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. Abstract
T

The Diels~Alder reactions of three 4,4-dimethyl-2-cyclohexen-1-ones
(1, 2 and é) were studied. Enone 1 was found to be unreactive undgr
a variety of thermal.and Lewis acid catalysed conditions. Dienone

2 was found to.reaét slowly but in synthefica]ly useful yields with

0 ' 0

C02 Me

1 2 3
a variety of Aydrocarbén dienes under,borph trifluoride etherate
catalysis to give adducts of genera1 formula 4. The adducts were
produced in accordance with the normal rules governing Diels-Alder
addition with one exception., The addition of isoprene to_g proceeded
exc]Usive1y<to give the,addﬁct.§_formed in violation of the para-rule.

Adduct §_was converted to the naturallyoccurring hydrocarbon jonene (6)

R 0




'3

by Birch reduction and aromatization fo]]oWed by No]ff—Kishnér
reduction. The dienonefester 3 was found to add rapidTy to a variety
of‘hydrocarbon dienes under boron frff]uoride etherate cataiysisfto :
give adducts of general formula 7. These adducts were Fformed in
g chordance with the normal rules of Die]s;Alder_addition with one
‘exception. Addition of isoprene gave predominantly adduct 8.
Examination of a series of Lewis acids as catalysts for reaction of
isoprene with 3 showed that use of stannic ch]oriaé gave predominantly

adduct 9. The same study showed that the use of ferric chloride
Qc

2 O,Me

7

produced an unusually large increase (>100 times) in the rate of this

0

|00

E]

Diels-Alder reaction relative to either boron trif]uoridé etherate
or stannic chloride. The unuS 1 f9rmation of anti-para addition
products 5 and 8 was attributed to a steric destabilization of the
transition sta;e leading to the normal para-addition product. ¢

| The syntgesis of a-himachalene (10) and g-himachalene (11)
- hés been achieved via adduct 9. A 1,4-reduction of the enone Of g
and_decarbomethoxy]atioh gave trans-ketone 13; 'Ring expansion bf_

12 with ethyl diazoacetate and decarbethdxylation of the resulting

8

vi



10 ; o Y.

g-keto ester gave ketone 13 which was isomerized with acid to give

ketone 14. Addition ofbmethy]]ithium to 14 and dehydration of the = |

resulting alcohol 15 gave a-himachalene (10) and g-himachalene (11). -
l . "

B ) \"“'Q‘
OH

2,
~,

13 L 14 15

The synthéses of two reported naturale occurring ketones,
isohimachalone (16) and trdns-ketone 17 have}aTSO been approached
via adduct 9. A 1,4-reduction of 9 and ketalization of the resulting

ketone gave ketal 18. Reduction of the ester group of 18, formation

vii
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- . - - - ::S)
of the tetramethylphosphorodiamidate deri@htive of the resulting

alcohol and dissolving metal reductiqn'of‘the derivative gave the
angular methyl substituted_keta] 19. Cleavage of the ketal and

&%

migration of the doub]é bond gave ketone-20. Ring expansion of 20 -

i

with ethyl diazoacetate and decarbethoxylation of the resu]ting

g-keto ester gave cis—ke~;ne 16 the spectral data of which were

. different‘fﬁbm:those reported for thé‘natura]]y Qccurring'ketohe

isohimachalone. ‘The synthesis of trans-ketone lz_has‘beén studied

via ketone 20. Ketalization of 20 and allylic oxi@ation gaVé aldehyde
21 whfch was epimerized with base to give‘traﬁs-aldehyde 22. Mgthodsr -

are under study for the conversion of 22 to trans-ketone 17.

N

o)
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The construction of a model compouﬁd 23 possessing the AA'BC
ring system of limonin 24 has beengépproached via Diels-Alder adduct
25. Epoxidation of the isolated double bond of 25 and acid cata1ysed“

rearrangement of the epoxide gave ketone 26. Thioketalization of 26
followed by 1,2-redu%é§§§ of the enone and acetylation of the re-
o ) el ' '

sulting alcohol gave "¥cetate 27. - Methods are under study’ for the

further‘tonversion of 27 to the model compound 23.
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CHAPTER 1

Die]s-A]der Reactions of

4,4-Dimethy1-2scyclohexen-1-ones

o

2%



*
Introduction

Since the cycloaddition of dienes with &lefins (dienophiles) to

give cyc1ohexenes was correctly formulated and seen to be a general

13

-procesé by‘Diels and Alder'” few single reactions have achieved the-

5

same importance to.the organic chemist. And yet at the same time few

reactions have reﬁéined so long with the detailed nature of their

5,14

mechanisms in question The modern formulation of\the reaction as

a concerted electrocyclic process15 has recently received support

from Frontier orbital ta]cu]ations]4’]6’]7

, which successfully predict
the regioselectivity of the reaction. On the other hand, MINDO/3
ca]cu]ations]8 indicate a highly uﬁsymmetrica] trqnsition state in
J'which fhe twofnew o bonds are formed af two different “stages" of

the reaction. The early development of a series éf émpirfca1 rules
predicting the structural dutcome of the reaétion has facilitated %ts
- use in organic synthesis. For examp]e,'the reaction has been used

in classical syntheses of natural products such as canthéridin]g,

‘cho1estero]20, cortisoneZ], éstronezz'and,reserpine23.
The cis-principle prédicts that addition to the diene in the re-
quired cisoid conformation occurs from the same side at each end of

the diene moiety and also that attack at both ends of the dienophilic

* s ‘
For general references on the Diels-Alder reaction see references .
1-12. - ‘



double bond occurs frdm the same face of the dienophile. It-further'
predicts that the relative configurations of the substituents in the
transition stater (for example 3a) are preeerved in the products. Thus'
trans, trans-2,4-hexadiene (1) reacts with dimethyl furmarate (2) to

give adduct-§, The eis-principle is expressed in the modern formulation

_CO,Me — S CO,Me
. + X » : . ”ll
P M
Co,Me Meo,c— o2t | COZM?

x 2 3 | 3

of the reaction by WOodward and Hof‘f‘mann]5 as a concerted 2rs + 4gs
cyc]oadditioﬁ reaction. )

The endo-rule was originally formulated for additions of cyclic
dienes and dienophiles to predict thet, of the’two possible "sandwich-
Tike" transition states (for example 6a and 7a) the more favoured would
be that with the "maximum concentration of double bonds“3’5.‘ Thus
- reaction of c}c1opentadiene (4) with ma]efc anhydride (5) proeeeds to
give only endo-adduct 6 and not_exo-adeuct 224._ The effect has been

e\\xp]ained]5 by a stabilization of the transition state in which sec-

15

ondary orbital 6ver1ap can occur between the n-system;of the diene

and a m system in conjugation with the dienophilic double -bond. Using |

this requirement it is evident that even in acyc]ﬁc cases the term



[

&

i
‘o

6—a- ' .
o)
0

6 7

"endo" is cofrectly used when the addition proéeeds by a transition
state in which secondary orbital overlap occurs,while "exo" refers to
additions via transition states iﬁ which no sécondaryworbital overlap
occurs. Thus according to the endo-rule trans, trans-2;4-hexadigne‘

reacts with acrylic acid to give the endo-addition product 8 rather



2
P
J

than the exo-addition product g?s.

COZH : CO,H

8

El

r

A group of orientational rules which predict the regiochemistry
of a&ditions bétween unsymmetrical dienes and dienophiles has- also
been devéloped. It has been shown that a substituent at C-1 of the
diene promotes addition to give an_adduct in which the substituent from

the diene component is adjacent (ortho) to the substituent from the

r

dienophi]é. In accordance with this ortho-rule, the principal product of

>

addition of traﬁs-piper]yne to propynal is adduct 10 rather than aldehyde
)

]j?G. In the case of 2-substituted dienes the substituent bromotes form-

CHO " CHO



ation of the product having the two substituents in a para-relationship.

Thus in accordance with the para-rule, addition of isoprene to acrolein

gives predominanf]y aldehyde 12 rather phan 1;?7.

CHO . CHO

-
§ B —

16,17

In the course of a study of the regioselectivity of the

Diels-Alder reaction using’ front1er orbital theory Houk predwted]6
. that, where substituents of both diene and dienophile are electron
donatfng,‘;he favoured péoduct should be that with the meta-orientation
~ of the substituents.” This "meta-rule" has since been observed ex-

28, Thus the majo; product of addition of ethyl

vinyl ether (14) to diene 15 was adduct l§?8

3 O :
. : ' +-
E10 AN oM

14 15 | 16

periménta]]y by Fleming

This is also predicted by the hetefblyt1c mechanism which, however,
incorrectly predicts the same outcome when both subst1tuen are
electron withdrawing.



In theory the application of the Die]sz1der reacti to th?

~ synthesis of cis-1-octatones requires only a straightforward fddition
of a cyclohexenone to an appfopriaté]y substituted diene.‘The méthod
has the potential for rapid assembly of the decalin skeleton of

a number of natural products such as those of the eudesmane (17),

—

drimane (18) and cadinane (1_).61asses. As well, the unique stereo- -

17 18 BT
and regiose]ectivity of the reaction promises that the requireg
adducts could be obtained efficient]y. UnfOrtunéteJY. the thermal )
éyc]oadditioh of dienes to cyclohexenone and its substituted analogs
is noforious]y recalcitrant. Cyc]ohg;enones are much less reactiVe i
than cyc]opentenone§ and early reports of low yields, and drastic
conditions for the addition to cyc]ohexenones-appear to'haVe dis-
couraged continued investigation on the direct.géneration of their
adducts. For example, reaction of butgdiengﬂwith cyclohexenone

at 180-190° for 3 days reported]} gives adduct 20 in only 11%
yie1d29. . ' J | ‘

The observation-that Lewis acid catalysis produces very large

bod



N

increases in the rates of -the Diels-Alder add1t10ns of a,B -un-

‘saturated carbonyl compounds30 31,32 has made available many adducts

which had previously been obtained only with difficulty (sealed tUbes,
high temperatures, etc.). Furthermore, it has been observed that
such catalysis_a1so has a marked effect on the regio- and stereo-
selectivity of thé reaction so that the ortho-33 and para-sel-

335 of the addition as well as the qndo-se1ectivity36 are

ectivity
markedly increased. The app]icaﬁioq of Lewis acid catalysis to
acyclic a;B-unsaturatédlcarbony1 containing dienopﬂi]es has received
faif]y rapid recognition. However the de]@y of almost twenty years
“in application of these cata]ysts to s1mpfe cyc11c conJugated enones

is unexp]a1ned

37,38

Recent investigations™: have shown that the practice is

equally applicable to cyc]ic~enones 'Kitahara38 reports the aluminum
chloride catalyzed add1t1on of several d1enes to 2-methyl-2- cyc]o-
hexen-]-one, and WEnkert37 reports the aluminum ch]or1de ca;a]ysed
addition of. butadiene to a series}of cyc]oa]kenones and Z-methyl-

cyc]oa]kenones} In both cases adducts are obtained in synthética]]y
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. useful y?e]ds;
Our.interest in Diels-Alder reactﬁonswof cyclohexenones arose
from a proposal to synthesize the naturally occurfing sesquiterpene
a-himachalene (gl;ﬁusing the adduct’gg_of 4,4-dimethy]-cyc]ohéxenone
(23) and isoprene és a kéy‘%ntermediate as outlined in the retro- |
synthetic scheme shown below. It wég thought that under Lewis acid cata]ysi§
Diels-Alder addition to 23 might be possible. .With this objective we
proceeded with a study of theldienophilicity of enone 23 and seyera]
derivatives, with particular interest initially in tjg/e?ficient
generation of compoundé of type gg;and 1§ter in the synthetic

utility and structural aspects of the various adducts obtained.

Q- 0=0
’ ~
| — | gz B

21 22 .23

©
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Results and Diécussipn
1. Diels-Alder Reactions of 4,4-Dimethyl-2-cyclohexene-1-one

‘Enone 23 was easily prepared from iéobutyra]dehYde and methyl

39. The direct

vinyl ketong according to the established proéedﬁre
Diels-Alder addition of isoprene té enone 23 was studied under a
variety bflcdhditidns. The results are summarized in Table I. In

. general, Lewis acid céta]yz¢d react1ons fn benéeﬁe, a common solvent
for thérha]]y promdted cyc]badditions, produced only a mixture of
products gﬂ_and'g§_(Entries 1-3). Compounds gﬂ_and.g§_coyld arise via
Lewis acid induced enolization of 23 followed by condensation with
“another molecule of. the enone. -With a large excess of diege in a

dilute solution of 23 at e1evqteh temperatufe cycloaddition appeared

to compete with céndensat{on (Entry 4). An inseparable mixture was

523 - 28 R

— a N — . - —

obtained (7% yield) of condensation products 24 and 25 together with

a compound which showed nmr signals which. could be attributed to either

10



3

23

TABLE' . I. Additions to Enone

11

‘ 0
E + Dienéﬁ‘-—————————> Products
\ 23 ,
. T \\
Entry | Cata]yst Solvknt . Temp., * Time Diene Products?®
S (equiv.) \ (days) (equiv.)
. T
1 \BF3-EtéO {0.5) beﬁzene\ 25° 3 isoprene ( 4) 24 8025
2 \§F3-Et20 (0.5) benzene \ 80° 2 isoprene ( 4) ,ggj& 25
3 AQC13- "(0.5)  benzene \ 80° 1 isoprene ( 4) 24 & 25
4 B%B-Etzo (072)  benzene X\ 80° 2 isoprene {20) 24, 25 & 22 or 26
5". Bfé-EtZO'(O.l) toluene _moe ‘2 isoprene (40) 2or2s
6 BFBkEtZO (0.5) - ether 250 35 isoprene (20) 27
7 BF35£t20 (0.5) ether \ 250 3 butadiened --
' 8 -~ mesitylene ?50"c ) 4 isoprene (10) complex mixture

\

other than Xecovered 23 }

bexcess gas bubbled into solution

Csealed tube

]



e

ketone 22 or 26" . The use of toluene as a solvent under- similar

'cquitions produced an impure samb]e (%14% yield) ‘of 22 and/or 26

which:wés‘ébntaminated with po]ymekjé'materia], but which did not

Y

" contain any detectable E;aee/ﬁ?/éldoi-condensatfon products 24

v

411 25 (Entry 5).

v ' CN

K4

The use of ether as a solvent was found to'entike1y eliminate

the self-condensation of 23 but unfortunate]y cyc]oadd1t1on to 23

did not occur either (Entry 6). ZXhe on]y 1dent1f1ab1e product of

s

this Eeaction was ketone 27 (<10% yield) which- could arise via moisture

induced decomposition of 23. A 1,4-addition of‘water~to.enone 23 .L”(T
followed by-a fevérse-a]db] con&ensatjon‘and_a reverse-Michael »
addifion could 1iberéte methyl‘vinyl ketone Which_wou]d be expécted

to add to 1soprene under the reaction conditions to give 27.

This 1dent1f1cat1on was 1ater confirmed by compa?1son w1th the nmr
spectra of pure ketones 26 (vide infra) and 22 (see Chapter 2 of this-

* thesis) however the product could not be obtained in sufficient purity
to determine whether the material was 22 or 26 or a mixture of the two.

It should be noted that the chemical shifts of the sharp signals in

" the spectra of authentic 22 and 26 are very similar and distinction
of the two compounds was not feas1b]e on impure samples.



., Although 1t may yet be poss1b1e to achieve cyc]oadd1t1on to 23 in

/i,

13

Addition of butadiene to 23 in ether at room temperat )e.ﬁEntry

.7) gave only recovered starting material.. Under therma1'conditions

(Entry 8) add1t1on of 1soprene gave a comp]ex m1xtdre of products as

determined by gc ana]§§1s and it was not possible to determ1ne with
certa1nty whether ketones 22 and/or 26 were presént.

These results show that 23 is a rather poor dienophile. o

V synthet1ca11y useful y;e]d by careful adjustment of the reaction

- parameters, it was more convenient for our purposes to investigate

addition of dienes to a modified\dienopni1e system. N

2. Diels-Alder Reactions of 4,4-Dimethy1-z,s-cyélohexad{ene;1-one.

Effect1ve add1t1on of the enone 23 to dlenes appears to requ;re
< ﬁ)&

‘both increased d1enoph111c1ty and protectlon oﬁathe molecule aga1n§t

side. react1ons such as a]do] se]f-condensat1on The 1ntroduct10n of

.a second«doub1e bond 1nto the ring of enone. 23 offers the dual ad- ‘

vantage of preventIng_tbejtroublesome,a]dol condensat1pn‘exper1enced

with 23 as we]]’as enhancing the_potentia].dienophi]ic%fy of the BN
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molecule both by.increasing the number of dienophilic double bonds

and by increasing the flatness of the molecule. With this in mind

.we examined the Diels-ATder reactivity of dienone 28 which was

40

accessible by oxidation of enone g}_with'seTenium dioxide ™ or with
2,3—dich]oro-5,6-dicyano-1,4—benzoqu1none41.
P O
o 7
o

It was found that in ether so]ut1on w1th boren trifluoride
etherate as the cata]yst and us1ng a 1arge excess of d1ene, adducts
were obtained in good yield over rather extended reaction times. The
results of th1s study are summarlzed in Table II. In each case the
eis- stereochem1stry of the r1ng junction of the adduct. was demonstrated
by conversion with sod1um hydroxide 1n_aqueous_methano] to the: thermo-
dynamica11ybhore stable trang-isomer as summarized in Table III. The
regiochemistry of the Die1s;Aiden additions of unsyimetrical dienes
were conclusively demonstrated by conversion of the'phre”cis; or trans-
enones (or a mixture'of the two) to aryl-ketone derivgtives'by treatment

w1th N bromosucc1n1m1de42 43

‘»

in refluxing ca;bon tetrachlorideras

Ether was found to be superior to benzene in this system since it
gave h1gher yields of products and much less polymerization of the
d1ene =



TABLE II. Diels-Alder Additions to Dienone 28

0.5 eq. BF, Et,0

+ Diene - —
. ether, r.t.

6 >
0

28

15

Entry Diene (equiv.) - Time (days). ‘Yield = Adduct

—a

9 > (excess) 22 26% | “
. 29

10 N Gy .
_ (30) ? 69%
v ' S )

1 ET/(31). 22 61% [i&I::j/
/ 3 .
12 N (a4 5 67%

13 4 %iL\(]O) . 7 20%
" =




Lo

-

TABLE III1. Epimerization of Diels-Alder Adducts of 2

NaOH/H,0/MeOH
r.t.
Entry Adduct Time (hr.) Yield cis/trans Product
9% 29 26 . 72% 33:67
) 3
) (o}
10 30 20 64% 0:100
35
1 31 LI 87% 30:70
12 2 49% 0:100

13 33 20 44 0:100 I

3The same entry number as in Table II is used for clarity since the
results in both tables are grouped together in the discussion.



TABLE IV. Aryl-ketone Derivatives of Adducts of 28

2 equiv. NBS ‘@
CC14, ref]u'x :

Entry Enone ’ Time (min.) Yield Product
92 29 & 34 (33:67) - 1ngd ‘O
39

10 30 30 12%

1 31 & 36 (50:50) a5 38%
12 32 ‘ 60 " 30%

»

v ) ()

13 33 60 17% OO

) 43

3see footnote a, Table III.

bThe known ketone 39 was obtained by treatidg enones 29 and 34 with
sodium amide in refluxing dimethylformamide for 24 hr.
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summarized in Table IV. The structuresof the resulting naph-

thalenones were unambiguously established by their nmr spec%ra.
A Addition to Butadiene (Entry 9)

When an ether/solution of dienone 28 and boron trifluoride
etherate waS keptjoaturated with butadiene by .bubbling the gas into
the solution for 15 min. and déi]y for 22 days* a single adduct was
obtairied in 26% yield based on consumption of 69% of the starting
dienone 28. The mass spectrum showed a molecular ion at m/e 176.1202
corresponding to a moTecular formula. of C]2H160 and the ir spectrum
showod an absorption at 1675 cm'] indicating the oresence of an a,B-
unsaturated ketone. The nmr spectrum displayed two vinyl protons as. a
mu1t1p1et at &5. 50 two enone protons as doublets (=10 Hz) at
3 5.72 and 6.31, and a gem-dimethyl group as’ s1ng]ets at ¢1. 31 and 1. 10.
These data indicated'that a 1:1 adduct had been formed.’ If the adduct
was. formed in occordance with the eis-principle, then struoture 29
could readily be assigned to the adduct.

In proof of 1ts stereochem1stry the adduct was subJected to
‘ ep1mer1zat1on Treatment with sodium hydroxide in aqueous methano]
for 20 hr. produced an equ111br1um mixture of starting mater1a] and a
new compound wh1ch were 1nseparab1e by co]umn chromatography ,The

mass spectrum of the mixture showed a mo]ecu]ar ion at m/e 176. 1222

* .
A more satisfactory method of introducing butadiene to a reaction

at atmospheric pressure and room temperature is to introduce a sat-
urated solution of butadiene in benzene (~20% v/v in butad1ene) to the
etherea] solution of the dienophile45, .

~
¥
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</

'(C12H160) and the ir spectrum showed an enone absorption at 1680 cm_].

The nmr spectrum of the‘mixture showed two sets of signals in an '
integral ratio of 67:33. The minor set of signals was.identicd] witﬁ
the spectrum of puré Diels-Alder adduct WhiIe the major set showed
two enone protons as doublets (J = 10 Hz) at 86.58'and 5.82, two
vinylic protons as a multiplet at 65.62.and ﬁethy] sing]éts at 51.13
and 1.04. s/

.Since in deca]ih systems the trans-fused isomer is expected to
be more stable than the cis-fused isomer and to predominate under
_equilibrating conditions, it was appaFent.that'Jhe new compound was
the trang-enone 34. fhﬁs the Diels-Alder adductlmust have the cis-ring

Junct1ondef1nedbythestructure 29. AnekmwhmtionofTableVI(see page 23)

_shows that the chemical shifts of severa] protohsfon enones of this series,
partjcular1y those of the C-3 and C-8a protbhs and the gem-dimethy]l
group, are significantly different in the.cie- aﬁd trans-enones and
these nmr signals were uéed routinely in assigning the stereochemistry
of the substituted enones obtained in this work.

A detailed d1scuss1on of the simr spectrum of 29 is warranted -at

'
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= | 29

this stagé in order to-intfod0ce several features which will be

applied to other adducts in this series. Further examination of the

nmr spectrum of 29 showed that the two protons at C-8 had quite

different chemical shifts. The assignment of the doublet of

multiplets at §2.83 to Hb and the doublet of multiplets at 61.94 to

Ha was made after an examination of Dreidingrmodels of the molecule.

0f the two possiB]e confafmations for the molecule, 29a was expected to.be
of minor importance because of strong 1,3-diaxial interaction between |
the quasi-axial-methyl group and the quasi-a*ial C-8 methylene group.

In conformatiohAggg however this diaxial interaction is abserit and

29b was proposed as the principal conformation~éf the molecule. In

292 29b

"~ this conformation the protoﬁ Hb is held in the deshielding zone of
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the carbonyl group and thus the signal appears at considerably lower

field (62.83) than a normal allylic proton (62.0)%°

. Proton Ha is

out of the plane of the carbonyl and further from ic than Hb and so .
e%periences virtually no deshie]ding by the carbonyi. This assignment
was demonstrated conc%usive]y using proton decoupling experiments on
adduct 31 (vide infra) and was found useful in the assignment of

stereochemistry at C-8 in adducts .such as 35 and 38.
B. Addition to transfPiperylene (Entry 10)43

The addition of trans-piperiene to dienone 28 under boron
tr1f]uor1de etherate catalysis proceeded smoothly and relat1ve1y
rap1d1y (comp]ete react1on in 8 days) to give an adduct 1n 69%. yield.
The presence of 13 signals in the cmr spectrum (Table V) confirmed
that the adduct was a single compound. The mass spectrum showed a
molecular ion peak at m/e 190.1359 correspond1ng'to the molecular |
-1

formula C]3H]80 The ir spectrum showed an absorption at 1686 cm

characteristic of an a,8- -unsaturated ketone and a band at 716 cm -1
suggesting a cis-disubstituted double bond. The nmr spectrum (Table.
VI) indicated the_presence of two coupled enone protons (J = 10 Hz)‘with
s1gna1s at §6.15 and 5.58. Two other vinyl protons appeared as
~multiplets at §5.51 and 5.37 wh11e methyl groups gave s1ng]ets at 81.33
and 1.10 and a doublet ' (J = 8Hz) at 81.38. The spectral data_1n-
dicated that a 1:1 adduct had been formed and dn the besis df the cisg-

principle, ortho-rule and endo-rule, structure §g_cou1d tentatively be

assigned to the adduct.
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TABLE V. CMR Spectra (8) of Some 4,4-Dimethyl-1-decalones
cis-fused,enones trané-fﬁsed enones
Carbon 30 31 32 3 3 3 37 23
12009 199.6 - 201.1 - 201.0 202.5 a - 201.7 198.4
2 124.0° 126.4 1272 q27.1b 123.6° 126.3  126.5 126.8
3 153.4 1557 152.9  153.4 160.5 160.7  159.5 159.3
4 37 - 36.5 36.7 36.9 35.9  36.0 35.7 32.7
32 47.0  43.1 47.1°  47.5¢ 49.4  43.4 48.6 36.2
5 25.0  24.5 25.0 30.0 25.4  26.1 25.2 --
6 127.0° mos 1174 130 126.4° 119.4  .116.5 -
71320 1325 1381 265> 13209 1327 1405 --
8 - 34.2  28.8 40.7 34.3 1.4 278 38.4 --
. : _J
82 478 a4 46.9°  47aC 4:2° 42.3 438 36.4
_ 26.7 26.9 26.7 26.8 28.1  26.1 28.2 21.7
gem CH3i‘ . .
26.0 26.2 26.0 26.0 20.6 21.0 20.6 27.7
R ( 19.0 -23.3 . 3a,1 - 23.3 23.2  23.2 37.0
o 28.9 19.2 +36.0
265 . 23.4
» 26.2 26.5

aSigna] not discernable

b,¢

Assignment uncertain
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TABLE VI. NMR Spectra (6) of Substituted 4,4-Dimethy1-4a;5,8,8a-

tetrahydro-1(4H)-naphthalenones

cts-fused enones

29 30 47 3 48 32 33 59
C-2H  5.72 5.58 5.70  5.68 5.68 5.57 5.53 5.67
« -3 6.31° 6.15°  6.27° 628> 6.20° 612 6.1 6.5

C-6,7 H 5.55 5.51/5.37 5.7-5.4 5.18 : 5.33 5.08  5.19 .5.38

C-8 Ha  1.94 2.34 - 1.87 ¢ <2sd 201 _.
C-8Hb  2.83 - 3.06  2.64 C - - 2.97
C-8a H'  2.92  2.86 2.55  2.89 2.82 2.86 2.77 2.46
C-8CH, -- 1.38  1.04 - e h3 097
C-6,7 CHy == == - 1L§6 158  --  1.57° 1.56
1.31  1.33 1.30 1.30, 1.30  1.28 °1.31 .28
gem CH3@§ . '
1.0 1.10 1.12 1.09 1.0 1.04 1.09 1.1

»
S

_&\f\EXQns-fused enones

~ gﬂ_‘\\\\ 35 63 36 718 37 38 719

VoocH 5.8 572 577  5.69 5.72 5.68 5.60 5.73
C-3H  6.58) '6.49 \ ~ 6.60  6.55. 6.56 6.45 6.45 6.57
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- TABLE VI. (cont'd.)"

34 35 - 63 36 /8 37 38 79

C-6,7 H 5.62 5.58/5.41 5.7-5.4 5.31 5.33 5.28 5.13 5.23

C-8 Ha c 2.44 - c C c. -2.38 -
C-8 Hb ¢ - 2.83 ¢ ¢ - = 277
C-8 CHy - 1.19 0.81  -- -~ - 1.7 0.75
C-6,7 CHy -- - e. 167 1.66 --  1.66 1.64
' 1.13 1.14 1177, 113 1.4 1.10 1.4 '1.16
a
gem CH3
| 1.04 1.06 1.04 1.03 1.04 1.02 -1.07 1.02°

The signals for these protons were particularly useful for-distinguishing
the cis- from the trans-enones. ‘

bThis signal showed a Tong range W-type coupling to the proton at C-4a.

FThe signal for fhis‘protoh(s)'waéfno¢ clearly defined in the spectrum.
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The cis ring-junction stereochemistry was 1nd1cated by the nmr
spectrum. A long range W-type coupling of 1.5 Hz was observed in the
siéna] at §6.15 which was attributed to couplihg of the prdton at
C-3 with the proton at C-4a. Examination of Dreiding models showed
that a W-configuration of these two_protons was possible only in tﬁé
cis-enone 30 in which the proton at C-4a could assume a quasi-equatorial
position relative to ring A in ﬁhe preferred conformation ggg,

In the stable conformation (§§g)'of 35 the proton at C-4a is locked in

an axial position relative to both rings and é%nnot achieve a W-con-
figuration with the proton at C-3. In proof of the ring junction

stereochemistry, epimerization with sodium hydroxide in aqueous methanol,
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gave complete conversion to an isomeric enone ih 64% yie]d*.

The new enone showed a molecular ion at m/e 190 1360 (C]3H]80)
in the mass spectrum and the ir spectrum showed an enone band at
.1677 cm -1 and an absorption at 694 cm -1 suggesting a cis-disubstituted
double bond The nmf-spectrum showed twobenone pkofons as doublets
(J = 10 Hz) at &6. 49 and 5.72, and two other’ v1ny11c protons as .
doub]ets of multiplets (J = 12 Hz) at 85.58 and 5 41.. Methyl groups
appeared at 81.19 (doub]et), 1.14 and 1.06 (s1ng]ets).q0n the basis of
the re]ativezstabi]itdes of eis- and trans-decalones the new enone was.
assigned the trans-fused structure 35 and thisjassignment Qas supported
by comparison of the nmr spectrum pf 35 with that of trans-enone 34
(Table VI). |

The ortho- or1entat1on of the adduct was a1so indicated by the nmr
spectrum. The proton at C-8a was a doublet of doub]ets 1nd1cat1ng that
it had only two adjacent hydrogens,as was the case in structure 30.

-

- The C-8a proton in the "antiJOrthe”-adduct 45 was expected to show a

* . '
The methoxy-ketone 44 was also obtained in 26% yield.
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~more complex signal-as was.observed for enone 29 where the proton in

question was a broadened multip]ét.

-

0

s 29

5

A more rigorous proof of the regiochemistryvof this and simi]ar-
adducts might be ‘achieved by aromatlzatlon of the B r1ng x,.Such a
‘ der1vat1zat1on of 30 would lead to aryl ketone 40 whe;bas enone 45

- would give aryl-ketone 46. D1st1ngu1sh1ng these two ary]-ketones

am
EL!

b3

should be possible by inspection of their nmr spectra. The peri-

47

effect™ of the carbonyl on the proton or substif:jzifp%’ﬁférwhiCh is

held fn the‘deshieldihg zone of the~carbony1\gcpu

~

d in _ h:z}d/caq§e the nmr
signal of that proton or substituent to be shifted‘dd>'fie1d sig-

9 -
»

a3

' ,/"5&



nificantly. For 1hstance,the nmr spectrum of the known aryl-ketone

44
(

29" (in deuterochloroform) is reported to show a signal with a-coupling

o

constant of 7 Hz at 68.25 due to the peri-proton while the other
aromatic protons show up as a mu]tip]et between ¢7.6 and 7.3. Thus

the nmr of 40 would show a methyl singlet downfield from the normal

46 \hereas 46 would show a one proton

46

" benzylic methyl region of §2.2
doublet downfield from the normal aromatic proton region of §7.2
The Diels-Alder adduct was aromatized with v- bromosucc1mm1de42’43
in carbon tetrach]or1de at reflux for 30 min. The reaction gave a
rqther complex mixture of products from which an aﬁomatic ketone
could beviéo1ated in 12% yie]d*. The mass spectrum of this cémpound
showed a molecu]ar'fon at m/e 186.1039 corresponding to the molecular
formula C]3H]40 2The ir spectrum haa an absorption at 1663 cm”!
.indicat1ng an o,8-unsaturated ketone. The nmr spectrum showed

ari’aryl methyl group as a singlet at §2.70 and three aryl-protons at

The other products of this reactlon were found to be brom1nated
derivatives of 30 and 40. -

<

&
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§7.30 (two protons) and 7.05. The absence of any signal above §7.30

- as well as the appearance pf an aryl methj] group at ]ow field were

in agreement with the assignment of structure 40. Thus the regio-

chemistry of the Diels-Alder adduct must be as defihed by structure 30.
If remained to determine the stereochemistry of the substituent

‘at C¥8, Normal endo-addition would give structure 30 whereas exo-

addition would lead to enone 47. As mentioned in the discussion of.

0

30 . 47

Entry 9, deshielding of th; c-8 profon (or substituent) on the a-face
of tﬁe molecule in its mostlpreferréd conformation should allow ihe
distinction of Fhese two enones on the basis of their nmr spectra.
The allylic hethine'protpn of ézvshqpld be deshfe]ded by the carbonyf

46 while the methyl

and appear downfield from the normal value of 62.6
group at C-8 should be-uneffected. -On the other hand in 30 the methyl
group should be shifted downfield from the norma] value of §1.0 ahd
- the aT]y]ic methiﬁe proton should be uneffected.' Inspection of the »
nmr speétrum of the Diels-Alder adduct showed a methyl doublet at

§1.38 and a broad muTtip]et due to the allylic methine proton at 82.34.

These data were consistent with the gssignment of structure 30 to the
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D1els-A1der adduct. | . : e
The predicted effect of the carbony] deshielding on the Cc-8

proton in enone 47 was confiﬁmed by nmr ana]ySis (Table VI) of an

authentic sample of 47 prepared by another route (vide infra). ‘The

C-8 proton of 47 showed a signal at ¢3.06.

C. Addition to Isoprene (Entry 1])43

In the presence of boron tfif]uoride3 dienone 28 was found to add
to isoprene smoothly but very s]ow]y*‘to giVe a mi&ture of two products
(61% yield) in a ratio of ~95:5 as determined by nmr and gc anaiysis.
Except for the minor 1mpurity the adduct was a sing]e.compound as
determined by the presence of 13 major signals in’the cmr'spectwdﬁ-
(Table V). The mass spectrum showed a molecular ionwat m/e 190.1354
corresponding to a molecular formu]é of C]3H180 Thevir spectrum had

T due gg‘an a,B-unsaturated ketone ahd a band at

a band at 1675 cm”
827 cm'] which suggested the presence of a trisubstituted doub]e;bond.
%he nmr spectrum showed twoAcoup]ed enone protons (J = 10 Hz) at

§6.28 and 5.68 and one other vinylic proton as a broad sing]et7ét §5.18.
The spectrum also indicated a gem-dimethyl group with singlets at

81, 09 and 1.30 and a vinylic methyl group as a s1ng]et at §1. 66

~The preceed1ng spectra] data indicated that the product was al: 1

The long reaction.times (21-65 days) 1nvar1ab1y resulted in production
of a large amount of po]ymer1zed diene which was eas11y separated by
column chromatography.
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~adduct of 28 with isoprene. Assuming that thé addition occurred
according to the cis-princible and the papa-rh]e, structure 48 could

be assigned.

48

~ —_—

The cis—stéreocﬁemistry of the adduct was indicated after com-
parison of its nmr spectrum with those of cis-enones 29 and 30 (Table
VI). To confirm the stereochemistry, the adduct was equilibrated with
base. Treatment with.sodiﬁm‘hydr0xide fn aqueous methanol rapidly gave
an equilibrium mixture of the starting material and an isomeric enone
in a ratio of 30:70'as determined by nmr integration and gc dha]ysis.

The product enone was obtained-pure by geérysta]ization from
ether and gave a molecular ion at m/e 190.1359 in the mas$ spectrum
indicating the chemical formula C]3H]80~isomeric with the starting
enone. The ir spectrum showed a band/at 1673'cm'1 due to a con-

1 suggesting a trisubstituted

jugated enone and a band at 790 cm_
double bond. The nmr showed two coupled enone protons at §6.55 and
5.69 and another vinylic proton as a multiplet at’55:31. A vinylic

methyl group appeared as .a broadened singTet at §1.67 and a gem-dimethy]
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gréup appeared as singlets at §1.13 and 1.03. The generation of the
new enone as the major componéﬁt of the base equi1ibration defined
the stereochemistry of the new component as trans* and thaf
of the original adduct as cis.
The undecoupled prqtoﬁ nmr spectrum of the adduct did not offer
any assurance of its regiOchemistry. A proton nmrvdecoupling s tudy
- however showed that irradiatibn of the vinyl proton at &5.18 caused
no.phange in the signal due to proton Ha at C-8 (§2.64) but did cause
a change in the signal due to the methylene protons at C-5 (51.95).
Similarly irradiation of the protoﬁ Ha at C-8 (62.64) had no effect
on the signal due to the vinyl prbton (55.18) whereas irradfation of
the C-5 methylene group (61.955 induced a distinct sharpening of the
vinyl proton signa] at 55.18. These 'data were inconsisfent withAthe
"assignment of structure §§:to the Die]ﬁ-A]der adduct and were more

easily reconciled with structure §l,_

Ha yb

*The trang-isomer was identified by and gc analtysis as the minor (~5%)
component of the original Diels-Alder reaction product.



distinguishing 31 and 48 would be to aromatize the B ring. The

resulting aryl-ketone--eithsr 41 or 49--could be uhambiguous1y

41 49

identified by its nmr spectrum since in 41 the Tow f1e1d peri- proton
at C-8 should be a singlet whereas in 49 the corresponding proton
should appear as a doub1et with a coup11ng constant of ~9 Hz46
| On reaction with se]en1um dioxide in refluxing t-butagp]-acetic
acid for 20 hr. the adducf gave an aryl-ketone in 13% yield. ‘The mass
spectrum of the product showed a molecular ion at m/e 186.1053 cor-
respondingvtO'the molecu]af‘fofmu1a C]3H]4O The-ir.spectrum.had a
band at 1665 cm'] indicating an a,3-unsaturated ketone. The nmr spectrum
showed a signal due to the peri-proton at 67.90. The signal was sharp
with a fine splitting of less than 1 Hz*. This was Consistent only
with assignment of structure 41 to the ary1—kétone derivative,

Clearly then, the Diels-Alder adduct must:.have structure 31 and the

trans-enone derived from it must have structure 36-

-

N .
The fine splitting was attributed to a 1,3-aromatic coupling.
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31 - . . 36

— - . —

" . Sipce yryl-ketone derivatives such as 41 were usefuT for routine
characteri2ytion of the adducts in this series a search was undertaken
for a mgthoy of generat1ng them in synthetlca]]y usefu] y1e]ds The
best result obtained was dehydrogenat1on w1th N- bromosucc1n1m1de in
refluxipg Cyrbon tetrachloride for 45 m1n wh1ch was found to convert
a 50:5Q miXgure of enones 31 and 36 to ary] ketone 41 in 38% y1e1d
These qonditions alse produced a number of by- products, ma1n]y bro-
minateq defyvatives of 31, 36, and 41 '

As a further proof of its structure the Dlels A]der adduct 31

was converted to ionene (§g), a Naturally occurring arometyc hydro- -

carbon foufy in wild carrot frUit48 and peachffo]iage49 as-well as in-

50 50, 51

where it arises from pyro]ysws of g-carotene’

52 gave a single ketone

cigaretie Shpke
Birch reductjon of 31 with lithium in ammonia
26 in 7g% Neld. The mass speCtrum of 26 showed a molecular ion at

m/e 192 152 corresponding to the molecular formula Cq3Hy00. - The

ir specyrum pad an absorption at 1712 cm'] indicating a saturated
_ketope and ¥né nmr spectrum showed a vinyl proton as a multiplet at

~4651]9y a Vipylic methyl group as a broadened singlet at §1.64 and a

gem~dimethyl group as singlets at 61.32’end 0.97.

34




35

50 . 51

Treatment of ketone EE_with»tWO‘equiVa]ents of N-bromosuccinimide42’43

in refluxing carbon tetrachloride_gave a rafher comp]éx mixture of
prodﬁcts from which aryl-ketone §l_éou1d be isolated in 35% yield by
Care%u] cblpmn'chromatography on silica gel. The mass spectrum of 51
sdeéd almo]ecular ion a;\m/e,188.1195 corresponding fo the mo]écu]ar
formula C13H]60. The ir spectruﬁ éhowed an‘absorbtion due to'aﬁ

aryl-ketone at 1686 emV,

The nmr spectrum displayed a gem-dimethyl

group as a singlet at'61.34. an aryl methifbgréup as a singlet at

§2.32 and threé aryl protons as singlets at §7.18, 7.19 and 7.69
(peri -deshielded).

. In a'slightly more efficient synthesis of aryl-kétone 51,
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epimerization of'cfe-ketone 26 with sodium hydroxide in aqueous
methan01 gave a\T4:86.mixture (91% yield) of 26 and the more stable
tpans-iépmer 52. Sepération by column chromatography gave pure
trans-ketone 52 which was converted to aryl-ketone §l_with N-bromo-

succinimide in 45% yield.

2% . R S : 51

Aryl-ketone 51 was. reduced by a modification of the Wolff-Kishner
53 |

reaction to give a hydrbcarbon in160% yield (12.2% in 5 steps from 28)

which- was identical in all réspeéts (nmr, ir, ms, and cmr) with an authentic

)54

"sample of ionene (50)”" prepared from g-ionone (53). The {ﬁentity of the

synthetic material with authentic ionene (50) reqdires fhat the starting

adduct have structure gl-and not §tfucture 48.

%
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D. Addition to 1-Vinylcyclohexene (Entry 12)
In the presence of boren trifluoride etherate, 1-vinylcyclohexene -

(5 )55*

was found to add to dienone 28 to give a 1:1 adduct in 67%

54

yield. The presence of 16 lines in the cmr'épectrum (Tab]e V) showed
that the adduct was a single compound. The mo]ecular ion at m/e |
230.1666 in the mass spe®rum corresponded to the ehem1ca1_formu]a/

0. The ir spectrum showed a band due to"an a,8-unsaturated
_ 3 A -

16 22"

~ ketone at 1686 cm In the nmr spectrum dbLb]ete (J = 10 Hz) at

$6.12 and 5.57 indicateditwo enone protons andhaﬁbroad singlet at 65.08
indicated anothef.viny] prdton: A gem-dimetby] group appeared as -
singlets at §1.28 and 1.04. For 1,2-disubstituted dienes such as

‘] v1ny1cyc10hexene (54),to wh1ch both ortho- and para-rules m1ght
apply,it has been found that the ortho-rule governs the course of

the react1on]. If the adductwas also formed in accordance with the

For an efficient preparat1on of 1- viny]cyc]ohexene see Chapter 3 of
~this thesis.. -~ . ¢ ] [



ortho-rule, the expected structure of the adduct would be ;g*.

_after comparison of the nmr spectrUm’of the adduct with others 1
this series'(Tab1e VI). Conclusive proof was accomplished by‘ ‘se
cataly;ed epimerization with sodium hydroxide'in aqueous me han§1 to
éive the isomeric trans-enone in 49% yie19**and no degéctable'traée

of the stafting adduct.

*The numbering scheme shown in structure §§_di?fers from that rec-
ommended -by IUPAC and Chemical Abstracts but is us&d in this chapter
to be consistent with other compounds in this series.

