CHAPTER-IV

STUDIES ON BIOMIMETIC MEDIUM-RING FORMATION
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This chapter consists of two parts :

Part-A describes the preparation of 2(Z)-, and 2(E)-6,7-
dihydrofarnesyl diethyl phosphates and their reaction )
with active alumina, as an attempted synthetic route to

10/11 membered rings.

Part-B describes the preparation of 2(E)~6,7-dihydroxy
(protected by phenylboronic acid) farnesyl diethyl
phosphate and its reaction with active alumina as an

attempted synthetic route to 10/11 membered rings. -



PART-A

PREPARATION AND HETEROLYSIS OF 2(Z)~ AND 2(E)-
6,7-DIHYDROFARNESYL DIETHYL PHOSPHATES
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A, Introduction

The most fundamental and important biogenetic pathway
in sesquiterpenoids is the cyclization Oi acyclic
carbonium ions (eg. farnesyl cation) to form the monocyclic
ions, with 10 or 11 membered ringsl. It was observed in
solvolytic reactions of farnesyl derivatives (eg. halides,
phosphates, dinitrobenzoates, etc.) the formation of six
membered rings are more facile and could not be obtained
any detectable amounts of 10 or 11 membered rings. That
alumina induced cyclization of allylic diethyl phosphate
esters is a potential tool for the biogenetic~type synthesis
of variety of terpene skeletons has amply been demonstrated
in thg chapter-II., 1In our earlier experiments of farnesyl
diethyl phosphate esters (both 2(cis)- and 2(trans)- ) with
active alumina, we could not get any detectable amounts of
10 or 11 membered rings, though this mode is quite fregent
for enzymic reactions occuring in naturez. It was observed
that cyclic products from allylic diethyl phosphate esters
result from the, carbocations, generated by ionization of
the C~0 bond, thereby chncommittant attack by double bonds
leading to a new carbocation:. reactive species, which after
proton loss, gives products. By considering our earlier
investigations of alumina induced cyclizations. of

farnesyl diethyl phosphate esters (2(cis)- and 2(trans)- ),
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we thought that in the presence of 6,7-double bond. the
10,11~double bond is not pacticipating in the ionization
step of allylic phosphate ester, thereby leading to
entropically more favourable six membered rings. Under
these circumstances, it was thought to make farnesyl
moiety, ., void of 6,7-double bond, in order to simulate
the interaction between Cq and Cig» thereby forming 10 or
1l—-membered rings. Thus, it ardse . the need to
synthesise 2(cis)~ and 2(trans)- 6,7-dihydro-farnesyl
diethyl phosphates, with an éxpectation that these
phosphate esters on activeyalumina @ould give allylic
carbocation, followed by anchiperic assistance of
10,11-double bond, leading to the formation of 10 or 11-

membered rings (Scheme-I).

In connection with the preparation of 2(cis)- and
2(trans)- dihydro-farnesyl diethyl phsphate esters, for
the cyclizat@on studies, we required the corresponding
alcohols of the said stereochemistry with ﬁaximum purity
possible. A survey of literature was therefore made for the
methods already reported for the synthesis of these
compounds. The information gathered is summarised below.
The methods, finally chosen, and the reasons which prompted

the choice of both these syntheses are also discussed.
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B. Synthesis of 2(cis)- and 2(trans)- 6,7-dihydro-

farnesols‘ﬁﬁ)

(a) Known routes

The Known synthetic routes to 2(¢cis)- and Z(trans)-

6,7-dihydro-farnesols are as follows :

(i) A synthesis of 6,7-dihydro-farnesols by partial
hydrogenation (NZHA.HZO; Cusoa) of (E,E) and (Z,E)
farnesols was reported by Bergstrom g;ﬁg}; in 1967.

. Besides the required compound, DL-2,3—dihydro~6(§)-
farnesol, other dihydro derivatives such as 10,11~
dihydro-2(E), 6(E)-farnesdl and 10,11-dihydro~2-(Z),
6(E)-farnesol are also present in the reaction product,

making the purification difficult.

(ii) In 1965, Robert Azerad et gl.q reported the
synthesis of 6,7-dihydrofarnesol starting from
citronellol by a sequence of reactions which involves
bromination of alcohol (3), condensation of citronellyl
bromide (4) with ethyl acetoacetate to afford (5)., It
was subjected to Wittig-~Horner reaction with
(EtO)ZP(O)CHZCOZEt to afford a mixture of (cis)- and
(trans)=-o«,f-unsaturated ethyl esters which were separated,

followed by LAH reduction gives the desired alcohols,
(Scheme=~1IT)
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(iii) In an earlier study’ from this laboratory for
the synthesis of dihydroufarnesois, hydrogenation of
farnesol over P'd/CaCO3 (15 percent) in ethanol was"
investigated. But, the product was found to be a
mixture of all the three dihydro derivatives (2,3
6,73 10,11l-dihydro-farnesols). | |

6 have

(iv) Recently william N. Washburn and his group
developed a method for the symthesis of (1) from
6 methyl hept—Sen~2~oné (§) by a sequence of reactions

which are depicted in Scheme-ITII.

(b) The present approach .

The starting compound chosen was 5,6-dihydro-geranyl
acetone (6), which was obtained by, acetone condensation of
citronellal’ (12), followed by selective hydrogenation of
@,p-unsaturated ketone (13) using 5 % Rh-A1,05 as a

O | 0O
X l\ , /WL
CHO — l — !'

12 13 | 6

catalyst in ethanol.

0
(1) CH{CCH, ,NaOH ; (2) H, /57 RH/ALD;
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With this starting material (6) two different routes
attempted.

(i) The Wittig-Horner reaction routeh:

The first step involves the Wittig-Horner reaction
between 5,6-dihydro=geranyl acetone (6) and the ylide,
generated from (EtO)ZP(O)CH2COOEt using sodium hydride
as base, Iry dioxan was used as solvent and the '
reaction temperature was reported tobe lOOOC., In our.
hands, however, the reaction didn’t proceed smoothly
under the prescribed reaction conditions (temp. 100°C),
We found that the reaction proceeds very smoothly at
50°C in THF solvent, giving almost quantitative yields
of the a,ﬁ~unsatufated esters, Furthermore, the
product ratio obtained was 41.28 percent of the (cis)-
ester (7a) and 48.2 percent of the (trans)-ester (7b)
and 10 percent of the unwanted isomers. Studies also
showed that the product ratio obtained is sensitive to
the reaction conditions used. The required Z- and E-
esters [(7a) and (7b)] were separated by ¢olumn

chromatography (Sioz—gel, grade IIB) and characterized
by their PMR spectra.
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The LAH reduction of the esters 7(a) and 7(b)
was reported at room temperature and supposedly
gave 95 percent yield of the alcohol (1) after a two
hour reaction periocd. ©Our observation was that this
reduction was not so facile, longer reaction times
were recessary. There were also signs of the
formation of a side~product which probably ié the
a,B-saturated alcohol (a broad peak at 3.61 in the PMR
spectrum possibly for the o— to hydroxyl protons).
This impediment was overcome by first stirring at -5°¢
for 2 hrs, then allowing the reaction mixture stirring
at 0°C for 6 hrs and further stirring for 2 hrs at

room temperature (30°C).

(ii) The second approach attempted consists of the

sequence of reactions shown in Scheme-IV.
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13 (A) (B)

(A) +( B)—Y—

14 ) |
Me
(i) HC=CH, K ‘C'J-—(t')-Et (ii) A020/35P04 (1ii) AcOH, Ag,CO3
Me
(iv) NaOMe/MeOH (v) LiAlH),

SCHEME~ IV
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This scheme parallels that reported by Isler and
coworkersa which was later subjected to some
modification39 in the conversion of geranyl acetone to
farnesol. This sequence has not been reported on
5,6~dihydro-geranyl acetone so far, thus presenting a

new approach to the synthesis of (1).

