700 A A ‘;
h

f.:}g;: kAR qg)i:?;;».c*;m P

(CRT IR AT YN Ve A VAL AR TL Y M M T EGn S L N 3L L R 3T Sk i e e S s
SRR AR SRR IR R LM R R RRN R EERF RAR TR TS

EXS !

ey

CHAPT ER 11 s

STRUCTURE oF AN RCE1ATE Fﬁﬁﬂ SDLVBLYSIS 5

L:::;.' Seopcenkinth

T B HALDHE@ISDLBNGIFQLENE SRS

l%44b$%%%%*%*%*%%* SR AR R AR R A R ﬁr%&{»»%%ﬁ**i



STRUCTURE OF AN ACETATE FROM SOLVOLYSIS
OF 8-HALONEOISOLONGIFOLENE

Abstract

Solvolysis of 8-haloneoislongifolene with
sodium acetate/acetic acid gives, besides
expected products, a rearranged tertiary
acetate as the major component. The
structure of the tert. acstate has been
elucidated by its chemical transformation
and soectral characteristics (PMR, NOE, LSR

stucies) and structure 6a has been assigned to it.



STRUCTURE OF AN ACETATE FROM S@LVULYSIS
, .
OF B8-~HALONEOISOLONGIFOLENE

1. INTRODUCT ION

ISOLONGIFOLENE! (l),:dn bromination, undergoes a rearrange-
ment leading to the formation of 8-brdmoneaisolongifolenez'(§),
.which on solvolysis in reflu%ing acetic acid in the presence
of sodium of potassium acetate, givés a mixture containing
tgo hydrocérbons 4 (32.5%) and 5 (d.é%) and two acetates (504)
contaminated with their respective alcohols, besides some
minor prodﬁcts. One of the acetatasiuhicﬁ was present és a
minor product (gg, 1-2%) was identified as the expected SQCOﬂdary
acetate 7a (vide infra). The\major'prodﬁct,uas found to be
a tertiary acetate whose structure haé Been'elucidatéd as BHa

(Chart I).

The total acetate mixture was saponified to the corres-
ponding alcohols which were separated and isdlated in pure

state by systematic chromatdgfaphy on silica gel. For the sake

*Je have designated monoolefinic hydrocarhon 2 derived from
isnlongifolene as neoisolongifolene. The following numpering
has been followed in this chapters '

I 9
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at D.Qé, 115, 1.17 and 1.22 ppms noﬁs of these signéls arise;
from isopropyl group (J= 6-7Hz), since theyiagpear.aﬁ the saﬁé-
chemical shifts in the spectra recordeq:at 60MHz and S0MHz.
Consequently, all four methyls are quaternaryﬁ. The PR
spectrqﬁ (Fig. 4) of alcohol 3 also reveals. the pfesence of
%our quatefnéry Me's appearing as singlets at 0.93, 0.98, 1.20
and 1.27 ppm and one olefinic proton (1H, doublet centred at
5.30 ppm, 3= 3Hz). The absence of any signal (betusen 3.4- .
4.5 ppms) for a proton attached to.a carbon. linked to oxygen
indicates that the alcohbl must be tertiary. Its IR spectrum
(Fig., 16) also clearly shows that it is an unsaéurated alcohol
(OH 3608, 3495 1188; 1061 om™ '3 C=C 1615, 821, 810 em™ ). The

presence of unsaturation is further indicated by the appearance

of yellow colour with TNM,

3.1, Size of the Rings

Alcohol B consumés one mole of ‘peracid and the resulting
epoxidé gives no coloir with TNM. Hence the gldohol is mono-
olefinic and tricyclic (asvit analyses for C15H2 0). And since

it contains only ‘one olefinic proton (PMR) it must be a

trisubstituted double bhond,

The olefinic proton, in fact, appears as a doublet at

5.30 ppm similai inlsﬁépe'and magnitude of coupling
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constant (J= 3Hz) to those of neoisolohgifslepe (2) and its
derivatives 3, 7h, 8, 3 and 10 (Table 1). - . suggests that
olefinic proton 1s located in a ring‘oé same size and environ-
ments, as existing in the above mentioned derivaﬁiges. That
the double bond is exocyclic tao a. six~membéred ring is
revealed by the ozcnaly51s of the tert acetate. The resulting
ketoacid, a?ter esterlFlcatlcn with dlazomethane, dlsplays
carbonyl frequencies at 1705, and 1735 cm_ -1 in the IR spectrum
(Fig. 18). The absorption ét 1705 om” ) is a551gnable to a
cyclohexanone derivative. 'On the basis of the data provided
above, the tert. acetate may Se assigned a partial structure 11

(Chart II).

