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MECHANISM OF REARRANGEMENT OF .
LONGIFOLENE' TO ISOLONG IFOLENE

Abstract

The mechanism of rearrangement of loﬁgifolene to
iscioégifolene has beenzéstablished by uUsing site-
specifically laﬁéiled longif‘oler{a«-&,l;,s,s—d4 and
showun to follow the Berson's proposed route which
involves 3,2-egxo-methyl shift iﬁ preference to .
3,2-2ndo methyl migration éroposed earlier. A
novel\synthéticsroute to lbngifolepend,éz-,S;S—d4
from isqiongi?dlol is described. The results of
rearraﬁgament df‘loﬁgifolene—uith BF4Et,0-AcOD shou
that longicyclene is nct'an.intermédiate in the

formation of isolongifolene as proposed by McMurry.
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MECHANISM OF REARRANGEFENT OF
LONGIFGLENE T8 ISOLONG IFOLENE -

"1. INTRODUCTIDN

LONGIFBLENE (1), a seséuiterpene ﬁydrocarbon of compact
tricyclic skelaf0n, on' treatment uitﬁlétfcng acids undergoes a
deep seated molecular rearrangement to isolongifolene?. Isalon-
gifolene has been shoun to possess the structure 2 by its
degradation and synthesis by Sukh Dev and his gouorkersz—G.

Three mechanisms habe so far béen ﬁroposed for this.complex n
rearrangéhent. Sukh Deil2 and @u:isgoh7 HaQe postulated a
mechanism via classical carbdnium:ion as formulated in Chart I,
which involves protonation of laﬁgffoleneﬁto p;péqce tértiary
ion 3 followed by gﬂggyéggéfgfz—metth migration resulting in a
ﬁarbonium ion at the bridge~head‘as‘ih'g.ﬁ This bridge-head
carbonium ion undergoes a number of Uagﬁer—mee:uein reafrangements
to produce isolongifolene. The carbohiuﬁ,iéﬁ'g is quite amenable
for racémization by 1,2-shi?t of large-bridgé,Aa'prOGess similar
to one of the mechanisms of rdcemization of cémpheqea, In fact,
the deqres of racemi;ation of isolongi?olené dépends upon the
reaction conditions used. During the course of his study of the
chemistry of methyl norbornyl cétioﬁs; Berson gg_gi.g established
that endo-3,2-methyl shifts occur with great difficulty and while
examining a number of vicinal shifts\reporﬁed in literature, he.
proposed an alternate mechanisé for the rearrangement of longi-

foleﬁe as showun in Chart II which envisages éq exg-3,2-methyl
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shift in the genesis of isaicngifolene. The mechanism proposed

by Bersén gg_gi.g involves circuftous but more  precedented
sequences to implicate an gég;S,Z—methyl shift, similar to thﬁse of
norbornyl cations yia a number of Wagner-Meerwein and 6,2-hydride
shifts, The rearrangement of longifolene has been proposed to
proceed through ion 5 which undergoes an gx0-3,2-methyl shift

to give a bridge-hesad ion 6 and then isolongifolens. Ncﬁurry10
later postulated another lesg comple% route for ion 5, arising
simply from protonation OF'%ongicyclene 7 (Chart III), This

ion § is an important intermediate for g52~méthyl shift in Berson's

‘Formulated mechanism.

These mechanisms are not easily distinguishable by
ordinary methods of configdrational correlation because all three
mechanisms produce same enantiomer of isolongifolene for a given
enantiomer of longifolene. In order to unequivocally resolve
the above controversy, we have’investigated this rearrangement
using deuterium labels. Tuwo diFFerént approaches have been
followed (a) effecting the rearrangement of longifolene with
deuterated ‘acetic acid yiz BF,; Etzﬂ -fc0D followed by location
of the deuteriums incorporated in isolongifolene and {(b) using
site-specifically labelled longifolene.

2. ISOMERISATION OF LONGIFOLENE WITH BFjEtZD—AcDD

. N ‘
McMurry's proposed mechanism for this transformation

*|

Chronologically, the work with deuterated acetic acid was
initiated to check the intermedidcy of hydrocarbons 7,18 and 1240
in this rearrangement,  During the course of our study, McMurry
proposed longicyclene 7 as, an intermediate, The results of our
study were equally valid to scrutinize McMurry's proposal.
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involves longicyclene (7). as an intermediate, which an protona-
tion opens to a tertlary ‘carbonium ion 5, which in turn is an
important 1ntermedlate For exo—S 2—methyl shift in Berson's hypo—
thetlcal routa. D- catalysed rearrangement of. longlfolene to
isolcngifolene will require inéorpcration of a deuterium at C-1
in the latter, if the transfcfm;ﬁion is mediéted through longi~
cyclene. Simultansously, it will incorpﬁrate deuteriums at
positions C-5 and C=-1, if thisaisoﬁe}iSation is'prcceeding through
1ntermedlate hyercarbons 18 ‘and 19 reopectlvely/as it is shouwn
in Chart IV, This is the rationale for carrcying out the
rearrangement of longifolene with BFEEtZO -AcOD. When longifolene
was treated with BFjEtZO QCDD, it produced 1solonglfolone u1th
deuterium contents as shown in Table 1 (Expt. 1) by mass spectral
analysis, The PMR spectrum{Fig 8B) shouwed a significant loss

of absorptlon at the vinyl proton and at tuo of the four methyl
groups. To see whether deuterlums have been incorporated in
isolbnéi?olene during transformation from %cngifolene or it was
é'resﬁlt 6f an interaction between isolongifolene with deuterated
reagent under the reaction cénditions, a time study was carried
cut, the results of which are recorded in Table 1. 1t shous

that isolongifolene under the condition of the rearrangement (in
20 min), incorporates negligible amount of deuteriums and that
too only at vinylic -proton at c-8 (PMR). ,Deutereoisolongifoiene
was treated with BFBEtZB—ACOH for 20 min to wash off extra
deuteriums uwhich isolongifolene itself incprpgrated'under the
reaction conditions. Similarly, longicyclens (7)and cycloiso-

_longifolene (18) on treatment with BF;Et,0- -AcOD, passed over to
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isolongifolene with deuterium contents as given in Table 1.,

Bur next problem was to locate the deuteriums in isolon-

gifolene derived from longifolene (BFjEt 0-AcOD) and to see

2
which of these three routes is operative,

+2¢1s Location of Deuteriums in Isolongifolene

Deuterated isolongifelene (2a) from longiFulene(BFgEt 0-

2
2,11 tocx,ﬁ -unsaturated ketone {8a) with

AcOD) was oxidized
oxygen over cobalt naphthenate; the ke?one obtained contained
deuteriums as shown in Table 2, and is comparable with deuterio-~
isclongifolene in its deuterium content. Further, even after
treatment with NaOH/EtOH, 8a did not show any loss of deuteriums
{Table 2) by mass spectral analysis (Fig. 15, A.B.C). Mass
fragment ion at m/e 162, which is a result of the loss of

C,Hg (M-56) from ketone 8a carries all of its deuteriums intact.
€-10, C~11 along with its gem-dimethyl groups can account for
the loss of C&HB unit in the aboye fragmentation, bf a
mechanism depicted in Chart V. Tﬂese results clearly indicate

that there are no deuterium atoms at C-9, C~10 and two methyls

at C-11.

To ascertain the location of deuterium at other pasitions

in isolongifolene~d it was planned to functionalize the

7’
relevant positions in the molecule. In order to achieve this,
isolongifolene~d7'uas exposed toc perbenzoic acid to give
isolongifolene oxide {9a) which was isomerized over alumina

i



(e
: , B, . © BT ToyodrE -
08°*¢ AR gl g*9l  L°02 79 9°EL . v°6 8°1L peyeaniesun '@
. . ‘ee ) g 5902 g$61. ~  9°GS.  L*Z.. _HD YaTm Burysem .
16°¢ gy k-1 gegl co%e 7 : g mm« avoasy L
9g8°¢g 1s gl L°6L 6°22 7402, ATARE G*y Lot o ELl mcopmx ‘9
‘ : . S N i %77 royoore
Z8°¢ gy gl ¢*gL -@8"Lz 9°Lz -'9*ZlL .. -. T°S. .00°C UHH>HHmosox g
‘ . ‘ o ~ (¥G1) 10104
96°¢ 6°Y LrgL S°61L z*zz. o0z*lz  o08°ZiL a9y 0"t -am:oaomﬂoﬁo>u 'y
SR o _ _HO y3In 3usw
19°¢ 6L°¢ £g*0lL ©L°SL  90°Lz  8L*zZ .g%°Si 9g*9  86°C -1E8I3 J2}JB BUOj B
: .. ' : pejeanjesun-d¢x *¢
: g . . g BUD}BY
£L%g 08°g v6°Zl  vE*SL  gv°0Z  LvTiz. £87CL GL*S  §9°S nmpm“:pmmcn % °z
99°¢ pg*s  wme*Ll  GL°9L  v9°lz  ZB8'Se 68wl - 258°9  62°C AmmvmcmaouﬂmCOﬂamH i’
, QL o as av ac ac al ao’ , .
*Tou/g *sqanpodg  *ON°S
1830 *g30npold UT saToeds wnTiejnap Jo abejuesiad BATIBISY

.

