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STRUCTURE OF AN ACETATE FROM SOLVOLYSIS 

OF 8-HA LON E0I50L0NGXF0LEN E-"

Abstract

Solvolysis of 8-halonsoislongifolene uith 

sodium acetate/acetic acid gives* besides 

expected products, a rearranged tertiary 

acetate as the major component. The 

structure of the tert. acetate has been 

elucidated by its chemical transformation 

and soectral characteristics (PMR, NOE, LSR 

studies) and structure _6a has been assigned to it.



STRUCTURE OF AN ACETATE FROM SOLUOLYSIS 
OF 8-HALONEOISOLONGIFOLENE*

1. INTRODUCTION

ISOLONG IFOLEN E1 (l_) , . on bromination, undergoes a rearrange- 

ment leading to the formation of 8-bro‘moneoiso'longifolene (3.), 

which on solvolysis in refluxing acetic acid in the presence 
of sodium or potassium acetate,, gives a mixture containing 
two hydrocarbons 4, (32.5/S) and 5. (4.2^) and two acetates (50/S) 
contaminated with their respective alcohols, besides- some 
minor products. One of the acetates-which was present as a 
minor product (c_a, 1-2t0 was identified as the expected secondary 
acetate 7a. (vide infra) . The major ‘ product, was found to be 
a tertiary- acetate .whose structure has been- elucidated as 6a 

(Chart I) .

The total acetate mixture uas saponified to the corres­
ponding alcohols which were separated and isolated in pure 
state by systematic chromatography on silica gel. For the sake

*Ue have designated monoolefinic hydrocarbon 2_ derived from^ 
isolongifolene as neoisol.ongifolene. The following numbering 
has been followed in this chapter.-



at 0.98, 1.15, 1.17 and 1.22 ppm; none of these signals arises
from isopropyl g'roup (0= 6-7Hz), since they appear at the same

chemical shifts in the spectra recorded- at 60f1Kz and 90f-1Hz.
Consequently, all four methyls are quaternary^. The PMR

spectrum (fig. 4) of alcohol J3 also reveals- the presence of

four quaternary 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 (betueen 3.4- .

5\4.5 ppm ) for a proton attached to a carbon, linked to oxygen 
indicates' that the alcohol must be tertiary. Its IR spectrum 
(Fi'g. 16) also clearly shous that it is an unsaturated alcohol 
(OH 3608, 3495 1188; 1061 cm"1; C=C 1615, 821, 810 cm"1). The 

presence of unsaturation is further indicated by the appearance 
of ysllou colour uith TNPI. -

3.1. Size of the Rings

Alcohol 8_ consumes one mole of peracid and the. resulting 
epoxide gives no colour uith TMM. Hence the alcohol is mono- 
olefinic and tricyclic (as it analyses for gH^^O). And since 
it contains only 'one olefinic proton (PFIR) it must be a 

trisubstit-uted double bond.

The olefinic proton, in fact, appears as- a doublet at 
5.30 ppm similar in '.shape and magnitude of coupling
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constant (3= 3Hz) to those of neoisolongifolene (2) and its 
derivatives 3., 7b, 8., 9. and 1_0 (Table 1). -It suggests that- 

olefinic proton is located in a ring of same size and environ­
ments, as existing in the above mentioned derivatives. That 
the,double bond is exocyclic to a .six-membered ring is 
revealed by the ozonalysis 'of the tert acetate. The resulting 
ketoacid, after esterification with diazomethane, displays 
carbonyl frequencies at 1 705, and 1 735- cm in the IR spectrum 
(Fig. 18). The absorption at 1705 cm is assignable to a 

cyclohexanone derivative. On the basis of the data provided 
above, the tert. acetate may be assigned a partial structure 1_1 
(Chart I-I).

Information about the relative positions of the olefinic 
bond and the hydroxyl group pas obtained from the fallowing 

observations. .

Alcohol B_ when treated with aqueous sulfuric acid in 
dioxane isomerized to a saturated ketone (-ve TNI*) test) which 
shows carbonyl* frequency at 1 730 cmk^ in its IR spectrum (Fig.17), 

which is characteristics of cyclopentanone derivatives.
Reduction of this ketone gave, as expected, the corresponding 
secondary alcohol, which displays a sharp singlet at -3.40 ppm 
for CHpH 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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CHART I

2 RfRfH

3 Rj=Br, RfH

7c3 R|-H, R^-OAc

7b R = H RfOH

8 Rj R| 0

9 Rj OH, R|H

10 RfCl R|H
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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 relationship of the hydroxyl and o-lefinic 
6linkage , isomerization occurring through a'pinacol-type’ 

rearrangement. Thus, structure 1_1_ may be elaborated to 12a 

which can rearrange to ketone 13, a cyclopentanone, as is 

indeed observed experimentally,’