The pure 5,6-dihydro-geranyl acetone (6) was
subjected to acetylene addition in presence of tert-
AmOX, utilf.ising the method of Gould and Thempsonlo
to furnish finally pure tertiary alcehol (12) in 94 %
yield, which was characterised by its IR and -PMR

spectra.

The pure tertiary alcohol (12) was converted into
its corresponding acetate (13) by AcZO/H3904. An
analytical sample of this acetate was prepared for

spectral and physical data.

The acetate (13) was transformed by treatment with
ACOH, Na2C03 and Ag2003 into a mixture of allenic
acetate and didcetate, which was then hydrolysed by an’
exchange reaction with sodium methoxide’ in methanol to
afford a mixture of (Z)- and (E)- 6,7-dihydro-
farnesals (14). ‘ ~
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This mixture of 2(Z)- and 2(E)-6,7-dihydro-farnesals,
was easlily reduced by Ld.A_lHZ+ to furnish a mixture of
2(2)- and 2(@)— 6,7-dihydro~farnesols. The alcohol
thus obtained was a mixture of 60 percent E- and 40
percent Z- isomers (as per PMR). No 1,2-dihydro-
alcohol could be detected in the LAH reduction product.
The 2(Z)- and 2(E)- isomers were separated by column
chromatography (10 percent AgN03 on 3102~ge;))and'
characterised by their spectral data. "

A ‘/\\/\*\/\OH
OH
| N

1a b

(C) Preparation of 2(cis)~6,7-dihydro farnesyl diethyl

Ehosghate:

2(cis)-6,7-dihydro farnesol (la) was converted imto
its diethyl phosphaté ester,‘using diethylchlerophosphate,
pyridine in dry dichloromethane under the same experimental
conditions that was employed for the preparation éf |
geranyl diethyl phosphate. After usual aquéoﬁs work up, i%
afforded 2(gi§)~6,7—dihydr9 farnesyl dietﬁylphosphafé
ester (2a), pure by TLC analysis (15 % EtOAc/Pet.ether
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60—800C) and spectroscopically consistent. It was not
further purified due to its lability towards heat and

adsorbents.

Preparation of 2(trans)-6,7-dihydro-farnesyl diethyl

phosphate:

2(trans)-6,7-dihydro=farnesol (1b) was converted into
its diethyl phosphate ester, using the above experimgptal
conditions. After usual aqueous work up it afforded ' “
2(trans)=-6,7-dihydro-farnesyl diethyl phosphate ester (ggf,'
pure by TLC analysis (15 % EtOAc/Pet. ether 60-80°¢) ;ﬁd‘
spectroscopically éonsistent. + Tt was also not~further o

purified due to its lability towards heat and adsorbents.

22

(D) Reaction of 2(cis)=~6,7-dihydro~farnesyl diethyl

phosphate with active alumina:

2(cis)~6,7-dihydro-farnesyl diethyl phosphate (2a)
(0.5 gm, 0,001l mol) in dry dichloromethane was added to a
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slurry of active alumina (prepared from aluminium
isopropoxide, grade I, pH = 7, 15 gm) in dry dichloro-
methane under manual shaking in 2minutes. The reaction
mixture was flushed with dry N2 gas and stoppered thg
re.b.flask. It was shakeh using mechanical shaker for & hrs
at room temperature (~ 30°C) and kept at room temperature
(25°C) for 12 hours. After usual filtration work up, and
distillation of the solvent, it afforded a crude compound
which was distilled under reduced pressure. GLC of the
distillate showed the formation of three compounds. The
PMR of the distillate shows, that it is a mixture of only
elimination products. No trace of cyclised products was
obtained. (Scheme-V), However, these compounds were tried
to separate on 15‘%.AgN03-Silica gel G - column
chromatography and could get two pure compounds. These
were identified as 1,3(15),l0-Bodecatriene 7,11 dimethyl
.(;g); 1,3(7) (trans);10-dodecatriene 3,7,11 trimethy1(17)
by their spectral characterstics (IR, PMR, Mass). The mass
spectra were taken on computerised GC-MS spectrophotometer,

GIC of the mixture is shown in Fig. 1.

Reaction of 2(trans)-6,7-dihydro-farnesyl diethyl phosphate

with active alumina:

Reaction of 2(trans)-6,7-dihydro farnesyl diethyl
phosphate (0.5 gm, 0,0011 mol) with active alumina

(activitys grade I, pH = 7, 15 gm) in dry dichloromethane
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was carried out under the similar experimental conditions
described above. Aftér usual filtration work up and
distillation of the solvent afforded a crude material.

It was distilled under reduce pressure, The GILC qf the
distillate shows the formation of the three compounds,
found to be elimination products only, as in the case of
2(cis)-isomer, but in different proportions. The GLC of

the mixture is shown in Fig. 2.
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dodecatriene 3,7,11 trimethyl (17)

SP.A.11b : Mass spectrum of 1,3(7)(trans),l0-
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Discussion

The reaction of 2(Z) and 2(§D—6,7~dihydroafarn§syl
diethyl phosphates wiﬁh active alumina resulted in the
formation of only elimination products and not even a trace
of cyclization product could be detected. This observation

supports Ruzicka et g&,ll

postulates of alicyclic rings
formation. Ruzicka et al. have discussed the formation of
alicylic rings in terms of two factors. The first of

these, the probability factor, is a measure of ability of
the ends of the carbon -chain %o approach each other, The
frequency with which this occurs will decrease with
increasing chain length and thus reflects itself in an
unfavourable :activation entropy for the formation of medium
and large rings. The deterioration of probability factor in
case of medium and large rings is because the acyclié carbon
cinain w111 tend to adopt the most stable zig—zaé conformation

where the ends of the chains are further apart (ie.) where

it contains the greatest number of anti-butane segments.

The activation energy for ring closure wili devend onx
the stability of the ring formed. This gives rise to the
second of the factors, the strain factors, The strain
factor becomes more favourable to closure as the ring size
increases from 3 to 6-membered, less favourable for the
formation of 7,9 and lO-membered rings and then more

favourable for larger rings.



By combining ali these factors, we were able to
relate the ease of formation of a ring to the number of

carbon atoms it contained and were thus able to explain, '

satisfactorily, the observed formation of only elimination

products in our experiments.,



PART-B -

PREPARATION AND HETEROLYSIS OF 2(E)-6,7-DIHYDROXY
(PROTECTED BY PHENYLBORONIC ACID) FARNESYL DIETHYL
PHOSPHATE
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In part A, it is observed that our objective in the
formation of 10 or ll-membered rings from the'6,7«dihydr9;
farnesyl derivatives was not realised, due to the probabilify
and ring strain factors., It was obvious from tbe'observations
that in the acyclic farnesyl chain, the probability and ring
Qtrain effects are such that it allows the formation of
6-membered rings more favourably. So, it was thought, under
the imposition of certain constraints to the’acyclic |
farnesyl chain,‘the probability factors of the system can
be brought favourable in simulating the‘interactiéns'befﬁéen»
C, and C;, atoms, thereby leading to the formation of 10 er

l1l-membered rings.

