CHAPTER 1V

Structures of Esters A, B and C




. STRUCTURES OF ESTERS A,B AND O

In the preceeding two chapters, isolation and
struqture détefmination of jaeschkeanatriol;‘epoxy—
| jaeschkeanadidl and neo jaeschkeanadiol Eave been
described. These sesquiterpene alcoho;s‘ﬁére isolated
from tﬂe neutral portibn of the saponified'%otai

‘acetone extracts of Ferula jeschkeana Vatke roote.

‘Since, the TLC of the total acetone extract did not

show the presence of these compounds in any'significant
amount, ;f was quite reasonéble to assume that these
alcohols must be'océuring as ééﬁéﬁs in their natural
form. It was therefore of infereét to isélate these
esters, With a view to isolating these éste:s, a
systematic chromatography was undertakenkand as a result
three esters have been isolated. ‘These esters have
been designated as esterSjA, B and C. The isolation

of thesé esters has been deééribed in the experimental

section of this chapter,

§§;ucfuge‘of ester A
Cempeund A, m.p. 84~85°E3£3D—1.98°(c, 1.51) analyses
,for 027H3606 and has in its mass spectrum (Fig.I)M+—H20
at m/e 438. Its IR(Fig.II) shows bands due to OH(3350 cm-1),
C:O({680 cm“1) and C=CH(aromatic), (1600 cm—1). Its
uv shows/{ max 219 nm(&,12860) and 261 nm( ¢,17930).
The PMR(Fig. III) of the compound shows presence of —C-Me

(3H, s, 1.16 ppm),-GHMez(6H,'two doublets céntered at
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| RGN 154
. 0.84 and 0. 97‘ppm, J=7Hz:eéchj;;6=CMe(3H,‘s, 1. 83fppm),
-—COCMe-— CHMe96H; m, between 1,92 and 2. 04 ppm), two

L‘CH~O—CO~C(1H each, m, at 4447 and 5. 4 ppm),-C~LH
(14, m,-§.54 ppm), fCOCﬂe=GHMeL1H!>q, centered at
l6.07 ppm,:J;7Hé),nAf=OH(1H, s, 6,56 ppm)fandiArE(4H,

a ﬁypical AA;BB‘ éuartetnof p,p’~disﬁbstitﬁted benzene
‘type centered at 7.27 pbm).‘ By D,0 exchange, tﬁe
:prggenpe of two hydroxyLs,is‘inferred,z‘based on these

ngeqtral‘dafa it can be rééSoﬁably concluaed.that”the

c¢ompound A is an ester of jaeschkeanatriol.

Compound A wes hydrolysed u31ng 10% methanollc KOH
under reflux1ng condltlons.’ The neutral,compound obtained
‘from the hydroly81s was found to«be jaégéhkeanatrioi
(m.pa, mlxed M.P., PMR) The a01dlc fractlon was
methylated using methanoi—sulfurlc ac1d. The GLG(10%
gilicone. SE 39, temp 160°) of the total.esters indicated
it to be a mixture of twé compounds. The major compound -
‘(RT Te 2"82%) was - found to bé p;hydroxy methylbenzoate
~and the minor compound (RT O 4; 18%) was 1dent1f1ed as
methyltlglate by 301n3ect10n with authentic samples.
Thus ester A is a diester based on Jaeschkeanatrlol,
p.hxdioijenzoic acid‘andftiglic or angélic aéid%.

As mentigned earligé, the mass“spééﬁrum of compound
A shows M+éH20 at m/e 438.$,The;9tﬁer pxomine@t peaks are
at m/e 218,175,121,83 and 55. The fragments at m/e{83
.and_55 are typical of'éléaﬁqge 6f esters of angelic

*Angelic a01d is known to lsomerlse to tiglic acid under

3 5

acidic condltions as well as alkallne condltlons
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¢ =0 ~_ end tiglic =, C.= C!