** The methoxy-ketone 55 was also obtained in 12% yield.

38
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The mass spectrum of the trans-enone showed a mo]ecu]ar ion at
m/e 230.1667 indicating the chemical formula C]6H220 The jir spectrum
/

. showed an a,B-unsaturated carbonyl absorption at 1673 cm']‘and a band
at 799 cm'] suggésting a tris&bstituted double bond. The nmr spectrum
-showed two enone proton doublets at 86.45 and 5.68 and a broa& vinyl
proton singlet at 65.28 as well as methyl singlets at 61.11 and 1.02.
Thésg nmr data correspond t]ose1y to those of other trans-enonés in
this series (Table VI). |

The éﬁtho-orientation of the adduct was indicated by the nmr
spectrum. The signal at 63.00 due to the methine proton adjacent to
the carbonyl was a doublet of doubiets with coup]]ng constants of 3Hz
bach, similar to the spectrum of enone 30. If the adduct had the

regiochemistry defined by structure 56 a more comb]ex signal would be

expected for that proton, as was observed for 29 and 31. In un-

, |
: 0
n

56 . 30

ambiguous proof of the regiochemistry, the trans-isomer (37) derived
from the adduct was converted to the now. familiar ring B aromatic

derivative in 30% yield with N-bromosuccinimide, in refluxing carbon
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-

_ tetrachloride for 1 hr.42’43. The nmr spectrum of the aryl-ketone

showed two signals due to aromatic protons at §7.17 and?7.13 and had
jno signaTs further downf{eld.' Furthérmore a éignal attributab]e.to a
benzylic methylene group in'thelperi~position Qas found at 63.24,
downfield from the normal range of 62.6% s1'nc__é the ketone 57

" should showba»deshieldéd pé%i—proton and no deshielding of its'benzylic
methylene groups these data Q%Ffirmed‘the assignment of sfructure 42
to the aéy]-ketone derivative and the régiochemistry of the adduct and

its trans-isomer as defined by strdctures'gg_and 37 respectively.’

8} .
It remained to confirm the stereochemistry at C-10a of 32 and

37. :The nmr signal due to the proton at C-10a could not be identified

Y

)
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in the spectrum of gg, However the oh]y'two signals in the range
where we might expect to find the s1gna] due to the desh1e]ded C-10a

proton of §§_(vtde supra, Entry 9) were easily attributed to other

~protons. One signai (62.86) was clearly the ringvjunctioh proton at
C-10b. The other (82 50) was a doublet of doub]ets of doub]ets of
‘doub]ets with three coup11ng constants of 12 Hz and one of 4 Hz
This signal was too comp]ex to represent a proton at C- ]Gh whfchﬁh%s
only three ne1ghb0r1ng protons. A careful examnnation of Dreiding »
modele showed that in structure 32 one of the prptons'on C-10 (HC?S
lies .in the deshie]ding zone of the carbony] group-and would be
expected to be sh1fted downf1e1d from 1ts normallreg1on46»of §1. 4
This proton wou]d experlence two diaxial couplings, one gem1na1
coup]1ng, and one gauche coup11ng This fit well w1th the observed:
couplings of the s1gna1 at &2. 50 No other proton in enone 32 would
be expected to exhibit such a sh1ft and coup11ng pattern nor wou]d @ny
proton in structureSS The absence of any other signal 1n the reg1on

62 5 to 65 0 wou]d appear to ru]e out structure 58 as the 1dent1ty

,\\



of the adduct wh1}e the deshielded proton at C-10 indicated that the

adduct must have the stereochemistry defined by'structure 32

P

-~

Addition’to trans-2-Methyl-1,3-pentadiene kEntry 13)

Dienone 28 reacted with trans- 2-methy1 ] 3- pentad1 ne (59) under
boron tr1f1u0r1de etherate cata1ys1s to give two products in‘a total

. 59

yield of 57% (based on copsumption of 88% of the starting dienone)
and .in a 50:50 ratio
chromat\graphy5

The two products were separated by flash

_ \ v
One product gave<? mo]ecu]ar ion at m/e 204. 1508 (C]4H20q) in

-1

the mass spectrum and its ir spectrum had a band. at 3438 cm in-

P
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dicating a hydroxyl group. The nmr spectrum showed singlets due to

two aromatic protons at §6.73 and 6.38, and a yiny} proton as a |
doublet of mu]tip]ets at 65118.‘ A hydroxj] proton appeared as a brdad_
singlet at §4.91 while five methyl éroups were indicated by a:six;
proton sing]et-at §2.14, (benzylic), two finely split doublets (J =

1 Hz) at §1.70 and 1.66 (allylic) and a doublet (J = 7' Hz) at 81.24.

On the basis of these spectral data the structure of this prodhct

was assigned as phenol 60 which probably was formed via Lewis acid

[e)

induced dienone-phenol rearrangement57 of dienone gg followed by

Friedel-Crafts alkylation with d1ene 59

The other product showed a mo}écular ion at. m/e 204 1510 cor-

%

.respond1ng to the mo]ecu]ar formula C 200 Its ir spectrum had |

bands at 1687 cm -1

and 815 cm 1 1nd1cat1ng an a,8~qhsaturated keﬁdne;
and a trisubstituted ddub]e bond_hespectiveﬁy. \Ihe'nmr spectrum showed
‘two coupled enoné protons (J = ]O’Hz) at &6. 13’and 5.53 and a vinyl |
_ proton as a broad singlet at 85.19.~ Methy] groups appeared as singlets

at 61.31, 1.09 7gem) and 1.57 (v1ny11c) and a doub]et at §1.33. fhe~



_—
cmr spectrum (14 lines, Table V) confirmed that the enone was a single
" compound and its spectral data indicated that it was the product of
Diels-Alder addition of diene 59 to dienone 28.

The Diels-Alder adduct, if formed according to the usual rules,

would have structure 33. The cig-ring fusion was indicated by the

nmr spectrum. The signal for.the proton of C-3 showed a 1dng range

W- type couph’ng47 of 2 Hz w1th the proton at C-4a and, as discussed in
the case of enone 30 (Entry 10) such a re]at1onsh1p is only poss1b1e
in the ecig-isomer. In proof, the adduct was converted w1th sodium

hydroxide in aqueous methanol to the isomeric trang-enone in 44% y1e1d .

*The ketone 61 was also isolated in. 24% yield.

0o
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The mass spectrum of the trans-enone showed a molecular ion at,m/e
214.1505 (C]4H200) and the ir spectrum showed an enone absorption at

1673 cm™) .

The nmr spectrum showed two enone pfotbns as doublets
(J =10 Hz)‘at §6.45 and 5.60 and a vinyl proton as a broad singlet at
§5.13. Methyl groups appeared as singlets at 61.66'(vinylic) 1.14
and 1.07 and a doublet af 1.17.

The regiochemistr} of the adduct was also indicated by the nmr
spectrum. The signal due to the proton at C-8ax(62.77) was a di§tinct
doub]gt»of doublets with coupling constants of 4 Hz and 3 Hz indicating

that proton had only two neighboring protpns,éé was the case in ~

structure 33. The C-8a proton in 62 would show a more complex signal.

33 . . 62

In proof the adduct was converted (17% y{e1d)'to fhe ary]—ketdne.
derivative with N;brOmosuccinimide in refluxing carbon tetrachloride’
The nmr spectruﬁ of théwéryl-ketone sﬁowéd two aromatic protons at
§7.06 and 6.86 and two “aryl methj] singlets at §2.64 and 2.34.
Tﬁe presence of the deshie]ded peri-methyl gfoup.(52L64) and the

‘absence of a peri-praton indicated that the aryl-ketone has structure
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43 and thus the-regiochemistry of the adduct must beldefined by

structure 33. .
o The €28 stereochemistry of the adduct could be deduced from the
nmr spectrum in a manner analagous to that ‘used 1n,;pe d1scu551on of

enone 30 (Entry 10). The allylic methine proton at C-8 of 63 should

be deshielded by\the carbonyl group ‘nd appear downfield from the

'Y 46

normal value of 62 6 while the methyl substituent should be un-

“affected. Convers]y the allylic methine of 33 should be unaffected
~ and the C-8 methyl group should be deshielded relative to the norimal

value éf 6].046

. The adduct showed a methyl doublet at §1.33 and a

| methine proton coupled to it at §2.24. Thesé' data are consistent with
structure 33 and not with §§f.

=

The preceed1ng resu]ts show that dlenone 28 is a useable though

moderate]y weak dienophile. Add1t10n to s1mp1e hydrocarbon dienes

— ’ : . v '
The pred1cted effects..of the carbonyl desh1e1ding on substituents at
C-8 in enone 63 were confirmed by nmr analysis of an authéntic
sample of 63 prepared by -another route (vtde znfra)
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procggds gmoothly if somewhat slowly to give generally acceptable
yields 6f adducts. The most.important item of note is the tatéT
violation of the para-rq]e in the case of additién to isoprene (Entry
11). The-fiormal addition of 1-substituted dienes (Entries 10 and 12)
1ead$ fo the conclusion that the cause of the abnormal addition of
1soprehe is a steric one in which the substitueht,at c-2 of;the‘diene
jnteracts with a substituent at C—4 of the dienophile as'shown

below . If th; steric effect were sufficiently strong the electronic-

ally favoured para-addition would be excluded and the less favourable

. %% -
anti-para addition would predominate.

\

¥ N

Comparison of the various dienes is interesting in this context.

trans-Piperylene (Entry 10) would not be expected to encounter any

XM*A similar explanation has been offered to account for the relatively
poor dienophilicity of cyclohexenonesb.
*%

- We have adopted42 the term "anti-para" to describe additions.in.

' violation of the para-rule. Ordinarily the regiochemistry of the
adduct might be referred to as "meta" since the substituent on the
diene is meta to the directing substituent--the carbonyl group--in

the product. However we wish to make-a clear distinction between

“addition in violation of the para-rule and addition in accordance with -
the ‘meta-rule. o : : : o .



steric barrier to normal ortho-addition and the ortho-addition product

30 is the only one observed. Similarly, only the expected product 32

30 - 32

— - —

is obtained from 1-vinylcyciohexene (54) (Entry 12) siﬁce the ortho-
rule takes precedence over the para-rule and at the samé time the.
steric interaction between the dieneAaﬁd the methyl group of the
' dienophile acts fo promote addition in the_same direction as the
electronic contrp]

~ The add1t1on of trans -2-methyl-1, 3- pentad1ene (55) however raises
- an 1mportant point since the ster1c effect acts in oppos1t1on to ‘the
_comblned d1rect1ng influence of the ortho ‘and para rules. This
offers the opportunity to determine the strength of the steric effect
relativé to éhe_combined;electronic effects.  Tota1 steric control

would produce onlly enoné.gg_whereas e]ectronic control would resu]t only

in formation of 33. As we have seen, enone 33 is the only D1els-
Alder add1t1on product,1nd1cat1ng that a stronger electronic d1rect1ng
effect might be used to counterqct the steric effect.

One possible method to increase the strength of the'e1ectronic



62 . 33

direcfing effebt~6f 28 might be the use of a stronger, and therefore
' more e]e%t;on—withdrawingnLewfs acid as the catalyst. The larger
jnduced po]ar{;ation of the dienophilic double bond should act to
promote parg-addition. Unfortunately fhe use:of boron tribromidé
(benzene, room temperature,'ﬂl-dayé) did not produce ahy detectable
trace of adducts of'g§_wifh~isopfene. Two other catalysts were albo
examined. , Stannic ch]dride (ether,'room temperature, 11 days) gave
no detectable trace of Die]s-A]def adduct and ferric ch]or%de/(ether,
room teﬁperature, 7 days) produced an adduct in 3% yield whiﬁh nmr

*
analysis showed to be almost exclusively enone 31 .

*This was confirmed by comparison (gc, nmr) with authentic enones 48
(vide infra) and 31 (vide supra).. T -

49
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_ . \ ,
Although Diels-Alder additions to djenonelgg.produce acceptable

yields of useful adducts, the Tong reaction times might tend to
discourage its general acceptance as a dienophile. Furthermore, in
the case of para~rﬁ1eldirected additions,‘the total violation of the'
electrofic directing effect renders such para-substituted'adducts,
~inaccessible. On the basis of the Alder rule” one method of increasing
thé reaction rate would be t6 place an additiona]4§1é€€;gn withdrawing
Substituent on thévdienophilic double bond. This would increase the
- polarization of that bond anduthus increase the sfrength.of the
electronic para-dire;ting éffecfnon 2-substituted diehés as well

as the Eeaction rate. With an appropriate choice of substft&ent

it might prove possible to totally ové}come the steric effebtvwhich

promotes the cobserved anti-para addition.

3. ’Die]s-Alder Reactions of-2-Carbome§hoxy-4,4-dimethy1-2,5-cyc]dhexadien-

\]-oness;

. In an effort to test fhese assumbtionsvihe diehone-ester'§§‘was-
?exam%ned.- The choice of a carbomethoxyl group as an activating ‘
. substituent offers several features. It can be easily removed from ‘
the resu]ting's-keto;esters py décarboxy1étion and it'offers a 1evé]

of functionalization which might be used effectively in synthetic

* R ‘ .
The Alder rule predicts that substitution of an electron withdrawing
substituent on the dienophLTic double bond increases the reactivity
of that bond and that substitution of electron donating substituents
on the diene increases the reactivity of the diene5. _ :
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64

schemes (for example see Chapters'Z andi3 of this thesis).

It can be seen that there are in fact three dienophilic moieties
in fhe molecule as illustrated below. -On the basis of the Alder rule
" the unsubstituted enone Sysfem of 64a is expected so.be relatively un-

reactive and addition to either §§Q.or‘§§g_wou1d occur. Ordinarily

\
!

'

it wou]d'be Unnecessary to distinguish’these two‘moieties except in
cases where the endo-rule comes into»effect. Endo-addition to 64b
would give a product different from that of qndo-addition-tO'ggg.'
The factor determining which system would dominate the reaction pathiway
is expected to be a function of which one would offer the most effectlve
secondary orbltal over]ap with the. diene ‘However in the case of |

add1t1on of 2-subst1tuted butadlenes it is apparent that endb-add1t1on ‘
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‘to’ 64c would totally-eliminate the steric effect between the sub-
stituent and the methyl groups of the dienophile which might be
experienced in endo- add1t1on to 64b. This could contribute to the

product1on of the electron1ca11y favoured product in the addition of

-~ o
T -

2-substituted dienes.
Dienbne ester 64 was easily prepared from enone g§§8. Carbo-
methyoxylation of 23 with sodium hydride and dimethyl carbonate in

»

0 o , ' 0
‘ ‘ _-CO,Me

64 ‘ | ' 23

- reflux1ng 1,2- d1methoxyethane59 gave keto-ester 65 in 61% yield .

Dehydrogenat1on w1th 2,3-dichloro-4,5-dicyano-1,4- -benzoquinone

(DDQ)4] produced on]y”a trace of the desired product 64. However

’

tfhe keto-ester 65 exists partially in the enol form 65a.

<

N
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.4

treatment with‘selenium‘dioxidg in refluxing ¢-butanol-acetic acid
gave a product readily identifiable as dienone-ester 64 in 80% yield

along with a small ahounp of thé transesterification product 66

65 - 66

(8% yield). Dienone-ester 64 was f&und to add rapid]y td dienes‘in
ether saiution and under boron trif]uqride etherate catalysis to givé :
“1:1 adducts in gooavyield as summarized in Table VII. The regio-
chemistry of the adducts of unsymmetrical dienés was demonstrated by -
decarboxylation followed by conversion to the rihQ B érémati§ ’

derivatives as summarized in Table VIII.
A. Addition to Bufadiéne'(Entry 14)58

when butaaiene gas was bubbled into an ether so]utidn qf—dienone-
ester 64 in the présénce of boron trifluoride etherate the stért%ng‘
material was rapid]yvconsumed (6 hr.). After wofkﬁpiand chromato-
graphic purification é product Qas obtained in 70% yield thch was shown
to be a single compound by cmr aualysis (14 Tines, Table IX). The

mass spectrum showed a'mo]eéular ion at m/e 234.1258 indicating the
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TABLE VII. Diels-Alder Additions to Dienone-Ester 64

¥F
, °f5<_9"' R
COch
. BF,-Et,0
'+ Diene 3 2 >
ether, r.t.
L] ' A
: —r
Entry Diene (equiv.) Time-(hr.) Yield - Product(s)
S . . ) - 0 COZM.
. N - : - ' )
14 J  (excess) 6 ¢ - 70%
[N \, ) - - *

o ’ ) . ) Lo . .‘OCOZIMQ
s JJ e e e |

_ T i o M-
16 3 (20 3 703
69
: - | | | ®
) ' , _ oS ,

17 . 5 (10) 43 - 8332 . |
v / ‘ | : A
18 /‘.\)b'(lo) « 1.5 745 _‘]

) ~ ’ . v .

o . ) bq..‘ . )

71 (50:50) 70



Table VII. (cont'd.)

R - B

»

Entry  Diene (equiv.) “Time (hr.) Yield Product(s)

&

" 19 ij\\ (20) P Y
. y

20 N (20) . " 60 87%

. P : |
\ .

21 tj\\(lo) . v2 83%

) 7 .

an small amount (<5% yield) of keto-ester 71 was observed in the
- unrecrysta111zed product. ‘ .

-
o ) : P

'bFerpic,ch]oride was used,as the catalyst.
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TABLE VIII. Derivatization of Adducts of'@_ with Unsymmetrical Dienes
O& r . "
Lil-2H,0
. Lil-2H, N8BS, (4c0,),
— : i
collidine CCl,, reflux
reflux N 4 _

. | ~ . Decarboxylation Aromatjization -
Entry " Adduct ' Profduct (yield) Product (yield)
17" 10 X ' @ |

30 (66%) 40 (12%)
S ]
18 71 “ | 1
_ JAE : N
) “847 & 77 (64%) 40 (38%)
19a 72 “
- X
™ ’v_//\/
196 73
oo 49 -(43%)
f/») & '
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63 & 79 (83%)

57
TABLE VIII. (cont'd.)

o Decarboxylation 'Aromatization
Entry® - Adduct Product (yield) Product (yield)
20 3

32 & 37 (61%) 42 (20%)
o (X0
33 & 38 (35%) 43 (17%)°
. £
-~ 2lb 76 i

43 (31%)7 .

3The same entry numbers as Table VII
results are’grouped together <in the

b

PPure 33 was aromatized.

are used for clarity since the’
discussion. T

~



TABLE IX. CMR Shifts (s) for Some Adducts of Dienone-ester 64

el
. (17
N " 2

Adduct 67 10 n 3 3. 1 15 1

-1 197.3 19%6.3  17.0 197.4 197.7 197.6 196.7 197.4

c-2 124.3% 123.4 128.2% 128.0 123{9 ‘ 126.9 125.2° 124.5°

‘c-3 157.8 152.5  157.8 158.0 157.9\ 155.0 152.6 1573

c-4 6.2 - 38.0° 36.3 36.0 36.2 365 37.7 36.4

C-4a 40.8 7.1 s2.2  40.4 4.3 43.7 47.4 ,.42.8

c-5 23.9 27.2 4.3 2“2 . T 29.0% 24.8 2.0 29.1

c-6 124.0° 127.1 124,53 9.3 132.2 - 116.5 130.3 1313 .

¢7. 12558 130.5 1.2 13 18 ‘ 137.0 127.3* - 125.6°

c-8 28.6 37.7% 32.0 33.1 28.7° ‘0.5 38.4 32.5

c-8s  56.9 59.3 0.9 7.5 " 56.6 60.1 . 59.3 60.6
mon(Ry BN OB B OB3OBDOMS

—-0,~  172.9 174.6 7.6 173.0 173.0 174.3 174.8 171.6
—O-CHy 52;5’ 52.1 51.9 52.4 52.4 52.4 52.1 , 51.9

- R - 6.8 °  16.0 23.4° 3.8 383 . 239 23
. : - ’ o 27.8 171 16.2 .

6.8 .

. ; : ’ 26.4

3:bype precise assignment of these pairs of signals is uncertain.

)

R ‘
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chemical formula C14H1803 The ir spectrum showed an absorption at
-1 -1

1730 cm character1st1c of a saturated ester and a 1663 cm  .band

due to an a,B-unsaturated ketone. The nmr spectrum had enone ‘proton
signals as doublets (J = ]O"Hz)fat §6.57 and’5.87'énd two vinyl |
protohs as a mu]tip]et at 65.66. The spectrum also shdwed three methyl.
singlets at §3.70, 1.18 and 1.07. These'spectral data wer; consistent
R

with the assignment of structure 67.

The-cis-stéreochemistry of the product was indicated by several

féctdrs.~ Firstly it should be:ﬁoted that no exceptions to the cis-
princip]e?afe known*.- SeCond}y the nﬁr spéctrum of the adduct
(Table X) showed a doiblet of doublets (J = 6.z, J = 4 Hz) at 62.75.
Thié‘signa] showed no eyidencé of a geminal couﬁ]ipg and therefore

was assigned to the methine proton at~C-4a. The,normal'éhemical shift

PN

"A51de from the factors listed.. (eplmerlzat1on of adducts migration
of double bond, reversibility of reaction)...which are 1ndependent of :
the reaction 1tse1f and its mechanism, no except1ons are known to the
" rule.that the relative configuration of the start1ng materials is re-
tained-in the adduct; the reliability of the rule is one of the major
- factors in the importance og the D1e15-A1der reaction in synthesis and -
in stereochemical studies."

N
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-TABLE X. NMR Shifts (&) for Adducts of Bienone-ester 64

e éévHa N
oHb

Adduct 67° 68 69 70 71 72 73 14 5 18
C-2H  5.87 5.75 5.60° 5.72 5.74 5.75 5.75.5.76  5.69  5.8]
C-3H  6.57 6.46 6.31° 6.11° 6.40 6.43 6.47 6.20 6.0  6.40
C-4a H '2.75 2.43 2.49 2.56 2.63 2.62 2.71 2.56  2.53  2.63
C-5H 2.11 1.92 3.00 2.10 2.02 2.08 1.91 2.03  complex 1.89

C-6 H 5.66 -- 5.05 5.50 5.48 5.29 -- 5.16 -- -
C-7H 5066 =~ 575 5.35 5.48 -- 5.3 - 5.17 5.20 .

C-8Ha 2.25 2.09 -- 2.0 -- 2.08 2.14 2.70  2.65 L
C-8Hb  2.70 2.47 3.45 - 252 2.47 2.62 -- - 2.52
gem CHy 1.18 1,33 1,27 1.34 1.8 1.36 1.19 1.8 1.10 1.6
; 1.07 0.94 1.17 1.0 1.06 1.00 1.02 1.10 1.0 1.02

R of == 158 1.60 1{20 1.10 1.66 1.67 complex 1.57.  1.64
; 1.58 1.41- - ' C 1.07

his spectrum was determined in deuterioch]oroform.

bLohg rangeiu-type coqpiing to C-4a H.

60



61

|-

46. It was possible that tﬁe proton -

of a proton B to a ketone is §1.95

~at C-4a was strong1y deshiélded by the ester carbonyl group and this
was,faken as evidence that the ester and the C-4a proton were on the

same face of the molecule. A]tho%gh the p?ecéeding evidence for a ’
ete-ring fusion 15 not absolutely c0nc1usi§e,in this particular case,
several exémp]és'of this series (Entries 16, 17, 21) give addition&T
nmr,evidéncgzwhﬁch does afford an unambiguous proof. We believe that
when coupled wit ' he éenerality of the cis?principlefthe'evidence is
sufficient to warra t extrapolation of the stéreochemica] aSsignment to

the whole series.. |
.

B. Addition to 2,3-Dimethylbutadiene (Entry 15)58 ' ’

‘Djénone-ester Qg;reactéd smooth]y but s]ow]y# (4 days) with
2,3-dimethy1bUfadféne in the presence of boron trif]yoride etherate to
produce a single 1:1 adduct in 63% ng]d. The mass spécffum showed a
molecular jon at m)e 262.1568 corresponding to the chemiéa1 formula
C16H2203’. fhg ir'spectrqm showed carbony1 abSorptionsAat 1746 (ester)
and 1676 cm'T (enone). The nmr spéctrum showed two.enone pratons as
doublets (J = ]d Hz) at 66.46 and 5.75. Fivé methyl grodps.appeared
as‘singlets at163.61;(esteg3; 1.58 (two vinylic methyls), 1.13 and
0.94 (gem).. | | o '

The specfral data were consistent with structure §§.'vAs was the

e | o uE
* 2y3-Dimethylbutadiene is a relatively unreactive diene.

o
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case with 67 (Entry 14) the cis-stereochemistry was indicated by the
deshielding of the proton at-C-4av(62.63) by the carbonyl of. the ester
group but the stereochemical assignment was made primarily on th¥
basis of the_cis-prineiple supported by the rigorously pyoven .O
stereochemistry of‘adducts 69, 70 and Z§_(vidé infra). |

C. Addition to.Cyclopentadiene (Entry 16)58

Cyt]opentediehe reacted rapfd]y with dienone-ester Qg_to)give-a
sing1e 1:1 adduct\in 70% yield. The mass speétrdm showed a mofecu]ar
ion at m/e 246.1253 1nd1cat1ng“the chemlcal formula C]5H1803 Thé
ir’ spectrum showed bands’ due to a saturated ester (1738 cm ?) and an
enone . (1662 ch']f‘as well as a band at 720 em ) suggesting a Etsé '
disubstituted double bond. The nmr spettrum'showed two‘coupled‘enonel
“i,protons (J = 10 Hz) at 66.31 and 5. 60 and two other vinylic protons at
- 86, 05 and 5. 75 Three methy1.groups appeared as s1qg]ets at §3.65
(ester), 1.27 and 1. 17 (gem) The Spébtra1 data indicéted that )

add1t1on had occurned at the more substituted doub]e bond The_cis-

*Astereochem1stry of the fused ring system was_unamb1guous]y 1ndica;ed

62
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in this. case by the nmr spectrum which showed .a long range W- type47

63

coup11ng of 1.5 Hz between the proton at C-3 (66.31) and that at C-4a .

(52.49). The required W-configuration of the C-3 and C-4a protons is
possible only in the cig-fused isomer. As was mentioned previously

this W-coupling togeéher with a similar observation for adducts gg,

70 and 75 was taken as conc]us1ve proof that the czs-prlnc1p1e applies

f_to all additions in th1s series.

Preliminary analysis of the spectral data indicated that the

structure of the adduct was eitger 69, which would result from ad-

dition to 64 with secondary ovenlap with the ketone carbonyl group, or

. gg, whieh would result from secondary overlap with»fhe ester grodp

of 64. A'eareful‘examinafion of molecular models showed that in 69
the conformation is a "sandwich-]ike“ structure 69afin'which'the
1solated double bond was held under the carbon carbon double bond of

the enone system As .a result the proton of C-2 would be sh1e1ded

: by~the isolated double bond and the proton at C 6 wou1d be sh1e1ded

N by the enone double bond. On the other hand in 80a one of the C-9

protons (Hk) would be sh1e1ded by the enone doub]e bond
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<

Oh~clg~g/e dinat1on of the nmr spectrum of the adduct (Table X)

L

it was evident that og1ther of the C-9 protons (61 60 and 1.41) was
‘part1co]ar]y shlelded relatlve to-the~brjdge protons of the mode]
compound norbornene (81.32 énd 1.0745). Comparison of'the chémicé]
shift of the proton at C-2'(65 60) w1th other compounds in this
series (6? .69 to 65 87) showed that it was exper1enc1ng a sh1e1d1ng
effect. Furthérmore one of the olefinic protons,(65.75) waspshifted
upfield'from the normal value of §5. 95 ‘for norborene47. These date
. supported the assignment of structure 69 wh1ch was in agreement with
similar findings in th1s ser1es that add1t10n of dienes to 64 pro- |
ceeds with secondary overlap of the enone carbony] group rather than

the ester carbony] group (vtde infra, Entr1es 17, 20, 21).
D. Addition to trans-Piperylene (Entry 1)

‘,Nith trans~piperylene under boron?trifluoride.etﬁerate catalysis, |

+
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dienone-ester 64 reacted smoothly to give a 1:1 adduct in 83% yield*.
The cmr spectrumgzz the recrysta]idzed product showed that it was a
single compound (15 lines, Table I{} . The mass spectrum showed a
molecular ion at m/e 248 1413 character1st1c of the chemical formu]a
C15H2003 fThe ir spectrum showed a band at 1725 cm -1 due to a saturated
~ester and one atv1685 cm'] indicating an a,B-unsaturated ketone. " The

- nmr spectrum showed two coup]ed enone protons (3 = 10 Hz) at §6.11

E

“The keto-ester 81 was also obtained in 6% yield.

Exam1nat1on of the nmr spectrum of thev unrecrysta1]1zed product showed
a trace (~7% of the adduct) of the isomeric keto-ester 71 identified
by comparison with the nmr spectrum of an authentic sampie of 71 ob-
ta1hed from. add1t1on of cis- p1pery1ene to 64 (Entry 18). .

o

»

- $ ‘
oY .




and 5.72 and two other coupled vinyl protons (J = 12 Hz) at 65.50 and
- 5.35. Methyl signals were observed as singlets at 63.67, 1.14 and 1.10

and a doublet at 61.20, These data indicated that the product had

been formed by Diels-Alder addition at the more substituted double bond
w ' ' ’
of 64.

Closer examination of the nmr spectrum of the adduct gave prooffof‘
the ring-fusion Stereoéhemistry. The nmr signal of the proton at C-3

47 of 2 Hz to the proton at

(86.11) showed a_long range w-fype-coupling

C-4a (§2.56). ,Inspectfoﬁfbf Dreiding models showed that only in the

cis-fuséd4ring system can theseufwo protons attain the required W-

configuration. Again this. supported the conclusion that a11'§he

adducts in this sef%es are formed in accordance with theﬁcis—principle.'
The position df tﬁe methyl substituent was atso indicated by the

nmr spectfum{"Besiéés the 2 Hz couﬁ]ing to the C-3 proion,the signal

of the proton at C-4a clearly showed: two additional couplings of 11 .

and 6 Hz. This indicated that two protons were adjacent at C-5 apd

- were only compatible with p]écemént'of the methyl substituent at C-8,

the result expected for addition according to. the ortho-rule. &f
secondar& overlap with the enone carbonyl group was preferred i%;the
transition state Lhen we can assign structure ngto}the'ﬁroduct of this
reaétion.v |

In proof of the pbsftion_of the,m&thy1.Substitdéﬁt,‘gecarboxylatfon‘

"of the adduct with 1ithium iodide dihydrate in refluxing 2,4,6-

60

collidine’" fortuitously gave a singlé’product in 66% yield which was

-
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identical by nmr and ir analysis with enone 30 obtained:by Diels-Alder
This identity unambiguously

addition of tramns-piperylene to 28 (Entry 10)
fixed the position and stereochemistry of the substituent as that

specified by structure 70

70 \ 30

E. Addition to ecis-Piperylene (Entry 18)

) D1enone-ester 64 reacted with czs p1pery1ene 82 in ether with

ferr1c ch]or1de as -a cata]yst to give a 50:5Q m1xture (by nmr
Fract1ona1 crysta]]1zation

’.1ntegrat1on) of two products 1n 74% yield.
gave two isomeric keto-esters, one of which was found to be identical

. >
The other compound was a single_isomer by cmr analysis (Table IX)

by nmr and ir analysis with keto-ester 70
-1

and showed a molecular ion'at m/e'248 1414 . (C15H2003) in the mass.
2

In the ir spectrum carbonyl bands at 1741 and 1668 cm

*

spectrum
1nd1cated a saturated ester and an enone whi]e an absorpt1on at 702 cm

*The rema?kable acceleration of the rate of Diels-Alder additions
- to 64 under the. cata]ysxs of ferric chloride is d1scussed 1ater in

' - this chapter
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suggested a cis-disubstituted double bond. The‘nmr'spectrum showed two
enone protons as -doublets (J = 10 Hz) at 66.40 and 5, 74 and two other
vinyl protons as a'sing]et at §5.48. Methy] groups appeared as singlets -
at 63.60, 1. 18 and 1. 06 and a doublet at 1.10.

The czs-stereochem1stry of the ring fusion was’indicated by the
appearance of the C-4a'proton signal at 62.70 in the nmr spectrum.
As dlscussed in previous entries the. proton is probably deshielded by
the ester carbonyl,however the r1ng fusion stereochemical ass1gnment

was made pr1mar1]y on the ba515 of the cig- pr1nc1p]e wh1ch was

: r1gorously indicated 1n this ser1es-by the nmr spectra of three'

4

,“examples (69, 70 and 75)

4
The regiochemistry of the r1ng B methy] subst1tuent was 1nd1cated

by the Clear presence of two coup11ngs (7 Hz and 4 Hz) in the nmr
s1gna] of the C- 4a proton® Th1s 1nd1cated that C 5 must bear two ,
protons and thus the methy] subst1tuent cou]d on]y be located on C-8.
The preced1no .ev1dence 1nd1cated that the compound was identical with
keto-ester 70 in every structura] detail gggggt the stereochem1stry at

C- 8 and thus structure 71 was tentat1ve1y assigned
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- %he keto-ester Zl}w;s decarbomethoxylated with Tithiuh iodidé€'
E dihydrate in ref]uwing 2,4, 6-co]1idine6d to give a chromatograph1ca]1y .;-’
'1nseparab1e mixture of two enones 1n 64% y1e]d fhe mass spectrum of
thé mixture showed a mo]ecu]ar ion at m/e 190 1356 1nd1cat1ng the :

_ chem1ca] formu]a C]3 180 and the ir spectrum showed. an enonejabsorpt1ons N
at 1671 cm ?.“ The nmr spectrum showed two sets of s1gnals 1n an. .
1ntegra1 ratio of 32:68. The major set of 51gnals 1nc1uded enone 4U
protonsasdoub1etsv(3 =10 Hz) at §6.60 and 5~77'and -a comp]ex vinyl
proton signal at §5.70 to §5.40. Methy] groups showed up as s1ng]ets )
"at s1. 17 and 1.04 and a doub]et at 50 81. The m1nor set of s1gna]s

| showed coupled enone protons at §6.27 and$ 70 a comp1ex v1ny] s1gna1 at
65.70-5. 40 and methy] ‘groups at 61. 30 1.12 (s1ng]ets)and1 04 (doub]et)u
.Compar1son of the preceed1ng nmr’ data with the spectra of other enones
c'1n this ser1es (Tab]e VI) showed that the maJor set’of s1gna1s was "rg' ‘

character1st1c of a trans fused enone Wh11e the m1nor set was charac-

ter1st1c of a cig- fused enone. and. structures 47 and 77 were tentat1ve1y”
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ass1gned .
Conc]uswve proof of the C-8 stereochem1stry of 47 %nd 77 was

offered by the nmr spectrum As was pred1cted in the d cu551on of

eig-enone 30, the C-8 proton of 47 shou]d be he]d 1n the esh1e1d1ng

unaffected The C-8 proton of 47 appeared as am tip]et at|s3. 06

X

“ "l’his assigment was: éonfirmed ’oy the ohsef‘vatwh of sigmﬁca t sharp-
* ening of the signal. upon i rradiatioﬁ* of the protons of the ad acent :

Jnethy1 group (6'!.04) B R LT BRI

: e .o - L . A T B S R
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methyl group at C 8 appeared at the normal vaiue of 61 04 relative to
the deshielded C-8 methyl group of §g_(&1.38) Such an effect could
on]y‘occur_if the stereochemistry at C-8 was as defined by structure
47. Sincexéz_and its trans-isomer were both derived from the same |
keto-ester (fi), it followed that the trans-isomer must have the

stereochemistry defined by structure 77.

In final proof of the regiochemistry of 71 as we]] as of 47 and

77 which were derived from it, the mixture of 47 and 77 was aromatized

with i/-bromosuccinimide42 43 to give an ary] ketone derivative 1dent1ca1

. with 40.

<

F. Addition to Isoprene (Entry 19)

‘Dienone-ester 64 reacted mith isoprene under boron trifluoride =« .

etherate catalysis to give a 70:30 mixture (ge ana]ysis)’of two

‘isomeric adducts in 73% yield. These two compoUnds~were inseparable

" by ordinary,chromatographicdmethods and,only'preparative'higthressure

‘]iquid chromatography'gave fractions sufficiently enriched in each

“isomer to allow crysta]]ization Recrystallization from ether gave

. compounds by the appearance'of 15 Yines 1

pure samples of each adduct. Both isomers were shown to be 31ngle
l y qn7the1r cmr spectra (Tab]e IX)
The maJor 1somer showed a mo}ecular don at m/e .248. 1410 in the
mass spectrum indicating the chemica] formu]a C15 2003 and carbony1
bands in the ir spectrum at 1744 (ester) and 1672 cm -1 (enone) The '
nm>‘specfrum showed two enone protons as doublets at 66 43 and 5 75 and

o B

- . . N " " : P .\“ . , 3 :' . AR
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a v1ny1 proﬂbn as a mu]t1p1et at 65 29 as well as- methy] s1ng]ets at
6§3.64 (ester), 1.66_ (v1ny11c) 1. 16 and 1.00 (gem)

The mass spgctrum of the minor isomer showed ahmo]ecular jon at
" m/e 248.1412 ihdicoting thovchemical formu]o C15H2003 and its ir |
-1

spectrum showed bands at 1740 cm ' -indicating a saturated Qter and at

1667 - cm'] due to an o‘e -unsaturated ketone Its nmr'spectfum'showed

. two doublets at 86. 41 and 5. 75 due to enone protons and another v1ny1
proton as a,mu]t1p1et at 65,34. Methyl singlets appeared at 63.67
(ester), 1.67 (vin&]ic); 1.19 and 1.02 (gem). .On.the basis of the

' précéeding spectral data and makiné the'rjhg fusion stereochemica]
kassignmentfon‘the basis of the cis;pfinciple it is clear that one ofiﬂ'

.thevproductS'Must be keto-ester 72 and the other must be 73.

The4g:iooipalssigna15»of the hmrASpeotra of»both-cOmpounds
' (Tab]e X) aj eared’at virtua]ly ideqtica] sh1fts,however c]ose

B examinat1on s owed significhnt differences in th protons at C~ 5 and ~

‘ ‘ -
C-8 The jor isomer showed a mu]tip]et at 2. o1 due to the C-S S
'*]‘methylene group and broad doublets at 62 08 and 62 47 due to protons -

."{'4

Te e ST T (.H L

NI



- Ha and Hb at C-8. The minor isomer showed a muitiplet at 61.91 due
to the C-5 methylene protons and broad doublets,at 62214 and 62.62
due to protons Ha and Hb at C-8. We would expect the C-8 protons of

"72 to be sh%elded relative to those of 73 by the prox1m1ty of the

46 Similarly the C-5 protons of 73 would be

methy? substituent’
sh1e1ded!re]at1ye to those of 72. Examlnation of the preceed1ng nmr'}
» data Teads to the concfusion that’the major isomer is the anti-para
add1t1on product 72 wh11e the normal pura- -addition product 73 is -
the minor component. : _ . —’//
This conc]us1on is supported by the cmr spectra (Table IX) As

expected C-8 of 72 (633 1) is desh1elded re1at1ve to C-8 in 67

0 COzMe

, (528 6) due to the s-effectm of the methyl group at c-7 wh11e the. C- 5
_carbons have v1rtua11y the -same shift (624 2 and 23 9). S1m11ar1y Cc- 5

in 73 (529.0) is deshielded relative to C-5 1n 67 (623. 9 by the

B-effect61

} each mo]ecu]e have the samé shift (528 6 and 28 7)

In absolute proof of the regiochemica] assignment the major 1.f1'" ]

73

-of" the methyl substituent at C-6 while ‘the C 8 carbons of _[4
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isomer was converted to the aryl-ketone derivative. Decarboxylation
.with lithium iodide dihydrate in refluxing 2,4,6-c0111dine60 gave
a 50:50 mixture (97% yield) of two compounds. The exact mass of

m/e 190.1356 (C,5H 180) and an ir absorpt1on at 1674 cm -1

indicated'

that the mixture consisted of a pair of isomerlc enonés. Nmr ana1ysi5'

shewed signa]é characteristic of a ¢is-enone: ' enone doublets at 66.28

'and 5.67 and gem-d1methyl singlets at §1.29 and 1. 08 The nmr . .

Spectrum also showed signals character1st1c of a trans-enone enone

doub]ets at &6. 57 and 5.72 and gem-dimethyl sxqg]ets at §1.12 and 1.02.
Aromat1zat1on of this mixture of cze- and trans -enones with

N:bromosuccin1m1de42 43 gave an aryl-ketone der1vatjve (37% yield)

1dent1ca1 w1th the ary] ketone 41 obtained: previous]y It fo]1ows

that the mixture of decarboxylat1on products must be cis- and trans-

. enones 31 and 36 and thus the adduct from whigh they were der1ved--the
maJor adduct-Amust have antz-paﬂggbtructure 72.
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By a similar approach the minor isomer 73 was converted with
11th1um 1od1de dihydrate to a 43:57 m1xture of two compounds The h
mixture gave a moTecu]ar ion at m/e 190. 1352 in the mass spectrum and
showed two erione absorptions at 1686 and 1674 cm -1 in the ir spectrum
Nmr analysis showed two sets of s1gnaTs which were character1st1c of.-

a pair of cis- and trans enones The m1nor set, which was attributed
to the cig- 1somer, included two enone protons as doublets at §6. 29 and
- 5.68, and a vinyl proton as a mu1t1p1et at 65.33, and methyT s1ng]ets

' ~at 61.58, 1.30 and 1.10. The major set, due to the trans isomer,

A

included doublets at §6.56 and 5.72 due to enone protons,.a-mu111p1et .

at §5.33 due to a vinyl proton, and methyl singTets at 61.66,i1.14.and
1.04. SR - | -

| The mixture of enones was. ox1d1zed with N—bqomosucc1n1m1de The
ary] ketone thus obta1ned gave a moTecuTar ion at m/e 186 1047
; 1nd1cat1ng the chem1ca1 formuTa C]3H]40 The 1rlfpectrum showed a
band at 1661 cm -1 due to an a .B- unsaturated ketone The nmr spectrum '
showed two enone protons as doublets at 66 72 andT£ 18, methy] |
. s1ngTets at 82, 40 and . 1 44 (51x protons) and aryTJproton s1gna15 at
' 67.95 (peri-deshielded), . 20 ‘and 7:09.

The structure of: the aryl-ketone was unamblguou51y demonstrated

by 1ts nMr spectrum The pert proton at C 8 (67 95) appeared\as a

.:doublet w1th a coup]ing constant of 8 Hz indicating thatfi;~ l" s T |
proton at. C 7 and thus the methyl substituent must'be'at C-6 as shown
in 49 as weTT as 1n tha enones 48 and 78 and the keto-ester 73 from

LR '.

‘ 'which all three are derived

Soet -

N
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G. 4Addition to 17Viny1cyc1ohexene (Entry 20) - ' oo !

1 V1ny1cyclohexene (54) reacted smooth]y with keto- ester 64 to
\ glve al:l adduct in 87% yie]d Cmr ana1y51s (TabTe Ix) showed that

\ 'the adduct was a single compound "The mass spectrum showed a

: mo]ecu]ar ion at m/e 288 1725 . (C18H2403) and the ir showed bands due

R

\ .
*to a saturated ester at 1728 cm ’ an enone at 1689 ;m-; and a tr1-

' ‘subst1tuted double bond at 835 cm: ]. The nmr spectrum showed doublets ‘

iat 56 20 and 5 76 due to enone protons and a broad s1n91et at 5. 16 |

/

»7'T?due to a vinyl proton Methy] groups appeared,as singlets at 53 66,
1.6 andl J0. L T T
. The preceeding data 1nd1cated that DieTs-Alder addition had

o

e .

6



77

occurred at the more substituted doub]e bond of dienone-ester 64 and
if ‘the add1tion occurred according to the cis- pr1nc1p1e and ortho-
rule and w1th secondary overlap with the enone carbony] structure,

74 could be tentatively ass1gned

. The ois- stereochemlstry of - the AB r1ng fus1on was 1nd1cated by\
‘the appearance in the nmr spectrum of a s1gna1 at 62 56 due to the 1
_C-4a proton -As has been discussed prev1ous]y (Entry 14) this proton‘ .,'
;was probab]y deshielded by the ester carbonyl group. Aga1r however :
B th1s ~assignment was made pr1mar1]a on the bas1s of the inviolate _ '47';
cze~pr1nc1p1e wh1ch was supported 1n this series w1th severa] r1gorous]y
'proven examples (69, 70 75). R o

Decarboxy]ation of the adduct w1th lithium 1od1de d1hydrate60 }
gave a 47: 53 m1xture of two compounds in 61% y1e1d The m1xture gave '
‘a mo]ecular jon at 230 1674 (CIGHZZO) in the mass Spectrum and enone

l

absorptions at 1680 and 1670 cm 1n,the ir spectrum. ~The nmr_spectrum’

by IUPAC and Chemical Abstracts but is used in this chapter to ‘be con- B

sistent’with other ‘compounds fn this series._,ev;mv_ PR R

Y B

i
/ The number1ng scheme shown in structure 74 d1ffers from that recommended*l
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showed th.setS of‘signals."The major one Was identical with those

fobsérvedifor the bure trans-enone gz;and the minor set was identical

with the observed spectrum'of‘pure cig-enone 32,

37 a2

.The~idéntity of the two products with enones 32 and{37“fiXe$ '

both the reg1ochem1stry and C 10a stereochem1stry of the D1els-A1der ,

adduct as that- def1ned by the structure 74. In conf1rmat1on of the
reg1ochem1ca1 ass1gnment, aromat1zat1on of the mixture of. enones w1th
N-bromosuccinim1de gave an- ary] -ketone der1vat1ve (20% y1e1d)

,1dent1ca1 w1th ary] ketone 42.