Under these circumstances, it was decided to protect ‘
the 6,7-double bond of acyclic farmesyl éha;n'as diol,
It serves the exclusion of the 6-membered ring formation,
thereby allowing the.terminal double bond,(A;o’l}) to
interact with more electrophilic centre of C; atom. “And
also, it was thought that the.diol protec#ioq’with phenyl
boronic acid, can bend the acyclic farne;yl chain,
sufficiently enough, to bring the terminal double bond |
(Alo’ll) into the proiimity of C; atom, due to the
repulsive interactions between the T -electron cloud of

phenyl group and that of the 2,3 and 10,1ll-double bonds
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of farnesyl chain, thereby simulating the interaction
between C; and Cy, atoms, of (1).
O3

O

B
1 " )2 ,

SYNTHESIS OF 2(E)-6,7-DIHYDRUXYFARNESOL

In comnection with the preparation of (1), for the
cyclization study, we required the corresponding alcohol
[2(trans)-6,7-dihydroxyférnesel (2)] of the said
stereochemistry with maximum purity possible. A survey
of the literature was therefore made for the methods

already reported for the synthesis of (2),

N
O

It was found that synthesis of Qg) was not reported

until now. So, various methods to synthesize this triol
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were tried, which are briefly summarised below with

appropriate comments.

(1) Proposed scheme for the synthesis of (él

(trans)-Geranyl acetone was chosen as starting material
for the synthesis of triol (2), for which a scheme was

proposed. (Scheme-T),

0 S O

SCHEME -1
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cis-Hydroxylation of (trans)-geranyl acetone was
attempted with potassium permangnate, but it could not
yield the diol. Starting material was recovered. An
alternative approach was thought, to epoxidise
5,6-double bond of (3) and then cleavage of epoxide to
5,6-diol, To achieve 5,6-epoxy geranyl acetone,
various epoxidation reactions were carried out on (3)
using different peracids apd hydroperoxideé. The ~
details of these reactions were summar;sed in the
Table~l., In all these reactions, three different
epoxides were formed, though in different rqtioé in

various reactions. .

None of these reactions gave selective 5,6-epoxy
geranyl acetone. Various methods were attempted to

separate the monoepoxides (5,6 and 10,11-). from the
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mixture. [(Silica gel-G TLC, 15°4 AgNO; - Silica gel
G, GLC using 10° SE 30, 10 % cw, 5 % CW, 5% p,

5 % CuBr, treated 10°4 CW)l, None of these methods

2
could separate the monoepoxides (5,6 and 10,11) in

pure form. So, this route had to be abondoned.

So, in an alternative approach, it was thought
to synthesise, pure (E),(E)-~farnesyl derivative and

then study epoxidation reactions on it. (Schéme—-]:l)

SCHEME -1

For the synthesis of (E),(E)-farnesol, the method had

to be so chosen that the starting material was :r'ead'i‘.!:y‘~
available to us. Thus, the choice fell on. (E)- ‘
geranyl acetone (3), as it would fix the geometry of.
6,7-double bond in the final product as (.E_:_)-‘and
thereby reduce the cornpiexi‘ty of farn‘esol(s)f into a-.

mixture of 2 instead of 4 isomers.,
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Out of all available routes to prepare (E),(E)-
farnesol from (E)-geranyl acetone, we followed the ‘
route consists of the Wittig-Horner olefination of (é)
and separation of the resultant (cis)- and (trans)-
esters by precise fractionation on an annular teflon
spinning band column of 80 theoretical-plates and ‘
converting the (E)-ester into allylic alcohol'by LAHK
reduction. (For details see Chapter-II, syﬁthesis of
(E),(Z)-farnesols). (trans) , (trans)-Farnesol,
prepared in the descriﬁed way, was converted inta its
acetate by the adtion of acetic anhydride and pyridine.
(E), (E)-Farnesyl acetate (5) was subjected to
epoxidation reaction with monoperphtﬁallic acid12 in
diethyl ether solution, which afforded mixture of
6,7~ and 10,1l-momoepoxides and 6,7; 10,ll-diepoxide

but no trace of 2,3-epoxide was observed. These were




o ,
AN ~
, —
l l

(3)

R

separated by column chromotography (Silica-gel-G,
grade III, 8 % EtOAc in benzene) in pure form and
characterised the monoepoxides by their'spectral
characteristics, 6,7-epoxy farnesyl acetate 5(b)

was converted into 6,7-dihydroxy-farnesyl acetate by
the action of 1% HP0,/aq. dioxan. Ilt-w'as purified
by column chromatography (Silica ge1~G; grade:;I—B)'.
and distilled the diol under reduced preésure.' It was
characterised by its spectral properties. Z(M)-;
6,7-dihydroxy-farnesyl acetate (6) waé'h?drqused |
using KOH/aq. ethanol to afford 2(trans)-6,7-dihydroxy=
farnes-l-ol tg}., It was distilled under reduced

pressure and characterised by its spec’éral properties.

AC e OAc - H
e Sy 53 "

5b ' 6 2

:» Protection of diol (2) was carried out with
phenyl boronic :.ac:i.»:ll3 by refluxing in pyridine. The
protected diol () was purified by column chromato-
graphy (Silica gel-G, grade IT-B) and characteri"sed
by its spectral properties. ‘
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Preparation of 2(trans)~6,7~dihydroxy (protected by

phenyl boronic acid) farnesyl diethyl phesphate (1):

2(trans)-6,7-dihydroxy (protected by phenyl
boronic acid) farnes~l-ol (7) was converted into’its
diethyl phosphate ester by using diethyl chiorophos—
phoridate and pyridine in dry dichloromethane,'undef
the similar experimental conditions deséfibed for

geranyl diethyl phosphate.
Q R
O 03

ey

—
,2 // _~

|
OH - OR(CEL),
7 . @)

Reaction of (1) with active alumina:

A reaction of (1),(0.5 gm, 0.001 mol) with aétive
alumina (15 gm, grade I) in dry dichloromethane was
carried out by shaking the reaction flask, using
mechanical shaker for 4 hours at room temperature
(~30°C) and kept the reaction flask for 12 hours at
room temp. 6~30°C). After work up, it afforded a crude
light yellow 0il,0.120 gm. PMR of this revealed, it is
a mixture of many compounds, mainly elimination products.

It was not further studied.
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Discussion :

Obviously our initial objective of achieving a synthesis
of 10 or ll-membered ring compounds via biogenetic pathway,
by intramolecular cyclization of 2(E)-6,7-dihydroxy
(protected by phenyl boronic acid) farnesyl diethyl
phosphate, has not been realized. Though, o6ur mode of
detection does not preclude the presence of trace amounts of
10/1l-membered ring compounds, this approach can have no

synthetic utility.



292

EXPERIMENTAL

All m.p.’s and b.p.’s are uncorrected. For general

remarks see Chapter-II (Experimental)

PART-A

‘Aldol condensation of citronellal (7) with acetone

To the mechanically stirred solution of 1 %4 KOH
solution (450 ml) and acetone (distilled, 90 gm, 1.85 mol),
pure citronellal (freshly distilled, 60 gm, 0.39 mol) was
added dropwise over a period of 15 minutes at room temper-
ature (35°C) and further stirred vigorously for 50 hrs at
30°¢. Organic-layer was separated.- The aqgueous layer was
extracfed with solvent ether (50 ml x 4). The combined
organic layers were washed with cold water, till the
wéﬁhipgs are neutral to pH. Finally, it was- washed with
brine solution (&é'ml). It was dried over énhy. Na,S0,.
Solvent waS‘removéd by distillation; which afforded
68 gm of the crude yellow oil. It was fractionated and

three fractions were collected.
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Frn No. wte (gm) Temperature Vacuum
1 14.59 60-95°¢ 3,5 mm
2 48,16 100-150°¢ 3.5 mm
3 3 ‘ 130-138°¢ 3,5 mm

Fraction No.2 contains «,f-unsaturated ketone and hydroxy
ketone. This fraction was refluxed with acetic anhydride
(60 ml) for 3 hrs and distilled off the acetic anhydride,

which afforded a crude mixture. It was again

fractionated.

