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ABSTRACT
The cyathins ﬂfe metabolites of the bird's nest
fungus Elggbgfhﬁglﬁﬂgg. Thcx arce members of alhew Tmily
of diterpenoids which hud pot previously been characterized.

Cyathin A3 (1) and allocyathin B3 (2) were the first

members of this fam‘ly whose structures were determined.

i ‘
A OR’ CHZ0R ’ - GE/ H,0R

1 . RR'= 2 R, k'=H

$ This thesis describes some approaches to the
synthesis of the cyathin skeleton. The routes” examined
include the synthesis of the bicyclic compound 100

representing potential rings A and B

Another approach involves the construction of the

diketone 91 and cyclization of/gl to the tricyclic ketol 94.

- Compound 91 was prepared in the following way. The triacid

--46, obtained from the glutarimide 45, was converted to 49

—

»



v
via a Dicckmann cyclization. The -acid 49 wis in‘turﬂ
transformed aftur esterification and protcctioﬁ of the
carbonyl group into aldohydo 64. After Grignard reaction
with o-iodoanisole followed by dehydroxylation compound

- 87 was obtained. The latter was converted to the diketone
91 by Birch reduction and hydrogenation. Ketol 94 was -
secured by the intramolecular aldol condensation of 91.

The stercochemical aspects of this cyclization arc

discussed.

3 N0 HOO OOH
. © OOH
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intramolecujar Diels-Alder reactions involving

'

Some

a furan ring as the dicne were also examined in an effort
to prduce a suitably functionalized ring C of the cyathins.
For example, 22 spontancously isomerized to 22a on standing

at room temperature.




ACKNOWLEDGEMENTS

Lo < - S .
“E1 autor deseca agradecer la ayuda economica
brindada por ¢l Conscjo Nacional de Ciencia y Tecnologia
/'F
de Mexicd.

~

The author wishes to thank:

The National Research Council of Canada for

i

financial assistance.

The technical staff members of the Department of
Chemisfry,.esbccially Mr. R. N. Swindlehurst and asséciatcs,
and Dr. A. M. Hogg and associates for determination of the
various spectra. To Mrs. D. Mahlow and Mrs. A. Dunn for

determining the microanalyses. ;

v

Mrs. J. Ball for the graphic work and Dr. L. Browne

for proofreading the manuscript.

Mfs, M. Dawe for proofreading and typing of the

manuscript. = o~

Especially to Professdr W. A. Ayer for his help 1in
the writing of this work. His assistance, interest and
concern‘during the development of this work are greatly

'appreciated.



TABLE OF CONTENTS

ABSTRACT. © . o . . o L Vi

ACKNOWLEDGEMENT . .0 . . . . . . . . . . . vii

LIST OF TABLES . . . . . . . . . . . . . .. i x

_ INTRODUCTION . . . e e e e e e e e ]

I, APPROACHH§ TO T“E CYATHANE SKELETON
‘Discussion - e e ... e e e e 18
A-C Approach . . . . . . . . . . L. 18
A-B Approach . . . . . .. e e 66
Diels—A{der Approa&h Coe 79
Conclusion . ... . . . .. ... 81
Expériméntai e e e s 85 .

Bibliography . . . . . . . . . . . . .. 137

I1. AN INVESTIGATION OF SOME INTRAMOLECULAR
DIELS-ALDER REACTIONS
| ' . \N
Discussion . . . . . . . . . . . . . .. 147

Experimental . . . . . . . . . . . o . . 163

Bibliography . . . . . . . . . . . . . . 177



LIST OF TABLES

—— e e »o

Tabhle Description Page
bPart 1:
1 Stercochemistry of the perhydro-

phenanthrenes. Order of

stability. C 19
2 Birch reduction of
2,6-dimethoxy-n-butylbenzene. 49
3 Modified Birch feduction‘of
Z?6:dimethoxy»g-butylbonzene. 50
/Part 11:
lv( Intramolecular cls-Alder
‘Teaction ;f fugij:jlamine k
derivatives 155
2 Intramolecular Diels-Alder

reaction of furfuryl alcohol

derivatives ‘ \ 156



INTRODUCTION

) <
¢ ' 7
) ' 0 . -

Whiice on a ficeld trip in the Rocky Mountains
Dr. 1.7, Rrodie of “he Botany Department of this University,

purportedly as a consequence of a fall, discoverced a new

bird's nest fungus of the genus Cynthus]. This c¢hance en-
counter led to other interesting findings. Brodie and co-

workers were able to grow the fungus, designated Cyathus
helenac, in liquid mcdiaz. They found that the culture
broth inhibited the growth of bacteria that had contaminated
the culturc vessel. Extraction of the culture bfoth with
ethyl acctate afforded a mixture, that showed antibiotic
activity. This mixture, or '"cyathin comﬁlex” as 1t was
~designated, was then studicd by Ayer and co-workers in an

effort to isolate the active componontsS,

One of the components of fﬁe mixture was sparingly
soluble in chloroform and was separated by triturating the
crdde cyathin with chloroform. This constitﬁcnt was shown
to be 2,4,5-trihydroxybenzaldehyde. A combination of column
chromatography and preparative thin layer chromatography of

the cyathin complex afforded a material which appeared to be

e T

purc and which was calted cyathin AS' " This métcfial, however,

was not crystalline and later was shown to be a mixture of two

s

components. Since the two components differ in the degree of

unsaturation, onc being the dihydro derivative of the other,
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th v were sepavated by chromatopraphy on silica gel
: . : : 1
Impregnated with silver nitrate

The structure determination work was carricd oui
Targely on the more abundant cyathin AS' A thorough analysis
of the chemical and spectroscopic propertics of cyathin AS
and allocyathin HS and their derivatives Ted Ayer and Taube ®
to propose structures 1 and 2 respectively for this substance.

These deductions have been confirmed “y an X-ray crystallo-

graphic study ® of cyathin Ay (which crystallizes in the hemi-

Ketal form la). This study also revealed the relative and
absolute stercochemistry of cyathin Ag. Subscquent work by

Aycr qnd Carstens has shown that cyathin BS and cyathin CA,
two {urther mctabolites of C. helenae, have structures 3 and
17L Cyathin AS and allocyathin R? exist partially as the
internal hemikeotals la and Za ¢ “tively, a fact that
complicated the initial work. .n acetylation,. 1 and 2 giVe
the diacetyl derivatives 1b and 2b.  Treatment of 1l and 2

with methanolic HC1l leads to the formation of th. internai

methyl ketals lg'and 2¢ respectively.

The cyathins belong to a family of diterpenes
hitherto unknown. Because of the novel skeloton present in
thesc compounds we became involved in investigating possible
routes for its construction. Since this thesis details ini- N
tial exploratory work dirccted towards the synthesis of the

cyathane ring#system, the remainder of the Introduction will
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be devoted mainly to 4 disctuission of sop ot the initaal

tdeas behind the work described later. Moo - not intended

to desceribeall conceivable routes to e eyathins. . Such
Ty .

an undertaking would require ol space and rs,of cougse,
|
restricted by our own prejudices and Jookh of imagination
and Knowloedge.  Bricf reviews are availibilo on total syn

. N . Q i . )
thesis of diterpenes® and o recent review on the synthesis

’
of{ the h)'dr(m:u]cnvsg may also be useful to visun J/i LOeosone

bﬁix work.

In order to analvoe some of the pessible svnthons

of the alternatives that we faced at the ourscet of

Qe W

‘and cvaluate rvoutes to their construction let us examine
first the cyathane skeleton.  The numbering follows a modi-
fied steroidal nushering system.  The rings arce designated

B, and C as shown.

’ >

A

Any synthesi

S
o~

iy
v

sideration the existing dissymmetric centres. Of the poOsSsi-

of the skelcton must talke into con-

v

ble six dissymmetric centres of the cyathanc ring system
(carbons 3, 4, 5, 6, 9 and 12) in the cyathing thus far

, .
reported, only three dissymmetric carbons are present.  Of

A
»

v
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these four, the more difficult problem would appear to be
that of buillding the dissymmetric carbons at the ring junc-
tions (5,6,9) in the proper orientation. The sterecochem-
istry at carbon 11, while importuﬁt, should notlbe as
demanding.  Carbon 11 owes its Glssymmetry to {he presence
of an alcohol gréup and thus should be controllable through
the corresponding ketone. Thus the first task is that of
synthesizing a tricyclic five-six-seven-membered ring system

containing three dissymmetric carbons at the ring junctions.

Needless to say there are a grcat number of syn-
thons that may be envisioned as leading to the cyathane
skeleton. One may attempt to build the tricyclic system

with the rings alrcady of the right size or construct it in

such a way that ring exp: . %, rihg contraction or both
would produce the desirc¢ ™ ring arrangement. Let us con:ide:
the synthesis of lupcol L - & orklo_‘ It is relevant sincc

rings C, D and F are similai to those of cyathin Ag having

the same stereochemical arrangement.
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The ketone 6 gave, after treatment with diethyl-

3

aluminum cyanide, the trans-anti-trans-cyanoketone. The

cyano group was converted to a methyl group in subscquent
stages. Ring [ originally prcsént as a six-membered ring
was modificd at the end of the synthesis . and converted, by
oxidation of the alcohol to the ketone, ozonolysis of the
corresponding enol acetate and cyclization of thé modifjcd

ozonolysis product, to a five-membered ring in 7.

The key step, 1,4 addition of cyanide, lecaves a

ketone group in-the "wrong'" position as far as the synthesis
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of tyathin /\3 is' concerned.  The lupcol synthesis, however,
exemplifies the possibility of hodjfyjng an existing six-
membered ring into a suitable (ivc—moﬁhcrcd ring. Bearing
e .
this in mind and also the possibility of-cxp%nsion‘of ring
C one may consider the initial syhthesis of a properly sub-

stituted six-six-six {ramework such as 8§ and modify it at

a later stage.

{aa
j~o
o

This scheme is attractive since 8§ possesses a

trans-anti-trans arrangement of the ring jungtions. Such
11

~——

an arrangemcnt 1s the most stable thermodynamically and

should be relatively straightforward to sccurc. For the ring
contraction stob, i.e., 8 to 9, one can envision the use
of the acid cétalyzed rearrangement of ring A of tri-
terpenoidslz. Los of the hydroxyl group in 11 takeé place
with migration of the C4—C5 bond to give 12, eliminat}on of
a proton yields the isopropylidene 13 and doﬁbje{bond.migra—

tion produces 14. This latter product possesses a contracted

ring A identical with the one present in cyathin A37
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\
It is known that dilzo compounds add to cyclic

; . . 3 .

Ketones to give the ring expanded kotoncl . ~Kohler and

co-worker514, for example, report the treatment of cyclo-
. ) . ) . {

hexanone with diazomethane, generated in situ, to obtain a

mixture of cycloheptanone and methylenecyclohexanc oxide.

0 0
wO ,
CH3 NCO,CoHs +
r\lCl2(:O3~
20 — 259
63% 15%

The addition to a,B-unsaturated ketonecs also takes
place with ring enlargement. Johnson and co-workers'® have

homologated stcroidal a,f-unsaturated ketones. Treatment of
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cholestenone 15 with diazomethane and boron trifluoride

ctherate gives A-homo-cholestenone 16 in 40% yicld.

> RN

CH2 N>y
BF3 . EtQO

The same type of approach can be envisioned as a

route to ring C of cyathin AS'

Preparation of a compound with a partial structure
as 1in 17 and ring en]érgcmcnt as previously described woﬁld
yleld 18. The double bond could then be hydroxylated .to the
dihydroxy compound lg: The latter would likely, as in
cyathin A3 and -1in the digl from 16, form an internal ketal,
20. This latter compoundion oxidation would produce the

\

ketone 21. Elaboration ofﬂﬁi with an additional one carbon

unit would complete the skeleton to give 22.

Other possibilities include the construction of a
skeleton with a five-membered ring A. A suitable functional
group at C-3 would allow the introduction of the isopropyl
group. For instances, Grignard addifion to a Ketonc such as
gé, followed by dehydration of the alcohol lecads to the

‘propetrly substituted A ring 24.

S A\
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Scheme 1

~H20
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\

While the schemes may be feasible, the\préblem of

Syhthesi%ing the tricyclic compound must first be surmounted.
Oﬁe approdch is that of building one ring at a time. Any of
the threc fings could be the starting_pp%nt. However, rings
A and C segw the more logical starting boints since they are

the more EUAFtionalizcd. In this respect ring C as the first

building_blp%k should be considered first.

\

The 'formation of the internal mefhyl ketal 1lc by
cyathin AS‘Suggésts a Sossiblc initial target, namecly a
cyc]ohcptanonc‘éuchAas 25 or 26. Robinson aﬁnclation on 25a
\
shouid lead to 27 thuat could then possibly be modified to

form ring A. Similarly 20 could be converted to 29 by a

Michae! typ: addition on 28 followed by an aldol cyclization.

Syntueis of 25 and 26 can be envisaged as arising

from ring exparsion of a Diels-Alder adduct of Z-methoxyfuran.

For inétanéc, addition f [-acetoxyacrylonitrile lcads to the
formatién of 6-acctoxy 6 I-methoxy-7-oxabicyclo{2.2.1]-
hept-Z-ene §916. ~M§d; « > the cyano group into an
amine and this in turnr 1 ;2o compour © 31 would produce
a good ieaving group that ¢ i v elim - tion as

indicated to producc 7-.

On the other hand .0 . i  conver.ed to the

ketone 32. Treatment with diaz mc. ¢ s. 1d then produce

35 or 26.
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Scheme 2
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O0CHj3 CHj
N — o LHaMny

0AC

N
‘U’i
N

I

Another épproach would be that of modifyjng a
readily accgssiblc bicycliC‘system. This could minimize the
number of steps involved and give a more efficicnt synthesis.
The -two rings can be A-B, B-C or A-C. - The possible combina-
tions increa5¢ if one takes into accéunk/giat rihg A.can be
a six- or a five-membered ring and ring C a six- or seven-
membered ring. Briefly described in the folldwing schemes

are examples of some of the possible combinations.
~1
In scheme 3, the starting block is the ketone 33.

It can be‘readiiy pfoparod by a RQBinson‘annclation of methyl
'vinyl ketonc and 2,5-dimethylcyclohexanonec. .Nethylation may
lead to the dimethylated B,8-unsaturated ketone 34, and this
can be oxidized, following reduction of the C-3 carbonyl and
protection of the alcohol, to the ketone 35. The last

compound could undergo another Robinson annelation to produce

30.
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The readily accessible Wieland-Miescher ketone

(schome.4) cgn be monoalkylated with 2,3-dichloropropene
to 37. Addition of methyl hium leads to the allylic
alcohol §§17 which could potentially be cycl:zed by acid
treatment to 39, this last step being patterncd after the

work of Lansburyl8

A - If a compound such as 40 (scheme 5) could be
prepared, it should undergo an aldol cyclization to produce

the tricyclic diketone 41.
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Scheme 4
0 N
. oy — L dey
- 0] ] 0
37
\
/ﬁ
CH;
HO \H
< \\\\
Cl 0
32 38
Scheme 5

0 )
9, : , ,
__H .
l 0] " v W\ O
0 . ' 0
" 4 .

40

—
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Lastly, the tremendous synthetic potential of the
Dicls-Alder reaction might be employed (as exemplified on

scheme 0), using rings A and C as diene or dicnophile ,

respectively.

Scheme 6
| | Q/\A
~ o< +
L d
0 X q
T —_—
i /
0 0
~

It is the purpose of this thesis to present the
initial studies on some of these possibilities, to evaluate

their synthetic utility and scope and to‘providc potentially
useful modifications in order to increase their utility. The
/

work is divided into two parts. The first part describes the

Y
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work donce towards the two ring approach, namely, formation
of modified rings A-B and A-C. The se and part descrihes

our attempts to generate a properly substituted C ring.



Part I APPROACHES TO THE CYATHANE SKELETON

DISCUSSTON

This scction deals

with three different approaches

to a tricyclic synthon for cyathin A;. Schemes 3, 5 and o

outline the initial plans.

The

separately under the headings:

and Dicls-Atloy approach,

A-C A))roach

The rationale for the

as 40 stems [rom onr assumption

results will be discussed

A-C approach, A-B approach

construction of a system such

that the most difficult task

in the skeletal construction would be that of introducing

the methyl groups at the vring junctions in the correct -

orientation. We considered that if 40 were to cyclize, it

would do so giving risc to a mixturc of the thermodynamically

more stable stercolisomers, and that the stability of such a

system would be reasonably similar to that of th: rerhydro-

»

phenantrenes. The order of stability of this lait:: systenm

}S well knownll. It is summariZed in the next table, the

e A

numbers in'icating the order of stability.

\

Inspection of .the four more stable isomers shows

that only onec, the cis-anti-trans isomer, has the extreme

asymmetric centres in a cis reclationship. Thus the proba-

bility of securing a trans relationship of the methyl groups

secmed reasonably high.. While the number of possible
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L

stcrcoisémcrs which could be formed-by cyclization is
relatively large, two of the dissymmetric centres would be
removed on dohydrutién of the dérivod ketol. This should
glve Tisce to a mixture of oﬁly two stercoisomers one of

which, the trans isomer, should predominate,

e
i

S
O

7
5 5 -

e
Our initial concern was that of synthesizing the
appropriatc 35,3-disubstituted Cycloﬁentanonc. One of the
éybstituonts had to be a methyl group while the second
substituent should be a two carbon substituent such that it
could be dasily modified to enable more than one mode of

coupling of the terminal carbon. With these considerations

in mind we attempted to prepare 3—mefhyl—3~viny1cyclo—
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. pentanonc 41. The vinylic group could, after protection of

the carbonyl, be trunsformed by hydroboration to the primary
alcohol 42. The hydroxyl group could then be modified in

such a way as to render the carbon cither clectrophilic or

H,OH % ~COOR
o, i g\/«
s

It has been shown by Hooz and Lglyton19 that

nuclcophilic.