8}

78

’

we



H. Addition to trang-2-Methyl-1,3-Pentadiene (Entry 21)

V‘-The bdron trifluoride etherafeicatalysed additlon of trans 2+
methyl 13- pentad1ene (59) to dlenone ester 64 proceeded to give a
-50:50 mixture (by nmr 1ntegrat10n) of two isomeric 1:1 adducts in 83%

P Y

yield. ‘Separation by,fract1onal crystalllzat1on-from ether gave two

eure addécts_each'of which Was'avsingle compound by cmr (Table IX).

One compqund showed a |molecular fon at m/e é62.1567pin the mass

spectrum 1nd1cat1n the chdm1cal formula C]6 2203 The ir spectrum

-1 and -an enone

-1

showed a. band due to a satqrated ester at 1728 cm

-1

‘ absorpt1on at 1689 cm ' as Mell as a band at 729 cm

due to a tr1-,
B subst1tuted double bond' The nmr spectrum showed two coupled enone
protons at 66 09 and 5 69, a vinyl proton as a- multlplet at 65 l7 and

qjve methyl groups as singlets at 53 64, 1.57 and l 10 (six protons)

o and a- doublet at 61 l3

The other compound showed a molecular ion at m/e 262 1574

(C]6 2203) 1n the mass spectrum and ir absorptd&ns at l739 (ester)

,..:-fs '

Sl

o~
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andv]672 cm

'z'fafter close\exami

80

1 (enone) The nmr spectrum showed doublets at §6. 40

and 5.73 due to two enome protons and a v1ny1 proton singlet at §5. 23

. Methyl s1nglets appeared at §3.60, 1.56, 1.16 and 1.g§<wh11e a methyl

. fin}
L0

doublet appeored at §1:07. .
Compar1son of the pr1nc1pa1 features of their nmr spectra with:

keto-esters 70 and 71 (Table IX) suggested that the former product was

- the expected keto-ester 75 wh11e the latter was the unexpected keto-

ester 76 Furthermore the cig-ring fus1on of 75 was unamb1guous]y
47

1nd1cated by the observat1on of-a long range W- coup11ng of 2 H;

'} between the C-3 (86.09) and C-4a" (62 53) protons As stated previously,
.the requrred w-configuratlon is only p0551b1e in the stable- conformat1on1
of the cis-isomer and not in the trans 1somer  The ctsafusion of 76
: which d1d not show a w-coupling. was assigned on the strength of the {

'Vilczs-prlnc1p1e as discussed for other examples in this series \'T”

The regiocheristry of both isomeric keto-esters was 1ndicated
atfon of their nmr - spectra The signal\due to- the

;__C-4a proton of 75 (62 53) showed two additional coupllngs of lc'and :
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6 Hz and the C-4a proton of 76 showed up as a doublet pfldoublets at
62.63 with coupling constants of”10 and 4.Hz. In each case .the
»indicated presence_of two protons on C-5 required that a methyl
substituent be placed at C-8 and consequently the allylic methyl
substituent must be at C-6. t |
The ‘structure of adduct 75 was confirmed by decarbomethoxylation

" with lithium iodide dihydrateso

to’ g1ve a 65:35 m1xture of two products

" Nmr ana]y51s of this m1xture showed a major set of 51gnals wh1ch was
identical with thezfpectrum of pure cis-enone-33. The minor set of

‘signals was found to be identical with the spectruh of pure trans-d
enone 38. This. resu]t f1xes both the reg1ochem1stry and the C-8

sterepchem1stry ef keto- ester 75 as that 111ustrated by the structure..
: )

Us1ng a sim11ar approach the keto-ester 76 was decarboxy]ated : f.’.
» with 1ith1um iodide d'ihydrate60 to give a 55 45 m1xture of two prodqcts s
"f1n 83% yield The mass spectnum of the mixture showed a molecular
jon at m/e 204 1518 (C14 200) and the ir spectrum showed enone

a;>absorptions at 1681 and 1670 cm ] The nmr spectrum showed two sets‘,eff:



of signals. ThepmaJor one was character1st1c of a’ cts fused enone
jTab]e VI) w1th coup]ed enone protons at §6.25 and 5. 67 a v1ny]
proton doub]et at.ﬁs 38 and methy] groups at 81.56, 1 28 1. 11
(51nglets) and 0.97 (doub]et) "The m1nor set of s1gnals was charac-
ter1st1c of a trans -fused enone (Tab]e VI) Enone protons appeared
as doub]ets at §6.57 and 5. 73 and a v1ny1 proton appeared as a
mu1t1p1et at 65.23} Methyl groups appearedvat 61.64, ].16, 1.02.
@sing1ets) and’0'75 (ddab1;£) The preCeeding.speotral data supportéd'
the tentat1ve a551gnment of the eis- and trans—enones as structures

63 and79". e o

82

S Conc1u51ve evidence of the C-8. stereochem1stry of both the enones} S

" and the keto-ester 76 was offered after c]ose examination o; the. nmr

-7‘__ spectrum of 63 and _g As was pred1cted in the dlscussion of Entry 13fffffr:~'

This assignment was confirmedﬁhyibrffdiation of "the m
60 97 which produced‘a'marked sharpening. of ‘the mu
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:;yields Furt&ermore the dienOphilicti' (with one minor exception._g

R ‘r'f'(sn;nies 17, 18, zo and 21) However the ant‘lcipated promot'wn a§

¢ ,,‘_' -~

1\ |
and appeared at §2. 97 while the C-8 methy]l substituent appeared at the

normal shift of 60 97 Such an effect is on]y p0551b1e 1f the C 8 ’f

stereochemistry is as dep1cted in,63. ,-

In proof of the reg1ochem1stry, the mixture of enones 63 and

R Y \

.>79 was aromat1zed with N-bromosutc1n1mide to g1ve an ary] ketone d

derivat1ve 1n 31% yie]d which was. 1dent1ca] with the aryl- ketene 43;'

: obta1ned prev1ous]y (Entry 13)

*“From the precee-“ grresutts 1t can be seen that d1enone-ester. ,"
64 1s a much more reactive dlenoph11e than dienone 28 and reacts even

w1th re]at1ve1y unreactxve dienes (Entry 15) to give adducts 1n good

l

"'Entry 17) is a]most entire]y restricted to the more substituted double o
"‘Lbo d. As expected the ertho-rule is r“l"ollowed when applicable :é

o L

, .of 75 and:76 by- fractional crystallization' i ‘uimecessa “

It shouad be noted that the mixtures 33 +~38 ané 53 +_7§.._are
chrmtographical\l;( Separable from each otﬂirt so. Ehat the sepay




para add1t1on of 2- subst1tuted d1enes under boron tr1f1uor1de etherate

- catalysis was d1sappo1nt1ng1y sma]] (Entry ]]) “The endo se]ect1v1ty

of addltlons to d1endgw~ester 64 appears to be w1th a dom1nant pre-

15

-ference for secondary over]ap w1th the ketone carbony] group

(trans1t1on states of type A) rather than w1th the ester group

’47‘(trans1t1on states of type B) (Entrwes 17, 18 and 20)

One part1cu1ar1y 1nterest1ng observat10n however was the format1on

‘.of the two C 8 ep1mer1c adducts 75 and 76. by add1t1on of trans 2—
'}* methy1 1, 3-p\ntad’gne (59) . These two products clear]y resu]t from

) add1t1on via two qu1te d1fferent transition states Keto- ester 75

w0u1d be" the resu]t of add1tion v1a transition state 75A whereas

'keto—ester 76 wou1d~be the resu]t of add1t1on v1a trans1t1on state

.

- :
The formatlon of a pa1r of ep1mer1c adducts 70 and 71 (74% y1e1d 50:50
rat1o) from-addition of cig-piperyléne probably stems at least partly,

tfnf“not ent1re1y,\\om the presence of trans-piperylene (~3%) as an

impurity in the commercial cig- p1pery1ene used. ‘trans- -Piperylene is

"a much more reactive diene than the cis-isomer and could compete ef-.

‘fect1ve1y for the dienophile. The twenty-fold molar excess of diene
used would provide sufficient trans p1perx1ene for conversion of up to

C O ae0% of the d1enoph11e to 70.
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R Zgg. The competition of these two trans1t1on states 1s attr1buted to
a destab1]1zat1on of trans1t1on state 75A by sterwc 1nteract1on )
“between the c-2 methy] group of the diene and a C 4 methy] group of
“the d§enoph1]e Th1s steric effect is ana]agous to that encounterEd'
~in the add1t1on of 1soprene to d1enone 28 (Entry 11) In that case
ster1c destab111zat1on of the trans1t1on state 48A bead1ng to the .
V'e]ectron1ca]1y favoured product 48 resu]ted in the. exc]u51ve format1on
~of product 31 v1a “the e]ectronlca11y d1sfavoured antt~para trans1t10n -

state 31A. - ‘In the case of add1t1on of trans- 2-methy1 1 3~ pentad1e?§;

(gg) the comb1ned ortho- and para-d1rect1ng e]ectron1c effects are



48R - 48

3] 3]

———

sufficient to overcome the steric destabilization of transition

state 75A. Thus no abnormal additioﬁ product 82 is observed.

0 co,Me

However, the steric destabilization in transition statb 75A can

be alleviated without vio]afion of the ortho- and parg-rules in thi§

86
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case by addition via transition state 76B in which no such steric
interaction can occur. The'experimental results confirm that this
transition_state does in. fact compete effegtive]y‘with'1§ﬁ,

" The c;%petition of the two different transftion States 75A
~and 76B for addition of trané-z—methy1~1,3-pentadiene (§2) suggests
that a similar effect might operate for addition of 1éoprene. A
portion of the material would proceed via the pard-ru}ehguided
tfansition state 73B, in which there‘is no steric inferaction between
the methyl groups, to give only keto-ester 73. The remainder would ’
proceed via transition state Zgﬂjzgﬁ_throuéh which the ratio of
products 72 and Zg_woﬂld be governed by the re]ativevstrengthswpﬁjthe

steric and electronic direcﬁing‘effects.

e R — p— D ey g T —_—

B




In view of the preceeding discussion two poss1b]e methods are
evident for further enhancement of the para- se]ect1v1ty of addition
of isoprene to dienophiles of this type. Increasing the polarization
of the dienophilic double bond should lead to increased’para-se]ectivity
regardless of which transition state (A or B) is in effect And
secondly, any change in the reactlon condi tions which would favour a
trans1t1on state of type 8 re]at1ve to one of type A should also
increase the paray e]ect1v1ty since on]y para-addition of isoprene
is expected via dégnsition states of type B. ‘The former requirement
might be achieved either by the use of a stﬁonger (and therefore
more,electrbn withdnaWing) Lewis acid catalyst or by subsfitutionlof
the carbomethoxyl group of §§_With a‘more electron withdrawing
‘substituent. Thus the ratio of pafa:anti-para addition products
could well be a function of the relatfve Lewis acidities of a series'
of cata]yefs. ‘with regard to the latter requirement it should be ‘
emphasized_tngx endo—seleciivity is increased under the influence of.

17,36 .

Lewis acid catalysis Thus one might predici that appropriate ).'

choice of a Lewis acid which would, in the ideal caseﬁ.comp1ex gnlx
‘with the ester‘carbony1 would promote breferentia] secondary overlap |
w1th the: ester group (as in B) rather than wfth'the ketone carbonyl
(as in A),. -. | - ]
To study these possibilities we examined a variety of Lewis
aéids as cata]ysfs for the addition of isoprene to dienone-ester 64

in ether solution and also briefly examined the reaction under thermal
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4 . '
conditions The resu]ts are summarized in Table XI.. The tab]e shows:
that “the increase in the proport1on of para-addition product obta&ned

by varying the catalyst does not str1ct1y parallel the general order

62_

BX >A]X3>FeX SbX >SnX >ZnX It appears«that the

3 5 4 2°
resu]ts are comp11cated by othe factors, most probab]y the effect of
s 64

of Lewis acidity
the re]at1ve hardness or softne of the Lewis acids.

Severa] entries are part1cu]ar1y noteworthy First]y the
catalytic effect of boron tr1f1uor1de (Entry 19) actually acts to
decrease the para- se]ect1v1ty of the reaction re]at1ve to the thermal
cases (Entr1es 22 and 23). Th1s is almost cert§1n1y due to the
effect of preferént1a] coord1nat1on of the re]at1ve]y\hard Lewis
ac1d- -boron tr1f]uor1de-¢w1th the ketone carbonyl group.’ The result
/’fs promotion ofitggnsition state_Zéﬂjzgg_in which the electron with=
drawing effect on the dienophilic double bond promoting para-rule
guided adoition is ingufficientwto“counteract the steric directing
effect which promotes anti-para addition. Thus the predominant ‘

product is 72 rather than 73.

=

OHCOZMei

-

9 co,Me
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TABLE XI. Effect of Catalysts Qp?ﬁ&aition of Isoprene to Dienone-ester 64

7
e

0 co,Me
CO;Me l 0.5 equiv. cata]yst “ ’
ether,.r.t,. : ’
equiv 73
' : Time for ) ,
Entry Catalyst - completion (hr.) Yield 73:72
19 BF 3-Et,0 ' 72 73y 30:70
22 - 125° ‘toluene- - | ‘ 40:60
23 250° mesitylene , 1 © 47:53
24 . TiCl, R V'S . 4g:52
25 ZnCl, 8 | o .i\ggégz
%6 . FeCl, 0.3 50750
27 soer,®® | 168 | 51:49
28 AICT 4 | | AL 53:47
29 .~ AlBry, 265 643 56:44
30 SbCTg - - & — 66:34
3 ~sncl, | a4 © T 99y 82:18
) Y
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In the case of stannic chloride (gntry 31) the Lewis acid is

N

capable of forming 1:2 complexes with certain Lewis bases such as s

% This could result in the

aldehydes, ketones, esters and ethers
formation of a complex such as 83 (L = ligand: (€17, OCRZ, and/of

0R2) between the Lewis acid and the bidentate 1igand'dienone7ester 64.

The electron withdrawing effect bf the Lewis acid exerted on the

AdienophiTic“doub1e‘bond through the two éarbonyl groups at once,

together with- the expected'invrease in contribution to the reaction

. .
from transition state 73B cotld account for the surprisingly large

Zg;zg_pfoduct ratio. Regardless of the reason for this effect, the

ability to select the predominant'product of addition (Zg_dr 73)

~

* ' . °

This increase is expected for two reasons. Firstly, Lewis acid com-
plexation of the ester carbonyl to "any ext?nt would be expected to
promote secondary overlap with ester group!7,36 at the expense of
secondary overlap with the ketone. And secandly, since the experimental
‘evidence suggests (Entry 19) that the hard Lewis acid boron tri-
fluoride complexes preferentially with the ketone carbonyl, it is
possible that the very soft Lewis acid stanni¢ chloride might exhibit
a preference for closer association with the ester carbonyl in complex

= 83. This would further promote secondary overlap with the ester rel-

ative to the ketone and lead to an increased contribution to ‘the
reaction from 73B. ' :

o



v
solely by the choice of the Lewis acid catalyst (boron trifluoride’
etherate or stannic chloride) constitutes a prime example of the

44

concept of "guidance.by.cata1ysis"~which has been conceived and

66,67

demonstrated by Va]enta The realization of this capability for

product selection const1t\jes a powerfu] tool in the design of
synthet1c schem;s

'The case of fertic chloride (Entry 26) is also notewortﬁyt The
" remarkable increase in reaction rate brought about by this catalyst
has made possible the addition‘to 64 of the relatively unreactive diene
' cis-bipery]ene'(Entry 18) to give keto—gster 71 and has also a]]owed
the rapid generation of'adduct’ZQ;in'good yie]d,With efficient use
(Tess than two équiva]ents required) of:the réther costly diene |

1-vinylcyclohexene (53) (see Chapter.3 of this thesis).

The reasons for th]S effect could stem from the ab1]1ty of Fe(III) to

68

form hexacoordinate complexes - with B- d1carbony] compounds, SO that

the b1dentate 11gand keto-~ ester-ﬁ4 could form a’ complex such as 84

S 3

(L 11gand c1, . OCR2 and/or 0R2) as was suggested for-stann1c :
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ch]oride. The e]ectron withdrawing effect of the Lewis acid acting
through both carbony]s cou]d lead to a particularly strong po]ar—
ization of the doub]a bond Since ferr1c ch]or1de is expected62st
be a stronger Lewis ac1d than stann1c ch10r1de the s]ower rate for
Stannic ch]or1de is not cons1dered unusual.

The loss of para-se1ec;1v1ty of addition is phzz]ing however.
The greater inddced-po]arization of the dienophilic doue1e bond;by
ferric‘chlorfde should be expressed in the nroduct'ratio.‘ Possibly
the 1aek ef’se1ectivjty_is the result of a kinetic contro] on the
extremely fast reacfjon which does not a]pr selection ef the
orientation. leading to the most stable transition state. The use of
a lower reaction'temperatnre mfght bring out this selectivity (if
: present) by a]]ow1ng thermodynam1c factbrs to affect the development

of the transition state.

In conc]usion,the deve]opment of dienone 28 and'dienone]ester 64
as d1enoph1]es makes ava11ab1e two useful new intermediates for the
synthet1c chem1st In particular dienone- ester 64 offers a reactlve

. d1enoph1]e which can add eff1c1ent1y even to re]at1ve1y unreactive
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dienes.. Furthermore the activating substituent (carbomethoxyl) of
64 can either be removed or used as reactive site for further el-

o]

aboration of the adducts.

CO, Me

. 28 | 64

' Hav1ng demonstrated the feasibility of" generat1ng Diels-Alder
adducts of d1enone 28 ‘and dienone-ester 64 we have undertaken to
demonstrqte the synthet1c_ut111§y of severa] of these adducts: %he ’
Qse of enone 31 in the tota]:synthesiS‘of,idhene43 has é]ready Been
described wh1]e the use of keto-esters 73 and 74 will be illustrated

in subsequenf chapters of th1s thes1s

(“zr :
¢




' | .
R ' Experimental . o ‘ ™

Genera]

Melting points were~determined on a Kofler hot stage apparatus and

- are uncorrected. Elemental analyses were performed by the microana]ytica]

1abbratory of this department. Infrared (tr) spectra were recorded on
a Perkin-ETmer model 457 or N1c01et 7-199 FT-IR spectrophotometer and
except where otherw1se stated, were obta1ned on solutions in ch]oro-
form. Proton nuc]ear magnetlc resqnance (nmr) spectra were recorded on

4

-
a Var1an HA 100 HA- ]OO/D1g11ab or Bruker WH-200 spectrometer and,

rexcept where otherwise stated were obtained on so1ut1ons in carbon

-

tetrachloride with tetramethy] s1]ane as-internak reference. Carbon-13
nuclear magnetic resoqgnce:(cmr)-spectra:were‘recorded on a Bruker WP-60/
Nicolet BNC-12 system or a Bruker'HFX 90/N1co]et 1085 system and were
obtained on solutions-in, éeuter1och1oroform u51ng tetramethy]siﬁane as

1nterna1 reference CMR data on compounds 23 30- 33 35-37, 67, and

)

.70 76 of Chapter 1 are reported e1ther\1n this sect1on or in Tab]e VI

or IX of Chapter 1. The fo]]ow1ng abbrevrations*are used: s = sing]et

TNx

d = doub]et t = tr1p1et q = quartet and m = mui\\p]et Mass spectra

N ¢
(ms) were recorded us1ng A.E.I. model MS9, MS12 or MS50 mass spectroa

meters. Gas chromatography (gc) was performed on a Hew]ett Packard
5750 research chromatograph using sta1n]ess stee] columns (8' x 1/8")\
gacked with either 10% d1ethy1ene g]yco] succinate (Column A) or 15%

SE-30 (Column B) on 80-100 mesh Ch?omosorb W, acid washed and treated.
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with dimethylchlorositane. Un]ess stated otherwise anhydrous magnesium’

sulfate was used . for drying organ1c solut1ons
‘Materia1s - : o _ T

Benzene was distilled over Fithium a1uminum hydride or sodium
wire.'}Pyridine was distilled over barium oxide and stored over
potassium hydrpxide pellets.: 2,4,6-C011idine‘was-disti11ed over pot- |
assium .hydroxide pellets. Isoprene was.djsti]fed_prior to use. .Boron
trifTuroide'etherate was dist{11ed over calcium hydride according to

the procedure of Brown69 70. Nitrogen was passed through a purification

train of Fieser's soTutioh7Q, saturated aqueous lead acetate, con-
centrated su]fur1c acid, and potass1um hydrox1de pe]]ets - 4,4- D1methy1-
2, 5 cyclohexadien-1-one 28 was prepared from 4,4- d1methy1 2-cyclohexen-

4]

"1-one 23 by the method of Zimmerman 4,4-D1methy1-2-cyc1ohexen-]-one

' was prepared from methyl vinyl ketone and N-(1-isobutenyl)-piperidine

by the method of DJerass139

N-(1-Isobutenyl)-piperidine was prepared
by the method of Benz1ng7]. Vinylcyc1ohexene.was'prepared according
to the established procedure55 however a more efficient method of

preparation is described in'Chapter 3 of fhi§=thesis;

‘General Cbnditions for Diels-Alder Reactions ongnohe 23 (Table I)

N . SR ' ¢
Enone 23 was d1sso]ved 1n the specified so]vent 0~1% so]ut1on)

and the spec1f1ed quant1ty of cata]yst was . added Then the spec1f1ed

5»‘quant1ty of diene was added as a so1ut1on in the spec1f1ed solvent

-

< C;-_":g

3
[
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(except in the case of butadlene (Entry - 7)'which was ‘bubbled slowly

into -the. so]ut1on) The reactlon m1xture<wasathen maintained at the

- specified. temperature for the time specified? The mixture was cooled

' '~ to room temperaturé and saturated aqueous sodium bicarbonate was

added. The mixture was extracted with .ether or chloroform and the
; extracts were washed w1th water dr1ed f11tered and concentrated

Co]umn chromatography on silica gel eluting w1th ether/petro]eum ether

gaxe the products as specified 1n‘Tab1e I. The quture of ketones.gg

"andk25 (~50:50) showed the fo]]owing spectral properties: nmr §7.15,

6. 46 '6.30 (a11 d, 2H total, alt J = 10 Hz, 2X-HC= CH C(CH ) ), 5 86,
5. 76 5. 66 (a]] d, 2H tota], a]] J= 10 Hz, 2X- HC C- C(CH3)2),-].13 and

Y, 06 (both s, 12H total, 4X-CH ); ir (neat) 1660 (C=0), 1379 and'1369

cm’( (CH3)§ ms Mt‘230. ‘Ketoné 27 showed the fo]]ow1ng spectral

: properties;n nmr §5.33 (m, 1H, -CH-) 2.08 (s, 3H, CH3-C0 ), and 1.63‘

(br s, 3H =C-CH3); ms M 138.

'~‘4,4-Dimethy1-4a8,5,8,8aB-tetrahydro;1(45)1naphtha1enone (gg)*

D1enone 284] (306 mg, 2.51 nmo]) was dissolved in ether (éO ml,

‘ d1st111ed over 1lithium alum1num hydr1de) under an atmosphere of n1trogen

Boron tr1f1uor1de etherate (179 mg, 1.26 mmo]) was added to the st]rred

so]utlon and after 15 min. dry butadlene gas (passed through a dry1ng

i

IS

4 &
e

. The stereochemical designations used in this and all other chemical
names used in this section denete relative stereochem1stry All
compounds used and obta1ned were racemic

©
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. tube of anhydrous calcium chloride) Was'bubﬁ?ediintd‘the4so]utioﬁ;i
Additionq] éutadigne_gas:was fnt;oducedif6f>]5;min:JEACh«daxufor 22
dgys. Then séturated'aqueous‘sodiﬁm~bié§rboﬁate.(3”m1)Awés addedréhd |
the reaction mixture was extraéted with méfﬁyleng ch]orjde. The -
‘extracts were washed with water,‘dried,.fi]tefed_qnd’cohéenfrated."
éo]umn chromatography of fhe residﬁe;on sgl{ca Qé];'eiutiné"with 2%:_
ether in'petroieum ether, gave enone gg:(78 mg; 26% yield 'baééd on '
consﬁmed starting mater%a]) which crysta]liied on'éfgnding; Fufthe;
° elution with 10% ether in petroleum ether gave reébvered dienone gg
(99 mg, 31% recoveéy). :Molec01ar disti11ation 6f'chpomatographiéa11y
‘Gpure enone 29 in a Kuge&cohrvapparatus gavé pdre crystals of enone 29:
mp 69.5 - 70.5°C;fhmr 6&;3] (dd, 1H, J =10, J' = 2 Hz, -CH=CH=C0-),
5.72 (d, W, J:= '1j0‘H_z,\§_,-_C_H=Cﬂ-_co-), 5.55 (m, 2H, -CH=CH-), 2.92 |
(m, T, ~tH-C0-), 2.83 (dm, TH, J = 18 Hz, C-8 HbY, 1.99 (m, 3H,
C-4a\H;and C-5 }CHZ-), 1.94" (dm, 1H, JO= 18 Hz, C-8 Ha), {;3] (s, 3H,
CHé), and 1.10 (s, 3H, CH3); ir‘(CC14) 1675 (c=0), 1383, and 1371
1

Cem” _(CH3); ms M* 176.1202 (ca]cd: for G]ZH]GO: 176.]202). Anal.

Calcd. for C]2H160£. C 81.77, H 9.1%; Found: C 81.83, H 9.29.

. Equi]ibratidn of 4,4-Dimethy1—4aB,5,8,8a8etetrahydro-1(4&)-naphj

" thalenone (29) and 4,4-Dime§hy174as,5,S,Qaa-tetrahydro-l(4ﬂl4néph-_

thalenone (§§).

&

A mixture of cig- and trans-enones 29 and §§f (43:57 by nmr

4

: *This mixtdhe was bbtainéd in 78% yie]d by decarboxylation of keto-ester
‘67 under conditions similar to those used .for decarboxylation of keto-
- esters 70 through 76 (vide infra).

2
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| integrafiqp;;szfha, 1.i§»mm;:§\was dissolved-in methdnol (10 m1) and
1.0 N équéous'sodium'hydro*ide (10 m1) was added. After stirring for
?6‘hh the mfxture was extracted with methylene chloride. Thebektracts 5
“Qere wasﬁéd‘with,water; dried, filtered and concentrated. Column
chromatoéraphy of'thg résidue 6n si]jca gel, eluting with 2% éther 1h
peiro]eum ether, gave a mi&tﬁre of cis- ahdatrans-enones'gg_and'gg_h
(145 mg, 72% 'yield) in a 33:67 ratio as determined by gc ana1ysis
(Column B). Nmr analysis of this mixture showed two distinct sets of
signals. Thé minor set was identical with the spectrum of pure cis-
énone 29 while the major set was’attributablefto trans-engne 34:

nmr §6.58 (d, 1H, J = 10 Hz, -CH=CH-CO-), 52§2 (d, 1H, J = ]b\Hz;
~CH=CH=C0-), 5.62 (m, 2H, -CH=CH-), 1.13 C§%¢3H, CHy), and 1.04 (s,

\

3H, CH3). The following data were recorded for the mixture: ir (heat)

1680 (C=0), 1381, 1369 (CH3), 670 cm-] (HC=CH, cis);'ms'M+ 176.122,

(caled. for C]ZHISP; 176.1201).

4,4,8a-Trimethyl-4ag,5y8,8a8-tetrahydro-1(4H)-naphthalenone (30).

o

Dienone g§_(1]6 mg, 0.935 mmol) wés dissolved in ether (10 ml,
digéilled over Tithium aluminum hydride)»under an atmégphere of nitfogen.
Boron trifluoride etherate (66 mg, 0.468 mmol) was added and, after
: 15 min., trang-piperylene (1.27 g, 18.7 mmo1) waé'added. The so]ufion
was stirred for G'Hays after which a‘So]utgon‘of tranéfpiperylene'\
(639 mg, 9.4'mo1) in ether (5.0.m) was added and the mixture stirred

7 - : ,'A ~
for an additional 2 days. Saturated aqueous sodium bicarbonate
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solution (% ml) waé added and.fhe mixture was extracted with methylene
chloride. The¢extract§ were w;S ed with water, dried, filtered and
concentrated. Cb]umn chromaiogrqpﬁ§ of the residue on.silicakgel,
eluting with 2-3% éther in petro{édm“éther, gave enone gg_(123nﬁg,

69% yield) which crysté]]ized on stahding: mp 50 - 54°C; nmr 65.15
(dd, 1H, J = 10, J*" ‘1;5 Hz,.-Cﬂ}CH;CO-),'S.SB (d, TH, J = 10 Hz,
-CH=C§;CO—), 5.5], 5.3? (both dm, totaj 2H, J= 12 Hz éach, \
~CH=CH-), 2.86 (dd, TH, J = 4, 3, = 3Hé, _CH-C0-), 2.34 (m, TH,
-&ﬂ;CH3), 2.]0- 1.94 (each d, 2H, each J 16~Hz,_-CﬂQ-CH=CH—);

1.38 (d' 3H, J = 8 Hz, -CH CH3), j,33, (s,-3H, CH3), and 1.10 (s; 3H,

_CH ); ir 1686 (C=0), 1397, 1386 (CHy)» and 716 cn™! (eis CH=CH); ms
* 190.1359 (caled. for CqgHy0: 190.1358). Anal. Calcd. for
_C]3H180 C 82.06, H 9.54; Found: C 81.68, H 9.56.

4,4,8a-Trimethx1-4ae,5,8,8aa;tetrahydrd-1(45)—naphtha1enone (35) and
/

- 38-Méthoxy-4,4,8-trimethy1-3,4,4a8,5,8,8aa-hexahydro-1( 2H) -naphthalenone (44).
- - | | , .
Enone_3_0(t108vmg;, 0.57mmo1) was dissolved in methanol (5.0 ml) and

ah aqueous ].O’stolution of,sodium hydroxide (1.0 m1) was added with

o stirring. After 20 hr. the reaction mixture was extracted with methy];

ene ch]br1de and the extracts were washed w1th water, dried, filtered
and concentrated. Column chromatography of the residue on 51}1ca

,gel é]uting with 2-3% ether in petro]eum ether gave pure trans-enone
35 (69 mg; 64% yie]d)‘és an oii“ nmr 6. 49 (d, H, J = 10 Hz,
'l;I-CH CH-CO= ), 5. 72 (d, lH J= 10 Hz, -CH—CH CO ) 5.58, 5.41 (each dm,
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. , O
“total 2H,. each J = 12 Hz, —CH=CH-), 2.44 (m, TH, —CH-CH3); 1.19 (d,

3H, J =6 Hz,‘¥cn=cgg), 1.14 (s, 3H, CHy), and .06 (s, 3H, CHy); ir
1677 (C=0); 1660 (C=C), 1374, 1360 (CHy), and 690 cm™' (cis CH-CH);
ms M 190.1360 (calcd. for C13H180 190.1358). _Anal. Calcd. for
C]3H180 C 82‘06 ~H 9.54; Found: C 82.16, H 9.78. Further e]ut1on

with 2- 3% ether in petro]eum e1ther gave methoxy-ketone 44 (32 mg,
26% ywe]d). nmr-.85.51, 5.33 (each dm, total 2H, each J = 10 Hz, -

|
~HC=CH-), 3.26 (s, 3H, —0CH3), 3.18 (dd, TH, J = J' = 3 Hz, —CH-OCH,),

2.55 (d, 2H, J = 3 Hz —CHZ—CO—), 1.07 (s, 3H, CH3) 1.05 (s, 3H, CH3),

and 0.97 (d, 3H, J =6 Hz, —CH—CH3), ir 1714 (c=0), 1383, 1360 (CHy),
arid £83 cm™! (HC=CH); ms M* 222.

4,4,8-Trimethy1-1(4H)-naphthalenone (40) “

Enohe 30 (85 mg, 0.45'mm01) was dissolved in carbon tetrachlioride

(10 m1) and n-bromosuccinimide (159 mg, 0.89 mmo1) and benzoyl

- peroxide (5.0 mg, 0.041 mmol) were added. The mifture was heated

at reflux with stirring for 30 min., then cooled to room temperature; :

filtered and‘concentrated.‘ Column chrbmatography of the résidue on

silica gel, eluting with 1% ether in petroleum ether, gave an impure -

samp]e of aryl ketone 40. A second chromatographic'purification of

- this material prov1ded a pure sample of - ary] ketone 40 (10 mg, 12%

yield): nmr 67.30 (d, 2H, J = 4 Hz, C-5 H and C-7 H), 7 05 (dd, H, .
Jd =J' = 4 Hz, C-6 H), 6.64 (d, 1H, J 10 Hz, —CH=CH—C0—) 6.15 (d

- TH, J = 10 Hz, —CH=CH—CO—) 2.70 (s 3H, Ar- CH3), and 1.45 (s, 6H,
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2X—CH3); ir 1663 (C=0), 1592 (aromatic C=C), 1395, 1377, and 1364 cm']

(CHy); ms M' 186.1039 (calcd. for C,jH ,0: 186.1044).

4,4,7—Trimethy1-4a8,5,8,8a8-tetrahydro—1(45)-naphtha1enone (31

o

<

Dienone 28 (4.89 Qm, 40.0 mmol) wasidissolved in anhydrous ether
(100 m1) under an atmosphére of nitrogen. Boron trifluoride etherate
(2.46 ml, 20.0 mmol) was added to thé stirred 501utibn and after 30
min. jsoprenq (]2.0-m],_120 mmoT) was-added. Additional. portions of
isoprene were added after each 24 hr._period for 6 -days (12.0 ml,
120 mmol each time) and after 13 and 17 days (40.0lmi,_400 mmo1 each
time). After 22 days the reaction mixture was cooled to 0° and a
saturated aqueousi;o]ution of sodium bicarbonaté (100 m1) was added‘
dropwiée.\ The resulting mixture was extracted with chlofoform. The

extracts were washed with water, dried (SOdium\sy]fate), filtered and

concentrated. Column chrohatography of the residue 6h\siliqa gel,

e]uting with 5-8% ether in Skelly B, gave a mixture of enone 31 ;*’\~x

and polymeric material, Molecular distillation in a Kugelrohr
apparatus at 90° (oven temperature)/O.S'Torr gave pure enonehgl
(4.62 g, 61% yield) as a colourless oil: nmr 66.28 (dd, 1H, J = 10 6%é§
J' =1 Hz, CH=CH-C0-), 5.68 (d, TH, J = 10 Hz, —CH=CH-C0-), 5.18
(br.s, TH, —CH=), 2.89 (m, TH, —CH-C0-), 2.64 (dm, 1H, J = 14 Hz,

C-8 Hb), 1.95 (br.s, 3H, C-4a H and C-5 —CH,-), 1.87 (dn, H, J =

~14 Hz, C-8 Ha), 1.66 (s, 3H, =C-CH;), 1.30 (s, 3H, CHy), and 1.09 (s,
:3H, CH3); ir (neat)*3010‘(O=CH),'1675 (C=d), 1378, 1365 (CH3),'and

v
[



103

-1

827 cm (§=£H); ms M ]90 1354 (ca]cd for C 190.1358). Anal.

13180,
for C13H180 C 82.06, H 9.54; Found: C 81.81, H 9.56.

. /.
4,4,7-Trimethy]-4aB,5,8,8aa-tetrahydrof1(4&)—naphtha1enohe (36)

Enone 31 (459 mg, 2.42 mmo]) was dissolved in methanol (20 ml)
and an aqueous 1.0 N so]ut1on of sodlum hydroxide (10 m1) was added.

The m1xtu§@ wgs stirred for 1 hr. The reaction mixture was then ex:

o

tracted w1th methy]ene ch10r1de and the extracts were washed with water,

N

N
dried, filtered and concentrated. Column chromatography of the

reSidue on silica gel,. eluting’ w1th 3% ether in petroleum ether, gave

a mixture of enones 31 and §§_(400 mg, 87% yield) in a rat1o of 30:70
‘dgtehmined by gc andlysis (column A). ?he mixtuﬁe‘of,enones cry-
stallized on standing and one recrysta]szation from ether gave white
crystals of pure transg-enone §§_k120'mg): mp 56-60°C; nmr 66.55‘(d,

TH, J = 10 Hz, —CH=CH-CO-), 5.69 (d, TH, J = 10 Hz, ~CH-CH-C0-),

5.31 (m, 1H, CH-), 1.67 (br.s, 3, =CCHy), 1.13 (s, 3, CH;), and

1.03 (s, 3H, CHj); ir 1673 (C=0), 1390§>1383 (CH3), and 790 cm”!
(C=£H); ms MT 190. 1359 (caled. for C,.H,.0: ]90.1358). Anal.

1318 ,
Caled. for C13H]80: C 82.06, H 9.54; Found: C 81.94, H 9.78.

4,4,7-Trimethy1-1(4H)-naphthalencne (41)

A 40:60 mixture of cis- and trans-enones 31 and 36 (292 mg, 1.49
mmol) was dissolved in carbon tetraéhlpride (20 m1). N-Brdmosueeéhimide

///~—\\>(730 mg, 2.98 mmol) and benzoyl perokide'(10 mg, 0.04 mmol) were added.

-~
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The mixture“was heated at reflux with'stirring for 45 min., th cod ed
'to room temperature, filtered and cancéntrated Co]umn chromatography
of the residue on silica ge], eluting with 5- 7%'ether in petro]eum

. ether, gave. an impure samp]e of ary] ketone,ﬁl. A second chromato-
graphic purification of thi§ material brovided‘a pure sample of kefone
41 (106 mg, 38% yield): nmr §7.90 (m, 1H, J = ~1 Hz, C-8 H), 7.37 (d,
TH, J = 8 Hz, C-5 H), 7.27 (dm, 1H, J = 8 Hz, J' = ~1 Hz, C—6.H);'"77
6.78 (d, TH, J = 10 Hz, ~CH=CH-C0-), 6.25\£d,,1H,'J = 10 Hz, —CH=CH-LC0-),
2.43 (s, 3H, Ar—CH3), and 1.47 (s, 6H, 2X-Cﬁ3); ir (neat) 1665 (C=0),
1618, 1500 (aromatic C=C), 1383, 1374, 1364 (CHé), 831, and 828 cm']

(aromatic CH); ms M' 186.1053 (calcd. for C]3H]4O 186.1044).

4,4,7-Trimethy]-3,4,4as,5,8,8as-hexahydro-1(Zﬂ)-naphtha]enone (26)

Pieces of 1ithiuﬁ,r1bbon"(480 mg, 69 g—atom).were added to liquid
ammonia (360 m],'fresh1y.di§til1ed from sodium) at -78° under a nit:‘“
rogen atmosphere. After 15 min., a so]uzﬁon of enone‘gl (1.00 g,

5.26 mmol1) in anhydrous efher (60 m1) was added Qropwige over 40 min.
After stirring for an additional 90vmin., solid ammonium chloride

was added to discharge the blue colour and the ammania was allowed
tpﬁévaporate under a stream of nitrogen. The residue Qas dissolved

“in water and extraated wiih chloroform. The extracts were washed with
watér; 5% hydrochloric acid, water and saturated adueous sodium chloride,
. dried»(sodjum”su1fate), fiTtered_and concentrated. Column chromato-
graphy of the residue‘on silica gel, eluting with 5% ether in Ske11y

B, gave pure ketone 26 (791 mg, 78% yleld) as a co]ourless oil: nmr



105

65.19 (m, 1H, =CH-), 2.89 (m, 1H, —CH-LC0-), 2.40 (dm, 1H, J = 18 Hz,
C-8 Ha), 1.64 (br.s, 3H, =C—CH3), 1.32 (s, 3H, —CH3); and 0.97 (s, 3H,
—CH3); cmr 6211.1, 131.8 118. 8 46 0, 44 5, 37.8, 35.. 6, 33.0, 28.7,

28.0, 26.9, 24.7, 23.2; ir (neat) 3010 (C=CH), 1712 (C=0), 1390, 1379

1366 (CH3),‘and 808 cm;] (C CH); ms MY 192.1520 (calcd. for C]3H200:

192.1514). Anal. Calcd. for C]BHZOO €81.20, H 10.48; Found: C

L

81.44, H 10.59.

-
[

4,4,7-Trimethy1-3,4,4a8,5,8,8aqa-hexahydro-1(2H)-naphthalenone (52)

Ketone 26 (611 mg, 3.18 mmol) was dissoived in methanol (60 m).
under an atmosphere of nitrogen and a 1.0 N aqueous so]ut1on of sodium
hydrox1de (6Q mi) was added. The so]utlon was st1rreo for 12 hr. and
extracted with methy]ene ch]or1de The extracts were washed with
water, dried, f11tered and concentrated Ana]ys1s of. the residue by
gc (Column B) showed the - presenre of ecig-ketone 26 and trans -ketone
; 52 in a ratio of'~14 86. Column chromatography of the res1due on |
. silica gel, eluting w1th 2-4% ether in petro]eum ether gave trans-
'ketone §g_(421_?g,:77% yield) as low-melting wh1te crystdls (mp 25~30°C):

Further elution qﬁve a 1:1 mixture of ketones 26 and 52 (25 mg, 4%
yield). Furthewkelutioh gave pure cis-ketone (64 m§,>1oz yie]d).
trans-Ketone 52 showed the following spettra1»data: nmr 65.24‘(m, TH,
=CH-), 1.65 (br.s, 3H, =£—CH3), 1;07 (s, 3H,»CH3), and 0.99 (s; 3H,“ |
CHy)s cmr §212.2, 132.3, 119.5, 47.2, 45.7, 41.4, 38.2, 32.5, 30.2,
29.b, 27.0, 23;3, 19.4; 300§5(C=CH), 1708 (C=0), 1392, 1372'(CH3)1;ahd ‘

.
v
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Anal. Ca]cd for C]3H200 C 81.20, H 10.48; Found: C 81.06, H 10.31.

—"\‘ =y,

4,4,7-Trimethy1-3,4-dihydro-1(2H) naphthalenone (51)

793 cn™! (C=CH); ms M* 192.1517 (calcd. for € H,0: 192.1520).

(A) From trans-Ketone 52

Ketone 52 (63 mg,'0.32 mmo1 ) Qas dissolved in carbon fetrach]oride _
(10 m1) ana N—bromoéuécinimide (117 mg, 0.64 mmol) was add%gi “The
mixture was heated at reflux with stirring for 1 hr. then cooled to
'rodm temperéture, fi]ééred and.concehtrated. Column chromatography of
uthé residue on silica gel, eluting with 1.5% ether in petroieum ether, 7
gave‘purekaryl—kefone 51 (28 hg, 45% yield) as an oi]ﬁ nmr 67.69 (s,
IH, C-8 H), 7.19 (s, 1H, Ar-H), 7.18 (s, 1H, Ar:H), 2.57 (complex, 2H,
~CH,—C0-), 2.32 (s, 3H, Ar-CH,), 1.92 (complex, 2H; —CHy—CH,~CO-),
and 1.34 (5, 6H, 2X—CH3); ir 1686 (C=0), 1611, 1498 (aromatic =C),.

1390, and 1366 cm” '

1

(B) From cig-Ketone 26

(CHy)s ms M" 188.1195 (calcd. for G, 3H7 60 188.1201).