57 oooE R | ~ COOH
acids'. The presénce of mﬁlt;plét at 6,07 ppm in thé
PME of compound A indicates a typical éhemicél shift of
the vinyl proton of angelic acid, whereas the vinyl
proton of tlgllc 301d appears at 7.0 ppmz. Furthermore,
" the PMR(Flg iv) of compound A in C6 ¢ shows v1nyl proton
at 6.4 ppm(d 0014— CeDg=0433 ppm), thus establlshlng
the trans relationship of the vinyl proton to the ester

3, 4

function So of the two acids esterifying Jjaeschkeanatriol,

one is angelic:aoid, the other being:p—hydroxybenzoic acid.

. Lecation of the two ester groups on jaeschkeanatriol: Having

established the identity.of the two esterifying aciﬁs,A
the nexflproblem was to determipe their site of attachment
on jaeschkeanatricl. This was conveniently sorted out
from the results of the péftial hydrolysis of ester A.
Compound A was partially hydrolysed using 5% KOH in
aqueous dioxane (15 nr). After the work“up; two compounds
(one, of the mebing ja@schkenairiol) were iéélated pure
from the neutral protion.by chromqtography‘over’SiOé-gelQ
The faster moving compourid (Rf 0.475, bep. 200-210°
(bath)/0.1 mm énalyses‘for C

-H,0 at m/e

20732 0, (M 2 |
318) and shows presence of O0H(3590, 3530, 1040 cm™);
c=0(1705, 1160 ci™') and C=CH(1640 cm™') in its IR
(Fig. VI) spectrum. Its PMR (Fig. VII) ~shows following

structural features -C-Me(3H, s, 1.1 ppm),—CHMe @6H two
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:.dOubleﬁé centered at 0,96 and 1 ppm, J=7‘Hz each),
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~C=CMe (%H,s,1.84 ppm),-CO-CMe=CHMe(6H, m, between 1.92
and 2.05 ppm), one CHOH(1H, m, 4.1 ppm)-CH-0-CO-(1H,
two doublets centered at 4.53 ppm, J,=3Hz and J,=BHz)~C=CH

. (14, m, 5.46 pbm) and ~COCMe=CHMe(1H, ¢, centered at

6.1 ppm, J=7 Hz). Thus from these data it is quite
evident that theiester cleavage resulted into the loss

of p-hydroxybenzoic acid moiety. .

In the PMR of 3aéshkeana£rigi (Chapter II), the
C5.prot§n appears at 4.1 ppm and 08 proton at 3.42 ppm.
Since in the PMR of the partially hydrolysed product
(Rf 0.47), the Cgpﬂ signal appears at 4.1 ppm(_an

upfield shift of 1.3 ppm as compared to its signal

" in compound A), it is quite clear that the hydroxyl at

' Cg is esterified by p-hydroxybenzoic acid. Thus the

partially hydrblysed product could be represented by

the following structure (I)

) ,
1 '
OCCLH;=CHCHy .

. OH
m .
Compound A, would then -in-turn be represented by

structure (2) - % ' .
OCCCH=CHCH,

(@

RS



-vgigucture'og ester B

Compound B bep. 210-220° (beth)/0.2 mm CH]D+4O.12°

t(c, 1.62), analyses for 023H3205 and has in its nass
spectrum (Fig. VIII) the MT= 43™ at m/e 345- Its IR(Flg.IX)
shows absorptions due %o 03(3440, 1030 cm 1) ,C=0(1685 cm 1)
and C=Ch(aromatlc)(j59p cm"‘).  Its UV.has A max qt226 nm
(€ 11,190), 269 nm( ¢8468) and 297 nm (¢€,3847). The .
PMR (Fig.X) of th§'compound B fe%eals‘the following str&étural
featurés:-caﬂg(BH;s,1.12 ppm),—OHMez(' 6H;'£wo doublets
centere& at 0.86 and‘0.9fﬂppm, J=THz each),-C=CMe(3H, s,
1.85 ppm), Ar-OMe(3H, §,5.97 ppm),-CH~0-CO-C and ~C=CH

(2H; bm, at 5¢3§ ppm), Ar-OH (1H,s,6.1 ppm) and ArH (3H, m,
between 6,92 and47.67 ppm)

Gompoﬁnd B on hydrdlysis with alcoholic KOH gave a
neutral cémpound'm.p. 91-92° which was identified as
jaeshkeahadiol (nixed m.p.IR,PMR) The acidic component,

‘ BlePe 205~206° obtalned from this hydrolysls was converted
1nto its methylester using diazomethane.’ It was established

to be methylester of vanillic acid (IR, PMR,GLC).