Information about the relative positions of the olefinic
bond and the hydioxyl group was obtained from the following

chservations. .

flcohol B when treated with agueous sulfuric acid in
dioxane isomerized t0 a saturated ketone (-ve TNM tést) which
" shous carbonyl‘?requehcy at 1730 cﬁt1 in its IR spectrum (Fige17),
which is characteristics of c?clopentanone derivatiﬁes.
Reduction of'this ketone gave, as ekpected} the corresponding
secondary alcohol, which displéys a ;harp singlet at 3.40 ppm
for CHOH in its PMR spectrum (Fig. 7). The above data demand

that this alcohol is flanked by tertiary carbon atoms on both
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sides, i.e. there is no vicinal hydrogen: The .ready isomeri-~
zation of this olefinic tert. alcohol to saturated ketone
suggests allylic relationéhip of the hydroxyl and olefinic
linkageﬁ, isomerization occurring through a{pinacolmtype’
rearrangement. Thus, structure 11 may be elaborated to 12a -
which can rearrange to ketone 13, a cycleopentanone, as is

indeed observed experimentally.

The expression 12a accounts for fourteen carbon atoms
out of fifteen D?lalcohol B . Since alcohoi = has.oﬁly-
quaternary Me's (four in number) the fifteenth‘carbdn_must be
attached to the cargon as shown in 122. The question which
still remains unfesclved is‘the point of attachment of this
dimethylene chain to form the third ring. The attachment of
dimethylene chain at the‘positiaagC-Q anq é—?Dﬂto give rise‘
to structdres 14 and 15 1is ruled out as theé genesis of these
compounds from bromide 3 is not easily rationalized. This
leaves 8b as the only plausible structure for alecchol B. .This

structure is fully cOnsistent with mechanistic consideration.

3.2, Mechanistic Consideration

On the mechanistic consideration it is reasonable to
assume that tert., acetate obtained by solvolysis of bromide 3

may have one of the three.pcéSible structures 5&, 16 and 17,
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arising from the Wagner Meerwein migration of the three
different bonds adjacent to the carbon atom carrying the

halogen as given in Chart III,

Structure 16 is unlikely because it involves the
migration of an -olefinic bond*. Thi$ strugture further
stands ruled out by thé reéqits of ézonolysis of tert.
acetate. The resulting product was substituted cyclohexanons
derivative (vide sugfg) and not cyclopentamone as would arise

from structure 16.

The tert. ‘acetate was proposed to arise from cérbonium
ion 6R in preference to structure 17R for the following

reasonsse

*Migration of allylic bonds has been reported in some cases,
Tricyclol4,3,2,0' ®Jundec-10-en-2-0ne’ 18 undergoes an acid
catalysed rearrangement vig the migration of sp -sp® bond
(allylic ‘bond) to a substituted 8-bicyclo [3,2,1)octenyl type
cation 19 which is stabilized by participation of m-hond®.
Similarly, sp4-sp” 6+bond migration in 20 may be due to highly
stabilized benzylic cation? 21.

in case of i~-steroid type rearrangementTD it is believed
that 6-bond delocalization (as in 24, path a) and not sp2-gp3
bond migration is involved as shown 22423 {path b).

In 3 7 -bond delocalization of the type shown in 26
(26a—26b—>16A) is very improbable' because of the geometry
of the ring. Neither is the resulting carbonium ion 16R

stabilized for such migration to occur (Chart IV).
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(a) The size of the ring containing the olefinic
bond remains unaltered énd hence the similarity
in the spectral characteristics of tert. acetate
and alcohol gluith>neoisolongifolene derivatives
(vide sugra). In the tuwo ofher alternative
structures 16 aﬁd 17, there is a ring expgnsion

from five to six-membered ring.

(6) . An" examination of framework molecular model {FiMM)’
indicates that of these two ions EA and 174,
‘1¥bicycloE3,2,ﬂ octehyl* type of cation (6A) ieading
to produbt'§g~is capéble.pf some al;yliqkstabilizan
tion (8==30°) uhilelin {-bicyé10[2,2,2]détenyl type
cation (125),‘that leads to product 17, such a stabi-
lization'is going to be minimal (GcﬁQDO). Clearly,
in 168 the possibility of allylic stabilization.