2 O

¥
(
= E?O;

Q
o
O

C

1,4 addition of a vinyl group to a,B-unsaturated ketonecs -

can be achieved by the use of a divinylcopper lithium

tri-n-butylphosphine complex. Later Corey and Beamcszo

reported the use of a mixed cuprate rcagent of “the type

’

lezCuLi to achieve a similar reaction. The use of the

divinylcopper lithium reagent on the readily accessible

3-mcthy1~2-cyclopcntcnon021 led to a mixture that contained
a cyclopentanone, ir 1745 Cm_l. Our attempts to isolate

the compound, however, met with failurc and the approach
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was abandoned. More recently a simplificd work-up procedure
22 - — _ L . .
has been developed which may facilitate the isolation of

41. This has not been investigated.

23

Lansbury and co-workers in their approach to the

synthesis of hirsutic acid used 3-carbomethoxy-7 . thyl-
cyclopentanorie 43 as their starting material. The cyclo-

, y . 24 .
pentanonce had been prepared previously by a simple and
efficient route. At first we considercd the use of such a
compound directly% The idea, howecver, was not pursucd since

we thought that the carboxyl derived Teactive site might
Iy Y g

prove too hindered (ncopentyl type system).

The simpler 3,3-dialkylcyclopentanoncs have been
prepared. The synthesis of 3,S-dimcthylcyclopentanonez
1s inefficient and cannot be ea;ily modified to preparc a
suitably substituted cyclopentanonc. The construction of
S-ﬁethyl—3-cthy]cyc10pentanone iiZG, scheme 7, while iabo—
rious, brought to our attention the potential use.of the
Guareschi reaction27. When ethyl cyanoacetate reacts with

ketones (methyl ketones give the best results) in the pres-

ence of ammonila, an a,a'-dicyano-8,B8-disubstituted -
. W

¢lntarimide is formed. Hydrolysis leads to the \\

f.r-disubstituted glutaric acids. ' }

The preparation of 44 necessitates an homologation
p o \vO
step. This need could be bypassed if one were to use a

levulinic acid ester. Since the acid produced on hydrolysis
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Scheme 7

_H »
O MO HOO QOOH H,COL  cocl

_———
P e

hY

HyCOC  COCHN, E%cozcm Q

of the glutarimide would be both a glutaric and an adipic

acid, cyclization to the required cyclopentanone could be

carried out without further lengthy modification. \

The Synthesﬂg/;;\the desired l-methyl-3-oxocyclo-

pentancacetic acid 49 was achicved as shown in Scheme 8.

In 1960, Handly, Nelson and Somer528 reported the
_synthesis of a number of glutaric acids via the Guareschi
reaction. Their procedure was followed using ethyl levuli-
nate 32 as the ketone. The yields of a,a'-dicyano-B-methyl-g-
(ethoxycarbonylcthyl)glutarimide 45, were usually around 56%‘
although yields as high 63% and as low as 40% were obtained

on occasion. Later we found that 45 had been prepared



Scheme 8 23

IO | : S 0O
ANCOOCH, 2 —

Z-T

HOOL{}Z OOH CH;00 OOCH; :
A6 \,\COOH 47 OOCH;,

/[::T”\cooc' . [::j/\tOOH
CH,00C | |
8 - o

52'
pfbviouslyzg although neither experimental dctail nor yield
is reported. No further attempts to increasc the yield were
made. Potentially a two step procedure might be employed to
securc better yiclds. Treatment of diethyl Z-cyano-3-mcthyl-

. ®
hex-2-cnedioate (from the Knocvenagel reaction of ethyl cyano-

acetate and cthyl lcvulinato)30 with cyanoacetamide and

sodium ethoxide should producg the starting glutarimide i§31.

While the preparation of the imide could be carried

out without difficulty, the,ﬂ?&rolysis»to the triacid 46
. “ ’ R — -
proved troublesome. The reported conditions for hydrolysis

26,28,30 . oL . .
as well as a number of variations using sulfuric
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and/or phosphoric acid at different concentrations, tempera-
turc and time led, 1n the best of cases, to only fair yieclds'
of 3-methyl-3-carhaxymethyladipic acid 30. Furthcrmorc, the
results were not repr%dncihlo. Attcgptx to hydrolfse the
imide under basic conditions, 10% potassium hydroxide in
etl ~lene glycol at 180°, led to extensive dccomposition of
the starting material. Finally, acid hydrolysis cmploying

concentrated hydrochloric acid at reflux~temperature {or

14 hours led to a 060% yicld of 46. Four dgys of rcflux under
‘these conditions increascd the yield to 74%. The yicld of
1solated product was further incrcased by continuous extrac-
tion of the reaction mixturc with cther. In this minner
yields of over 90% may be obtained veproducibly in mole-
scale preparations, The crude acid mp 142 - 146° (lit.29

149°) was uscd in the following step without purification.

The conversion of the triacid to dimethyl 3-methyl-
3-methoxycarbonylmethyladipate 47, was attempted in scveral
ways. Klostergaard's esterification methodSZ, success{ully
used for the preparotion of cthyl levulinate, afforded only a
25% yield of crude 47. Dircct Fischer csterification using
methanol and ;ulfuric acid gave only a 45% yicld of impure
tricster. Sccemingly, the triester decomposes under these con-
ditions. Later we learned that 47 is prone to decomposition
when heated.  Milder esterification conditions were explored.
~2,2-Dimethoxypropane has been used success{ully as a water-

scavenger in cstevification reactions o, It is
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reported that very mild conditions are required to c¢ffect
the reaction. In our hands, however, no ester formation

could be detected even after pro]ongod‘pcriods of tiwme,
J

The use of "the cutdlytjc dehydrator" described
by Vesley and Stcnbcrg34, a comhination of an acid polymer
and a dchfdruting agent, gave cexcellent yields of the estery,
in very pure form. The method is very cfficient and quite
mild. In practice the acid is dissolved in the alcohol
requirced to form the cester, then to the solution a 7:3 mix-
ture of anhydrous calcium sulphate and Rexyn 101(H) R-2Q4
is added and the resu%ting slurry 1is stirred at.room tempera-
ture until esterification is complcte. Fiitration of the
catalyst f{ollowed by removal of solvent and pércolation

through silica gel gave yields of over 85%.

The Dicckmann cyclization of 47 to methyl 4-methoxy-
carbon;1~1*mcthyi—3—oxocyclopentanoacetate 48 did not take
place when the triester was heated with sodium methoxidc in
refluxing tolucne. Only starting material was recovered

after work-up. The samc negative result was obtained using

sodium metal in refluxing benzene. Treatment of the
with sodium and a catalytic amount of metharS1 ig refluxing
xylene, however, led to complcte disapdcarance of the starting

—material in five hours. Work-up elded a mixturé of 1somers
of 48 in approximately a 1:1 rdtio (by integration of the

quaternary methyl singlets 2t § 1.3 and 1.15 respectively).

*
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The development of an intense blue color after treatment of

48 with ferric chloride was taken as an indication of the

presence of a a-carbomethoxy ketone.

-

Hydrolysis and decarboxylation to l-methyl-3-
oxocyclopentancacetic acid 49 wus_accompiishcd by hcatiﬁg
48 under reflux for 18 hours in 10% HC1. The hydrolysis of
crude 48 proceeds satisfactorily. Thus a 90 - 92% yicld of

49 1s obtained from the tric.ter 47 if{ purification of 48

1s bypassed. The acid otained by this procedurc was

essentially purc aund did not require further purification.

The esterification of 49'to methyl I-methyl-3-
. «

oxocyclopentancacetate 49a was carried out G&Lng the catalytic

dehydrator as described earlier. The yields obtaincd were

consistently high (>85%). Purification of this substratec,

as before, was achicved by percolation through silica gel.

. Having developed an cf{ficient synthesis of methyl
l-mcthy1~3~oxocyc10pcntancacotate_igg we then explored
possible ways of coupling it to 2-methyl-1,3-cyclohexanedione
or another suitable precursor. In order té_study the alkyl-
ation, ggguns-tonvcftcd~(sce scheme:9) to 7-mcthyl-7-(2-
iodoothyl}lli-dioxaspiro[4.4]ﬁonanc 55. Conversion of the
ketone iﬂéto its ethylenc acetal 50 wasiaccomplishcd in
quantitative yield by the convcntional mcthod. Reduction of

the ester to 7-methyl-1,4-dioxaspiro[4.4]nonanc-7-cthanol S1

was achieved by treatment of 50 with lithium aluminum

[N
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hydride in ether (909). The alcohol was converted without
purification to its p-toluencsulphonate 52 by treatment with
p-toluenesulphonyl chloride in dry pyridine. The p-tolucne-
sulphonate, a thick 01l, was purifjcd by washing with Skelly-
solve B at -70° (96%). However, nonc of our attempts to
crystallize 52 were successful. Treatment of the tosylate

with an excess of sodium iodide in refluxing acetone™

afforded a 949% yield of the desired ketal iodide 53.
Scheme 9

: H
) "~COOCH;
| | LiAlHg -
Et,O
L |

51
50
TSC', Py
7
/I ». O“S‘,‘@"CHa '
% Nal ‘ {
. OJ‘

S GRS

With 55 in hand, we turned our attention to finding

a method to cffect alkylation of 2-methyl-1,3-cyclohexanedione.

An extensive discussion on alkylation appears in House's

"Modern Synthetic Reactions' chapter 936. Several reviews on

alkylation of ambident anions are also avadlablc37. The

diversity of rcaction conditions and results reported tend to
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make an understanding of the reaction, at best, difficult.
Morecover, a discouraging fact scems to be clear. The alkyl-
ation of 1,3-dicarbonyl compounds is complicated by the
formation of mixturcs arising from C- and O-alkylation.
Stetter and Dicrichs studied the effect of solvent, concen-
tration, metal cation, and lcﬁving gréup it he alkylation
of 1,3-Cyclohcxuncdion0§8- They found that more concentrated
So]yiions led to higher ratios of C/0 alkylation. They also
found that higher yields of C-alkylation are obtained when

using n-butyliodide (28.4%) as compured to n-butylbromide
- S - /z"“

(18.2%). In our first attempts at alkylating Z—mctth-I,S-

cyclohexanedione we used the conditions reported by these

authors. Our compound, however, was recovered unchanged when

. . . 39
we used their optimum conditions. Polgar and co-workers

have been able to achieve the folY¥owing alkylations.

/\/‘\/'::\/Br + Ef3N

71%
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Their success could be partially ascrihod‘to the
fact that they were using allyl halides, one of the few
Suhstrutos that lead to high C-alkylation yiolds40. Onec
could also arguc that somc rcaction hetween triethylamine
and the allyl halide takes place to produce a tetraalkyl
ammonium salt which in turn cnhances the rate of the reaction.
These compounds have been usced as phase-transfer catalysts to
bromoto othcrﬁisc difficult roaction541. In our hands no
reaction could be obschcd between 1,3-cyclohexancedione or
Z-mcthyl—1,3-cyclohcxuncdioncznulii using‘Rolgar's conditions.
The addition of equimolar amounts of trié;hyibonzylﬂmmonjum
bromide did not scewm to have any effect. No reaction could

————

~be observed even after prolonged periods of time.

I

R = H,CHjy

¢

Taylor and McKillop have reported that thallium (I)
salts of 1,3-dicarbonyl compounds when trcated with alkyl

iodides give regiospecific C~alkylétion in virtually quan-

titative yield42. This method was not attempted ip view of
the results obtained by Pizzorno and Albon?v043. These
workers found that thallium (I) salts of dimedone and

1,3-cyclohexanedione when treated with ethyl iodide produce
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éxclusively the O-alkylated compounds. Also, Hooz and
Smith44 found that thallium salts, contrary to Taylor and
McKillop's claim, produced mixtures of C-, 0- and C-
djalkyldtcd compounds, showing that they offer no synthetic
advuntggc for promoting exclusive C-alkylation. At this

stage this approach was discontinucd.

Since we were not able to usc the ketal-iodide 53
in the alkylation of 1,5-cyclohexancdionc or Z-methyl-1,3-
cyclohexancdione - d%ffcrcnt coupling method was sought.
Also, we decided to usc a compound that might be converted

at a later stage to the desired dione.

It is known45 that some alkyl- and aryllithium
compounds trans-metalate in the presence of aryl cthers
giving risec to the ortho-lithiated aryl ether. In this
fashion @:diﬁethoxybcnzenc metalates exclusively between
the methoxy groups to afford 2,6-dimethoxylithiobenzcene 54

when treated with phcnyllithjum46

o

MeO: Me ohLi MeO OMe

54

Our initial intention was to react 54 with a pro-
tected cyclopentanoag\estor such as 50 in order to o' "2in

the ketonc 55. The ketone in turn could be removed by
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suitable reducti n.  The substituted 2,6-dimethoxybenzene

thus produced could then be reduced to the vinyl ether 57

by Birch reduction. Acid hydrolysis should then produce
the triketone 58. MeQ
COOR
. ————— Me
0 o4 0

MeO
MeO ‘. .
SRR
' - R
' 0 0 56
I 58 57 OMe .

Bearing in mind that we wanted to use an aryl-
lithium, a protecting group different from the ethylene
acetal was prepared. This precaution was taken in‘yicw of
the rcsﬁlté obtained by lleathcock, E11is and Badger4
These authors report that the ethylenc ketals of cyclo-
pentanone and cyclohexanone arc attacked by isopropyl- and
t-butyllithium. The products obtained e the alcohols
formed by attack of the organo]ithiuh on the ketone liberated

by EZ elimination on the acetal.

These authors report that the 1,3-propylencketal

1s stable under the same reaction conditions.

¥
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r‘——‘l f . H%
o O
+ RLi —
K (CHj)ﬂ
CH,) - R= i-C3Hy
t -~ CsHy

Ketalization of methyl l-methyl-3-oxocyclopentanc-
acetate using 2,2-dimethyl-1,3-propancdiol gave an 87% yield

of the corresponding ketal 59 after chromatography on alumina.
IjAcone O2Me
e
I '
0

When the ester 59 was treated with phenyllithium,
the crystalline carbinol 00 was obtained in over 90% yieid.
We had expected that the intermediate ketone might be

sufficiently hindered to avoid attack by a sccond molecule

of phoﬁyl]ithium. "This proved not to be the case.

59 4 Phli — OH
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We speculated that perhaps by treating 59 with
2,6 dimoth0xy]jthio%vn:cno in a 1:1 . ratio, the reduced
S am . cether with the added hindi.
of the methoxyl groups flanking the reactive site might pre-
vent - further reaction with the ketonic intermediate. Thus
when 54 (generated by treatment of m-dimethoxybenzene with
n-butyllithium for 48 hours at room temperature) was allowed
to react with the ester 59, a complex mixture of cbmpounds
was obtained. The ir spectrum of the mixture sthcd no
carbonyl absorption but broad hydroxyl absorption at 3400
cm—l. No attempts to separate the components of the mixture

were made.

Amides react with organolithium compounds to form
. 48 ' § ) 49 !
ketones ©. Recently Owsley and co-workers reported the
GpreparatiOE of 1,4- and 1,5-dikctones by this approach. Also
Scilly has reported the preparation of aldehydes and kectones
by an in situ reaction of organolithium compounds with

o .,.50
carboxamides™ . .

Lambooy has used 2,6-dimethoxylithiobenzenc in the
prcparation of 2,6—dimcthoxybenzaldchyd051. The aldehyde was
obtained in 659 yield after treating N-methylformanilide with

"the aryllithium.

Attempting to take advantage of this method we
explored methods of preparing an amide of 1-methyl-3-

oxocyclopentancacetic acid. Discouragingly, the methods
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employed gave low yiclds of mixtures. Tor example, treatment
\

of 49 with thionyl chloride in CHOCIZ—Ht?N followed by addi-
. /(l

tion of N-cthylanitine afforded a 5§39 yield of a mixture

containing the desired amide as tﬁc major compound. Ir:

1745 cm_1 cyclopentanone, 1660 cm—l, amide. nmr: & 1.16

2

(tertiary Cnx), 1.12 (triplet, ethyl Cil), 2.43 (singlet,

CHZCON), 3.75 (q., ethyl CHZJ.

Mixtures were also obtained using oxalyl chloride
or triphenylphosphine-carbon tctrachloridé complex™ . We
felt that perhaps the poor results wcrc<ﬂuc to the presence
of the reactive ketonic carbony: group. In order to circum-
vent this we prepared the 2,2-dimethyl-1,3-propanediol
acetal of 1-mcthyl-3—oxocyclopentanca¢ctic acid 61. Using
the usual ketalization coﬁd}t{oné‘on 49, a mixture of com-
pounds was obtained. Thé desired ketal-acid 01 was isolated
in 45% yield by écﬁd—basc extraction of the mixture. Dis-
appointingly this compound proved to be of ﬁovpractical value
since Eow ylelds of mixtures were obtained in our attempts at
forming the correéponding amide (DCC,'EtZNH in CH2C12;
N,N'-Carbonyldiimidézole, EtZNH). Treatment with thionyl
Chyoridc produced the acyl chloride, an unstable dark oil

that resinified on standing. This approach was not further

pursucd.

The rcaction of carboxylic acids with alkyl- or

aryllithium compounds to produce ketonecs is a widely used

procoduresg. This method precludes, in most of the cases,
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0O,H .
—
+
OH H
0
over-reaction to produce the alcohol. The stability of the
intermediate dilithium compound is“invokcd as 1. most

\

plausible explanation.

oy
/,J ?Li - 0

: o I
RILIL npeoons - RUEL R~C—0Li — R—C—R’

R 1

RCOOH

In light of our inability to produce an amide, the
usc of this method was iqyégz;gated.. Wittig and Pockelss4
reportod that when 54 Wgé treated with C02 in an attempt to
produce 2,6-dimethoxybenzoic acid, a mixture of products was
obtained. The desired acid (14.7%), the ketone derived from

the recaction of the acid with 54 (25%) and a trace of triaryl

carbinol were isolated:

This we took as an indication that reaction between
the acid 61 and 2,6-dimethyloxylithicbenzene might be uscd

to synthcsfzc the ketone 62.