Frn No. wt. (gm) Temperature . Vacuum
1 10.22 80°¢c 0.06 mm
2 648 8o-85°c 0,06 mm
3 28 85-88°c . - 0,06 mm,

residue 2 ) - . T -

Fraction No.3 was redistilled, b.p. 86-87°C/0.06 mm, to
get 26 gm (34 % yield) of a,p-unsaturated ketone (95 °4
pure), (GLC column: 360 cm X 0.318 cm, stainless steel
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column, packed with 10 % carbowax on 60-80 mesh Chromosorb W;

temperature: 170°C; Carrier gas: 60 ml HZ/min).

3,9 Undecadien-2~one 6,10 dimethyl (13)

B.P. : (86-87°C)/0.06 mm
IR (Film) : 1680, 1630, 830 cm *

PYR : HsC~CH (3H, d, J=7Hz, 0,92 ppm); 2 CHy~CaC (6H; -3H,
S, 1.58 ppm, 3H, S, 1.66 ppm); CH=C< (1H, ill
resolved triplet 5.04 ppm); HC=C-C (1H, d, J=14Hz,

5.96 ppm);'CHz—ggéc—C (1H, sextet, J=7Hz, 5.64 ppm).

Hydrogenation of o,p-unsaturated ketone (13)

a,p-Unsaturated ketone (1 gm, 0.005 mol) was hydrogenétgd
(162 ml of HZ) over 5 % Rh/A1203 catélystu§n ethanpln(Lﬂngﬁ)gf
by stirring the. heterogenous mixture. Solvent was filteréé’ |
and was distilled, which afforded 1 gm of (~100°{ yield)
5,6—-dihydro geranyl acetone (6) (9574‘puré}.7 Tt wagﬁaigﬁgilgd

under reduced pressure (81-8206/0.35 mm),. - SR

5,6-dihydro geranyl acetone (6)

B.P. : 81-82°C/0.35 mm

I.R. (Film) : 1715, 830 cm

PMR : HzC-CH (34, d, J=7Hz, 0.36 ppm)4 2 _c_f_i_3—0=c (6H; 3H,
—— Q

1

|
S, 1,57 ppm, 3H, S, 1,65 ppm); CHz-G- (3H; t, J=7Hz,
2.32 ppm)s HC=C-C (1H, i .1 resolved tripde¢t 5. oppm).
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wittig-Horner reaction on 5,6-dihydro—geranyl acetone (6)

Sodium hydride (1 gm, 50 % , 0.021 mol) was placed in
dry THF and the slurry was cooled to 10°c. Triethyl
phosphonoacetate (freshly prepared and distilled, 3.51 gm,
0+015 mol) was added dropwise under stirring in 30 minutes.
After completion of the addition stirring was continued at
room temp. for 1 hr., At the end of this period 5,6~dihydro~~
geranyl acetone (6) (2.0 gm, 0.0l mol) in THF (3 ml) was
added dropwise during which some evolution of héat was ‘
observed. The solution was stirred at 50°C for 3 hrs and
kept at room temperature (~30°C) for 12 hrs. The reaction
mixture was taken up in a large excess of water (30 ml)
and extrécted with ether (10 ml x 3). The combined
ethereal extract was dried (Na2304) and evaporated to give

the crude mixture of esters (2.72 gm, ~100 percent yield).



Separation of 2(Z)- and 2(E)~esters (7a and 7b)

GLC of the mixture showed a composition of 41,28 percent
of (cis)-ester (7a), 48.2 percent of the (trans)-ester (7b)
and 10 percent of the unwanted isomers. The required
isomers (7a) and (7b) were separated by column chromatography

(grade: ;I-B).

CHROMOTOGRAM-T

Column dimensions 80 cm x 2,1 cm

Amt of silicagel 100 gm

»*e

Wte.of compd loaded 5 gm

Frn No. ‘Solvent Vol of eluate Wt.  Remarks
* (gm)
1~-5 : 3§et.ethero 50ml x5 - -
. (60-80°)
6-9 bt e 50 ml x 4 0.6 Unwanted
Cded , ’ isomers
10-15 0, 50 ml x 6 0.7  (7a)
16-20 .., 50 ml x 5 0.8 (7a)
21-25 - 50ml x 5 0.4 (7a)°
26-30 '9 50 mL x 5 0.2 (7a)
31-35 ’ 50 ml x 5 Ouls (za) + (Zp)
36-40 ’s 50 ml x 5 0.6 (7o)

431-60 1Y% EtOA/PE 50 ml x 20 Qe (7b)

-
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The Z-isomer (7a) and E-isomer (7b) were obtained in 96
percent (GLC). Their PMR spectra agreed with the reported

values.

PMR Z(a)

H3C—CH (34, d, J=7Hz, 0.86 ppm); H30—0=C (6H; 3H,
, 5, 1.5 ppm, 3H, 8, l.64 ppm); HBG~C=G—COOEt
(3, 8, 1.85 ppm); CH,-C=C~COOEt (2d, ill resolved

triplet 2.52 ppm); 0~CH,~CHz (2H, qr; J=7Hz, 4.08 ppm),
o :

i
CH-C=(X (1H, ill resolved triplet 5,02); ~C~CH-C=C
(11, s, 5.55 ppm). . '

PR : Z(b)

H3G—CH (34, 4, J=7Hz, 0.86 ppm); HzC~C=C (6H; 3H,
27—1.56 ppm, 3H; S, 1.65 ppm); HBE:E;C=COOEt
(cis~ to ester group, 3H, s, z.sz-ﬁpm); o
~0-CH~CHx (21, qr, J=7Hz, 4,08 pgm); HC~-C=C< (%H,

s . . '1 4
i1l resolved triplet 5.02 ppm)}; -C~-CH-C=C (1H, s,

5.5 ppm). _ .
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Reduction of the ester to the alcohol (1)

A suspension of 500 mg lithium aluminium hydride in
dry ether (5 ml) was cooled to =5°C and to it was added

a solution of the ester (cis + trans) (3 gm, 0,01127 mol)

in dry ether (5 ml) in a dropwise manner, under stirring,
over a period of about 15 minutes. After completion of
addition the stirring was continued: for 2 hrs at -500, then
the reaction mixture was allowed to get 0°C and the
stirring continued for a further period of 6 hrs. It was
allowed to come to room temperature (~25°C) and stirred

at this temp. for 2 hrs. The reaction mixture was then
decomposed with cold water, 5 percént HCl and extracted with
ether (20 ml x 3). The combined extract was washed with
water, dried (NaZSOA) and evaporated to yield 2.3 gm of the
~alcohol (92 percent yield). Purification was done by
column chromatography.

Acetylene addition route (Scheme-IV)

Anhydrous ether (18 ml) was cooled to -18°C and
saturated with dry purified acetylene gas for 1 hr -runder
mechanical stirring with the acetylene flow at a rate of
15 lit/hr, A solution of 5,6~dihydro geranyl acetone (6)
(9 gm, 0,045 mol) in dry ether (17 ml) and a solution of
potassium (2.6 gm})dissolved in anhydrous (refluxed and
distilled over Na). t—amyl alcohol (46 ml})were added
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separately to the ether solution of acetylene under vigorous
mechanical stirring over a period of 2 hours. The

acetylene flow rate was raised to 32-35 lit/hr during this
addition and the reaction mixture kept at -10°C to -15%c.
Affer complete addition, the reaction mixture was further
stirred for &4 hrs at 0° with the acetylene gas flow rate
reduced to 15 lit/hr. when by TLC (12 percent ethyl

acetate in pet.ether 60~80°C) it was revealed that the
reaction was complete. The reaction mixture was decomposed
by cold water, the product taken up in ether (40 ml x 3),
washed with 5 percent NH,Cl (20 m1 x 2) followed by water
till the aqueous layer was neutral. Drying (Nazsoa) of the
ether extract followed by removal of\solvent furnishes the
crude tertiary alcohol (12). Distillation yields the pure
material (b.p. 120-130°C/1.8 mm) in good yield (9.38 gm,

93 percent yield).