‘does not exist (Chart 111).

The conclusion may be drawn here that ion B6A is more

orobable than ion 16A and more stable than ion 17A. Both

%Tt has been reported that 1-bicyclol3,2,1] ectenyl cation
" (27) has more allylic stabilization than 1-bicyclo [2,2,2)-
octenyl cation11(2§)(Chart V). : '



these Factors could be rerlbcted in uﬁe formatlon af the acti-
vated complex durwng rearrangemewt thab leads to acetate or

alcohcl (6a or 6b) rather than its isomers 16 and 17.'

Retrospectively, the prodUﬁt oF ozonalysis of tert.
acetate 6a can be designated as 30 and the saturated ketone
obtained by the isomerization of alcohal B can be assigned
structure 31 and the corresponding alcohol 32. The_spectr@l
characteristics are cdnsistent with the proposed structures

(Chart VI)

3.4. Mass spectral Evidence -

The mass fragmentation pattern (Fig. 2) of this tert.
acetate, briefly discussed below, is readily rationalized
when structure 6a& is assigned to the tert. acetate;

The hase peak occurs at m/e 174 (22, 213H18)’ The
fragmentation to-this ion can be readily rationalized in

. view of the knoun preference for tropylium ion (given in

Chart V).

The pesaks at m/e 131,133 and 159 can be explained as
those arising by loss of C3H7, 83H5 -and CHS respectively from
tropylium ion 31. The peaks at m/e 105 and 107 may be arising

by loss of HC=CH.
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The other majof peaks at m/e 219, 149, 121, 119 and 91 F:

are also rationalized as given in Chart V.

3.5, LSR and NOE Studies on fert. Alcohol

The structure.ﬁ? 6b was elucidated bf careful study of
its PMR spee%rum. We have used Eu(ﬁod)3 complex with .tert,
alcohol "for the assignment.of its structure. For the pseudo-
contact inﬁeraction of lanthamide complexes, the maghitude
of LIS (lanthanide induced shift) of. the nucleus is inversely
proportional to the cube of the average distance from the |

lanthanide mstal ionqz

. -However, in almost all of the investi-
gations, the precise location of the lanthamide nucleus

(metal ion) has not been established. Hence, we adopted the

method of Cockrill and couorkers13. These authors have .

suggested alternative approaches which obviate the need to
know the precise location of the lanthanide nucleus. Measure-
ments or calculations of r from a specific proton: to the
periphery of the coordinating pair of electrons gives the

* .2
observed relationship of se¢zx ™.

*The chemical shift of a particular hydrogen atom varies
linearly with the molar ratio of Eu{god)., to the substrate,

~ for concentration of the ghift reagent u%to its eguimolar °
amount. The slope of the lines has been defined as 'g' '
i.,g., the europium shift paramster.



203

The effect of incremental addition of Eu(%od)BtupDn
the spectrum of tert. élcéhol is shown graphically in Fig. 1.
We have ﬁeasured tée distance r between the centre of the
hydrogen nucleus and the pgrineter of the lone pair of oxygen
of ﬁydraxyl QToup, usiagvpfentice Hall Framework molecular
Eodels.; The vaiuéé of s (slope of iine) for all the-pfotoné
have been éxtracted from Fig. 1A. A graph plot between the
shift parameter s and the inverse_square of the seﬁarafion
(r~2) gives a straight line as shown in Fig. 1B. Each of
the possible conformations of the tert., alcohol was considered

2

‘and the best fit for the plot of r “ ys s gave a straight

line for its structure and the conformation is as shoun below:

From the molecular models of the tert. acetate it is
clear that one of the methyl groups at position C-11 lies
in the plane of 7 -bond and appears doun-field in the. PMR

spactrum (Fig. 5). The spatial’dispositicn:of ‘this methyl



group in relation to the‘hydr0xyl group is also borne out

by LIS study. This hethyl group ié expected to experience
nuclear Sverhauser'effectA?rom'the oclefinic proton. Irradia-
tion of the low field methyl group, inéeed;icauses igtensiﬁy—

. enhancement by 18%.

All the above data taken together provide ample evidence

for structure 6a assigned to the tert. acetate.