Based on the aﬁove spectral and chemical data,

" structure (3) is.assigned to compound B*

OCH,

o

*While this work was under progress, Hussian workers reported

 the isolation of‘teferin6 and akitschenin7 from Ferula
tenuisecta and Ferula akitschensis, teferin corresponds. to
ester B and akitschenin corresponds to ester A.

o—
(3)

Q=0
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Structure of ester C

COmpouhd c, ‘b.p. 215—225°(bath)/0 tmm CI+37. «76°
(c, 1. 43)° analyses for 022H30 4(M -H,0 at m/e 340, Fig.XI)
Its UV has max at 214 (€, 741%) and 262 nm (€14, 190)
Its IR (Flg.XII) shows presence of OH (3300,|1155,
1030 ca™"), 0=0(1670 on™') and C=CH (aromatic)(1600,
840 cm"1). Its PMR (Fig.XIII) révgals following structural
'characteristiqs‘1~GbM§(3H, s, 1.1 ppm),‘~CHMe2(EH, two -
doublets, centered at 0.85 ana>0.93 ppm, J;7HZ each),
f.‘-‘c-;'cn,_g_g(aﬂ,: 5, 1.83 ppm),-CH-0-CO-C(1H, triplet of doublets,
| centered &t 5.3 ppm, J, =J3=3£1z and J,=10 Hz),~C=CE(1H,
m, 5.6 ppmz and ArH (4H, a tﬁpical AatpB' fquartet!?

centéred at 7.39 ppm).

Compound C was -hydrolysed using methanollc KOH.
The neutral fraction obtalned was establlshed to be
gaeshkeanadlol (m.p., mlxed m.p., IR, PMR). The'a01dic
component, m.pP. 210—2110 was transformed into the |
correspondlpg methyl ester (CH2N2). "From its spectral
data (IR, PMR), this ester was found to be p=hydroxy

methylbenzdate.

On the basis of the above spectral and chemical data,

structure ( 4) is suggested for compound C.




il

£6

[

| |

&P

Q

]

i

!

100

ALISNZLING FAILVY 7T

/00




(S ) ZONPLLILAS NV L

o D XILST SO WRHLOISS &I /X 2/L
e
\..F\,U
oo cog oovs ooe/ OO/ Coy/ o8/ oo OQ.WW oew.m, oa.m.m. OOQVO
T T 1 T T T T
5541 102
Q03! 0L9¢
org 00LE 1 0p
09
- Q%
oo/
y 1 \ T BRI
W,\. b 4 N_» c_\ o._m, Q.va O.M 0._.w o$ oF 0E sz

(SWOX2/8v ) HLIDNT7IAYM



9 FTLST 70 WNAXLITLS dWd X DL

Z4

=

\]
\ . |
N ¥ 1
[ |
¥ Y
Ky ©
m ®
) o
o ,
&l
i
Ai Y
s
s
L @
iy f}i
| 1@ L l | | N ! l
o/ 6 g Z [) s + < z




168

K '%KRZ::‘. il i K ¥ ﬁ%*ﬁ%’;???

<, 3'.2.‘ 1,

N?‘ﬁ{ H

g R i
"Q;F%"‘ 'E};}E{'ﬂ“

e
Fvdar
i

1 2 3 -4
(S/L/1CA GEL G PLATE) -
SOLVENT SYSTEM: CHLOROFORM( 35 %)~ ACETONE (526)-METHANOL (0-5 %)
VISUALISATION: 17 VANILIN IN 507, H POy AQ. SPRAY

(1) OYE (SUDAN YELLOW) (2) ESTER € (3) £576R B
() ESTER A (B5)70TAL FX7RACT (&) DYE (SUDAN (YELLOW)

FI1G. X1V, THIN LAYER CHROMAITOGRAM OF THE
CONSTITUENTS OF FERULA TALSCHKEANA
(EROM_TOTAL ACETONE EXIRACT)
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EXPERIMENT AL

Isolgtion of esters A,B and C froﬁ the rbofs of .
Ferula jaeshkeana Vatke '

The acetone exfracts'(105 g).was‘diésolvéd‘in ether
;(1 litre) and'extraptéd‘wiﬁh'safuréted NaHCO3'aq (75m1 x 7)
to remove free acids (3:8'é). fhe neutral materialy
cbtained (101.2 g) was'fodnd to be a complex mixture
5),C0-MeOH, 90:10:1). This
material (48 g)‘wag chromatographed over SiOz;gel/IIB

. on TLC (solvent : CHClB—(CH

(120 em x 5.5 cm) with TLC monitoring.