The expression 12a accounts for fourteen carbon atoms 

out of fifteen of alcohol B_ . Since alcohol B, has only 

quaternary Tie's (four in number) the fifteenth carbon must be 

attached to the carbon as shown in 12b. The question which 

still remains unresolved is the point of attachment of this 

dimethylene chain to form the third ring. The attachment of 

dimethylene chain at the position^C-9 and C-10 to give rise 

to structures 1and 15, is ruled out as the genesis of these 

compounds from bromide 3, is not easily rationalized. This 

leaves J5b as the only plausible structure for alcohol 13. ,Thi 

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 thre'e ,possible structures jSS, 1_§ 'and 17,
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CHART III



arising from the Wagner Fleeruein migration of the three 

different bonds adjacent to the carbon atom carrying the 

halogen as given in Chart III. . .

ecause it involves the 

This structure further 

of ozonolysis of tert. 

was substituted cyclohexanone 

cy.clopentanone as would arise

The tert. ’acetate was proposed to arise from carbonium 

ion _6A_ in preference to structure 1 7A for the following 

reasons:

Structure 1_6 is unlikely b
xmigration of an olefinic bond . 

stands ruled out by the results 

acetate. The resulting product 

derivative (vide supra) and not 

from structure 16.

"^Migration of allvlic bonds has been reported in 
Tricyclot4,3,2,01 » 6J undec-1 0-en-2-one7 18 undergoessome cases, 

an acid
catalysed rearrangement via, the migration of sp^-sp'-’ bond 
( ally lie bond) to a substituted 8 ,-bicyclo [3,2,1] octenyl type 
cation 1_9 which is stabilized by -participation ofTT-bond8. 
Similarly, sp^-sp0 6~-bond .migration in 20_ may be due to highly 
stabilized benzylic cation® 21_.

10In case of i-steroid type rearrangement it is believed 
that 6f-bond delocalization (as in 2_4, path a) and not sp2_sp3 
bond migration is involved as shown 2 2-»23 (path b) .

In 3_ 77 -bond delocalization of the type shown in 26 
(26a^»26b—» 1 6A) is very improbable', becaus e of the geometry 
of the ring. Neither i$: the resulting carbonium ion 1 6A 
stabilized for such.migration to occur (Chart IV) .



CHART IV



(a) The size of the ring containing the olefinic 
bond remains unaltered and hence the similarity 
in the spectral characteristics of tert. acetate 
and alcohol B_ with -neoisolongifolene derivatives 
(yjde supra)» In the tuo orher alternative 
structures 16 and 1_7, there is a ring expansion 

from five to six-membered- ring.

(b) - fin' examination of framework molecular model (Ff'Fl)

indicates'that of these two ions J5A and 1J7A, 
1-bicyclo [3,2,1] octehyl* type of cation (6A) leading 

to product 6a • is capable .of some allylic.. stabiliza­
tion (• =*30°) while in 1 -bicyclot2, 2,2] octenyl type 

cation (17A), that leads to product 1_7, such a stabi 
lization'is going to' be minimal (®.c=r90°). Clearly, 

in 1 6fi the possibility of allylic stabilization- 

does not exist (Chart III).

The conclusion may be drawn hare that ion J5A_ is more 
probable’ than inn 16A and more stable than ion 17A-. Both

*It has been reported that 1-bicy clo [3,2,1] sctenyl cation 
(27) has more allylic stabilization than 1-bicycio y. f Z9 Zj~ 
oct"eny 1 cation1 1 (28) (Chart IV).
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these factors could be reflected in the formation of the acti 

vaied complex during rearrangement that leads :to acetate or 

alcohol (6a or 6b) rather than its isomers ]_6 and 17.'

Retrospectively, the product of ozonalysis of tert. 

acetate j5a can be designated as 30_ and the saturated ketone 

obtained by the isomerization of alcohol B_ can be assigned 

structure 3_1_ and the corresponding alcohol 52. The spectral 

characteristics are consistent with the proposed structures 

(Chart VI)

3.4. i^ass spectral Evidence

The mass fragmentation pattern (Fig. 2) of this tert. 

acetate, briefly discussed below, is readily rationalized 

when stru.cture 6a is assigned to the tert. acetate.

The base peak occurs at m/e 1 74 (29, C138^ * The 

fragmentation to this ion can be readily rationalized m 

view of the known preference for tropylium ion (given in 

Chart V).

The peaks at m/e 131,133 and 159 can be explained as 

those arising by loss of C^, C^-nnd CH3 respectively from 

tropylium ion 31_. The peaks at m/e 105 and 107 may be arising 

by loss of HCsCH.



m/e 105 m/e 131 m/e 133 m/e fO?
+ .

CHART V MASS SPECTRAL FRAGMENTS OF tcrt. ACETATE
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The other major peaks at m/e 219, 149, -121, 119 and 91 

are also rationalized as given in Chart V.