4, CHEIMICAL TRANSFORMATION

In an early attempt to gain information about the structure
of tert. aléohol (alcohol B8), the alcohol was exposad‘to per-
henzoic acid in benzene for 5-days at 10°C. ‘This reaction
produced monoepoxide with the consumption Oan molar equivalent
of peracid., In the PMR spsctrum (CF Fig 9) of the resulting
epoxide the proton & to oxirane ri;; appears as a singlet
at 3.08 ppm. In the epoxide;;ﬂtg_'deriued from 6b the dibédral
angle of this proton with respect to thé vicinal proton
approaches 900, whefeas in the epoxide derived from 17 this
dihédral;éngle would 'be ca 30°.  Therefore, iack of vicinal
'couplihg.for the proton@-to the oxirane also supports

structure 6B for th§~tert. alcohol.



Treatment of tert, alcohol epoxide g;gluith‘BFzEtZD in
benzene gave a ketoalcohol (IR: CO 1730 cm*’, OH 3460 om ™).
Its PMR spectrum (Fig. 11) clearly indicates the absence of
olefinic proton (TNM; negative test), but shous a signal for
a proton on the carbon linked with oxygen (1H, singlet at 4.42
me). When the epoxyacetate 33a uas treated uith'BFBEtZD
under identical céndition, an extra signai‘at 5.23 pbh,
(attributable to the protontho aoetoxy group) appeared as a
singlet in the PMR spectrum of tha product (Fig. 10).
Hydrolysis of this ketoaceﬁate afforded the same ketoalcohol
obtaineé earlief from epoxyalcohol 33b. The appearance of

a proton at the carbon bearing oxygen (secondary a;cohol)

suggests that a rearrangement has taken place.

These results are easily explainéd from structures3ia

m

ety

nd 33b for the epoxides derived from tert. acetate fa and

ol 6b. The ketozcetate and ketoalcohol resulting from

—

234 and 33b can be assigned structures 34a and 34B respectively.

The formation of the latter can be conceived as follows.

Treatment of epoxyalcohol 33b with BF.Et,0 can generate

3
a cation at C-6 (35) which, thrqugh a 'pinacol-type' rearrange-
ment, can give rise to ketoalcohal 4b.. The rearrangement 1is

similar to the acic catalysed isomerlzation of tert, alcohol

6b to saturated ketone 31 (vide supra).
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Dne may expect the opening of epoxide 33a or 33b via
gﬂﬁg—gggé hydride migration from C-1 to C-6 leading to ketone
36, but such a process will be sterically very unfavourable
due to angle distorﬁion (inversion at C-6). This angleé
strain may be responsible for the epoxide 33a or 33b to

— em—

follow an alternate route to form 34a and 34DB.

———

The formation of ketoacctate 34a may be concelved to
proceed Sthrough species 37 arising from the complexing
of BF3Et20 with the oxygen of acetoxy narbonyl1a fellowed by
participation of the lone péir of electrons of epoxy oxygen
with concomitant 'Wagner Meeruein; shift'of CB~C% bond in
an 8N2~prOCess, analogous to norbornyl cation15. The overall

result is acyl group migration from one oxygen to another

(Chart VI).

The hydroboration of BB in tetrahydrofuran with one mole .

of diborane gave a diol 38 whose PR (Fig. 38) shous resonance
at '3.81 ppm (3= 6Hz) as a doublef for the protonQuto OH. The
dicl 38 evidently arises from the tert. alcohol 6b by the
attack of diborane from the less hindered side, i.e. g;g~side.
This diol was oxidized to ketoalcohol 39 with Jones reagent16.

IR spectrum (Fig. 22) showed absorption corresponding to hydroxyl

3500 cm—T and ketone 1727 cm"1. The carbonyl frequency is



consistent with the value for substitgted cycioﬁentanone
derivatives. When ketone 39 was réduced with LAH, it affords

an épimeric alcohol 40.- The PMR spectrum (Fig. 14) shous aA:‘
multiplet at 4.62- ppm for proton®to OH group., This signal .-
collapsed into an expected double doublet (3,= 7Hz, J,= 10.5Hz),
when PMR was recorded after adding a drop of trifluorcacetic-
acid. Simultaneously, %he‘;inglet at 1.04 ppm and the doublet

at 1.43 ppm (J= 6.5 Hz) alsé disappear. It clearly dictates
that proton outoc OH group is éoupled with nonexchangeable -
proton on hydroxyl. All these results nicely support the

structure b for tert. alcohol (alcohol B).