0,H

Me

Me

O2H Li
MeO Me Me

The preliminary investigation of the method did not lead to a
successful result. A mixturce consisting mainly of starting
material was obtained after treatment of 61 with 54.  The
mixture left after separation of the acid with sodium
bicarbonate showed no carbonyl absorption in the ir. This
routc was abandoned when positive results were obtained by

the modified approach described below.

Concurrent with the first failurc in obtaining the
ketone 62, we started the preparation of 2,8,8-trimethyl-6,10-

dioxaspiro[4.5]decanc-2-acctaldehyde 64. We ecxpected that

the aldchyde would not prescent the problem of over-reaction

?)
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that we cncountered when using 59, The aldehyde should be
rcadily accessible by oxfdation of the corresponding alcohol
03, itself prepared in high yield by lithium aluminum hydride

reduction of the ester 59. P

0,Me i it
‘ 0
0 i 0

59 63 64

Our intention (shown in Scheme 10) was to rcact
the aldchyde 64 with 54 or the corresponding Grignard reagent

to obtain the benzylic alcohol 65. The alcohol should be

amenoble to hydrogenolysis to produce an aromatic compound

which 1n turn might be converted to the desired 1,3-dione.

Scheme 10 . Me

Me OMe Me

There arc ecxamples where a similar reaction has

been employed. The synthesis of pereczone by Corté%, Salmon
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55 , . 1, . .
and Walls and the synthesis of d,1-A tetrahydrocannabinol
. -5 .
by Mcchoulan and Gaoni 0 make use of the reaction between a

~ carbonyl compound and a lithiated 2,6-dimcthoxybenzenc.

OMe oH OMe
l X Lon-beli l"i e
ERREN ? M
- i o - ~o ~
e CHATNTTTOMe ST N e,

_ \i’l\?tcrj;

OMe

Me
|
oS Jon-Boli =~ Yy e
| 5 P
e . «CHO _
C Hy, =" 0Me } o \C5H”
~

|
~ .

H
: ‘J/\\
0 = CoHn

Because of the complex results previously obtéinod
while using 2,6—dimethoxy1ithiobenzéne, we suspected that the
érylljthium was only partially formed under our re¢action con-
ditions. Thus a»mjxturc of aryl- and alkyllithiums present
could, in part, explain the fact that mixturecs were

consistently obtained whenever we employed the reagent.

In order to avoid this problem, 2,6-dimecthu.yiodo-
benzene 66 was synthesized. The preparation as described in
Scheme 11, had previously been rcportdd57. A modification

to the first step was usced as described by Carpenter, Laster
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58 . ! . ) . .
and Wood™" . The route has one practical shortcoming, the
nitration step is rather cumbersome. Also the reported
yicld of 40 - 45% could not be duplicated. In our hands only
a 21% yield was obtained.
Scheme 11
NO,

NO,
® N, NH,

I
Me0©/0Me MeOMe MeO-_ Me
66

A simpler and better preparation of 65 was later

employed. The synthesis as described by Boltze, Dell and
Janscn59 involves the mctalation of m-dimethoxybenzenc fol-
lowed by addition of iodine. The yield of 66 obtained is
high (70%) and the recaction can be carried out success{ully

on a large scale.

Me Me Meo /OMe
1. Phli

2. I,

The preparation of the ketal-aldehyde 64 was

attempted 1in several ways. Moffat-Pfitzner oXidationéO of
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the alcohol g} using trifluoroacetic aci®arforded a 955 yield
of Erudc aldchyde. While the product scemed to be pure (tlc)
the nmr spectra showed scveral broad signals that were not
compatible with the expected nmr of the aldehyde. Chromato-
graphy on alumina af{forded the pure aldehyde in only 40%
yield. A small quantity of N—tri(1uorou¢oty1djcyclo-
hexylurca was also isolated. The usce of anhydrous phosphoric
acid (prepared by addition of phosphorous pentoxide to 859
H3P04) was morc advantagecous than that of trifluoroacetic
acid. The crude aldehyde obtained by this modification °

(85 - 929%) although contaminated (presumably with dicyclo-

hexylurca) was usced successfully in the next rcnctign.

After we had established the cfficacy of the
Grignard rcactions and the subscquent removal of the benzylic
hydroxyl group (described later), we decided to prcparé the
aldchyde by a different method. Our veasons were twofold.
First the Moffat-Pfitzner oxidation uscs an excess of. dicyclo-
hexylcarbodiimide. This reagent has to’'be destroyed by con-
version to the urca and the latter removca. In our hands the
aldehyde was always contaminated duc to incomplectc removal of
by-products. Furthermorc, the process 1s cumbersome. Finally
we felt that the use of a purer aldéﬂygg,wpuld improve the

yield in the subsequent Grignard reaction.

Recently Corcy and co-workers have rcpoyted the

usc of a DMSO-C1, complex for the oxidation of primary and

2
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secondary alcohols to the corrcsponding carbonyl COmpOund56
This method was attractive because: a) it is believed to
procecd through an intermediate similar to the intermediate
posfulatcd for the DCC-DMSO oxidation (which we already knew
to be successful) b) the by-products, DMSO and triethylamine

hydrochloride, are easily removed by aqueous washings.

The first compound on which we attempted the
oxidation was 51. The recaction procceded without complica-
tions to give 7-methyl-1,4-dioxaspiro[4.4]nonanc-7-acetal-

dehyde 5la in 65% yield and in very pure,form.

~

OH H

5]
©]

|

When the same rcaction was carried out using
~alcohol 63, the results were quite different. Under the same
conditions used for 51, 5mmoles %f 63 was oxidized to obtain
a mixture of combounds, Thc_mixturcméhowed, instcad of the
expected ir absorptions at 1725 and 2720 cn? (aldehyde), a
strong absorption at 1745 cm-1 (cyclopentanone or ester).
Separation by column chromatography (silica gel) afforded

36% of a slightly impure oil. This oil is believed to be 67

4
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on the basis of the following obscrvations. 1Its ir shows a
strong carbonyl absorption ét 1750 cm_l. The compound is
réduced by sodium borohydride to give a product of higher
polarity'on'tlc. This product does not show carbonyl absorp-
tion in the ir but shows strong hydroxyl absorption (broad,
3450 - 3350 cm—l). An exact ﬁass determination of the
parent peak of 67 is consistent with a compound with the
empirical f{ormula (213}12203 (Calcd: 226.1564 Found: 226.1569).

The base peak at m/e 115 corresponds with 67a. Neither 67

nor the oxidation procedure were further examined.

.DMSO - C|2 0
2.Et3N .

%3

o=

67a

- The use of the N-chlorosuccinimide-dimethyl-
sulfide complex for the same oxidation, another of Corcy's
6 . . : |
methodS)Z, was bricfly examined. This also led to a complex

mixture of products.

The direct conversion of the ester 59 to th
desired aldchyde 64 was attempted with limited success.

Certain complex hydrides may be used to prepare aldchydes.
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from csters.  Reputedly treatment of aliphatic esters with
‘ . . . 0 .
sodium aluminum hydride at temperatures of -45 to -607 using
T e g . L . . . 63
I'HE as the solvent pives rise to the aldehyde in good yield ™.
It is reported that aromatic esters give lower yicelds. - The

X , - . , . .. 64
usc of Red-al, sodium bis(2-mcthoxyethoxy)aluminum hydride

.. . . . L aq 05 . )
or diisobutvlaluminum hydride, DIBAL brings about the same

type of conversion.

The use of the last two reagents was cxplored.
Treatment of 59 in ether for five hours at -78% with Red-al
led to no reaction and the starting material was recovered
unchanged. The same result was obtalned after treatment at

0 : . .. . .
for the same period of time. Diisobutyl aluminum hydride

-40
provcd to be more effective than Rcd—n]. Unfortunately,
however, clean conversion to the aldehyde could not be

achic ~d. Instcad a mixture of aldchyde, alcohol and Sturtigg
material was isolated. Thus addition of DIBAL 7o a solution

of 59 in tolucnc at -70° (the temperature was not allowed to

warm above -60°) followed by rapid addition of mecthyl

alcohc o> quench the reaction led-to a 5:2:3 mixture of 04,
6_3_ and ;
H A
Q,Me I
' 0
DIBAL
20 .
~ 50 0 + +.,{._‘ S'M
toluene 3
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. ‘ . 65 . .

The previous workers statc that increcascd bulki-
ness of the alcohol portion of the ester minimizes over-

kY

reduction. In an attempt to achiecve a clean conversion to the
aldechyde we attempted to prepare the iéoprOpy] ester, In
this case the catalytic dehydrator did not bring about the
desired conversion. No further attempts to prepare the ester

werce made.

O2H catalytic » 3 \<

CH;CHCH X ——~
-+ 35 3 dehydration

4 o 8

The mcthoa that was most effective for fhe ox1-
dation of ‘the alcohéi 63 to the aldchyde 64 involved the usc
of chromium trioxide-pyridince complex. - In 1970 Ratcliffe
and Rodchorst published an improved procedure {or oxidation -

cpmplcxéﬁ. The preparation of the CrOS-‘Py2

wilth CrOS-PyZ
directly 1in CH2C12 avoids the nced of storing the very
h» scopic complex after preparation. A sljght“modification

of itneir work-up procedurc (which calls for removal of pyri-
dine by acid wash) consistently afforded very pure 2,8,8-
trimothy1~6,10—dioxuspiro[4.S]dccanc-z—aéetaldehyde 64 1in

high yield (82%).

The Grignard rcaction betwecen the aldchyde 64 and

2,6-dimethoxyiodobenzene 66, takes place readily. A
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necessary precaution i1s that of using surface-clcaned magne-

sium metal and a trace of iodine in order to initiate. the
formation of the Grignard rcagent. Otherwise, the rcaction

is sluggish and the yicld decrepgses considerably. Dry-column
chromatograbhic scparation of the product afforded the alcohol
65 as an oil (55%). The product is a mixturc of cpimers and

could not be crystallized.

Somg attempts were made to remove the hydroxyl group
by hydfogpnolysis. Hydrogenation in ethanol at atmospheric
frossuro for 18 hours affordéd only reco?ered starting maﬁc—
rial. Hydrogenation in cthanol at 30 psi over palladized
charcoal for four hours was equally unsuccessful. The usc

of acid is known to promote hydrdgonolysis67. In our case,
extensive decomposition took place when using methanol

containing 1% HZSO4.

The transformation of the alcohol to a chloride and
to a p-tolucnesulphonate was.then attempted. We expccted
~that the chloride or p-tolucnesulphonate should be easily
removed by-trcatmentfﬁith lithium aluminum hydride. The
formation of the p-toluecnesulphonate could not be accompiished
(p-tolucnesulphonyl chloride in dry pyridine) poséibly‘due to
steric hindrance. Treatment of 64 with thionyl chloride in

pyridine led to a mixture of products which was not further

investigated.

At ‘this stage, with thc amount of benzylic alcohol
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running low, a model compound was prepared in order to definc

the conditions of hydroxyl removal. Treatment of butyr-
aldehyde with 2,6-dimethoxylithiobenzene gave a low yicld

(26%) of 1-(2,6-dimethoxyphenyl)-1-butanol ..
Yl y

=
~OCH, : SOCH;

. CHJ CH3&H/
/Li /\ﬁ\H | AN N

Since catalytic hYdrogcnolysis was not effective
we 1nvestigated dissolving metal reduction. Birch reported
‘in 194568 that allylic alcohols undergo reductive cleavage
by treatment wi£h sodium/ethanol/ammonia. Benzylic alcohols
were analogously clcaved under the Samc conditions. In

1949 Birch and Mukherji made use of these reductions for the

synthesis of o- and B—curcumen069

MgBI’ H
Na —~NH;
! , ~ EtOH
Na-NH3
EtOH

1

a-curcumene ' B-curcumene
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Under these conditioﬁs 1(2,6-dimethoxyphenyl)-
l-butanol was cleaved to obtain 2,6-dimcthoxy—2-butyl—‘
benzene 68 in high yield (92%). When the alcohol 65 was
used as the substrate the corresponding dehydroxylated
compbund was obtained in good yield. Thus 2-[2-(2,6-

dimecthoxyphenyl)ethyl]-2,8,8-trimethyl-6,10-dioxaspiro[4.5]-

decanc 70 was obtained in yields ranging from 82 - 98%.
CH3 H CH3
et e
CH3 CH3
68

The next step, Birch reduction of the aromatic
nucleus, was first investigated using 68 as the model com-
pound. Larger quantities of 2,6—qimcthoxy-2;butylbenzene
were prepared by a mofe efficient sequence tﬁén'previously.
Treatment of 1-bromo-2-butene with 2,6-dimethoxylithio-
benzene led to the formation of 1-(2,6-dimethoxyphenyl)-2-

"
—

butenc in 40% yield. Catalytic hyd ogenation over palladized
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charcoal afforded 68 in nearly quantitative yield.

1 : CHj
CH,O CHs _CHpCH=CHCHg
: + CH;3CH=CHCH,Br ——=
CHj
‘%2
68 5% Pd-C
The transformation of 68 to its dihydroaromatic
compound 69 was attcmpted a number of times. Some of the

conditions employed and the results obtained are summarized

in Table 2. Birch and Russell have rcportcd‘the_rédﬁction

of 2,6-dimcthoxytoluonq70, A ratio of 7.85 mmoles of lithium
to 1 mmole of sidmatic compound was uscd by thosc authors.
Their product was shown to contain 85% of 2,4-dimethoxy-3-
methylcyclohexa-1,4-dienc. It is not stated whether the

remaining 15% is starting material, Rogers and co-workérs

have also reduced 2,6-dimethoxytolu0hc using a different

set of cond’ .. f§71. These authors claim 90% conversion to
the dih‘i~»w;' * ¢ compound.

A 1 be st . "able 2 we werec not able to
obtain a quantitativ cc ion of 68 to 69. Furthermore,
the results obtainc. were ac  reprodu~ible.  For example,

when 1 mmole of 68 in tetranydrofuran-t-butyl alcohol
(10 mls each) was treated for six hoqfs, an 82% yield of a

15:85 mixture was optaincd.
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Recently Kwart and Conley reported a modified

. , . C o . . 72
Birch reduction using Tithium in alkylamines’“. These

,
authors found that the amount of reduction was propor-
tional to the amount of metal used. The Coﬁccntrntion
of the proton source or the alkylamines seemingly had no
cffect.  The method was usced anticipating that the u: e of
an excess of metal would lead to the desired product. While
increasced amounts of dihydroaromatic compound were actually
obtained by increasing the amount of lithium uscd (sce Table
3), complete conversion to the dihydroaromatic compound

could not be effected.

TABLL 3

1
To g§ (4 mmoles) dissolved in Q-propy]nminc'
(30 m1) lithium and t-butyl alcohol were
added at intervals. :

t-butyl
Lithium alcohol Time  Condition Yield  R-
(mmolcs) (ml) (hours) ‘ B.0h
1. 14.5 .15 5 room tewp. ) 77% "S5:dn
13.5 15 4 " " )
2. 14.5 15 4 reflux )
72.5 75 4 " ) 75% 35:05
29.0 30 2 " )
3. 29 : 30 2 reflux )
29 30 2 " )
29 30 1% " )
29 30 ik " ) 54% 20:80
29 30 1% e )
29 30 < 1% " )
29 30 2 " )
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Although the conditions defined on the model system
were not 1deal the reduction of 70 was nonctheless attempted.
We anticipated that on hydrolysis of the product a mixture of
two compounds, 12 and 73, would be formed. We reasoned that
\7 '

the separation of 72 from 73 would be facile and that 73

could then be recycled.

Me
— » ]
OMe - MeO\ =
> ' + SM
1 /
70
; L Me N
\
¢}
o
H;0 /)
3 d +
g v
72 ) 73

When 70 was trcated for three hours with Li—NHS-
,EBUOH using THF as co-solvent, a 1:1 mixture of 70:71 was
obtained. This mixture was treated once more using the same
reduction conditions. The 1:3 mixt.re of 70:71 thus obtained
was heated in 10% HC1 for thrce hours. Extraction with ether
alforded a complex mixture of products whiéh prqvcd difficult

to scparate. A simpler method was sought.

The catalytic hydrogenation of resorcinol in dilute

aqueous sodium hydroxide over nickel-nickel oxide-kiesclguhr



62
at 1000 - 1500 pounds producces 1,3-cyclohexancdione in 85 -
( o, 73 e . . .
95% yield 7. The necessity for high pressure hydrogenation
conditions may be avoided by the use of rhodium on alumina
as the catalyst. Using this catalyst comparable yiclds of
! : . i 74
the dione are obtained at only 50 psi of hydrogen™ . " 1{ a
similar reduction could be accomplished using a 2-alkyl sub-
stituted resorcinol, the preparation of 72 could then be

achicved after transformation of 70 to the corresponding

resorcinol.

In order to test this possibility, commercially
available 2-methylresorcinol was hydrogenated using the same
o ; 74 . 7 _
conditions reported by Meyers' . In this manner Z2-methyl-
1,3-cyclohexancdione was obtained in 639 vield. The reaction
conditions were not optimized but the yicld was sufficiently

high to warrant consideration of this method as a viable

alternative route to Zg.

Y

Thc.cthcr cleavage was investigated using 68 as
the model compound. The cleavage of cthers has been exten-
siVély studjcd75 and therc arec a number of methods avail%blc
to c¢ffect this trunsfbrmation. Treatment of 68 with a mix-
~turce of 48% - HBr and glacial acctic acid at reflux tempera-
ture for cight hours afforded Z-nm-butylresorcinol 74 in 429
yield. Treatment of 70 under the same conditions led to
extensive dccompositién. When a mixture of pyridinium hydro-

chleride and 68 was heated under reflux (2300) for three
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70 Vo . . . .

hours an 8§65 yield of the resorcinol 74 was obtained.
Heating a mixture of 68 and methylmagnesium iodide at 180°

Lo 77 : e . o
for scven hours produced 74 in 969 yicld. Disappointingly
these methods gave complex mixtures when used with 70, Other

!

methyl ether cleavage methods were a.tenpted on 08 without
success.  These were: a) treatment of the cther at 185° in
Y S . 0 . ! . 78 .
a Carius tube with 109 aqueous methylamine b) heating to
reflux in diethyvlene glycol in the presence of potassium

. . . =79 . .
thiophenoxide-thiophenol 5) treatment with boron tri-

., 80 i : : .
chloride . The first method gave a mixture of compounds,

the last two afforded unchanged starting material.