q0oy-0%213

1

48 HIIM INILYIHL H3L4Y
CANTICAIONDTOSI 40 S3AILYAIY3Q 3HL

INFI04IINDT WBHS Q3INIY¥3IQ BZ
48 W NI SINIINOD WNIY¥3LN30

S AEICEN



61

to cycloisoloﬁgi?olql (igg) and dahydrocycloisqlongi?olenen(ljjg
(Chart VI). It has'been repdrted12 in liferathré that cycloiso-
longifolal (1Q),'uhen refluxed Qith aqueous phesphoric acid gets
converted to a homoallylic alcohol 12.-;chevef; we could not
get this alcohol (12) under the cénditions répértéd;. Through
personal -communication from Prof, Shaffer,. ue understood that it

)12’13} The Better

was obtaine& in a very poor yield (ca 1§—15%
yields (54%) of homoallylic algohol-12 were. abtalned by exposing
10 to 1% agq HZSD (50% v/v) in acetic Cacid at 5 10 for 12 houTs.
PMR spectrum(Fig 108) of alcohol 123 clearly lndlcates the

absence of deuterium at pqsmtlpntxto,DH i.,e. at C=5, since the
.proton ot to OH éppearslas a double doublet, uwith thehsame coupling
constants (J = 3Hz, 32= 6Hz) as in non=- deuteraﬁed alcohﬁl 12

(Flg. 10A); it Further demonstrates the absence of deuterlums at
vicinal carbon C- 4. Tc conflrm this result further algohol 12a
was DdelZGd to ketone 13a which was refluxed Ulbh NaOH/EtOH to
exchanje any deuterium, 1F at all presenu, at active methylene
carbon C-4. Mass spectra of  ketone 13a before and after treatment
with alkali did not shou ényvlosé of deuteriums (Table 2, Fig 17).

These resulﬁs firmly establish the absence of deuteriums at C-4

and C~5,

Similarly, epoxide 9a was treated with 1% HC1 in chloro-
form for 12 hrs at -3+ 2° t6 getcan unsaturated alcohol 14a to
trace deuteriums at C-1 énd-C-26. In the PMR spectrum (Fig 128)

‘of this alpOhOl 14a ; the signal due to the olefinic proton |

at 5.47 ppm was intact and further it appeared as a doublet with
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‘the same coupling constant as ihfnon—degteratedialcOhol 14
(see‘Fig 12A). These ‘résults rule out the presence of deuterium
at C~2 also, Mass spéctfdm (Fig 18C) of 14a did not show any
loss of mass (Table -2) indicating~that only a proton and not

a deuteron had been lost from C-1 during the slimination, to

form an olefinic alcohol 14a.

Thus, the above experiﬁent clearly demonstrates the
ahsence of deuteriums at g-1, C-2, 8—4; -5, C-9 and C~?D. The
only possible positions left out For_locating-deuteriums in
isolongifolene 23 are at the methyl groups aﬁd also ofcourse
partially at the ole%inic protan at. C~8. Four methyl groups
resolve nicély in éhe PMR spéctfa of compounds 11, 13 and 14.
The PMR spactra (Fig 98, ‘!GyEﬂi,~ i1q,"128) of these compounds shou
a significant losé of abédrpticn (66%) for oﬁévéthhe methyl
groups and the loss oenxaa%:cﬁ'the ihfensity‘oé another methyl
ércup. The remaining ‘two methyl grogps do not shou any
diminution in intensify of absorpéion in PMR, Any mechanism for
isomerization of longifolene to isol@ngifclené, therefore,
involves protonation (deutaponationf~oﬁ olefinic bond to give
tertiary carbonium ion 3 which may undergo rapemizat%on‘by
migration of seveh—mamberedkrings to give’enaAficmeric tertiary
‘carbonium ion 3! (CF Chart I). This equiltibriym betueen two
enantiomeric carbo;;um'ions coupleé with deprotonation-protonation
would ultimately lead to the deutéraéipn of both methyl groups

C-14 and C=-15, : © -

As indicated earlier, the intermediagy of longicyclene (2)



in the isomerization of lbngifolene to isolongi?olene with
BFSEt20~ApGD demands tﬁe incorporation of deutérium ét C-1 in
isolongifolene (2a).  The absence of deuterium at C-1 precludes
such a proposition. Simultanecusly; it also eliminateé the

possibility of hydrocarbons 18 and 13 as intermediates for

the: formation of 2 from 1.

2.2 Evidaence based on Mass spectral Analysié

The mass spactfa of isolongifolene 1 and-somé of its
deuterated derivatives 23 and 2b are rebrOducéd in Fig No. 14A-F.
Deuterioisolongifolene 2b was obtained by the "rearrangement of
~site-specifically labelled ldngif’slené—a,a,S,S—d; (vide infra).
The location of deuteriums in both 2a and 2b is well-secured by

chemical transformations. The mass fragmentation pattern for

D

o C H %
Cf%p

2 : 2b
isolongi?olené has been deduced by comparing the spectra of
deuterated derivatives 2a and 2b with that of non-deuterated
isoléngi?olene and is delineated in Chart VII. The principal
mass—spectfal fragmentation peaks are recorded in Table 3. It

, - ak
"is clear from Table 3 (Expt. No. 1) that the fragment/m/e 175
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(M-29) from 23 retains all the deuteriums, uhereas, 2.23 D/mole

or 64% of total deuterium is lost in the corresponding fragment
from 2b. It is reasonable to assume, therefors, that the
fragment at m/e 175 involves a loss of C-4 and C-5 according

to the sequence 2-+17 shouwn in Chart VII,

The base peak in the’ mass spectrum of isolongifolene appears
at m/e 161 (M-43)., The corresponding peak from 2a appears at
m/e 162 (47.23%), 163 (2.77%) and 164 (2.77%) and contains only -
a. 61 D/mole compared to 3.67 D/mole in the parent ion peak, The
-same peak from 2b contalns 2 67 D/mole and retains aporoxlmately
77% of the total deuterium presantf These results are rationa@lzed
by the logs‘of C-14 and C~15 as an isopropyl radical via the
route 2->16a—16b~>16 as depicted in Chart VII, In the fragment
at m/e 148 (M-56) both 2a and 2b retain their deuteriums. This
Frégment thus involves a cleavage of CdHB unit by Tetro-Diels-
Alder mechanism. It is indeed gratifying that the principal mass
spectral peaks at m/e 175,‘161‘and 148 arise from different pérts
of isolongifolene molecule, These data proved to be of immense
value in locating desuterium in isolongifolene derived from
‘different substrates. This in turn resolved a number of- spescu-
lations regarding the genesis of isolongifolene from longifolene,

longicyclene etc.

2.3 Is Longifolene to Isolongifolene Rearrahqement-Reve;sible?

Treatment of isolongifolene 2 with BFSEtZO—AcGD for
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27 hours resulted in deuterlum 1nc0rporat10n to the extent of
2,96 D/mole which could mostly be washed off with BFSEtQD AcOH
(Table 1, Expt. No. 6 and 8). At the first glance it was
_speculated that longifolene to isolongifolene may be reversible

and an equillibrium may exist. Houwsver, the following analysis

clearly rules out such a proposition.

The distributiﬁn of déuteéiums in mass spectral peaks
of the product from a typical ;xperimeht are recorded in Table 3
(Expt. No. 4). It can be seen tﬁétrpeaké at m/e 175 and 161
retain.. about 85% and 664 of the total deuteriums in the parent
-ion peak. Clearly, thefprsduct oontainS‘substantial deuterium:
at carbons other than -4, C=- 5, C-14 and C- 15, There is no loss
of deuterium in the peak at m/e 148, lndlcatlng the absence of

dauterlums at -C-10, C-?j,AC 12 and C 13,

‘A number of other hydrocarbons deerable from ‘isolongi-
folene can be poatulated which Ulll cause the:- deuterlum incor~
poration at C-1, C-5, C-8 and C- 15 (2¢)- as shown in Chart VIIL,

The PMR spectrum of deuterlolsolonglfolpne (2c) resulting from

the above reaction shous a sxgnlflcant decrease( 33%) in inten-
sity for one of the methyl qroups appearlng at 1. 05 ppm (Fig. 80)
This methyl is less deutarated ln isolonglfolene Za derlved from
longifolene, while the methyl group at 0. 99 ppm is more deuterated
Vln 2a. This observation is slgnlflcant in resalvxng the

questlom D.Lreuer91blllty DF longlfolene to. 1solong1Folene.



T@e_initial step in the transformation of longifolené
td'iéélbnéifdlene 2a, in preséncevaf deuterated acid,,is the
'Geuﬁeronaﬁioﬁ of exomethylene double bond (ie. at C-14) to give
the tertiary carbonium ion 3. fhe methyl groﬁp'generated from-
the ekomethylene group is likel§ to‘bé highly deuteféted. By
any of the proposed mechanisms this methyl group should appear
as exo-methyl group (C-14) in the products. By contrast,
deuteinis?angiFOlehe (gg,vderived from isolongifolene) carries
the methyl group at endo C-is‘bositiun; 2c conceiuaﬁly arises
by the deuteronation of 5ydrocarbon 20 (Chart .VIII) followed by

exmmethyl migration from C-7.

It is thus abundantly clear that the rearrangement of

longifolene to isolongifolene is not reversible..