5. EXPERIMENTAL

For general remarks refer Part B, Chapter I.

o

5.,1. Alcohols A (7b) and B (sb)

These alcohols were prepared according to the ‘procedure

described earlierz.

5.2. B-Oxonecisclongifolene (8)

Anhydrous CrUg (25 gm) ués added porhionuise‘fnto a
stirred and cooled'(5~100) solution of pyridine (40 ml) in
methylene chloride (300 ml) durin§~ﬁ5 minutes and it was
stirred for an additionél 15 minutes. The unsatu;ated alcohol
9 (7.5 gm) in methylene phloride (100 ml) was added to this
in oné 1ot with éfficient stirring and the mixture was
stirred for an houi.i Methylene cﬁlcride»uas evaporated under
'Vreduced pressure-at room temperatﬁre (387350). The product
yas taken in di—isbprOpyl ether (20 ml x 10) and the organic
extract was washed with water (30. m1 x 3), 10% ag KOH.

(30 ml'% ?5, water (30 ml x 2); 5% ag HFl (40 ml‘x 2), 10%

ag NaZCﬁs (30 ml x ‘2) and.water>and ﬁhen dried (MgSD&). The
‘fesidue—after distillation gave ketcne3 8 yb.De Sa—Bﬁo/D.SAmm
(5.1 gm}. IR: ©Oo, 1705, C=C 1625, 822, 835 cn” | and PMR:
"{:"_‘ngﬁ (3H, s, 0.87 ppm; ?)H, ‘s, 1.03 ppm, 3H, s, 1.15 ppm;

3H, s, 1.18 ppms); = CH (1H, d, 5.70 ppm, J= 3Hz).



5.3, 8B —Hy@rokyneoiaolongifolene (ZQ)

A solution of ketone 8 (4.02 gm) in ether (30 ml)’uas
adde@ dfcp@ise to a stirred suspenéioﬁ of LAH (5;2d‘gm) in
ethef (30 ml) over a period of half an hcur; The reaction -
mix%ure uéS‘stirre& for an- additional one hour and the product
was worked up as usual, The‘residpe (4.00 Q&, m.p.'95-1150)
obtained after solvent removal uas'chEOmaﬁographédicver silica

gel (II3,. 115 gm, 2.5 cm x 50 cm).

Fr. 1- pet ether (50 ml x 4) | nil
Fr. 2 20% benzéne in (40 m1 x 7) 1.02 gm, solid m.p.41~430
. pet ether .

- Fre 3 20% benzene inﬂ (40 ml x 3) 0.223 gm, solid mixture
. pet eher “ ' ’

Fre 4 benzeneg '(40 ml x 6) 1.98 gm, solia'm.p{
. S 132-1360 '

Fr. 2; was crystallized upto constant m.p. 49.5—50.50; IR
(Fig. 15)¢% (CHtléjz OH %520, 3460, C=C 1605, 811, 818 cm"1;

PMR (Fig. 3): (CDCL,): :éfmg (3H, s, 0.95 ppm; 3H, s, 1.04 ppn;
"3H, &5 1.05 ppm; 3H, s, 1.17 ppm); CHOH (1H, illresolved
trip;ét, 4,74 ppm, W, = 9.5 Hz) ¢ =cg_(1H; d, 5.73 ppm, J= 3Hz);
microanalysis: C;gH, 0 requires C, B1.76; 'H, 10.98%; found

C, 82.31; 'H, 11.10%, Mass: M (m/e)220. Its IR and PMR were

superimposable with those of alcohol A obtained after solvalysis



of bromide 3 besides its mixed m.p. with alcohol A was not

depressed.

Fr. 4 was crystallized from pet. ether; m.pe 1&?.5—?42.50, Its

mixed m.p. with alcohol 9 was not ﬁepressed.

