/e 353 (M-18~

CSHQ')‘ A further fragment (e) ny/e 175, comwmon to all spect_ra,
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CG rrasponds to the 1leoss of both ring A and the side chain.
Another significant peak (@) at m/e 315 (M—-RB-) is comndﬁ to
all its side .chain derivatives which arises by eli’mfﬁ.nation
of Rs.group from M. The most plausible mechani.sméz‘ for the
formation of these fragments is depicted in Chart - IV
where the initial londSation of 9-10 bond relieves the
strain imposed on ring B, fission of the activated 5-6 bond
follovead by transfer of one of the cll hydrogen via a
e Lafferty” type of reérrangemmh

Aplin g&é}_ﬂ have also stated in their paper that in
the speotrs of the correspondiyg ketone IL the intensity of
the fragment (a) m/e 300 is greaﬁly reduced, presumably owing
to competitive icnisation at the carbonyl group. However,
fragments corresponding to the well estab;ished preferential
fragmentation ia the vicinity of the carbonyl gmups“"wefe

not acparent,

Discugsions on the mags spectrum of the original nixture
(Chart = Vi3

The ‘mags spectrum ~c:f the original mixture (III A +
¥TI B ; Chart « V} was measured and it has bean observed that
it contained all the peaks‘ charactaristic c;»f cyclold audenol
and a gyclolaudenol homologue, 8321-!540 having the rolecular
ion peak at M* 454, 1t will be observed £Lrom Chart -ﬂthat in

addition to the pezk at n/e 300 corresponding to fragment (a)
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in char£ «IV for cyclolaudenol there is an intense peak at
paxs /e 314 (1T B, fragment a’) indicating the presence of |
an extra carbon atom in the side chain of the new triterpene,
Moreover, the prominent peak (d) at m/e 315 for fragment M'Re'
also indicated the présence of an extra carbon atom in the
side chain, A further single peak at n/e 11‘75 due to f£ragment(e)
is also indicutive of the presence of the extra carxbon atom
in the side chain of the cyclolaudenol nucleus. The otﬁer major
fragment (b ), besides the loss of methyl radical at aye 439
(XII B) water at We 436 (IXI B) and methyleplus-water at n/e
421 (III B) is from the M-18 fragment (m/e 436) and appears at
m/e. 393 (3I1 B) and inwvelve cleavage of the side chain (M-18e
Caﬂ.’.) The appeazj'ance- of all these mass pYeaks can be explained
by the same mechanism as that for cyclolazidenol as is given in
Chart = IV. We, therefore, conclude from the sbove studies that
the mixture contains a new triterpene having the same cyclolaue
dencl nucleus but having a extra ~CHy= in the cyclolaudenol
side chain,

Similarly, the rhasss fragmentation of the acetate
( IVA 4+ IVE ; Chart « v) also leads us to the same conclusion
that the new cyclolaudenol homologue contalins an eXtra « CHZ"
in the side chain,

Examination of the mass gpectra of the dihydroalcohol

mixtare ( VA + VB 3 Chart = VI ) also indicates the presence
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of the extra carbon atom in the éide chain cyclol audenol nucleus,
The presence of the fragment (a') at m/e 316 (VB) and the frag-
ment (d) (ﬁ&-RQ.) at xry’é 315 (single pedk) o.ﬁ VB again established
beyond dm;bt tﬁat the extra carbon atom ig p:ésent in the gide
chain Rg of dihydrocyclolaudencl homologue, The other fr'agmentsd
depicted 's,-n‘ the Chart = VI also bear strong e&idance for the
presence of a extra - eﬁz - in the side chaln of thé dihy&mcyclo;
iaudenol nucleus. | | |

similar examination on mass fragmén‘;ation pattermn of the
dihydroac:eiage mixture (VI .A 4+ VI By Chart - VI) =2lso corrchborates
the presence of the extra - CH, - in the alde chain of cyclolau-
denol nucleus, |

The position of the double bond (= CHys NMR 3 Flg=27)
in the side chaln st 25(26) position may be tentatively assignad
from the mass spectra of (III A + XII B))(IV A+ IV B),
(VA + VB) and (\5‘. A + VIB) -' as the M.84 fragment obscrved in the
"vmnafferty" rearrangege%éi 3igvolvlng 24=28 double bond and the
Cw20 hydrogen has been found to be ébsent in their spectra.
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From the foregoing evidenca, it may be reasonably concluded
that the new triterpene is a cyclelaudenol derivative with a extra
carbon (-caz-)' in the side chain and a probable structure can be
ar.rived. at by merely placing the extra carbon atom in the side chain
of cycleolaudenol., In the known triterpenes any additional carbon

atom or atoms are always attached to C-24 as either methyl )methylene.
45

ethvl or ethylidene gzoups“.. Recently, Ritchie and cowinpkers
have isolated a new trxiterpene, 3331'3560' cycloneolitsin from
Neolitsea dealbate RoBry,Merr., for which a 24,24 - dimethyl structure
39 has been assigned on the basis of chemieal and physical evidence,
This is, also the first example of 24,24 - aimethyiation cn the _