CHs

OCH, H
74

One way to circumvent the cther clecavage would be
to usc a protecting group which could be removed under mild
conditions. If instcad of using 2,6-dimethoxylithiobenzene
onc were to use bis(tetrahydropyran-2-yl)-2-lithioresorcinol
in the same scquence of reactions empioycd to prepare 70,
the final pro%uct should hydroWyzc rcadily to the desired
ﬁesofcinol.

Parham and Andecrson. have reporited the preparation of

bis(tctrahydropyran—B-Yl)-2—1ithioreSorcinol 75. These
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authors weve able to prepare 2,6-dihydroxybenzoic acid in
865 vicld by treatment of 75 with COZ followed by hydroiysis
81_ When we treated 75 with the aldehyde 04, the correspond-
ing alcohol 2-[2-(2,06-ditetrahydropyran-2'-yloxphenyl)-2-
hyerXYchyl]~2,3,Sftrjmcthyl'O,IO/JioxuﬁpirO[d.S]dccuno 706
could he isolated in 209 yiecld., The Jow Cénvcrsion to 76
and tho tedious chromutographic scparation involved led us
to search for‘hodificutions which would improve the

efficicency of the sequence,

OTHP . THP H
, ALi !
n-Byli > + 0
THP THP 0 '

THP

. H
OTHP

76

As 1n the previous case, we fclt that the preparation
of bis(tetrahydropyran-2-yl)-2-jodoresorcinol 77 might solve
the problem. - The preparation of 77 was carricd out in the
same manner as that of 2,0-dimcthoxyiodobenzence. The product,
obtained as a yellow solid (40%), decomposed rapidly and could

not be characterized fully, Furthcrmorc; its instability made
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difficult its usc in the Grignard reaction. It was found
that trcatment of hjs(tctruhydropyrun—Z»yl)rc;orcino] with
phenyl lithium afforded 75 as a white solid. Removal of the
mother liquor with an hypodermic syringe and rinsing the
soljd with ether affords 75 sufficiently purc for further

o

reaction with 64. In this manner, 76 was obtained in 79%

yicld from 64.

Li . I
THPO THP THPO THP
I, ~ .
I L
75 ‘ 77

“Removal of the benzylic hydroxyl group was-achieved
in 89% yicld using the conditions employed previously. The
dehydroxylated compound 78 was casily transformed into the
keto-resorcinol 79 in 75% yield by hydrolysis in aqucous

methanol containing oxalic acid.

THP ,
b
HO
OTHP 5
0" o
HO'
— O
H
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§ Our attempts to sclectively remove the tetrahydro-
pyranyl protecting groups without cloaving the ketal met with
failurc. Surprisingly, the protection of 79 with
2,2-djmethy]—1,3—bropunediol was difficult, In a number
of cases, a mixture of 80 and starting material was obtained.
On standing, the mixture discolors and hydrolyzes to 79. It
was found that excess aICohol had to be added at intervals 1in
ordcr-to obtain complete conversion to 80. The ketal was
obtaincd as an unstable oil after chromatographic separation

on alumina. In order to avoid decompos¥tion it was

catalytica]]y reduced to the dione 81 as soon as possible.

HO Q
\ —>
0
0 0
81

S
__.,___'__>
- 0
. F:x:% 80 E)xiA i

79

The conditions for the rcductioﬁ (80 to 81) were
-firsf‘invcstigated -using 2Z-n-butylresorcinol. This was
necessary since the émall qhantities of 80 available made the
usc of the Parr hydrogenator impractical. The reduction was

carried out using a pressurc polymer bottle as the
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hydrogenation chamber.  The bottle (just wide enouph  to

Accommodate asmall stirving bar) was charged with 0.5 mmole

o1 Z-n-butyviresorcinol, 10 mg of 5% rhodium on alumina cata-
- /

lyst and 0.56 ml of a IN NaOll solution. 1t was then capped

f before pressurizing to

and flushed repeatedly wit)i®
, L

50 "psi.  After vigorous 15‘“”.;‘?{,“ slurry for 18 hours,

N 'J
~

‘he reaction mixture was’

?H

The reduction of 80 was ‘carricd out In an analogous
manner. Neutralization of the reaction mixture and extraction

provided 81 in,§6$ yield. g \

At this point we investipated the reduction of the
ketone 79 itself to sce if the desired cyclization would take

place. Hydrogenation of 79 was carried out as on the previous

> .

.

substrate. After acidification a mixturc of five compenents
was obtained. The major component appears to be 3-methyl-3-

[2-(2,6-dioxocyclohexyl)ethyl]cyclopentanone 82. The ir

spectrum of the mixture is very similar to that of 82 obtained

by acid hydrolysis of S1.



0
H O(-9 _>
81 3 > N
0

¢
82
e Q -
;
2T . ..“ . - - ’ .
v FThe cyclization of 82 was attempted under a variety
of conditions. In most of the cases in which acid-catalyzed

cyclization was attempted, mixtures weye obtained in which
the starting material was the major component. Treatment of
82 under basic conditions led to a poor recovery of a complex
mixture. The best results werc obtained by heating 82 with

p-toluenesulphonic acid in cither benzene or chloroform.

Thus when 82 (from acid hydrolysis of 20 mg of 81) was

refluxed in chloroform containing catalvtic amounts of p-TSA,
a mixture of products (8 mg) was obtained. Mass spectro-
metric measurcments showed an apparent molecular ion at m/e
218 which would correspond to a tricvclic material such as
853. Preparative thin laver chromatography of the mixture
afforded three fractions. One of thenm (1 mg) gives a mole-
cular ion.at .ﬂiﬁ flS_ The ir spectrum (1730 cm_] shoulder

at 1715 Cm—1 strong, wecak bands at 16065 and 10640 cm—l) fits

reason: - well with what one would expect {rom a compound
;

oo}

of stru. e 3.
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83

From the results that we obtained it was clear that
cyclization ddes not occur readily, possibly because the
tendency of the 1,3—Cyclohcxan04joné to enolize lowers the X
electrophilicity of the carbonyl group. If.this 1s actually
the reason, gne way around the problem is to avoid gnol forj
mation by methylation at the 2-position of the dione. Alter-
natively, formation of its cnol ether o1 enol acctate migH{
also fqgilitatc cyclizatioh. -Mothylgtjon‘was attempted using
methyl iodide in methanol containing Triton-B. The impure
product obtained sho&s carbonyl absorption bands in the ir at
1745 cm” 3 (ester) and 1710 cmal_(kesone). The mass spectrunm
shows a prominent peak at m/c 368. Thesq results are con-
sistent wjph the formation of the keto-estcr 85. This matc-
rial presumably arises by cleavage of thévdcsjer mcthylatcd

diketonc 84. In order to isolatec 84 without fragmentation

[N

the methylation was attempted us¥ng potassium t-butoxide-t-
butyl alcohol. In this case, however, the mixturc obtaincd

. s,
showed no indication of the presence of 84, the mass spectrum

exhibiting a great number of high-moleccular weight peaks,
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‘ 0 |
CH3I 5
Triton -
g2 —> . —_ - 0,M
~  CH,QH o CH, CO:Me
CH;
. | 0
: ‘ 85

84

In order to further study the cyclization, a ”»
simpler system less prone to enolization was synthesized

as shown in Scheme 12. ‘3.

o "}f"SEheme 12

OMe
s ~MgBr /\;
N —
i } Me
O
& "
~"
L — —_—

Me OMe

87 88

o iy

89 .

A
"

the Grignard reaction between aldchyde 64 and orthci&

$aciniiole gives the alcohol 86 in 2% yicld together with,

PP
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3

2% of the dchydroxylated compound §Z,"A Letter yleld of
the alcohol (53%) was obtained when using THE as the solvent.

Reductive c¢leavage of the benzylic hydroxyl group was

D

achicved in 98% yield using the same conditions employed on'

-~ .
previous substrates. The Birch reduction again proved trou-
blesome.  When 87 was treated with a 10 molar excess of

-

lTithium in ammonia using cfhg} as co-solvent, a mixture of
Sturting‘mutcrinl and dihydronromutic compounJ 88 was

obtained. Acid trecatment of this mixture {ollowed by chro-
matography nfqudCd a 30% yield of impure "-meis -5+
[2—(1-oxo—2~cyclohcxon—0»yl)cthy]]cyc]qpcn‘winc -9, Our

attempts to cyclize 89 under acidic or bas = con itions met

with failure. *

cvder to sce whether the saturated 3-methyl-5-
[2-(1-ox0-cyctohex-6-yl)ethyllcyclopentanone 91 would under-
po cyclization, it was prepared through a modification of

the  reaction scquence already used.  Thus complete reduction
of the aromatic ring to 88 was obtained by the use of a 1:50
) N . i

substrate to,lithium and ethanol. The 1r spectrum

» - Wit

*\:ﬁﬁﬁc 88 lucks the IGOOUCM_I absorption due to the
R - .

ing . This céhpound was hydrolyzed under -mild

acidigggondigionﬁ to 3-methyl-3-[2-(1-0x0-3-cycladicxen-0-y1)

ethyBcyciopentanone 90,  The presence of two Carbonyl

| i ] ) I - _1 . : .
absorptions ans the i1r at 1740 cm (¢cvelopentanonc) and
1710 ¢m ~ i(cyclohexanone) were taken as indication that

‘migration of the Jdouble bhond to form the a,f-unsaturated

9
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ketone 8§89 had not taken place. The crude compound was hydro-

Al

genated at 30 psi for 30 minutes to the fully saturated

diketone 91, (Mass spectrum shows a molecular ion peal
- £

e 2200 Without purification this diketone was treat

/

with aqueous methanolic perassium hvdroxide to obtain the
e Py ,‘\'1

vu S . . . ) . A
5>#ggy§!ﬁlllnc tricyclic L;tg;'QA 2 With the oxccptxém of the

7

. ‘ 4 . N ) . - -
Cootanal product 94 none of the intermediates were purified.
. , . . :

‘\f,.! - . n L B
In this wanner a Rﬁ}fovela]; yield of 94 was obtained [rom
S'/y . ] L L o
) . . ):} ’ L
Ve “ ' | \ 4
Il A A .
88 —> | —
90
O —_—
. 1.
N . . . - -
The ketol obtained displays carbonyl absorption at
» - _ '1 . N .
1740 cm (cyclopentanonc) and shows a sharp hydroxyl absorp-

: . 1 . L : - -1
tion at S0l cm ©and a wWeak groad absorption at 3450 cm
o - ; - -1 . . . . -
the s1enal at 3619 ¢m did not show uny change in frequency

when the spectra were recorvded using 0.05M and 0.01M solutions

of 91 in CCI The same appears to be true for the absorption

q°
- -1 v . . .
at 5150 cm ".although the signal is quite broad and weak,
“ S ) 3'q} e ' :
‘makin & definitive conclusion difficult. These observations
. -l . ‘ T

a
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indicate the presence of a free hydroxy! group with possibly
some Intramolecularly bonded 0O- . ‘he nmr (CDC13) of the
Ketol she v sharp MGthyl abso ' at 0.92 ppm. It has

-~

83 . . .
been reported that the chemical shift of a methyl group
present in a 1,3-diaxial relationship with an hydroxyl group
suffers a down-field shift of 0.5 - 1.0 ppm when the spectrum

is recorded in pyridine. The methyl absorption of wur ketol

did not show any shift under these conditions. Apparently 1in

94  the methyl and hydroxyl groups arc not in a 1,3-diaxial
relationshin.

"~
AS, 3

R
. . 4 . .
-The diketone may cyclize in such a way as to gener-

ate four different skeletal arrangements. Two of them can be .

discounted as they necessitate the product to have a cy-lo-

hexanone. Structurcs 93 or 94 may represent the isolated

~

[
product (no rcochemistry shown). N

o - ' '

We felt that a structure such as 94 would be more

likely. It necessitates the formation of a six-mémbered ring

v

:as compared to the scven-membered ring required in the

formation of 943. Of the cight possible stercochemivnl

v

.ﬁﬁ
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arrangements of 94, three may be excluded as they have a
(&3 P W
1,3-diaxial relationship of the methyl and hydroxyl group.

Another isomer, trans-syn-trans, can be excluded as it ne-
' T T T " .

cessitates the central ring in a boat conformation. The

four structures left, 94a, 94b, 94c¢c and 94d are arranged

in their probable order of stability. Murshull‘and an§984

have suggested that in aldol cyclrzations leading to bicy-,

sclic ketols, equatorial attack on the cyclohexanone is pre-

ferred to axial attack in the absence of a-substituents. TIf
this i1s the case, structure 94a represents the actual stereo-
chemistry of our ketol 94. However, at this.stage a conélu~
sive asslignment cannot be made. Thus the Ketol might be

represented by structures 94 or 93.

CHy

Treatment of 94 in refluxing '109% aquecouslpotassium

hydroxide or with a catalytic- amount of p

-TSA in rcfluxing
bentene led to a mixture of 'compounds. ThO'irvspocfrum of
th  ixture showed carbonyl absorption at 1745 m_l. The nm}
showed methyl absorptions at 8§ 1.04 and 1.23 respectivcly;

No vinyl proton absorption could be detected. The
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dehydration product is belicved to be the mixture of

compounds represented by 95,

¥

Attempts to mono-methylate 95 produced mixtures of mono- and
polymethylated compounds as shown by mass spectrometry.  We
also attcmpted to form the enol acetate of 95 in an effort
to simplify the mix?uro. However, no clean transformation

was achicved on the quantities available.

A method for the pfepnration of the tricvclic com-
pound having the required two methyl groups was briefly
examined. We felt that selcctivc\hydrogenatiOn'of.thc less
substituted ‘double bond of 88 should be possible. The enol
ether obfaiﬁgd-could then be cyclopropanylated and this

intermediatec ghuiﬁ in:turn be hydrolyzed to yield the di-~

. t N * y ~ - ) - .
ketone 96. Cyclization o mhis compound might be carried
= N : _
7 L / . H (Y

out as on tho-gﬁcviyus substpﬁte;
Selective hydrogenation proved more difficult than
R sy ~
2 3
1] - ' .
anticipated since 88 shows a great tendency to dehydrogenate

: R . . -] ’
to the aromatic compound 87 in the preésence.of a’catalyst.
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0

96 R 4
% | | 0

o o
This route 1s being investigated {urther by n%othcr member
of the group. If the tricyclic ketol 97 can be obtained
efficiently its stercochemistrd will be ascertained by N-ray

e *

crystallography. o

A-B Approach

v

The construction of a tJo ring system as a suitable
starting bojnt for the synthesis of the cyathane skelcton was
investigated. Our initial intention was to build two fused
-\‘six-mcmbefcd rings that.could-b@ modified into rings A and
B of cyathin. The precursor é% ring A should be function-

alized in such a way as to allow a ring contraction to take

place leading to a substituted five-membered ring. The
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precursor to ring B should be sufficien ly functionalized

“so as to permit the construction of the last ring, ring C.
A wealth o! nformation along this line jis available from
: . i . .85 . - ; . .86

sesquiterpene synthesis as well as from steroid and

. ‘ . 8
triterpene synthesis 7.

Specifically 78(H)-14-norcudesm-4,11-dien-3-one
98 was chosen as our buirlding block. We rcaséncd that this

compound should dimethylated togive 78 (H)-4-methyl-cudesm-

5,11-d1en-3-one 99.  This ketone might be rcduéedfat a later

P

o "~

stage to pive an aiaoho] which in tu1n 5h0u1d @ontrnct to Lhe \

« AN

150pxopyl substltutcd ring A of LYdthln‘ 1he‘7a 1>op1opony1

should be :clcctlvoly oxidized to form an 7a acctyl group 100.
oubsequcnt base treatment wou]d lead to thc isomeric
a,B-unsaturated ketone 101. ThQ ketone mlght in turn be usecd
as a Michael acﬁcptqr when treéated withj{fbr example, dialkyl
malonate. Final cyclization of this iﬁfcrmédiatc should
generate a_ trlcycllc system 102, a pqgsiblc synthox to the

desired cyathane skeleton. The series of transformations

envisioned is summarized in Scheme: 13. o

In the carly stages qf this work, the dihyvdro-
carvone rcquired 1n thé Synthcsés of ggy;as\ékfained by \
Birch-reduction;of carvoneSSF/)Latcr the reduction was done
By the procedure described by"llxall Theobald and
Walshawggf The latter method; using aqueous NaOl, zinc dust

and cthanol, has the advantage of being faster. Also greo v

quantities of carvonc could be successf 11y reduced at one



-

O
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time. A modification of thJS last method which affords a

higher yicld of dihydrocarvone was later brought to our
attentiongo. Thus dihydrocarvone was obtained in 62% yield
by Birch reduction, in 609 yield using Zn/NaOH/EtOH and in

84% yield by Hodgson and Monecy's modification of the latter

method.
The preparation of 98 was achieved using a modifi-
cation of the procedure reported by Thcobaldgl. Treatment of

dihydrocarvbne with sosium hydride under nitrogen in refluxing
tetrahydrofuran followed by addition of 1~chlorobutaﬁ-3'one
“affords ; mixture of starting material, 98, and 5B-hydroxy-
7B(H)—l4—norcudesm-ll-cn—3-one 103. Distillation of the mix-
ture separazes dihydrocarvone, (30 -~ S0% recovery) from 98

and 103 (ﬁmg based on recovered starting material). By treat-
ment of the last mixture for 18 hours under nitrogen in
refluxing 10% aqueous potassium hydroxide total conversion to

the a,B;unsaturated ketone can be achieved in high yield.