3.5. LSR and MAE Studies on Eert. Alcohol

The structure ..of _6b_ was elucidated by careful study of 
its Pf'IR spectrum. Ua have -used Eu(f.od)g complex with -tert. 

alcohol'for- the assignment .of its structure. For the pseudo­

contact interaction of lanthanide complexes, the magnitude 
of LIS (lanthanide induced shift) of. the nucleus is inversely 

proportional to the’ cube of the average distance from the 

lanthanide metal ion . -However, in almost all of the investi­
gations, the precise’ location of the laothanide nucleus 
(metal ion) has not 'been established. Hence, ua adopted the 
method of Cockrill and couorkers^. These authors have, 

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

■x* _ 2
observed relationship of s oC r

*Ths chemical shift of a- particular hydrogen atom varies 
linearly with the molar ratio of Eu\£od)„ to the substrate, 
for concentration of the shift reagent upto its equimolar 
amount. The slope of the lines has been defined as 's' 
i.e. the europium shift parameter.
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The effect of incremental addition of EuC+od)^ upon 

the spectrum of tert. alcohol is shown graphically in Fig. 1. 

Ue have measured the distance r between the centre of the 
hydrogen nucleus and the pgrf'-meter of the lone pair of oxygen 
of hydroxyl group, using.Prentice Hall Framework molecular 
models.-. The values of s (slope of line) for, all the protons 

have been extracted from Fig. 1A. A graph plot between the 
shift parameter s_ and the inverse square of the separation 

(r gives a straight line as shown in Fig. 1B. Each oft 
the possible conformations of the tert. alcohol was considered 
and the best fit for the plot of r ^ vrs s. gave a straight 

line for its structure and the conformation is as shown 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 7T-bond and appears down-field in the-PFlR 
spectrum (Fig. 5). The spatial'disposition ^ of ’this methyl
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group in relation to the hydroxyl group is also borne out 
by LIS study-. This methyl group is expected to experience 
nuclear Oyerhauser 'effect .from'the olefinic proton. Irradia­
tion of the lou field methyl group, indeed,:causes intensity- 

enhancement by 18%.

fill the above data taken together provide ample evidence 

for structure 6a. assigned to the tert. acetate.

4. CHEMICAL TRANSFORMATION. , . . ,

In an early attempt’ to gain information about the structure 

of tert. alcohol (alcohol B), the alcohol was exposed to per- 
benzoic acid in benzene for 5-days at 10°C. 'This reaction 

produced monoepoxide with the consumption of a molar equivalent 
of peracid. In the PMR spectrum (cp Fig 9) of the resulting 

epoxide the proton CC to oxirane ring appears as a singlet 
at 3.08 ppm. In the epoxide 33b'derived from 6b the. dihedral 
angle of this proton with respect to the vicinal proton 

approaches 90°, whereas in the epoxide derived from ]_? this , 
dihedraliangle uould'be ca 30°. ' Therefore, lack of vicinal 

coupling for the probonQC-to the oxirane also supports 

structure 6b for the--tert. alcohol.
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Treatment of tert. alcohol ' epoxide 33b with in
benzene gave a ketoalcohol (iRi CO 1 730 cm , OH 3460 cm )• 

Its'PMR spectrum (Fig. 11) clearly indicates the absence of 
olefinic proton (TNFlj negative test) , but shows a signal for 
a p-roton on the carbon linked with oxygen (1H, singlet at 4.42 

ppm). Uhen the epoxyacetate 33a was treated with BF^Et^O 

under identical condition., an extra signal 'at 5.23 ppm 
(attributable to the proton.tf.to acetoxy group) appeared .as a . 
singlet in the PNR spectrum of the product (Fig. 10).

Hydrolysis of this ketoacetate afforded the same ketoalcohol 

obtained earlier from epoxyalcohol 33b. The appearance of 
a proton at the carbon bearing oxygen (secondary alcohol) 

suggests that a rearrangement has taken place.

These results are easily explained from structures 3_3a. 
ancj 33b for the- epoxides derived from tert. acetate 6a, and 
alcohol 6b,. The ketoacetate and ketoalcohol resulting from 
33a and 33b can be assigned structures ZAa, and 34b respectively 
The formation of the latter can be conceived as follows.

Treatment of epoxyalcohol 33b with BF^ET^O can generate 
a cation at C-6 (35) which, through a 'pinacol-typeT rearrange­
ment, can give rise to ketoalcohol 34]d. , The rearrangement is 
similar to the acid catalysed isomerization of tert. alcohol 

6b to saturated ketone 31_ (vide supra) .
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One may expect the opening of epoxide 33a or 33b via 
endo-endo hydride migration from C-1 to C-6 leading*to ketone 
3 6, but such a process will be sterically'very unfavourable 
due to angle distortion (inversion at C-6). This angle 

strain may be responsible for the epoxide 33a or 33_b_ to 

follou an alternate route to form 34a and 34b.