T.R. (Neat) : 3400, 3310, 1640, 1115 cm .

CH
|
PMR H3C~CH (34, d, J=7Hz, 0.86 ppm);. H3C—G-CEC (34, s,

1.42 ppm)s two g§5-0=c< (6H; 3H, s, 1.58 ppm, 3H,
s, 1.65 ppm); HC=C- (1H, s, 2.28 ppm); HC=C (1H,
ill resolved tripletVB.Oh ppm).

MS t m/e 222 (MY, 0,96 £ ), 207 (2.24 % ), 204 (3.2 %),
189 (30,12 % ), 176 (3.8 % ), 161 (22.4 % ), 109
(54448 % )y 69 (100 76 ), 55 (69.23 % ), 41 (98,7 % ).

Found C, 80.45; H, 11.89.
H, 11.7.

Anal g0 requires C, 81,08;

-0

Cq5tls



Tertiary alcohol to acetate (13)

In a 100 ml 3-necked flask equipped with a thermometer,
reflux condenser and dropping funnel was taken 5 gﬁ
(0,023 mol) of (12). A mixture of acetic anhydride
(4.014 gm, 0.039 mol) and HzPOy, (0.057 gm) was added during
one hour with stirring whergby the temp. rises to ~50°C.
After complete addition it was kept overnight at room tempe-
rature when it shows complete conversion (tlc). The reaction
mixture was poured over cold water and extracted with ether
(70 ml x 3). The combined extract washed with cold water
and dried (NaZSQQ). Evaporation of solvent gives (6 gm,
quantitative). A small portion of the acetate (13) was
distilled for its spectral data (b.p. 120-140° (bath)/

1.5 mm).
IR (Neat) : C&C-H 32803 @=0 1730, C-0 1230 cm L.
" OAC
i
PMR 3 ’g"'H"B.-C—H (BH’ d.,‘ J==7HZ, 0988 ppm); EEB-O'-CE:C (BH, S,

1.58 ppm); gem.di Me’s (6H, br, 1.62 ppm); CH5-C0-0
(3H, s, 1.95 ppm); H~C=C (1H, s, 2.40 ppm); HC=C
(1H, 111 resolved triplet 5.03 ppm).

MS &+ m/e 249- (M", 1,28 % ), 222 (12.82°% ), 204 (9.61 %),
189 (51.28 % ), 161 (44.83% ), 133 (60,25 %),
109 (98.7 % ), 95 (8.4 %), 69 (100 %), 55 (96.15% ).

Anal

(2

Found C, 77.033 H, 10.56, C7H,g0, requires C, 77.27;
H, 10.60.
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Acetate to allenic acetate + diacetate (A + B)

The above acetate (5 gm, 0,019 mol) was rearranged by
treatment with glacial acetic acid (10 gm,’@.l?é,qol) a#d
silver carbonate (0,03 gm) and warming to 90°C ﬁndgr a -
nitrogen atmosphere for l.5 hr. whereby due to heat of
reaction the inner temp. after 1 hr reached 110°C. The-
reaction mixture was then cooled’ poured into water and -
extracted with Ety0 (30 ml x 3). The combined ether
extracts was washed with water and dried (NaéSQQJJ (~;Qf
Evaporation of ether gives the allenic acetate deiaéeté£;'
mixture as a ﬁale yellow oil (6 gm) which without further

purification was put for Hydrolysis.

Hydrolysis with sodium methoxide

1 gﬁ of the abové mixture was added to a solution of
sodium methoxide (0.l gt Na dissolved in 30‘mi methanoii,
mdmemmwe%mafmmtmmmefwhh&.Tm
reaction mixture was poured into water (20 ml), saturated
with brine and extracted with ether (30 ml x 3). IDrying
K(NaZSOQ) followed by solvent removal from the combined

extract gave a residue (1.0 gm).



6,7-dihydro~-farnesal(s) (14)

In IR and PMR only characteristic bands or signals
due to aldehyde group are mentioned.

IR : C=0, 1675 cm =+

PMR =CH CHO (1H, d, 5.78 ppm); =CH CHO (1H, m, 9.9 ppm,.

{..

*»

due to the (eis)- and (trans)-isomers).

Aldehyde to alcohol (1)

To a coolea (Oocl,weli dispersed suspension:of LAH
(0.6 gm, 80 percent active) in dry ether is added under
stirring a solution 3 gr (14) in dty ether (3 ml) over a:
period of 15 min. After completion of addition, stirring
is continued at 0°C for 1 hr at ‘the end of which the
reaction mixture was decomposed with cold water and
extracted with ether (5 ml x 3), The ether extract was
dried (Na,50,) and then évaporated to give the crude
mixture of Zz- and,§-6,7—dihyérofarnesol (1) (3.0 gm).

-



Separation of 2(Z)- and 2(E)-6,7-dihydrofarnesols
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On the basis of PMR the mixture appeared to contain

the isomers in the proportion [cis] : [trans], 40:60.

Separation was affected by column chromatography over 5

percent AgNOB-SiOZ-gel (grade: IT B).

CHROMATOGRAM-TT

Column dimensions

105 cm X 1.7 em

Amt. of Silica gel ¢ 120 gm

wt. of compd loaded : 3.5 gm
Frn No.  Solvent Vol.of eluate Wt. Remarks

(gm)

1-10 Pet.ether 5 ml x 10 - -
11-20 Pet.ether+ 1 % EtOAc 5 ml x 10 - -
21-25  Pet.ether+ 5% EtOAc 5 ml x 5 - -
26=30 - do - 5 ml x 5 0,02 impurities
31-34 - do - 5 ml x 4 - -
35-41 - do - 5 ml x 7 0.9 cis- (la)
42-49 - do - 5 ml x 8 1.0 cis+trans (1)
50-60 - do - 5 ml x 11 1.1 trans- (1b)
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pure (Z)- and (E)-6,7-dihydrofarnesols were obtained
by this procedure and they were characterised from their
PMR and IR spectra. The PMR values coincide with those

reported for these compounds.
(1) z- (1a)

B.P. ¢ 111-114°c/0.2 mm

IR (Neat) : 3325, 1660, 1000 cm +

PUR : HyC-CH (3H, d, J=THz, 0.86 ppm); 3 HxC-C=C -
\ (9H; 3H, s, 1.58 ppm; 3H, s, 1.65.ppms 3H, s,
1.7 ppm); HO-CH - (24, 4, J=7Hz, 4.0 ppm)}
HC=C< (1H, i1l resolved triplet 5,02 ppm);
HC=C-CH,OH (1H, ill resolved triplet 5.32 ppm).

(11) B~ (Ib)

BeP.:111-116°C/Cs2 mm

I.R. (Neat): 3325, 1670, 1000 cm —

PMR g§3~CH (3H,’ 4, J=7Hz, 0.86 ppm); 3 Q§5~C=C
(9H; 3H, s, 1.58 ppmy 6H, s, 1.65 ppm);
~CH ,~OH (24, d, J=7Hz, 4.02 ppm).