CHROMAT OGRAM I

Fr.1 Light pet 3%600 ml

‘ 0.2 g - Hydrocarbons
Fr.2 Light pet-50% 3x600 ml )
: CHCJ.3 ‘
Fr.5 CH013 o 5x500 nl 1.942 g Mixture
Fr.4 CH013~5% 5x500 m1 {.- : ‘
acetone . . .
Fr.5 ~do- .. “4x500 ml 9.605 g ' Mixture,rich .
' ' ) in ester A
T, . and Bo
Fr.6 -—do- : 2x500 m1 . 3.72 g Mixture
Fr.7 =-do- ‘ 10x500 ml 9,081 g Mixture rich
, : o , Ain ester C
Fr.8 -do=- o 3x500 ml 1.478 g Mixture
Fr.,9 CH013~1O%, 1x500 ml }
acetone s _
Fr.10 —~do- - 6x500 ml ' 1.477 &  Mixture
Fr.11 CHCI3~15% ~ 12x500 ml . T+45 g  Polar
acetone ' compounds,

Frac.5(9.0g) from the above chromatography was rechrometo-
graphed over silica gel (II B, 270 g, 75 cm x 3 cm)
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- CHROMATOGRAM 11

Fr. 1 Light pet 3%x250 m1  0.172 g - Mixture

Fr.2 Light pet- 4x250 ml
25% CHCL '
Fr. 3 Light pet- 33250 ml  0.396 g -  Mixture
, 50% CHClz '
. Fr, 4 Light pet- 8x250 ml -~
50% CHCl, o ,
Fr. 5 Light pet-75% 4x250 ml | 3.443 g -  Mixture
CHC1,
Fr. 6 - CHCl, : 5x250 ml.
¥r. 7 0H013-2% 3%x250 - ml -
acetone : )
Fr., 8 =-do- ' 2%x250 m1 = 2,079 g Mixture
Fr. 9 -do- » 4x250 mL  1.383% g Mixture
] rich in B
Fr.10 ~do- 2x250 ml 0.554 g Single
Fr.11 Methanol - 0.5 g ‘ Rejected

Frac.10 was crystallised from acetonitrile to give ester

* A, m.p. 84-~85° E{b—1.98°(c, 1.51%). (Found:C,T70.64; H,7.52.
?27H3606 requires:C; 71.04; H,7.89%).Mass:m/e 438(M—18ﬁ,1%)
413 (M-43", 16%),218(27%), 176(78%), 175(47%),157(8%),147(22%),
133(13%),121(100%),105(10%),85(61%), 55(30%), 43(18%).

_Frac.9(1 g, chromatogram II) was rechromatographed on

510,-gel (55 g, 1.5 cm x 64 cm).
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CHROMATOGRAM IIT

' FPr.t Iight pet  2x125 ml - Nil' . -
Fr.2 Light pet- 63100 ml -dOm -
50 CHCly . _ IR
Fr.3 Light pet- 2x100 ml -3 0= -
75% CHCLy . S
Fr.4 CHCL, . 4x100 ml  sdo- . -
Fr.5 CHClzp-1% *  6x100 ml " 0.516 g . Single -
acetone S ‘ "
" Fr.6 Acetone ‘ - 0445 g  FPolar
‘ ‘ " _compounds.

Frac.d was obtained in the foamy state.<Deépite several
attempts, it could not be crystalllsed. It was dlstllled
Depe 210-220°(bath)/o.2 mm to give ester B, (?JD+4O 120

f (e, 1.62%)(Pound 1, 7140 H,8. 46. Cyslis,0p requires:
C,71.14; H,8.24%). DMNass: m/e 345 (M-437,11%) 220(11%),
178(9.9), 177(41%), 168(22%), 159(28%),151(100%) ,134(24%) ,

121(17% ), 105(11%),55(15¢), 43(33%).