The formation of ketoacetate 34a may,be conceived to 
proceed '.through species 37 arising from the complexing 
of BF3Et20 with the oxygen of acet'oxy .carbonyl followed by 

participation of the lone pair of electrons of epoxy oxygen 
with concomitant 'Wagner Fleerwein' shift'of Cg-C^ bond in

i san SN2-process, analogous to' norbornyl cation . The overall 

result is acyl group migration from one oxygen to another 

(Chart VI)."

The hydroboration of J5b in tetrahydrofuran with one mole . 
of diborane gave a diol 38 whose PhR (Fig. 38) shows resonance 

at'3.81 ppm (3= 6Hz) as a doublet for the protonOlto OH. The 
diol 38 evidently arises from the tert. alcohol 6b by the 
attack of diborane from the less hindered side, i.e. exo-side. 
This diol was oxidized to ketoalcohol 39. with Oones reagent .
IR spectrum (Fig. 22) showed absorption corresponding to hydroxyl 
3500 cm"1 and ketone 1 727 cm"1. The carbonyl frequency is
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consistent with the value for substituted cyclopentanone 
derivatives. When ketone '39 was reduced with ’LAN, it affords 
an epimeric alcohol 40;- The PHH spectrum (Fig. 14) shows a_ ■ 

multiplet at 4.62- ppm for’ proton Otto OH group. This signal - ‘ 
collapsed into ah expected double doublet (3^ = 7Hz, 3^= 10.5Hz)y 

uhen PMR was recorded after adding a drop of trifluoroacetic 

acid.‘ ’Simultaneously, tire singlet at 1.04 ppm and the doublet 
at 1.43 ppm (3= 6.5 Hz) also disappear. It.clearly dictates 
that proton a to OH group is coupled uith nonexchangeable - 
proton on ’hydroxyl. All these results nicely support the . 
structure 6b for ter’t. alco.hol (alcohol B).
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5. EXPERIMENTAL

For general remarks refer Part B, Chapter I.

5,1. Alcohols A. (7b) and B_ (6b)

These alcohols were prepared according to the 'procedure

2 ,described earlier * :

5.2. 8-Gxoneoisolongifolene (8)

Anhydrous CrO^ (25 gm) uas added portionuise into a 

stirred and cooled'(5-10°) solution of pyridine (40 ml) in 

methylene chloride (300 ml) during 15 minuses and it uas 

stirred for an additional 15 minutes. The unsaturated alcohol 

g (7,5 gm) in methylene chloride (100 ml) uas added to this 

in one .-lot .-with Efficient stirring and the mixture uas 

stirred for ao hour. Methylene chloride .uas evaporated under 

reduced pressure-at room temperature (30r35 ). The product 

uas taken in di-isbpropyl ether (20 ml x 10) and the organic- 

extract was washed with water (30. ml x 3), 10$ aq K0H- 

(30 ml x 2), water (30'ml x 2) j 5% aq HC1 (40 ml x 2), 10$

aq NauCO_ (30 ml x 2) and.water and then dried (Mg504). The

' 3 0residue-after distillation, gave ketone 8_ ",b.p. 84-86 /0.5 turn

(5.1 gm). IR: CO, • 1 70S, C=C 1 625, 822, 815 cm-1 and PMRt

-C-Me (3H, s, 0.87 ppm; 3H, s, 1.03 ppm, 3H, s, 1.15 ppm;
I

3H, s, 1.18 Ppm;)} = .CH (1H, d, 5.70 ppm, 3= 3Hz).
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5.3. 8 -Hydroxyneoisolonglfolene ('7b)

A solution of ketone 8_ (4.02 gm) in ether (30 ml) was 
added dr'opuiss to a stirred suspension of LAH (l ,24 gm) in 

ether (30 ml) over a" period of half an hour. The reaction • 

mixture was 'stirred for an- additional one hour and the product 
uas worked up as usual. The residue (4.00 gm, m.p. '95-115°) 

obtained after solvent removal uas chromatographed,over silica 
gel (113,.115 gm, 2.5 cm x 50 cm).