HC=C< (1H, ill resolved triplet 5.02 ppm)

HC=C-CH,,0H (1H, 111 resclved triplet 5,32 ppm).
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Preparation of 2(¢is)-~6,7-dihydrofarnesyl diethyl phosphgte

LEX

-t
o

Diethyl chlorophosphoridate (freshly distilled,- ',
0.952 gm, 0.0055 mol) in dry dichloromethane ( 2 ml),ﬁé§~:
added dropwise during one hour to a stirred mixture 6fx{«f
2(cis)=6,7-dihydrofarnesol (freshly distilled, 0.9 gm;j ’
0.004 mol), pyridine (0.784 gm, 0,0099 mol) and ', )’\
dichloromethane (2 ml) under the exclusion of moisture
(anhy. CaCl, guard tube) at -5°C. stirri#giéas centi§g§§§§f‘
for a period of 3 hours at 0°C. The reaction mixture&wéé
poured over ice-water and extracted with solvent ethér“/
(10 m1 x 3), The combined organic extract was washed‘wifh
dil H,80, (5°%»ad.; 5 ml x 2), ‘water, dil. NaHCO5 (5 °4 aq.,
5 ml x 2) and thoroughly with water till the washings are
neutral and dried over Na,SO, (anhy.s. The solvent was
filtered and evacuated in vacuo to give a colourless oil,
1.56 gm (97.5 % yield). This diethyl phosphate ester was
pure to TLC analysis (18 ¥, EtOAc/Pet. ether 60~80°C) and
spectroscopically consi;tent.

IR (Neat) : 1660, 1370, 1040, 830 cm ™+

1}
PMR : HBC“C}I (BH’ d-’ J=7HZ’ l008‘6 ppm), .g-I:I.3~CH2"'OP (6H' t"
J=7Hz, 1.3 ppm)j three HzC-C=C (9H; 3H, s, 1.58,
3H, s, l.66, 3H, s, l,7Oppm); P»O—g§2~CH3 (4H, m,
f]

3482=4,22 ppm). ~CH ~OF- (2H, m, 4,34,62 ppm)} .
HC=CKX (1H, ill resolved triplet, 5.02 ppm);
C=CH~CH,~OP (1H, i1l resolved triplet, 5.34 ppm).
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Preparation of 2(trans)-6,7-dihydrofarnesyl diethyl phosphate

2(trans)-6,7~dihydrofarnesol was converted into its
diethyl phosphate ester by the same procedure as described
for 2(cis)-isomer. 2(trans)-6,7-dihydrofarnesol (G.9 gm,
0.004 mol), diethyl chloro phosphate (0.952 gm, 00,0055 mol),
pyridine (0.784 gm, 0,0099 mol). After the usual work up,
it afforded 2(trans)-6,7-dihydrofarnesyl diejthyl phosphate
ester (1.4 gm, 87.5 7, yield).

IR (Film) : 1660, 1270, 1030, 820 cm ~

O
PMR @ H3C-CH (3H, d, J=7Hz, 0.36 ppm); _I_IQE"CHZ— g (éH, t,
J=THz, 1.30ppm)i 3 Eégéc=c (9H3 3H, s, 1.58, 3H, s,
1.7 ppni); \}.;-O-_C‘_H__Z-CHB (4H, m, 3.82=4,22 ppm);
~CH2~0$- (2H, m, 4.34,62 ppm); HC=C< (15, ill
resolved triplet, 5.34 ppm); C=HC-CH,~OF (1H, ill
resolved triplet, 5.02 ppm).

Reaction of 2(cis)~6,7-dihydrofarnesyl diethyl phosphate

-

with active alumina

Active alumina (pH:7, activity: grade I, 15 gm) was
made as slurry with dry dichloromethane (15 ml) in a siﬁgle
necked flask and to this slurry, 2(cis)-6,7-dihydrofarnesyl
diethyl phosphate (0.5 gm, 0.0013 mol) in dry dichlore-
methane (5 ml) was added dropwise by manually shaking
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the flask., The reaction flask was flushed with dry nitrogen
and stoppered. It was shaken for 4 hours by meéhanical
shaker at room temperature (~30°C) and kept overnight for

14 hrs at room temperature (~25°C). The reaction contents
were transferred to a vertical chromatographic column and
eluted with dichloromethane (15 ml x 10). The combined -
solvent eluaﬁts were distilled off very carefully using
perkin triangle, which afforded crude colourless oil, ~

0.1 gm. It was distilled using micro bulb distillation
unit, 110-130° (bath)/2 mm to furnish 0.085 gm of distillate

and 0,010 gm of residue,

Reaction of 2(trans)-6,7-dihydrofarnesyl diethyl phosphate

with active alumina

A reaction of 2(trans)=-6,7-dihydrofarnesyl diethyi
phosphaée (0.5 gm, 0.,0015 mol) with active alumina was
carried out using the similar experimental conditions,
described for 2(cis)-isomer. After work up, it afforded
the colourless crude oil (0,160 gm), It was distiileA‘;;
to afford 0,110 gm of distillate and 0,015 gm of the

residue,
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Separation of pure isomers from the hydrocarbon mixtgrg

was attempted by column chromatography over 10 %,AgNﬁj-

Silica gel G (100-200 mesh).

CHROMATOGRAM-TTT

Column dimensions = 33 cm X 0.8 cn

Amt,of Silica gel - 8 gnm

Wte.of compd.loaded - Q.15 gm
Frn No. Solvent Vol.of eluate Wt. Remarks
(gm) ‘

1-5 - Pet.ether (60-80°) 10 ml x5 - -

6-10 -do- - l0ml x5 0,015  compd: (15)
11~-20 ~do- 10 ml x 10 0,020 mix,. (15)+(16)
21-25 ~do- 10ml x5 - -

26-30 0.5 % EtOac/Pet. - lo0ml x5 0.058 mix. (16)+(17)
ether ‘

31-35 ~do- 10ml x5 0.0281 compd. (17)

36-50 —~do- © 10mlx15 @ - -

51-60 4 Y, EtOAc/Pet. 10 ml x 10 0.0L0 impurities

ether
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Compound No,15 3 1,3615),lO—Dodeoatriene,7,il—dimethyl‘

BoP. : 110-120 (bath)/2 mm

IR : 1620, 1580, 970, 870, 810 cm *

PMR : HzC-CH (3H, d, J=THz, 0,89 ppm); 2 CH;~C=C (6H; 3H,
s, 1543 3H, 1.63 ppm); (H,=C and CH=C (SH, m,
4.82-5,25 ppm); =O=CH=CH, (1H, d,d, J=11Hz, 16Hz;
6.3 ppm). |

Mass : m/e 206 (M', 2,8°% ), 69 (100 % ), Bﬁi*‘(87-8‘% ),:
95 (60.7 % ), 109 (64.2% ), 121 (25.3% ),
163 (7.8 7% )y 177 (3.6 % ), 191 (4.3 % ).