<

Under similar conditions, oxidation of ketone 26 (99 mg, 0.52 mmol)
with{N—bromosuccinimide (148 mg, 1.04 mmbl) in carbon tetrachloride

(5 m1) gave aryl-ketone §l (34 mg, 35% yield).

Ionene (§9)43.

(A) From Aryl-Ketone 51

[N
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Aryl-ketone 51 (34 mg, 0.18 mmoi) was disso]?ed in triethylene

o glycol (1.80 m])‘under an atmosphere’of nitrogen. Hydraz%ne hydro-
chloride (199 mg, Zf8§ mmol) and anhydrdus hydrazine (1.15 ml, 1.16 g,
36.2 mmol) were added. The mixture was heated at 130° (bath'temp— \
erature) for 3 hr. 'Powdéred potassium hydrox;de (408 mg, 12.7 mmol S
based on 87% potassium hydroxide) was added and the resuTting mixture
was heated to 190° for 1vhr. The bath temperature was increased to 230° for
2 hr. during which condensers were exchanged and rinsed to remove
vo]ati]é materials. After coo]jng to room temperature tﬁe reaction
mixture was combined with the rinsings, diluted with‘wéter and ex-
tracted with ether. The extracts were washéd'with_s%'hydroéh]orfﬁ acid
and water, dried, ff]tered and concehtrated. ‘Co1umn chromatography
of the residue on neutral alumina (W§é1m IT) eluting with petroleum
ethgr, gave pure iqnené (50) (20 mg, 64% yield) as an oil: nmr 67.06

|
(d, TH, J = 8 Hz, —CH=C§7C—CH3), 6.78 (d, 1H, J:= 8 Hz, —CE?CH—C—CH3),

16.70 (s, TH, —CH=C—CH3), 2.66 (t, 2H, 0 = 6 Hzs ArCH,-), 2.21 (s, 3H,

| Ar—CH3;, 1.66 (complex, 4H, —CH,~CH,—), and 1.24 (s, 6H, 2X—CH);

ir (neat) 1885, 1745 (Ar—H), 1616, 1500 (aromatic c=C), 1386, 1365

(CH3), 881 and 821 cm”! (Ar—H); ms M 174.1410 (caled. for Ci3tge
174.1408). ,. ;

A%

-

(B) From g-Ionone (53)

Cyclodehydration of g-ionone §§_(9.6 g, 50 mmol) with iodine

(50 mg, 0.20 mmol) at 270° in accordance with the procedure 6f Bogert
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and Fourman™" produced Srude ionene (50) which was distilled over

sodium (bp’117—]19°C/12 Torr) to_givéﬁbure ionene (50) (3.45 g, 40%
yield) as a fragrant colourless oil: nmr & 7.07 (d, TH, J =.8-Hz,

: | J
~CH=C&—C—CH3), 6.79 (d, 1H, J =8 Hz, —CkfﬁH—C—CH3), 6.71 (s, 1H,

. K

CHy—C—CHL—CH;), 2067 (t, 2H, J = 6 Hz, Ar—CH,—), 2.22 (s, 3H; Ar—CH,),

1.70 (m, 4H, —CH,~CH,—), and 1.24 (s, 6H, 2X=CHy); cmr & 142.8,

136.0, 134.6, 129.6, 126.7, 126.6, 39.5, 33.5, 31.9 (2 carbons),

30.7, 20.8, 19.8; ir (neat) 1890, 1755 (Ar—H), 1616, 1500 (aromatic,

1

€=C), 1383, 1367 (CH;) 883 and 821 cm™ ' (Ar—H); ms M’ 174.1411 (calcd.

for, C13HJ8: 174;17b7).

-

4,4-Dimethy1¥4a325,7,8,9,]0,10as,10be-octahydro-1(45)—naphtha]enone (32)

— -3

/

Dienone 2@{(]60 mg, 1.31 mmol) was disso]vedj&n anhydrous etherbﬁ
(10 m1). Bbrbn trifluoride etharate (93 mg,tQ.66emmo1) was added with
stirring followed by 1-vinylcyclohexene (54) (4Sd mg, 2.50 mmo]).
After 3 days a solution of 1-Qiny1cyc1ohexene §gf(450 mg, 2.50 mmoi)
~in ether (2.6'm]) was added. The mixture was stirred for an/Fdditioﬁql
2 days and then saturated aqueous sodium bicarbbhate (1 mi) was added.
The mikture was extracted with méthyiené chioride. The extrécts wereb
washed with water, dried, filtered and concéntrated; Column chrbha-
tography of the residue on si]ica.gel,celuting with 3-5%-efhe;'fn' e
petroleum ether, gave pure enone §§_(201 mg, 67% yield) which
" crystallized on standing: mp 43-47°C: nmr 66.12 (d, 1H, J = 10 Hz,

—CH=CH-C0-), 5.57 (d, TH, J =10 Hz, —CH=CH-C0-), 5.08 (br.s, TH, =CH-),
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_ ’ : o
.2.86 (m, TH, —CO-CH-), 2.50 (dddd, H, 4 =3 = J" = 12, H™ = 4 iz,
e
C-10 Ha), 1.28 (s, 3H, CH;), and 1.04 (s, 3H,\CH3), nmr (200 MHz,

LN

CDCl,) 66.23 (d, H, J = 10 Hz, —CﬂéCH—CQ—) 5.71 (d,- 14, J = 10 Hz,
, > ‘f
| ~CH=CH-C0}, 5.21 (s, TH, =CH-), 3.00 (dddd,TH, J = J' = J" - 12,

-~

J™ = 4 Hz, C-10 Ha), 1.28 (s, 3H, CH3), and 1 04 (s, 3H, CH3), ir
. 1686 (c=0), 1392, 1373, and 1362 cm™ etn3) ms M’ 230.1666 (calcd. for

€]6H220 230.1670).  Anal. Calcd. for C16H229 C 83.43, H 9:63,

Found: C 83.38, H 9.62. . ' . \

X\
oA

4, 4 D1methy] -4ag,5,7,8,9,10, ]Oas 10ba octahydro%& H) -phenanthrenone |

(37) and 33-Methoxy-4,4-d1methy1-3,4,4a3,5,7,8,9§30;10a3,IOba-

tetrahydro-1(25)-phenénfhrenone (55) ° 3 ' ‘W\ E

Enone 32 (194 mg; 0.843 mmpif/wgs dissolved in\methano] (10 m1)
" . , . £ a ’
"and a 1.0 N .aqueous solution of sodium hydroxide (Z.P ml) was .added.

The mixture was stirred for 24 hf: aqg(then extracte% w}th methy]éné
chloride. The extracts were washeé{vtth water, dried& filtered and
‘concentrafed. Column chromatography\gf the reéidue oni silica gel,
e]Uting'with 3% ether 1ﬁ>petro1eum1ether, gave enone.§£ (92 mg, 49%
‘i?eid) which crystallized on standing. | One recrysta]Ti%Ftion from
petro]eum ether gave ‘white crysta]s of pure trans- enone_i_ mp
36-45°C, nmr 6 45 (d TH; J = 10 Hz, —CH=CH-C0-), 5.68 (d, 1H,gJ =
10 Hz,&—CH=C§7C0—), 5.28 (br.s, TH, =CH—), 1.11 (s, 3H, H3), and

1.02 (s, 34, —CH3); ir 1673 (C=0), 1395, 1377, 1365 (CHy),. and 799 cm’!
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(C=CH); ‘ms M 230 1667 (ca]cd for C 22 230.1670). Anal.

Calcd. 8for‘ C16H220 C 83.43, H 9.63; Found: -C 83.70, H 9.44. .

Continued e]ut1on‘gaye aam1xture (14 mg) of enone 37 and methoxy ketone
55. Further elution with 3—%% ether in petroleum ether gave pure
methoxy-ketone 55 (20 mg, 9% yield): nmr s5. 28 (br.s, 1H, =QZH—-),

o

3.27 (s, 3H, —OCHé), 3.18 (dd, 1H, J = J' 3.Hz, —0-CH-), 2. 55 (d,

2H, J = 3 Hz, <CHxC0-), 1.05 (s, 3H, —CHy), and 1.02 (s, 3H, —CH,);
ir 1712 (¢=0), 1389, 1367 (CH3)fand 807 cm™! (C=CH); ms M* 267,
| / 0 ‘
(
h

) '4,4iDimethy]-7;859,j0:tetrahydro—1(45)—phenan;hrenone (42)

e o

tranSrEnoné 37 (77 mg. 0 33 mmo]) was d1sso1ved in carbon
tetrach]or1de (10 ml) and n- bromosucc1n1m1deu(1]9 mg, 0.67 mmo]) and
benzoy] perox1de (5 mg, 0.021 mmol) were added ‘The mixture was heated
at reflux w1th st1rr1ng for 1 hr. then coo]ed to room temperature,
filtered and concentrated Column chromatography of the res1due on
‘silica ge], e]ut]ng w1th 2-3% ether in petro]eum ether, .gave ary]-

ketone 42 (26 mg, . 30% y1e1d) which crystailized on stand1ng One

. recrysta1]1zat1on from petro]eum ether gave ye]]ow1§Q\crysta1s 6f

aryl-ketone 42: -mp 102{110°c, nmr §7.17 (d, H, J = 4 Hz, C-6 H),
7.13 (d, 1H, J.

4 iz, C-5 H), 6.59 (d, TH, J = 10 Hz, —CH=CH—CO—),
10 Hz, LCH=CH—C0—) 3.24 (m, 2H, C-10 ~CHy),

6.12-(d, ]H i
2 76 (m, 2H, C 7 —CH2 ), 1.76 (m 4H, C 8 and C 9 ~CH —), and 1.42
(s,6H, 2X—CH3), ir IGSJ (C=O), 1631 (C=C) 1597 (aromat1c c=C),

-1 -
16 180 226.1358).

1375 and 1360 cm '(CH3),7ms.M 2261]358‘(ca1cd.-f0r C



'3¢4,4,6,86—Tetramethy1-4a8,5,8,8a8-tetrahydr071(45)-naphtha1enone~(§§)

“and 2(1,4 Di’methylg-a-butengy‘l)-4,5-dimethy1phéno1 (60)

i

D1enone 28 (292 mg, 2 32 mmoI) was d1sso1ved 1n anhydrous ether
(10 m]) and boron tr1f1uor1de etherate (10¢ mg, },]6 mmol) w as ‘added
fo]]owed by trang-2- methyl 1 3 pentad1ene (59) (1v90 g, 23.1 mmol).
iAfter st1rr1ng for 7 days saturated aqueous sod1um b1carbonate (1 ml)
'f“was added and‘the resu1t1ng m1xture was extracted w1th methy1ene f

/

ch10r1de- The extracts were washed w1th water dried, f11tered and

v-'concentrated' Co1umn chromatography of the res1due on s111ca ge]

e]ut1ng w1th 2- 5% ether in petroTeum ether; gave a mlxture (236 mg)
“of enone §§nand pheno]‘60 Further e]ut1on w1th 10-50% ether in

petro]eum ether'gave recovered dienone 28 (33 mg, 12% recovery)

56

Flash chromatography of. the m1xture of enone 33 and pheno] 60 on

~ silica ge] e]ut1ng with 5% ethy] acetate in petroleum ether,gave pure

enone 33 (84 mg, 20% yield based on’ consumed start1ngﬂmater1a1) “nmr

) §6.13 (dd 1H,79-= 10, J' 2 Hz, —CH=C”—C“—), 5.53 (d, TH, J =

R 5-\,(‘;,7

5 10 Hz, ~CH-CH-CO-), 5.19 (br.s, TH; =CH-), 2.77 (dd, IH, J = 4, J' =

m

3 Hz, C-8a H), 2.28 (m, 1H, —CH-CH,), 1.57 (s, 3H, <C~CHy), 1.33 (d, -

3H, J = 7 Hz, -CH-CHj), 1.31 (s, 3H, CHy), and 1. 09 (s, 3H, CH3);7'

ir 1687 (C=0), 1396 1374, 1365 (CH3), and 815 cm (C=CH) ms M

204.1510 (ca]cd for C, H O 204.1514). Continued e]ution gavé a -

14720

' m1xture (20 mg) of ketone 33 and pheno] 60 Q~50 50 by nmr 1ntegrat1on)

Final e]utJon gave_pure phenol,ﬁg_(53 mg, 13%,y1e]d.based on consumed
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Starting~diehone gg):f nmr 66 73 (s, 1H C 3 Ar—H) 38 (s, H, C 6

" ArH), 5.18 (dm, H, J = 9, I 1 HE, <Che), 4.91 (br.s, H, —O0H),
3.707(dg, H, 0 =9, 3' =7 Hz, —<I:HH3) 2.14 (s, 6H, 2X Ar~CH3), o

1.70, 1.66 (both d, 6H tota], each J = '1 Hz;‘=C'(CH3)2), and 1.24 (d

. 3H, J =7 Hz, -CH—CH3){V1r 3438 (OH), 1688 kC=C) 1619, 1510 (aromaticdfd

C%ﬁ); and 1376 cm™ (CH3); ms',M+ 204.1508 . (ca]cd for C]4H200 204?1514).

. 4,4,6,8a-Tetramethy1-4as,5,8,8aa-tetrahydro-1(4ﬂj-naphtha1enone.(gg),'

and 334Methoxy-4,4,6,8a-tetrame£hy1—3,4;4as,5,8,8aa4hexahydro-1(éﬂ)r‘

‘naphthalenone (61) _ i | ) f,“L - R o

¢ A R " . -

Enone 33 (]8 mg, 0 088 mmo]) was d1ssolved;1n methanol (5 ml)

'“and aqueous 1.0 N sodium hydrox1de was added & The m1xture was st1rred
| for 20.hr., then extracted w1th methy]ene ch]or1de The’extracts Mere
washed w1th water,, dr1ed f11tered and concentrated Co1umn chroma- o

tography of the res1due on si]1ca ge], e]ut1ng thh 1% ether 1n

- petro]eum ether gave trans enone 38.(8 mg, 44% y1e1d) . nor 6. 45“(d,

- M, J = 10 Hz, -—cn=cu-co-) 5. 60 (d, 1H,:J = 10 Hz, —CH=CH—CO—)

5, 13 (br.s, TH, =CH—J, 2 38 (m TH, —éH—CH ), 1 66 (br.s, 3H, =é—CH3),
“aid-1.07 (s, 34, —cn3), ir. (neat) 1673 - (c=0)é1379 and 1366 cm™-
(CH3), ms M 204 1505 (ca]cd for C]4H200 208, 1514) Further e1utjon

J with 1-2% ether gave a. m1xture of enone 38 andlnethoxy ketone 61 | ’
(5 mg, 75: 25 by nmr 1ntegratlon0 F1na1 e1ut1on w1th 2% ether 1n

petro]eum ether gave pure methoxy ketone 61 (5 mg, 24% yie]d) nmr
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4“

' 65 OS (br s, ‘TH, =CH—), 3.22 (S, 3H, —OCHB), 3. 16 (dd 1H," J = 3 Hz,
|
—CHJO—), 2. 53 (d 2H d = 3 Hz, —CH -CO—), 1. 61 (S, 3H, =C—CH3)

1. 08 (s, 3H H )s 1. 04 (s, 3H,— CH )s and 0.93 (d 3H J = l-Hz,
3 3

-1

‘fCH—Cﬂa); lr ]713 (C=0) ]390 1377 1367 (CH3) and 799 cm. - (C=CH).

4;4,6,8-Tetramet%y1-1(45)-napptha1enone'(gg)
— - \

Enone 33 (35 mg; O. 172 mmol) was dissolved in carbon tetrachloride:
. K
(5 mt) and N—bromosucc1n1m1de (6] mg, 0.343 mmol) was added followed

by, 5enzoy1;per0x1de“(3 mg,'0.012 mmol). The m1xture was heated at

",; reflux with vigorous stirring for 1 hr. thef cooled to rodm temperature,

v

* filtered aﬁd_conCeﬁtrated. Column chrometography of the residue on
,;fli;afgel,‘eiﬁting with 1% ef%er in peteo]eum ether, gave pure aryl-
“ketone 43 (6 mg, 17% yield): nmr 6706 (br.s, 1H, C-7 Ar+H); 6.86 (br.s, o
H, C45'Ar—H),46,59 (d, 1H, J = 10 Hz, —CH=CH—C0—) 6.09 (d,'lH, |
= 10 Hz, —CHCHC0-), 2.64 (s, 3H; C-8 Ar—CHy), 2.38 (s, 3, C-6
'Ar—CH3),,aﬁd_1}43 (s, 6H, 2%CHy); ir 1665 (C=0), 1604 (aromatic G=C),

1395, 1375, and 1363 cm-]'(CHB);vms M" 200.1199 (caled. for C14H160: |

+200.1201).
| 6-Carbdmethoxy—4,4;61methyi-z?cyeloﬁexen%l—one (65)
Sod1um hydr1de (50% 011 d1spers1on 15 65 g, 0. 326 mol) was .

- suspended in 1,2 d1methoxyethane (130 W] fresh]y d1st111ed over
11th1um a]um1num hydr1de) under an atdosphere of n1trogen and di-

‘ -methyl carbonate (73.4 g, 0.815 mo])/was,added. The suspension was

( s
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*brought t;.reflux while stifr}ﬁg With a meéhanfhai stirrer. A solution
of enone 23 (20.00 g;-0.163 mol) g dry 1;2-dimethoxyethane (60 ml)
was addad dropw{se‘dVer.1~hr., Heat{ngﬂwaSFCOAtinued for 4 hr..and

5 theh the mixture waé»cboTea_to 0°. AnadueoUs.]O% So]ution of acetic

acid'(200 ml) was added dropwise with stirring-and the mixture was -

?, extyaéfad with ethgr, The‘éxtraét§:wéfe washédfwith_watef,_aaturated
aqueous‘Sodiuh bitafboaate 'water aaa saturatéd'aqﬁéous sodium
ch10r1de dr1ed f11tered and concentrated Column chromafography
of the res1due .on 5111ca ge], e1ut1ng with 8-20% ether in Ske]Iy B

- gave keto ester 65 (18 13 g, 61% y1e]d) as a ye]]ow oil. The keto-
“ester 65 so obtained existed part1a11y {(~a0% by nmr 1ntegrat1on) in.
the eno] form’ 65a The f0110w1ng nmr data were attrlbuted to the keto—'

form 65:* 46.58 (dd, 3/5H, J = 10, J‘ 2 Hz, —CH=CH—CO—) 5. 76 (d
3/5H, J .

10 Hz, ~CH-CH-CO-), 3.68 (s, 3 3/5H, —O—CH 3)» 3. 4 (dd, -
3/5H, 0 = 13, J° = 5 Hz, —cu—co2 ), 2.25 (dd, 3/5H, JE f 13;5;;fl-
~Ch-#a), 1.91 (ddd, 3/5H, J = 13, 3" =5, J" = z,Hz,-~CH—Hb);‘1.2o (s,
3X 3/5H, —CH3), and 1.06 (s, 3X 3/5H, —CH3). The fo]lowing nmr data
were attributed to_the‘enol-form 65a: s11.75 (s, 2/5H, =é—OH),
6.00 (D, 2/5H, J = 10 Hz, =cH—é(cu3) )» 5.76 (d, 2/5H! 3 = 10 Hz,

| |
- =(—CH=), 3. 72 (S, 3X 2/5H, —OCH3) 2.31 (s, 2X 2/5H, —CH 1.20 (s,

5~) >
6X.2/5H, -CH3)._ The following spectra] data were recorded for the

' mfxtdre.of keto and enol forms §§_and 65a: ir (neat) 1744 (ester C=0), -

Mo]ecu]ar distillation of the residue ina Kuge]rohr apparatus (50-80°
> at 0.5 Torr) gave pure ksgo-ester 12 more conveniently but in the some-
 what’ 1ower y1e1d of 48%.1¢ _ : '
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Y
1680 (enone C=0), 1658 (C=C), and 1379 cm”! (CHg)s ms Mt 182.0936
(caled. for C10H1403: 182.0943). Anal. CaTcd. for C]0H1403 C 65.92,

H 7.74; Found: C 66.13, H 7.74.

2 Carbomethoxy-4,4-djmethy1-2,S-pyclohexadien-l-one (64)

Keto-ester 65 (22.04 g, 0.121 mol) was dissolved in 2.204 1 of a
5% solution of glacial acetic acid in ¢-butanol under an atmosphere of
nitrogen; Finely divided se]eniym dioxide (40.25 g, 0.363 mol) was
added and the mixture was seirred with a mechanical Stirref and heated
to ref]ux. After heating for 18 hr. the mixture was eoo1ed’to room
tehperature; filtered and concentrated. NThe residue was dissolved %nu
ether, washed with water, saturated aqueous sodium b{carbonate and
water, dried, fi]tered anﬂ-conCenireted*. ,Co]umn'chromatography of
the fesidue on silica gel, e1uting with 25-30% eéher in Skelly B,

gave t—buty] -ester 67(2.18 g, 8% yield) as a crystaliine solid.

J %k
Two recrysta]]12at1ons from ether gave pinkish-white crysta]s of

t-butyl ester 66: mp 11]4120°C; nmr §7.15 (d, 1H, J = 3 Hz, —CH=C—COZ—),_

6.68 (dd, 1H, J = 10, J' = 3 Hz, —CH=CH-C0-), 6.11 (d, 1H, J = 10 Hz,
~CH=CH-C0-), 1.59 (s, 9H, —0C(CH;)5), and 1.39 (s, 6H, 2x—ch3); ir
1723 (ester C=0), 1652 (ketone C=0), 1390 and 1367 cn™' (CH3); ms M

222, ]259 (calcd. for C]3H18O3 222.1256). Ana] Calcd. for C]3H1803

)

ST — ~ : o
Brief heating of the residue in refluxing d'imethylformamide73 did
not completely remove red selenium.

The pinkish colour is probab]y due to contam1nat1on by red se]en1um
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€ 70.24, H 8.16; kound: c 70f01, H 8.10. Further elution with 50-100%
ether in petroleum ether gave keto-ester 64 which was contaminated
with red selenium. Molecular distillation of~thfs material in a

Kugelrohr apparétus (120°C/0.5 Torr) gave pure keto-ester 64 (17.4 g, -
80% yield") as a yellow 0il: nmr 67.33 (d, H, J = 3 Hz, —CHLC0,-),
6.80 (dd, 1H, J =10, J' = 3 Hz; ;cf_i=cu-cq;), 6.06 (d, 1H, J = 10 Hz,
~8H=C57C0—), 3.74 (s, 3H, —0CH3),_an¢ 1f33 (s, 6H, 2X—CH3); ir (neat)

1734 (ester C=0), 1660 (ketone C=0), 1398,.1384_and 1360 cm”! (CH3);

ms M+ 180.07834 (calcd. for C10H]203: .180.07865). Anal. Calcd. for

C10H1203: C 66.65, H 6.71; Found C 6§.33, H6.70. .

8a6-Carbomethoxy-4,4-dimethy1-4a8,5,8,8a—te5yahydro-](4&)-naphtha]enone (67)
' Y

Dienone-ester 64 (311 mg, 1173lmmdl) was dissolved in ether (20 m1,
distilled over Tithium aluminum hydride) under an atmosphere of |
nitrogen. Boron trifluoride etherate (106 u1, 122‘mg,.0.86 mmo1) was
addeg and after stirring er 15 min. dry butadienéigas (passed
éhrough‘calciUm su]fafe) was bubbled into the so1u£ion. After 6 hr.
saturated aqueous sodium bicarbonate (2 mi) was added and the re-
sulting mixturé wés eXtracted with ch]oroform.“ The extracts were
washed with water, dried,ffi]tered.ahd concentrated. C&]umn chroma-

tography of the residue on silica gel eluting with 10% ether in Skelly B

*On one occasion after refluxing the reaction for 6.5 hr. a yieﬁd'of'
87% was obtained, based on consumption of 88% of the starting material.
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gave pure keto-ester §Z_(286 mg, 70% yield): nmr (CDC13) §6.57 (d, 1H, )
J = 10 Hz, —CﬂfCH—CO—), 5.87 (d, 1H, J = 10 Hz, —CH=CE7C0—), 5.66 (m, :“.
2H, —CH=CH-), 3.70 (s, 3H, —0-CHy),.2.75 (dd, W, J =6, d" = 4 Hz,~
C-4a H), 2.70 (dm, 14, J = 18 Hz, C-8 Hb), 2125 (dm, 1H, J = 18 Hz,

C-8 Ha), 2.11 (m, 2H, C-5 —CHZ_)’ 1.18 (s, 3H, —CH3), and_1§07 (s, 3H,

~CHy

), ir (KBr disk) 1730 (ester C=0), 1663 (enone C=0), 1619.
1384; 1373, and 1361 en”! (CH3); ms M" 234.1258 (Calcd. for c;ingoéz

=€),

234.1256). Anal. Calcd. for Cq H g00: € 71.77, H 7.74; Found:

€ 72.01, H 7.80.

8&3—Carbomethoxy—4;4,6,7-tetramethy1-4a3,5,8,8a-tetrahydro-1(45)-

naphthalenone (§§)

Dienone-ester 6% (343 mg, 1.91 mmol) was dissolved in ether
(20 m1, distilled over Tlithium alﬁmihum hydride) under an atmosphere
of nitrogen. Boron‘trif]uoride etherate (118 ul;.136 mg, 0.96 mmol)
was added and, after 15 min.,v2,3-dimethy1-],3ebutadiene (4.34 mi,
3.15 g, 38.2 mmol) was added. After stirring for 4 days saturated
aqueous sodium bicarbonate (3 ml) was added’and'the resulting mixturé
was extracted with ﬁethy]ene chloride, The extrac;svwere‘washed with \
watér, dried, filtéred and concentrated. Co}umn chromatography of
tﬁe residue on silica gel, eluting wiﬁh 10% efher in Skelly B, gave ~
pQre keto-ester §§ (316 mg,'63%:yield). An analytical sample was
prepared by molecular distillation in a Kugelrohr apparatus (60°C at

1 Torr) and this sample crysté]lized on standing: mp 77.5-78.5°C;
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nmr 86.46 (d, 1H, J = 10 Hz, —CH=CH-C0-), 5.75 (d 1H, J =10 Hz,
—CH=CH-C0-), 3.61 (s, 3H, -O—CH3), 2.63 (dd, TH, J = 6, H' = 4 Hz,
C-4a H), 2.47 (d, 1H, J = 18 Hz, C-8 Hb), 2.09 (d, 1H, J = 18 Hz,

C-8 Ha), 1.92 (br.s, 2H, C-5 —cHz—o,'l;ss (s, 6H, 2X ~C~CCH,)

1.13 (s; 3H, —CH3), and 0:94 (s, 3H,‘—CH3); ir (neat) 1746 (ester C=0),

1

1676 (enone C=0), 1383 and 1370 cm” (CH3); ms MY 262.1568 (calcd. for

C]6H2203 262.1569) . Anal. Calcd. for C]6H2203 C 73.25, H 8.45;

Found: C 73.06, H 8.571. : ’3 }

8as—Carbomethoxy-4,4—dimethy1;5;83-methano-4as,5,8,8a-tetrahydro-

1(4H)-naphthalenone (69)

Dienone-ester 64 (297 mg, 1.65 mmol) was dissolved in ether

(20vm1, distilled over lithium a]uminumrhydride) under an atmosphere

of nitrogen Boron trifluoride ethereﬁe (fOO ul, 116 mg, 0.82 mmo])"
was added and after st1rr1ng for 20 min. a solution of‘cyc]opentadiene*
(2.71 m, 2.17 g, 33 mol) in dry ether (5 m1) was added. After
stirring for 3 hr. saturated aqueous sodium bicarbonate (2 mi) Qas‘
added and the.resulting mixture was extracted with methylene chloride.
The extracte were washed with water, dried,\fi]tered and concentrated.
Cd]umn chromatography'df the residue oh.silica gel, eluting with 10%

“ether in Skelly B, gave pure keto-ester-§9 (284 mg, 70% yield) which

Cyclopentadlene was. prepared by thermal crackwng of dic c]opentad1ene '
and was stored at -30° prior to use.
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crystallized on standing. An analytical sample.was prepared by

molecular distilfatibn in a Kuge]rohr apparatusi(60° at 10 Torr): mp

57-59°C; nmr 66.31 (dd, 1H, J = 10, J' = 1.5 Hz, ~CH=CH-C0-), 6.05,

5.75 (each dd, each H, each J = 6, J' = 2.5 Hz, —CH=CH-), 5.60 (d,
1H, J = 10 Hz, —CH=CH-CO—), 3.65 (s, 3H, ~0-CH3), 3.45 (m, TH, C-8 H), .
3.00 (m, H, C-5 H), 2.49 (dd, TH, J = 2.5, J' = 1.5 Hz, C-da H),

1.60 (d, TH, J = 9 Hz, bridge —cng—), 1.41 (ddd, 1H, J =9, J' =g =
2 Hz, bridge —CHIL), 1.27 (s, 3H, ;CH3), and 1.17 (s, 3H, ~CHy); ir
(neat) 1738 (ester CfO), 1662“(enone“C=0), 1379, 1366 (CH3), and 720
en™ ! (C=CH); ms W' 246.1253 (calcd. for CooH 0,: 246.1256). Anal.

Calcd. for CTSH]805: C 73.15, H 7.37; Found C 72.88, H 7.42.

8a3-Carbomethoxy—4,4;Ba—tfimethyl-4a3,538,8a-tetrahydro-](45)-

naphthalenone (70) and 2-Cafbomethoxy-4,4,8q-trimethyfi4as,5,8,8a3-

tetrahydro-1(4H)-naphthalenone (81)

Diénone-egter'gﬂ_(287 mg, 1.59 mmol) was djssolved in ether (20 ml)
under an atmosphere of nitrogeh;' Eoron trifluoride etherate (9841,
114 mg, 0.80 mmoi) was added and éfter 15 min., trans-piperylene
(1.59 ml, 15.9 mmol) was added. ' After stirring for 43 hr. saturated
aqueous sodium biqarbonate (2 ml) was added and the resulting mixture
) wgs\extracted with methylene chloride. -fhe extracts Qere washed with
water, dried, fjitered and concentrated. Co]umn chromatogréphy of

the residue on silica gel, eluting with 7-8% ether in petroleum

I
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ether, gave keto-ester 70 (329 mg, 83% yield) which crystallized on
standing. One recrystai]izatioﬁ from ether gave white cryéta]s of
pure ketb-esterlzg: mp 66-68°C; nmr 66.11 (dd, 1H? J =10, J' = 2 Hz,
—Cﬂ%CH—CO—), 5.72 (d, H, J = 10 Hz, —CH=CH-C0-), 5.50, 5.35 (each

dm, 2H, each J = 12 Hz, —CH=CH-), 3.67 (s, 3H, ~0-CH;), 2.70 (m, 1H,
~CH-CH3), 2.56 (ddd, 1H,.J‘= 11, J'. = 6, J"AQ 2 Hz, C-4a H), 2.10 (m;
2H, C-5—CH,~), 1.20 (d, 3H, J = 8 Hz, —ég—cga
and 1.10 (s, 3H, —CHy); ir (neat) 3010 (HC=CH), 1725 (ester C=0),

1

), 1.14 (s, 3H, —CH,),

1685 ' (enone C=0), and 1375 cm” (CH3); ms M" 248.1413 (Calcd. for

Cyghpg0: 248.1414). Anal. Caled. for C)cH,00: - C 72.55, H 8.12;

Found: C 72.52, H 8.13. Further elution with 8-20% ether in pet-
roleum ether gave keto-ester 81 (22 mg, 6% yield): nmr §6.78 (d, 1H,
J = 2 Hz, —CH-C—C0-), 5.45 (qomp]ex[fja, —HC=CH-), 3.73 (s, 3H
~0-CH3), 2.96 (dd, TH, J + J' = 4 Hz, —CO-CH-), 2.33 (m, TH, —CH-CH,),

1.39 (s, 3H, —CH3), 1.36 (d, 3H, J = 8 Hz, CH-CH,), and 1.18 (s, 3H,

~CHy); ms M' 248,

.~

Lithium Jodide Dihydrate-Collidine Reagent

Finely divided anhydrous 1ithium iodide (514 mg, 3.84 mmo]) was

suspended in 2,4,6-collidine (3.05 ml) with vigbrous stirring. Water

(138 ul, 138 mg, V.68 mmol) was added and the suspension rapidly dis-
'solved.k The resulting pale yellow solution had a calculated concentration
of 1.28 N in 1ithium\{odide dihydrate.

A
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4,4,8a-Trimethy1-4a8,5,8a,8a8étetrahydro-1(4ﬂ)—naphtha1enone (30)

from Keto-ester 70

I

Keto-ester 70 (315 mg, 1.27 mmol) was. dissolved in lithium ioaide
dihydrate-to]]idine reagent (2.04 m1, 2.61 mmol) and heated at refiux
withlstir;ing. After 1 hr. the mixture was cooled to room temperature,
poured iA;o cold 5% aqueous hydrochloric acid and extracted with
ether. The extracts were washed with 5% aqdeoys hydro;h]bric acid and
wafer, dried, filtered and concentrated. .Column chromatography of
the residue on silica gel e1;ting with 2% ether in betro]eum ether
gdvenpure eis-enone 30 (104 mg,45% yield based on consumed Startihg
material) which was idénfical in its nmr and ir spectra with éis;

enoné 30 prevtously reported (vide supra). Further elution with

4-10% ether in petroleum ether gave keto-ester 70 (86 mg, 27% recovery).

8as-Carbomethoxy—4,4,83-trimethy]—4a3,5,8;8a-tetrahydro—1(45)-

naphthalenone (Zl) and 8a3-Carbomethoxy—4,4,8a-trimethy1—4ae,5,8,8a—'

tetrahydro-1(4H)-naphthalenone (70)

’

Dienone ester 64 (360 mg, 2.0 mmol) Waé dissolved in anhydrous
ether (10 m1) and ferric chloride (162 mg, 1.0 mmol) was added followed
quickly by cis—piperyline* (1.97 ml, 1.36hg, 20_mm91). After stirring
for 90 min. sétu?ated aqdeous'sodium bicarbonate (2 ml) was added and

the resulting mixture was extracted with methy]éﬁq chloride. The
. N \\ -

T

v

. o ) T a
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extracts were washed with water, dried, filtered and concentrated.

/

Column chromatography of the residue on silica gel, eluting with 10-20%
_ ya

ether in petroleum ether, gave a mixture of kétofesters 70 and 71
(223 mg, 45% yield, 74% based on consumpfion of 61% of the starting’
dienone-ester 64, 50:50 mixture by nmr integration). One recrystal-
‘lization from ether gave white crystals of keto-ester 71 (58 mg): mp
110-132°C; nmr 86.40 (d, 1H, J = 10 Hz, —CH=CH-C0-), 5.74 (di H,

J = 10 Hz, —CH=CH-C0-), 5.48

(s, 1H, =CH-), 3.60 (s, 3H, —O—CH
2.63 (dd, TH, J = J' = 5 Hz, c-

).
H), 2.52 (dq, 1H, d = 7, J' = 4 Hz,

|
—C57CH3), 2.02 (m, 2H, C-5 —CH 1.18 (s, 3H, —CH

5 Q 3)» 1.10 (d, 3Hf

J =7 Hz, CH-CH,), and 1.06 (s, 3H, ~CHy); ir 1741 (ester C=0), 1668
(enone C=0), 1382, 1376 (CH3), and 702 cm'] (HC=CH); ms M" 248.1414
(ca]cd for C15H2003 248.1412). 'Ana1 Calcd. for C]5H2003 C 72.55,
H 8.21; Found: C 72.65, H 8.02.  One recrystallization of the mother -
liquor gave additional colourless crystals of kefb-ester 71 (37 mg).

Further elution with ether gave dienone-ester 64 (142 mg, 39% recovery).

4,4,88-Trimethy1-4aé,5,8,8ae—tetrahydro-1(45)-naphtha]enone (47) and

4,4,83—Trimethy1-4as,5,8,8aa-tetrahydro—1(4ﬂ)~naph£ha1enone (77)

Keto-ester Zl_(67 mg, 0.27 mmol) was dissolved in 2,4,6-collidine
(2 m1) under an argon atmosphefe. Anhydrous lithium iodide (224 mg,

| 1.67 mho])'was added followed by water (58 ul, 58 mg, 3.24 mmol).

Thea%ixture was heated at reflux wj#h vigorbﬁs stirring for 90 min.

then cooled té_room temperature, poured into cold &qUéous_S% hydro-

chloric aéid and extracted with ether. The extracts were washed with
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aqueous 5% hydrochloric acid and water, dried, fj]tered and con- ‘
centrated. Column chrohatography of the residue on silica gel,;e1utingt
with 3-5% ether in petroleum ether, gave a 32{68 mixture of eis- and

trans-enones 47 and 77 (33 mg, 64% yield)."Thé\nﬁr spectrum showed
\‘ . \

two sets of signals; on%'assignable to eis-ketone 47s\»66.27 (dd,

1/3H, J = 10, 3' = 2 Hz, —CH-CH-CO-), 5.70 (d, 1/3H, J'=_J0 Hz, ﬁ

—?H=§g¢c0—); 5.70-5.40 (complex, 2X 1/3H, —HC=CH-), 3.06 (m,_ 1/3H,
—CH-CH,), 2.55 (m, 1/3H, -€H-C0-), 1.30 (s, 3X 1/3T, —CH,), 1.12 (s,

3X 1/3 H, —CH3), and 1.04 (d, 3X 1/3H, J = 7 Hz, —CH=CH,); the other

“-assignable to the trans-enone 77: 66:60 (d, 2/3H,-J = 10 Hz, —CE%CH—CO—),

5.77 (d, 2/3H, J = 10 Hz, —CH-CH-CO-), 5.70-5.40 (complex, 2X 2/3H, |

-HC=CH-), 2.83 (ddg, 2/3H, J = 7, J' =J" - 5 Hz, CH-CH,), 1.17 (s,

3)
3X 2/3H, CHg), 1.04 (s, 3X 2/3H, CH3). The following data were re-

corded on the mixture of 47 and 77: ir 1671,'1655 (C=0), 1396, 1378,

1

(1367 (CHy), and 714 cm™' (HC=CH); ms M" 190.1356 (calcd. for

C13H180:' 190.1357).

4,4,8—Trimethy1-](4ﬂ);naphtha]enone (40)

A mixture of cis- and trans-enones 47 and 77 (32:68, 24 mé,
0.13 mmoT) was dissolved in carbon tetrachloride (5 m1) and ¥-bromo-
succinimide: (45 mg, 0.25 mmol) and benzoyl peroxide (2 mg, 0.008 mmol)
were added. The mixture was heated at reflux for 1 hr. thén cooled
- to room’temperature, filtered, and_concentraged. 'Columh‘chrémato-
"graphy of the residue on silica gel, eluting with 0.5% ether in pet-’

roleum ether, gaVé aryl-ketone 40 (9 mg, 38% yiéld).



8ae-Carbomethoxy-4,4,6-trimethy1-4@5;5,8,8a§-tetrahydro—](45)-

naphthalenoné (72) and 8a3-Carbomethoxy—4,4,7-triﬁéthy144a3,5,8,8ap-

‘ i ] . . | t
tetrahyd¥o-1(4H)-naphthalenone (73) . ‘ - X.

Dienone-ester'64(5]7 mg,'2.87 mmol) was dissolved in ether (ﬁO ml,

<

distilled over 1ithium a]um1num hydr1de) under an atmo;pher’7of nﬁtrogen
Boron tr1f]uor1de etherate (177 ul, 205 mg, 1.44 mmol) was added ?nd
after 15 min.. a solution of isoprene (5.74 ml, 57.4 mmol) in dry \

ether (10 m1) was added‘ After sffrring for 3 days saturated aquéous

<5
_sod1um bicarbonate (10 ml1) was added: and fhe resu]t1ng m1xture was

-extracted with ether. The extracts were washed with water, qﬂr1ed

“filtered and concentrated. Column chromatography of the residue on

<

éi]ica ge]? eluting with 10-12%'ether in §5e11y B, gaVe'a 70:30 mixﬁufe'
(by gc analysis on Column A) of keto-estefgczg_and 73 (525 mg; 73% |
yie]dfu A1.70 ¢ samb]e of a similar mixture was separated by pre- \
parative high hressure liquid chromatography on‘a Waterg Associafes

~

Prep LC/System 500 using one si]icavge1 cartridge and eThting Q}th }
- 50% ether in petro]eum ether. Fractions were co]]ected &y shav1ng ﬂi
the leading and tra111ng edges of the single pé;k and recyc11ng the g
central port1on The combined "leading edge" fractions were con-
centrated to give a sample which was shown by gc analysis- (Co]umn A)
to be predominantly keto- ester 12 (445 mg, lower gc retention tlme
1somer). This sample crystallized on standing and two‘recrystall

Q

lizations from ethér gave colourless rhombs of pure keto-ester 72: ©

3 N N
. /

Al

a'J/
\
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5

95 113°C; miir 56.43 (d, 1M, J = 10 Hz, —CH-CH-C0-), 5.76 (d, TH

3 e

: 10 Hz, —CH=CH——C0—) 5.29 (m, TH, <CH-), 3.64. (s, 3H; ~0-CHy),

.2.62 (ddd, 1H,, J 5, J' 4 J" = 0. 5 Hz, C- 4a H),. 2.47 {br.d, 1H,
' o= ]7 Hz,-C78 Hb) 2 08 (br d 1H, J = 17 Hz, C-8 Ha), 2!0]’(m, 2H,
'c-S'—tHz—z, 1.66 (bris, 3H, =C—CH3')',’1;16 (s, 3H, ~CHy), and 1.00 (s,
'3H.'—CH3); ir (neat),1744 f730 {ester C=0), 1672 (enone (C=0)

-1

1384 and 1371 cm (CH3) ms_ M 248 1410 (caled. for CycH 0 248.1413).

15°20
Anal. Ca]cd for C15H200 C 72.55, H 8.]2;,Found.r C 72.41, H 8.08.
The "trai]ing edgefdfrgctions we;e combined and concenfrated to give |
a sampie which was shown by gc analysis (Column A) to be predqminéqtj&'
keto-ester Z}_(]6T mg, higher gc retention time isomer). '}ﬁie;semple[‘
crystallized on stéﬁding and two recrystél1j;atioh§:from7etheru§eve
colourless rhombs of:pure kefo-eefer573; mb 91. 5192 5°C;’nmr!66 4T (d,
1H,“J’= 10 Hz, ~CH-CH-C0-), 5.75 (d, H, J = 10 Hz —CH==CH~—C0—),
‘5 34 (br Ss 1H, =£H—) 3.67 (s, 3H ~0—CH 2 71.4£L\ 1H, J = 6

J' = 3 Hz, C-4a H), 2.62 (dm,']H Jd = 19 Hz, C-8 Hb) 2414 (dmr 1H,

= 19 Hz, C-8 Ha), 1 91 (m, 2H C-5 —CH —), ] 67 (br s, 3H, =£—CH ),
1 19 (s, 3H ~CH. ), and 1 02 (s, 3H —CH3), ir 1740 (ester c=0),
1667 (enone C=O) 1376 (€H3), pnde828 cm” (C=CH); ms M 248.1412

]5H2003 248.1412). Anal. Ca]cd for C15H2003 C 72 55,

. H 8v21'«Féund' c.72. 71 H 8‘29 A ‘total of 1. 09 g of a m1xture of keto-°‘

Aesters 72 and 73 was a]so recovered from the preparatlve hquut

[ ) -.-,I& o ' s .A _\-',
; . ; E

| chromatography, T T T . Ij'r'

%
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4,4 7Ffrimethy144a6 5,8 éaé-tetrahydro—l(4H5-naphtha1enone (31) and B

—~—

4 4 7- Tr1methy1 4ae 5 8 8aa-tetrahydro 1(4H) naphtha]enone (36) from .