5.4. Treatment ok tert. Alcohol with Acid.

tert. Alcohol 6b (815 mg) in 50% (v/v) ag. H,50, (1 ml).
in dioxane (10 ml) uas heated on a uaterhafh ( 9506) for tuo
hours under nitrogen atmosphérg} When .alcohol was isomerized
completely (tlc), excess of dioxane (10 ml) was removed under
‘reduced prgssure, the residue uas diluted with water (10 ml)
and extracted with light peﬁ;oleum ether (15 m% X 3). The
organic extracts were uaéhéd with 5% ag. NaHCD3 (10 .m1 x 2)
followed by uatér and driad. Rembval of solvent offered a
free flowing liguid (805 mg), which was purified by passing
"through a column of silica gel, The resultihg ketone 31 was
* distilled, b.ps 120-130° (bath)/z mm (710 mg). IR (Fig.17):
cO 1730 cm 1. PMR (Fig. B ~Q~Me each as singlet at 0.31, 0.99,
41.06 and 120 ppm; microamalySLS.‘ H.,0.requires C, 81 763

1524
, ' A _ .
H,. 10,98%; found C, B1.17; H, 10.47%. Mass: M (m/e) 220.

"5.5. Redlction of Ketore 31 with-LAH

The above ketone (31) (125 mg) in ether (10 ml) was



reduced with LAH in the usual manner. The usual work up offered
a solid aleochol 32 (120 mg, m.p. 41—490) which was crystallized
from pet. sther (m.p. 69-70°, 50 mg). IR (CH513); OH 3610 ca .
BMR (Fig. 7): féﬁﬂg each"as'singlet‘at 0.86, 0.95, 0.95, 1.02

pom; CHOM. {1H, bs, 3.40 ppm).

5.6. @Dzonolysis of tert. Acetate (6a)

" tert. Acétate (Qg)-(13105 gm) was Dzo;ized in MeOH (4d ml)
at -7 + 2° in 15 minutes. MehH was removed under reduced
pressure at room temperafure (30 * 1%). The ozoniae was
Dxidized17 in acetone with JOné's”reagent (1. m1) at 0°. The
reaction mixture was diluged Qithluater (30 ml) and extracted
with eéher‘(ZS ml x 3). The et%er layer was washed with 10%
ag. KoH (15 ml x 3) gndrthen with water (15‘ml*x 3). The
solvent was removed to oﬁfsr-a gummy néutféi portion (780 mg).
The aq. KOH portion aftéf*acidification with ag. phosphoric
soid (50%) followed by extraction uith ether (20 ml x 3)
afforded an acid (m.p. 180-190°, 250 mg) which was further
crystallized (MeCN) to get pure keto acid. (30a) (m.p. 205-208°,
200 mg). IR: €O 1730, 1700 Qm~1. PMR‘(EDQ@&): —é—éag 1.20,
1.20, 1.26,-1.31.ppm; CgSCO (ZH, ss 2.07 ppm); microanalysis:

c, H

My 0, Tequires C, 65.805 H, 8.40%; found C, 55.?é; H, B.45%.



A small portion of the ketoacid (30a) (50 mg) was
EStELlFle u1t% dlazomethane in ether and the resulting

kecaescer'ugs crybialllzed from petroleum sther m. p. 80~ 82 .

IR (Fig. 18) (cC1,): €O 1730, 1708 en~1. PMR (Fig. 8):

1

~C—Me each as singlet at 1.07, 1.07; 1.09, 1.20 ppmj Cﬁsso
. - . .

(3H, s, 1.98 ppm) 3 COOMe (3H, s, 3.58 ppm); microanalysis :

"C18A2805 requires C, 66.643; H, 8.70%; found C, 67.18, H, 9. 1%,

'5.7.. Epoxidation of tert. Acetate (8a)

A solution of Eert. acetate 6a (792 mg, 3.02 mmpl.}

in benzene (2 ml) was treated with perhenzoic acid (510 me,

3.6 mmol.)‘in beh“awe (25 ml) at 10 and képt at this tempera-
ture for 8 days. UWhen acetate uas cansumed,completaly (tle),
thé bonzoic acid ués eitracted uith 10% aq. NaZCD3 (10 ml x &).
The ornanlr phase was uashed till neutral with yater (10 m1 x 2).
Solvant removal under reduced D‘essure gave a r951duo {855 mg),
‘uthW was distilled to give 33a (710 mg), b.p. 110-120° (bath}/
0.5 mm. IR (Fig. 19): (119.): cq‘1740, enoxide 895, 878,

775 cm"1. PMR (Fig. 9):’~é~ﬁ§'ea;h as singlet at 0.77,.1.04,
1.09, 1.15 ppm; EHZFD (Sﬁ ‘s, 2.0 pp&); cdoe (1H, s, 3.07 ppm),
1H, m, spanned hetween 3.26-3.6] pom. Nlrroanalysls. C;!?Hzﬁo3

requires C, 73.343 H, 9.35; PFound c, 73.063 H, 9.39%.