Fr. 1 - pet ether . (50 ml

Fr. 2 20% benzene 
, pet ether

in ( 40 ml

Fr. 3 • -20% benze'ne 
. pet ether

in' - (40 ml

Fr. 4 benzene’ (40 ml

4) . . nil

7) 1.02 gm, solid m.p.41-43°

3) 0.223 gm, solid mixture

6) 1.98 gm, solid-m.p.'
132--1360

Fr. 2. uas crystallized upto- constant m.p. 49.5-50.5°. IR 
(Fig-. 15): (CHClj): OH -3620, 3460, C=C 1 605, 81 1, 818 cm"1;

PMR (Fig. --3): (CDCl,): -C-Me (3H, s, 0.95 ppm; 3H, s, 1.04 ppm;
J f - ^

3 H, s / 1.05 ppm; 3H, s, 1.17 ppm); CH0H (1H, illresolved 
triplet, 4.14 ppm, UH = 9.5 Hz); =CH. (1H, d, 5.73 ppm, 3= 3Hz) ; 
microanalysist gH^^O requires C, 81.76; ;‘H, ,10.98/5; found 
C, 82.31; 'H, 11.10%, Mass:. M* (m/e) 22 0. Its IR and PMR were 

superimposable uith those of alcohol A.obtained after 'solvolysis



of bromide 3. besides it's mixed rn.p. with alcohol A. uas not 

depressed.

Fr. 4 uas crystallized from pet. ether; rn.p. 141.5-142.5 * Its 

mixed m.p. with alcohol 9_ uas not depressed. . ,

5.4. Treatment of tart. Alcohol with Acid.

tart. Alcohol 6b (815 mg) in 50$ (v/v) aq. H2S04 (1 ml), 
in dioxane (10 ml).was heated on a uaterbath ( 95°C) for two 

hours under nitrogen atmosphere. When .alcohol uas isomerized 
completely (tic), excess of dioxane (10 ml) uas removed under 
reduced pressure, the residue uas diluted with water (10 ml) 
and extracted with light petroleum ether (15 ml x 3). The 
organic, extracts were washed with- 5$ aq. NaHCO^ V10 ,ml x 2) 

followed by water and dried. Removal of solvent offered a 
free'flowing liquid (805 mg), which was purified by passing 

■ through a column of silica gel. The resulting ketone 3.1 uao 
' distilled, b.p. 120-130° (bath)/2‘ mm (710 mg). IR (Fig.17):
CG 1 73 0 cm"1 . PMR (Fig. ’6): -|-Me each as singlet at 0.91, 0.99 
1.06 and 120 ppm; microaiialysis: C1 gH^O .■requires C, 81.76;
H,. 10.98$; found. C, 81.17; H, 10.47$. Mass: M (m/e) 220.

'■ 5.5. Reduction o,f Ketone 31 with-LAH

The above ketone (3J_) (125 mg) in ether (10 ml) was
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reduced with LAH in the usual manner. The usual work up offered 
a solid alcohol 32 (120 mg, m.p. 41-49°) which' was crystallized 

from pet. ether (m.p. 69-70 , 50 mg) . IS (CHCl^)., OH 3 610 cm . 

PPIR (Fig. 7): —C—Fie each as'.singlet at 0.86, 0.95, 0.95, 1 ,02
t'

ppm; CH0H. (1H, bs, 3.40- ppm). ■ .

5.6. Ozonolysis of tert. -Acetate (6a)

' tert. Acetate (6a) (l-105 gm) was ozonized in FieOH (40 ml) 

at -7 + 2° in 15 minutes. FleQH was removed under reduced 
pressure at room temperature (30 ± 1°). The ozonide was 
oxidized17 in acetone, uith done's 'reagent (1ml) at 0°. The 

reaction mixture was diluted uith water (30 ml) and extracted 
uith ether (25 ml x 3). 'The ether layer was washed uith 10% 

aq. K0H (15 ml x 3) and then uith water (15 ml x 3),.’ The 
solvent was removed to offer a gummy neutral portion (780 mg). 

The aq. KQH portion after" acidification uith'aq. phosphoric 
acid (50%) followed'by extraction,with 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: CO 1 730, 1 700 cm"1. PFiR' (tDCUp : -C-Ctjg 1.20,

1 .20, 1.26, -1 .31.ppm; CH^CO (3H, s, 2.07 ppm), microanalysis.
C„ requires C, 65.80; H, 0.4£$; found C, 65.76; H, 8.45^.

1 7 2 6 2
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A small portion of the ketoacid (30a) (50 mg) was 

esterified with diazomethane in ether and the resulting 
ketoester u.as crystallized from petroleum ether m.p. 80-82 »
IR (Fig. 18) (CC14): CO 1 730, 1 705 cm"1. PPIR (Fig. 8):
—C—Me each' as singlet at 1.07, 1.07; 1.09, 1.20 ppm; CH^CO

1 - '(3H, s, 1.98 ppm); COOI^a (3H, s, 3.58 ppm); microanalysis :

C-ioHoo0,- requires C, 66.64; H, 8.70/5; found C, 67.18, H, 9.11/q. 
1 o 2o b

'5.7.. _ Epoxidation of. tert. Acetate (6a)