Keto- ester 72

" : ) . .
Keto- ester 72 (336'mg, 1.35 mmo]) was. d1sso]ved 1n 11th1um 1od1de
dihydrate- co]11d1ne reagent (2.12 m, 2 JO mmo]) under an atmosphere '
- of n1trogen The m1xture ‘was stirred v1gorous1y ahd heated at reflux

for 3 hr. The m1xture was then cooTed*to room temperature poured

3¢

1nto cold aqueous 5% hydroch]or1c§ac1d and extracted w1th ether

The extracts were washed wlgh co]d 5% aqueous hydroch]or1c ac1d and,
water, drled f11tered and concentrated Co]umn chromatography of_f‘
the res1due on silica ge], e]ut1ng w1th 4 8% ether 1n petro1eum

ether, gave a m1xture of eis~ and trans- ~enones 31 and 36 -(50: 50 by

nmr 1ntegrat1on, ]95 mg, 76% yield, 97% based on consumed start1ng
f:materla])i Further elution w1th 8 25% ether in petro]eum ether gave.‘
recouered,keto-esterzg(75 mg, 22% recovery). uThe nmr spectrum of

the product mixture showed two sets of signals identica]}togthosef
already reported (vide supra) for pure czs:enone 31 and pure trans-

none 36.
_enone 36 @

-h,4;7-Trimethy1-1(4&)—naphtha1enone (51) (via keto-ester zg)h

The mixture of cts- and trans- enones 31 and 36 (50:50 by,nmr

1ntegrat1on, 120 mg, 0 645 mmo1) obtained by decarboxy]atlon of keto— ?.~‘

ester 72 (vzde supra) was d1sso1ved in carbon tetrachlor1de (10 ml)

NEE

L ; - : S -

A



Cf -concentrated .Column chromatography of the re51due on s111ca ge]

s

ﬂThe nmr Qpectrum of the product mnxture exhlblted two sets- of 51gna1s
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NQBromosuccinjmide (230 mg, 1.29 mmol) and benzoyl peroxide (5 mg,
0.021 mmol) were added. The mixture was heated with stirring for
1 hr. then cooled to room temperature, filtered and concentrated.

Column chromatography of the residue on silica gel, eluting with 1-2%

'ether in petroleum ether, gave an impure sample of aryl-ketone gl,which

uas subjected to a second chromatographic purification. ' This provided
fairly pure ary]-ketone 41 (44 mg, 37%.yield), = the nmr spectrum of

wh1ch was 1dent1ca] to that a]ready reported (vtde supra)

4,4,6-Trimethy1-4ae,5,8,8ae-tetrahydro-1(4H) naphthalenone (gg) aad

ll -

4,4,6-Trimethyl-4ag,5,8,8aq-tetrahydro-1(4H). naphthalenone (78) -

Keto-ester 73 (248 mg, 1. 00 mmo1) was dissolved in the ]1th1um
iodide dihydrate collidine reagent (2.34 ml, 3. 00 mmol) and the \
m1xture was brought to ref]ux After heat1ng for 3 hr. the’ m1xturé
was coo]ed to room temperature, poured into co]d aqueous 5% hydro-

chloric ac1d and extracted w1th ether.- The- extracts were washed w1th

‘cold 5% aqueous hydroch]or1c ac1d and water, dr1ed filtered. and

i e]utlng with 4- 10% ether in petro]eum ether, gave a m1xture of cig- and

¢

trans enones 48 and- 78 (43:57 by nmr- 1ntegrat1on, 174 mg, 91% y1e]d

‘_97% based on.consumed start1ng mater1a1) Further e1ut1on w1th 10- 15%

ether 1n petroleum ether gave-keto ester 73 (18 mg, 7% recovery)

v
B A



The following nmr data were attributed to the cis-enone 48: $6.29 (dd,
NZ/SH,;J = 10, J' = 2 Hz, —CH=CH—C0-), 5.68 (d, %2/5H,AJ = 10 Hz,
—CH=CH-C0-), 5.33 (m, ~2/5H, ~CH-), 2.82 (m, ~2/5H, —CO-CH—), 1.58 (br.s,
3X ~2/5H, =6LCH3), 1.30 (s, 3X ~2/5 H, -CH3), and 1.10 (s, 3X ~2/5H,
—CH3). The following nmr data were attributed to the trans-eﬁone 718:
86.56 (d, ~3/5H, J = 10‘Hz, —CH=CH-C0-), 5.72 (d, ~3/5H, J =10 Hz,
—CHLCH;CO-Q 5.33 (m,n3/5H, =CH-), 1.66 (br.s, 3K 3/5H, =é—g53),

1.14 (s, 3X m3/5H —CH3), and 1.04 (s, 3X w3/5H —CH3). The following

spectra] data were recorded for the mixture of eis- and trans-enones

48 and Z§, ir (CC14): 1686 (C=0), 1675 (C=0), 1397, 1379, 1367

. -1
QCH3) 790 cm 13te

...Anal ’Ca]cd for C13H18O C 82.06, H 9.54; Found C 82.06, H 9.55.

(c=CH): ms M* 190.1352 (caled. for €yt 00: 190.1357).

-
Is

4,4,6-Trimethy1-1(4H)-naphthalenone (49)

A ﬁixture of cis- and trans-enones 48 and 78 (43-57 by nmr
integration, 58 mg, 0.31 mmol) was disselved in carbon tetrach]or1de
(]0 ml) and N bromosucc1n1m1de (109 mg, 0.61 mmol) and ‘benzoyl peroxide -

'(5 mg, 0.02 mmo1l) were added. The mixture was stirred v1gorous]y and
heated at,reflux for 45 nﬁn » then coo]ed to room temperature, filtered
and concéntra;éd Column chromatograﬁﬁ} of the res1due on 5111ca gel,
e]utjng‘with 1.5-2% ether in petroleum ether, gave an impure sample

of ary]-ketpng'gg.which was subjected to a second chromatographic

p@rification. This provided pure aryl-ketone 49 (25 mg, 433 yield):
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~nmr 67.95 (d, H, J = 8 Hz, C-8 H), 7.20 (br.s, TH, C-5 H), 7.09 (dd,
M, 38, 0 = 2 Hz, C-7 H)6.72 (d, 14, 3 = 10 Hz, —bh=¢a;c0—),
618 (d, TH, J = 10 Hz, —CH-CH-CO-), 2.40 (s, 3, Ar-CHy), and 1.44 (s,
6H, zx—cn3), ir 1661 (C-0), 1607 (aromat1c c<C), 1395, 1372; 1359

CCH3), 814 (aromatic CH), ms M ‘]86.1047 (calcd. for C]3H140 186.1045).

10bs-Carbomethdxy—4,4—dimethy]-4a3,5,7,8,9,]0,10a3,10b-octahydro-1(4H);

-~
\

phenanthrenone (74)

Dienone-estér§5(360 mg, 2.0 mmo]) was‘dissdlved ih anhydrdus

~ ether (20 m1) under an atmosphere of nitro;en Boron trifluoride - N
etherate (126 u1, 142 mg, 1.0 mmo1) was added and after 15 min. a

| solution of T-v{ny]cyclohexene (54) (2.53. m] 2. 16 g, 20 mmo1)
~anhydrous ether (20 ml) was added After st1rr1ng for 60 hr. saturated
aqueous sodium-bicarbonate (10 ml) was added and the resu1t1ng m1xture
was extracted with~ether. .The extracts were washed with water, dried,
fi1tered and cdncentra;ed. “Column chhomafographylof the residue.on)

, s111ca ge], e]ut1ng with 10 12% ether in petroleum ether, gave _

¥

ketp*es\\r 74 (501 mg, 87% y1e1d) which crystallized on stand1ng One
recrysta111zatron from ether petro]eum ether gave white crysta1s of
pure keto- ester 74 mp 75\5\77°C nmr 56 20 (d, 1H, J = 10 Hz,
—CH=CH—C0—) 5 76 (d 1H, d = ]0 Hz, —CH=CH—CO—), 5.16 (br.s, TH, =&H),
-3.66 (s, 3H, —O—CH3), 2.70 (m, 1H, C-10a H), 2.56 (dd, ]H, J ='d1:?-'

6 Hz, C-4a H), 2.28 (dn, 1H, J = 14 Hz, C-7 Hc), 2.03 (br.s, 3H, C-5

~CHy— and C-7 Hd), 1.30 (m, 44, C-8 and C-9 ~CH,~), 1.16 (s, 3H, —CH,),
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and 1.10 (s, 3H, —CH;); ir 1728 (ester C=0), 1689 (enone C=0), 1370
-1 ) + _
(C=CH); ms M" 288.1725 (calcd. for C]8H2403

288.1725). Anal. Ca]cd for C,,H,,0 C 74.97, H 8.39; Found C 74.79,

(CH3); and 835 cm

18"24"3"
H 8.32.

4,4-Dimethyl 4ag,5,7,8,9,10,10a8,10bs-octahydro-1(4H)-phenanthrenone (32)

and 4,4-Dimethyl 4aB,5,7,8,9,10,10a8,]0ba-octahydro-1(4ﬂ)ephenanthrenone

37) from Keto-ester 74 ° o : /

Keto ester 74 (170 mg, 0.59 mmo¥) was dissolved in 11th1um/1od1de
dlhydrate co]11d1ne reagent (1. 26 mi, 1.62 mmol).- The m1xture/aas'
. heated at ref]ux with stirring for 1 hr. then cooled to room emperature,
poored into cold aqueous 5% hydrochloric acid and extracted ith ether.
The extracts were washed with cold 5% aqueous hydrochloric ac1d and
water, drxed, filtered and—concentrated. Column chromatography of the
residue on siiica gel, elutiho with 2%'ether in petro]eum ether, gave
a mixture of cie- and trans-enones 32 and 37 (47:53 by nmr integration,
83 mg, 61% yie]&) The nmr spectrum of‘this mixture showed two sets

of s1gnals 1dent1ca1 with those a]ready reported for cis-enone 32 and

trans-enone 37 (vzdb suprgz

. ,
4,4-DiméfE§1:Z‘8 9,10-tetrahydro-1(4H)- phenanthrenone (42) from

!
i

Keto-ester 74 C

A mﬁxture of cdisg- andvtrans-enonGS"ggfaod gz_(47;53 by nmr in-
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tegration, 81 mg, 0.35 mmol) obtained by decarboxylation of keto-éster
74 was dissolved in carbon tetrachloride (10 m1) and N-bromosuccinimide
(125 mg, 0.70 mmol) was added. The mixtqré was heated at reflux with
stirring fdr 1 hr., then cooled to room femperature,.fi]tered and
~concentrated. CoTumnlchromatography of the residue on silica gel,
e1ut{n§lwith 1.5% ethgr’in pefroleum ether, gave ary] ketone 42

’(16 mg, 20% yield) which shdwedanrmn:spectrUm identical with’that

already reported for aryl-ketone gg_(vide supra).

8as Carbomethoxy 4 4,6,8q- tetramethy] -4ag,5,8, 8a- -tetrahydro- 1(4H)

naphthalenone (75) and 8a3 Carbomethoxy -4,4,6,83- tetramethy] -4ag, 5 8,8a- '

tetrahydro-](45)-naphtha1enone (76)

‘ Dienone-ester 64 (329 mg, 1.83 mmol) was dissolved in anhydrous
ether (10 m1) and boron trifluoride étherate (me u1 130 ﬁg, 0.95 mmo1)
_ was added. After st1rr1ng for 10 min. trans-2-methyl-1,3- pentad1ene ,
(59) (2.08 m1, 1.50 g, 18.3 mmol) was added The mixture was st1rred
for 2'hr. and saturated aqueous sodium bicarbonate (2 ml1) was' added.

Thé resu]t{ng mixture was extracted with methylené ch]oride'aﬁd the
extracts wefé{washed with water, dried, filtered and concentrated.
Column chroma£ggraphy of the résfdue on silica gel, e]utih§ with

.5-20% ether in EetroTeum ether, gave a mixture of kéto-esteré 75'and

76 (396 mg, 83% yield, 50:50 by nmr integration). One recrysta111zat1on

from ether gave white crysta]s of pure keto-ester 76 (72 mg): mp .



132

\ |
0" 112-116°C; nmr 66.40 {d, TH, J = 10 Hz, ~CH-CH-C0-), 5.73 (d, TH, J =
10 Hz, —CH=CH-C0-), 5.20 (br.s, THs#=CH-), 3.60 (s, 3H, ~0-CH,), |
2.63 (dd; TH, J = 6, ' = 4 Hz, C-4a H), 2.52 (m, H, ~CH-CHy),
1.89" (br.s, 2H, C-5 —CH,—), 1.65 (s, 3H, =CCH3), 1.16 (s, 3H, —CH3),
1.07 (d, 3H, J = 8 Hz, —CH-CHy), and 1.02 (s, 3H, —CHy); ir 1739
(ester C=O),'1672 (enone C=O)? 1382, 1377, and ]369)cm'] (CH3); ms

M+j262.1574 (calcd. for C,H 03: 262.1569). Anal. Calced. for

162

C]6H2203: C 73.25, H 8.45; Found: C 73.21, H 8.38. One recrystal-

lization from the mother Tiquor gave white crystals of pure keto-ester

s

75 (28 mg): mp 97-104°C; nmr 66.09 (dd, H, J = 10, J' = 2 Hz,
~CH=CH-C0-), 5.69 (d, TH, J = 10 Hz, —CH=CH-CO-), 5.17 (m, TH, =CH-),

- 3.64 (s, 3H, —O—CH3), 2.65 (m, 1H, —CETCH3), 2.53 ¢ddd, 1H, J =10,
J' =6,Jd" =2 Hz; C-4a H), 1.57 (br.s, 3H, =C—CH3), 1.13 (d, 3H, J =
7 Hz, -CH-CH3), and 1.10 (s, 6H, 2X—CH3); ir 1728 (ester C=0), |
-1689 (enqne c=0), 1374 (CH3),'and 729 cm—] (C=CH); ms M 262.1567

(calcd. fqr C]6H22

0,: 262.1569). Anal. Calcd. for C,(H,,05: C 73.25,
H 8.45; Found: C 72.91, H 8.61. | |

16 2273°

4,4,6,8a-Tetramethy1-4aB,5,8,8;B-tetrahydro-l(45)-naph§halénoné (33) and

4,4,6,8a-Tetrameth¥1-4a8,5,8,8aa-tetrahydro-1(45)-naphthajéhbhb‘{gg)_;mW;;

‘from Keto-ester 75

Keto-ester 75 (62 mg, 0.24 mmol) was dissclved in 2,4,6-collidine
(2 mi) uhder an atmosphere of argon. AnhydrouSZIithium iodidei(fé? mg,
©1.43 mmol) and water (51 ul; 51 pg,/2.85 mmol)"Qéiénéddéd and the mix-
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ture was heated at reflux for 90 min.. The reaction mixture was-then

cooled to room tehperature, poured into cold aqueous 5% hydroch1oric
acid andgextracted with ether. The extracts were‘washed with aqueous
5% hydroch10r1c acid and water, dried, filtered and concentrated
Column chromatography on silica gel, e]utlng with 2- 5% ether in
petroleum ether, gave a 65:35 mixture of cis- and trans-enones 33

and 38 (16 mg, 35% y1e]d),

- 4,4,6,8s-Tetramethyl-4ag,5,8,8ag -tetrahydro-1(4H)-naphthalenone (”3) and

4,4,6,83§Tetramethy1—4a3,5;8,8aa-tetrahydro-1(4H)4naphtha1enone (79)

. Keto—ester 2§ (112 mg, 0.43 mmol) was dissolved in 2,4,6-collidine
(2 m1) under an atmosphere:or’argon. Anhydrous 1lithium iodide (343 img,.
- 2.56 mmol) and:water (Qé ul, 92 mg, 5.12 mmol) were added and the :
mixture was heated at reflux w1th v1gorous st1rr1ng ~ After 2 hr. the
mixture was cooled to room temperature, poured into cold aqueous 5%
hydrochloric acid and extracted with ether. The extracts were washed
with aqueous 5% hydrochloric aCid and water, dried,.fi]tered and con-
centrated. Column chromatography of the_residue on silica gel, |
e]uting with 2-5% ether in petrb]eum:ether, gave a 55:45 mixture of
 eis- and trang-enones §§_and'zg (73 mg, 83% yieﬂd).h The‘hmr spectrum
showed two oets of‘signals; one assignaole to/éis-ehone 63: 66.25 (dd,
) m]/ZH J =10, J' = 2 Hz, <CH=CH-C0-), 5'67"'(d m]/ZH J =10 Hz,»

—CH=CH-C0-), 5.38 (d N]/ZH J = 5 Hz =CH—), 2. 97 (qm, m]/ZH J =17 Hz
Ve
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~CH-CHy), 2.46 (d, ~1/2H, J = 4 Hz, CH-CO-), 1.56 (br.s, 3X:~1/2H,
~~CH,), 1.28 (s, 3X A1/2H, ~CHg), 11T (s, 3X ~1/2H, —CH3), and -

v0.97 (d, 3X ~1/2H, J = 7 Hz, —CH—QﬂB); the other assignable to the

trans-enone 79: 66.57 (d, ~1/2H, J = 10 Hz, CH-CH-LC0-), 5.73 (d,.
“1/2H, J = 10 Hz, CHCH-C0-), 5.23 (m, ~1/2H, =CH-), 2.77 (qm, ~1/2H,
J =7 Hz, -éﬁfcn3), 1.64 (br.s, 3X ~1/2H, =CCHy), 1.16 (s, 3K ~1/2H,
—CHy), 1.02 (s, 3X ~1/2H, —CHy), and\p.75 (d, 3X ~1/2H, J = 7 Hz,

- —CH-CH. ) The following data were recorded on the mixture of 63 and

79: ir 1681, 1670 (C=0), 1395, 1377 1366 (CH3) 840 cm -] (C=CH)

ms M" 204. 1518 (ca]cd fer C]4H200 2Q4.1514).

4,4,6,8-Tetramethy1-](45)-naphtha1eﬁ9ne}(ﬂg) from Keto-ester 76
S .

~-

A 55:45 mixture of cis- and trans-enones §§_endl79 (72.mg, 0.35
mmol) was dissolved in carbon tetrach]oride (10 m1)’ and N- bromosucc1n-
imide (125 mg, 0.71 mmoT) and benzoyl peroxide (5 mg, 0.02 mmol) were

added. The mixture was:heated at reflux for 1 hr. then cooled to

AN

room temperature, f11tered and concentrated Co]umn chromatography

of the res1due on s111ca gel, eluting w1th 0.5% ether in petro]eum

"ether, gave ary] ketone 43 (22 mg, 31% y1e1d)

General Cond1t1ons for Lew1s Acid Cata]lsed Reaction of D1enone ester

64 with Isoprene (Tab]e XI) N . ' o

Dienone-ester 64 (95 mg, 0.52 mmo1) was dissolved in anhydrous. = -

ether-(5 ml). The Lewis acid catalyst (0.26 mmol) was -added and after
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5-10 min. isoprene (1.04 mi, 10.4 mmol) was added. The prégress of
the reaction was followed by tlc and gc (Column A). After g?mpletion
of the reaction éaturated aqueous sodium bicarbonate (n2 m])%was added
and the mixture extracted with ether. .The extracts were waéhedVWith‘
water,'dried, fi]teréd Snd concentfated.; In several cases (see Table
XI)\the‘residue was purified by column chromatography‘on silica gel,
e]utjng'with 8-20% ether in petroletim ether. The crude residues ér
'>§JF¥¥;éd products.were analysed by gc (Column A) and the product
ratios (Zgizg,TabTe XI) were determined by integration of.the gc peaké.
Ip the casé of the boron trifluoride etherate'(Entry 19) and stahnic
chloride (Entry 31) cata]yééd reactions, the principal products (73
‘andhzg_respective]y)ﬂwere easily obtained pure by fractional crys-.

tallization from the product mixtures.
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CHAPTER 2

’

Total Synthesis of a- and 8- Himachalene .
and Synthetic Studies on Isohimachalone
. ' . . cﬁ' 2
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s | Introduction

/ SR

~..

Thevhigé;halang carbonbskeletdn (l) is charactenistic of a
re]at1ve]y/;ew but grow1ng class of sesqu1terpenes The isolation of.

" two representat1ves of the class was first reported by Dev in 1952

" from the essential oil of the Himalayan cedar (Cedrus deodara Loud)]

The gross ske]eta] structure of the two new hydrocarbons which were

-desngnated a- and - .himachalene were repcgtgd aTmost s1mu1taneous1y

3

in 1961 by’Dev2 and by Erdtman” who isp]atedzihé‘two coﬁpquﬁds from

)
; AR
/ ~ = A\~

! N

| .

At]as cedar (Cedrus atlantzca) and from Cedrus libanti. In 1968 Dev ‘

I

o 142
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Since then a variety of compounds of the himachalane class have
|

been reborted Among them are Y- h1machalene (5)6’7 8 and the aromatic

hydrocarbons ar-himachalene (5) and 7,8- dehydro-ar h1macha]ene (6)6 8

A number of oxygenated derivatives have a]so been reported him-’

achalol (7)1 9, two epimeric. epox1des 86 8, ]0, and 9]0, nxidohimacha]ene

(19)‘], entdarolp(ll)lz, and isocentdarol (12)13.
) ' .

. o |1(l

9
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noo. o 12

K
Re;eni1y two other very closely related skeletal types have

been~repofted The isohfﬁacha]ane ske]eton~(l§) is characteristic

- of two reported compounds Teisseire has ;\bdrted the‘isolation6

of a ketone from Cedrus atlantica to wh1ch he has assigned the

14. 15 has reported the isolation from:

trans- fused structure 14 And Dev

-Cedrus deodara Loud. of awgetone to which he has assigned cis-qued

structure?lg_and which_he hds . named isohimaéha]one. The allohimachalane

;/skeleton?(lg) is characteristié of t&q compounds %so1ated,by Dev
~" from Cedrus deodara Loud.: allohimachalol (17)'6*17 and atto-

h1macha1one (18)1s
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16 . 17 / 18

—_— —_— / - —

2 3 18 as the biogenetic -

The cat1on 19 has been proposed
precursor of the himachalane structura] class. Elimination of a
'proton-from 19 woqu give a- (2)'vg= (3), or yahfmacha1ene>(4) while
add1t1on of a water molecule’ fo]]owed by/ deprotonat1on would g1ve

19

h1macha101 (7). A Wagner Meerweln shift'” in cat1on19cou1d g1ve

cation 20,as a poss1b1e precursof to the a]loh1macha1ane c]ass .

19 R : 20

It has been suggested' " that trans-ketone 14 arises by a re-

arrangement of the epoxide 9. The epimeric epoxides 8 and 9 are .

-

*éolvolysfs of the tdsy1a£e of a]]o?;macha]o] (17) gives both allo- .
_himachalol (17) and himachalol (7)1!/. . ' ’ ‘
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-

20 auto-oxidation products of B-himachalene (3) so con-

reportedly
ceiveably the cis-ketone l§_(isoh}%§éha]oné) could arise via a
simi]ar rearréngement of thé nqtdf%]]y occurfﬁng epoxide 8. In ah'
analagous manner allchimachalone (jg) could ariselvia rearrangement
of epoxidefggo; | .
Previous synthetic approaches to the himachalane skeleton in-
cldde two syntheses of ar-himachalene (5) by ﬁevzl. In one approach
the key step involved iﬁtfamoTec&iarqyclizatioﬁof the aromatic acid
21 to give kefoneg_Z_whicH was easily convertedto 5. In the ather, |
intramolecular Frigde]QCréfts a]ky]ati&h\of (+)~ap§turmerone (23) gave
(+)-cyclo-ar-turmerone (24) which was then converted.td (+)-ar-him-~ |

“achalene (5).
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/

The -total synthesis of S-himachalehe (3) was firét'reported by

22,23

de Mayo using a photochem1ca] approach The 2ns + 2ns. cyclo-

addition of eno] acetate 25 with ketal gg_gave_tricycTic,adduct»gz;

S OAc

Fes T T e 2

Reduction/of the ketone‘in 27 and\megylation of the resulting alcohol
fo]]owed/by base cata]ysed ring openlng gave ketone 28. Ketone 28 was
convergée in seven steps to two ep1mer1c diols 29 each of which could

be ci7éerted by phosphory] chloride dehydrat1on to a m1xture of V

hydrocarbons wh1ch 1nc]uded 3 hlmachalene (3) (8% of the reaetion

.Pﬁoduct) The overall yield of g-himachalene (3) was 0.21% in thirteen

//st ps from enol-acetate 25. ' '

g\\The first synthesis of a-hlmachalene (2) was reported in a - |

24

short communication by_wenkert who used an 1ntramo1ecu]ar D1e]§-A1der



approach. The a]dehyde’ggfprepared25 in two steps from diol 31 was
-converted to the key intermediate 32 in nine steps. Cyclization of
32 in ref]dxing toluene with aluminum chloride as a catalyst géye

the ketone 3}, A Wittig reaction on 33 gave «-himachalene (2).

, Treatment of 33 with methyl l1ithium fo]]owed by dehyqrat1on of the ~
resulting alcohol with phosphoryl ch]or1de in pyr1dine gave an
'80: 20 mixture of a- h1macha1ene (2) and B h1macha]ene (3).
v Recent1y g-himachalene was synthesized by P1ers26 us1ng'a
’ Cope rearrangement of a 1 2- divzny]-cyclopropane derivative. The

key intermediate 34 was prepared 1nrseven steps from acro]e1n and

treatment of 34.in ief]uxing xy]eneffor 3 hr. gave the fused b1cyc11¢'

148
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ketone 35. Regioselective methylation of ketone 35 followed by re-
duction of the disubstituted #ouble bond and remova} of the ketone
carbonyl via enol-phosphate 36 gave :g-himachalene (3) in 34% yield

‘over the five steps from 34.

o=

05(051)2

L | 35 36
A modern synthetic scheme should be des1gned to ach1eve the rapid

assembly of the target carbon ske]eton in an 1ntermed1ate conta1n1ng
4funct1ona1 groups which requ1re on]y simple mod1f1cat1ons to give the
synthet1c target. On this basis, the assemb]y of the h1macha1ane
ring system could be obtained via a Die]s-A]der addition of isoprene
tb_énohe 37. . One carbon ring Qkpansion of the resulting adduct 38
shoﬁ]d give an intermediate—39 which requirés only double bond iso-
merization to 33 and convers1on of the ketone carbonyl to a v1ny11dene
group to complete the synthesis of a-himachalene (2).

. The study of the D1els-A1der react1ons of 4,4- d1methy1cyclohexenone
systems (Chapter 1 of th1s thesis) has shown that neither enone 37 .
nor dienone 40 are su1tab1e as starting points for the synthesis of

a-himachelene. Enone 37 is virtually inert to cycloaddition and

dienone 40 gives exc]qsive]yAthe ketone_‘(,ill_)z-7 with the ring B methyl
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40 | - | Y

—_— -—

- substituent in the wrong bosition. The same sgudy,however,‘dem-
onstrated that an.imtermediate with the correct regiochemistry--
keto-ester 42--cou1d be constructed by a Die]s-Aider addition of
1soprene to keto-ester 43. Potent1a11y ketone 38 could be obtained
from 43 by a reduct1on of the enone doub]e bond and decarbomethoxy-

]ation
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82 ) 43

Keto-ester 42 also offers a suitable starting point for synthesis
of the isohimachaTane skeleton. Reduction to saturated ketone 44

fo]]owed by convers1on of the carbomethoxyl subst1tuent to an angular

~ ‘methyl group would give ketone 45 which requ1res on]y homo]ogat1on of

the A ring and 1somer1zat1on of the doub]e bond to give cis- ketone 15,

-the ass1gned]5 structure of 1soh1macha10ne

O co,Me | . 0.co,Me

151
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4

A similar approach could be applied to the synthesis of trans- .
ketone 14. Starfing with the ets-fused ketéhe 45, isomerization of
the double boqd'an& epimerization of the ring junction could give
trans-fused ketone 46 which, after homo1ogatjon of the4A ring,wou]d.

give the ketone 14.

0

45 I TR ; 14

The totai synthesis of a-himachalene (g) and é4himgcha1éne (g)
has been achieved'by a highly effic?gnf route basedron the SYﬁtheng
strategy out]inédAabove. Thémsynthesis'of cig-ketone 15 has a156 beeﬁ,
achieved and found to be not identical with naturally occgrring ;”"; |
isohimachalone. The synthesis of trans-ketbﬁq lé;is Qnder study and

the progress in this study wifi be reported,




‘ L ) L ’ s 3,
P S ’ : > .
a- and g-Himachalene = 1

4 - v,» N ‘ - * ' \ '

<

~

The ‘Diels-Ald adduct 42 he structure of.which has'been’een-

and. B-h1macha1ene (3) ﬁéeq;d1ng to the scheme outlined in “the intro=

I

duction The\bonvers1on of keto*EEter 42 to ketone 38,was Ebnvenle\gly

approached ¥1a the saturated ketone 44\wh1ch was a166 an 1ntermed1ate :
Y & s /
' _~in the prop sed synthes1s of the 1soh1macha1ane skeleton (13) ' ,
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In the presence of N1Tk1nson s cataTyst (tris- tr1pheny1phosph1ne
rhod1um(I) ch]or1de)28 hydros11anes have been shown29 to add to
a,s unsaturated ketones echusxve]y by 1 4-add1t1on to give 51Ty1

eno]-ethers wh1ch readily undergo hydroTy51530

to glve saturated
ketones When enone 42 as a 25% solut1on in benzene was treated w1th N
triethyTS1lan§ and a catalytxc amount_of.wrlk1nson s cataTyst,JdPTy ‘
p‘” a-small amoun of add1t1on product was observed after 5 days Hg%eugy' f
"'when f1neTy d1v1ded solid keto ester 42 was’ suspended in tr1ethy1-
.{~s11ane in the presence of the catalyst convers1on to product was e
compTete w1th1n 24 hr. The pur1f1ed product, obta1ned in91% y1er'(
- was 1dent:f1ed as’ s11y1 enoT-ether 477 HydroTys1s of 47 w1th pot-
a551um carbonate in aqueous methano] gave the saturated ketone 44 in
f > -88% yler The crude s11yf enol-ether 47 cou]d convenlently be

’hydroTysed to g1ve keto-ester 44 in 94% yxer from keto ester 42 ' |

-

"9 coMe

o

The saturated ketone 44 showed a moTecuTar jon. at m/e 250 1570,

1522737
=1

) in the mass spectrum 1ndicating ‘the chem1ca1 formuTa C,H,.0. fThebi
\ due to a saturated‘-

“ir spectrum showed bands at 1743 and 1710.cm

s
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4

-
b

- ester and ‘a satUrated ketone respect1ve1y

(o3

The nmr spectrum showed a

mult1p]et at §5. 32 due to a v1ny1 proton and methyl groups appeared as

‘F1nglets at 53 67 (ester), 1.63 (a11y11c), 1. 09 and 0.99.

Keto ester 44 was. decarbomethoxy]ated w1th ]1th1um 16d1de d1—

hydrate in ref]ux1ng 2,4, 6-coll1d1ne3] to g1ve two products in 94%

yield and 1n a ratio of ~80 20 (90:10 on one occas1on) which were

- easily separated.by column chromatography on silica’ gel.

N

The maJor isomer. showed a molecular ion at’ m/e 192. 1513 1n theiﬁ" ’

mass spectrum 1nd1cat1ng the chemical formu]a C13H200 The ir spectrum'

1 The nmr spectrum

- e

showed a band due toa saturated ketone at 1706 cm
showed a-vinyl proton s1gna1 as a broad singlet—at 65 33, an a11y11c

' ‘methyl as a s1ng]et at 61.61 and two other methy] 51nglets ai*—“ﬂ\_
8§1-.07 and 0 .98. Comparlson of the nmir (Tab]e 1) and cmr specta
(Tab]e II) with those of the known trans-ketone’ 4827 indicated that ths

maJor product was the trana-ketone 52,

The minor isomer: showed a molecular ion at m/e 192. 1522 (C]3H200) o

1n the mass spectrum ‘and the ir spectrum showed a k;tone absorption
~ . - B ) .
: L L SRR .f

I

/ ‘ ! . . I
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| TABLEVI."NMR éﬁectr& (6) of Ketones. 38, 48, 49 and 50

¢-8 Hb X . 2.50 2.40 a Ca -
C¥8§'H\\ 281 2.89 a a |
| vinylic cn3i 158, 1.65 | 1.6 1.65

vinyl H - 522, '5.17f , s 5.24
| O 1.32 132 1.07 oo1.07

.. gem CH3 \ N : L
\.0.98 - 0.98 - 0.98 . 0.99 -

AN

\ ‘ : ‘ o T : :
‘ aT-he signal for this proton was not clearly defined in the spectrum.
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y, .
TABLE II. CMR Spectra (s) of Keﬁones 38, 48, 49 and 50
.\\ | |
\\\
|
48
-1 212.2 .
c-2 35.6 35.6 38.9 38.2
c-3 379 37.8 42.2" 41.4
Y 33.0 33.0 33:3 32.5
C-4a 46.6 46.0 48.3 47.2
e - 29.3 24.7 32.5 27.0-
C-6 Cara 7 iiss 133.1 119.5.
¢-7 . ns.g o :] 1318 120.2 132.3
//g'cié// R fm{“" 28.7 . 26.3 30.2
} b\z;Sa L ) ‘23;5, . f"744:5‘ 1 36.0 45.7
vinylic CHy . 237 1 232 24.2 23.3
gem CHy {'; 2.9 26.9 > 20.0 19.4
: v e 28.0 29.0
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1

~at 1709ch° . The nmr spectrum showed a vinyl proton as a broad

singlet at §5.22 and methy! groups at §1.58, 1.32 and 0.98. Com-
‘parison of the nmr and cmr spectra w1th those of the known. cts ~-ketone

27 1nd1cated that the minor product was the cis-ketone 38.

.in proof of the steheochemica] assignment cig-ketone jé _was

» ep1mer1zed with sodium hydroxlde in aqueous methano] to g1ve an
-equ111br1um m1xture of 49 and 38 in a rat1o of 82: 18 and 1n 95%

- y1e1d 0

The most d1rect approach to a- h1macha]ene (2) from th1s point wou]d

appear to requ1re homologation of czs ketone 38 to the ketone 39




32

The ring expansion of ketones with ethyl diaanCetate has

33?33\

been shown to proceed via the selective migration o§ the less

_ substituted Céif:i}a to the carbonyl group. During the coufse of an

unsuccessful syn esis of a-himachalene (2) the ring expansion of

27

~§ia;ketone 507" was examined. Both ring -expansion products 51 and

§g_wére‘6btained'in a 50:50 ratio and in poor yield (39% total).
Ring expansion of the trans-ketone g§?7

: . . * ! . \N\‘
(0°, 1 hr.) gave trans-fused ring expansion products 53 and 54 (90:10)

» On thevqther hand, readiiy

in a_total yield of 85%.. On thd basis of these results the direct |

~

homologation did .not appear to offer an efficient route to-the

(341 )
3]



himachalane skeleton (1). Furthermore the cis-ketone 38 was obtained
only as a minor product of decarboxylation of 44 and efficient use
of the starting mater1a1s would requ1re successive ep1mer1zat1ons of
. 49 followed by chromatographic separat1on of the minor component 38.
With these difficu]ties in m1nd it seemed more expedient to proceed
with r1ng expansion - of the major isomer, trané ketone 49 and to
correct the ring Junct1on stereochemistry at a later stage

Treatment of 49 with ethyl diazoacetate and boron trifluoride
etherate at 0° for 1 hr. gave two chromatographically separable |
;products The major product‘ obtained in 90%‘yie1d showed a mol-
ecular ion at m/e 278. 1883 in the mass spectrum 1nd1cat1ng the |
chem1ca1 formula C]7 2603 The ir spectrum showed an absorpt1on due -

~ to-'a ketone in a seven membered r1ng at 1703 cm -1

and a band at
1746 cm -1 due to an ester group. The nmr spectrum showed a vinyl
;proton as a broad singlet at 65.33. The ethy] ester gave a pair of
methylene quartets (one proton each) at 64 08 and 4.06 and a methyl
triplet at §].21‘ A gem-d1methy1 group appeared as singlets at
60.95 and 0. 76 and an ailylic methyl group'gave a sing{et at 61.65.
. A s1gna1 at 63.53 was character1st1c of a meth1ne proton on the
ajcarbon of a g-keto ester. The s1gna1 was a doub]et of doub]ets
with coupling constants of.10 Hz and 4 Ht.ind1cat1ng the\presence
of tuo adjacent protons 'These'data.were consistent with the;as-

Esignment of structure 55 to the major product. -

The minor product, obtalned 1n 10% yield showed Spectra1 features

160
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very similar to those obtained for keto- ester 55. The mass spectrum '

gave a mo]ecu]ar ion at m/e 278. 1886 (C H2603) and the ir spectrum

{ showed typical seven membered r1ng ketone (1706 cm ) and saturated

ester (1750 cm ]) absorptrons The nmr spectrum showed a vinyl

- proton at 65.27, an‘ethy] ester group as ;‘quartet at 4. 10 and a.

triplet at 5] 25, and three other methyl groups at §1. 63 1.02 and

-0 81. In this case however, the nmr signal at §3. 28, 1nd1cat1ng one

proton at the a-carbon of a g-keto ester, was a doublet with a

" .coupling constant of 8 Hz 1nd1cat1ng the presence of only one adJacent

" proton. Th1s was cons1stent with the assignment of structure 56

o/the m1nor product Both 55 and 56 were s1ng1e compounds (17

2._ lines in the1r cmr spectra) existing exclusively in the keto -form.

The stereochem1stry at the newly introduced ch1ra1 center however,

could not be a551gned w1th certainty

Keto-ester §§_was decarboxylated withVIithium’iodide'dihydratesl

td give ketone §Z_fn 85% yie1d, _Ihe,nmr‘spectrum of_§z_was identical

161
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withApreviodsly f'eported35 nmr data fof §Z_obtained_by degradation of
a-himachalene (2) _ | '

The synthes1s of the key 1ntermed1ate 33 from ketone 57 re-
quires two operations. In one, the,double bond must be moved from
“the C-2 to the C-1 positﬁon.; In the'other,vthe'stereochemistry of

35

the ring junction must be‘converted'from trans to cis. Dev™ has

reported that ketone 58, when treated with oxalic acid in aqdeous

dioxan at ref]ux for 12 hr. s produces an equ111br1um m1xtu#e of 58;:

~and 59 in a ratio of 15 85 (determined by gc ana]ys1s) Furthermere o

.24

1t has been reported by Wenkert that the ketone 33 when subJected :;.f
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to base catalysed equilibration (conditfons unspecified), gives a
50:50 equilibrium distribution” with its trans-isomer 58. The .

.sequential app1icationvof these two equijibration conditions'appeared
~ to offer an acceptable route from 57 to 33. o

It was found, however, that application of Dev's oxalic acid

equilibrating condttions to ketone 57 produced no detectable trace
of any isomeric ketone and the starting material was.recovered
quantitatively. “The app]ication of. more strongly acidic con4
ditions was investigated In ref]ux1ng benzene w1th p- toTuenesu]fon1c
acid an equ1]1br1um was rap1d]y estab11shed w1th1n 1 hr., as de-
termined by gc analysis. Two peaks\were observed in a rat1o of
65:35. 'The minor component hedta retention time identicalAwith
‘that observed for pure ketone 57 wh11e the major component had a
t?ower retention time. The product m1xture was obta1ned in quan-
titative yield and nmr ana]ys1s showed the presence of four com-.. ?
vpounds approx1mate1y in the ratlo 53: 27 14 6. Three of these were

identified as the known ketones 5835 (53% 5735 (27%) and 3324

(14%). ;The fourthf.m1nor component,wasv1ater shown to~be the
. | b RN .

'
-

Th1s resu]t is contrad1cted by Dev35 who reports that treatmentqof 58

with potassium ¢-butoxide in refluxing t-butanol for 5 hr. gives only
unchanged start1ng mater1a1 as detenn1ned by gc and the ir spectrum ’
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. previously unreported cis-ketone 32*.

A

i

Flash chlr:'omatocj‘iﬂaphy:i6 of this mixture’on silica gel gave leading -

The observation of an ~65:35 ratio between cis-ketones 33 and 39
and between trans-ketones 58.and 57 in this mixtureconflicts with
Dev's report35 that an 85:T5 equiTibrium mixture (58:57) is formed -
on treatment of 58 with oxalic acid. Our own observation that sim-
ilar conditions cause no isomerization of trans-ketone 57 suggests
that such conditions are very slow to promote isomerization and
thus in Dev's case equilibrium may not have been reached. It )
should also'be noted that Dev's equilibrium mixture was analysed -
only by gc. - On this basis the possibility cannot be excluded
that Dev's conditions also produced quantities of the-cis isomers
33 and 39 since our own results show that these-two compounds are
not distinguishable from their respective trans isomers 58 and

57 by gc analysis. - : ‘
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fractions of pure cis-ketone 33 in. approx1mate1y 12% y1e1d and 1ater
fractions (1n 88% y1e1d) which were a m1xture of 58 33 and 57"as
‘;e11 as the unidentified fourth product. In practice th1s mixture
was subjected sequent1a11y to the acid cata]ysed equ111brat10n con-
ditions and flash chromatograph1c removal of the des1red eis- ketone
33 in order to obtain efficient use of the starting mater1a1.

The tfans-ketone 57 was treated w1tn'sod1um hydroxide in re-
fluxing aqueous methanol far 48 hr. Gc'analysisJof,the\pnoduct,f \
obtained in 90% yie]d, showed one neak identich.in netention time
‘with the start1ng mater1a1 however nmr ana]ys1s showed the presence
of two components in an 80: 20 ratio. The major component was 1d—
entical with the start1ng ketone_§1. The minor cdmponent was
separated‘by f]asn chromatography36 and was identified as ¢ig-ketone §Qf.
Comparison-nf nmr spectra showed‘that 39 was the fourth, m%nor'com-
ponent of the mixture obtained from p—to]uenesu1fdnic acid cetaTysed
visonerigatien of 51.‘ |

_ The epimerization of cis-ketone 33 was also examined. Treatment

* .

The observed 80:20 trans:cis ratio contradicts Dev's report35 that.
equilibration of the trans isomer with potassium t-butoxide in ¢-butanol

at reflux for 5 hr. gave exclus1ve recovery of the trans-fused ketone.

" Dev's product was analysed by gc, ir and by spec1f1c rotation. Since
our .own results show that the cis- and trane isomers are inseparable

_ by gc and that the .ir spectra are very similar it is possible that
Dev obtained, but didnot detect, the cis-ketone. Alternately it
may be poss1b1e that under Dev's conditions equilibrium was not
established since our own results show that these ketones are quite
sTow to equ111brate o .

-~

¢
!
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of §§_with sodium hydroxide in refluxing aqueous methanol for

20>hr. gave a product which showed only a single peak on gd anaTysiS.