After preparation of the unsaturated ketone, con-
ditions for dimecthylation were sought. In 1954 Woodward and
co-workers reported the synthesis of lanosterol from choles-
terolgz, Thc authors reported that direct methylation of
either A4— or As—cholestenc-S-one with methyl iodide and
potassium tert-butoxide in tert-butyl alcohol readily afforded
the 4,4-dimethyl dcrgvative in good‘yield ‘Since then a grcat
numbcr of 51mllar reactlons havc been reported (sec lcfcrence

ra

3 for somec examples in triterpene synth051s). Another base,

‘
i
l

Tw
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. , 935 . .
potassium tert-amylate in benzene has also been widely

uscd to gcncrdlc cholate anions from o, f-unsaturated Ketones.

The methylarion was attempted using potassium tert-amylate

as the base. The ketone 98 was treated with three cquiva-
) 20
. PGS - .
lents of base and heated at 600 for one hour under nitrogen.

After addition of an cxcess of methy]l iodide in benzene the
mixturce was heated to reflux for once hour. After gquenching
with acetic acid a shixture was ohruian. The mixtare showed
carbonyl]l absorptions in the ir at 1712 and 1080 cm_] respec -
tively. The mass spectrum showed molecular 1on peaks con-
sittent with the presence of mono-, di- and trimethylated
ketone. Somewhat more vigorous conditions were “ﬁ?d to

s

convert the mono- ‘to; the dimethylated ketone. With increasced

cpount of base (5 ¢q.) under similar conditions, 10 mono-
methytated compound was obtained. A mixture of di-, tri-

and tetramethylated ketones with the latter seemingly pre-

dominating was obtaincd instead. Some other variations in
the amount of base or methyl 1odidec re emploved but in all

of the cascs mixtures were cobtained.

‘.
Expcctjng to better control the methylation, the
synthesis of the monomethylated heton@ was carried oﬁt.
78(“)—cudoém—A,ll-dion-S-onc 105 has been used as tﬁc

starting point for the synthesis of several sesquiterpencs.
The syvnthesis vl a-ugjga;ﬂrun has been carried out by three

’
/ -

different groups, all<of thiem using 98 as the stavting
' . .94 o . -}
material . Epi-v-selincne has P$1so been synth051zo&5
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cmployyng 98 as the starting point. A modification of the
N e T
' . : o . 89
method described by Halsall, Theobald and Walshaw wis used
for the preparation of 58-hydroxy-42,78 (1) -cudesm-11-en- 3-
once 104,  Thus addition of I-chloropentan-3-one to a solution
of the sodium enolate of dihydrocarvone while maintaining the
0

temper ture at -200, afforded 104 in good yicld. The ketol

was transf{ormed to 105 by heating to reflux in a 10%

aqueous potassium hydroxide solution under nitrogen (959
~\ N

Y
[}

yicld).

\

+ — —>

-~ ////r O ~ /,’/

I Z - OH I

104
—
O/ ////r N ’
§
105 - -' 99
Conditions for methylation of 105 were investigated
using potassium tert-amvlate as the basce. When 105 was

trecated with three cquivalents of base followed by the addi-
tion of three equivalents of methyl 1odide -and the mixture

heated under reflux for two hours, a mixturey«as obtained

t
which contained mainly the tetra-methylated ketone.

w

%@
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The use of 1.2 equivalents of base and methyl iodide at
0° for one hour led to a mixture of mainly the desired
compound contumibgtod with over-methylated material. No
starting material was detected. The di-, tri- and tetra-
methylated ketones have similar chromatographic behavior
and could not bc»Qgpurutod elffectively., It was noticed,
‘howcvcr, that the Rf's of the starting material and the
desired ketone were suffjcjontly different so that ch  a-
tographic scparation might be possible. Conditions w
sought to produce a mixture of 99 and starting mat 1 ial.
The best results were btained when less than cquinm.lar
amount: of bas¢ and methyl jodide were used. For Instance,
a solution of 105 and 0.95 e¢q. of potassium t-amylate in
THF was hecated at 60° for 15 to 30 minutes under nitrogen.
“The solution was cooled to ° and 0.95 eq. of methyl iodide
dissolved in THE was added. The mixture was stirred at 0°
for 30 minutes and quenched by addition‘of acctic acid. A
mixture of starting material and the dcéired'compound Was
obtaincd in this manner. This mixture was chromutOgrubhicully

separated ‘on_silicic acid to yicld 80% of 99 together with 159
: . : ,

of starting material., The chromatographic scparation was
tedious so ways of circumventing this were sought. To this

end the use- of THF.as the co-solvent in the methylation

reaction was discontinued. Instead, the use of benzene was

Investigated. We expccted that by decreasing the polarity

of the remetion medium the methylation would be appreciably
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slower and that over-methylation might be avoided. The
reaction required higher temperaturce (refluxing benzene)
and longer periods of time to proceed to the extent of the

previous methylation. It was however not advantagceou: ice
excess methyl iodide had.to be added (to allow for the Cli; 1

1 st through evgporation) and over-methylation could not be

Nz

avoirded. Comparable results to those obtained using THE as
. N

co-solvent were sccured by treating 105 with cquimolar

amounts of basce followed by addition of a molar excess of

methyl dodide and heating the mixture to reflux for onc hour.
’ b W
b g

ke
M?ﬁiods for sclectively oxidizing the exocyclic
double bond were liow inVCStigatcd. The internal doublye
bond .1s more sté?iculiy hindered so that oxidation of the
non-hindered isopropeny] double bond should take place
preferentially.  The use of the Lemicux-Von Rudlokf reagent

)

o]

= 1 : . : 5. .
(thOA—Ralol) was investigated f1r5t9 - Treatment of

{

|

L]

with k”;od/Nalod/KZCOS 1N agucous t-butyl alcohol Ied to-
the isolation of a mixture which no longer showed the pre-
sence of vinyl protons in the nmr. Scemingly oxidation of
the internal double bond took place under these reaction

conditions.

£t

-

In -1962 Mcyer, Cameron and Johnson reported the

- . 96 . . :
“vithesits of dl1-18-norestrone” [he synthetic scquence

)

required the usce of controlled amounts of ozone. To achicve

this, saturated solutions of ozone in methvlene chioride were

“
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v

usced.  The amount of ozone was controlled by the volume of

CHZClj. This method was used successfully in our oxidation.
Thus 1 mmole of 99 was treated with 1.1 mmoles of ozone

.

(40 ml of CHZCl)) to obtain a 435 yicld of d-methy1-7q (H)-

norcudesm-d4-cnc-3,11-dione 00.

1 .

The ozonolysis of large quactitics.of 99 under
these conditions was not practical since Jarge volumes of

solvent would be necessary and alternate methods were
! .
Investigated.

N « .

: o . . . ot
The usce oif sodium periodate-osmium tetroxgde™

£

was investigated.  Treatment of 99 in ether with an

W

aqucous sclution of sodium periodate (3 cquivalents) and
osmiunm tetroxide (0.1 equivnleﬁts) afforded, atfter 48 hours
of stirring at room tomperuturc,‘a mixture containing mainly
. AN
starting material - The oxidation was then attempted under
homogencous Conditipns. Treatment of 99 for onc hour in
aqueous dioxane using the same proportions of NuIO4/OSO4
led to the complete disappearance of starting material. -

or work-up a 79% yield of crude dione was obtained. It
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was tdentical with thHe materia. produced by ozonolysis of ‘}]}1.

o . While the conversion of 99 to 100 WHsiuccompljéhcd
1n é:om] yield, we wanted to :w()id- the use of the toxic and )
exXpensive osmium tetroxide . Tﬁius; a different approach to

o ) ‘ ) . ; L .
thc:d{dnc was sought .y A possible solution would be thatfor

S W ‘
Attempting sclcctivg ozonolysis of 105, While the double
n | bond that is (Kﬂfﬁl&ﬁlrc(l to the carbonyl can undergo ozonc

A

W cleavage, Thf conjugation decreases its nucleophilicity

%@ - thus making it less susceptible to attack. In 1958 n

\ ' . ) o . a2
. gind Johnson reported awmethod whereby sclective ozu :
. - " " o

of an isolatced double bond could be achieved in the Laence,

Cy ; ‘
N o 98 . I .
of umwe,B-unsaturated ketone™ !t I'f the ozonolysis is carri
p s - ’ 4 A
, -4 e _ ) ) _ , o
out¥in the presd&ee of pyridine, arcomplex between ozone and?
o S VR T S
pyridime Ls Jormed! This deciecascs the electrophilic charac-
. o s o PR I
ter of ozone alloWJng‘for‘prcTergﬁﬁEmJ attack on the nore
S o P
nucleophilie doub]u‘bonJ. In our hands, however, no clean
= . 2 N . Ea %
Sconversion of 105 to 107 coul% be achiceved by this me. od.
Since the ketol 104 wallable, the possibility,

~ ‘ . ‘ R o » - -
Vool cleaving the only double “bend present scoemed like a leoasi-

v ble alternative. We cxpected that the product "obtained would
dehydriate giving rise to 7¢(H) -1 Z-noreudesm-d-cne-3,11-dione T
T The acetyl carbonvl should Preferentially ketalize.

The nes-protected - Bounsatnrated ketone might then be A
fﬁ;(?l‘, Peted to srodace ]“f’& ’ o
. ) -
D
0
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- 'was walmed&aﬂﬂ tredtad wmmh zinc dust aﬁ&iZf aceticacid.

‘ethér afforded the pure“compoqnd in high yield.

76

ks

- -
s i )
o The ozonoly519 to produce SB hydroxy ¢'7S(H) .
+ ‘:h o oy
nore@ﬁéamdnc 3,11- leHC 106 took place w1tHbut dlfflCUltx¢
e A

A Jolutlon of 104 in mcthylcne chloride w&% trcated with

The mlxtUIC

.ﬁ.- 9 -~ ¢ RO ‘n} ~

T

to Obtaln’rl»O-C) as_ a solid. "Recrystall:zatlon from ‘skelwy*{}—r‘i
4. ‘ v - - . .

7
N, R

- rd .
* . . - . . ;‘ o~ ] Ii% o
Treatment of 106 .in reflux1ng 10% aqugous pgra§sxym
. v

hydroxide led to a complex mlxture Howévcr when"a-solutibn'

nof 106 in THF contajnlng h)droch]orft gcid 1s refluked under

nitrogcn dchydration takes place Clcanly. Monltorlﬁg the

.::’

cxtent of the TCdCthH by tlc , two compounds of 10uer po]arlty

are f01med w1th1n minutes. Extendeu periods of tlme fez to

thc exclusive formation of onl- nne compound. We assume that
XL ormat omj . c,

‘under the reaction conditions .ye more stable 78-acectyl
) Py ‘ .

ta . \’;: .
- = o : 3 [
N .o : . s




coppound 1s formed.
l . .

oh

“When the ozonolysis of 104 was carrvied out on a

large scale, a mixture of compounds was ohtaitned which

..... S 5

afforded 106 in low yield. latey we found that Hortmann,
Martinelli and Wang had already arepdrted the transtormation

a4 PR _—

of 101 to 1006 and the Lla‘ll}'('l'l"‘r:x“titJll of the latrter compound to
" '.:' m .

. -
P i

107 . These authors were able to obtiain g9 oy vield
P, . !~,~ . . N B AP : Sy . : ;
. L : S a9
Coand on o large . scale usingsM o slightly diffeient Mo thod™
A ’ . '
. : ‘ i » ¥ L
When the «@HJLUH s were (4ummtmcl' with the
.u* 3 . Q""\\) . '
cleavooe of thh\;«@ge:\oc Yelic llouh ¥o bend, a different awproach
e w o oo ‘. o g '
to an ‘A-B ring system wias :xttcmpt‘ cd. " We felt that the usc

of 1,1 ,/fll tr HL‘M l rwl-1,5 hb Ja Qf ,0,7-heptahyd ronaphtal cne-2-
. ; R LN to . "

onc 111 as _thc start 1m1 m;ltor.xixl might "Tead to a more
& B . ' 0 ‘% . ‘ Bl . . -
{lexible route. Scheme 10 deplcts he con tumg%ut e ose 1L1L nce 0

oo - . N N o = e, -
W t ) : . ‘ = N

7 s
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Wi
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Wiy The prepar ton of 111 has been reported by )
100 . . P ;
several grdups anagita, Hirakura agy report a ..
. s ¥ ' SwaA 13\5
25% yield of 111 Cda-methy =30 da,5, v, -heptahydro-
‘ N 100 , ST ,
naphtaten-2-one O o For the synthesis of () -thujopscene,

Dauben and Ashervalt prepared 11D in 77% yviceld from the same

[ 3 5
. . 100h o
'ntarmediate ) More recently, Paquette and Mechan

. w . Y
o . T - - 100¢ . .
2wported the synthesis of L1 Y. A mixturce was obtained

e

by methylgtion of 113 from which the pure 111 was obtained .
via the crystalling semicarbazone.  No yileld 18 quotes.

BY
]

i

'
In view of our previous experience,«Lyda-dimethyl-

3 4‘?,5,(3,7,8—hcpt‘uhydl‘onuphtu1<3n~2~onc 110 was chosen-as
: : ’ ' . - [ . ) N

o

'

starting  potnt. This material wus prepared from .

Pt

. _ & . o - . ,
2-methyvlcyclohexanone a1 l1-chloropentan-3-one using the.

same cond it idns ax in the dynthesis of 98, Mukherjée and
* . : ! - - oy

¢ v '
S : -
. , LT . 0
Dutta h ve reported that a clean conversion of 110 to .11]1 ! J—

can, be obtained by tre itment with potassium t-amylate amd
) " . ,

methy1 101 3(1(73(03% vield). Following their method we

obtanied a 91% yicld of=mixture of ketones... The desired 111
- R O ~ 0 [N 4 ) '——«

»

was the lI}(leI'i compound,.  The purikfication method used by T S

: ' . . 1n0Qc¢ o ' ' .
Paquette and Mcchan was not. employed. Instead, ketaliza- _
, : , s
tidn of the mixture with- 2,2-dimethyl-1,5-propancdiol- was
[3 . . —

- N .

L ’ . .
carried oui. Using an cxcess of the alcohol complete ketalil-

zation could not e effected.  Treatment of the mixture with
: ¢

.

“lithium aluminu hvdride and chromatographic scparation

afforded the ketal of 111 as a crystallince compound, free of

) 4
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79
over-methylated material.  We had expected that the more
sterically hindered ketones present in ﬁ]\a\ mixture would
fail to undergo ketal cmation. Also we felt that their

separation from the desired corponnd might be facilitated

by their conversion to alcohols. Whine the yrelg of 114
through this 5“@“9@§c was oonly 405, the method provided

A

the protected ketone in the pure form.

. o
* DA - .

OH H “ 4

At this point, the investigation of the K—C"Jpprou&ﬁ‘*

described prcvious%y seemed ‘the more promising and the A-B

! v ~

- - .. 2
approach has not been carvied  beyond this point.
G | - :

. Q ) N (i \ 7
Dicls-Alder Approach : ’ - .
- x - i ? A . - * ‘

o The Dicls-Alder approach to the cyathin skeleton

J
A _ 8 ‘ o ‘ .
/ywaa‘qivch_ohly curlory atrcn‘hona It was found that 4-cyclo
e . . . X .
{ . N . . .
pentene-1,3-dione condenses with l=vinylc¢yclohept-1-enc,
prepardd by addrfion or vinyllithivin 46" cyedlidptanone fol-

.

lowed by chYdrution, to give an adduct with propertics con-

sistent with structure iI15. The nor (DHSO-dO) shows a broad

absorption at & 5.38 (vinvl proton) and a complex signal

)



LAy S0

from & 2,9 to 0.8, Their integration ratio is 1:17, The

ir (KBr) shows a broad band at 3420 cm—l (enol) and a’ sharp

1

L ] N )
band at 1590 cm (carbonyl). A.aﬁgh resolution miass spec-

trum gives a parent peak consistent with (7141118()) (caled.
for 218.1307, found 218.1314). The adduct, hichly insolublc
. . "‘

n

. . \ L . . ' . .
In most solvents, gives a weakly positive ferric chloride

test an pyridine-chloroform, e Y :
[ »
62
' ‘; ‘
v .;,j IS o
et :
o .
. N :

This approach has not been further exploited: -

8

L
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. CYNGLUS TONS

‘Jultﬁ ohtxlnfd

“The v
approach poing
h RN

the cvathins,
. ;
7 )

In J;hi of our: flndllh’

be used dn thC L)L]Jpﬂflon Hrq

o

coggaining a loublc b

" ‘ M
' ﬂi;ﬁ?ﬁgggﬁﬁf “Uh%fIlt
‘ I

81

v

.ouy 5111d»' oi‘ the A-C

x4

ot Its potontlll u~c«1n thg ‘)ntht*ﬁ\ of

»

s, the mhy Thprecursor

,
yhou 1d probalbil
ond .iIhiS*suRggstioﬁ_ia
i bf:and~§gufui}cd to.
v .

vy
“

o
)

\

Our injtjugl tfrgcf,‘pfocuﬁ;or 40 1s still an

attractive ebjective Thc mcth\l
carhonyls wouLdAHVOid cxtcnaxvc on

v C R ek ’

tqilno LVL]J/JthU Furthermore,

of solc{t1»c introduttion at a lat

g

, 2 T ‘
Another attractive focauture of the

methyl uroup would likely ditect tl
once of the {lanking cavbonyls., Th
aldol cyclizatien has been studicd

~

&

ci g 1 .
Williamson fhese authors: foun

(3-oxobutyl)-cvelohexahe-1,5-dione

e

cis-9-acctoxv-10- h\(lb\\(&‘dan‘l

. . . . ol
Spencey, Niel, Ward and wllllamxon

Zf(3*Oxobuty1)\vyclohokdqo41 3-dio

[}

gyoup’p}osont betwcden-the

olizattdon, thus facali-

: . @ :

1t would avoid the problem

cr stage in the synthesis.
@ ' .

prceccursor 40 1s that “the

1 mode of c¢yclig dtlon to
e steric coursce of fhe

by Spcnacr SLhMlowo

d that 3~accfoxy—2—
. . . i R //
110 cyclizes to producce

PR

6-dione 117. Later

.reported that Z-methyl-

ne 118 gives rise to



"n"o'}f ' °
B 4 ‘ . *
,‘)‘d\[. A

% ’ v Q O
e N .
Kh : cis-Y-hydroxy-10-methyldecalint2 S-dione 119, These authors

ER A
/.