A solution of tert. acetate._6a. (792 mg, 3.02 mmol.) 
in benzene (2 ml) was treated with perbenzoic acid (510 mg,
3.6 mmol.) in benzene (25 ml) at 10° and kept at this tempera­
ture for 8 days. When acetate was consumed completely (tic), 
the benzoic acid was extracted with 1 0/ aq. Na2C03 (10 ml x 4).■ 
The organic phase was washed till neutral, with water (10 ml x 2) 
Solvent removal under reduced pressure gave a residue \855.mg), 
which was distilled to give 33a (710 mg), b.p. 110-120 (bath)/ 

0.5 mm. IR (Fig. 19):’(liq.): CO'1740, epoxide 895, 878,

775 cm"1. PAR (Fig. 9): — C— Pie each as singlet at 0.77, -1 .04,
!1.09, 1.15 ppm; CH3C0 (3H,*s, 2.0 ppm); CHOC (1 H, s, 3.07 ppm),

1H, m, spanned between 3.26-3.61 ppm. Flicroanalysis: C1 7H2g03 
requires C, 73 .34; H, 9.35; found C, 73.06; H, 9.39/.
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tert. Alcohol (6b) (600 mg) was treated with perbenzoic
acid (SQO mg) in benzene (20 ml) and kept at 10° for five

days. The usual work up (as described above) gave a solid
residue (605 mg, m.p. 82-88°) uhich uas crystallized (pet. ether]

to give epoxyalcohol (31b) (m.p. .101.5-102.5°, 580 mg). IR
'(CCl )*.' 3510, 3400, epoxide 1250, 925, 91 0, 860 cm"1. PFIR:

-HZ—Fie each as singlet at 0.76, 0.83, 1.1 4, 1.28 ppm, CHOC (1H,
!

s, 3.03 ppm), flicroanalysis: 02 requires C, 76.22; H,
10.24; found C, 76. 72;’ H, 9.66%.

5.9. Action of BF^-Et^O on -tert. Acetate ’ Lpoxide (33a)

BF^Et^O (0;1 ml) uas added to a cooled ( 10°) 'solution 

of tert. acetate epoxide 33a (410 mg) in benzene (5 ml) and 

kept at that temperature for one hour. The reaction uas 
worked up by washing with 5% ‘aq, ^a2^3 (5 ml x 3) folloued 

by water (5 ml x 2). The residue (500 mg) obtained, after 

removal of solvent, uas purified by passing through a column 
of alumina (N/III, 15 gm, i cm x 13 cm) to get pure keto 
acetate 34a (350 mg) uhich uas crystallized (pet. ether) 
m.p. 111.5-112.5°; IR (Fig. 21) : (CHC13):'CQ 1 735, 1 730, 

ester 1250 cm" . PfflR (Fig. 10): — C—Fie each as singlet at
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0.90, 1.09, 1.11,
(H, s, 5.23 ppm) . 

H, 9.35; found; C

1.28 ppm; CHgCO (3H, s, 

flicroanalysis:
73.51; H, 9.5 6%.

2.0 ppm), CHOAp 

requires C, 73.35.;

5.10. Hydrolysis of Ketoacetate (3_4a)

■ . Ketoacetate (3 4a) (105 mg) was refluxed with 10/S ale. K0H 
in ethanol (-2 ml) under nitrogen for four hours. The reaction 

mixture was neutralized uith acetic acid, diluted u/ith uater 
(5 ml) and extracted uith ether (5 ml x 3). The ethereal 

layer was washed uith water and dried. The residue was 
crystallized (pet. ether and methylene chloride), m.p, 178-180°. 

Its PFIR and IR were identical with those of the ketoalcohol 
(34b) derived from tert.- alcoholepoxide (vide infra) .

5.T1. Action of BF .Et_Q on tert. Alcohol Epoxide (33b).

To a coaled>solution of epoxyalcohol (33b) (200 mg) in 

benzene (5 ml) uas added a drop'of and the mixture
uas kept at 10° for 1 hour. The reaction mixture uas washed 

uith 5% aq. NaHCO^ (2 ml x 2) and washed till neutral uith 
water (2 ml x 2). It uas'crystallized (pet. ether methylene 
chloride) m.p. 178-180°. IR (CHClgj: CO 1 730, OH.3610, 3490, 

1095-, 1055 cm"^, PHR (Fig. 11) (CDC1„): — C—Fie each as singlet
-J t

at 1.13, 1 .1 4, 1 .26, 1 .36-ppm; CH0H (1H, s,'4.42 ppm), flicro- 

analysis: °ig^24^2 rec!u-'-res 76.22; H, 10.24; found C, 75.84; 

H, 9.16%. • ■



5.12. Hydroboration of tert. Alcohol (6b) ' ,

Diborane was generated by slow addition of NaBH^ (1.5 gm) 
in diqlyme (75 ml) to an agi-tated solution of BF^ (15 ml)
in diglyme (20 ml) at room temperature (35 + 1'°). The 
generated diborane uas passed into a cold (0-5°) solution of 

tert. alcohol 6b (1.8 gm)-'in THF (30’ml) during 2.5 hours. 