5.8, Epoxidation of tert, BAlecchol

tert, Alcohol (6b) (600 mg) was treated.uith pe?benzoic
acid (500 mg) in benzene‘KZD ml) and %ept at 100 for five
déys. The usual work up (as described aboue) gave a solid
residus (605 mg, m.p. 82-88°) which was crystallized (pet. ether)

to give epoxyalcohol (33b) (m.p. 101.5-102.5°, 580 mg). IR

'(cc1a):‘3510, 3400, epoxide 1250, 925, 910, 860 cm '. PMRA:

A\ -, . N .
~C—Me each as singlet,at 0,76, 0.83, 1.14, 1.28 ppm, CHOC (1H,

t

s, 3.03 ppm). Microanalysis: C,.H, .0, requires C, 76.22; H,
- 15 242

10.243 found C, 76.723 H, 9.66h.

5.9, Action of BFjEt7O on .tert., Acetate Epoxide (33a)

BFMEt 0 (0:1 ml) was added to a cOoled ( 10%) SOlutan
of tETL- acetate epoxide 33a (410 mg) in benzene (§ ml) and
kept at that temperaturs for one hour. The reaction was
worked up by washing with 5% ‘ag. Na,CO, (s ml1 x 3) folloued
by water (5 ml x 2). The résidue (500 mg3) obtained, after
removal of solyent, was purified by passing througﬁ a column
of alumina (N/III,(15 gm;‘1 cm X 13 em) to get pure keto
acetate 34a (ZSD.mg) which was crystallized (pet. ether)
mep. 111.5-112,5% IR (Fig. 21): (CHCl;): ‘T 1735, 1730,

- v
ester 1250 cm 1. PMR (Fig. 10): —C—Me each as singlet at
; ’ :



0.90, 1.09, 1.11, 1.28 ppm; CH;CO (3H, s, 2.0 ppm), CHOAG

(H, s, 5.23 ppm). Microanalysis: requires C, 73.353

1
Cq2ta 603
H, 9.35; foundj C, 73.51; H, 9.56%.

5.10. Hydrolysis of Ketoacetate (34a)

Ketoacétate (34a) (105 mg).was refluxed withv10% alc, kOH
in ethanol (2 ml) under niérogen For ?ou£ hﬁhéé; The reaction
mixture was neutralized with acetic acid, diluted with wvater
(5 ml) and extracted with ether (5 ml x 3). The ethereal
layef was washed with water and dried. The residue was
crystallized (pet. ether and methylene chloride), m.pe, 178—1809.
Its PMR and IR were identical Ulth thove of the ketoalcohol
(Sab) derived from tert.- alcohol epoxmde (vlde ﬁgﬁgg)

5.11. Action of BF,Et,0 on tert. Alcohol Epoxide (33b).

2

To a cooled-solution of epoxyalcohol (33b) (200 mg) in

benzene (5 ml) was added a drop'of BF £t .0 and the mixture

2
was Rept at 10 for 1 hour. The reaction mlxture was washed

with 5% aq. NaHCO, (2 m1 x 2) and washed till neutral QithA
vater (2 nl x 2). It was crystallized (pst. ether methylene
chloride) m.p. 178-180°. IR (CHClgj: Co 5730, OH.3610, 3490,
1095, 1055 en”™ T, PMR (Fig. 11) (CDC13): —éﬁﬂg each as singlet
at 1.13, 1.14, 1.26, 1.36 ppms CHOH (1H, s, 4.42 ppm): Micro-

analysis: requires C, 76.22; H, 10.243 found C, 75.84;

. ,
CigMp40
H, 9.76%.
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5.12. Hydroboration of tert. Alcohol (6b)

Diborane waé gensrated by slou addétion of NaBH4.(1.5 gm)
in di@lyme (75 ml) to an agitated solution of BF,Et,0 (15 ml)
in diglyme (20 ml) at'fcom_temgeratpfe (35 + 1°). The
generated diborane was paséea into a cold (D~50) solution of
tert. alcohol 6b (1.8 gm) in THF (30°ml) during 2.5 hours.
After stirring for an additional One‘EDur at room ?emﬁerature,‘>
the excess diborane was dastroyed by careful édaitioﬁ,mf water
(5 m1). The bqronaﬁe ester vas oxidized by.adding 3N, NaQH'