- Compound No,17 : 1,3(7)(trans)-10-Dodecatriene,3,7,11-

trimethyl

B.P. : 110-120 (bath)/2 mm

e

1

IR 1640, 1610, 990, 895 om™

PMR : HyC-CH (3H, d, J=7Hz, 0,89 ppm); 3 CH,-C=C- (9H;
gg: s, l.6 ppm; 3H, s, 1.68 ppm; 3H, s, 1l.72 ppm)3}
CH,~C=C and CH=CX (3H, m, 4;78—5.28 ppm); HC=C
(1H, t©, J=7Hz, 5.4 ppm); =O-CH=C (1H,.d, d, J=11Hz,
16Hz, 6,26 ppm). '

Mass : m/e 206 (M", 9.5 % ), 191 (6.4 %4 ), 177 (4.5% ');,

163 (10.2% ), 121 (38,1 % ), 109 (7446 %), -
95 (57.5% )y 81 (100% ), 69 (97.8 %), 55 (55.7°% ).
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PART=-B

Attempted cisg~hydroxylation of (E)-geranyl acetone

To a stirred solution of KMnO, (2437 gm, 0,015 mol)
in water, (E)-geranyl acetone (0.98 gm, ©.005 mol) in
THF (4 ml) was added dropwise at room temperature CNBGOC).
It was further stirred vigorously for 12 hrs at room temp.
(~30°c). TLC showed no change in the starting material.
It was poured into cold water and extracted the compound
in solvent ether (10 ml x 3). The combined organic
extract was washed with water till neutral to pH and dried
over sodium sulphate (anhy.). .Solvent was removed by_
distillation, which afforded starting compoﬁhd, (E)-geranyl

acetone (0.9 gm).

Epoxidation of (E)-geranyl acetone

To a stirred solution of (ﬁgggg)-geranyl acetone (0.98
gm, 0.005 mol) in CH,Cl, solvent, meta-chloro percbenzoic
acid (m~CPBA) in dry CH,Cl, (0.86 gm, 0,005 mol) was added
dropwise over period of 15 minutes at (5-10°C). It was
further stifred for 30 minutes at 10°C. The reaction mixturel
was poured in water and extracted with solvent ether '
(10 ml x 3). The combined organic extract was washed
successively with 10 % aq. sodium hydroxide (10 m1 x 2) and

then thoroughly with water till the water washings are
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neutral and finally with the brine solution (10 ml). It
was dried over anhy., sodium sulphate and evaporated the .- '
solvent by distillation. Tt afforded a crude product ‘
1.29 gm. Mixture of monoepoxides was separated by column
chromatography (on grade IV alumina) and PMR of this
compound showed it is a mixture of 5,6~ and 10,ll-epoxy
geranyl acetones. These monoepoxides could not be

separated either by TLC or GLC techniques.

For the synthesis of (E), (E)~farnesol (&ee Chapter II,

experimental)

Acetylation of (E),(E)-farnesol (4)

To the stirred solution of (E},(g)ufarnesol.(0.9 gn,
0.004 mol), in pyridine (0.5 gm, 0.0063 mol), acetic
anhydride (1.63 gm, 0.0208 mol) was added slowly at 10°C
and the flask was stoppered., It was kept at 506
(refrigerator) for 14 hrs. It was poured into ice-water
and extracted with ether (10 ml x 3). The combined solvent
extract was washed successively with 10‘% aq. sodium
carbonate (10 ml x 4) and thoroughly with water till the,
washinés are neutral to pH and finally washed with brine
solution (10 ml). It was dried over anhy. sodium su}phate'
and removed the solvent by distillation. It afforded a ;
crude product 0.95 gm which was distilled (140—15@p(bath)/
5 mm) to afford 0,90 gm of pure (E),(E)-farnesyl acetéhe.
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IR (Neat) : 1740, 1670, 1230, 1020, 830 cm

PMR : four HzC-C=C (9H3 6H,Os, 1,58 ppm, 3H, s, l1.65 ppm,

\} ’
3H, s, 1.7 ppm); HéC—O—O (34, s, 1.96 ppm);
CH,-OAc (2H, d, J=7Hz, 4.5 ppm); HC=C (2H, br,
5.04 ppm)y C=CH-CH,O0Ac (1H, t, J=7Hz, 5.29 ppm).

Epoxidation of (E), (E)-farnesyl acetate (5)

To a stirred solution of (E), (E)-farnesyl acetate
(1.1 gm, 0.0041 mol) in solvent ether (10 ml), monoper-
phthallic acid (0.82 gm, 0.0044 mol) in solvent ether
- (19 ml) was added slowly, over a period of 30 minutes by
maintaining the reaction temﬁefature at SOC. The reaction
flask was stoppered and kept in refrigerator (5°C) for 14
hours. The ether layer was separated from the solid
(phthallic acid)e. The solid wés rinsed with solvent ether
(10 ml x 3) 'and the combined ether layer was waéhed,
successively with 10 % ag. sodium sulphate (10 ml x 2),
10 % aq. sodium hydroxide (10 ml x 2), then thoroughly with
water till the water washdngs are neutral, and finally With
brine solution (25 ml)., The ether extract was dried over .
anhy. Na2804 and evaporated the solvent by distillatioen,

which afforded a crude product 1.855 gm.



Separation of epoxides

313

Sepération of 6,7- and 10,ll-monocepoxy and 6,7; 10,11~

diepoxy farnesyl acetates, was carried out by column

chromatography (Silica gel-G; grade II-B).
CHROMATOGRAM- {V
Amt.of Silica-gel G : 40 gm
(grade IT-B) |
Column dimensions t 52 cmX l.8 cm
Wt.of compd loaded : 1 gm
Frn No. Solvent Vol. of wt. Remarks
celuate (gn)
1-5 Pet.ether 50ml x 5 - -
6~9 ~do- 50 ml x & - -
10-15 5 7% EtOAc/Pet.ether 50 ml x 6 0.165 compd (5)
'16~20 ~dof 50ml x5 0.121 ~d o=
21-25 ~do- 50ml x 5 0.,0836 ~do=-
26-28 -do- 50ml x 3 0.0627 impurities
29-30 6 7 EtOAc/Pet.ether 50 ml x 2 - -
31-32" ~do- 50 ml x 2 0.101  compd 5(b)
33-38 ~do- 50ml x 6 0.1432 compd 5(b)+
3(a
39-45 -do=- 50 ml x 0.0812 compd 5(a)
46~50 -do- 50ml x 5 0,160 compd 5(c)
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The pure 6,7- and lﬁ,ll—monoepoxy\farnesyl acetates
were obtained by this procedure and they werecharacteriéed

from their PMR and IR specira.

(1) 2(trans)~6,7-epoxyfarnesyl . acetate 5(b).

IR (Neat) 1 1730, 1665, 1230, 830 cm L

PMR i{ég—é-\é- (34, s, 1,18 ppm); 3 CH -d=ci- (9%; 3H," s;,"‘
1.59, 3H, s, 3.65, 3H, s, l.72 ppm); -Q_H;}-g-c ('BH,OS,
1.96 ppm)}; H({-\O- (1H, t, J=7Hz, 2.52 Ppm); _@I_:I_-Z-;O-H
(en, 4, J=THz, 4.5 ppm}; 1 HC=C I(-l_H, i1l resol\éd’
triplet, 5.03 ppm); 1 C=HC=CH,OAc (1H, ill resolved
triplet, 5.32 ppm).