2.4, Rearranagement of longicyclene to Isolongifolene

Transformation of loﬁgicyclene,(z) to isolongifolene 2.
can proceed‘eitﬁer through the Fdrmaﬁion of longifolene or as
éroposéd by McMurry, by'direﬁt pfatonatidn of cyclopropane ring
to give the ion 5 which cah rearrange acﬁdrding to Berson's
mechéhism to isoloﬁgifolene. Afhe question has heen resolued‘by
aﬁalysing the PMR and Mass spectra Dflﬁhe deuterioisolongifolene
obtained from the treatment of‘lcngicyclene withiBszt20~AcDD.
in the-mass spectrum , the base peak at m/e 161 contains only
about 31% of the total deutétiuh present in the molecular ion

peak at m/é 204 (Table 3 Expﬁ. No. §). This implies that



signffiéan? amounts of.ﬁeuterium are present at C-14‘and/or
C:1é. I%,longicycleﬁe were to direotly‘opeh to ion 5, only

one of the methyl groups can bé conveniently déuteratad'as
shown in Charf X. The deuteration of both methyl groups
raquires eﬁuilibrétion_o? ion § to ioa‘gl, which being highly
stréined, is less Drobable. . On the other hand, it is more
llkely that protonation of longlcyclene takes place at the less
hindered carbon C-4 to give catlon 3 1n‘prefarence to protona-
‘tion at more hindered carbon tD-Z) leading to cation 5. Thus,
conversion éf‘iongiGQélene to isolongifolene proceeding through
longifolene is a dlStlﬂct possibility. tit ﬁay further be
emphasized that lDﬂglCYclene 7 to isolangifolene isomerization
is slower than the rate of isomerization of longifolene to
isolongifolene, Longicyclene méy not be the intermediate in

this isomerization.

_Based on the above conclusi&n, the rearrangement of
longicyclene (7) to isolongifolene with deuterated-?eagent
could, in principle, distinguisﬁ'bétueen.the two proposed
mechanisms. D+~Catalysed.opening of iOngicyclene 7 would produce
a-ﬂeuteriolcngifolene; isomerization oflthé'latter according to
Qurisson's and SUkh‘Dev's mechanism should give deuterioisolongl-
folene carrying deuterium at C~4, On the other hand, Berson's
mechanism will produce deu*erLOLSOlonglﬁolene u1th deuterium

at C-1 (Chart IX). UnFortunately, deuterium at C-1 could also
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appear by deuteration of isolongifolene yia the olefinic
hydrocarbons 12 (Chart VIII)., Also, mass spectral analysis

of deuteriéisolongifolehg (derived Frdﬁ longicyclene, Table 3,
Expt. Noo 5) does.not permit a cleér location of dedﬁefium'

at C-1 or C-4. Hence, recourse was ﬁéﬁeh to the synthesis and
‘rearrangement of site—speciéioally labelled lbngifolene,“uhicﬁ

is described in the next section.

5. USING SITE-SPECIFICALLY LABELLED LUNGlFéLENE;4,4;5,5-04

We have al}eédy established that the ﬁechaniém proposed
by Ncmﬁrry.is not valié‘Fcr the isomerization 0% londi?alene to
isolongifolene, Houwever, the‘aéove data is ‘inadequate to
declde which of the two mechanlsms pr0pcsed by Berson on ane
hand and Ourisson and Sukh Dev on the . other, is operatlve.

Tﬁése mechanisms differ From each other in two respepts.

(i) The two carbon atoms indicated by heavy dots in
longifolene 1b will acquire different rélatioﬁéhip
debending on whether one or the pther of the,
MQchanisms.beiﬁé followed. In Sukh-Dev's and
Ourisson's mechanism these assume a 1,3-relationship,
whereas in Be?son's mechanism these are vicinally

Jocated (Chart XI & XII).

(ii) similarly, tetradsuterated longifolene 1B would
produce isolongifolene-4y4,5,5~d, 2d or isolongifolene-
1,2,4,4-d, (2b) depending upon the former or latter

mechanisms as given below, (Cha?t XLII)
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13

Longifolene with C at positions indicated by heavy

76

dots in lg¢ would prpdube 2e or 2f which can.be easily distingui-

13._13

shed, as 2e should show large C coupling, uhereas, there

135 _o 13

will be very small coupling betueen C for 2f. Since

it is rather difficult to synthesise a complex molecule like

longifolene with 13[',‘ at C~1 and C-11, it was cqnsidered more

practical to synthesise tetradeuteriolﬁngifolene 1b in order to

make the distinction betwsen these two mechanisms.

3¢1. Synthesis of Longifolene—4,4,5,54d& 1b

Any method For'introduciné deuteriums in longifolene at
C~4 and C-5 would require functionalization of atleast 'one of

14,15

these carbon atoms, A search of litefature reveals that

isolongifeolol (gg)on oxidative cyclization, gives ether 23,

thus providing an entry for the functionalization of C-4 carbon

in 1 and ultimately to the‘synthesis of deuteriolongifolene.

Isolongifolol (22) was prepared in the following way: Dxidation

of longifolene with chromic acid in acetic acid ' 1ish gave

isolongifolic acid together with other acids; methyl esters of
mixture of acids were fractionally crystallized to obtain pure

methyl isolongifolate16’17 (mep. 55~560). The latter compound

on reduction with lithium aluminium hydride gave isOlongiFOlol18

22

—



7Y

The ea?lier method for the preparation of this ether 23
from alcohol 22 was by oxidative cycliZation with lead tetra-

15 1o give a

acetate in refluxing benzene, which is reported1
very poor yield (10-15%), the major product being corresponding
acétate of alcohol 22 and thé reaction rate 'miéﬁ' very slou.
Houever, an excellent yield (93%) of this ether 23 was obtained
'?y irradiation of isolongifelol with 250 watt tungesten lamé

in presence of lead tetraacetate aﬁd iodine in‘cyclohexane ~ by

a genera;_précedurenreported by Heusler §§~§£.19. When lead
tetraacetate is used alone, isolongifolol, being gonsumed as
iscicngi?diyl acetate, gives very ppof yield of'ether 23, whereas,
it does nDt‘héépen-uhen lead tetraacetate~iodine combination is
used, The reported work up proéedufe Fof LTA--I2 reaction is
tedious and gives poor yield of the product. We have modified

the work up procedure to give much better .yield and it is given

below.

After completion of the reaction, the viclet coloured
reaction mixture is brought to room temperature (28-30°) and
silica gel impregnated with KI (15% w/uw) is introduced portion-
wise till the colour'is discharged. 'By this the lead oxide
becomes grannular so that it can be filtered and washed easily.

The_Filtrate"is directly fractionated without any further treatment,

The sequence of reactions used to synthésize longifolene-

&,4,5,5—d4 1b from ether 23 'is outlined in Chart XIV. Ether 23
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was DdelZBd to lactone 24 which on reduction with lithium

aluminium hydride gave d:wl”L 25.  Uxidation of dlol 25 with

20

Jone's reagent" gave a poor yleld of ketoac1d 28 and a lactone

acld was alsoc igolated uhose spectral datn (v1de experlmental)

were in agreement with structure 27. Howeuer, we achleved a
guantitative conversion (95%) éo ketoacid gg_py‘selectlve oxida-
tit;.mzq’22 of the seconéary aleéhol function iﬁ.gg with N-bromo-
succinimide to hemiacetal gﬁj followed by treatment with Jone's
réagent. Ketoacid 28 was dissolved in diethylene glycol-U—dZ
containing KOD (prepared by. addlng DZD in t-BuOK) and refluxed

to exchange active methylene protons at C- 5 For deuterlums.

To this solution was added NDzNDZDZU tq cannw Qut Wolf-Kishner
reduction to deuberlO*lSOIGnglFOllD acid, which was esterified
to methyllsolonglfolate ~352454,5,5- d (213) This was reduced
with lithium aluminium hydrlde to 1sclonglfolol ~344, 4 5,5~ dS 22a.
IgolonglfolylAtOSylatez on passing through dry packed column

of alumina produced lohgifolene;é,d{s,s-d4 1b in 95%" yield. This
‘method of dehydration of‘isolongifoloi 22 gigi the tosylate

is more convenient than thé}ang pf&ﬁiouély r;portedzé.

Longifolene-4,4,5,5~da Qas %someriz§d~uith BFSEtZD i@ benzene

to get isolongifolens,

3;2.'LOCation‘oF Deuteriums in Isolongif‘o.’cene—d4

To determine the pdsitions of deuteriums in iSOlongifclene-da,

it was converted to its epoxide, whose conversion to other related



derivatives has already baen discussed in the previocus section

(depicted in Chart XV).

Derivatives 12, 13 and 14 are eminently suited for
spectroscopic distinction between tﬁe two possible structures

of isolongifolene-d,; 2b is derivable from Berson's mechanism

4}
and 2d will arise aﬁcording to Ourisson's and Sukh Dev's
proposed pathways (Chart XVU). The appearance of 1H singlet at
4,07 ppm (CHOM) in the PMR spectrﬁm.of‘deuterioalcohol 12

(Fig 10C) is consistent with sfructure 12b-derived from
isolongifolene 2b. The singlgﬁ,nature of the raspnaﬁce
siénifies the presence of deyterium at C-4, while in nondeute-
rated 12 the proton on the hydroxyl bearing carbon (CHOH)
appears as a double doublet (31= 3H§},32= 6H;) (Fig. 10A). On
the other hand 12c dictates ébsence of any signal in this region
(cf. Table 4). The mass spectrum (Fig. 17A,B) of deuterioketone
13 (obtained‘by oxidation of deutericalcohol 12) shous M at m/e
222 which is]four mass units more than the M at m/e 218 for the
unlabelled ketone 13. These results clearly support the absence
of any deuterium at C-5 in isolongifolene-da. Furtﬁermore,
deuterioketone 13 on treatment with alkali loses two mass units
(M at m/e 220) which lends support to the presence of tuo
deuteriums at C-4, o to carhonyl function. This pattern of
deuterium distribution can arise only from 2b. In céntrast 2d
would have given a parent peak at m/e ZZDIfor 13¢c and after

base treatment would have shown a peak at m/e 218 for the

ketone 13c¢ (c?. Fig 178, 17C).
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The location of other two deuteriums in’isolbr;gifolene'—d4

was revealed from the spectral characteristics of derivative 1

(prepared from the openiqg of deuterated epoxide uitﬁ HC}-CHD13).
The PMR spectrum (Fig 12¢) o? this compound was charapbé;izéd

by the presence of an olefinic proton (1/4H,S) at S5.47 ppm. It
can be inferred that due to predominantly §£§g§4eliminétion*
3/4H is lost from C-1 during,reafrangement of epoxide 9 to lé.