After stirring for an additional one .hour at room temperature, 
the excess diborane uas destroyed by careful addition,of water 
(5 ml). The boronane ester uas oxidized by adding 3N. NaOH 

(5 ml) followed by 38% H2'02 (4 ml). .It was stirred at room 
temperature for about 10 hrs, then diethyl ester .(30 ml) was 
added- and the organic layer was separated, the aqueous layer 

uas saturated with sodium chloride and extracted twice with 
ether (20 ml x 2). The organic extracts were washed ,-till 
neutral, with water and dried. The -residue (l.y- gm>- 3s sticky 
mass) was purified by passing through silica gel (H-jrA, 70 gm, 

2 cm x 42 cm): -

Frac. 1 pet etheri (20 ml x 2)

Frac. 2 pet. -ether:. benzene(l : 1) -
(20 ml x 2)

Frac. 3 benzene (20 ml x 2)

Frac. 4 benzene: 
ethylacetate 
(95:5) -

(20 -ml x 3)

Frac. 5 -- benzene: ethyl- . ar.etate- (80:20) (20 ml x 1)

nil
nil

10 mg rejected. 

230 mg solid

15 mg rejected.
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Frac. 6 benzene: ethyl- ' (20 ml x 3) 1.48 gm, .solid
acetate (80:20) m.p. 85-90°

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

CDCl^ nor in CCl^., its PPIR could not 'be recorded.

Frac. 6-was crystallized (FleCN) to give diol 3J3; m.p, 90-92°,

IR (CHC13): OH 3610, 3480, 1020 cm"1. PFIR (Fig.13) (CDC1 ): 

-C-Me each as singlet at 0.90, 1 .05, 1.13, 1 .1 7 opm; CH0H (1H,
t . - —.

d, 3,81 ppm; 3 = 6Hz) . Flicroanalysis: ^-jn^26^2 re0u^res *-•» 75.58 

H, 1,1.00; found C, 75.62; H, 10.18%.

5.13. Oxidation of Diol 38. with Dane's Reagent

To the cooled solution of diol 38., (180 mg) in acetone

(2 ml) was added Dane's reagent (0,2 ml) at 5°C and then kept

at that.' temperature for;30 minutes.' It uas diluted with water

and extracted with benzene: pet. ether (1:1, 15 ml x 3). The

Organic layer uas washed with aqueous IMaHCO- and then with
of

water till neutral. ■ The removal/solvent followed by crystalli­

zation (pet. ether) gave ketoalcohol. 39. (m.p'. 135-137°, 175 mg). 

IR (Fig. 22) (CHC13): CO 1 730, OH 3 605, 3480, 1 140, -1058 cm-1.

PFIR (Fig. 12): —C—Fie each as singlet at 1 .02, 1.07, 1 .1 1 ," 1,26
• 1 < •

ppm. Flicroanalysis: ^5^24^2 reclu^:ces 76.22; H, 10.24; 

found C, 76.08} 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°), uas added- dropuise a solution op ketoalcohol 

(39) (250 ml) in ether (15 ml) during 5 minutes. It, uas stirred 

for half an hour and worked up as usual to give dials 38. and 
40 (210 mg). - Both the alcohols were resolved'over- silica 
gel (10. mg-, Ilfl, 0.7 cm x 14 cm) by eluting 40_ (15,0 mg) uith 
benzene (10 ml x 3) arid 38-(m.p, 90-92°) (45 mg) uith .20% ethyl- 

acetate in benzene (10 ml* x 2). Alcohol 40 uas crystallized, 
m.p. 133-135°. IR.(nujol): 0H3'400, 1 040 cm^ . PNR (Fig. 14): ' 

(CDC1„): — C—fie each as -singlet at 0,90, 0.94, 1.1 6, 1.24 ppm; 
C’HOH (1H, m, 4.62 ppm) (after trifluoroacetic acid^multiplet 

at 4.62 resolved into dd, 3-^ = 7 Hz, 0^ ?= 10.5 Hz and singlet 
at 1.04 ppm and doublet at 1.43 ppm, 0 = 6.5 Hz disappeared), 

microanalysis: ^15^26^2 recluires C,.75.58, H, 11.0 found C, 

75.43; H, -10.80$.



6. REFERENCES

1. (a) U.R. Nayak and Sukh Dev,' Tetrahedron 8., 42 (i960).

(b) R.’Rang anathan, U.R. Nayak, T.S. Santhanakrishnan 
and Sukh Dev, Tet rah edron 26, 621 (1 970).

2. See Part B, Chapter I‘ 1 ; i... i t .s.

3. T.S. Santhanakrishnan, R.R. Sobti, U.R. Nayak and 
Sukh Dev, Tetrahedron 2 6, 657 (1 970).

4. (a) L.Fl. Jackman andS.Sternhell, Application of Nuclear 
Magnetic Resonance Spectroscopy in Organic Chemistry, 
pp. 115-116, Perqamon London \,19 69) .