; O

o Z2-pdsition directs the approach of the side chaingyd rom the
. \ R v; .
opposite side.

t
ST g

¢ g
<

0 0

B ‘
116 R = QAc .
118 R= Me
g , \
A '
. ~If we make the reasonable assumption that confor-

mations

10a and 40b ate profe;rcd conformations {or'40, 1t

i A S
can be said a priori that conformation 40a, which places the
! T . —
i . o N . y N o o :
\ECtPY} group 1n  he cyclopentanonc away from the “reaction
' ~

¥,

X . 3 .y - . .
.chCOHFQrmatlon for aldoldization.

. . ",

site, will be.the prc?@%
N L F : A .

The same cargument applies if] the ¢$ide chain is in angsaxial -

- ! . e

. : . A . ¢ [~ \v N
Position. Cyclization of 40a would give rise-to a ketol r

having the nmﬂﬁlyl groups at the ring junctions 1in a trans
: ¥ .
[ Y

disposition, the desired stercochemistry.

- .
4
.
«

. . 10 ;
Birch, Smith and Thornton : have reported, the
allylation of the potassium salt of J,S—djmcthoxycyclohcxa\

.-

\\q>\ Conflfulc that steric interference of the substituecnts in thoe

7

-
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K3

1,4-d®ene “with alkyl halides. This salt has been uscd I

“ o105 . ' . ey :
Nc]sthand ramura 1n the synthesis of mza-steroids. 1t

i ) T . . .
might Ac useful in the sy thesis of the cyathins to obtain

\_"j

larger, quantities-of S-methyl-3-[2-(2,06-dioxocyclohexyl)-
*
‘ethyl]cyclopentanone 82.. This material migut then be
R . ‘

Salkylated or cyclized to a suitable intermediate. The use

of 1,5-dimethoxy-06-methylcyclohexan-1,4-dicne is mnot possi=
¥

L 3 >

QL At P ‘ \ . A
ble since Birch and’co-workers report ghat this compound is
/ ; . "L

e

s N : S Y . i
not suffic¥ently acidic to form a Ssalt. his problem might
: / ’ . - ) A ™

. / T A
- be CJTCUWVCHTUJ oot > use of an clectron-withdrawing sub-

2

stituent such 2 - ¢ .yl or sagide instcad of thé methyl

group. The gro = ¢~ .d then be mo%ificd to.a methyl group.

&

The A-7 ring approach still requires further

2 *

‘exploration to determine its utility. The fact, however,

b

v



By ea

S
2

that a methyl group will have to be int

selectively might prove difficult. In

approach mayv prove to be a more viable

5%
.NL. h
cyathar®t skeleton. i
P - ‘u"ﬁ

OMe

roduced stereo-

this sense the A-C

alternative to the

R
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el ’ SN . . re
EXPERTMENTAL
Molting points were determined on a Fischer-Johns
W .
cor lelto-Wetss r hot-stage melting point apparatus and are

uncorrected.

‘ [
a0 g
‘ Microanalyses were performed by the Migroanalvtical
- . N - l:;f
Laboratory ot this department. : .
Intrarcd spectra were recorded on a Pc‘\m {ﬁlcr
Model 357 grating infrarcd spe cctrophotome ter, a Uniﬂ&ﬂtmIIO)O »
L! . - o~ e : . T o :
Ty Oy - - - - - Yooy L Timer ”
grating infrared spectrophotometer, 01.a chkln—hlmgx
: ' 15.4 &
o 42&>dun] grating infrarced spectrophotometer
N\ g Nuclear 'magngtic resonance spectra were measured

X 2t

-

using: a Varian Associates Model A-60 spectrometer or a Vari

o . . : s </
Model HR-100 spectrometer with tetramethylsilane as igernatl

standard.  Deuterium exchangeable ymotons are noted In text
: L) . :
L

hY : ’
) N /\- . N < ot )
< .
. ~ ) T :
+ . s‘:@ N . : . -
Vi s spectra wtre recorded on ah®A E DL Model MS-9
) ' g 3
mass pLgLIOthCT or an A.E.T. "Model GC/MS mass spectrometer [
. . . LA “"l v \.'4:‘ .

e wlth a WB scparator.,
> < . s

Chemical lonization spectra were rogordcd on an

»®

AL T Model MS-12 muss spectrometer wich @ chemical ion-
4 . ' .

lzation svurce and ammonia as internal standard.
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v

}’TCIELEQEifvt_gfhﬂﬁpﬁ{L;di;AXIUU-f{jmcllw']*H*(I‘thOX)lerh(HlyltﬁflyI)

glutarimide 45 ‘
T {

Absolute ¢thanol (500 ml) was Sntﬁrutcd with ammo-

I

Wia by bubbling the gas for two hours through the magnetically

SN . : - ’
costirred, cooled (ice-water bath) solvent.

53* . To the ammonia-saturated alcohol, an ice-cold mix-
3 " . 32 : . .
V¥ oture of ethyl Jevulinate (LOO.S o5 1.25 moles) and

freshly distilied cthyl cyanoacctate (514 v, 2.78 mefs) was

added in one portion. The passage of amnoniatwas continuced
‘ . O
e

for 20 minutes after the addition.  The red, fjghtlyhstOppeTcd\

S +
b

"solwion was left in the freezer for four davs. The resudt ing 4
. .
o solid mass, was filtered to gilve 290 g of a pink-colourcd

solid. This materjul was dissolved in warm.owater (400 ml) .

Y Vi
The solution was acidifiocd by carcful addition, with cooling,
< : , :
of concentrated 1IC1. The oi] which sceparated, soon solidified
and was gollected (180 g). Assecond ‘crop 015 g was obtained

after.cooling the mothor diquor (56.5¢ cgibinéd yvield), ® \

N \ 1 r I . .
4 mp 164 - 1657 (11;.“), mp 1699 .

= . i \ . o N 1
v - . L 4 _ ‘z___ ‘] 325~) :;\ .
1r(Ker. 16)0\ 17xp (C 0), 5 ( ((\) cm

j L8 4,76 (s, 2NCCH
(CHLOD) | i |

OCH ) o g YOI
gg'LOOLEZCLg)Jv]'SQ' l.l_l(m, 6, LQS and LOJLHZQH%).

nrn ,VOC—NH, and solvent), 4.16 (qy,

-

mass spoctrum:  m/e 277(2) 251(21), 1706(12), 151(14),
PN T .

122(15) GHO0), 08(F5), e7413), 45(30), 44(S0), 41(100),

40(12), 36(57). 29(40), 28(35).



S»Mcrlnfl~3-c;n1)oxymvrlw'h1dipic acid do .

A'Slurry of \,m'-dicynn05ﬁ~mclhyl—ﬂ(cfh&xy~‘
cgrbonylothy])glururimigo (120 g) in concentrated HCT (150
ml), was S;Toﬂ“ly‘}lozxto<l to reflux. The solid d {SS()]R’QJ with
some gas cvolution before reflux l»cg:tﬁ',llo fluxing was con-

tinued fer. fﬁlg.4_1V‘ a;ﬁf‘tth}ledranﬂlloriL‘ acid (approxima-

S 9§t :
tely 100 1J)rﬁﬁs'rcmovcd by distillation. Thd resulting
. - v . Co T o, - . » :
brown slurryeyfirs dissolved in waton OO m1) And continuousiyv.,
extracted fé6r 48 hours with cther. After the other. was a

£

‘removed, 94 g (99%) of the triaciyd was obtained, mp 142 -
) . B .

[ ”

0 . - | o L
46 (lLtL‘ mp 14§ Fhe acid was used in the next step
WLthout (urther phrifﬁuutiop. R
o . : . oo . L3 a
-5 S . o .
Dimeth)l-S—mcthylJSrmcthoxxcurbonmec ﬂ dipntc 17 ' ‘
— ————— —_— : . z ',_, " \)
- ’/,/

: . - « =
acid' resin Rexyn 101 (ID-R-200 was ovensdryed

Lo . v
#hours prier . to usec, The calce Jum sulphate
; . . . b ]
gt L o O e o
Swis pulverized and ovensdried (2007) for 14 hours
before suse. . T R
4 I ’ " L
To a solution of - v—n h\]— LJlbO\\m\thyludipig_

acid (22.4 gj In absolute methanol (250 ml), a mixturce .of

 cq1cium sulphate (42 g) and ucjd;féﬁﬁn (18 ¢) was added.’

;
, K «/‘zw :

W

% T
gl Thc slurry was mechanically St}IICi for four davs, then

vacuum-filtered on celite. The filter cake was stirred in

. i
4.

ether (300 ml) for thirty minutes and faltered. Aftcr

removal of the solvent from the combined me Ihinol and cihcr.
) ' \

\ .

o
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Y

.

woeeXtracts, oa dark brownToil remained.  The i1 wis distiliaod

Sy
éat reduaced pressure to pive 85% yvield of the title componnd,
t: & ’ "J "L O 20
- bp 151 - 1337/1 mm ny, 1.1510.
. -1 , :
l(LLJ4) ] T( cm (C=0)
et vt S 30T (s, 0. COOCHLY . 2 ddie. 4. ClLCoo
-“mI(CDng) 8307 (s , ((((Uj)» 2o (s, 1, LEE(OO),
’ 2o 208 (w2, fHLCH,CONY L 2000 - 103 (n, o, L, (00)
LUGs,rs, ci B | | 4
& , , “r % L < ~)
miass spectrim:.m/e 219 (M il' y I87(21), 15S5(¢100), ‘

.

LAT(A0), 127(84), 125(1 \),{%}J\(]l) 109 (10, 05 (17), 8547,

07 (14), SU(3I), C(2d), 45(17), 41(28), 29013 r

3 . cor
Anal. Calcd. for"CIZHZOOO: C, 55.3?; H, 7.74.  Tound:
C, 55.25; 1, 7.82. . ‘Cﬂ o T
. (g .
5 ' S ‘
5 A somewhat better vield (90 - 95%) s obtained il
the triester iswﬁﬁrco]ufca through alumina (rntjodulumina:
tricster, 3:1): Elution with Skelly B aliords 47 i -
cexgellent purity.,
Methyl 4: (t})o\\«_lxlw)n\ ~1—1( t}y\] é\\(u_\cl WP(IIt Hl@
acetate 48 - F . . e e
B ' B ‘ . R S S
e L ST N
Xylepe (200 wl), was distilled fron sodium mto an

e

oven-drict once 1iter 3-heck round hottom flash. The fldsk

. - . o

was fitted with a magnetic lﬂir dropping funnel, lcj‘lu\
. AN _ A o
condenser and a gas “inlcet-outlet connected to a Mmercury i &

b .

bubbIer: "A dry nitrogen atnosphere was maintained through-
out the reaction®.  To the xylene, sodium (2.73 ¢) was addoed

S

W
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and the, $edvent heated until the metal melted. Vigorous
stirving dispersed thé sodium into small pellets. To the

slurry, dgmothyl S-mcthyl33—mcthoxycurh0nylmcthyludiputc
(29 £, 0.1 mole) dissolved in upprox{hutoly the same volume
of Xylene, was added in onc portion followed by addition of
0.5 ml of uhéoluro methanol dissolved in 10 ml' of xylene.

A vigorous reaction cnsued and heating was dfscontinuod.
Once the exothermic reaction subsided (usually 10 - 20

minutes) the yellow solution was refluxed for four hours.

The rcaction was cooled and concentrated HCI (15 ml)
was slowly added followed by 20 ml of water. After ten
minutes of stirring, granulited salt was added until the

! - .
aquecous layer was saturated. The organic layer was decanted
“and the aqueous-salt paste rinsed with benzene (3 x 30 ml).
The benzenc washings were added to the xylene and the sol-
. N\ N
vent 'removed. A yellow ojl (lb\g,,SA%) was obtained. An

analytical sample was obtained after bulb to bulb distilla-’
20 '

tion 180°/0.1 mnm ny, 1.4679

ir oy 2930, 1740 with inflexion at 1750 cm_] (ester.
(CC14) _

and ketone) .

nmr: ¢ 3.75 and 3.70 (2s, 6, ZCOOCHS), 5.45 (t, 1,

O=C:CQ~C=O), 2.0 - 2.14 (m, 6, BCEZ)’ 1.3 and 1.15

(2s, 3, Cl:).

: -3 - . .

mass spectrum: m/e 228(7), 197(27), 155(98), 154(53),
141(17), 123(100), 122(80), 114(23), 109(13), 95(32), 87(38),

82(23), 81(14), 67(26), 59(44), S5(77), 53(18), 43(17),



a0

A1(30), 39(350), 27(38). .
: Ol - . e uq) - 707
Anal. Calcd. (o LJ]”IUOS' C, LS7.89: 11, 70

C, S8.15; 1, 6.89,

I-Methyl-5 oxocyclopentaneacetic acid 10

The crude methyl domethoxycavbonyi-l-methy]-3-
oxocy “lopen I(llla%ltft;illt'C o (19 ) was retfluxed in 105 HOH
for 14 hours. The solution was cooled and separated from
a dark o1l floating on the surface. The aqueous phase was’
then saturated with NHCI and extracted™ith ether (10 x 50
~.ml). After the ethereal eoxtracts were washed (brine) and
dric.d (MgSOJ) and the solvent was removed, the title com-
pound was obtained as a thick vellow oil (14,2 g, Y1v).
The acid thus obtained was sufficicently clean to be used
witﬂyotﬁ: further INJrjfitzirioll. An analytical sample was
prépared by bulb to bulb distillation 170°/0.05 am
n. 2 N3 ‘ -

D o ‘

ir(CC14): 3190 i 3000 2060‘;‘2500 (brbnq, Ot - f ngjd],

2960, 1755 (ketone), 1720(CO0H), 1415, 1265, 1100.cn

ﬁmr: 6 10.5 (s, 1, Ccool), 2.52 (s, 2, CHZCOO), s - 2.4

(m, 6, ring protons), 1.26 (s, 3, CESJ. ;

mass spectrum: m/c 156(7). 99(12), 97 (100) 0 = (30), T2(15),
69(24), 67(14), 57(12), 50( vy, 55(43), SA(1ly, 55(21),
45(14), 45(27), 42(21), 41(94), 39(71), 29(33),'28(73Y,
27(66). -

3

~

Anal. Calcd. for CSHIZO G, 610525 H, 7.74. Found:
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e e i e e e

A solution of T-methyl-3-oxocyclopentancacetic

acid (32 g) in methanol (370 ml), was-stirred together with

<

Rexyn 101 (H) R-204 (23 g, oven-dricd 1200,_12 hohfs) and
calcium sulphate (52 g, oven-dried ZUUO, 12 hours). After

three dﬂys of stjrring the slurry was filtered and the solid
wa: washed repeatedly with methanol until no more colour
could be obscrved jn the washings. The solvon£ was removed
under vacuum to leave 35.0 ¢ of a brown oil. Porcolution-
thrOUgh‘u stlica gel G column (200 g) usin: other as cluent
gave a clear liquid (30.4 g, 87%) corresponding to the title
compound.

ir, ., . . . 1745 cmml (ester and kctoﬁe).

S (lrquid film) ,

nrm: & 3.09 (s, 3, COOCES), 2.40 (s, 2, C!ZCOO), 1.8 - 2.4
(m, 0, rTing CEZ), 1.18 (s, 3, CES).

Semicarbazone mp loo - 170°.

ass spectrum: m/e  227(7), 168(18), 134(100), 137(29),

111(39), 110(59), 109(19), 108(12), 95(16), 94(37), 93(26),

81(24), 80(18), 79(30), 77(lo), 69(12), 65(14), 59(23),

SA(14), 44(00), 41(80).

Anal. caled. for €, H,oN.0.: C, 52.85; I, 7.54; N, 18.49,
10 1{ 373

Found: €, 52.77; 1, 7.70; N, 18.65.
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Methyl T-methyl-3-oxocyclopentancacotate cthylene acetal 50

To a solution of methyl T-methyl 3-oxocvel - ntane-
acetate (21,9 g, 0.126 moles) in benzenc (600 ml), cthylene
glycol (9.3.g, 0.15 moles) and p-toluencsulphonic upif‘wcro
added.  The mixture  as refluxed and water azeotropieally
rvﬁovod (Dean-Stark trap) for 12 hours. The dooled solution
&us djlut09 with benzene (400 ml1) and washed with wator (50
ml) and brinck(§0 ml). The diied (Mg804) solvent was covap-
Ofutcd to obtain the tit}c compound (26.5 g, 98%) as a

colourless oil. The compound was used in the following

‘reaction without pu: i ication. An analytical sample was
\

obtained by bulb to bulb distillationm 160°/0.1 mm nDZO 1.4628.

. . -1 . -1 P T
lr(liquid Fitm) 1745 c¢m (cster), 940 cm (1,5-dioxolane).

nmr: § 3.84 (s, 4, OC!7CQZO), 3.62 (s, 3, coochj, 2.30

(s, 2, CH COOCES), 2.1 - 1.4 (m, 6, ring CHZ);-].IZ (s, 3, CHZ) .

2
mass spectrum: m/c 214(2), 185(20), 141(41), 115(45),
100(21), 99(100), 97(32), 86(21), 69(23), 59(17), 55(45) "
53(20), 43(29), 42(30), 41(53), 39(339.

Anal. calcd. for C C, 61.66; H, 8.47. Found:

1117894
C, 61.90, 61.98; I, 8.72, §.49.

7—Mcthy1-1,4—dioxa>pjrd[4.4]nonanc—7—ethanol 51 \

The ester reduction was carried out under a nitrogen
atmosphere. To a solution of methyl 1-methyl-3-oxocyclo-

pentancacctate cthylene acctal (24.9 g) in dry ether (200 ml),
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a 1M Solntjon of ITithium aluminum hydride (180 ml1) was added
dropwisc (30 minutes) with cooling (ice-water hath). After
the addition was complete, the mixture was left for three
hours at room temperaturce. The reaction was worked-up by //
the successive dropwise addition of water (8 ml), 159% NaOHl
(S\m]) and water (15 ml). The white granular solid which

»
scparated was filtered and rinsed with ether. The dricd
; .