/'&\s

-Nmr ana1y51s of the mater1a1 showgd the presence of two compounds

in a ratio of 80 20 The m1nor component was 1dent1ca] n}&h the*

start1ng czs-ketone 33 The major component was 1dent1ca1 with the ‘

known35 tpans ~-ketone 58
The d1rect conversion of cts- ketone 33 to a- h1macha1ene (2)
by a Watt1g reaction appeared to be stra1ghtforward and has been
{reéorted by'wenkertzq. -However it was found that_under a variety
”offoonditions the reaction‘of methy1enetriphen§1phosphorane wtth
cis-ketone §§_invar}ab1y produced‘only partial conversion of the

starting material to'a 50:50 mixture of two hydrocarbons which

were shown by'comparison of‘nmr spectra with pub]ished data to be

a-himachalene (2) and the known22f23’35 hydrocarbon trans-a-him- )

AN

" achalene (59).
A methyTationQdehydrat%on approach proved-more effectave for

“  the conyeréion:of,cis—ketohe 33 to himacha]enes.k As: reported by

o~

Treatment at room temperature for 24 hr gave only part1a1 con-
" version (25%) to trans -ketone 58. :

K

- The observed 80: 20 trang:ctis ratlo contrad1cts the report of a

1'6_6'\

100:0 ratio published by Dev35 (see details in-footnote on Page 165)

and also a report by wenkert24 of a 50:50 equilibrium ratio obtained.

from the cis-ketone 33. A]though Wenkert s conditions are not spec-

ified it seems poss15Te that in h1s case equ111br1um had not. been

estab11shed



- ,? ;
~ f .
. R
- ‘ , o ¢ =\ \\ ] |
\ ) ) Henkerta\‘the add1t1on of methy] 1 thmn to éis- ketone 33 Proceeded '
| fsmoothly and spec1f1cal]y from ‘the 'Iess hmdered face of th mo]ecu]e h
‘."Jto gwe 7-epp-h1machafol (60) in 93% yleld The dehydration of
A L N e
» » s X \ e —*—I\’\‘_’f‘%”f'
IR
aICOhol 60 .with one eqmva'\ent oLpﬁosphory’l chlonde in- pymdine at
room/ rature for 24 hn. _ga,vo no @mtaﬂe amount of dehydratnon f s
T pMuct however use of a large excess of phosphory1 chloride for ST

24 hr. gave a 60 40 mixtu!‘e (by nm' integration) of as (_) and B- =
" himachaleme (3)"in el A mne efficiqnt procedure/for sel-f.@-‘ R
. L ,‘\ N '
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| phosphory} ch]or1de in ref]uxIn? pyrxdlne for 1 hn. The resu]ting

- mixture of hydrocarbons obta}néd in 93% yxeld conta1ned a--(_) and
8- himacha]ene (3) in a {SE?; of 75 25 by nmr . 1ﬁtegrat1on Separat1on
‘_ of the two 1someric hydrocarbons by flash ch’?omatography36 gave
samples\\/ pure u-himachalene (2) and 8- h1macha1ene (3) which were
1dent1cal W1th the natura]ly occurrlng compounds by compar1son of

the1r nmr, ir and mass spectra with pub11shed value55 6

The ef- -
fective over&]]lyield_of thc m1xture of a- a nd,B-himach;;enes was

22% over 12 steps from enonedgz,as}out11ned in Scnéme I.
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" Scheme I: -The S_ynthe'si‘s of a- and B-Himar;haerne
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was treated w1th ethy]ene g1yco] and p- to]uenesu]fon1c ac1d in re-

3f1ux1ng benzene for 47 hr. and a ketal was obtalned in 93% y1e1d to

wn1ch structure 61 was tentative]y ass1gned o e

170

To ascerta1n that the ac1d1c keta11zatlon cond1t1ons had not also'

v caused mwgrat1on of’ the double bond to give keta] 62 the ketal group’

was remoVed by treatment w1th p-toluenesulfon1c ac1d -in acetone for:

4 days A single product was obtalned An quantltative y1e1d (based

on recovery of 46% of the starting ketaI) which uas identicaI.by

e

nmr, 1r and tlc analysis wt/? the origina] keto-ester 44

A



The production of'uu4isomerized keto-ester 44 from the very mi]d

- transketalization conditlons 1nd1cated that the keta11zat1on of 44

had occurred without m1gratlon of the double bond .and that 61
was, the structure of the product obta1ned ~

Convers1on of the carbometboxy] group of 61 to a methyl group

, . required reduct1on of the ester to- the a]éohol 63 fol]owed by

v s

.. attachment of a 1eav1ng group.and_further-reductfgn,to g1ve the

~methyl derivative 64. The ester‘§l_was easi1y reduced witht1ithium :

‘"a]um1num hydr1de in ether to g1ve a]coho] 63 in 92% y1e1d ,The
a1coh01 63 gave a molecu]ar 1on at m/e~266 1886 (CIG 2603) in the -

f mass spectrum and showed a’ sharp hydrony absorpt1on at 3546 cm;]

in:
] the ir spectrum The nmr spectrum showed a viny] proton as a broad
jrsinglet at 65 14, The ketal group appeared as a four proton singlet
“at 83. 95 uh11e the two protons of the hydroxyl substituted methy]ene
gfgroup appeared as doublets of doublets at 63. 51 and. 3. 10 and Ebg | 2
‘p;ffhydroxyl proton showed as a doublet of doub]ets at 62 42.. MethyI* ;'* ?;el{%
s {.groups aiso appeared at ol 62, 0 97 and 0 81. i X
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The further reduction of the hydroxymethylene group ‘of 63 to
an angular methyl required the use of a derivative which could be
reduced without steric interference from the adjacent neopenty1

32 that tetramethyl pho’sphorodiamidate37

center Tt has been shown
(TMPDA) der1vat1ves of alcohols can be reduced to hydrocarbons w1t
-11th1um 1n ethy]am1ne/tetrahydrofuran/t—butano] Such TMPDA der-
1vat1ves of stericly h1ndered alcohols are, however, d1ff1cu1t to

prepare d1rect1y from react1on of the a]cohol w1th tetramethy]
38

phosphorodiamidic ch]or1de Th:s difficulty can be circumvented™ :
- by convers1on of the a]coho] fi e d1methy] ch]orophosphoram1date

’¢der1vat1ve us1ng-d1methy1phosphoram1d1c d1ch]or1de foldmmaiJuL.,

_treatmentiof the result1ng 1ntermed1ate with d1methy1am1ne to give
the’TMPDAgderivative Accord1ng1y alcohol 63 was converted to the
-t_.correspond1ng alkoxy an1on y treatment w1th n- buty]11th1um in
}-1 2-d1methoxyethane/tetramethylethy]enediam1ne (80 ZP) at 0° for
-'v 15 min. The anion was/treated in sttu w1th d1methy1bhosphoramid1c
mdichlor1de39 at room temperature for 23 hr to give EompTete con-
7?vers1on to the 1ntermed1ate 65. Th1s compound was not 1solated but
was rap1d]y converted by the addition of excess 11qu1d dmmethylamlne to

-?éy-the solut1on at 0° 1nto the TMPDA der1vative 69 in' 84% overall yleld

_.u

from alcoho] 63. _‘,*\ . o :f,‘* ":'1_‘ i7 : .'-'_fv_p_
Reduct1on of the TMPDA derivative 66 with 11th3um 1n ethy]aane/

“~f__A tetrahydrofuran/t-butanol gave three prlncipal products One;product,v 7"

PR .
AR T




obta1ned in 14% yie]d was found to be 1dent1ca1 w1th the alcohol

.65 and c]early resulted

173

c]eavage The minor product, obta1ned 1n 5% y1e1d was found %o be -

1dent1c?1 w1th the trana-ketone 49 obta1ned prev1ous]y (vzdé znfra).

v,.

P0551b1y th1s ketone could dccur v1a a 1 3-g]yoolztype cleavage in .

'the rad1ca1 which would reSult from Pao bond f1$510n in the TMPDA

5.derivat1ve 66 as shown below.' The- MaJor product, obtained in 69% ‘

Qr'fyield was 1dentified as,the desired ketal 54, The exact mass of .

‘,ﬁ.ijthe mo]ecu1ar ion 1n the ma;s spectrum (m/e 250 1930) iﬂﬁicated

R . L . . -,‘ ! b:» .

R v
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the chemical formula C16H2602 The nmr spectrum showed a vinyl

",> ' "f 5 upﬂasua~¥eupmppeten-SJngJed;aigﬁ3485__________*_*

;- four methy] singlets at §1.62, 0.88, 0. 83 and 0.76.
‘ Transketa]izat1on of ketal 64 with acetone in the presence of
ﬁ p- to]uenesu]fcn1c ac1d rapid]y (2 5 hr.) gave a product 1dent1f1ab1e

a3 eis~ ketone 45- 1n 97% y1e1d The compound gave a-mo]ecu]ar 1on_

‘f at m/e 206 . 1671 in the mass spectrum 1ndicat1ng the molecular N
£ LSy
j formu]a C]4 220 The ir spectrum showed an absorption due to a . '

saturated ketone 1n a six-membered ring at 1706 cm ];: The nmr spectrum -

,.‘- ,‘Z ‘ ','



; “of 45 and 67 showed that {n 45 tne B ring cou!d not achieve a astable

175
‘,

- showéd a vinyl proton‘asla multiplet at 65.27 and four‘metﬁyl groups
a§ singlets at 6];67, 1.02 and 0,95_(six proténs).
The-synthesis ofﬁig could<procéed from ketone 45 by twd dif-
fgkent_rodtes: isomérization“of‘fhewddub1e bond (67) followed by
‘homologétion.of the ketone ring, or. homoiogation first (68) and

then isomerization of°the double bond. The isomerization of 68 to .

15 has precedent in the acid cata1ysed 1somer1zat1on of 57 to 58

in which the equ1]1br1um rat1o of the~tw0 compounds was approx1mate1y ‘

| 33: 67 (vzdb supra) on tne other hand exam1nation of Drewdlng mEH“TS‘*4» .




quas1—cha1r confOrmat1on w1thout exert1ng cons1derable torsional

" strain on the Cvda/C 8a bond In ketone»67 however, the quas1-chair

conformation of the B r1ng could bé attained w1thout undue tors1ona1
strain. ketone 67 therefore m1ght he expected to predom1nate
in an_equ111br1um mixture of 45 and 67,

Treatment pf 45 with p- -toluenesulfonic acid in ref1ux1ng benzene

")

for 2 hr gave gn 8s: 15 equ111br1um m1xture of two 1nseparab1e ‘com-

pounds in 89% yjeld. The minor comPonent was 1dent1f1ed as'ketone
45 by its gc¢ revéntioh time and by Comparison'Of the mipor signa]s

in the nmr spectrum of the m1xture W1th the spectrum of pure 45.

The major component showed nmr s1gnals at 55 .40 (mu1t1p1et) due to a’

ev\\

v1ny1 proton and,at §1.71, 1.04, 0.97 and 0.94 (singlets) due to
methyl groups. The strﬁcture 67 was tentatively assigned and this

Vel

" 45 - R Y,

was conf1rmed by compar1son of the cmr Spectra (Table tT) of A5

xand 67. In both cases the S1gna1 due,% C'la appeared as the only’i

. h]gh field doublet 1n the off resonance decoup1ed spectrum In 45'
‘;the signa] appeared at 548 9 whereas'1n 67 the s1gnal appeared at 652 3

L. RO ; . R . LR VEEN -~ . .
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TABLE III. CMR Spectra (4) of Ketones 45 and 67
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because of desh1e1d1ng by the closer proxlmlty of the double bond.
_ As well, he olefinic carbon C-5 in 67 was deshielded (5120 5)
A re]ative/to C-7 of 45 (s117. 7) by the B—effect40 caused by C-4.
As was stated for the synthe51s of himachalenes (vide supra),{
the ring expansion of ketones such as 67 with gthyl d1azoacetate32
was expected3? »34 to proceed w1th predomxnant m1gratwon of the 1ess

subst1tuted a-carbon to give B-keto esters such as 69. Treatment of

67* with ethyl diazoacetate and'boron trifiuoride'etherate in ether 5

for seven days gave two products (60 40) in. a comb1ned yleld of 41% /

~which weno separated by co]umn chromatography ~ The maJor product

showed a>molecu1ar ion at m/e 292.2031 in the mass spectrum in-
~_wdjcatlng the chemica] formula C18 2803 The ir spettrum showed a
band at ]748 cm due to a saturated ester and another ay |706 due .
to 3 ketone in a seven membered r1ng The nmr spectrum showed a

. v1ny1 proton as a doublet at 65 32, and an ethyl group as a pair of , _>

L

*he sample was- contaminated-mth ~15%:5%. of the isoméric ketone 45.

|
/
|
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‘quartets (one proton each) at 54‘09 and 4, 08}and a iriplet at §1.21.
“Methyl groups appeared as 51nglets at 51 09, 0.97 and 0. 67 A ";
- signal at a3 92 was assigned to a proton on the:- a—carbon of a B~ keto
ester. The signal was a doublet of doub]ets with coup11ng constants
of ]2 and 4 Hz 1nd1cat1ng that two protons were adJaeent_ 'The.
preceeding data; especia11y the coupling patterns‘of the vinyl and
keto-ester protons‘indieatedpthat the‘structure o? this phodpct Was
~ The minor product of the ring;expansion:reaction_was-1ater con-

c]usive]yf{dentified as 70 by comparison with an authentic sample

obta1ned from ketone 45. The presence of 70 among the reactlon products
~probab]y stemed From the r1ng expans1on of 45 wh1ch was present as
an 1mpurm§§e(~]5%) in the start1ngxmater1al S .
The decarboxylat1on of keto-ester 69 ‘with 11th1um 1od1de d1-
3, proceeded to g1ve a-ketone in’ 10% y1e1d The product “
sh0wed a. moiecular ion-at m/e 220. 1823 in the mass spectrum and
.

n ”gshowed a- band at 1599 cm in. the ir spectrum 1nd1cat1ng a ketone 1n o

S -a seven membered rlng The nmr spectrum showed a v1nyl proton as -a -

V2R T -
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A

[N

doubTet at §5.34 uith a coupling constant of 4 Hz. Methyl.ggoups;\e ’

appeared as sihg]ets athdl .69, 1.01, 0,97 and O. 69. The.appearance

of the v1ny| proton as a doublet strong]y suggested that th1s product

- had structure 15 The re]at1ve1y poor y1e1d obta1ned for conyers1on -

of 67 to 15 prompted 1nvest1gat1on of the alternate route to 15

k'

via ring expans1on of ketone 45.

Pad

Treatment of 4 fgj%
" .etherate in ether for"8‘hr gave ¥ s1ng1e produet (18 11nes in ‘the .
cmr spectrum) 1n 82% y1e1d The mass-spectrum showed a mo]ecu1ar

. 1on at m/e 292 2037 character1st1c of the chemwcaT formu1a C18H2803

The ir spedt#um'showed a band due to a sa]'rated ester at 1750 cm -

' and one due :o a seven-membered rTng ketone at 1700 cm 1 The" nmr
;spectrum showed a v1ny1 proton as 2 broad’sing]et at 55 34 and an
"ethyl group as a pa1r of quartets (one proton each) at 64 1] and 4 09

H'-and a triplet at 61 22 Methyl groups appeared as sing]ets at 6] 66

. 1 09 0. 98 and 0 71 A s1gna1 at '§3. 86 ‘Was as§1gned to a proton at

;the a-carbon of a B keto ester and appeared as a doubletnof doub]ets

. w1th two coupling constants of 10 Hz each 1nd1cat1ng that there were

s.

L

o

)
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(} two protons .adjacent to it. The preceeding spectral data indicated
\ _ that the structure of the ring expansion product was 70.

31

Decarboxylation of 70 with 1ithium iodide djhydrate gave the

-corresponding ketone 68 in 86% yield. -The ketone §§_showed a.mo]écu]ar

{
°

70 68

_— & ——

']c

ion at m/e 220.1829 (C]5H240) and an ir absorpt1on at 1701 cm
1nd1cat1ng a ketone in a seven-membered rlng The nmr spec&rum

showed a v7ny1 proton as a broad snng]et at §5.30 and methy] sing1ets ,
at 61.63, 0.97, 0.95 and 0.69. o o o

| The attempted acid catalysed isomerization of §§_to'1§;withi
-oxalic acid in aqueous dioxan at re%lux fornlz hr. gave only re- ;/
covered starting material (89%).v’Howeuer, treatﬁent'of §§:with*p- .
toluenesulfonic acid hydrate in ref]uxing”benzene for 2 hr. produced
. two 1somer1c ketones in addition to a 5% recovery of startlng
mater1a1 The major product., obtalned in 53% y1e]d was 1dent1caiu
w1th~\ﬁe\ketone 15 produced by decarboxy]at1on of keto ester 70., e
The second product obta1ned in 15% y1e1d gdve a mo]ecu]ar ion at :f
‘m/e 220.1831 in the mass spectrum. The ir spectrum showe% a band at
-1 :

1699 cm ° due to a seven-membered rmng~ketone, AThe nmrxspectrum

< A
K] . . N 3
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15 4 ' ' , 70

showed a viny]lprgton as a mu]fip]et at §5.17 and methyl groups as
singlets at 61.60; 1.26, 0.94.and-0ﬂ75. .Although the spectral data
indicated that this compound was Qery closely related to ketones i§
and 68, the’gtructure_cduﬂd not be assigned with certainty and it is
referred to in this thesis as ketbné Af. “

Conclusive eyidence inAsbpport of the assignment of the double

bond bosition in ketones 15 and 68 was obtathed from their cmr spectra

(TabTe IV). In 15 C-9a appeared as the only high field doublet at

Contlnued heat1ng of the acidic reaction mixture for 22 hr. gave
ketone A-as the major product.

~



TABLE IV. CMR Spectra (s) of Ketones 15 and 68
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15 68

c-1 50.2 45.0.
c-2 121.8 , 18.1
-3+ 1381 | 132.1
C-4 ) 27.12 119.7
C-5 23.4 29.52
C-6 49.7 49.1
c-7 o o 218.0 - 217.8
c-8 S | - 40.5 Y
c-9 : - ' | b,a 30.12
‘10 6.2 38.2
c-11 - | 39.6 L37.5
" 334 29.6

26.0 26.6

e BEEPE-N s el 26.1
| 3.4 o 231

Qv

Sy

aTh1s signal cannot Pe assigned with certainty.

b
standard (627 7).

This s1gna1 is probab]y obscured by the signal of the cyc]ohexane
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§50.2, deshielded relative to C-9a of 68 (8§45.0) by the adjacent
double bond. Also the olefinic carbon C-1 of 15 (§121.8) was.

deshielded relafive to C-3 of §§_(6119.7) due to a g-effect from the
i o

b
v

adjacent C-9.

With the p]écement of the double boﬁd in 15 and 68 clearly
defined by the spectroscopic evidence, and with the cis stereochem1stry
of the ring junction fixed by the structure of the key 1ntermed1ate,
D1els-A1der adduct 44, the ass1gnment of structures 15 and §§_to
their respective compounds was assured. ’

It is essential to ‘note at this point that the spectral data
(Table V) of neither ketone 15 nor 68,nor indeed of the unidentified

15 ¢or naturally

ketone A,were identical with those reéorted by Dev
occurring isohimacha]one.- Examination of the data in Tab]e V_fUrther
.nuicated that a very close similarity ex?gted between the nmr
%pectra of Dev's]5 isohimachalone and Tei_vsseir‘e's]4 trans-ketone 14.
This, together w1th the non- 1dent1ty of our synthetic 15 with the
natural]y occurr1ng compound,strong]y suggested that the natura]]y

15

occurr1ng isohimachalone isoJated by Dev m1ght be identical with




TABLE V. NMR Spectra (s) of Several Isohimachalane Derivatives
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-

0.69

Synthetic 15 Isohimachdlone 15}4 68 Ketone A
5.44 5.50 5.53 5.30  5.17
2.56 | 2.60 "2.56 ‘ 2.84

| 2.00
1.69 1.8 1.81 1.63 1.60
1.01 1@é§ 1.12 0.97 1.26

T 0.7 0.98 0.90 (0.94) -+ 0.95 0.94

0.69 0.75 0.74 10.75

B ]

aA'lthough the text of. the paperrreferS‘to the chemical shift of
this signal as 60.90, the spectrum, which is illustrated in the

paper, shows a shift at ~60.94.
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14

the trans kétoqe 14 isolated by Teisseire Unfortunately, authentic

samp]es of both natura11y occurr1ng ketones were no 1onger ava1]-

ab1e4] 42

and so direct compar1son of the compounds w1th each other
and with 15 was not’possib]e: . _ i »
As was mentioned in the 1ntroduct1on, the synthes1s of Teisseire's
) trans ketone 14 could conc1eveab]y be approached via the ets-fused
ketone §§, ‘In a su1tab1y act1vated,der1vat1ve of 45, ep1mertzat10p

of the ring junction proton could lead ultimately to the traﬁs-fused

. product 71.. This transformation might be achieved by'%e]ective

45 ' - -Zl'
‘bxidatiOn of the'a]]ylic C-5 methy]ene.group of‘keta1'§§_to.gjye |
the ketone 72 Base'catalysed ebimerization7of the resuqf?;; ketone
to give trans- ketohe 73 fo]]owed by reductlon of the carbony] of
73 to a methylene group cou]d give trans ketal 74 Th15vke$al\cou1d
then be converted to the trans ketone 14 by a route analagous to

that used for. conversion of ketal 64 to cis-ketone 15
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73 - R 74

Treatment of ketal 64 with se]enium_digfiie43 in refluxing

t—bu;ano] gave a cqmp]ex mixture of products whiég.were sepafated by
column chromatography. Fouf principa] producés were obtained gﬁd
‘V‘identifieq"by spectroscopic analysis as aldehydes 75 (34% yield) and.
Z§_(18% yield) as we]TJaS‘alcoho1s Zz.(32%'yie]d)and2§_(16%Vyiefd).
‘Nd detéctabie~quantity of the desireq C-5 oxidathn product was
% observed. - . o ) | ‘

The observed oxidation of ketal 64 predominantly at the allylic

methyl group under these conditions indicated that a more suitable
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/ o Ty
™ \) : ! \
.
CHO NCHO
15 76
(v s
¢
7 B

starting material would be the ketal 79. Preferential oxidation of

the ai]y]ic methyl group would lead to alhehyde 80 in which the

% . | - &CHO

79 . ' 80
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ring junction protonishou]d be epimerizable under'hasic conditions.
Ketal ngwas easily prepared by'treatment of ketone ng, obtained by
isomerization of ketone 45, with*ethy]ene glycol and'p-t01uenesu1fonic
‘acid'in ref]uxiné benzene. The product, obtained in 99% y1e1d was a
m1xture of two compounds 1n an 85: 1§/rat1o The minor component was

shown by compar1son of nmr sééetra ‘to be 1dent1ca] with pure ketall-'

Qﬂf* and c]ear]y arose from keta11zat1on of the ketone 45 whig fhas',li S
present as an impurity in the starting material. The maJor COmﬁonent
was obtained pure by recrysta]]1zat10n of1§he product m1xture and

showed a mo]ecular ion at m/e 250. 1929 in the mass spectrum 1n-w“'ub.

o

d1cat1ng the molecular formula CT6H2602 The ir spectrum showed

the‘presence oT a trisubstituted double bond with a band at 812 cm"].'
The nmr'spectrum showed a;VinyTVproton as a broad doublet (J~='5 Hz)
at 65.37. 'The_ketal group appeared as a conpiex.four proton signal
centered at §4.86'. Methyl grnups>qppeared as'sinQTetS.at‘61.70,
- 0.97, 0.84 and 0.79. P |
In a more efficient_operall conversion.of ketone §§_to ketal
19, grude 45 was treated with p-tOTuenesquonic‘acid in refluxing

- : @ - . :
benzene for 2 hr. Then ethylene glycol was added and the heating

* . - !
. This material was contaminated with ~15% of the isomeric ketone 45.

h1s material could be recycled into the'synthes1s by deketdl- .
ization and acid catalysed -isomerization to g1ve ketone 67

~.
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continued with separation of water for a further 21 hr. The resulting
85: 15 mixture of ketals 79 and 64 was subsequent]y isolated in 98%

overall y1eld-from ketone 45.

5 v 19

Selenium dioxide okidation of ketal 79 in refluxing t-butanol

gave a comp]ei_mixture of products which were separated by'co1umn,

chromatography. Three principal'products were obtgined, One product,.

obtained in 18% yield, was identified as aldehyde 81. A second
_product, also obtained in 18% yield, showed a molecular ion at

m/e 264}1724 in the'ﬁégs spettrum‘indicating thé chemical formu]a

~ <



(/k\C]SHMO3 The ir spectrum showed aldehydic C-H absorpt1ons at 2805
) and 27]0 cm -1 and an a,B-unsaturated aldehyde ,at 1686 cm ].' The
nmr spectrum showed an a]dehyd1c proton as a 51nglet at §9. 42, a
v1ny] proton as a doublet of doub]ets of doublets (J =5, Jd" =3J" =
,@2'Hip and a ketal group as a four proton mu1t{p1et at 63.90. _
Methy] groups appeared.as singlets at §1.10,0.85 and 0. 78 These -
" data were consistent with thé)ass1gnment of structure 80.
The third product (12% yield) of se]en1um dioxide oxidation of
ketal 79 showed a molecular ion at m/e’ 266.1890 (Cighogdy) i~
the mass specfrum. ‘The ir spectrum showed a hydroxyl absorption at
3438'cm1]. The nmr spectrum showed a viny] proton.as a doublet
(0 = 6 Hz)-at §5.65. A complex signal at.63.86 Whiéh integrated for
seven protons was.attributed to a ketal group and the three protons

of a hydroxymethylene group. Methyl éinQ]ets appeared at §0.98, 0.84

énd 0.79. These data)indicqtedfthe structure as a]éohd1 82.

This alcehol was eas1]y converted to aldehyde 80 in 52% y1e1d by
oxidation with pyr1d1n1um ch]orochromate4¢'1n d1ch]0romethane.

=y

T
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Kl

" Treatment of aldehyde §g,w1th'sodium hydroxide in aqueous
‘methanol at room temperature for 19 hr. produced no detectaple
isomeric aldehyde. and 85% of cfs-a]dehyde 80 was ‘recovered.

However, treatment of a similar reaction mixture at reflux for 22‘h}.

gave (69% yield) a 52:48 (gc ana]ysis)'equi1ibrium mixture of

cis-aldehyde 80 (major) and a second compound (minor).‘ Separétion

~of the two components by flash chromatography36 gave the minor.componeht

in pure form. The mass spectrum showed a molecular ion at m/e

]

264.1725 (C16H2403)‘ The ir showed an a]dehy&ic C-H absorption‘at
2710 cm—] and an a,s-unsaturatéd 515ehyde band at 1683 an ', The
nmr'spéctrum showed an aldehydic proton as a siﬁg]et at §9.37 and a
vinyl proton as a doublet of doublets of doublets (J =J' = J" =

2 Hz) at 66.56; The kefal.group §ppeared as a broad singlet (four
protons) at §3.85 énd methyl groupé gave'sing]éts at 61.0]; 0.90 endu-
0.88. These data were consistént w%th?the assignment.of structure |

83. |

.Thé stereochemistry of a]dehydes 80 and §§_was’shownaconclusive1y
by the coupling constants of the ;inyl protons in-their nmr v
spéttra.j In ?is-a1dehydé 80 the vinyl p?oton.signal at §6.68 was
a doublet of doublets of doublets with one Tlarge coub]ing (5'Hz)
to "the proton at Cada and two sma]]f]Png range couplings (é'Hz_ °
qach) tg” the protons at C-7. Iﬁ'trané-aldehyde 83 this proton
(66.56) was also-a doublet o% doublets of doublets however all three
'coupfihg constants;were apprqximate]& 2 Hz. Ekamination of Drieding

3

<



‘CHO CHO

CHO

80 . - , 80a

models showed that, in the MOSt stab]e confonwation of cis a]dehyde
80a the d1hedra1 ang]e between the C-4a and C 5 protons was m40°
'from which a coup]1ng constant of ~5 Hz would be expected45 N

. On the other hand, in trans-aldehyde 83 the d1hedra] angle between
these two protons was m90° which shou]d produce a very small coup]Jﬁg
‘between the two protons45. These pred1ct1ons are in a;reement

with the observed coup11ngs descr1bed above

. Methods are current]y under study for the convers1on of

: trans—aldehyde 83 to trans eta] gﬂ_wh1ch»1n pr1nc1p1e cou]d‘be%,

- P
»
¢

. g . : : . 69 ‘H v"\.

19%

%
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converted to t;»ané-ke_tone 14 by ‘déketalization and r:irig-expansionl




Experimeﬁ?a]

~ Genera] _

For general remarks éee Chapter 1 of this thesis. A1l gas.

‘ chrométography (gc) was performed on a Hew1éft-Pa¢kard 5750 research
chromatograph using stainless steel columns ( 8 ff. x 1/8 in.) ”

' backéd with 10% diethylene glycol succinate on 80F100 mesh Chromosorb-

W, acid washed and treated with dimethylchlorosilane.

<

Materials

Benzene was distilled ove%”]ithium aluminum hydride. Pyridine
was distii]ed over barium oxidé and stored over potassium hydroxide
pellets. Boron trifluoride etherate was distilled over calcium

hydride according to the procedure of BroWn46’47.

Nitrogen was :
paséed through a purification train of Fieserﬂs_so]ution47,
saturated aqueous Tead acetate, concentrated sulfuric acid and

- potassium hydroxide pellets.. Dienone-éster 3;&8 was prepared in two
steps,from.4,4-dim¢thy1—2—cyc1ohekeh-1-on§49 ac&df&ing to the pro-

cedure described in Chapter 1 of this thesis.

©

195



196

>

N

>
1.

8a8—Carbomethoxy-4,4,6-trimethy1-4a3,5,8,8a—tetrahydro-1(45)-

*

naphthalenone (42)

Dienone-ester”ﬂ;ﬁ(].oé g, 5.72 mmol) was dissolved in ether_
 (freshly distilled over lithium aluminum hydride) under an atmosphere
of nitfogen. Anhydrous“stannf% chloride (745 mg, 2.86 mmol) was
added with stirrinéifollowed by addition of isoprene (11.4 ml,

114 mmol). After stirring for 84 hr., saturated aqueous sodium
bicarbonate (10 ml) was‘added. The resu]ting'mixfure was extracted
with‘ether and the extracts were washed with water, dr?é?; fidtered
and concentrated. Column chrbmatography of the rééidue ;n silica
Age], e]utiﬁ§ with 8-20% ether in.petroleum ether, gave a mixture of
keto-ester ﬂg_and‘its regiosomer 8ae—carQomethoxy—4,4,7—tr1methy1—4aé,;
,5,8?8a-£etrahydro-1(4&)-naphtha1enone (82:18 by gc ana]ysis, 1.37 g,
97% yield) which crystallized on standing. As an,alternative to"
Aéhromatographic purificéfiqg the crudg residﬁe could be purified by |
molecular distj]]ation in a Kugelrohr apparatus (~120°C at 0.5 Torr.)
to’give a mixtLre of keto-ester 42 and its regioisomer in 99% yield.
Oné-récrysta]1iza?ion of'this mixture ffom ether gave pure’keto-ester
42 (872 mg) as colourless crystals. Spectral data for keto-ester 42

have been reported (Chapter 1). Additional keto—ester“ﬂ§_cou1d be

The stereochemical de51gnat1ons used in this and all other chemidal
names in this section denote relative stereochem1stry A1l compounds
used and obta1ned were racem1c
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obtained either by fkactiona]:crysta]]izat{on from the mother
liquor or by pfeparative high pressure liquid chromapography as

described in Chapter 1 of this thesis.

8aB—Carb0methoxy-1-triethy]si]y]oxy-4,4,6—triméthy1-3,4,4a8,5,8,8a-
hexahydronaphthalene 47 '

.

Finely divided keto-ester gg (760 mg, 3.06 mmol) was suspended
in triethylsilane (710 mg, 6.12 mmol) and tris-triphenylphosphine

rhodium(1I) ch]oridezs

(14 mg, 0.015 mmol) was added. The mixture
was stirred for 5 hr. after which additioné1 triethylsilane (71p mg)
was added. After a further 19 hr. the mixture was diluted with

_ betro]eum’ether? filtered, and concentrated tolgive crude silyl-enol
_ ether 47 (1.28 g). Column chromatography of .rude 47 on silica gel,
eluting withf3-5% ether in'petro]eum ether, gave pure silyl enol
ether 47 (1.01%j, 91% yield) as a colourless oil: nmr §5.28 (m, 1H,
CH3—C=£Ef),‘4463 (dd, 1H, J = 6, J' = 3 Hz, —O—E=Cﬂf), 3.58 (s,
,3H,:—O—CH3), 2.63 (dd, 1H, J = J' =8 Hz, C-4a H), 1.62 (s, 3H,
~C—CH3), 0.9 (s, 2X, 3H, ‘—(IZ(CH3)2), 0.96 (t, 9H, J = 7 Hz,
,3X+CH2—Cﬂ3); and 0.61 (q, 6H, J = 7 Hz, 3X—CEQ-CH3); ir 1743, 1728
(C-0), 1674 (enol"c=C), 1387, 1378, 1366 (CH,), and 820 cm™'
(C=CH); ms Mt 364..21i33 (caled. for CyqH3g0451: 364.2433). Anal.

. Calcd. for Czi“35°35i’ € 69.18, H 9.95; Found: C 69.36, H 9.95.
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8ag -Carbomethoxy-4, 4 6-trimethyl-3,4,4a8,5,8,8a- hexahydro 1(2H)-

'naphtha]enone (44) .

Pure si]y] enq] ether QZf (993 mg, 2.72 mmo]).was d?ssoived in
methanol (50 m1) and a solution of 10% aqueous potassium carbonate
(10 m1) was added. The mixture was stirred‘for 4 hr. then poured into
water and extracted with meﬁhyTene chloride. The extracts were
washed wfth watér, dried, filtered and concentrated. Column .
chromatography of the residue on silica-gel, eluting with 3-10%
ether 1in péfro]eum ether, gave keto-ester ggf* (598 mg, 88%vyie1d)
as a colourless oil: nmr §5.28 (m, 1H, éCH¥0, 3.62 (s; 3H, —0-CH,),
1.60 (s, 3H, =C-CHy), 1.07 (s, 3H, GHy) and 0.97 (s, 3H, CHy)s
Cmr 209.0, 173.7, 131.9, 117.7, 59;5, 52.4,I44.9, 38.4, 35.6, 33.4,
30.7, 29.6, 28.6, 23.8, and 23.5; ir 1743, 1731 (C 0, ester),
1710 (C=0, kgtone), 1427 (—CHzéc¥0), 1388, 1367 (CH3), and 783 cm'T
(C=CH); ms M" 250.1570 (calcd. for Cq5Hyp05: 250.1569). Anal.

Calcd. for CiHy0,: € 71.97, H 8.86; Found: C 71.83, H 8.73.

4,4,6-Trimethy1-3,4,4ae,5;8,8a3-hexahydr6-1(25)-naphtha1enone‘(gg) and

4,4,6-trimethy1-3,4,4a8,5,8,8aa-hexahydro-1(2H)-naphthalenone (49)

-

Crude s1]y1 enol ether 47 could be hydro]ysed using the procedure
above to give keto-ester in 94% overall yield from keto-ester
42. :

Th1s material required a long period under vacuum (~24 hr. at .
0.5 Torr) to remove tr1ethy1 s11y1 hydroxide which was present as
a contaminant.
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Keto-ester 44 (966 mg, 3.86 mmol) was dissolved in 2,4,6-
collidine (24 ml) under an atmosphere of nitrogen. Anhydfous 1ithium
iodide (4.14 g, 30.9 mmol) was added to.the stirred solution fo]Iowed

by addition'of water (556 mg, 30.9 Mno1). The mixture was heated

i

under reflux for 2.5 hr. then cooled to room temperature, poured

- into cold 5% aqueous hydrochloric acid and extracted with ether.

" The extracts were washed with ice-co]d'S%\aﬁueous hydrochloric écid,
and water, dried, filtered and concentrated. ' Gc analysis of the
residue sthed the ﬁ?esence of cis- and trans-ketones 38 and 49 in

a ratio of ~10:90. Column chromatography of the residue on silica
gel, eluting with 4% ether in petroleum ether, gaVe trans-ketone 49

" (550 mg, 74% yield)fwhich crystallized on standing. One recrystal-
lization from ether gave colourless crystals of pure trans-ketone 49:
mp 71-71.5°C; nmr 65.33 (br s, 1H, =CH-), 1.61 (s, 3H, =C—CH

3)’

S )
1.07 (s, 3H, —CH3), and 0.98 (s, 3H, —CH,); Cmr §212.8, 133.1,120.2,

3)

48.3, 46.0, 42.2, 38.9, 33.3, 32.5, 29.f, é6.3, 24.2, and 20.0;

ir 1706 (C=0), 1387, 1380 and 1366 cm']’(CH3); ms M 192.1513

(calcd. for CpH,0: 192.1514). Anal. Calcd. for Cy3Hpg0: C 81.20,

- H 10.48; Found: C 80.74, H 10.55. Further elution with 4-5% ether’
in petro]gum ethér gave a mixture of cia- and trans-ketoﬁes 38 and

-«32'(67:33 by gc analysis, 74 mg, loi'yig]d). 'Furthen glution;with

5% ether in petroleum etﬁér gave cﬂs-ketane 38 (16 mg, 2% yield)

which crystallized on standing. One recfystallizatioﬁ”from ether gave

pure cis-ketone 38: mp : 51-53°C; nmr 5.22 (br s, 1H, =CH), 2.8]



200

joo -
(dd, TH, 3 =J' = 5 Hz, —CHLC0-), 2.50 (dm, 1H, J =~18 Hz, C-8 Hb),

. | -
1.58 (s, 3H, =£—CH3), 1.32: (s, 3H, —CH3) apd 0.98 (s, 3H, ~CH3);

Cmr 6211.9, 131.4, 118.9, 46.6,'43.6,'37L9, 35.6, 33.0, 29.3, 27.8,

1

26.9, 24.1, and 23.7; ir 1709 (C=0), 1390 and 1370.cm™ (CH

3);

ms M* 192.1522 (calcd. for T 192.1514). Anal. Calcd. for

C]3Hé00:' C 81.20, H 10348; Found: C 80.87, H 10.44. The overall
yield of ketones 38 and 50 was 86%*.

- .2 . .
Equilibration of cis~-and trans-Ketones 38 and 49

[

A mixture of cis- and trans-ketones 38 and 49 (50:50 by gc
analysis, 618 mg, 3.21 mmo])'wasrdissolved-in methanol (25 ml) and
.'].O-N‘aqueous sodium hydroxide (SIml) was added.. After stirring
for 1 Hr. the mixture was extracted with methylene ch]o;ide.v
The extracts were washed with.water; dried, filtered and concentrated.
GC analysis Qf the reSidye showed tthPresence of cis- and trans-’
ketoneg §§_and,§§_in a ratio of 18:82.‘ Column chroTafogfaphy'of
the residue on silica gel, e1uting with 3% eth%ﬁiin pe?roleum
ether, gave pure trans-ketone gg_(4ol mg; 65% yield). Continued
elution gave a mixture of eis- énd trénsfketones 38 and 49 (50:50

by .gc ana]ysis, 160" mg, 2&%'yie1d). Further e]ution with 3-5%

*On one occasion, using 4.0 equivalents of- lithium iodide dihydrate 'g
reagent and heating for 5 hr., a total yield of 94% (based on con- L¢;(

s ion of 71% of the starting material) of eis- and trans-ketones
8 and\49 (in a ratio of 20:80 by gc analysis) was obtained. . |

-~
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ether in petroleum ether, gave pure cig -ketone 38 (27 mg, 4% yield).

~ The total recovery of ketones 38 and 49 was 95%.

| 6-Carboethoxy—3,9,9-trimethy]-1,4,4ae,6,7,8,9,9a3—octahydro-(55)~

benzocyclohepten-5-one (51) and 5-Carboethoxy—ﬁ,4,4a3,6,7,8,9,9a3—

octahydro-(5H)-benzocyclohepten-6-one(52)

~ Ketone 50 (100 mg, 0.52 mmol) was dissolved in -anhydrous
ether (2 ml) under a nitrogen-atmosphere in a flask wrapped in
aluminum foil to exclude light. Boron trifluoride etherate (148 mg,

1.04 mmo1) was added followed after 15 min. by ethyl diazoacetate

- (119 mg, 1.04 mmol). After 24 hr. additional boron trifluoride

etherate (148 mg, 1.04 mmo]))and ethyldiazoacetate (179 mg, 1.04 mmol):
were added. After a furtﬁer 48 hr. the reaction mixture was cooled

to 0° and saturated aqueous sodium bicarbonéte (10 m1) was added.
The.resu]t1ng mixture was gxtracted with ether, and the extracts

were washed with water, dried (sod1um sulfate) f11tered and con-

gentrated. Column chromatography of the residue on silica gel,

‘ eluting with 5% ether. in Skelly B, gaQe keto-ester 51 (17 mg, 12%

yield): nmr §5.20 (m, 1H, =CH-), 4.08 (q, 2H, J = 7 Hz, —O—CH ~CHy) »

3.10 (dd, TH, J = 10, J' = 5 Hz, —CO—CH—COZ—), 1.66 (S, 3H =C—CH3)

-1.26 (t, 3H J =7 Hz, -O—CHZ—CH ), 1.18 (s, 3H, —CH3), and O 97

(s 3H, —CH3), 1r (neat) 1738 (ester C=0), 1702 (ketone C=0),
1391 and 1370 cm (CH3), ms M" 278. Cont1nued elution gave a 50}50
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mixture of keto—estefs 51 and §g;(28 mg, 19% yield). Continued
elution gave keto-ester 52 (12 mg, 8% y1e]d) nmr §5.37 (m, 1H,
=CH-), 4.10 (q, 2H, J = 7 Hz, ~0-CH,CH,), 3.25 (d, H, J = 10 Hz,
~COCH-C0,-),1.64 (s, 3H, =C—CH,), 1.26 (t, 3H, J = 7 Hz, ~0-CHyCH),
1.20 (s, 3H, —CH3),,ahd 0.95 (s; 3H, —CH3); ir (neat) ]742 (ester

C=0), 1706 (ketone C=0), 1393 and 1370 cm”] (CH,).

6-Carboethoxy—3,9,9—trime§hy1-1,4,4aa,6,7,8,9,9a8-octahydro-(55)—

benzocyclohepten-5-one (53) and 5-carboethoxy-3,9,9-trimethy1-

1,4,4aa,6,7,8,9,9a8—octahydro-(55)-benzocyc]ohepten-ﬁ—one (54)

Ketohe 48 (361 mg, 1.88 mmé%) was disso]ved in anhydrous ether

(5 m1) under a nitrogen atmosphére_and coo]ed‘to'0°. Boron tri- )
fluoride ethefat% (355 mg, 2.5 mmol) was added fo]]oyed after 15 min.
by ethy] diazoacetafe (252 mg, 2 2 mmo]) - After 4 hr. additional
boron tr1f1uor1de etherate (355 mg, 2 5 mmo]) and ethy] d1azoacetate
(320 mg, 2.8 mmo]) were added. After stirring fqr an.add1t1ona1
905min. saturated aqueous sddium bicarbonate (5 mi) Qas added and
thesziuftf“g mixture was extracted with chloroform. The extracté
were Qashed with Water dried (sodium su]féte) filtered and con-
~centrated. Column chromatography of the residue on silica gel,
eluting with 5% ether in Skelly B, gave keto-ester 53 (272 mg,

53% yield) wh1ch crysta]]yzed on stand1ng mp 40-49°; nmr §5.33

~(m, "1H, =CH-), 4 10 (g, ZH Jd=17 Hz, O—Q_Z—CH3), 3.57 (dd, 1H,
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I S -
J =11, J' = 3 Hz, CO-CH-CO,~), 1.67 (s, 3H, =C—CH,), 1.22 (t,
3H, J = 7 Hz, —0-CH,;—CH,),
Cmr 6210.6, 170.3, 131.6, 121.4 47760.9, 54.4, 53.8, 44.1, 42.9,

0.92 (s, 3H, —CH3), and 0.73 (s, 3H, —CH3)

35.8, 34.7; 30.5, 27.2, 24.5, 22.7, 19.3, and 14.1; ir (neat)

1748 (ester C=0), 1702 (ketone C=0), 1392 and 1371 cm™ " (CH

3)3

ms MT 278.1873 (calced. for C,oH,.0,: 278.1881). Continued elution

1772673"

- gave a mixture of keto- esters 53 and 54 (83:17 by nmr ‘integration,

107 mg, 27% y1e1q). Continued glutlon gave keto-ester 54 (22 mg,

5% yield): nmr (CDC]B) 65.38,(m, 1H, =CH-), 4.21 (q, ZH)‘J = 7 Hz,
—O—C_Q—CH3); 3.55 (d,.]H, J =9 Hz, —CO—CH‘C02~Q, ].64‘(5, 3H, | \
~CCHy), 1.28 (t, 3H, J = 7 Hz, —0-CHyCHy), 1.02 (s, 3H, —CHy),
and 0.79 (s, 3H, —CHj); ir (negt) 1743 (ester C=0), 1705 (ketone
0=0), 1390, 1368 (CHy), and 795 cm™' (CHy).