It is also‘néteuorfhy-that theﬂpesoqa6c; appears as a singlet,
thus indicating a D-atom.at C-2 as injlgg (iﬁ unlabelled 14 the
olefinic proton appears as doublet J= 3Hz; Fig. 12A). Consistent
with the' PNR data, %hg mass spectrum (Fig. 18C) of 14b reveals
tuo strong peaks at m/e 223 (26%) and at m/e 224 (50%) corres-
pornding to 14b arising from either the loss of(D or H respectively

during elimination step.

The location of D-atoms in is@ldngifgléhe—d4 has bem
Iunequivocally‘estapiisﬁed at C-1, C-2 and C-4 corresponding to
structure 2b. This, in turn, provides experimental proof
for the mechanism proposed‘éy éergog et 31.9 involving ex0-3,2~
methyl shifp-in ﬁreference to'gggg—3,2-methyl migration

in ‘ : .
implicatéd / Burisson's and Sukh Dev's progosalz’ .

4. DISCUSSION

Berson's original contention for an gxo-3,2-methyl



migration in the reérrangemenf of longifolene to isolongifolene
was based on the analogy uitﬁ norbornane derivative, where
methyl migration almost aluays takes place from an gggrsidezs-za.
However, subseguent to hisrprOposal a number of cases wﬁere ando-
endo migrations are involyed, have been hrought to iight. Far

instance,the deamination of 3-hydroxybornyl-2~amine hydrochiofide
;2 to giye camphor‘gg ar tge pinacol rearrangement af diol 31

'fb’qpoduceaédrresaonding keﬁcne 32 involve endo-endo-3,2-hydride

shiftzg’zo

’ sinEe such a process relieves the interaction between
c-7 méthylé'and 3-exo-hydroxyl group by generating é planar
carbonium ion at C-3. Similarly, the deco&position of. phosphory-
lated triazoline 33 to diethyl ggggrz;methyl—2~norbornylidene
phosphoramidate 34 involves‘an-gggg-ggggrS,Z-methyl migratinn31
(see Chart XVI). ﬁecently'it has been shown that racemization

of camphene also ingolues,upto some extent,gggg-gggg'methyl

32. Thus, under. compelling steric or electronic

migration
reasons, endo~endo migrations do sometimes take precedence over

thelcumpeting Wagner-Meerwein shifts.

In longi?olené molecule, .the. exo-side is crouded by the
ceven membered ring. This is reflected in the addition of
hydrogen halides to'langifolene, which giveskexclusively endo~-
longibornyl halides 5553. Longifdlene mpleéule, after

protonation undergoes a Wagner-Meerwein shift and the resulting

C e ., 36
carbonium ion traps the nucleophile only from the endg_SLde ’
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partly because the egxo-side .is blocked by}trénsannular hydride
participation. Hydration and hydroboration alsoc proceed this
way, where ?he approach of the reagent is from the ggggf?ace3a’35.
But, still,the steric crowding on exg-side of longifolene molecule
does not Forée an ggggfgggg~3,2-methyl migration to give
carbonium ion 4, which is an important intermediate in quissén‘s
and Sukh Dev's proposal, It is uorthwhile to rationalize why
the reaction takes a circdtous route involving an gggyS,Z—methyl
shift as outlined in Berson's scheme {Chart TI). A close

L ‘

scrutiny of the two mechanisms reveals that two distinct bridge-

head carbonium ions 4 and 6 are implicated in the two mechanisms.

Bridgehead carbonium ion 6 is situated at the bridge of a

bicyclo[ﬁ,Z,ﬂ decane system, whereas ion 4 is located at the

bridge of bicYclo[},2,ﬂ nonane system. The ion § is therefore
situated in a larger ring and can take up mare planar
structure than ion 4 and is hence more stable and may be

preferred to ion 4. The energy difference or stability of



ion 6 may be responsible for the transformation te follow the

route depicted in Chart 11,

5. CONCLUS ION

p
Thus, the rearrangement of longifulene‘to isolongifolene

proceeds according to Berson's mechanisms plausibly because

the bridgéhead carboﬁium ion formed in this process is more

stable.



6. EXPERIMENTAL

All m.ps and b.ps are uncorrected; Light petroleum ether
and petroleum sther refer to the fractions b.p. 40-60° and
60-80° respectively. All solvent extracts were finally washed

with brine and dried over anhydrous sodium sulphate.

IR spectra were recorded as smears (liquid) or. nujol
aulls (so0lid), unless stated to the contrary, on Perkin-Elmer
Infra cord model 137E. PMR spectra were taken in 10-20% cérﬁon
tetrachloride solution (unlsss stated to the contrary) with.
TMS as an internal standard, on Varian A~§D or T~60 spectro-~
meter; signals are indiéated,hwgppm relative to TMS. Mass
spectra were obtained with a consolidated Electrodynamics
corporation spectrometer type 21-1108 (mass 70 eV direct inlet
system). Natural abundancé spectra were recorded Fof'COmparison

with spectra of degterated samples,

Analytical GLC was run on 'fAsrograph® model A~3508,
using a 150 mm x 5 mm column packed with 20% stationary phase
on chromosorb W (60-80 mesh) and 20% silicone SE-30 celite

(60-100 mesh) uith H, as carrier ‘gas.

Alumina used for detosylation and rearrangement was neutral

pistina {¢im ) .
to phenolake test and was activated at 450° for 6 hrs.



Isolongifolene oxide used for thé presént work was the

solid (£) epoxide m.p. 39-40%,

Heavy water (minimum isotopic purity 99.5 atom % ‘
deuterium) was purchased from Isctops Division of Bhabha
Atomic Research Ceqtre, Bombay, India and used For'preparing
deuterated reagents such as Ac0D, NDZNDZD2U and (CHZCHZDD)ZQ

and the isotopic -purity of reagents was ascertained by PMR

and Mass spectrometer.

6.1. SYNTHESIS OF LONGIFOLENE-4,4,5,5-D, (1b)

6.1.1. Methyl isolongifolate (21)

Longifolene (505 gm)nid‘gl AcOH (2 1ltr) was me¢hanicaliy
stirred in a three necked flask, eqﬁipped with a sfirrer,,
,tﬁermometef:and a droppihg‘éunnel. 'Tp,this,ia solution of
Cr03 (1 kg) in uateq~(600’ml) ahd‘éoﬁg HZSDﬁ (25‘ml)'uas added
a% such a rate that the insidg tempéfature was maintained
at 45-50° (addition time, 3 hré).;}rhé oxidation was completed
b? warming the resulting greeh,réaction mixtﬁré on a'water bath
for 2 hours. Tﬁe'green material ‘'was cooled to room'témpe;ature,
diluted with wéter (6 1tr) and separated into acidic (215 gm)

and neutral (110 gm) portiods with 10% ag. KOH.



The mixture of crude acids (21D‘gm),>MeUH (250 ml1),
conc H,S0

(70 ml) and beniene'(SUD ml) was refluxed on a
water-bath for 70 hours. The benzene léyer was.separated and
the aqueous layer was diluted wiﬁh water (1 ltr) and extractéd
miﬁh benzene (500 ml x 3). The combined organic extracés

were mixed and separated into acidigc (80 gm) and neutral

(126 gmj fractions with 10%'ad KOH. The neutral fraction was
diluted with pet. sther (20 ml) and chilled to -10°C (ice

salt bath) to givé methyl isblongiﬁolate (60 gm, mepe 48-530)

which was recrystalllzed from petroleum ether to furnish white

crystals of m.p. 54.5°-55.5° (52 gm).

6.1.2 Isolongifolol (22)

To a stirred slurry of lithium aluminium hydride (LAH,
7.8 gm, 92%) in ether (150 ml) was added dropuise, methyl
isolongifolate (52 gm) in eéher (175 ml). Aﬁter‘the addition
was ouer; the mixture was stirred for an édditionél six
hours‘gnd then cooled to 10°, watef*kB ml) was added drop@ise
cautiously and then 15% aq NaoH (8 ml) followed by mafe
water (24 ml), The white érannular solid was filtered off and
washed with ether (25 ml x 4). The residue (50 gm, m.p..
110-112°C) was crystallized from petroleum ether to furnish
white glass-wool-like crystals of 1solonglfolol 22 (mep. 112 5=
113°, 48 gm). IR: OH 3170, 1038, 1015 cm™'. PMR: —Qfmg
(3H, s, 0.85 ppm, 6H, s, T.03 ppm), CHOH (1H, d, 3.67 ppm;

J,= 7Hz).