Frac.7 (2 g)'from chromatogram I_Was rechrométographed

on Siozwgel/IIB (100 g,~1.4 cm x 35 cm)y

CHROMATOGRAM IV

Fr. 1 Light pet-50%  4x125 ml -  HNil . -
CH013 _‘ ' o
Fr. 2 CHCl; 2x125 ml ~d.o~ -
'Fr. 3 CHCl,-2% © 6x100 ml  0.065 ¢ Mixture
, acetone - R S
Fr. 4 CH013-4% "15x100 ml ??518‘g ' S;ngle
acetone ‘ ‘ : ‘

"Fr. 5 Acetone ' D - 0425 g Rejected.
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Frac 4 was also obtalned in” the foamy state and all }
the attempts to crystalllse 1t falled It was dlstllled

Dep. 215°—225° (bath)/o 1. mm to glve ester C E&]D+37 76°
(c,1.4%%)(Found:C, 73 24; H, 7 83. Cy,Hz40, requires:
C,73.74; H, 8.37%). Mass.m/e 340(u-18", 1%), 315(12%),
220(5%), 177(59%), 159(47%), 149(7%), 134(29%), 121(100%),
55(9%), 43(22%).

Partial hydroly51s of ester A

‘To a solution of KOH (0.272 g) in dioxane (2 ml)

, céﬁtaéning water (2 ml) was added a soln of ester A
(0.054 g) in dioxane (4 ml). The réaction‘miiﬁufetwas
initially’stirredxat room teméeratu;e‘for 3;5 hr, but
‘no»change was oﬁséfved as only:thé:étarting material
was shown:on~TLC,(15% acéténe3iﬁ 6636). It was then
heated (80~90°) for 15 hr, cooled éné dilutéa with water
(10 ml). The aqueous soln was extracted w1th ether

(3 x 10 mi) and the ether soln washed w1th water(3x5 ml),
brlne and drled. Solvent removal gave an oily residue ,
(0.038 g), whlch Was found to be a mlxture of atleast

three compounds as shown by TLC.

TheQaéueous léyer wgs:acidifieé‘géinékSO% H3PO4
aq. -extracted with ethei~(3i5 ml),ithe.efhér soln was
washgd with water‘(3i§ml),»brine and dried.. Solvent evaporation
furnished acids (0.013g);'uﬁpe aci&s were converted ‘
into the corresponding methjl esteré'using,diazomethane
in ether. - The PMR of the crude ﬁiiture indicated the

presence of p~hydroxylmethylbénzbaté"as méjdrgcompound;
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Ar-COOMe (3H,s,3.9-ppm), Ar=OH -(1H, bs, 5.35 ppm) and
ArH(4H, 2 typical AA'BB'.!quartet! centered at 'T.41 ppm).
The neutral compound obtained from {he‘above

hydrolysis was chromatographed on SiOZ—gel/IIB(O.B cm x 15.5cm)

Fr.1 CgH .~ » : 5x5ml Nil -
Fr.2 CgHe~1% 8x5ml 0.014g Single
acetone . } Rf 0.47
Fry3 CgHg-2% - 2x5ml
acetone
Fr.4 CGHG'—B% ; 5x5ml ) 0.00’Sg V Single
acetone , ] ' )
Fr.5 Acetone 5x5ml 0.006g  Single
: ‘ Rf 0.22

xgggg. 2 and .3 were combined and‘éistilled, b.p. 200~
210°(bath)/0,1 mm. IR, (CHOL ):0H(3590, 3530,1040 cn™');
Cz0(1765,1230,1ﬂ60 cm”l), G=CH(1640"cm“1);’PMR:-Cuﬂe
(3H,8,1.1 ppm),—CHMez(6H, 2d, at 0.96 and 1.0 ppm, J=
THz each),-C=CMe(3H, s,1.84 ppm )-CO~Cile=CHMe( 6H,m, between
1.92 and 2.05 ppm),-C@OH(1H,m, 4,1 ppm),-CH~0~CO~C(1H,
2d, centered at 4.5% ppm, dJ,=d