H

side chain of kinown triterpends, Accordingly, two probable structures

40 and 41 can be asslgned tw the new cyclolaudencl derivative,
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-Posaiblé mechanism of rﬁeﬁhylation to produce cyclolaudenol.
The circled H 45 derived from the methyl group of methionine,
and HA arigses from the 4-pro-R hydrogen of mevalonic acid.
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The outlines of the blosynthetic pathways involved in" the

- formation of C-24 alkylated dexivatives of tetracyclic
; :
i triterpenes are now established45. The alkylation mechanism

linked with the formation of A25'26 bond, as in the formae

tion of cyclolaudencl I and 24S-24=ethylcholesta= 5,22,25 -
triene-3f -0l is now well known, Three possibllities exist
for the methylation and A2°~2° gouble bond formationfin
éyclo].audenol {(Chart - VII}, Rou?e (a) involves elimination

. of aproton from C«26 from the 1ntemédiata cation indlicated,
which would give the cyclelaudenol side chain directly with
reténtion ¢f all three hydrogens of the C-24 methyl group and
nydrogen (H,) of a precursor (e g oycloartenol) remaining at
C-24, Routes {b) and {c) beth involve a C=24 methylene interme-
diate and thus the retention of only two ¢f the hydrogens of
the incoming methyl group; however, route (¢) would result in
retentic?n of HA at Ce24 and route (b) would result in its elimie
nation, "szperiments with [2—14&(452)-4-31—11'_] MVA showed that
cyclolaudensl fromed by rhizomes of Polypodium vulgare retalned
Hy at C=24 and that the methylene group at C=-25 arvse sterepe

specifically from C-2 of MVA., Thus route (¢) was climinated;

avidence which favours route (a) was obtained by comparing the

3 14

H C ratio in cyclolaudsnol and 24 - methylene cycleartancl

synthesized £rom ]:14(: 3 3!-13] methionine by P.Vulgare in the
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same experiment, The ratio in cyclol audenol _( 17.4:1) was very
close to that of starting meth-_i'om"'e -'_('16. 531) whereas in 24
meth'ylene cycloartanol was. significantly 1ower4{7 (14.1 :1).
However, this result needs coﬁfirmation by use of [CZH;]
methionine, in order to climinate any possible isotopic effect.

Since biosynthesis.of triterpenes and sterols having
ethyl érohp at C-24 is known and has been established, we
prefer, téntativ)ely for "biogenetic prejudice" the structure 40
for the new triterpene —.cyc;olaudendlhomlogue. C3,H; 0. The
mechanism for its biosynthesis in Polypodium juglandi folium
is indicated in Chart - VIII and.is probably .operating in
producing a simultaneous alkylation.and desaturation at c-2448.

However, the finsl structure determination of this new
triiterpene must awalt its -iscl,ation in pure form from its
mixture with cyclolaudenol.ffurtv:h'era.woﬂc in..this direction is
in progress in our laborat;.o;ies'.-' S
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Mechanism of alkylation to produce 24-ethyl-cyclolaudenol
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. EXPBERLMENTAL

'Rechromatography of.fraction no. -2 {Chapter -III, Page ~I%7,

'Table - I) K3 L R A ‘ T A

 -Rechromatography.of fraction no. 2 (Chgpter - III,
‘page -187, Table «:I) has:bkeen.described (Chapter - IV, |
Page =204 Table - IT).- Fractions 18-20" were combined and on
crystallisation from -methanol—-.-gaveaa solid (A), m.p. 12.1‘22 .
This product (A) was.found:to be-a mixture of two compounds

(Two spots in TLC and mass .fragmentation pattezn) .