(11) 2(trans)-, 6(M)~10,11:epoxyférnesy12‘acetate 5(a)

IR (Neat) : 173‘0,~1.g75, 1235 cm ™t |

PMR (CCl,): 2 __C_}_I_3-C{-\C- (6H; 3H, s, 1.18; 3H, s, 1.2 ppm);
2 _QI_;I_S—C=C- (6H; 3H, s, 1l.63 3H(6 S, ., L.68 ppm);
CH3-&~0 (3H, s, 1.93 pprél); .LLQQ'« (11, *t,
J=THz, 2.5 ppm); _g_gz-o-‘é- (2H, 4, J=7Hz, 1;;48

ppm); 2HC=C~- (2H, m, 4.,95~5.4 ppm).
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Cleavage of 2(E)=6,7-epoxyfarnesyl” acetate (@)Lté diol

To a: stirred solution of 5(b) (0.38 gm, ©.00L35 mol)
in THF ( 6 ml), 1 ml of 2 7 ag. HClQ, was added at room
temperature (~30°C). It was further stirred at this room
temperature for 8 hrs., The reaction mixture was poured inte
cold water (10 ml) and extracted with solvent ether
(10 ml x 2). The aqueous layer was saturated with sodium,
chloride'and extracted with ether (10 ml x 2). The combined
ether layer was washed successively with 5 °/q ag. sodium
carbonate solution (5 ml x 2), with water till wéshings are
neutral and finally with brine solution (10 ml). Tt was
dried over sodium sulphate (anhy.) and evaporated the sé]:vént
by distillation, which afforded a crude product 0.380 gm ‘
(~100 Y recovery)., It was purified by passing through a
short column of silica gel (40 cm X 1.5 cm, _IfIA) which
afforded 0,22 gm of pure diol (6). It was distilled
(160-180°(bath)/1 mm) to afford 0.20 gm, which was
characterised by its spectral properties. |

IR (Neat) : 3450, 1740, 1240, 1030, 830 cm +

PMR : H3C-C- (3H, s, 1.08 ppm); three _(;__I_i_3-0=c- (9H;O§H; S,

1.6 ppm; 3H, s, l.65 ppm; 3H, s, }.7 pﬁm)s 0=-‘c‘-§}_i"3,\
(3H, s, 1.98 ppm); HC~CH (1H, d, 4, 3,22 ppm)} . H
CH,~OAc (2H, 4, J=7Hz, 4,50 ppm); HC=C-(1H, i1l
resolved triplet, 5,05 ppm); C=HC=CH,OAc (1H, i11
resolved triplet, 5.32 ppm).
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Anal.d Found C, 68,223 H, 9.99. 01733004 requires
C, 68.423 H, 10.132. --

Hydrolysis of 2(E)=6,7-dihydroxyfarnesyl acetate (6)

To a stirred solution of (6) [1.2 gm, 0,004 mol]
in ethanol (2 ml), ethanolic KOH (0.2 gn/10 ml ethanql)f
was added at room temperature (~30°C). It was further L
stirred at this temperature for 2 hrs. The reaétion mixture
was poured into ice-water and extracted with ethyl acetate
(15 ml x 3). The combined organic extract was washed with
water till the washings are neutral to pH and}drled over ;7 .
anhy, sodium sulphate. The solvent was removed by distil—‘(
lation, which afforded 1.0 gm of triol (~100 % recovery).
It was purified by passing through a small column of
silica gel G [(40 cm X 1.5), II A] and obtained the ﬁure -
triol. It was distilled (180-190°(bath)/0.1 mm) which
afforded 0.85 gm of the triol(2), which was characterised
by its spectral properties. T

IR (Neat) : 3350, 1670, 1000, 840 cm *

sy 1.65 ppm); HO-HC-C-OH (1H, m, 3.3 ppm); CH,~OH

PMR : HyzC~COH (3H, s, 1.12 ppm); 3

(2H, 4, J=7Hz, 4.1 ppm); HC=C- (1H, ill resolved
triplet, 5.12 ppm); HC=C~- (1H, ill resolved
triplet, 5.4 ppm).

Mass 3 m/e’256 (M)
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Anal.: Found C, 70.043 H, 10.59. 0151-12803 requires
C, 70.273 H, 11. ’

Protection of diol (2) with phenylboronic acid

The triol (g),‘(0.051 gm, 0.000199 mol), phenylboronic:
acid (0.024 gm, ©.000199 mol) and‘dry pyridine were taken
in a small r.b.f. (15 ml), vwhich was fitted with a v1greux
column, contained of molecular sieves (4a°), which in turn :
reflux condenser was attached to it. The reaction mixture- .

:was refluxed for 2 hrs under stirring. Excess pyridine o
wad distilled off, which afforded a crude product (0,072 gm)
It was purified by passing through a small colump~of silica
gel (grade: ITI B, 20 cm X 0.5 cm). It was chafacterised by

its IR and PMR data.

IR (Neat) : 3350, 1670, 1600, 1500, 1440, 820 cm -+

PMR %ﬁffc"c“ (3H, s, 1.4 ppm)} 3 CHz~C=C (%H, s, 1l.663

DH OH
s, 14685 s, 1.72 ppm); CH,~OH and CH—C—C (3H, m, .

3.95-4.3 ppm); HC=C (1H, 111 resolved triplet, ~
5.14 ppm); HC=C (1H, ill resolved triﬁlet, 5.5 ppm) 3}
Aromatic CH (3H, m, 7.2-7.6 ppm); Aromatic CH (
(2H, m, 7.7-8.0 ppm).
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» Phosphorylation of (7) ’ : )

Diethyl chlorophosphoridate (freshly distilled, 0,206 gnm
0.00125 mol) in dry dichloromethane (2 ml) was added -dropwise
during one hour to a stirred mixture of 2(trans)-6,7-
dihydroxy (protected by phenylboronic acid) farnesol
(0.342 gm, 0.001 mol), pyridine (0.2 gm, 0.0025 mol) and
dichloromethane (2 ml) under exclusion of moisture (anhy.
CaCl, guard tube) at -5°c, Stirring was continued for a
period of 3 hrs at 0°Cc. The reaction mixture was poured
over ice~water and extracted with solvent ether (10 ml x 3).
The combined organic extract was washed successively with .
dil. H,S0, (5% aq., 5 ml x 2),‘wa'ter, dil I\IzeJdCO3 (5% aq.,
5 ml x '2) and thoroughly with water till the washings are
neutrél to pH and dried over anhy. spdium sulphate. The
solvent was filtered and evacuated in vacuo to give a ,
colourless 0il, Q.45 gm (~95 Z‘yield). This ester was pure
to TLC analysis (40 % EtOAc/pet. ether 60-80°) and
spectroscopically consistent.

PMR : +two ﬁ3c-CHZ~o and HyC-C-C (9H, m, 1.1 to 1.5 ppm);
- 00 ’

/

three Q§3—C=C- (9H; ?H:Bs; 1.593 3H, s, 1l.63; 3H, s,

1.76 ppm). O-CH.~ 3 and gg—?-g (5H, m, 3.83=4.28 ppm).
0 %

ggz-o-% (2H, m, 4,35-4,62 ppm); HC=C- (1H, ill

resolved triplet, 5.05 ppm); HC=C- (1H, ill resolved

triplet, 5.45 ppm); Aromatic CH (3H, m, 7.1-7.4 ppm,

and 2H, m, 7.6-~7.88 ppm).
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Reaction of 2(trans)-6,7-dihydroxy-(protected by phényl@eronic

acid) farnesyl diethyl phosphate (1) with active alumina

Active alumina (pH=7, activity: grade I, 15 gm) was
made as slurry with dry dichloromethane (15 ml) in a single
necked flask and to tﬁis slurry, 2(trans)-6,7-dihydroxy
(protected by phenylboronic acid) farnesyl diethyl pn@sphatg
(0.478 gm, 00001 mol) in dry dichloromethane (5 ml) was e
. added dropwise by manually shaking the flgsk.- The reaction
flask -was flushed with dry~nitrogen and stoﬁpered. Tt was
shaken for 4 hrs by mechanical shaker at room temperafufe.
(~30°c) and kept overnight for 14 hrs at 25°¢. The reaction
contents were transferred to a‘vertical chrematographic
column and eluted with 20 % EtOAc/pet.ether (15 ml x 10).
The combined solvent eluants were distllled off which —

afforded a crude colourless oil 0.l1l2 gm, ﬁ'
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