6e1e3s 4y14~Isolongifolanoxide (23)

Isolongifolol 22 (20.0 gm, 0.09 mol), commercial lead
tetraacetate (44.4 gm, 0.1 mol) and iodine (11.47 am; 0.045 mol)
were placed in a one litre threse norked flask and cyclohpxane
(ZSQ ml, purified, benzene fres) was added.* ‘This reaction
mixéure was heated with stirring to reflux by irradiating
with a 250 Watt tungsten lamp from underneath (N2 atmosphere).
After the reaction was over (in 1/2 hr, monitered by TLC),
excess lead tetraacetate was destroyed by adding ethanédioi
(10 m1). To remove excess iodine, silica gel (35 gm) coated
with 15% KI, was added porfionuise and stirred for 15 minutes,
The dark violet cqloug of the reacfion'mixture turned into
light pink and lead tetraacetate‘ﬁad4becbme'grannulaf and.
so it was filtered off and washed easily., The lead salt and
silica gel were filtered through alumina (gr. III, mixed
with 10% (w/v) sodium thiosulphate, 5 cm x4 ¢m) and washed
with ether-cyclohexane (1:3, 25 ml x 5)e ;The colourless residue
(21 gm), after removal of solvent, was distilled, b.p. 128~130°/
2.5 mm., (19 gm, 95%; GLC and TLC pure). IR: C-D-C 1062, 1042,
1038, 990, 935 en”1, PMR: -%— Me (3H, s, 0,93 ppm;.6H, s,

0.98 ppm), CﬁzDE-(TH, qs, 3.42 ppm, J = B,5Hz, J . = 3.5Hz;

_ gem
1H, d, 3,67 ppm, Jgém = B.5Hz, J ;= 0) CHOC (1H, br.t 4.18 ppm,

3«1 = 32 =6az).

*Without iodine, lead tetraaceta oxidation gives the ether
3 in very poor yleln (15% only)? :1



Gelolie 4;14—Isolongifolandlide (24)

Chromium trioxide (21 gm) in water (40 ml) and glacial
acetic acid (360 ml) was added to isolongifolanoxide 23 (19 gm)
in gl. AcOH (400 ml)., The reaction mixture was kept at 50°
Fof 6 hours. The reaction product was cooled to room temp
( 30°), diluted with water (2 1tr) and extracted with petroleum
ether\ (500 ml x 4) . ‘Brganic layer was washed with agueous
sodium carbonate (400 ml x 3) and water (300 ml x 3). The
‘residue (20.0 gm, mepe 40-50%), after removal of solvent, uas
saponified by refluxing with KOH (15 gm) in water (10 ml) and
methanol (40 ml) for 3 hours. The product was cooled to room
temperature, diluted uithxuater and extracted with petroleum-
ether (50 ml x 3) to remoge unreacted ethef 23 (1.9 gm). The
agueous portion, after acidification with dil HCl, was extracted
with pet£019um ether (50 ml x 6). The organic extract was
washed with aqueous sodium carbonate (50 ml x 3) and water
(50 m1 x 3) and dried. Solvent was Flasheg off, residue
(17 gm, m.p. 52-55°) on crystallization from petroleum ether
gave white crystals of Yactone 24 (mepe 60.5—61.50, 15 gm).»
IR: CO 1775, C-0-C 1182, 1072, 1038, 1028 em™'.  PMR: .~{z:— Me
(6H, s, 1.02 ppm; 3H, s, 1410 ppm), CHCo (1H, t, 3.07 ppm,

= 5Hz) CHOCO (1H, t, 4.60 ppm, J = 6Hz).
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6.1.5, 4-gndo-Hydroxyisolongifolol (25)

Lactone 24 (16 gm) in dry sther (150 ml) was added
dropwise to a slurry of LAH (3.2 gm) in ether (100 ml) with
stirring. Excess LAH wvas desfrb;ed by adding water (3.5 ml)
and 15% ag. NaOH (3.5 ml) ?olloued,hy water (10 ml). The
grannular precipitate uaé filtered off and washed with ether.
Diol 25 (m.p. 72-78°, 16.?‘gm):was crystallized from petroleum
ether to Purnish white crystals (m.p. 94.5-95.5°,7 14.8 gm;
1i£.7% n.p. 88-89°). .R: OH 3250, 1098, 1065, 1040, 1018,

1005 cn™'. PMR: —éfmg (9H, s, 0.93 ppm); CHOH (3H, m, spanned

betweer 3.40 and 4.38 ppm).

6.1.6. 4~Dxoisolongifolic acid (28)

B.1.6.1.0xidation of diol 25 with Cr0,: Jone's reagent was

3:
added to a cooled ( 5°C) and stirred solution of diol 25

(12.07 gm) in acetone (ZSD.ml) till the orange colour persisted.
The reaction mixture was left at 25° for 1 hr, then diluted

with water (1 ltr) and sxtracted with ethyl acetate (300 ml x4).
The Drga;ic layer was washed with 10% ag KoH (200 ml x 4) to
separate into neutral (a;1 gm) and acid portions. The aqueous
portion after acidification and extraction with esthyl acetate
(150 ml x 4) gave a mixture of two acids 27 and 28 (8.0 gm).

The crude acid after crystallization from acetonitrile gave

ketoacid 28 (5.0 gm, m.p. 184.5-185.5°). The mother liquor



94

on chromatography (silica gel gr. III, 150 gm, 7 em’ x 35 cm)
gave some more ketoacid 28 -(1.8 gm) with ethyl acetate-benzéne
(1:1, 200 ml x 4). The lactone acid 27 (0.6 gm, m.p. 221-222°)
was eluted oué with ethyl acétate (500 ml). Small amounts

of hoth acidsvuere esterified uiﬁh diazomethans, crystallﬁzed
from petroleum ether and cﬁafacterizsd. 4-oxo-Methylisolongi~
-folate (28a, m.p. 77.5~78.5°); IR: CO 1748, 1185, 1100 e,
PMR:'—é— Me (3H, s, 0.97 ppm; 3H, s, 1.01 ppm; 3H, s, 1.08 ppm),
CHCOOMe. (1H, d, 3.13 ppm, J= SHz), COOMe (3H, s, 3.63 ppm).
Methyl ester of lactone acid (27); m.p. 107-108°C. IR (Fig.4):

Co 1740, 1200, 1167, 1052 em™!

. PMR (Fig, 3):‘—§—mg (3H, s,
1.07 ppm; 3H, s, 1.10 ppm; 3H, s, 1.18 ppm), CHCOOMe (1H, d,
3.0 ppm J = 4Hz), COOMe (3H, s; 3,67 ppm), CHOCO (1H, bd
4.77 opmy, J = 4Hz). CygHps0, Tequires T, 68.54; H, 8.63%;.
found C, 68.,77; H, B8.69%, Mass: Ten most intense peéks, m*
280 (33.5%), 237 (44.5%), 205 (25%), 137 (95%), 136 (100%),

135 (31%), 121 (55%), 109 (73.5%), 107 (51%), 105 (50%).

6o1¢6.2, Oxidation of diol 25 with N-bromosuccinimide to

4-oxo-isolongifolol~-hemiacetel 26 and further

oxidation to ketoacid 28: Diol 25 (5.8 gm) was dissolved

in £-8u0H (135 ml), pyridine (4.5 ml) and water {15 ml) and
to this, N-bromosuccinimide (8.8 gm, 2 mole equiﬁalent) wvas
‘added in one lot at roomlﬁewbeééﬁure 287290 and stirred for
half an hour.  The producﬁjwas dilufed uith'séturated aq Na2803

(150 m1) and extracted with ether (50 ml x 5). Ether extract
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vas vashed with water and dried. Removal of solvent gave

hemiacetal 26 (5.8 gm, m.p. 122-128°).

The above crude hemiacetal (5.6 gm) was dissolved in
acetone (150 ml), cooled to 0°C and treated with Jone's reagent
(10 mi) dropwise addition with stirring) and left at room
temperaturs 25° for. one hour. The product was diluted with
water (400 ml) and extracted with ethyl acetate-benzene (1:1,
. %SD ml x 4), The organic éxtract was washed with water. Kétoacid
28 (5.3 gm, m.p. 170-178°, 90% yield based on diol), obtained
was crystallized from acetonitrile to furnishs White crystals
(5.0 gm me.p. 184&185.50, mixea MePe Was no£ depressed with

authentic sample).

A small amount of hemliacetal was crystallized from
petroleum ether (m.p. 133.45-134,5°) and characterized. IR
(Fig.1): (no carbonyl absorption), OH 1160, 1130, 1118, 1043 cn’ ',
PMR (Fig. 1) (coc13): ~§—ﬂg (eH, s, 0.98 ppm; 3H, s, 1.02 ppm),

= 9Hz,

CHoC" (1H, d, 3.58 ppm, Jgemz 9Hz3 1H, q, 3.82 ppm, Jgem

J ;5= 3Hz). D0 exchangeable OH (1H, bs 2.90 ppm); C,cH,, 0,

requires C,. 76,223 H, 10.24% found C,. 76.07; H, 9.93%. Mass:
LT + N

Ten most intense peaks, M 236 (100%), 165 (43%), 153 (80%),

152 (85%), 121 (33%), 107 (90%), 105 (4a0%), 95 (42%), 93 (46%),

o1 (96%).