=3Hz and J,=8 Hz)~C=CH

(1, m, 5:46 ppm) and COCMelQﬁge(lﬁ, q;ucinfefed at 6.1 ppm,
J=THz). Mass:m/e 318(M-18%,1.5%) 293(1.5%), 218(18%),
200(5%), 193(26%), 175(25%), 147(9%),132(15.5%),121(15.5%),
83(100%),55(77%), 43(50%)(Found:C,71.46; H,9.04. C,Hz,0,
requires:C,71.44; H,9.52%)

Frac.4 was found to be starting ester A (PMR,TLC)

Frac.5 was established to be jadshkeanatriol(m.p.,PMR).
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Total hydrolysis o§‘ester s

~Estei‘A(O;1 g) was refluxed with“10% methanolic
KOHE (10ml) wunder N2 atmosphere‘for 4 hr., ZExcess of
solvent was'evaporated, the residue diluted with water
and extracted with ether. The ether soln was worked
up in the ﬁéual'ménnei for neutral (0.045 g) and acidic
(0.032 g) portions. The neutral compound was found
to be jaeshkeanatriol (m.p., PMR) The acids were
converted into corresponding methyl esters (0.028 g)
b, using methanol(10ml) and sulfuric a01d(0.02ml).
It was_fouhd.to be a mixture of. two compounds (GLC,
Hewlet ’Paqkard 7624~4, column: 10% silicone SE 30 on »
Chromosorb W (60-80 mesh);‘teﬁp 160°¢, H, :60ml/min).
The- maaor compound (RT 7.2, 82%) was found to be
p-hydroxy methylbenzoate ‘end  the minor component(RT
0.4, 18%) was established to be methyltiglate by
coinjection w1th authentlc samples of p—hydroxy

methylbenzoate and methyltiglate.

‘derolxsis of ester B

Ester B (0.1 g) was refluxed with methandl;c KOH
(0612 g+« in 10 ml MeOH) for 4 hr wunder N, atmosphere.
Excess‘of solvent was evaporated, residue diluted with
watef and extracted with ether. Usual work up afforded
neutral(0.063 g) and acidic (0.03%31g) compounds. The
neutral compound m.p.:§1~92° wasgfound t§ be jaeshkeanadiol

(mixed m;p.}PMR).
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The acidié}compduhd, m.ﬁ' 205;206°Awas'converted
into its methyl ester (cazmz/EtZO) and was identified
‘a8 p-hydroxy methyl vanillate. iR(CHCl3):OH 3530,

1030 cn™!; ©=0 1705, 1100 cn™' and C=CH 1600 cm™'.
PMR:Ar-OMe(3 H,s, 3.9 ppm), Ar.COOMe(3H,s,3.93 ppm),
ArOH(1H, bs, 5.41 ppm) and Arg (3H, m, between 6,91 and

7.71 ppm).

Hydrolysis of ester ©

Ester C(0.106 g) was”alsoﬁhydrolyse@ with
methanolic KOH to give neutral (0.072 g) and acidic
(0,032 g) components. The neutral compound was
established to be jaeéhkéégadiol (m.p.,mixed m.p. ,FMR)
The acidic m.pi 21Of2j35 waé con&erted into mefhylester'
(CH,N,/Et,0). Tt was identified as p-hydroxy methyl-
benzoate. 'IR(CHblj);OH‘3580, 3360 om™'3 C=0 1695, 1115 om™
and ~C=CH 1605 o', PMR: Aréoomﬁ'(sﬂ; s, 3.9 ppm), ArOH
'(1H, S, 5.66 ppm), ArH(4H, AA'BB! !quartet' centered

at 7.36 ppm).



. SUMMARY
"From'the to%él aceﬁéhé.extraététofxfhe roots of

Ferula 1aeschkeana, three esters, which have been’

:deSLgnated as esters A, B and C have been 1solated.
jThese esters are: shown to possess structures (2),
(3) and (4) respectlvely on the bas1s of ‘“their . spectral

data and thelr saponlflcatlon results.
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