6-Carboethoxy-2,9,9-trimethyl-1,4,4aa,6,7,8,9,9ag-octahydro-(5H)-

benzocyc]ohepten -5- onl §__ and 5-carboethoxy-2,9,9-trimethyl-.-
T .
1,4,4aa,6,7,8,9,9a8-octahydro-(SEkfﬁenZOCyclohepten-6-one (56)

‘Ketone 49 (1.69 g, 8.;§~ﬁasquwas dissolved jncanhydrous ether

(25 m1) under an- atmosphere of nitrogen in a fldsk wrapped in

aluminum foil to exclude light. The solution was cooled to 0°

- and boron trifluoride etherate (2.49 g, 17.6 mmol) was added with

stirring, Then Ethx]‘diazbacetate (2.00 g, 17.6 mmol) was added.

After 1 hr. saturated aqueous sodium bicarbonate (5 m])-was added

-



' S]ow]y (5 min.) and the resulting mixture Wés extfacted with
methy]ene chloride." The extraéts were washed with water,'d}ied,
filtered and'concentfated. Column chromatography of the residue on

silica gel, eluting with 5% ether‘in petroleum éther: gave keto-
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ester 55 (2,09 g, 86% yié]d*) as a pale yellow oil: nmr §5.33 (br. s,

1H, =CH-), 4.08, 4.06 (each q, total 2H, each J = 8 Hz, —0—CH,—CH 3)>

i)
3.53 (dd,']H,-J- 10, J' = 4 Hz, —CO—CH—COZ-), 1.65 (s, 3H =é—CH

1.21 de, 3H, d = J' = 8 Hz, —O—CHZrCﬂa), 0.95 (s, 3H, —CH3), and

0.76 (s, 3H, —CHy); Cmr 6211.0, 170.3, 134.4, 118.4, 60.9, 54.0,

53.4, 44.1, 43.0, 35.8, 32.0, 30.4 (two carbans) [24/4 ' 23.5, 19.2,
and 14.1; ir 1746 (ester C=O), 1703 (ketone ¢=0), 1390 ‘and 1368 cm ?ﬂ
17°°2673"

Caled. for C]7H2603 C 73ﬂ35, H 9.41; Found: C 73.45, H 9.69.

Continued elution gave a mixture of keto-esters 55 and 56 (50:50

(CH3)s ms Mt 278.1883 (calcd. for C,H,c0: 278.1881). Anal.

by nmr integration, 154 mg, 6% yield*) " Further e]utlff)w1th 5-30%
ether in petro]gum ether gave keto-ester 56 (195 mg, 8% y1e1d )

which crystallized on standing. One récrystq]]ization from ether
gave pure white crystals of keto-esfer 56: mp 92-96°C; nmr 5.27
(bf s, TH, =CH-), 4.10 (g, 2H, J = 8 Hz, ~0-CHy~CHy ) 3.28 (d, TH,

J = '8 Hz, —co—cn—co; —), 2.45 (m, 2H, —CH,~C0-), 1.63 (s, 3H, =C~CH,),
1.25 (t, 34, J = 8 Hz, —O-CH ,~CH3), 1.02 (s5 3H, ~CHy), and 0.81 (s,

[

‘This material required a long period under vacuum (~24 hr. at

0.5 Torr) to remove ethyl glycolate, a product of decomp051t10n of
ethyl d1azoacetate




3H, —CH3)§ Cmr §207.5, 169.4, 134.1, 119. 3,; 63 6, 61.0, 49.8, 40 5,

36.7 (two carbons), 35.9, 33.6, 32.9, 31.7, 23.0 19 5, and 14.1;

ir 1750 (ester C=0), 1706 (ketone C=0), 1392, 1369 (CHy), and 783 em”!

(C=CH); ms M 278.1886 (calcd. for C]7H2603 278.1882). Anal.

Ca]cd for C]7H2603 C 73.35, H 9.41; Found: C 73.18, H 9.43.
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The overall yield of keto- esters 55 and 56 was 100% and in a ratio of E

<'m90 10 by weight.

Lithium Iodide Dihydrate-Collidine Reagent

~Fine1y divided anhydrous 1ﬁthium iodidg'i514 mg, 3.84 mho])

- was suspénded in 2 4,6- co]]idine (3.05 ml1) with v1gorous stirring.
Water (]3éf“i 7.68 mmo]) was added and the suspens1on rap1d]y
disso]ved:h The resulting pale yellow solution had a ca]cu]ated «

concentration of 1.28 N in lithium iodide dihydrate-

S

2,9,9-Trimethy1-1,4,4aa,6,7,8,9,9ag-octahydro- (5H)-benzocyclohepten-

5-one (57) .

i

~ Keto-ester 55 (307 mg, 1.10 mmol) was dissolved in 1ithium
iodide dihydrate-collidine reagent (5:00 ml, 6.60 mmol) under an
atnosphere of .nitrogen. The resulting mixture was»heated at reflux
with stirring for 1 hr. then cooled to room temperature, poured
into cold 5% aqueous hydroch]or1c ac1d and extracted with ether.
The extracts were washed with ice-cold aqueous hydrochloric acid

and water, dried,.filtered_and concentrated. Column chromatography‘
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J'of the residue on silica gel, eluting with 3-5% ether in petroleum

ether, gave ketone §Z;(T§2 mg, 85%'y1e1d*) which cr;giailizea on

staeding; .One recrysta]]izatien from ether gave co]bur]ess'Esztals

of pure ketone 57: “mp;53-54°C; nmr 5.32 (br's, 1H, =CH—J, 2,52.

(ddd, 1H, J =“J' =10, J" = 3 Hz, —COTEH—), 1.64 (br s, 3H, O

| S N
—C-LH3), 0.95 (s, 3H, —CH,), and 0.75 (s, 3H, —CH,); Cmr 6216.7,\_

134.4, 118.8, 53.5, 45.8, 43 3, 40. 2 36.1, 32.3, 31.1, 30.7,

- 23.5,-22.2, and 19 0; ir 1700 (C=O) 1391, 1378, ]368 C%« , and

784 cm 1 (C=CH); ms M 206 1676 (ca]cd for C, ,H,,0: 206.167]).

14 22

2,9,9-Tr1methy1-3,4;4aa,6,7,8,9,9aB—octahydro-(Sﬂ)-bénzocytiohepten—S—
2

one (33), 2,9,9-trimethyl-1,4,48,6,7,8,9,9a8-octahydro-(5H) -

benzocyclohepten-5-one (39) and 2,9,9-trimethyl-3,4,4a4,6,7,8,9,9a8-

octahydro- (SH) benzocyc]ohepten-sgone 58) “ s

b

Ketoee §zf* (831|ng,4.03 mmol) was dissolved in dry benzene
(25 m1) under an:atmosphere of‘nitrogen. p-fO]uene-su]fonjc acid‘
monohydrate (393 mg, 2.02 mmol) was added and the migture‘heated ef
reflux Q}thstirking. After'3 hr. fhe-mixture wascooled to room

“
v =

On one occasion using 4.0 equ1va]ents of 11th1um iodide d1hydrate-
collidine reagent; and heating for 90 min. 'a yield of 97% was ob-
tained based, on-consumption of 73% of the starting material.

~

!

The conditions described prodficed an identical mlxture of products
in identical y1e1d when app11 d to a m1xture of ketones 57, 58 and 39

-
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temperature and;di1uted with ether The resu]ting soTution was

washed with saturated aqueous sod1um b1carbonate and water, drlgd

36

filtered and concentrated F1ash chromatography of the residue on

A

silica gel elutrng with 6% ethyl acetate in petro]eum ether gave

pure ketone gg;(98~mg, 12% y1e1d) as an 011 nmr §5.48 (br s, 1H, ;
' C=CH), 2.56 (dd, TH, J = 8, 3t =4 Hz, cn-cH—) 1.69 (s, 3H

CL—CHj), 1.05 (s, 3H, CH3), and 0.97° {s 3H CH3): Cmr‘62i8.0; s

134.5, 122.3, 48.1, 45.3, 44.7, 38.1, 36.5, 31.2, 29.9, 27.2, 25.3, ®

: S g ' -
23.9, and 21 8; ir 1693 (C=O) 1391, 1378, 1362 (CH“), and 82Q;Cm~1

(G=CH) ms M 206 1675 (ca]cd for C, 206 1671) Anal..

147520

"vgy\Ca1cd “for C14H220 € 81.50, H 10 75 Found: C 81.34, H 10.40.

/ﬂlgnt1nued e]ut1on gave a m1xture of ketones 33, 57, 58 and 39

(35)mg, 4% yie]d) Cont1nued elution gave a m1xture of ketones
57, §§_and ;gv(7oo mg; “84% yield). The total-yield of ketones 33,
57, §§.and §§,obtained7was 100%. |

/2 ,959-~ Tr1methy] 1,4 ,4ag,6,7,8, 9 9ag- octahydro (5H)- benzocyc]ohepten 5-

/////// one (*g), ‘ . T : T , N
—-—T""_Q“- ] N . - . ) -~ ’*‘.“
L T o -

- Ketone57 (20'mg, O. 097 mmo]) was d1ssolved in methano1 (5 m])

‘ under an atmosphere of° n1trogen and 1 0 N aqueous sodium hydrox1de
~ sotution (1.0 m1) was added. The solution was heated at reflux |
w1th st1rr1ng for 48 hr., then coo]ed to room temperature, d11uted i
with.water and extracted w1th ether Theﬂextracts were washed with’

> -

water, drled, filtered and‘concentrated'to give a mixture of ¢{§-‘
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<

and - trans-ketones 39 and §z_(16 mg, 80% yie]d).' Continued elution | w
\ gave pure cis-ketoee 39 (2 mg, 10% yield) as an oi]:“bnmr §5.26

(ﬁ, 1H, =CH-), 2.82 (m, 1H, —CO—CH-), i 70 (s, 3H, =C—CH3) 1.12

(s, 3H, —CH ), and 1. 00 (s, 3H, —CH ), ir 1696 (c=0), 1389, 1377,

1367 (CH3), and 793‘cm (C=CH), ms M 206.1667 (ca1cd for C]4H220
+206.1670).. J |

w

2,9,9-Trimethy1;3,4,4aa,6,7,8,9,9a8-octahydro—(5ﬂ)-benzocyc]qhepten-S-

one (58)

o

Ketone 33 (17 mg, 0.083 mmol) was disso]ved in methanol (5 ml)

under an atmosphere of nitrogen and 1.0 N aqueous sod1um‘hydrox1de
(0.50 m]) was added. The mixture was heated at reflux with stirring
for 20rhr. Then the reaction mixture was coo]ed to room temperature,
diluted with water and extracted with ether. The extracts were
washedrwith water, dried, filtered and concentrated to givea mixture
of eis- and trans.ketones\33'and 58 (20:80 by nmr integration, 13 mg,
77% y1e1d) The nmr of th1s product m1xtdrefshowed two sets of ’
L s1gnals, a minor set identical with those already reported for
 zis-ketone 33 -and e‘maJor set attributed to the trans-ketone 58:
inmr’65.26 (br s, 1H, =CH-), 1.70 (s, 3H,.=£—CH3), 1.04 (s, 3H, -CH3),
and 0.80 (s, 3H,-LCH;); Cor §216.9, 135.7, 122.5, 47.8 (two carbons),
43.0 (two carbons), 37.0, 30.3, 29:5, 26.5, 24.6, 22.4, and 18.0.
Thef;;;?bwing.data were also recorded for the*mixture of cie- and

trans-ketones 33 and 58: ir 1704 (C=0), 1390, 1365 (CH3), and %
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828 cm']'(C CH);.ms M' 206.1669 (caled. for C]4H220: 206.1671)f

7-Epihimachalol (60)

e

A 0.25 N solution of methyl 1ithium iﬁaether (4.34 ml, 1.08
mmol) was added to éther (10 m1, disti]]ed over Tithium aluminum
hydride). A solution of ketone 33 (149 mg, 0.72 mmol) in dry ether
(10 m1) was added dropwise with stirring over 5 min. After stirring
for an additional 30 min. the reaction mixture was poured into
ice and water (20 ml) and the resulting mjxture was extraéted with
ether. Thé extracts were washed with water, dried, filtered and
concentrated. Column chromatogr;phy‘of the residue on silica gel,
eluting with 5% ethef in petroleum ether, gave a]cﬁho] §g (149 mg,
93% yield) which crysta]]fzed on st;nding. One recrystallizétign |
ffom pétroleum ether gave white crystals of pure alcohol 60: mp
60-68°C; nmr 65.50 (br s, 1H, C=CH), 1.70 (s, 3H, =CCHy), 1.24 (s,

J3H, HO—CfCﬂS),,and 0.97 (s, 6H, 2x4CH3); ir: 3461 (dH), 1387, 1376,

1

1363 (CHj), and 856 cm™! (C=CH); ms m/e (M*-H,0) 204.1880 (calcd.

15H04° 204.1878). Anal. Calcd. for C]5H260: € 81.02, H 11.79;

‘Found: C 81.14, H 11.55. PN

for C

a-Himachalene (2) and g-Himachalene (3)

Alcohol 60 (103 mg, 0.464 mmol) was dissolved in dry pyridine

(4 m1) under an atmosphere of nitrogen and the resulting solution
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was heated to reflux. A solution of phosphoryl chloride (142 mg,
0.928 mmo1) in pyridine (1 ml) was added to the ref]uxing.solution
and the mixture was heated with stirring for 1 hr. The mixture was
cooled to 0°, poured into cold 5% aqueous hydrochloric acid and .
extracted with ether. The extracts were washed withKice;co1d agueous
5% hydrochloric acid and watér, dried, filtered and concentrated.
Cb]umn chromatography of the residue on neutral alumina (WOe1m I),
e]ut]ng with petroleum ether, gave a mixture of h1macha1enes 2 and

3 (88 mg, 93% yield) in a ratio of 75:25 by nmr 1ntegrat1on. A
" sample of a s1m11ar~mixtdre (130 mg) was purified by flash chromato-

graphy36

on silica gel eluting with petroleum ether. The fractions
" obtained in order of e]utioﬁ‘contained:, a)ypure a-himachaTene

(56 mg), b) a- and thimacha1ene, 50:50, (40 mg), c) a- and B-
himachalene, 40:60, (17 mg); and d) g-himachalene, 80% pure, (4 mg).
\a-Himacha1ené éhowed the fo]]owing spectra] daté- nmr 65.43 (br s,
1H, =CH-), 4.70 (m, 2H, =CH2), 1.68 (d, 3H, J = 1.5 Hz, =C—CH3)

1.01 (s, 3H, —CH3), and 0.97 (s, 3H, -CH3); ir (neat) 3060, 1775,
1626 (G=CH2), 1390, 1379, 1362v(CH3), 885 (C=£H ), 868 (C=CH), and
822 cm™! (C=CHy)5 ms M 204.1874 (caled. for C cHo,: 204.1878).

' The‘sample of B#himaéhalene (3) showed the fo]1ow1n? spec&ra] data:
nmr §5.37 (br s, TH, =CH-), 2.84 (br s, 1H, =CH—ICH—C=), 1.74 (s, 3H,
=C—CH ) 0.99 (s, 3H, —CH3), and 0.75 (s, 3H,. —CH3); ms M 204.1876

(ca]cd for C15H24 204']878)f
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8ag~-Carbomethoxy-1,1-ethylenedioxo-4,4,6-trimethyl-1,2,3,4,4a8,5,8,8a-

octahydronaphthalene (61)

Ketone 44 (1.01 g, 4.02 mmol) was dissolved in dry benzene
(50 m1) and ethylene g]ycb] (2.78 g, 45 mmol) and p-to]ueﬁesu1fonic
acid monohydrate (10 mg, 0.053 mmol) were added. The reaction flask
was fitted with a Dean-Stark water separator with type~33 mo1ecg1ar
seive in the take-off arm. The reaction mixture was.heated at
‘reflux for 47 hr. then coo]ed.to room teqperature. Saturated
aqueous sodium bicarbonate (2 m1) waé“added and the resulting
mixture was extracted with4methy1éne chloride. The extracts were
- washea with water, dried, filtered andrconcentfated. .Co]uhn
chromatography of the residue.bn silica gé], eluting wifh 7-30%
ether in petroieum ether, gave ketal §l_(].09 g, 93% yield): nmr 65.20
—0-), 3.54 (s; 3H,

(dm, TH, J = 5 Hz, CH-), 3.73 (m, 4H, —O—CH,~CH,
-0CHy), 2.81 (dd, TH, 3 =17, 0' = 5 Hz, C-B Ha), 1.56 (s, 3H,
=c+cH3); 0.96 (s, 3H,4¥CH3), and 0.80 (s, 3H, —CHj); Cmr §174.7,
133.3, 188.7, 111.5, 64.7, 64.5, 53.6, 52.0, 41.2, 37.6, 33.2, 32.9,
29.3, 28.9, 28.6, 23.5, and 21.3; ir 1728 (C-0), 1386, 1368 (CH4),
and_794 cm’] (C=CH); ms M* 294.1833 (caled. for.C]7H2604:‘ 294 .1830) .

Anal.'Ca1cd. for C]7H2604: C 69.36, H 8.90; Found: C 69.13, H 9;01.j

Deketalization of Ketal 61

Ketal 61 (28 mg, 0.095 mmol) was dissolved in acetone (2 m1)
. : b . .
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and p- to]uenesu]fon1c acid hydrate (2.0 mg, 0.0095 mmol) was added.
~ After stirring for 14 days the mixture was d11uted with water and
extracted with methy]ene chloride. The extracts were washed with |
water dried, filtered and concentrated. .Co1umn chromatography of
the residue on silica gel, e]ut1ng with 1% ether in petroleum ether,
gave keto-ester 44 (14 mg, 59% yield, 100% based on consumption of

1 ,

54% of starting ketal 61). Further elution with 1-5% ether in

petroleum ether gave recovered ketal 61 (13 mg, 46% recovery).

1;1-Ethy]enedioxo—8a6-hydroxymethx}ene-4,4,6-trimethy1-],2,3,4,4a8,5,8,-

~ 8a-octahydronaphthalene (63)

\‘ f

Keta]‘gl_(954 mg, 3.24 mmol) was dissolved in ahhydrous ether
v'(50 ml) and lithium aluminum hydride (369 mg, 9.71 mmol) was added.
After 4.5 hr. the mixture was cooled to 0° and water (S m]).was“
added dropwise. The resulting mixture was extracted with methyiene
chloride and the eitracts were washed with water, dried, filtered

and concentrated. Column chromatodraphy of the residue on silica gel,
eluting with 10-15% ether in petroleum ether, gave»recovered-keta1

61 (75 mg, 9% recovery). Further elution w1th 15-50% ether in
petro]eum ether gave alcohol 63 (721 mg, 84% y1e1d 92% based on
consumption of 91% of the starting materxa]) whjch crystallized on

standing. Three recrysta]]izations from petroleum ether gave white

" crystals of pure alcohol 63 the melting point of which did not '

change on further recrystallization: mp 79-112°C; nmr §5.14 (br s,
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H, =Ch-), 3.95 (s, 4H, —0-CH,CH,—0~), 3.51 (dd, TH, J = 11, J* =
2 Hz, Ho-rl:H—ﬂ), 3.10 (dd, TH, 9 = J' = 11 Hz, HO-(I:HJ),' 2.32 (dd,
1H; J)= 11, J' = 2 Hz, -0H), 1.62 (br s, 3H, =é—CH3), 0.97 (s, 3H,
—CH3), and 0.83 (s, 3H, —CH3); Cmr 6133.0, 118.2, ]15.2,_64.9,‘64.3,
63.8,743.0, 39.1, 38.1, 33.5, 32.9, 29.1, 27.9, 26.7,{32.5, aﬁd 22.1;
ir 3546 z-OH), 1390, 1380, 1366 (CH3), and 790 cm-] (C=CH); ms M*
266.1886 (calcd. for C,cH, 0,: 266.1882)." Anal. Calcd. for
C16H2603: C"72.]4, H 9.84; Found: C 71.85, H 9.85. After exchanging
the nmr sample with DZO’ the following chan?es were observed‘in thg,
nmr spectrum:  63.51 (d, 1H, J = 11 Hz, DO—CH-H), 3.10 (d, TH, -

= 11 Hz, DOCH-H), and the disappearance of the signal at §2.42.

Ny

1,1-Ethy1enedioxo-8a8-(AgngN",N;-tetramethy1phosphorodiamidy]oxy-

methy]ene)-4,4,6-trimethy1-1,2,3,4;4a8,5,8,8a-octahydronaphtha]ene (66)

' A]coho] 63 (515 mg, 1.94 mmol) was dissolved in a 20% solution
of N NV, N'- tetramethy]ethy]ened1am1ne (distilled over sodium) in
; 1, 2 d1methoxyethane (fresh]y distilled over 1ithium a]um1num hydride) -
(19.4 ml of so]ut1on) under an atmpsphere of n1trogen. The resulting
solution was cooled to 0° and a 1.99 N solution of.n—butylfithium in
he*ane (1 47 mi 2. 92 mmo1) was added dropw1se with stl/p1ng over
5 min.m The m1xture was allowed to warm to room temperature over
10 min. then N, N—d1methy1phosphoram1d1c dlch10r1de38 was added.

After 23- hr the m1xture was cooled to 0° and d1methy1am1ne gas was

~passed through a potassium hydroxide drying tube and condensed



(60 drops,lm3 ml) into the reaction mixture. After 30 min. thg
resulting mixture was poured into ice-cold water and extracted with
ether. The extracts. were washed with water until the washings’were
neutral to pH paper, dried, filtered and concentrated. Colyumn
cfromatogréphy of the residue on silica gel, eluting with 5-20%.
methahol in ether, gavé TMPDA deriv;tive'§§_(652 mg, 84% yield)
which‘crystalliied on standing. One recrysta]]iiation from ether
gave colourless rhombic crystals of pure TMPDA derivative 66

(330 mg): mp 100-102°; nmr §5.20 (br..s 1H, =CH-), 4,18;3.73
(complex, total 5H, —0-CH,~CH,~0— and H-CH-0-), 3.39 (da, 14, J + 11,
J' = 4 Hz, HCH0-), 2.57, 2.55 (both d, total 12H, each J = 10 Hz,
2x —N(ca3)2),1.64 (br. s, 3H, =£—cn3), 0.93 (s, 3H, —CHy)s and

0.81 (s, 3H, QCH3); ir41383, 1372, 1359 (CH3),_1296 e’ (P=0); ms
M' 400.2487 (caled. for C,gH,N,0,P: 400.2491). Anal, Calcd. for

377274
C20H37N204P: € 59.98, H 9.31, N 6.99; -Found: C 59.89, H.9.48,

N 6.77.

1,1-Ethylenedibxo—4,4,6,8as-tetramethy1—1,2,3,4,4a8,5,8,8a-octah¥dro-
naphthalene (64) |

»

Ethylamine (400 ml1) was di;tiI]ed from lithium into a réaction‘
vessel under an atmosphere of argon. Small pieces of Yithium ribbonv
(2.74 g, 392 mmo1) were added and the M%Xture was stirred for 1 hr.
fo effect solution. Then a solution of, TMPDA derivatiye §§ (15.719,‘

-39.2 mmo1) and t-butanol (5.80 g, 78.4 mmol, dried over type 3A
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moJ&CUlar seives) in tetrahydrofyran (270 ml, frayhly distilled over
Tithium alymdhum hydride) was adqu dropwise over 1 hr. with stirring,
Aft@f‘an additiopal 40 minf wategr wa§ added slowly to discharge .the
blyé Colour and the reaction mixtyre was poured into jce-cold water.
Thg\fQSulting mixture was extracted with ether apq the extracts

wev¢ Washed with ice-cold water until the washinga Were neutral.

Thg @Xtracts were then‘dried, filtered and conceptrated. Colymn
chrvmatograpny Of the résidue on silica gel, eluting with 2% ether

in D¢t>bpeum ether, gave ketal g4 (6. 75 9, 69% yjald) which crystallyzed
on stdnding. One recrystallization from petroleym ether gave
co]OU”ngs rhombs of pure ketal §4: mp: - 28-30°¢; nmr 85.22 (br. s,

TH, ~LH-), 3.86 (s, aH, ~0-CH,tH-0~), 1.62 (br, 5. 3H; =C~CH,)

3);
. / - 4 . .
ir-1388, 1371, 1363 (CHs) and 780 cm™1 (C<CH); my M' 250.7930 (caled.

0.88 (s, 3H, ~CH,), 0.83 (s, 3H, LHy), and 0.76 (4. 3H, —CH

2 . : 76.
for CygH,c0,: 250.1933). Anal. galcy, for Clehugl2t € 76.75,
H 10.47; Found: € 76.82, H 10. 86, Fyrther elution with 2-5% ether
in patroleum ether gave trans-ketone 49 (354 mg, 5% y1e]d) and further
elution with 5~ 100%$ ther in petrQ1eum ether gave q]COhO] 63

(1.42 9, 14% y1e1d)

4,4,6,8aB-Tetfamethy]-3,4,433,5,8.8a:Bexahydro-1(25)-naphtha1enone (45)

Ketal 64 (265 mg, 1.06 mmo1) was dissolved i acetone (20 ml)

~and p’t01ueneé“]fon1c acid monohydrate (110 mg, 0,43 mmol) was added. {

The r@SUIt1ng mTXture was st1rred for 150 min. and then d11uted W1th
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méthy]eﬁe chloride. The resulting solution was washed with saturated
équeous ;odiUm bicarbonate and water, dried, filtered Jnd concentrated.
Co]umn chromatography. on silica gel, eluting with 2-8% ether in
petroleum ether, gave pure ketone 45 (211 mg, 97% yield): nmr §5.27
(m, )h, =CH-), 2.68 (ddd, 1H, J = 15, J' = 12, J" = 8 Hz, —CO~CH-Hb),
2.08 (ddd, 1H, J = 15, 3" = J" = 4 Hz, CO—éH—Ha),.].GS (s, 3H,
==£~CH3), 1.02 (s, 3H, +CH,), and 0.95 (s, 6H, 2x—CHy); Cmr 62162,
132.],‘117.7, 48.9, 46.4, 40.7, 34.9, 33.7, 32.2, 28.0, 23.6, 23.2,

1

and 21.0; ir 1706 (C=0), 1390, 1375 (CHy), 820 and 790 cm™ ' (C=CH);

14"'22
CqqHp0: € 81.50, H 10.75; Found: C 81.77, H 10.74.

ms M" 206.1671 (calcd. for C;,H,,0: 206.1671). Anal. Calcd.-for

4,4,6,8a8-Tetramethy]-3,4,4a3,7,8,8a—hexahydro-1(25)—naphtha1enone\(6 )
N . . j -~

7

L

—

Ketone 35:(758 mg, 3.68 mmol) was dissolved in Senzene (50 m1)
under an atmosphere of nitrogen'and p-toluenesulfonic acid hydrate
(350.mg,.1;84 mmol) was added. The mixture was heated to reflux with
stirring for 2 hr. and then cooled to room temperature, éiluted with
water and extracted with methylene chloride. The extracts we}e washed
with sdturafed aqueous sddium bicarbonate and water, dried, filtered
and concentrated. 'Column chromatography of the residue on silica Qe],
eluting with 2-4% ether in petroleum ether, gave a mixture of ketones
éz_and 45 (85:15 b} gc analysis, 67.5 mg; 89% yield). The nmr and
and Cmr spectra of this mixture showed the following signals which

 were attributed to ketone 67: nmr 65.40 (m, 1H, =CH-), 1.71 (s, 3H,

N
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=£—CH3), 1.04 (s, 3H, —CH;), 0.97 (s, 3H, —CH3), and 0.94 (s, 3H,
'—£H3); Cmr §217.3, 133.7, 120.5, 52.3, 46.0, 38.5, 35.1, 34.0, 29.3,
'26.2,-23.8, 23.1, and 22.8. The following spectra were also reéorded:
ir 1703 (C=0), ]384; 1374, T362-cm'] (CH3); ms M' 206.1672 (calcd. for

,C]4H220: 206.1670). Ana]h Calcd. for C14H220: C 81.50, H ]O.75;f\

Found: C 81.48, H 10.95.

6-Carboethoxy-2,4ag,9,9-tetramethyl-3,4,4a,6,7,8,9,9a8 -octahydro-(5H)-

benzocyclohepten-5-one (69)

Ketoﬁz ng (42 mg, 0.20 mmo;):was dissolved in ether (4 ml) in a
flask wrapped in aluminum foil to exclude light. Boron.trif]uoride )
etherate (145 mg, 1.02 mmd]) was added follghwe by ethyl diazoacetéie
(107 u1, 116 mg, ].02 mmol). After stirrifng for 4 days additioha]
‘boron trifluoride etherate‘(145 mg, 1.02 mmol) and ethyl diazoacetate
(116 mg, 1.02 mmol) were added. After a further 3 da;s saturated’
aqueous sodium bicarbonate (1 mi) was added and the resuTéing.mixture
was extracted with meéhy]ene chloride. The extracts were washed- |
'vwith water, dried, filtered and concentrafed. Column chromatography
of the residue on silica gel, eluting with 2% ether in petroleum
ether, gave ketone 67 (3 mg, 7% fecovery). Cdntinued.elution gavé

Zketo-éster 69 (12‘mg, 20% yield, 21%_baséd on recovered ketone 67):

e ’ ) .
This material was contaminated with ~15% of the isomeric ketone 45.
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(

nmrs5.32 (d, H, J = 5 Hz, =CH-), 4.09, 4.07 (both q, total 2H, both

-

) ‘ |
3 =7 Hz, -0-CH,~CH,), 3.92 (dd, TH, J = 12, J' = 4 Hg, —C0-CH-C0,-),

1.71 (br. s, 3H, =CCH,), 1.21 (ddgt, 9 = J' = 7 He, ~0-CH,~CH3)
1.09 (s, 3H, ~CHy), 0.97 (s, 3H, ~CH,), and 0.67 (s, 3H, ~CHy)5
”ir‘1748 (ester C=05,'1706.(ketone C=0), 1389 and 1367 (CHB); ms M

292.2031 (calcd. for C]8H2803: 292.2039). Contihued elution gave
keto-ester 70 (11 mg, 19% yield, 20% based on recovered ketone 67).-

N 2,4as,9,9-Tetramethy1-3,4,4a,6,7,8,9,9as-octahydro~(5ﬂ)—ben?ocyc]o-

.

hepten<s-one (15) via Keto-ester 9 L.

/////, Keto-ester 69 (23 mg, 0 078 mmo]) was d1sso]ved in 11th1um
i iadide dihydrate—callidine reagent (244 u1, 0.312 mmo]) and heated
\\te reflux. After 45 min. the mixture was cooled to room temperature,
péhred into cold aqueous 5% hydrochloric aCﬂq and extratted with
ether. The extracts were washed with 5% hydrochloric acid and water,
dried, filtereé and concentrated. Column chromatography of the
residue on silica gel, eluting with 1% ether in petroleum ether,
gave-ketonel§_(1“4 mg, TG% yield based on recovered 69). Furthert

-elution with 2-5% ether in petroleum ether gave keterster 69

(5.4 mg,-23% recovery):

6- Carboethoxy 2 4as 9,9- tetramethy1 1,4,4a,6,7,8,9,%p-~o0ctahydro- (5H)

benzocyclohepten 5-one (70)
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Ketone 45 (178 mg, 0.86 mmol) was dissolved in anhydrous ether .

(5 m]) in a flask wrapped in aluminum foil to exé]ude 1ight.‘ Bo}on
trifluoride etherate (491 mg, 3.46 mmol) was added followed by

ethyl diazoécetate (394 mg, 3.46 mmol). After stirring for 48 hr.

the reaction mixture was coq1ed ﬁo 0° and saturated aqueous sodium
bicarbonate (2 m1) was added. The resulting mixture was extracted

with methylene chloride and the extracts were washed With water,

dried, filtered and concentrated. Column chromatography of the

residue on silica gel é]uting wfth 3;5% ether in petroleum ether gave
keto-ester ng (205 mg, 829 yié]d) which crystél]ized 6n standing.

One recrystallization from ether gave whit; crystals of pure keto-
ester 70: mp 76-78°C; nmr §5.34 (br. s, 1H, =CH-), 4.11, 4.08 (both

g, total 2H, both J = 7 Hz, —O—CHZ—-, 3.86 (dd, 1H, J =J' =10 Hz,
COCH-C0,-), 2.10 (br. s, 4H, 2x =CCH,), 1.66 (s, 3, =£—CH3),

1.22 (dd, 3H, J =-J' = 7 Hz, —ofcuz—cgg}, 1.09 (s, 34, —CH3), 0.98 (s,
3H, —CH3), and 0.71 (s, 3H, —CHé);'nmr (200 MHz, CDC13) §: 5.35 (br. s,
"I, =CH-), 4.20, 4.19 (both g, total 2H, both J = 7 Hz, ~0-CH,), -
414 (dd, H, J = J' = 10 Hz, <OCHLO,), 2.20 (br. s, 4H, 2x <C—CH,),
1.68 (s, 3H, =%—CH3), 1.24 (dd, 3H,.J = 7 Hz, ~0-CH,~CH,), 1.15 (s,
'3H, —CH3), 0.99 (s, 3H, —CH3), and 0.72 (s, 3H,,—CH3); Cmr §212.1,

170.8, 132.0, 119.2, 61.0, 50.3, 49.5, 44.7, 37.3, 37.1, 29.6, 29.3

5
4 ? -
.~ This material required 24 hr. under vacuum (0.5 Torr) to remove an

inpurity which is thought to be ethyl glycolate on the basis of the
~nmr spectrum of the mixture. ’ )

! ~
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(two carbons), 26.0, 25.9,.23.1, 20.8, and 14.1; ir 1750 (ggEQrvGﬁQY:

1

1
1700 (ketone C=0), 1392, 1364 (CH3), 791 cm  (C=CH); ms M* 292.20?7

H,q0,:

« (caled. for C,oH,o0,: 292.2038). Anal. Calcd. for Cyghog0s: |

1872873"
C 73.93, H 9.65; Found: C 73.75, H 9.61.

2,4ég,9,9-Tetramethy]—1,4,4a,6,7,8;9,9a8-octahydro—(Sﬂ)—benzocyclohepten—

5-one (68) | -_ ‘ o 6

DKeto-ester Zgﬁ(]éG mg, 0.57 mmol) was dissolved in 2,4}6-co]11dine
(1.8 m1) under an atmosphere of nitrogen. Lithium iodide’ (304 mg;'
2.27 mmol) and wéter (82 ul, 4.54 mmo1) were added and the mixture

was heated to reflux with stirring for 2 hr. The reaction mixture
was then cooled to room temperafuref_pou}ed into cold aqueous 5%

hydrochloric acid and extracted with ether. The extracts were washed
with aqueous 5% hydrochloric acid aﬁd watér, dried, filtered aﬁd

concentrated. Column chromatography of the residue on silica gefﬂ"" ‘
.e1uting‘Qith 2-3% ether in betroTeum ethef, gave ketone 73 (108 mg,

86% yield) which crystallized on standing. One recrygtallizétion_from~
. petroleum ether gave white clusters of pure ketone §§_(63‘mg): mp
53-56°C;, nmr §5.3Q (br. s, 1H, =CH-), 2.84 (ddd, H, 3 =11, 3" =J" =~
9 Hz, —CO—EH—ﬂ), 1.63 (br. s, 3H, =é—CH3), 0.97 (s, 3H, —CH3); 9.95
(s, 3H, —CH3);uand 0.69 (s, 3H, —CH3); Cmr 5217.8, 132.1, 119.7, 49.1,
45.0, 38.2, 37.5, 35.4, 30.1, 29.6, 29.5, 26.6, 26.1, 23.1, énd 18.1;
ir (1701 (C=0), 1387, 1372, 1362 (CH3), and 838 cm’| (C=CH); ms Mo

220.1829.(ca1cd. for CygHy0: 220.1827). Anal. Calcd. for Cy5H,00:
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C 81.76, H 10.98; Found: C 81.63,.H 10.87.

14

*f\\\///éi4as,9,9fTetramethy1-3,4,4a,6,7,8,9,9d3«octqhydro-(Sﬂ)-benzocy&]o-
£ v - .

7
¢

\\;\ hepten-5-one (15) via Ketone 68
‘3 ' '

! - v

/ Ketone 68 (20 mg, 0.09 mmo]) was dissolved in dhy benzene 5 ml)

» under an atmosphere of nrtrogen p-Toluenesu1f0n1c,ac1d hydrate was ) e
added and the mjxture was heated to reflux for 2 hr. "The reaction _

" mixture was then cob1ed to room temperature, poured into water and | v B
extracted with ether. Thgesextracts were washed whth Q%ter' driedl.’ _x~'</_///
filtered and eoncentrate§227;‘TUmn chromatography of the res1due N
on silica gel, e]ut1ng with 0.5% ether in. petro]eum ether gave a..
ketone (Ketone AJ,B mg, 15% y1e1d), the structure of wn1ch was‘not
determined but which showed the following specfro?%ppic déta:' nmr
§5.17 (m, H, =CH-), 1.60 (s, 3H, ;£=CH3)1 1.26 (s, 3H, —CH?), "

~ 0.94 (s, 3H, ~CH,), and 0.75 (s, 3H, —CH3);'ir 1699 (G=O; 1384, 1377
and 1364 (CHy); ms M' 220.1831 (calcd. for Cpgiipg0: 220.1827). e
Continued elution gave ketone 15 (10 6 mg, 53% y1e1d) wh1ch crystal-

_11zed on standing: mp 48e54°C, nmr §5.34 (d, 1H, J =-ﬁ3Hz, =CH-), |
2.66 (ddd, TH, J = J* = 10, J" = 4 Hz, =£H—ﬂ) 1.69 (br. s, 3H,
=£—CH 1.01 (s, 3H, —CH;), 0.97° (s, 3H, —CH3)?’and 0.69 (S, 3H, —CH3)

Cmr §218.0, 134.1, 121.8, 50.2, 49;7, 46.2, 40.5, 39.6, 33.4, 27.1, |

25.7, 24.5, 23.4 (two carbons)*i ir (]699 (c=0), ]388, 1365 (PH3),5and
: ' | S

The fifteenth s1gna1, wh1ch was expected to appear at~s827 to. 628 was.
- probably obscured by the- s1gna1 at 627.7 due to cyc1ohexane wh1ch was
used as an interna] reference in this case .
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" (C=CH); ms M+ 220.1823 (caled. for C,H,,0: 220.1827).
. ' 15724

Further elution with 1% ether in petroleum ether gave recovered

ketone

68 (1 mg, 5% recovery).

1,1-Ethylehedioxo-ﬁ—formy1—4,4,8a8-trimethy1-1,2,3,4,4a8,5,8,8a-

octahydronaphthalene (75),

222

1,1-Ethylenedioxo-6-formy1-4,4,8ag-trimethy] -

' 1,2,3,4,4a8;8a-hexahydronaphthalene (76), 1,1-Ethylenedioxo-6-

hydroxxmethylene44,4;8as-trimethy1-],2,3,4,4a8,5,8,8aloctahydroé

naphthalene (77) and 1,1-Ethylenedioxo-8-hydroxy-4,4,6,8ag-tetramethyl-

_1,2;%34,4a8,5,8,8a-octahydronaphtha1ene (zg)'

Ketal §g;(106 mg, 0.42 mmol) was diésoived,in t-butanol (10 m1) and

selenium dioxide (47 mg, 0.424 mmol) was added. The mixture was

" heated

at reflux for 24 hr. then cooled to room temperature f11tered

and concentrated. Column chromatography of the residue on silica gel,

eluting with 2% ether in petro]eum ether, gave recovered ketallgid

(34 mg

. 32% recovery). Further elution with 5% ether in petroleum

ether gave aldehyde 76 (13 mg, 18% yield based on recovered 64):

 nmr §9

H, J

42 (s, 1H, —CHO), 6.54}(d H, J = 7 Hz, ~CHC-C0-), 6.30 (dd,

103" =1 Hz, —HC=CH—) 6.12 (d, 1H, J =10 Hz, —HC=CH—),

!

- 3.92 (comp]ex tota] 4H, —O—Cﬂz—CHz—O—), 2. 30 (d, 1H Jd =7 Hz,v

| -
—CH-CH=), 1. 00 (s, 3H, —CH ), 0.93 (s, 3H, —CH

3), and 0.80 (s, 3H

- —CH3)s

ir 2805, 2712 (aldehydic C-H), 1688 (C=0), 1389 and 1363 (CH3);

ms M" 262.1559 (calcd. for C, M,,05: 262.1569). Further elution with

0‘1 .

16 °2273°

o
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1

5-10% ether i% petroleum ether gave aldehyde 75 (26 mg, 34% based on
“recovered 64): nmr 69.37 (s, 1H, —CHO), 6.61 (m, 1H, —CH=), 3.92
(s, 4H, ~0-CH,~CH,—0-), 0.96 (s, 3H, —CHy), 0.86 (s, 3H, —CHy),

and 0.70 (s, 3H, —CHy); ir 2810, 2720 (aldehydic CH), 1676 (C=0),
1647 (C=C), 1393, 1382 and 1371 (CHy); ms M’ 264.1728 (calcd: for

16 °2473" 16 243"

7
CicH,5,0,: 5?4.1725). Anal. Calcd. for C,.H, . 0.;: C 72.69, H 9.15;
) iFound C/75i57, H 9.12. Further elution with 20% ether in petroleum

ether gave alcohol 78 (12 mg, 16% based on recoveTed ketal 64):
§5.12 (d, 1H, J = 2 Hz, =CH-), 4.44 (br. s, 1H, —CH-OH), 3.91 (complex,

3
3H,-—CHg), 0.82 (s, 3H, ~CH3), and 0.73 (s, 3H, —CHj); ir 3531 (OH),

: I |
4H, —O—CHZ—CHZ—O—), 2.90 (s, TH, —OH), 1.65 (s, 3H, =C—CH,), 0.88 (s,

1391 and 1376 (CH3);‘ms M* 266.1887 (calcd. for C16H2603: 266.1881).

Further elution with 50% ether in.petroleum ether gave alcohol 77
(25 mg, 32% based 6n recovered ketal 64): nmr §5.50 (br. s, 1H,
=CH-), 3.90 (s, 7H total, —0-CH,~CH,~0— and —CH,=OH), 0.94 (s, 3H,

_—CH3), 0.86 (s, 3H, —CH3), and 0.80 (s, 3H, —CH,); ir 3422 (OH),

3

1391 and 1367 (CH;); ms M" 266.1884wfcalcd. for .CqgH,c0,: 266.1881).

’1,1-Ethy]enediokb-4,4,6,8as-tetramethy1-1,2,3,4;4a8,7,8,8a-octahydro-

naphthalene (igf

From Ketone 67

* ) ' .
Ketone 67 (629 mg, 305 mmol) was dissolved in dry benzene (50 ml)

*This material was contaminated with ~15% of the double bond isomer.
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under an atmosphere of argon. Ethy]ené glycol (1.89 g; 3.05 mmo])

was added fo]lowed'byhpjtoluenésulfonic acid hydrate (58 mg, 0.305 mmol).
The mixture was heated at reflux with vigorous stirriﬁg and with

removal of water via a Dean-Stark trap Charged with type 35 molecular
seive. After heating for 18 hr. the reaction mixture was cooled to

~5°C and poured into $qturated aqueous sodium bicarbonate. The
resulting mixture was extracted with methylene chloride and'the‘

extracts were washed with’hater, dried, %i]tered and concentrated.

Column chromatography of'therresidue‘on silica gel, eluting with

2-3% ether in petroleum ether, gave ketal ng (730 mg, 96% yield,

o

99% based on consumption of 97% of the starting’ketone 67) which
crystallized in the refrigeratbr,‘ Oﬁe recrysta]]ization from
petroleum ether gave puré ketal 79: mp 30¥32°C; nmr 5.37 (br. d,
TH, J = 5 Hz, =CH-), 4.86 (complex, 4H, —0-CH,CH,-0 ), 1.70 (s, 3H,
N 3), and_O;ZQ (s, 3H, CH3);

|
=£—CH3), 0.97 (s, 3H, —CH3), 0.84 (s, 3H, CH
ir 1386, 1374, 1362 (CH3), and 812 cm_] (CH3); ms M 250.1929 (calcd.

for C]6H2202: 250.1933). Apa]. Calcd. for C16H2602: C 76.75,

“H 10.47; Found: C 76.97, H 10.54. Further elution with 3-5% ether

in petroleum ether gave ketone 67 (18 mg, 3% recovery).