6.1+7. Deuteration of hydrazine with DZO

Anhydrous hydrazine (NHZNHZ’

was placed in a three necked 500 ml flask assembled with two

beps 113-114°/715 mm, 15 ml)

dropping funnels and an efficient total-condensation-partial-
take-off condenser, DZB (50 ml) was added from one funnel,
refluxed for 30 minutes and distilled azeotropically with dry

xylene (130 ml) delivered from the second funnel. This process

-

was repeated four times with more D,0 (40 ml, 35 ﬁl, 35 ml,

2
and 30 ml) with xylene (115 ml, 110 ml, 110 ml and B0 ml)

6
(NDZNDZDZG) was distilled, b.p. 118-120°/715 mm in a current

respectively. Finally the resulting hydrazine hydrate-D
of dry nitrogen,

6.7.8. .Deuteration oFuDiethylane qlycol

Diéthylene glycal (125 mi) was deuterated by adding b0
(75 ml), refluxing for half an hour and distilling the water -aff.
This process was repeated thrice with more Dzd (50 m1, 50 ml and -

- 50 ml)a

m———

6.1.9. Methyl isolongifolate-3,4,4,5,5~d¢ (21a)

6.1.9.7. Wolff-Kishner Reduction of ketoacid 28 using potassium

as_-hass: Potassium (1.7 gm) was dissolved (in several'portions)

in diethylene glycol-ﬂdz‘(SU ml), placed in a three necked flask



(assembled with a reflux coﬁdehser} dropping funnel and
'dounuard dlstlllatlon condenser) under nitrogen, wlth cooling
and 0303510nal su1rllng,nuhen all the poﬁ3381um had dissolved
(in 8 huurs), ketoacid 28 (4.8 gm) and 0,0 (10 ml) were added,
reFluxéd for 10 minutes aﬁd water méé distilled off. This
process was repeated tﬁree more t;mes Q;#h‘DzDi(B mi, ? m} and 5
:m}) (to déuteréte thé activé'5ethylene protons to carbonyl

0, 3 ﬁl) was then added

2"
in an oil bath (145-155°).

group) Hydrazlne hydrate dg (ND ND,,D
and refluxed Far two hours ~under - NZ
Excess OF hydrazzne hydrate-d6 and DéU uéré:;emoyed by disti-
llation. The drapping funnel and distillagicn condenser wefe
removed and.the réactionﬂéixturé wvas ré?luxed for four hours
under nitrogen. The product vas diluted with water (100 ml)

and extracted withuether~bshéene (1:1, 50 ml x 4) to remove
neutral material. The aqueous portion after ac1dlflcatlon .
with dil HC1 and extractlon with ether-benzene (1:1, 50 ml x a)
gave the crude acid (4.6 gml mePs 125-130 ), esteri?ied with
diazomethane and the ester was distilled (4.2 gm, b;p.,128-1300/
1.5 mm, m.p. 39-45°, GLC.'methyl'iéoldngifulgte-ﬁs‘(95%) and

mefhyl longifola£e~d5 (S%),

®* -0
6.1.9.2. Using_t-BuOK as base : Ketoacid (4.9 gm) was dissolved

*¥This method was more convenient to generate KOD., " In the
firet method there is always danger of fire during the
addition of potassiu besides this process takesa lang tlma
‘for the metal to dissolvs,
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in dlethylene glycol Dd (30 m1). t- BUGK (6. 4 gm) in D 0 (15 ml1)
‘was added to thls, refluxed for half an hour and excess of
t-ButD and D20 uere dlstllled off, Slmllar woTk up procedure
was. follcwed as in the above experlment. In this‘meéhod also

we got same yleld GF ester 21a ulth same deuterium content;
methy}-lsolonglfolate (4.8 gm, Mepa -41-47°)t GLC methyl isolongi-
Falate— (95%), nd methyl longl?clate (5% Methyl isolongi-
folate 21 (m.p. 54 55°) PMR (Flg. 5A): —C—Me (3H, .s, 0.89

ppm; 3H, s, 0.95 ppm3 3H S, 1 01 ppm), methylene protons

(13H spanned between 1.12 2 2 ppm), CHCOOMe (1H, d, 2.83 ppm,.

[s-\

J = 4Hz), COOMe (3H s, 3¢§9 ppm) . Methyl isolongifolate~de,
21a (m.p. 41-47°C). PMR (Fig. 58): —é~m8'(3H, s, 0.89 ppm;
3H, s, 0.95 ppm; jH s, 1.01 ppm), methylene probans (8.5H,
spanned betueen 1, 12-2.2 ppm), CHCOOMe (o 3H, d, 2.83 ppm

J = 4Hz) COOMe (3H, s,-3.89 ppm).

Mass spectrum: Deuterium content of the WK, reduction product

i.e. methyl isdiungifclatgnds 21a

No, of aeuteriums incorporaﬁed iﬁ the Total
Product product ‘ D/mol
0 1 2. 3 - 4 5 65 -7
K as base o D é ' 5.28 56476 37.80 0.16. 4432

t~Bu0K as base O 0 0 B.46 4B.64 42.90. -T. T 434




6.1.10. Isolongifolol-3,4,4;5,5-d; (22a)

Methyl isolongifolate (9.0 gm) in ether (150 ml) was
reduced with LAH (2.6 gm) in ether (120 ml). After work up-
(as described in section 6+1.9) and crystallization resulted
crystalline isolongifolol-3,4,4,5,5-d¢ ggg‘(7.a gm, m.p.
112.5-113.5°) .

Bele11. Isolongifolyl tosylate

Isolongifolol (2.5 gm) was dissolved in pyridine (30 ml)
and cooled to 0° in an ice baéﬁ, p~toluene sulphonyl chloride
(4.0 gm) was added in one lot. After keeéing‘the‘feaction |
mixture at 5° for 7 hours and at 25° for 12 hrs,. it was diluted
with icé cold water (160 ml) containing much_ofgcrushed'ice
(with stirring). The fasyiate was Filteredioff;'ﬁashed with
ice cold water and dried Uvéf PZOS under vaéuum (1.5 mm) Far'

4 hours. Isolongifolyl tosylate (m.p. 68.5469.50;‘4.8 gm;

24 b, 68-69%)., IR: SO 1180, 1097, 948 cm ', aromatioc

1

lit.
. - t
1580em ., PMR: —C—Me (ZH, sy 0.77 ppm; 3H, s, 0,93 ppm; 3H,
: _
s, 0.97 ppm), Tos-Me (3H, s, 2.45 ppm); CHOTs (24, d, 4.08 ppm,
1
7.73 ppmy J

3, = 7?Hz), aromatic protons (24, d, 7.30 ppm, 3, =75Hz; 2H, d,
1'3 ?’SHZ) .
Similar treatment of isolongifolol-d. 22a (4.0 gm) in

p?ridihe (48 ml) Qith p—toluéne sulfonyl chloride (6.D-gm)



gave pure crystalline isolongifolyl tosylate (m.p; 67%690,
7.16 gm).

Isoiﬁngifolyl‘toéylate (3.5 gm) in‘pétroleum ether (10Q ml,;
2?3 v/u'of alqming},waé loaded on dry packed column (4 cm x
20 cm) of alumina (N/I, 1.50 gm). At the ena af 12 hours,
longifolene (1) was eluted out with petrpléum ether (350 ml) and
distilled; 1ongifolené (b.pe. 91-93?/3,mm, 2.0 gm, 96% GLC pure,

1

9% isolongifolene), IR: = CH, 1650, 875 cm ', PMR (Fig. 6A):

2
: o
—?—ﬂg (34, s, 0.90 ppmj 3H, s, 0.95 ppm; 3H, s, 1.00 ppm),

methylene protqns'(11H, spanned bet@een 131+ 1+8 ppm), methine
protons (1H, bs, 2.08 ppmj 1H, bs, 2.61 ppm) = CH, (1H, s, 4.48

ppm; 1H, s, 4.63 ppm).

Similarly isolongifolyl tosylate—3,4,4;5;5-d5 (7.1 gm)
in petroleum ether (190 ml-, 2/3 v/u of algming)@as lqadédwpn
dry packed column (4 cm x 30 cm) of alumina (N/I, 245 gm) and
after 12 hts, longifolene-d, (18, 3;5‘gm) was elutéq out as
described above. PMR (Fig. 68): —éfﬂg‘(SH, S, O.QD.ppm; 3H,
s, 0.95 ppm; 3H, s, 1.00 ppm) methylene protons (7.5H, spanned
between 1.1 ~-~1.8 ppm), methine protons (1H,,5;A2.O§ ppms 1H,
sy 2.61 ppm), = CH, (1H, s, 4.48 ppm; 1H, Sy 4e63 épﬁ).‘Méssz

0.9% dys 7.6% d

2 35.0% da’,49‘3% da and 7.2%,d5.
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6.2. ISOMERIZATION OF LONGIFOLENE TG ISDLONGIFDLENE

6.2.,1 With BF'3

-Etzo/AcoD2538'.

Longifolene (26.64 gm), borontrifluoride etherate (25 m1) -
and AcOD (125 mls 98% isoéopic purity) ueré mixed and stirred
-at room tempérgtgre ( 30°) fér 20 minutes. Just after the
mi%ing, the colour of ths mixture was yellou, thch‘éaoh
changed §d(bale pink, then to reddish pink gﬂd finally the)‘.
mixture turned to a dark rb&dish pink homogenéous solution.
This was poured intnvuatgr (250 ml) containea in a separating
funnel, shaken well and'extractéd'uith pentaﬁe—ather (1:1,

100 ml1 x 3). The ethereal.la&er was uaéhed with watef {100 ml
X é), ag. sodium bicafbénate‘(TD%, 50'ml x 2) anhd Erine, aried
(NQSO4).an§ then freed from solvent to give a yellow residue
(28.98 gmj}' This was sspérated int6 hydrocarbon and acetate
fractions by passing over a column {16 x 6 cmjf of alumina
-(gr. I, SSO'gm}. The hydrocarhon fraction, eluted with
petroleum ethér, was distilled (b.p. 102-1059/6,5 mm)\to give
pufe,deutéraéed,isolongi%dlené 2a (17.92 gm) . |

This general'procedure meﬁtianeg ébove Qas used to
isomerize différent substrates‘to isolongifulene in deuterib‘
an¢~nondeutetid aéidymedia emﬁloying standaré condifioﬁéé

hydrocarhons (1 gm), AcOH/AcOD (5 mi);~BF3Et20 (1 m1).
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PMR and mass spectral analysis are given iﬁdTable 5 and 1 :
respectively for the isclongifolene obtained from différent
substrates for different reaction time.