(brinc, MgSOd) cthercal solution gave the title compound

19.44 ¢ (90%) as a clear liquid n’20 1.4759.

D
- . - -1 PR T ¢ - -1 . . . N
11(liquid film) 3400 ¢m (alcohol), 940 cm (d]gxo]anc).
nmr: 8 3.87 (s, 4, CH,CH,0), 3.7 (t, 2 J=7ik, (IL,0H), 2.42
(broad s, 1, 0H), 2.2 - 1.34 (m, 8, mcthylenes), 1.05 (s, 3,
Clly) .

mass spectrum: m/c 186.1257 calcd fbr CigHyg03» 186.1256.

meas(S), 157(77), 141(74), 127(17), 113(54), 100(41), 99(100),
97 (14), 86(16), 69(13), 55(30), 43(24), 41(32), 28(33).

O.: C, 64.49; H, 9.74. Found:

Anal. Calcd..for’Clong 3 ,

C, 64.05; 1, 9.75.

7-Methyl-7(2-tosyloxyethyl)-1,d-dioxaspiro[4.4]nonane 52

1

To a-so]htjon'of 7-methyl-1,4-dioxaspiro[4.4]nonanc-
7-ethanol (1.86 g, 10 mmoles) in 15 ml of dfy pyridine (dis-
tilled f{rom BaQ), E-téluenesuhﬂmmyl chloride (2.28 §,12
mmolc;) was added with shaking to dissolve the solid. The
solution was left in the fridge for 16 hoursﬁ After filtering

the resulting solid the filtrate was added to water (60 ml)
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/T , :

adnd_rtinjred (15 minutes).  The aqueous solution was extracted
with cther (4.x 20 wl) and the cthercal extracts were washed
with wa cr (20 m1) and brine (20 m1). A thick oil was
obtgined after drying (MgSOJ) and romoving the ether (at room
tempers.oure under vacuum) . A solution of the oil .in

Skelly B (200 ml) was treated-with charcoal. 1t was then

- . ‘ . N : ,0 J‘ﬁ

filtered and slowly cooled to -78 (dry 1ce~acetone bath).
The o1l that separated was rinsed twice with Skelly B at
20

to yicld a colourless oil (3.0 g, 889) ny 1.5212,

1600 cm_J (aromatic ring), 1360, 1186 and

-78°

Wiquid fitm)*
1175 Cm_1 (tosyl), 057 cmﬂl (aromatic ring).

nmr: & 7.08 (d, 2, aromatic ring), 7.35 (d, 2, aromatic

ring), 4.14 (t, 2, Cl Cl,0), 2.48

2 2
(s, 3, aromatic CH), 2.1 - 1.5 (m, 8, Test of Cl,) 1,0

OTos), 3.80 (s, 4, OCII

(s, 30, CHy).

Chemical ionization: 358 (M++NH4+).

7-Methyl-7-(2-iodocthyl)-1,4-dioxaspiro[4.4])nonanc 53

L

A solution of the tosvlate igv(S.l g, 15 mmoles)
in 60 ml of dry acetone (KMnOd-KéCOS‘diStillcd), was heated
to reflux with sodium 1odide (4.5 g, 30 mmoles) for three and
o ANy

a half hours. The solid was filtered and the filtrate cvap-

orated in vacuo. The semi-solid left was partitioned bet-
ween cther (50 ml) and water (20 ml). The layers were

separated and the cthercal laver was washed with 10% sedium

thiosulphate (15 ml), water (15 ml) and brine (15 ml).
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Removal of the dried (hh:ﬁ(ﬂl) cther gave ti1o crude 1odide
(4.178 g, 94%). The liquid could notehe purified by dis-
tillation oping to cxtcasive decomposition, Troutmvnt‘with
charcoal afforded a colourless lj(uli(l. ]U)Z() 1.5295.

ir(liquid'rilm): 2075, 2880, 1340, 1105 1030, 1015, 935
em (I,Bwhuxoknuﬁj .

nmr: & 3.85 (s, 4, UCUZC!ZO), 3.3 -02.97 (m, 2, Cﬂzl),
2.18 - 1.32 (m, 8, rest of mcthylenes), 1.0 (s, 3’.Cﬂ3)'
mass spectrum: ~m/c (MT-109),187(25), 155(100), 141(50),

127(59), 123(22), 113(22), 100(20), 95(30), 85(59), 67(24),

59(42), 55(35). .
h + + v‘/‘
Chemical ionization: (M +NH, ), 314, 7

.

Methyl 2 R,S—Lrimcthyl—b,lO—dioxaspiro[J.S]decnno—2~acotatc

b

A solution of methyl 1—mothyl~3~oxocyclopontanc-
acetate (17 g, 0.1 moles), 2,2-dimethyl-1,3-propanediol
(11.44 g; 0.11 moles) andbn-toluencsﬁlphonic‘acjd (200 méln//w
in benzene, (300 ml), was heated under reflux with azeotropi?f—r
removal of water for lélhodfs. The solvent was removed
under vacuum and the ycllow,liduid was rapldly percolate
through an alumina column (100 g, BDI) using Skelly B as
elucnt. The first 10 fractions (60 ml each) were combined
.to leave a colourless 1iQUid (22 g, 87%) after removal of
the solvent. An analytical sample was secur?d by bulb to

bulb distillation, 1800/0.1 mm nDZO 1.4604.

~—



)
ir, . . .. 1745 cm_] (ester)
(liquid {ilmy- ) e
mr: o § 3.65 (s, 3, COOCH L), 3.45 (s, 4, 'OCHIZCUlz(\), 2.34

(s, 2, CH,cooCH Y, 2.38 - 1.40 (m, 8, rest of methyjoncey,

1.12,0.97 and 0.92 (3s, 9, SCHK).

mass spectrum:  m/e 256(2), 227(11Y, 182(22), 165(22),

1“12(11), 141(98), 139012, 97(4]), (19(1()(’), 5(7(1\L§), 5)57(‘1*”,
' 1

45(10), 31(77%.

Anal. Catcd. for Crglh 0,0 €, 65,605 11, 9,494, Found:
C, 65.33, 65.78; H, 9:33, 9.30.
2~(J,2»djphonyl—Z-hydroxyothyl)—2,8,S~trimothyl\6,10\

——— e N N N N NG N N N N
dioxaspiro[1.58]decanc 60

— )

To a magnetically stirred solution of the aceral

29 (512 mg, 2 mmoles) dissolved in dry ether (8 ml), a phenyl-

lithium benzenc-cther solution (2.3M, 1,0 m])fwaé added drop-
wise witﬁ cooling (icd-water bath). Afrter gddition vys com-
plete (15 minutes), the mixture was stirrcd for three bours
at room temperature. Saturated aqueous gmmoniuw chloride
solution (20 ml) waé‘addcd‘and the laycrs sepavated. The
aqueous layer was extracted with cther (3 x 10 ml) and the
etherecal Qxffaﬁrs were combgncd and washed with SutuerQd
NaHCO3 (15 ml) and water (15 ml). The tolvent was evapaorated
after drying (MgSO4) to yield 680 mg (89%) of a colourless

\

thick. 0il that solidified on scratching. Recrystallization

from Skelly B gave a white solid mp 95 - a6° .

v
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685 knf](phunﬂ).

y

o T3450 ((ﬁl)
(€1,

nmr: 8§ 7003 - 7012 (m, 10, QC“H%), A4 (s, 00, OCH CHLO)

i

3.1 (broad s, 1, 0H), 2.5 (s, 2, CHLCHPh, ), 2035 - 1.10

(n, O, ring methvlenes), 0.98 o, 3, (fl[.s), 0.95 (s, o, Z(fll;).

Mmass spectrum:  m/e 380(2), 198(44) , IS8Ty, 10u(22)y,
14&(]00),'138(31), 112(3]}, POL(O1), 97(37). 77(57), 09 (91),
56(26), 55(67), 41(79).

Anal. Calcd. for C r]ﬂ.?ﬁ_: C, 78.91; H, 8 HiH.. Found:

C, 78.006; I, 8.39. =

)

2,8,8~Trimgthy1wb,IO—dioxuSpjro[J.S]dccunc-2~ucotic acid o1,

\

A mixture of I-methyl-3-oxocyclopentancacetic acid
(30.7 £, 0.20 moles Z,2-dimethyl-1,3-propamndiol (21.8 g,
0.21 moles) and p-tolucnesulphonic acid (100 mg) in benzene
(300 m1), was refluxed with dzcotropic removal of water for
14 hours. After rbmoval.of the solvent, the residuc was dis-
solvod in-ether (200 ml) and the cthereal solution was
extracted with saturated NuIICO3 (3 x 100 ml).. The co}d basic
extract was'aciQified with AcOH. The clear o0il that separated
after acidification was removed, and the adncous layer was’
extracted with ether (2 x 50 ml). The oil and ethercal
extracts were combined and washed with water (20 ml) and
brine (20yml). -On removal of the dricd (MgSO4) solvent, a
‘thick clear 0il was obtained (219 g, 45%): the oil sol&difies
on standing in the fridge. The acid is very soluble in most

A

organic solvents. It can be recrystallized from Skelly B
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T Lot o

wiih lTow recovery. An analytical sample was thuincd“ﬂVﬂi
-k C
o LA A

substillation 180Y/0.05 mw mp 50 - 51

T

1710 cm'] (Cool) .

.lr((.',lll)f
mirs & 10.25 (s, 1o CO0H), 3.5 68, 4, 0CH,CCH,0), 2.4
(«, 2, CH,CO0), 2.3 - 1.5 (m, b, ring methylenes), 1. fb,

1.0 and 0.?4 (3¢, 9, BCHK)_

mass spectrum:  m/e 242(1), 183(21), 155(]75, 141(86),
150(12), 83(12),°81(87), 71(L1}), 69(100), 50(32), 55(57),.
53(12), 38(14).

Anal. Calcd. for C 3,50, €, 04.445 1, 9.15. Found:

C, 64.50, 64.10; 1, '9.18-, 9.00

2,8,8-Trimethyl-6,10-dioxaspiro[4.5]decan~-2-¢thanol 03

A 1M solution of LiAlH, (90 m1) was added drop-
wisc with stirring and cooling (gco—wator bath) to mcthyl

2,8,8-trimcthyl-6,10-dioxaspiro{d.5]deccanc-2-acetate

(12.8 g). A nitrogen atmosphere was maintained during the
reaction. The mixture was sti red at room temperaturc for
thrce hours after addition was complete (20 ml). After

qucnching the reaction by consccutive addition of water (4 ml),
15% NaOHl (4 ml) and water (6 ml), the granular solid.produccd
was removed and rinsed with ether. The ethereal solution was
washed (brine) ahd dried (MgSO4). The éitlc alcohol was
obtained, after evaporubtﬁﬁ of the cther as a clear oil

(10.6 g, 939%). It was used as such for subsecquent transfor-

mations. An analytical sample was prepared by bulb to bulb
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, .
distillation 1700/0.1 mmn n“°0 1.4752,

. . - =1

ll(quuid Citm) 3400 c¢cm (o) .

nmr:oo6 3075 (t, 2, =75 Ho, CHLOMY, 3052 (s, 4, OCHLCHL0)

2.0 (broad s, 1, bu), FUSS - 2023 (m, 8, rest of CH,), 1.07
).

miss spectrum: m/e 228(1), 185(17), I55013), 142012y,

(s, 3,'cg3), 0.98 (s, o, 2CH

~3
»

PATCT00), 97(24), 56(18), 55(42), 45(17), 41(63).

Anal. Calcd. for C Oz C, 08.38; H, 10.59. Found:

134
C, 68.19; 11, 10.069.

"DCC-DMSO oxidation of Z,S,S-trimothyl—o,]O-dioxaspiro[4.5]
— —————
decanc-2-ethanol 63

To the title alcohol (250 mg) dissolved in dry
DMSO (1 mlj, a solution of dic: 1 ' oxylcarbodiimide (SOO mg )
in benzene (2 mlj was added, 1 1o .d by the addition of
2.5M anhydrous pho§phoric acid in DMSO (0.05 ml). After
18 hours of stirring at roonm temperature, the solution wa:
pourcd into Skelly B (30 m1) containing oxalic acid (252 mg)

and methanol (3 ml), and stirred briskly (30 minutes). Tt

o
\

was then necutralized by adding saturated NaHCO3 (10 ml). The
reéulting dicyc]ohcxyluaga was filtered and the layers of the
{iltrate were separated. After the organic layer was washed
‘with NaHCO3 (5 ml), water (3 x § ml) and brine (5 ml), it

was dried (MgSO4) and the solvent was removed under vacuun.

The yellow o0il obtained (240 mg) was percolated through

alumina (5 g BDI). The aldehyde (226 mg, 92%) obtained by
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this method was always somewhat impure and could not be
purified satisfactorily.

. , -1
. . 279 . 705 ¢ ; vl e
11(liqujd Fitm) 2720 and 1725 ¢m (aldcehyde).

2-Nitroresorcinol

Resorcinol was comverted into Z2-nitroresorcinol in
) . o 5¢
22% yield by the method of Carpenter, Paster., and Wood
) ’ ;

mp 83 - 84°.  (1it. mp $49).

s

Z-Nitroresorcinol dimethyl] cther

2-Nitroresorcinol was converted to the title com-

+

{ :
e . : . . , 57
pound in 70% yield as described by Kaufmann and=Franck”’

mp 130°. (1it. mp 130°). -

2,6-Dimethoxyaniline

-

The aniline was obtained in 83% yield by reduction

of 2-nitroresorcinol dimethyl-ether with Sn-HC1 as described

by Kaufmann and Franck§7 mp 72 - 73°. Llit. mp 740).

2,6-Dimethoxyiodobenzenc

- . .

The aniline obtained in the previous step was trans-
formed to the diazonium salt by trecatment with isoamyl nitrite-

HZSO4 in 98% ethanol. The diazonium. salt obhtained was con-

verted to the title compound by hcating in an aqueous sodium

iodide solution. A yield of 58% was obtained in the trans-

57

formation mp 102 - 103°. (lit. 103°) . -
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>

/ Litﬁium metal (2.3 g, 0,33 mu]Qu) and cther (150
mb) was placed in an oven-dried S00 ml S neck round bottom
flask, fitted \\'ilj] aovetlux condenser, dropping funncl and
glass-covered magnetic har. An atmosphere of nitrogvn.ﬁnﬁ
maintained throughout the reaction. A solution of dry bron,
benzene (47.1 g, 0.3 moles) in cther (100 ml) was slowly

added. An cexothermic reaction censucd and the rate of addi -

tion was adjusted so as to maintain a gentle reflux (one

hour). The mixture was refluxed 1.5 hours longer and- then
filtered through an L-shaped tube with a cotton-glass plug, - ”ﬁ
into - a dry one litcr 3-nech (lask. . To the murky solution, “

1,3-dimethoxybenzene (OiéS moles) was added and tﬁc mixturc
left at room temperaturc for 72 hours. At this stage large
clear crystals Qf 2,b-dimethoxylithiobenzene had been formed.
A solution of iodine (0.25 moles) in cther (300 mi) was added
dr0pwi$c, with stirring at a ratc as to.maintujn rcf]ux’[oné
hou;). The solution was rcfluxcd three hours and then
quenched by addition of Water:HQSO4 (150 m1:2 m1). The
layers were separated and the aqueous layer extracted with
ether (100 ml). The ethor.extrgctsAwore combined and washed
successively with water (100 ml), 5% sodium‘thiosulphutc

(2 x 80 ml), water (100 ml) and bfino (SQ ml). The dried
(MgSO4) solvent'was-remoyed under vacuum. .A crystalljpe mass -

mixed with a dark o0il was obtained. Skelly B was added

(100 m1) and the crystals filtered. Recrystallization from
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cthanol yields 50 g (70.5%) of bclgc«colourcd‘2,6—dimcthoxy~

iodobenzene mp 102°. (1it59 103y .

7-Methyl-1,4-dioxaspiro[4.4]nonanc-7-acctaldehyde Sla

Chlorine (1 ml, 1.557 g, 22 mmoles) was condensed
in aégfgﬁgatcd pipet. This was then distilled, under nitro-
gen, into dry ClCI, (Py0,) at -45° (CH,CN~dry ice). To this
solution, a mixture of DMSO (7 ml) in dry CILCL, (5 ml), was
added with vigorous mechanical stirring. The yellow colour
of chlorinq Wi s discharged’and.a white precipitate: formed.

A solution of 7-methyl-1,4-dioxaspiro[4.4]nonane~7~ethanol

(1 g, 5.38 mmole) in CHZC1z (S ml) was added.in one portion.

After vigorously stirring the slurry for 2.5 hours,

the cooling bath was removed 1 triethylamine (5.5 ml)
dissolved in CH,C1, (5 m1) and $.»11y B (30 ml) was added ‘.
the warm (room tcmpcrdturc) ~ur. - and then the solid was
filtered off. A yellow 0il tuua. contained DMSO was obtained
after removal bf'the solvent. This o0il Wés dissolved in
Skelly B (150 ml) and washed with water (5 x 10 ml) and brine
(20 ml). The dried (Mg804) soiveht was removed leaving the
title aldehyde (650 mg, 65%) as a clear o3l ny20 1.4779.
iTiquid filmy 2720, 1725 en”h (s1dehyde). /

nmr: § 10.01 (t, 1, J=3Uz, CHO), 3.88 (s, 4, OClH,Cl, 0,
2.46(d, 1, JfBHz,CQZCHO), 2.14 - 1.47 (m, 6, ring methylcnes)

1.19 (s, 3, CHq).
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Anal. Calcd. for C10”1603: C, 65.19; H, 8.75. Found:

C, 64.97, H, 8.94.
Dimethone derivative mp 133 - 134°.

[0 C, 69.93; II, 8.58; MW 446. Py

261389 ¢
Found: C, 69.77, 69.94; 1, 8.61, 8.54; MW 446 (ms).