From Ketone 45

Ketone 45 (2.46 g, 11.96 mmol) was dissolved in benzene (150 m1)

fThis materié] was contaminated with ~15% of,the.double bond isomer.
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Under an atmosphere of argon and p-toluenesulfonic acid hydrate
(1.206 g, 5.35 mmol) was added. The mixture Qas heated at reflux

for 2 hr, and then cooled. 'Ethylene glycol (7.87 g, 127 mrol) was

added. This mixture was heated at ref]ux with water separétion using

a Dean-Stark trap. After heating for 21 hr. benzene (~100 m1) was

-,removed’by distillation through the water separator. The res1due was
cooled to ~5° and poured into saturated aqueous sodium bicarbonate
g(SO ml). The resu]ting mixture was extracted with methylene chloride
énd the extracts.weréQWashed with watef, dried, filtered and con-
centrated. Cé]Umn chromatography of the residue on silica gel,
eluting with 2-3% ether in petroleum ether, gave ketal ng (2.89 g,

- 96% yield, 98% based on recovery of 2% of the intermediate.ketonev67)
which could be further purified by recrystallization from petroleum
ether Further elution with 3-5% ether in petro]eum gther gave

intermediate kétone‘QZf (63 mg,IZ%Irecovery);

. 3

1,1- Ethy]ened1oxo 6- ~-formy1-4,4,8ag- tr1methy1 1, 2 3,4,4a8,7,8,8a-~ octahydro-‘

naphtha]ene (80); 1,1- Ethy]ened1oxo 6 ~-formy1-4,4,8a- tr1methy1 1,2,3,4,

8,8a- hexahydronaphtha]ene (81) and 1,1- Ethy]ened1oxo»6 hydroxymethy]ene-

4,4,8a8-trimethy1-1,2,3,4,4a8,7,8,8a-octahydronaphtha1ene (82)

Ketal 79 (686 mg, 2.74 mmol) was dissolved in t-butanol (50 ml)

and selenium dioxide (609 mg, 5.49 mmol) was added. The mixture was

L]

*This material was contaminated with ~15% of the double bond jsomer. -
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'3.90 (m, 4H, —O—CHZ—CHZ—O—), 1.10 (s, 3H, —CH

226

heated at reflux for 40 hr. and then cooled to room temperature,

filtered and concentrated. Column chrdmatography of the residue on ’

-silica gel, eluting with 2% ether in pétrb]eum ether, gave ketal 79

‘(69 mg, 10% recovery). Further elution with 6-12% ether in petroleum

ether gave a]dehyde 80 (118 mg, 18% yield based on recovered ketal. 79)
nmr 69 42 (s, 1H, —CHO), 6.68 (ddd, 1H, J = 5, J' = J" - 2 Hz, =CH-),
. 3), 0.85 (s, 3H, —CH3), -
and 0.78 (s, 3H, —CH3); ir 2805, 2710 (aldehydic CH), 1686 (C=0),

_ -] . + ‘Sen
1389 ‘and 1369 cm (CH3), ms M 264.1724 (calcd. for C]6H2403
264.1725). Further -elution with 12% ether in petroleum ether gave
aldehyde 81 (18 mg, 18% yield based on recovered. ketal 79) which

crysta]]ized'on standing. One recrystallization from ether gave pure’

~aldehyde 81: mp 101.5-102.5°C; nmr 89. 32 (s, 1H, —CHO), 6.54 (ddd,

l ﬂ
H, J =7, 0" =3, 0" = 1 Hz, ~CHLC—CHO), 6.27 (s, TH, —C=CH—C—CHO)

3.90 (m, 4H, —O—Cﬂe—CHz—O—) 2.89 (dd, 1H, J = 18, J' = 3 Hz,

| ‘ :
=CH-CH-H), 2.11 (dd, 1H, J.=18, J' = 7 Hz, =CH-CH-H), 1.23 (s, 6H,

. 2% —CH3), and 1.15 (s, 3H, :£H3); ir 2807, 2712 (é]dehydié CH),

1682 (C-0), and 1365 cm ! (CHy); ms M' 262.1571 (caled. For CcHoo0s:

262.1569). Anal. Calcd, for C c 73. 25 ‘H 8. 45; Found'

1612203
C 72.97, H 8.34. Further elution with 20-50% ether in petro]eum
ether gave alcohol 82 (77 mg, 12% yield based on ‘recovered ketal 79):
amr 65.65 (d, 1H, =CH-), 3.80 (complex, 7 total, ;o;CHz-cHZ—o— and
—CH —OH) 0.98 (s, 3H, —CH3) 0.84 (s, 3H, —CH ), and- 0.79 (s, 3H —CH
ir 3438 . (OH), 1385 1364 (CH ), and 810 cm-] (C=CH), ms M 266 1890

(ca]cd for C15”25°3 '266.1882).

3):
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1,1-Ethylenedioxo-6-formy1-4,4,8ag-trimethyl-1¥,2,3,4,4a8,7,8,8a- -

octahydronaphthalene (80) from Alcohol 82

Pyridinium ’chforochromate (244 mg, 1.13 mmo]) and sodium

acetate (52 mg, 0.38 mmol) were suspended in methylene chloride

(10 m1) and a solution of alcohol 82 (200 mg;A0.75 mmo1) and methylene
-chioride (10 m1) was added. After stirring for 1 hr. the mixture was
poured into anhydrous ether (100 m1). The resfdue in-the reaction
flask was wasﬁed with ether and‘the combined étherea] mixtures were
filtered. The resulting solution was passed through a column of
f]orisi] (~3 gm) and concentrated. Column chrématography of the-
residﬁe on silica ge]; e]uting.with 5-6% éther in petroleum ether,

gave aldehyde §g_(105 mg; 52% yield).

~],1—Ethy]enedioxo-ﬁ-formy]-4,4,8a8-trimethy1-1,2,3,4,4aa,7,8,8a-

octahydronaphthalene (§§)

cis-Aldehyde 80 (153 mg, 0.58 mmol) was dissolved in methanol
(10 m1) under an atmosphere of argon. Then 1.0 N aqueous sodium
hydroxide (2 m1) was'adqed'and the mixture heated to reflux. After
22 ‘hr. the mixtpre was coqled to-room'femperature, poured into water
i\hnd extracted with ethér. The exfréqts,Webe washed with water,
dried, fi]tered and concentrated. Gc analysis of the residue'showed
cie- and trans-aldehydes 80 and 83 in'a ratio of 52:48. Flash

36

chromatography”° of the residue, eluting with 13% ethylfacétate in

b



petroleum ether gave cig-aldehyde 80 (46 mg). Coﬁtinued elution gave
an w40:60.mixturé (26 mg) of 80 and 83. Continued elution gave pure
¢trans-aldehyde 83: nmr 69.37 (s, 1H, —CHO), 6.56 (ddd, 1H, 3 = J' =
J" = 2 Hz), 3.85 (br. s, 4H, —0-CH,—CH,—0-), 1.01 (s, 3H, —CHj),
0.90 (s, 3H, —CH3),: and 0.88 (s, 3H, —CHy): ir 1683 (C-0) and

1379 (CHy); ms M" 264.1725 (calcd. for C H,,0.: 264.1725), The

16 2473°
total yield of aldehydes 80 and 83 obtained was 69%.
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CHAPTER 31

Synthetic Studies
on the AA'BC Ring System

of Limonin

232



Intrbduction

Limonin, the characteristic bitter principle of citrus species,

was first isolated by Bernays] from citrus seeds in 1841 and has since

been found to occur in all parts of the_p]antz. Although investigation

of its structure was not intenéive brior to 19503 it remained one

pf the last "g]assica]" problems of plant structural chemistryz.

Lada=T

The early literature on these investigations was summa?ized by

A'rigom’4 as well as by several other Qroup52’3.
b <

The elucidation of the structure of limonin was announced

Jjointly by four research groups -in 19603’5 and was based on c]assiéa]

structural studiesz"3

5,6

in cOnjunctibn with X-ray -studies on a crystal-
: ]ihe derivative On the basis of this work the structure and '

absolute stereochemistry were assigned as shown in 1.

| , I
In a previous approach the AA' ring system of limonin (1) - =
' 7,8

was generated from a steroid précursor . The spiro]actdne 2

e

233
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obtained in eleven steps from 19—hydroxytestostefone acetate (3), g
when treated with hydrofluoric acid at 4°C for 2 days gave cyclization
- @ o

"~ product -4 in 92% yield. 1In a somewhat more Taborious approach by

i~
jwo

the same authors’ S, the acetate derivative 5 obtained fromispiro1a¢tone
2 was oxidized'with'osmium tefroxide Theqresu1t1ng diol was found
: to cyc11ze under the react1on cond1t1ons to g1ve a]coho1 6.

Tosy]at1on of 6 followed- by convers1on of the tosyTpte to an 1od1de :

and reduct1on w1th Raney n1cke] gave the A, A' r1ng model 7
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I~
{

| & T
- | - ,-/."/{’r/

From the v1ewp01nt of the synthet1c chem1st the 11mon1n mo]ecu]e .
can be seen to consist of two comp]ex and h1gh1y funct1on%]1zed
ends (the AA' and DE ring systems) Jo1ned by a re]at1ve]y s1mp1e
trans-methy1decalone system (the BC ring'system) A possible
'synthet1c strategy would ConSISt of the un1on of the two complex :
ha]ves of the molecule folldwed by mod1f1cat1on of the functional

" groups to give limonin (l). The primary ob3ect1veﬂofsth1s work was

LY
"
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£

the design of a synthesis of the AA'BC ring system of limonin with

the model compound 8 as the target.

8
. . .\\’ - . ‘ / - . . -
Retrosynthet1c ana1ys1s showed that a ring system such as that

b
of compound 8 might be. access1b1e from the known D1els—A1der adduct 9
'Y

(Chapter 1) as shown 1n Scheme I. Conversion of thé& 1so]ated doub]e
" bond of 9 to a ketone would give 10. Protection of the saturated
fketone of 10 fo]]owed by 1,2~ reduct1on of the unsaturated ketone |
. wou]d g1ve alcohol. ]1 An appropr1ate two carbon homo]ogat1on of
the side Cha1n a]ong with ring c]osure would- gTve B-keto Tactone 12
'rhSelect1ve removal of the ketone B to the Jactone. in 12 foTlowed by
'degradat1on of the A' r1ng cou}d glve hydroxy 1actone ]3 Finally,
1ntroduct10n of a doub]e bond into the A r1ng of 13 to give 14 ‘
f;followed by cyc]xzat1on ‘and deb]dck?:g of the saturated ketone cou]d "
91ve the desired mode1 compound 8. i
Based on such a strategy it can be seen that.the successful -

.. extension of‘this;approach to the synthesls,of'11mon1n 11es 1n'the

-
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0

Scheme I: The Synthetic Approach to the Limonin Model Compouﬁd 8
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choice of an appropriate Diels-Alder adduct as the key intermediéte,
Previous work (Chapter 1) has demonstrated that suCh adducts are
easily generated from Lewis acid cata]yéed additioM of dienes to

dienone-ester 15. In the ideal case a diene such as 16 might be

15 ' S 16
employed howevér in practice a suitablyvfunctioha1ized synthetic
equ1va1ent would a]most certa1n]y be requ1red

" In this account the deve]opment of a h1gh1y efficient preparat1on Q

of the key- 1n;ermed1ate 9 and progress 1in its conversion to the

mode’ compound 8 a(:fdescr1bed



Results and Discussion

‘'Since the synthesis of 1imonin (l)'via the scheme just described
would proceed essentially via the linking of two moderately complex’
heives of the ekeleton,-it was important that the two halves be
available in good yield and further that ‘their linking by the D1els—

| Alder add1t1on shou]d proceed with relatively efficient use of both
intermediates. It was desirable to examine these factorsrin the

development of the synthesis of the model compoundlg;‘

..

Y’Two orincipa1‘obstacles,were encountered First]y, the pub-
11shed9 preparation of the required diene 1- v1ny1cyclohexene (17 }was
reported to proceed in 87% yield by dehydrat1on of 1 viny1cyc10- _
hexano] 18 w1th potass1um b1su1fate In our hands however, a yield .
of on]y 24% was obta1ned A reportlo that tertiary allylic aloohols .

hcould be dehydrated via. the pyrolys1s of their p- to]uenesu]fonyl—_

carbamate derivat1ves to give- dienes in good yleld offered an

. -
-
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-

altefnate route to viﬁy]cyclohexene (17). 1-Vinylcyclohexanol (18)

was prepared by addition of vinyllithium (78% yield) or vinyl-

s

mégnesium bromide (74% yield ') to cyclohexanone. - Treatment of

‘alcohol 18 with a slight excess of p-toluenesulfonyl isocyanate in

benzene rapidly (1 hr.) gave the crude tosyl-carbamate 19 as a white

powder* which was rodtine]y used in crude form. Pyrolysis of .19

at +150°C and collection of the distillate in a water‘cboled:trép

gave pure T-vinylcyclbhexene (12) in 88% yie1dvffom alcohol 1§,
The.se¢ond obstacle ‘to efficient génératioﬁvof Diels-Alder

adduct 9 was the observation thét, under'boron trif1uQriqe etherate

catalysis, the reaction of diene 17 with dienone-ester 15 required

*Attempted-recrystallization of this material from gther resulted in

240

crystals (mp 48-59°C) .which were found to be a 1:1 complex with ether.

The crystals could be kept under vacuum for 24 hr. with no noticeable
change in-the nmr spectrum which showed signals due to diethyl '
‘ether (83.35 and 61.12) superimposed on the spectrum of the

carbamate 19. . o
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‘a large excess (20 equivalents) of 17 to give complete conversiohnof
d;enoph11e 15 w1th1n 2 172 days (Chapter 1). The observation that.
use of ferr1c chloride as a catalyst produced remarkab]y fast reaction
times (Chapter 1B] prompted its examination as a potential cata]yst
for achieving eff1c1ent addition of 17 to 15. ‘

It was found that in ether solution under ferfic chloride catafysis,
Diels-Alder addition of 17 to 15 was comp]ete within 45 min. us1ng

on]y two equ1va1ents of d1ene to g1ve keto-ester 9 as the only adduct

in 72% y1e1d. Complete conversions could be achieved using even

\x@




: »
sma]]er excesses of the diene component at the expense of s]1ght1y

4 ]ower overa]] yields. With an efficient preparation of the key
intermediate 9 at hand, the conversion of 9 to the 1imonin ‘AA'BC ring
model compound 8 was examined. - | N
Conversion of the double bond of 9 to a ketone proceeded via the
- epoxide 20. Treatment of 9 with m-chloroperbenzoic acid in methy]ene

chloride'at'0°c for.4.hr. gave epoxide ggf'which could not be‘purified

S

-

by si]1ca ge] co]umn chromatography w1thout hydro]y11c c]eavage of the
epoxide r1ng . For th1s reason the materia] was rout1ne1y used in
crude: form in the subsequent rearrangement reaction.

- Treatment of- the crude epoxide 20 with boron tr1f1uor1de

13,14

'etherate gave complete’ convers1on to.one principal product 1n

242

81% yie]d from keto-ester 9 The mass spectrum showed a mo]ecu]ar 1on :

*The stereochem1stry of the oxirane ring in 20 was assigned on the ba
of attack from the less hindered face of the r molecu]e .

* The opening of epoxide rings by silica gel to give ?grbonium
ion rearrangement products has been reported by Dev

S'IS '
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at m/e 304.1677 characteristic of the chemical formula C]8H2404

The ir spectrum showed three carbonyl absorptions at 1730 (ester),
1710‘(ketone) and . 1685 cm'] (enone). The nmr spectrum showed two ' 
7coup1ed (J = 10 Hz) enone proton signa1s at §6.18 and.5.86 and three
methyl groups appeared as singlets at 63.69, 1. 14 and 1. 10 These . -

data were consistent w1th the ass1gnment of structure 10 to the

product.

2

The pmr‘spectrum'of~lg“pfovided a fina]land unembiguous.bwoof of
’the:ciqestereochemistr&'ot the AB ring fusieh inlthe starting Dieis-: w
'.Alder adduet.g. As Qas.discussed in Chebter'1,fthe asSignment was
made_qh the ‘basis of the_cié}brincipje.of Diels-Alder additfoh and by -
“analogy with several other rigorouslyhprOVen.caseS>of additfon»to
dienone-ester 14. The nmr signals of the p}otphs at C-2 (66.18)

and at C-]Oé (62.63) show a long range N-type cduplingls of 2 Hz'

As discussed in Chapter 1 the N-conf1gurat1on requlred for such a
7'coupling to occur can only be ach1eved in the cta-fused 1somer and

‘nqt in the trana-fused,isomer. Thus it fol]ous that the ketone 10 |



1
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as well as the keto-esteflg from which it is derived myst have a
cig AB ring fusion. The éssignment of the BC ring fusiéh stereo-

chemistry as trans was made on the assumptlon of a stereospeclf1c

13,14

transfer of the C-9 hydrogen to C-8a. This was Supported by

the observat1on that treatment of ketone 10 with sodium t-amylate " -

\

at room temperature for 45 hr. gave quant1tat1ve recovery of un-

changed ketone 10. Under such—cond1t1ons the cis-gyn~cis isomer 2]
4 » _

=y -

| would. be ‘expected to;givé°the,m9re stable*.cisfsyn—tréns isomer 10.

” Further’e1aboration of the mo]ecu]e'reqU{red protection of the
newly fbrzﬁed'sjaturated'ketdnef~ Thioketalization with 1,2-ethane-
~dithiol catalysed by'borqn trif?ﬁoride-etherate gave the expected
-product 22 fnv82% yiéld-(ﬁﬁ% oVefal] from keto-ester 9). In a simpler
and more efficieﬁt brep&rqtion of 22 the crude époxide 20 was -
 treated first with boron trifluoride etherate for 5 min, and then
.‘1,25éthanedjthiol was added to the:501ution at&b°c.' The'tﬁioﬁetal

~

| This relat1ve order of stabil1ty ﬁ;§\been reported]6 in'the Case of
perhydrophenanthrenes - .

»

204
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22 was obtained directly in 73% overall yield from keto-ester 9. v
The_conversion of thioketal 22 to the réquired B-keto lactone 23

could Conceiveab]y'be approached by two different;routeslusiﬂg either

- the ester Side-chain or the endne oxygén as the poigf/gf inifial
attachment of the grddp to be -introduced. The_roufe qsing éhe-ester
side chain wouid require selective 1;2~re4uc;ion of the eﬁone and
blocking of the resu1t1ng alcohol to give intermediate 24. ‘Sub-

(ééquently, addition of a synthetic equivélent of acetate ahion 25
to the ester carbony1lfoiiowéd'by unmasging'of thé ailyiic'a]cohol

5
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~and, if neEessary, the newly introduced side chain carboxyl function

wou]d give compound 26 ,Lactonjzat1on of 26 could give g-keto lactone

S 23. A potent1a11y simpler a]ternat1ve approach to 23 us1ng the enone
oxygen as the s1te of 1n1t1a1 attachment wou]d also require select1ve ‘
1,2- reductlon of the enone and formatlon of an acetate der1vat1ve
D1eckman type condensat1on of the acetate with the carbomethoxy side

‘ cha1n w0u1d give B~ keto lactone 23
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To examine the Tatter~approech, the enone sys%em~of‘gg_was
subjected to a seYective 1,2-reduction. Treatment with diisobutyl-
aluminum hydride]7 in ether/toluene. at OPC* rapid]y (16 min.) gave
complete conversion to a chromatographlcally 1nseparab1e mlxture
£$76% y1e]d) of two pr1nc1pa1 products 1r1ant»70L30 ratio by nmr%;;
integration. Routinely this mixture was carried on in the reaction
sequence- without further‘purification, however, for the purpose of
characterization of the two products separation was possible.byv
fractional ckysta]]izet{on from ether.' By this method pure samples
‘of each component.were obtained.' | .

‘_The mfnor component gaVe a'ﬁoiecular ion at m/e'33¢.163]'1n the

.

mass spectrum indicating the chemical formula C20 300352 The ir

The use of either h1gher or lower temperature resu]ted in an increased
proportion of the 1 4-reduct1on product - :

,The saturated alcohol 27 was also obtained in 3% yield.-




N

.spectrum showed two carbony] Bkhds\\t 1739 (ester)and 1723 cm -1

(ketone) The nmr spectrum showed a four protoh-singlet at ¢3.16

248

due to the thioketal group and:methyl singlets at 63?61<\1;;;tznd
: C . ™ Y _
0.98. These data indicated that the minor product was the saturated -

,\‘
Y

ketone 28 resu]t1ng from 1,4- reduct10n

The hajor product gave a molecular ion»at m/e 382?i§40ﬁin the
mass spectrum (C20 300352) The ir speetruﬁ showed a hydhoxy] |
absorption at 3505 cm -1 and an estericarbony1 at 1709?om']:? The
nmr spectrum showed two coupfed viny]-orotons‘(d~= 10 Hz) at 65 46“’
.and 5.17. The th1oketa1 group gave a four proton 51nglet at §3.18

and methyl groups appearéd as s1nglets at 63 62, 0.92 and 0. 87

These data were cons1stentvw1th-the ass1gnment of structure.gg. The A

Y

a
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¥
stereochemica]tassignment of the allylic hydroxyl group was sup- -
ported by the nmr spectrum which showed the a11y11c proton as a

broadened doublet (s4. 34) w1th a coupling Sonstant of 12 Hz to the

o hydroxy1 proton . Exam1nat1on of Dreiding mode]s revealed that 1n

"<29 the d1hedra1 ang]e between the allylic proton and the vinyl proton
at c- 2 (55.17) was ~80°C which should account]8 for_the observed' .
'neg]1g1b1e coupllng. On'the‘other hand the epimeric alcohol 30 ’

~ with a dihedral angle of v40° between these two' protons wou]d be
;expected to show a coup11ng constant of ~5 Hz. The»absence of such a

o

-'coup11ng between those two protons 1n the nmr spectrum of the al1y11c
a]cohol obta1ned 1nd1cated the stereochem1stry as shown 1n 29.

Such a stereochem1ca1 outcome 1s in. accordance with that pred1cted 5 |

»by the app11cat1on ‘of Ba]dwin s method of approach vector ana],ys1s]9 : 't

B wh1ch takes into conSIderat1on ster1c 1nteractions between the sub- |
~_st1tuents of the substrate and the 1ncoming hydrwde |

| In an attempt to 1mprove the rat1o of 29 28 obta1ned by reduction -

Th1s was conf1rmed by Ioss‘of the712‘Hz coupling on'exchange.with,
D,0. o - o S R
2 § - Y/ .
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of enone 22, treatment with sodiUm'borohydride/ceric chloride was
. examined. Such conditions have been reported20 to produce almost
exclusively the des1red 1, 2 reduct1on product Unfortunate]y in th1s

case no reduction was observed and the start1ng enone 22 was.

a

: reCOVered quant1tat1ve1y

-

- The_70: 30 m1xture-of allylic alcohol 29 and saturated ketone
28 0bta1ned by reduction with d11sobuty1a1um1num hydr1de was treated
1th acet1c anhydr1de in pyr1d1ne in the presence of a cata1y11c
amount of 4-d1methy1am1nopyr1d1ne2]. The saturated ketone 28

was recovered unchanged and was eas11y separated from the product

by co]umn chromatography on 5111ca ge] The product obta1ned in

| 70% yield, gave a molecular jon at m/e 424 .1740 character1st1c of

the molecu]ar formu]a C22 320452 The ir spectrum ghowed ester -
carbOnyl absorpt1ons at 1744 and 1732 cm ].' The'nmrAspectrum showed

two vinyl protons at 85.28 aﬁd 5.16, a th1oketa1 group as a four

.lprotOn s1ng]et at §3.19, and methy] groups as. s1ng]ets at 63 60 (ester),

2. 00 (acetyl), 0. 96 and 0. 89 %iThese data 1nd1cated the structure of

. the Droduct as that def1ned by structure 31




~ Methods are éurrent'ly under study for the conde_nsation of acetate
" 31 to the g-keto lactone 23 which could then be converted- to the
desired model compound '8 'in.accordance with the synthetic scheme ‘

outlined pEevious'ly.




.-

Experimental

General
For general remarks see Chapter 1 of this- thesis.
Materials

: Benzene was distilled over Iithiumtaluminum hydride - Pyridine
-was d1st111ed over barium oxide and stored over potass1um hydroxide
pe]]ets Boron tr1f1uor1de etherate was distilled over calcium
hydrlde accord1ng to the procedure of Brown22 23. 'N1trogen was
. passed through a pur1f1cat1on train of Fieser's solution23
nsaturated aqueous lead acetate,_concentrated s&i¥EFTE ac1d and pot-

‘ ass1um hydrox1de pellets. Dlenone-ester 15 was prepared accord1ng

- to the procedure described in Chapter 1 Qf this thesws

1-Viny1cyclghexanol‘(]§9 _f_

A 1. 40 N solut1on of v1ny1 11th1um in tetrahydrofuran (300 m1,
: 0*42 mmol of vinyl 11th1um) was addéd to anhydrous ether (700 ml) by

forced s1phon24

at 0°C under an atmosphere of n1trogen A solution
of cyclohexanone (39 3, 0. 40 mmol) in anhydrous ether (300 ml) was
.added to the stirred solution dr0pw1se over 90 m1n After st1rr1ng
for 30 min. the react1on m1xture was poured into 1ce-co1d saturated
'aqueous ammonium chlorlde with vigorous st1rring The resu1t1ng

mixture was extracted with ether and Ehe extracts were washed‘w1th

o

%2
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water, dried (sod1um su]fate), filtered, and concentrated Dis- °
ti]]at1on of the residue gave pure a]coho] 18 (44 35 LE 78% x1e]d) as .
a colourless- 01} bp 67-69°C/16 Torr, nmr  5.87 (dd, 1H, J = 18,

3'= 11 Hz, ~CHCHy), 5.14 (dd, TH, J = 18,"0" = 2 Kz, ~CH-CHI (2)),
4.90 (d, WM, 3 = 11, ' = 2 iz, ~CHCHH (E)), 1.64 (s, TH, -04), and

- 1.47 (br. s, ]OH 5x —CH —), ir (neat) 3600 (OH, free), 3390 (OH,

H bonded) 3080 (—CH=CH2), 1640 (C=C). 995 and 970 cm (—CH=CH2).

1-(p-Toluenesulfony]carbamoyl)-1¥viny1cyclohexane (19)

A]coho] 18 (] 22 g, 9.71 mmol) was d1sso]ved in benzene (10 m1,
d1st1]1ed over 11th1um aluminum hydr1de) and a so]ut1on of pato1uene—
sulfonyllsocyanate (2.1 g, 10.6 mmol1) in benzene (5. 0 m]) was added
w1th st1rr1ng. After 1 hr. a sma]] amount of water (~100 ul) was
,added to destroy excess isocyanate and the solution was d11uted with _
ether (5 m]) ~dried, fiTtered and concentrated under vacuum at room |
temperature The crude carbamate 19 (3.95 g, 126% yield) ‘thus obta1ned
as powdery crysta]s was contamlnated with p-toluenesulfonam1de
E Co]umn chromatography of a portion (495 mg) of thls crude product on

silica gel, e]ut1ng with 25- 50% ether in petro]eum ether, gave pure

1.

fOne recrystal]izat1on of the crude carbamate 19 (900 mg) from ether

- gave colourless crystals (mp. §§-59°C 350 mg) which were identified
~ as the mono-etherate complex 0 ]9 by their nmr spectrum. In ad-
dition to signals due to the carbamate 18 two signals due to. d1ethy1 _
ether were observed at §3.35 (q, 4H, J =7 Hz, 2x -0CHy-), and §1; 12
(t, 6H, J =7 Hz, 2x -CH3) :

*
T A
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1 L3

carbamate 19 (230 mg, 59% yielq from alcohol 18) as a colourless
viscous oil: nmr 68.30 (s, TH, -N#-), 7.83 (d, 2H, J =.8 Hz, 2x
S0,C=CH-), 7.78 (d, 2H, J = 8 Hz, 2 CHy~C=Ci-), 5.83 (dd,

=18, J" = 11 Hz, —CHHZ) 4.96 (d, 1H, J = 11 Hz, —CH=CH—H (E)),
'4.91 (dy 1H, J = 18 Hz, —CH-CH—H (2)), 2.43 (s, 3H, —CH3) 2.10 (br. s,
2H 2x —O—ﬁl:—CH—Ha), and 1.50 (br s, 8H, 3x —CH,—~ and 2x —O—f—CH—Hb),
ir (neat) 1780 (C=0), 1588, 1483 (C=C, aromatic), 1335 (-—SOZ—N—)
~and 1145 cm’], (fSO -)3 ms (NH chem1ca1 Jonisatwn) parent peak. 341

M+ NH,*) . Anal. Calcd. for C1gtoyN0,S: € 59.42, H 6.54, N 4.33,

16721
S 9.91; Found: C 59.21, H 6.83, N 3.96, S 9.55. ;

' 1-V1’py1éyc1ohexene (17)

Crude-carbamate 19 (3.38 g, 10 4 nmol) was heated in a Kuge]rohr
A -

apparatus to ~150°C and the disgﬂlate was co]lected in a water cooled
: outer trap for )%* hr. The d1st111ate was found to be pure v1ny1-
cyc]ohexene 17 (790 mg, 87% from a]cohol ___) as a colour]ess 11qu1d
nmr §6.21 (dd,-1H, J = 18, J' = 10 Hz, -CI+=CH2) 5 65 (br S, 1H,
_,—(I:=CH—-) 4. 93 (d MH, J = 18 Hz, —CH=CH-H (Z)), 4.80 (d’ 1H, J = 10 Hz,
—CH=CHH (E)), 2 .02 (m, 4H, —Ctl_z—c-=CH-CH —~) and 1.64 (m; 4H,

—CH,=CH, ); ir (neat) 3090 (—CH==CH )s 3030 (—CH=CH2) 1645 (C=C)

995 and 905 cm” (—CH=CH2)
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4aa-Carbomethoxy-1,1-dimethy1-4a,4ba,5,6,7,8,10,10aa -octahydro-4(1H)-

: ' *
phenanthrenone (9)

Dienone-ester 15 (1.05 g, 5.84 mmol) was dissolved in ether |
(50 m1, disti]]ed over lithium aluminum hydride) under an atmospheré
of ‘nitrogen. ,Ferriq dh]oride (473 mg, 2.?2 dmo]) was added with
stirring followed rapidly by 1-viny1cyclohexene'(1.26 g, 11.7 mmol).
_After 45 min., saturated aqueous sodium bicarbonate (10 ml1) was added °
and the resuiting mixture was~gxtracted with ether. The extracts were
w&sﬁed with watér, dried, filtered and concentraied. "CoTumn chromato-
ghéphy 6f the résidue on silica gel, e]dting wifh-?%‘ether in petroleum
ether, éave pure adduct 9 (1.20 g, 72% yield).: . h ~
Spectral data for adduct g_havg a]féady been réborted in Chapter 1

of this‘thesis.

4aa-Carbomethoxy -4, 4 d1methy1 8aa,9a-epoxy -4a, 4ba 5,6,7,8,9,10, 10aa-

decahydro 4(1H)- phenanthrenone (20)

.7

‘Adduct'gnggoovmg, 3.12 mmol) was dissolved ‘in methylene chloride
and cop1edvto 0°Cvnnder an-atmosphére of nitrogen;' Purifiedzs
m—ch]dfoperbenzoic‘acid (1.08 g, 6.25 mnol) was ddded.s]ow]y-to'the :

stifred solution.‘.After,ZZS min. al10%-adueQQS solution ofvsqdium‘_ .

*The stereochemical designations. used in this and a1l othér’chemiéai
names in this section denote re]at1ve stereochemistry Al] compounds

o used and obtained were racemic. ' : o
- ‘/-' . - . N

L R
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sulfite (10 m1) was added and the resulting mixture was extragted
with ether. The extracts were washed with ice-cold saturated agueous
sodium bicarbonate and water, dried, filtered and concbntrated to

give crude epoxide 20 (1 08 g, 114% crude yield) as a viscous oil.

. The crude mater1a] was used d1rectly in subsequent reactions.

Crude epox1de 20 showed the following spectral data: ‘nmr §6.20 (dd
CTH, =11, 3° = 1.5 Hz, ~CH-CH-C0-), 5.80 (d, TH, J-= 11 Hz,
—CH=CH—CO—J 3.63 (s, 3H, —O—CH3), 2 88 (m, 1H, —éH—O—), and 1.10

| (s,,6H,,Zx —CH3), 1r‘(CC14), 1727 (C=0, ester), 1687 (c=0, enone),\¥
1374 (CH3). 969 and 765 cm'].(epoxide); ms M 304,1671‘(ca1cd. for -

C]8H2404 304.}674)..

4aa-Carbomethoxy 1,1- d1methy1-4a 4ba, 5 6 7,8, 10 ]0aa-octahydro 4,9(1H,-

-8as H)- phenanthrened1one (10)

Crude epox1de 20 (375 mg, 1, 23 mmo]) was’ d:ssolved in dny benzene

(20 ml). Boron tr1f1uor1de etherate (151 ul, 175 mg, 1:23 mmol)
was added to the stirred solution.  After 5 min. saturated aqueous
sod1um b1carbonate (3 ml) was added and the resu1t1ng m1xture was . :
extracted w1th methy]ene ch]oride The extracts were washed with

‘ water, dried, fi]tered and c0ncentrated Column chromatography of .

) the res1due on silica ge1, elut1ng w1th 14 40% ether in petro1eum :

- ether, gave crysta]line diketo-ester 10 (256 mg, 81% yie]d from
- ,‘adduct 9). One recrystal]ization from petroleum ether gave pure

white crystals of diketo-ester 10 : mp 102-105°C nmr 66 18 (dd IH,‘”,V-”



J-=10, J = 2 Hz, —CH'=CH—C0—) 5.86 (d H, J = 10 Hz, —CH=CH-C0-),

3.69 (s, 3H —OACH3) 2.63 (ddd, 1H, J-= 15, J' - 4, J" = 2 Hz,

C-10a H), 2 48 (d, TH, J = 15 Hz, C-10 Ha), 2.4t (d, 1H, J =4 Hz,

C-10 Hb), 1.14 (S, 3H, —CH ) and 1.10 (s, 3H, —CH ), ar 1730 (C=0,

.ester), l7l0 (C=0, ketone), 1685 (C=0, enone), and 1386 cm™ ! (CH3),

ms M 304. 1677 (calcd for C]8 2404 304.1674). Agal;_Calcd.‘for
Crghpg0y: C 71.03, H 7.95; Found: ¢ 710, 8.l

4

Attempted Base Catalysed fpimeriiation of Ketone 19

¥
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Ketone 10 (56 mg, Q. lS-mmol) was d1ssolved in 1,2- d1methoxyethane

(5 ml freshly distilled over Tithium alumlnum hydr1de) and sodium

hydride (8 mg, 0.18 mmol washed with ether) was added followed by * :

t- amyl alcohol (l6 mg, . 18 mmol) After 45 hr. the m1xture was
poured into saturated: aqueous ammonium chlor1de and extracted with
i_,methylene chlor1de The extracts were washed w1th water, dr1ed
flltered and concentrated The product (57 mg, lOO% recovery) was

' 1dent1cal by nmr analysis with pure start1ng ketone l0

4aa-Carbomethoxy 1 l-d1methyl -9, 9-ethylenedithio—4a 4ba,5 ,6,7,8 8a8 9 -_‘

10, lOaa-decahydro-4(lH) phenanthrenone (22)

<

a. From'Diketone (]ﬁD"

- . . . . . .

D1keto-ester l0 (222 i mg. 0.73 mmol) was dissolved in methylene o

I"l'chloride (3 ml) and the solution ‘was cooled to O°C Ethane l 2-
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> L
dithiol (344 mg, 3.65 mmol) was added followed by boron trifluoride
.ethenate‘(103 mg, 0.73 mmol). After stirring-for 13 min. saturated
_aquedus sodium biearbOnate\(llml) was added and the resulting mixture
was extracted with methyjene.th]ortde. The extracts were washed with
icetco1d 1.0 N aqueous sodium hydroxide and water, dried, filtered and‘
concentrated. \Co1umn_chnomatography_of the -residue on silica gel,

: eiuttng‘With 4-8% ether in petroleum ether, gave thioketa] 22

(229 mg, 82% yfe]d,x66% yield from adduct 9) which crysta1lized on
standing. - One recrysta1]1zat1on fn;; ether gave white crysta;//ek L
pure th1oketa1 22 (59 mg) mp 148-]51°C, nmr §6.10 (dd, 1H, 10,.‘
J! = 2 Hz, —CtkCHfCO—), 5.75 (d,_]H,AJ = 10 Hz, —CH=CH-C0-), 3.64 (s,

~ 3H, ~0-CH;), 3.19 (s) 4, —SiCEQ—Cﬂé—S—), 2.41 (ddd;"1H, J & 14,

J' =3, J" =2 Hz, C-10a H), 2.29 (d, 1H, J = 14 Hz, C- 10'Ha); 2.24

" (d, M, J =3 Hz, C- 10 Hb), and 1.08 (s, 6H, 2x -CH3), ir 172§ (C=0,
ester), 1684 (=0, enone), 1371 and 1365 cm” T (CHy); ms ¥ 3801471
(callcd.. for Cyqltyg0ss,:  360. 1480). Anal. Calcd. for Cooog0ss,

202873 2
C 63. 12 H7. 42 S 16.85; Found: €.62.94, H 7.57, S 16.84.

b. From Epoxide gg '

. Crude epoxide 20 (347 mg,'l 14.nmol) was'ddssolved in"dry benzene"‘i :
(20 m]) Boron tr1f1uor1de etherate (162 mg, 1. 14 mmo]) was added |
to the: stirred so]ution After 5 min. the so]ut1on was- cooled to. 5°C
:vover ~5 min. and ethane 1 2-ethaned1th1o] (210 mg, 2. 28 mmo]) was: added

;'After stirring for 14 m1n saturated aqueous sodium bicarbonate (2 ml)
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g

'was%ZLded and the resuiting mixture was extracted with methy]ene

chloride. The extracts were ‘washed with 1ce-co1d 1.0 N aqueous sod1um
hydrox1de and water, dr1ed f11tered and concentrated. Column
chromatography of the re51due on silica gel, eluting with 10% ether -

in petro]eum ether, gave thioketal 22 (276 mg, 73% yre]d from adduct
9)

t

e

g
]

' ch]orlde . The. extracts were washed with water, dr1ed f11tered and

; 4au-Carbomethoxy-1,1=dimethy]-9,9-ethylenedi thio-4ahydroxy-1,4,4a,

1,1- d1methy1 9, 9 ethylened1th1o-4a 4bu 5,6,7,8,8a8,9,10, 10aa-decahydro-

4(]H) phenanthrenone (28) and 4aa-Carbomethoxy 1,1-dimethy1-9,9-

ethylened1th1o 4aa hydroxy 1,2,3,4,4a, 4ba 5, 6 7,8 8aB 9, 10 10aa-

tetradecahydrophenanthrene (27)

_ Th1oketal 22 (237 mg, 0 62 mmol) was d1ssoTved in anhydrous E
ether (7 m]) under an atmosphere of n1trogen  The so]ut1on was x
cooled to 0°C and. a 25% so]ut1on of d11sobuty1a1um1num hydr1de in
to]uene (] 41 m] 2 49 mmo]) was added After st1rr1ng for 10 min.,

water (1 ml) was added and ‘the mixture was extracted w1th methy1ene

concentrated Column\chromatography on si]ica ge] e]ut1ng with
5 10% ether in petro]eum.ether gave an ~70 30 mixture (182 mg, 76%
yie]d) of. a]]ylic alcohol 29 and saturated ketone 28 Further elution

- with 10% ether in petro]eum ether gave saturated a]coho] 27 (7 mg, o

3% yie]d)- nmr 64 45 (br s. 1H —OH). 3 59 (s 4H tota], —O—Cﬁa

e .
-4

" 4ba«,5,6,7,8,8a8,9, 10 10au-dodecahydrophenanthrene (29) 4au-Carbomethoxy- .

-



l . 3
and —CH-0H), 3.16 (s, 4H, ~S-CH,~CH,~5-), 0.92 (s, 3, ~CH 5)» and
0.79 (s, 3, ~CH3); ir 3526 (OH), 1699 (C=0), and 1379 cm’l (CH,)s

260

ms‘M 384.1792 (ca]cd for C20H3203S : 384 1792) -

Fract1ona] crysta]]1zat1on of the m1xture of 29 and 28 from -
ether gave pure samples of allylic a1coh91 29 and saturated ketone
28. Alcohol 29 showed the. following data: mp 153-5°C; nmr 65.46
(dd, TH, J =10, J' = 2 Hz, -HC~CH-CH-OH), 5.17 (dm, TH, 3= 10 He,

=CHﬂCH‘OH) 4 34 (dm, 1H, J = 12 Hz, —CH-OH), 3.76 (d, 1H Jd =12 Hz,

~CH-0H), 3.62 (s, 3H, ~0-CH3), 3.18 (s, 4H, ~S—CH,~CH,5-), 0.92 (s,
3, ~CHz), and 0.87 (s, 3H, ~CHy); ir 3505 (OH) and 1709 cn”! (c=0)
ms M" 382.1640 (calcd. for CZOH3OO3521 382.1636).' Anal. Calcd. fgr

C 035,: C 62.79, H 7.90, S 16.76; Found: C 62.89, H 7.99,

20" 30
‘S 16.74. Ketone gg_showed the fo]]owing'déta: mp 137-140°C; nmr ;
163.67 (s, 3H, '—O—CHé), 3. 16"(s:'4H ';s—cEz—cH ~5-), 2.92 (ddd,

J = J' =14, 3" = 7 Hz, —CO-CHR-), 1.11 (s, 3H, —CH 3)» and 0.98 (s,
3H, —CH ), ir 1739 (ester ¢=0), 1723 (ketone C=0), 1390 and 1368 cn”'
"(CH3), ms M" 382.1631 (calcd. for CaoH 0o3 2" 382.1636). ' Anal.
Caled. for c20;300352 C 62.79, H 7.90, S 16.76; ‘Found: C 62.54,

H7.83, 5 16.70.

4a-Acetoxy-4aa—carbomethoxy -1, ] d1methy1 -9, 9-ethylened1th10 1 4. 4a, .

: .4ba,5 6,7,8,8a8,9,10 10aa-docecahydrophenanthrene (31)

A 67:33 mixture of a11y11c alcohol 29 and ketone 28 (330 mg,

0 86 mmol) was d1ssolved in pyr1dine (5 m]) and 4’d1methy1am1nopyrid1ne2] o



(10 mg) was added followed by acetic anﬁydriide (881 mg, 8.6 mmol).

| After Stirring for 50 hr, the mixture was poured into co]d.ahueous 5%
hydrochleric.acid and extracted with ether. The extracts were washed
with aqueous 5% hydrochloric acid and water, drted fi]tered and .
.'concentrated Co]umn chromatography of the residue on silica ge1
eluting with 5- 7% ether 1in petro]eum ether, gave ketone 28 (96 mg,
29% of start1ng»m1xture, assumed 100% recovery of 28) Further
e]ut1on with 10-25% ether in petroleum ether gave acetate 31

(]82 mg, .70% yle]d based on recovered ketone 28) wh1ch crysta111zed
on stand1ng'w One recrysta]l1zat1on from petro]eum ether gave pure
acetate 31: mp 121-124°C; nmr 5. 67 (s, TH, —CH—OAc) 5 28, 5.16 .
(both d, 2H total, both'd = 11 Hz, —HC=CH-), 3.60 (s, 3H, —0-CH,),
3.19 (s, aH, —S—CHQ—CH ;SL), 2. 00 (s, 3H, CH3—C02+J; 0. 96'(si 34,

—CH ), and 0. 89 (s, 3H, —CH ), ir 1744 1734 (ester C=0) and 1377 cm -1

o (CH3), ms M 424 1740 (calcd. for 022H3204S 424, 1742) Anal.
:Ca]cd Fbr C22H320452 C 62.23t H 2160, S_]S.]Qt found: C 62.18,_
H7.78, S 15.13. |
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