20 iq bénzené?

6e2.2. With BFKEt

A solution of ;mngi?oléne~d,4,é,54da (ié,.BLS‘gm) in dr&
benzens (30 ml) containinélBF3Et20 (0.3 ml) was kept at 25°
for 2 hours then thé reagtionfmixture,uas diluted with satured
sodium carbonate (20 ml), benzené‘layer separaﬁgd and agueous
\ léyep extraéted tuice uith,ether.(ZO ml x 2). Combined

orgénic extracts were washed with vater. (20 ml x 3).{ The
residue (8.5 gm), after fémoval of solvent,uas distilled, b.p.
94-95°/2 mm (8.1 gm). PMR (Fig. 7B): ~§*ﬂg (3H, s,'o.éz ppm;

64, s, 0.96 ppm; 3H, s, 1.03 ppm); methylene and methgne protons
(8H, spanned between 1.1-2 ppm); = CH (1H, t, 5.13 ppm, 31 =

3, = 3.5Hz). Mass: 2.6% d, 13.9% d,, 29.1% d, 42.6 d, and

11;8% dS.’u
6.3, LOCATION OF DEUTERIUMS IN ISOLDNGIFOLENE

38

6.3,1. 9-Oxoisoclongifolene B

Iséléngifclameug was oxidized toﬂx,p~unsaturated ketane B

according to the procedure of Sukh Dev and co—udrkersq1;

9-oxoisolongifolens (8) m.p. 53-54°C. IR: CO 1670, C=C 920,

- - s I -

501 cm™'. PWR: —t— Me (3H, s, 1.00 ppm; 6H, s, 1.07 ppm; 3H,
N 1

5, 1417 ppm); = CH (1H, s, 5.5 ppm).
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Isolongi?olehe-d (2a) (2. S’éh)“Uee 5xidized>£é'ketdne 83
(0.78 gm).  PMR:. —C—Me (3H, '3, 7.00 ppmi 3.3H, 's;"1:07 ppm,
2H, s, 1.17 ppm); = CH (0,5 Hy s, 5.5 ppm). “Mass:- 5,.65% dy>
5.75% dy, 12.33% dy, 27.47h dg, 20.45% d,5 16.34% dg, 12.94A dgs
and 3.8% d..

Ketone 8a -uas treated with alcoholic KOH for 2 hours under
niﬁrogen and its deuterium content was analysed by mass:

3.98% d_, 6.36% d1; 15.43% dy, 22.?8m'd3, 21.06% dys. 15, 737 de

18.83% d and 3.79% .d..

6.3.2. Isolongifolene epoxide 9

To ieblonjifdlene (60. E’gﬁ, 0.3.mol), dissolved in dry
benzene (120 ml cooled to o° EQD-26 50); uas'added dropuise
a benzene solutlen ( 1 lit., preueoled to 5 ) DF perbenzo;c acid
(40 4 gm, O, 3 mol) durlng 20 ‘min., At the end of 12 houre, at
5-8°C. the reaction was almost camplete and was worked up by
extraetlon“ulth 5% agq KOH (250 ml x 3). The organlc ‘layer
was washed ulth uater (250 ml. x 3) felleued by brlne and dried.
A colouelese liquid re31due (66 gm) was obtalned after removal
of solvent. This was dlluted with n- hexane {75 ml) and chilled
in dry ice, (-60%) to give a white solid (m.p. 37- 29, 32.5 gm).
Three subsequent crystalllzatlmn from n- hexane ‘gave white -
CTVSLalllﬂe lsolonglﬁqlene oxide ,_m,p. 40—41 . IR!_eppx;de

- . . ;
1240, 920, BOB cm T, pmR: —C— Mg (3H, s, 0.75 ppm; 6H, s,
. l - . .



0.85 ppm; 3H, 's, 0.9 ppm), CHOC (1H, t, 3.02 ppm).

Siﬁilarly iéglongi?oléqe-dﬁ(gg) (7.1‘gm; derived from
loﬁglfolene~4,a 5,5-d, 1b) in ﬁry’benzene’(?ﬁ‘ml) vas treated
with perbenzoic acid (5 gm) in benzene (95 ml). Usual work up
(as descrlbed)abOVE) gave the solid epoxide QQ (m.p; 39-41°

3.6 g!ﬁ).

Isalongifoléne«d7 2a (10.54 gm)- vas oxidized to get pure

epoxide 9a (m.p. 40-41%,- 4.23 gm).

6.3.3. Rearrangement of Isolongifolene epoxide on alumina

Isolongifolene epoxide (4.9 gm) ih'héxéné (10 5i) was
loaded on a dry packed column of alumina (gr.«I /N, 150 qgm,
1. 5 cm x 75 cm) and was lmmedlately eluted out by ‘methanol
'benzene (1:1, 1 ltr.) to yield crystalline. cyclo;solonglﬁolol
(4.85 gm) which was cryatalllzed from acetonltrlle to’ Furnlsh
needless (m.p. 96~ 9g° 2. 26 gm); the mother liquor on chruma—
tography (alumina N/I, 45 gm, 145 -cm % 30 cm) gave dehydr0130-‘
longlfolene (0.815 gm) u1th petroleum ether and cy3101solongi~
Afolal (0.723 gm) with benzene methanol (1¢1, 400 m%) Combined
cycioisoloagifolol was reérystallized~From:acetonitrile (mepa

1

: _ r ,
9, 2.83 gm). IR: OH 3300, 1018 em . PMR: —C-lle (3H, s,

96.98
0.82 poms 3H, ‘s, 0.9 ppms 6H; s, -0.93 ppm); CHOH. (1H, €, 4.13 ppm).
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The reaction was repeated with deuterated isolongifolene
edoxiaé—d7'(§§; 1.4 gm) which yieldeé,deuterated cycloisolongi-
fbloli(ﬁﬁa, MePe 97~9805 0.537 gm) . Mass spectral'anaiysis

indicated 1.1% dg, 4 6t d,, 12.8% dé, 21.2% d., 22.2% d,,

139
19,5% des 13.2% dg and 4.9A d

3’

Isolongifolene epoxide~ -(9b) (2. 14 gm, MePe 39-41°)
gave cycloisolomgifclol?d (1Qb) (mep. 95- 967, 2. 215 gm) s Mass

spectral analysis dictated 1.0% d, 2.5% d dys 941% dys 23, 7h d

2 3)‘

57,7 d, and 12.0% dgw

6.3.4. Dehydrocycloisolongifolene (il) andAHbmoallylic

Alcohol (12)

Cycloisclonglfolol (10, 528 mg), gl AcoH (3 mljvand SC%
:(V/V) aq HZSU (0.05 ml) were mixed and left aside at 8-10°
for 12 hours (monitored by TLC). ‘The light pink coloured
product was diluted with water. (50 ml) and extracted with
n-hexane (50 ml x 4) The organic layer was washed with 5%

aq NaHCO (50 ml x 3) and .uater followed by brlne and dried.
Solvent was removed, residue (530 mg) Prog. GLC: dehydro—;,
cycloisolongifolene 11 (34%), cy0101solonglﬁolyl acetate

(0.5%), acetate of algohol 12 (54%), alcohol 12 (4 Sm) and -
alcohol 10 (7%). It was chromaﬁographed (silica gel II, S0 gm)A

1.5 cm x 32 cm) with TLC monitoring, (solvent, 5% Et@ﬁb ih benzene).



Fr. 1 pet ether ~ (50 ml x 3) . 121 mg liquid
Fr. 2 pet ether (50 ml x 1) -- - -
Fr. 3 50% pet ether (50 ml x 2) - 252 mg liquid
_in benzene : - . )
Fr, 4  benzene (50.m1 x 2) - 51 mg semisolid-
Fre 5 benzene . . . )
- methanol {1:1) (50 ml x 2) 60 mg - solid.

Fraction 1 was distilled, 90-110%(bath)/1.5 mni and identified;
dehydrqcycloisolongi?olene (12). IR: olefinic 1640, 755 en™ 1,
PIR: (Fig. 9A): ~é-ﬂg (3H, s, 0.82 ppm; 3H, s, 0.88 ppm; 3H, s,
0.95 ppm; 3H, s, 1.05 ppm); = CH (1H, d; 5.97 ppms 3, = 10Hz;

1H, m, spanned between 5.13-5,53 ppm).

Fracéiog_g was digtilléd, bipe 145-155"(bath)/1.5 mm, identified
aé,aqgtate of aloohol 12. IR? CO 1730, 1024, C=C 850, 820 en” 1,
PMR: ;é~ﬂ34(jﬁi s, 0.85 pbm;.zH, s, 0.98 ppm; 3H, s, 1.03 ppm; -
3H,ts, %.b?iﬁpm); CﬂGCG (33; s, 1.95 ppm); CHOAc (1&, dd, 4.80

ppm, 31 = 3FHz, J

,-= BHz); = CH (1H, t, 5.33 ppm) .