IR 3 - . 3340 v - (o) e ELY 26
 Mass spectrum 3 M’ 440  and.M' 454 .. . . Fig = 30

NMR spectrum (60.Mg) 3. - &.4+65 (=ck) . . . Fig = 27

The above alcohol mixture (A. 200 mg) was dissolved
1n pyridine (2 ml).-and acetylated with acetic anhydr.tde (2 ml)
by heat:.ng on a water:bath .for-S5«hours,  After working up in
the usual- manner it. gave.a -solid .residue (185 .mg). The
residue dissolved-in. benzené {3 ml) was placed ovér a column
of alumina (15 gm, deactivated-with 0.6 ml -of 10% agueous
acetic acld) developed with.petroleum and eluted with the

following solvents.(Table.s« XVI). -
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Table e EE

Eluent _ Fractions Regsidue on
50 ml each evaporation
petroleum 1~ 3 | solid, m,p.105-7°

(170 mg)

Farther elution with more polar solvent did not

vi ei d any sclid materlal,

Fractions 1l-3 were conbined and on crystallisation from a
mixture of methanol and acetone furnished crystals (B),
Me Do 107-8°, (o()D 55,17° which was found to be a mixture

of twd compounds (TLC and mags fragmentation pattem)

NMR spectrum (60 M3) : & 4.65 {= CHy) Fiq-28
Mass spectrum ; M 482 ana Mm% 496 Fige31

‘Hydrogenation of the original mixture (A) s

preparation of the nixture of dihydrocompounds (C) o
The original mixture (A, 500 m3) dissoclved in alcohol

{50 ml) was shaken in an atmosphere of hydrogen in presence

af»Ptcz catalyst (So ma) }intil abgorption of hydrogen ceased,

!
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The solid obtained. (450 mg).after usual working up \éas. subjec-
ted to chromatography over.‘»._al-umina (30 .gm, -deacetivated with
1.2 mi of 10% aqueous acetic -acid).-developed with getﬁleumv
and eluted with the following solvents (Table ~XVII).

.- Table & ZVEI .. -

Eluent - Fractions . . "Residue on

‘50 ml each evgporation
Petroleum. . - o - o Yoe 3 e o o oL Nil
Bevrzevw/(47.f)

mep. 128=30°.

Further elution with more polar solvent did not
Yi el d any . SOl i d mater-;- al“.‘- IR L P B N 0 ST

Fragctions 4-7 were corrbinedahd on cr’ysialivisation froin
acetone gave (C), .m'.p.»'.«132--,3v39.r The product (C) was. found to
be a mixture of . two compounds {TLC -and masé fragmentation

pattern)

NMR spectrum (60 Mc) 3 -FLg=29 . -
Mass spectrum 3 .M’ .442.,. MY 456 . . . Fig=-32
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Acetylation of the dihydro mixture (C) s Prepargtion of the

corresponding acetate mixture (D) 3

The dihydro mixture (C, 200 my) was acetylated with
pyridine (2mH) and acetic anhydride ( 2 ml ) by heating on a
water bath for Sehours, After working up in the usual manner
it gave a solid residue (180 mg). This product digsolved in
bengene (3 ml) was placed over a.colum of alumina (15 gm,
'deactivated with 0.6 ml of 10% agueous acetic .acid) developed
with petroleum and eluted with the 'folloviing solvents |

(Table « XVIII).

T (= I
Bluent Fractions _ ~ Residue on
50 mi each : avaporation
petroleum 1«3 ‘ Soiid (160 mg)

MePe 125‘2700

Further elution with more polar solvent dld not

yield any sclid material,

Fractions 1 - 3 were combined and on crystallisation {from a
mixture of chlorofoma and methancl gave a g0licd (D) smepe 127-28°.
This product (D} was found to be a mixture of two <owpounds

{(1L.C and mass fragmentation pattern)
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Mass spectrum 3 M" 484 ana M' 498 Fige=33

Oxidation of the original mixture (A} with Jone's reagent s

Preparation of the mixture of kotones (B}

To a solution of the original mixture (A, 200 mg) in
-pure acetone (100 ml) was édded Jona's reagent dxﬁpwise
until a faint o::anée colour persisted. The mixture was kept
at rcom temperature for 10 minu_téé. diluted with water and
vextractad with ether, The ether layer was washed thoroughly
with water, dried (Naésoq) and the ether evaporated, The
residue (180 mgy dissolved in benzene (3 mi) w'as chromaf:ographed
over a column of alumina (15 gm, deactivatsd with '0.6 ml of 10%
agueous acetie acld) .deavelcp‘»ed with petrol eum anad eluted with

the following solvents (Table « XIXN).

Table = YIX -
"Bluent Fractions Resi due on
C ' 50 mi each ~evgpozation
petroleum 1-3 ' solid (160 ma)

Mepe 115-18°,

Further elution with more polar solvent did not
yleld any solid material. | |

Fractions 1=3 were cofnbinec! and on crystallisation £rom a
mixture of chloroform and methanol furnished shining crystals
(), fn.p. 11‘7-18‘3. This compound again, was found to be a
mixture of two compounds (TLC). |