(b) H.S. Gutousky, U.D.' Mochel and B.G. Sommers, 3. Chem. 
Phys. 21., 279 (1953).

5. (a) see ref. (4a), pp. 1 63-1 64.

(b) 3.N. Shoolery and iv).T. Rogers, 3. Am. Chem._Soc. 80,
51 21 (1 958). . t .

6. cf (a) L.A. Yanavoskaya and Kh„ Shakhidayato.v. Russ. Chem. 
— Rev. 3£, 859 (1 970).

(b) Y. Sasson and G.L. Rempel, Tetrahedron Letters,
4133 (1974).

(c) A.S. Dreiding and 3.A‘. Hartman, 3. Am. Chem. Soc.

m, 121 6 (1956). '■
7. (a) R.L. Cargill and 3.U. Crauford, 3. Orq. Chem. 35, ■

‘ 35 6 (1 9 70).

(b) R.L. Cargill, D.fl. Pond and S.O. LeGrand., 3. • Pro. Chem. 
35., 359 (1970),

8. G.L. Klumpp, E. Ellen and F. Blckelhaupt, Rec. Trav. Chim. 
Pays. Bas.' 88, 474 (1 969).

9. H. Tanida, K. Tori and K. Bitabanoki, 3. Am. Chem,. Soc.,
89, 3212 (1 967).



220

10. (a) . B .. Capon, Quart. Rev, 1 8, 45 (l 964) .

(b) A.F. Thomas, Chem. Comm. 1054 (1970).

11. 3.U. Wilts, C.T. Parspns, C.A. Schneider, D.G. Schultenover, 
S .3. and Li.3. Wagner, '3. Pro. Chem. 35, 69£ (1 9 68).

12. For' revieu sea ■
(a) B.C. Fiayo, Cham, - Soc. Rev. 2_, 49 (19 73) «

(b) Nuclear Magnetic Shift Reagents (Ed. R.E. Sievers), 
Academic Press, Neu York (19 73),-

13. A.F. Cockeriil and- D .Pi.. Rockham, Tetrahedron Letters 5149, 
5153 (1 970).

14. For acetoxy group participation’ see
(a) S. Oulia and B. Furer, Bull. Soc, Chim. Fr. 11_06 (l 966)

(b) N.S. Leads, D.K. Fukushima and J.f. Gallaghar, 3. Am. 
Chem. Soc. 76, 2943 (1 954).

(c) A.M. Solouay, U.3., Considine, D.K. 'Fukusuma and T.F. 
Gallaghctr, 3, Am. Chem, Soc. 76, 2 941 (1 954). .

(d) K.L. Williamson and U.S,. Oohnson, 3. Orq. Chem. 26,
45 63 (1 9 61). '•

15. G.D.’Sargent in Carbonium Ions' (Eds. G.A. Olah and P.uon R.
Schleyer) uol III pp. 1 099-1 200, Wiley -Interscience, Neu 
York (1972) . ■ ' ' ' ’ :

16. K. Bouden, I.n. Helbron, E.R .ri. 3 ones and D.C.L. Ueedon,3 . Am, Chem. Soc. 3'9 (1 946) .

17. A.5. Narula, and Sukh D.ev, Tetrahedron Letters., 1 733 (1969) .



A: the relationship between chemical shift and

RATIO OF EuffodJ /TERT ALCOHOL(6b) '

221

THE MOLAR

B. GRAPH rZv£ $

FIG. I



\ 9-6 ) A1ISN31N1 138

3n
s

3N
3

10
0 

14
0 

I 180 
22

0 
26

0
—

—
-—

—
 m

 | c
—

---
---

-->
>

FI
G

.2
 mas

s s
pe

c
tr

u
m

 of 
te

r
t-

a
c

e
ta

te
 (6

a)



223

765 PPM(S) 3 E I o

6 5 P PM(Sj 3 2



2 2 4

765 PPM(S} 3210

7 6 5 PPM(S) ^ 2 ‘ l 0



225



22 6



227



f» Q6 40





M
IC

R
O

N
S

{%) 3 0 NV1 1 1W S W V I

4 
00

0 
35

00
 

30
00

 
25

00
 

20
00

 WAVEN
U

M
BE

 R
 (C

M
^)

 14
00

 
12

00
 

10
00

 
80

0





50
 MICR

O
N

S
282

Oc\J
Oo

fM
°gO o

00 o
<£>

3DNV1JUWSNVHJL
o
sr

o
03

03

CM

O

O.CO

o

Q
03

O..
PO

in
CM

O
o o00

80
0

to
oo

I Z
O

O
Z0

00
 WAVE

N
U

M
B

E
R

 (C
M

) 
14

00
2 

50
0

30
00

3 
50

0
40

00