Fraction § was a mixture of alcohols 10 and 12.

_ Acetate of alcohol (12) (655 mg)‘uas refluxed with 5%

alcoholic KOH (15-ml) on a waterbath for one hour. After

completion of the reaction (monitored by TLC, 5% EtOAc in

"benzene), the product. was diluted with water (150 ml), saturated»uith
NaCl and extracted with petroleum sther (100 ml. x 4). The

organic layer was washed with uater'(m50_ml x 4) followed by -



brine and dried. Solvent was removed, the residuey vhite

solid (m.p. 70-76°, 646 mg), uas crystéllizéd from acetonitrile
to give a white crystalline solid alcohol 12 (m.p. 88.5-30°, ‘
400 mg). IR: OH 3240, 1045, C=C 842, 817, 783 cm 1. PMR
(Fig. 10A): —§~ﬁ§ (3H, s,”d.ea ppm; 6H, s, 0.98 ppm; 3H, s,

1.15 ppm); CHOH (1H, dd, 3.80 ppm; J, = 3Hz, 3, = 6Hz); = CH

1 2
(14, t, 5.23 ppm). CysH,,0 requires C, 81.765 H, 1098%3 found
C, B1.683 H, 10.98%. Mass: Ten most intense peaks; 220 (35%),
176 (51%), 160 (51%), 132 (46%), 119 (100%), 118 (51%), 105

(78%), ¢91 (61%), 727 (38%), 41 (75%). -

When inithe above experiment, deuterated cycloisolongifolol-
d7 (1gg, 1.0 gm) was employed, it gave deuterated dehydro-
cycloisolongifoléne~d, 11a (210 mg). PMR (Fig. 98): —é—ﬂg
(1H, s, 0.82 ppm; 3H, s, 0.88 ppm; 2H, s, 0.95 ppm; 3H, s, 1.05
‘ppm);= CH (1H, m, centred at 5.35.ppm, 0.5H, d, 5.97 ppm); and

deuterated alcohol-d. 12a (m.p. 88-90°, 277 mg). PMR: (Fig. 108):

7
1

—L—Me (SH,!S, 0.84 ppm; 3H, s, 0.98 ppm; 3H, s, 1.15 ppm);ﬁﬂpH
1

(1H, dd, 3.80 ppm);= CH (0.5H, t, 5.23 ppm), Mass: 2.0% dg»

18.3% d5,’14.0% d. and

5.2% d,, 12.6% dy, 21.6% dy, 21.8% d

2? 4?

4.8% d70

Cycloisolongifolol-d, (10b, 870 mg) under identical
conditions, gave homoallylic alcohol 12b (m.p. 87-88°, 320 mg).
PMR (Fig. 10C): ~%~ﬂg (3H, s, 0.84 ppm; EH, s, 0.98 ppm;
3H, s, 1.15 ppm)j CHOH (1H, bs, 3.80 ppm); = CH (1H, t, 5.23 ppm).
Mass: 2.2% d,, B.5% d,, 22 . 5% ds 53.7% d, and 12.7h dce



6.3.5. S-Oxoisolongifolene (13)

To a cooled (0°) solution of 5~Bydr0xyisolongi?oiene
(123 550 mg) in acetone (20 ml) was added dropuLS Jone's
reagent (1 ml) tlllxlt became orange. The reactloq mixture
was kept at room temperature ( 28°) for 3 hours and then
diluted with water (150 ml) and extracted with n-hexane
(100 m1 x 3). The organic layer was washed u1th 5% aq NaHCU3
(100 ml x 3) and water (75 ml x 2) followed by brine and dried.
Tbe residue, after solvent removal and distillation, gave the
ketone 13 (540 mg) b.p. 120—130°(bath)/1 § mm. IR® CO 1740,
C=C 810 cm™ !, PMR (Fige. 11A): —Me (3H, s, 0.77 ppm; 3H, s,
1.02 ppm; 3H, s, 1.09 ppm; 3H, sy T.14 ppm); = CH (1H, t, B.47
ppm) 615 ,,0 Tequires C, 82.51; H, 10.16%; found C, 82.69; H,
10.59%.  Mass: Ten most intense peaks, 218 (100%), 175 (78%),
162 (22%), 159 (15%), 147 (a4#), 134 (23%), 119 (28%), 105 (23%),

91 (24%), 77 (14%).

Oxidation of the deuterioalcohol-d, 12a (200 mg) gave
T ,
ketone 12a (195 mg). PMR.(Fig. 11B): —C— M@ (3H, s, 0,77 ppm;
T
34, s, 1.02 ppm; 2H, s, 1.09 ppm; 1H, s, 1.74 ppm); = CH (D.54, '
t, 5.47 ppm). Masst 1.7% d_, 5.0% dy» 12 ¢ 2% dos 20.4% des
22.9% d,» 19. 7% de s 14.3% dg and 5.1% do.

Ketone 13a (80 mg) in ethanol (1.5 ml) was mixed with

age 1NNaOH (0.2 ml) and kept for 16 hours at.room temperature ( 309
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under nitrogen atmosphere. The reaction,mixfure was neutralized
with AcOHM, diluted with water (30 ml) ‘and extracted with petroleum
ether (30 ml x 3). The organic layer was washed with water.

The residue (70 mg), free from solvent,. was distilled,b.p. 120-
130%(bath) /1.5 mm. Mass: 2.1% d_, 5.6% d1; 14.7% dyy 20.4% do,
21..3% d4,~1§76% de» 15.3% dg and 443% doe

13b (70 mg) ‘was obtained from .alcohol-d

Ketone-d 12b

4 4
(100 mg) by oxidation with Jone's reagent . Mass: 1;0% do’

“

2.6k dy, 9,3%‘d2, 2572% d3,'58.0% d, and 2.5 de -

The above ketone 13b (30 mg) was refluxed with 10% alc. KOH
far 16 hours and worked up ‘as described above. Mass spectral
analygis. of this ketone iqdipated; 9,.5% do,,15.0% d1, 47.7h d2’

30.5% dq and's.g% dye

6.3.6, Action of HC1-CHC1l, on Isolongifolene epoxide 9

- v"

A CHCl, solution of dry HC1 (0;5%; 5 mi) was chilled to
-11 j_10 and isclongi?slen94époxida (530 mg)‘uas added in one
iot and shaken %ill dissolyed, Tﬁéiéoiutiﬁn was left at the
same temperature for one hour and theﬁ at -5° for 10 hours
(monitored by TLC, 5% EtOAg in bénzehe). The product was' then
diluted with 5% aq. NaéCDZ'KSD hi) aﬁd extracted mifﬁ~getroleum

ether (30 ml x 3). The argéhid extracts were washed with water
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(25 ml x 3) follouwsd by brine (40 ml1 ) and dried. Solvent
was removed and the residué (522 mg) was chromatographed

(Al 0, , N/ITI, 15.5 gm, 1 cm x 21 cm).

Fr, 1 petroleum ether (B'mi X 4) 35.2 mg solid
: m.p.36-38°, epoxide(TLC)

fr. 2 Pet ether (5 ml x 18)% 340 mg liquid
Fr. 3 75% pet ether in (5 m1 x 4) { ‘
benzene . .. -
Fro 4 50% pet ether in - ‘(S'ml x 3) ﬁHZ mg solid
- benzene ' .
Fr. -5 benzene (5.ml x 4) 102 mg solid

MePew 103"1110

Fraction 5 after four crystalllzatlons from n-hexane, yislded

uhlte feather-like crystals of alcohol 14 (m.p. 123-124° , 60 mg).
IR: OH 3250, 1040: C=C 844, 822 cm 1. PR (Fige 12A) (cDCL,):
~é-ﬁ§ (3H, s, 0.83 ppm; 5H, s, 0.92 ppms 3H, s, 1.03 ppm; 3H, s,
1.08 ppm); CHOH (1H, t, 3.87 ppm);= CH (1H, d, 5.67 ppm I, =
3Hz). Mass: Ten most intense peaks, 220 (17%), 193 (17%),

177 (89%), 164 (100%), 149 (17%), 136 (16%), 121 (23%), 105 (19

91 (28%), 77 (18%).

Similar experiment with isolongi?olené-epoxide;d7 9a
(610 mg) gave alcohol-d. 14a (m.p. 123-124%, 90 mg). PMR:
(Fig. 128): (coc13)§ “éfﬁgr(1H, s, 0.83 ppm; 2H, s, 0.92 ppm;
3H, s, 1.03 ppms 3H, s, 1.08 ppm); CHOH (0.5H, t, 3.87 ppm) 3



,m

=CH (1H,.d, 5.67 ppm, I, = 3Hz). Mass: 1.8% d, 5.4% d,
13,66 dy, 24.5% d, 2@.7%‘d4,’16.8% dgs 13.1% dg and 4.2% doe

Isolongifolene epoxide~d, 95 (500 mg) on similar treatment
gave unsaturated alcohol 14b (m.p. 122-123°%, 30 mg). PMR
(Fig. 12C): (CDC13): ~é~ﬁ§ (3H;As, 0.8% ppm; 3H, s, 0.92 ppm}
3H, s, 1.03 ppm; 34, s, -1.08 ppm); Egpﬁ (1H, t. 3.87 ppm);
=CH (0.25 H, s, 5467 pph). Mass:‘2.9% d3, 9,9% dys 25, 9% dss

50.1% d, and 11.2% dS.

4
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