{5 ml) followed by 38% H'02 (4 m1)., It was stirred at room

2
temperature for about 10 hrs, then diethyl ;ste&_(ﬁ@ ml) was "
added. and the organic laye? was separétéd. The agueous layer
was saturated with sodium chloride and extfacted twice with
efher (QD)ml X 2): The oréanic éxtraété were washea,xill
neutral,with water and driéﬁ. The .residue (1.9~gm, as stic?y
ﬁass) uég pgrified,b& pas§ing througﬁisiliéa gel (IITA, 70 gm,

2 cm % 42 om)i

Frac; 1 pet ether = - (20 m1 x 2) - nil
“ Frac., 2 pst. ether: " (20 ml x 2)  nil
. benzene(1:1)- :
. Frac. 3 Bgmzeqe ) . (20 ml x 2) o . 10 mg rejected.
Frac. 4 benzeﬁg: . ‘ -
ethylacetate (Zp-ml x 3) _ 230 mg solid
(95:5) -

- Frace 5 = benzene: ethyl- N (20 51 % 1)

aretate (80%20 15 mg rejected.



287

Frac. 6 benzene: ethyl- ~ (20 m1 x 3) 148 gm, solid
. * acetate (80:20) ' m.p. 85-900°

Frac. 4 is homogeneous on tle, since it is neither soluble in

CDClS nor in CCl,., its PMR could not be recorded.

383 m.p. 90-92°,

Frac., 6-uas crystallized (MeCN) to give diol

IR (CHC1,): OH 3610, 3480, 1020 em™'. #MR (Fig.13) (cDCL,):
~é~ﬂ§ each as singlet at 0,90, 1.05, 1.13, 1,17 ppm; CHOH (1H,

dy 3.81 ppms; J = 6H£). ﬂicrqgnalysis: C15H2502 requires C, 75.583%
H, 11.005 found C, 75.62; H, 10.18%.

5.13. Oxidation of Diol 38 with Jone's Reagent

To the cooled solution of diol 38, (180 mg) in acetone
(2 m1) wds added Joné's reagent (0.2 ml) at 5°C and then kept

at that temperature for;EDrminutas.‘ It was diluted with water

'

and extracted with benzené:'pet. éthef (1:13‘j5 ml x 3). The

Urganic layer was washed with aqueous NaHCD3
’ of
water till neutral, - The reémoval/soclvent follouwed by crystalli-

and then with

zation (pet. ethep} gave ketoalcothAgg (m.p. 1§5~137D, 175 mg) .

IR (Fig. 22) (CHC13); CO 1730, OH 3605, 3480,‘1440,-1058 en™ 1,

, N " -
PMR (Fig. 12): —C—Me each as singlet at 1.02, 1.07, 1.11, 1.26
st . . . «

ppm. Micfoénalysis: C requires C, 76.223; H, 10.243

15245,
found C, 76,083 H, 10.13%.

5.14. Reduction of Ketoalcohol (39) with LAH

To a stirred slurry of LAH (150 mg) in ether (10 ml)



(at 10 + 2"). was added dropuise a solut;od of ketoalcohol
(39) (250 ml) in sther (15 m1) during 5 minutes. It was stirred
for half an hour and worked up as usual to give diols 38 and
40 (210 mg). Both the alcohols were resplved‘agerAsélica
gel (10 mg, I1A, 0.7 cm x €a cm) byre%utiﬁg‘gg (150 mg) with
benzene (10 ml x 3) aid 38 (m.p. 96~920) (45 mg) with 20% ethyl-
acetate in henzene (10 ml-x é). Alcohol 40 was crystallized,
MeDe 153~1350. IRf(nujol)Q 0H 3400, 1040 cﬁ"i. PMR (Fig. 14):
(CDC13): fé*ﬂg each aS»éinglet at 0.90, 0.9§,f1{16, 1.24 ppm;

: ] . . f~oatment
CHOH (1H, m, 4.62 ppm) (arter tri?luqroagetép gcid}multiplet‘
at 4.62 resolved into dd, j1 = 7 Hz, 3, %>1q.5 Hz and singlet
at 1.04 ppm and doublet a£ 1.43 ppm, 1 = 6.5 Hz disappeared);
microcanalysis: C?EHZEDé requireg C, 75.58, H, 11.0 found C,

75.43; H, -10.80%.
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