Anal. Calcd. for C

DMSO-C1, oxidation of 2,8,8-trimecthyl-6,10-dioxaspiro[4.5]

decanc-2-ethanol 63

« N

The method of oxidation described previously using
DM»SO;Cl2 complex and triethylamine was employed on the title
. alcohol (1.14 g, 5 mmoles) using the same proportions of
reagents. The crude product (1.35 g) was percolated through
silica gel M (100 g) packed in a 30 mm inner diameter column
using Skelly B as solvent. The column was eluted successively
with Skelly B (250 ml), Skelly B:EtZO, 95:5 (500 ml) and

Skelly B:Et.O, 1:1 (1000 ml). Fractions of 150 ml were

2
collecfed. Fractions 7 and 8 yield almost pure 67, 410 mg
(36%) .

ir(liduid film):_ 1750-cmhl.(cyclopcntanone).

amr: & 4.67 - 4.43 (m, 1, 0-C-CH-CO), 3.78 - 3.25 (m, 4,
OCH,CCI,0), 2.5 - 1.5 (m, 8, 4 methylenes), 1.19 (s, 3, cgé),
1.12 (s, 3, Clig), 0.73 (s, 3, CQS)t'

mass sp?ctrum: ELE 226.1564 calcd. for C13H2203,.226.1569
meas. (6), 141(14), 97(36), 81(10), 69(66), 56(29), 55(23),

45(17).
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Attempted DIBAL reduction of methyl 2 ,8,8-trimethyl-

T U e e -~

dioxaspiro[4.5]dccane-2-acetate 50
] 2

To a cooled (-700, dry ice-acetone bath) solution
of the title compound (1.07 g, 4.18 mmolés) in dry toluene
(Na-distilled), a solution of diisobutyl aluminum hydride
(0.8 ml, 4.5 mmoles) in tolucne (5 ml), was added dropwise
under nitrogen, at such a rate as to maintain the temperature
below -65%. After this addition was completed (20 minutes),
‘methanol (2 ml) was added dropwise and the mixture allowed to
warm to.room temperaturce. The addition of saturated NH4C1
(3 ml)'formcd a thick gelatin. After addition of ecther
(50 m1) the ld§ers were scparéted and the aqucous layor
cxtracted with cther (2 x 10 ml). The ethereal extractss
were combined and washed in-turn with water (2 x 20 ml) and
brine (20 ml). The dried.(MgSOd) solvent was removed
leaving 800 mg of a faintly yellow liquid.

1

3420 cn”' (0H), 2720 and 1725 e (CHO)

IT (1iquid film)"
1735 em” ! inflexion of 1725 cm (cster).

nmr: § 3.68 (s) and 1.13 (s) COOCH, and Cli, of ester;
3.72 (t, J=7.5Hz). and 1.04 (s) cgzoh and Cli; of alcohol,
2.43 (d, J=3Hz ), and 1.16 (s) CH,CHO and CH; of aldehyde.

/
Ratio of aldchyde, alcohol and ester, 5:2:3.
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2,8,8~Tfimcthylrh,lU;dioxnspirold,S]docuno—Z“ncctnldchydc 64

e e VU

The chromium trioxide used in the oxidation was
dricd overnight in a vacuum desicceator (PZOS). The pyridine

was refluxed over and distilled from barium oxide.

Chromium trioxide (6.0 g, 00 mmoles) was added to
a mechanically stirred solution of pyridine (9.49 g, 120
mmoles) in dry CHZCJZ&PZOS). A deep-orange solution was
obtained after all of thc-CrO3 had dissolved'(ls minutéS).
2,8,8—Trimcthy1~6,10—dioxasp§ro[4.S]dccano—Z—othanol (2.28 g,
10 mmoles) diééolved in CHZCIZ (10 m1) was added in one por -
tion. A black tarry precipitate separated immediatcly'affcr,
addition. After 30 minutes of stirring the mixture wés
decanted and th:;tarry material washed with ether (3 x 20 ml).
CHZClZ.and cthereal wasﬁings were combined and the solvent
removed under vacuum. The dark material obtained was fﬁkcn
up in ether (300 ml) and the ether was washed with NaHCO3
until it ‘no longer had a rusty colour. The dried (brine,
MgSO4) solvent was removed to obtain a liquid-rthat contained
_pyridinc. The pyridinec was removed by adding benzene {o the
mixture and evaporating under vacuum (4 x 10 ml). ‘In this
way a slightly green liquid was obtained (1.857 g; 82%).
\Thc»éolour can be removed By quick percolation through a
sﬁall amount of silica gel. The crude aldehyde howévcr is
sufficicnfly purc to be used without further purification.

B ‘ ’ . - -1
lr(liquid £ilm)° 2720 and 1725 ém (CHO}.
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nmr: 8 9,82 (t, 1, J=3Hz, CHO), 3.5 (s, 4, OCH,CCIL0),

2.47 (d, 2, J=3Hz, CH,CHO), 2.15 - 1.40 (m, o, ring CH,'s),

1.19 (s, 3, Clig), 0.98 (s, 6, 2Ci,).
Dimethone derivative mp 127°

Anal. Calcd. for C C, 71.28; H, 9.08; MW 488.

2911449+
Found: C, 71.62; H, 9.27; Mw 488 (ms) .

«[2,G-Dimothoxyphcnyl)ethyl]-Z,8,&Trimcthyl-6,10-dioxaspjro

[4.5]decane 65

The magnesium tufnings used for the Grignard
rcaction were surface-cleaned by repcated washings with 109
HC1 and wvater, then dried bty successive rinsing with ethanol

and ether. Previous to use they were crushed in a mortar.

A mixture of 2,6?dimcthoxyiodobenzcne (7.14 g, 27
mmoles), magncsium turnings (850 mg, 35 mmoles) and a trace
of iodinc in dry THI (150 ml) was refluxed undcr nitrogen
for 90 minutes. To the cool‘(room temperature) solution,
2,8,8~trimethyl-6 ,10- d10xasp11o[4 5]decanc-2 -acctaldchyde
(5.52 g, 24.4 mmoles) dissolved in THF (10 ml) was added
drOpw1<c (9 mlnutcs) > The reaction mixture was then Yefluxed
for 30 minutes. After cooling, saturated NH4C1 was added
(30 m1) followed by ether (500 m1). The aqucous lager was
separated and washéd with water and brine. A thick oil
(9.14 g) was obtained after removal of solvent. The o0il was

placed ,on an‘alumina dry column (2" in diameter x 17" length)
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and cluted wit‘h (IHZC]Z. The column was divided into 10
bortions (1 to 10 from top to boftom), andythe fractions
were cluted with CHZCIZ;MCOH, Fractions 2 to 7 were
combined to obtain the alcohol (5.35 g, 55%) as a colour-
Iess, very thick oil. |
ir(liqujd fi]m): 3650 (OH),'IGOO and ]480‘(nromutic), 718
*and 720 cm ! (1,2,3-substituted benzene).
nmr: 6 7.5 (q, 1, para H), 6.77 (d, Z, mcta H), 5.8 - 5.3
(broad m, benzylic CH), 3.97 (s, O, ZOCQS){ 3.58 (broad m,
4, OCEZCCEQO): 2;2 - 1.3 (m, 8, methylcnes), 1.22, 1.04,
0.974and 0.94 (four singlects corresponding to 9H, ACHS);
mass spectrum: m/c 364(3), 183(6), 169(6), 168(7),
167(100), 141(19), 137(7), 128(6), 112(8), 107(6), 97(9),

69(27), 56(7), 55(18), 43(6), 41(15).

2—[27(2,6-Dimcthoxypﬁcnyl)cthylj—2,8,8-triﬁethyl—6,10—

dioanpiro[d.S]docanF 70 e

|
/

A solutiod of the benzylic alcohol 65 §§70 mg ,
1.3 mmoles)'in absiﬁuto cthanol (610 mg, 0.8 ml, 7.8 mmol)

and dry ether (1.5/m1), was added dropwisc to 20 ml of

sodium-distilled #mmonia (later experiments showed this
/

precaution to be/tnncccssary). To this Solutipn, sodium
(200 mg, 8.7 mmoics) cut in small pileces was added during

/ .
10 minutes. After 75 minutes, the reaction was quenched by
dropwise addition of ethanol. The ammonia was répidlw

evaporated by warming the solution in a water-bath,
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the residue was treated with water (40 ml) and wofkcd~up as
in the })fcxfiotu; experiment.  The title compound was obtained
as a tﬁick yellowish oil which solidificd while standing in
the fridge. A yield of 445 mg (98%) was obtained. The
yiclds were lower whonlthe rcaction was carriced out on a
larger scale (89 - 95%). An analytical sample was prepared
by bulb to bulb distillation 2000/0.1 mm  mp 37 - 38°.

ir: 1600 (aromatic), 770 and 715 cm_] (1,2,3-substituted
benzene).

nmr: § 7 71 (q, 1) and 0.54/(d, 2) aromatic protons, 3.82

(s, 6, SOCH ), 3.94 (s, 4, ocH CCQZO), 2.66 (broad m, 2,

2
benzylic protons), 2.2 - 1.3 (m, 8§, 4Cg2), 1.14, 1.00 and
0.95 (threce =, 9, 3CU3). |

mass spectrum: o, 384(6), 183(57), 151(36), 141(44),
97(94), 96(19), vi(32;, 59(70), 56(27), 55(6@), 53(16),
43('24), 41(100), 39(1°  28(79).

Anal. Calcd. for C

L 72.38; H, 9.26. Found:

C, 72.53; I, 9.23.

2,6-Dimcthoxy—3;buty1bcnz<

A solution of 1-{. nenyl)-T-butanol
59 1in absolute cthanol (1.6 =1 croocr 4o vas added
in onc portion to sodium-disti:'cu <:. ‘a ("0 m ). Sodium

£1 g, 43.5 mmoles) cut in small pi:xce:  =s ac d slowly
(40 minutes). To this solution absolute ethanol was carc-

fully added .~til the blue colour faded. The ammonia was
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allowed to cvaporate overnight and the white semi-solid left
was taken up in water (60 ml). The aqueous solution was
extracted with ether (4 x 20 ml) and the ethercal extracts

washed in the usual way. The title compound was obtained as

20 20
D D

ir corresponds to the reported data

1.5127 (lit. n
59

a colourless oil n 1.5130).

nmr: & 7.1 (q, 1), and 6.5 (t, 2) aromatic protons, 3.77
(s, 6, ZOCEKJ, 2.65 (broad t, 2, benzylic CUZ)’ 1.6 - 0.8

(m, 7, CHZGUZCUS),

Catalytic recduction of 2-methylresorcinol to 2-mcthyl-1,3-

cyclohexanedione.

A solution of Z-methylresorcinol (6.2 g, 0.05 moles)
in aqueous sodium hydroxide (2.2 g, 0.055 moles) was hydro-
genated in a Parr hydrdgenator at 50 psiﬂfor 17 hours using
0.55 g of 5% rhodium alumina as the catalyst. The Slur%y was
filtered and cooled (OO). Concentrated HC1l was added until
the solution was acidic (pH 1), the solid that formed was
filtered, air dried'(zo minutes) and recrystallized from 95%
EtOH (25 ml). The yellowish solid that was obtdined'(3.95 g,
64%) mp 204 - 206° proved to be identical (ir, nmr, tlc) with

a sampie;prepared by methylation of 1,3-cyclohexancdionec.

1-(2,6-Dimethoxyphenyl)-2-butenc

The title compound was prepared by the method of

Boltzec, Dell and Jansen59 in 40% yield (68% based on
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recovered starting material) bp 76 - 800/0.3 (Ltit. bp 106 -

108.5%°/2 mm) nDZO 1.5314 (1lit. nDZO 1.5319.

ir: fits described spectra.
nmr: § 7.12 (q, 1) and 6.52 (d, 2), aromatic protons,
5.5 (m, 2, HC=CH), 3.8 (s, 6, 2 OCQS), 3.35 (m, 2, ArCﬂ7

CH=CH), 1.57 (s, 3, CH_).

=3

Catalytic reduction of l—(Z,G—dijthoxyphcnyl);Zlhutcno

A slurry of the titlc‘compound (19 g) and 5%
palladium on charcoal catalyst (500 mg) was hydrogceatcd'
in a Parr hydrogenator at 50 psi for 30 minutes. The slurry
was filtered and the solvent was rcmoved to give a quantita-
tive yield of 2,6-dimethoxy-n-butylbenzene, identical (ir,

nmr, tlc) with a sample previously | epared.

Attempted Birch reduction of 2,6-dime thoxy-n-butylbenzene 68

A solution of the title.compou;d (1.94 g) in dry
THF (5 ml) andgfgj-butylialcohol (5 ml) was adged to ammonia
(distilled over sodium, 50 ml). Lithium metal (300 mg) was
added in small %ieces (10 minutes) and the mixture stirred
under reflux for five hours. The reaction was quenched by
addition of tert-butyl alcohol. The ammonia was evaporated
(water bath) ana the residue workedjup,in the usual way!
The liquid obtained (1.85 g) was a mixture of starting mate-
rial and dihydroaromatic compound 6:4.
1

. ) -1 : -
lr(liquid film) " 1600 cm (aromatic}), 1660 and 1695 cm



vinyl cther).

nmr: §  7.15 - 0.3 (m, aromatic protons), 4.7 (t, J=3.5Hz,
'

vinyl proton), 3.77 (s, aromatic OCHS), 35.55 (s, vinylic

0Cli5) -

Attempted modified Birch reduction of 2,0-dimethoxy-n-

butylbenzene 608

Lithium metal (100 mg) was added to a mixture of
the aromatic compound 68 in Lgii—hutfl alcohol (1.4 ml) and
n-propylamine (10 ml) and the slurry stirred at room tempera-
ture (4 hours). Additional lithium (100 mg) and tert-butyl
alcohol (1.4 ml) were adJEd and the stirring was continucd
for fivé hours. After removal of the solvent the residuc
was partitioned between cther and water. The ethgroal por -
tion was dried (MgSO4) and the solvent remédved to give 590
mg of a 65:35 mixturc of starting material and dihydroaroma-

tic compound. Its ir and nmr werc similar to thosec reported

prceviously.,

Z-Q—Butylrcsorcinol 74

A mixturec of-2,6-dimcthoxy-g-buty]bcnzcnc (500 mé),
glacial acetic acid (3 ml) and 48% HBr (% ml), was refluxed
for eight houfs.undcr nitrogen. The mixture was diluted with
water (30 ml) and extracted with ether (4 x 10 ml). The

ethc;cal extracts were washed with saturated NalICO3 (2 x 10
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ml), water (10 ml) and brine, An orange semi-solid (250 mg)
was obtained after removal of the solvent. This material
was chromutogruphcd on alumina (7 g) to obtain 180 mg (42%)
of 2-n-butylresorcinol mp 79 - 80° (]it.loo mp 830).
~ir(CHC13): 3580 (OH), 1600 cm—1 (aromatic).

nmr: & 7.12 - 6.8 (q, 1, Arll), 6.5 - 0.3 (t, 2, Arity, 4.93
(s, 2, OH),.Z.S - 2.5 (broad t, 2, ATCUZ)’ 1.75 —'0.8 (m, 7,

1 CcHoc A
CH,CH,CH ) - —

Treatment of 2,6-dimethoxy-n-butylbenzene with methylmagnesium

— |

The ether (500 mg, 2.6 mmoles) was mixed with 3 ml
of a 3M solution of methylmagnesium iodido.in cther. The
solvent wasifomovcd by maintaining the mixturé at 70°/2mm
for onc hour. The vacuum was rcemoved and the mixture flushed
with nitrogen. The nitrogen atmosphere was maintained while
the mixture was immersed and Kept for seven hours in an oil
bath at 1806. The reaction mixture was cooled and EtOAc
(1 ml) added followed by 30 ml of saturated NH4C1. Thc
aqeuous mixturc was extracted with ether (3 x 15 ml1). Tho
etherecal extracts were washed with brine and dried (MgSO4).
After solvent removal there remained 480 mg of a clear yellow
oil. This was triturated with pentane icaving 410 mg (95%)

of 2-n-butylresorcinol identical with a previousiy prepared

sample. '

s
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Trecatment of 2,6- dlmcthoxy n- butylhcnzcnc with pyrldlnlum

hydTOkh]OTldL

ww‘,_‘ >—

A mixturc of pyridinium hydrochloride (12 mg)
and Z,0-dimethoxy-n-butylbenzene (1 g) was refluxed (Wood's
metal bath; 230°) under nitrogen for three hours. The cool
semi-solid was dissolved in water (60 ml) and thé aqueous
solution was extracted with ether (4 x 15 ml). The cthereal
extracts werce washed in turn with 10% HC1 (3 x 10 ml) and
brine (20 ml). The dried (MgSO4) solvent was rcmovgd to
yield an orange-brown oil (980 mg) that solidified upon
sc}atching. Sublimation (600/0.1mm) of‘the crude material
‘yiclded Z2-n-butylresorcinol (720 mg, 86%) identical with a

5ample previously prepared.

Bis(2-tetrahydropyranyl)resorcinol

The title compound was preparcd as described by
Parham and Andcrson81. Distillation, however, could not be
accomplished owing to decomposition. Instead, the reactibn
mixture was diluted with ether, washed with cold 10% NaOH
~ad brine and driéd (Mg504). The bulk of the solvent and
unrcacted dihydropuran were removed under vacuum. This
material was then left under vacuum overnight and used

without distillation.
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Bis(2-tetrahydropyranyl)-2-iodorcsorcinol 77

A solution of PhLi (0.25 moles) in cther (200 ml)
was preparced as already doscrjhcd.‘ To this solution bis(2Z-
tetrahydropyranyl)resorcinol (69.5 g, 0.25 moles) in cther
(100 m1) was added dropwisc under nitrogen. The mixture was
left fgr 72 hours at room temperature. A solution of iodine
(0.20 moles) was addcd dropwise; the resulting mixture Was
ref'ixed for threce hours and then quenched by addition of
water (200 ml). The layers were scparated and the cthereal
layer was in turn washed with 10% sodium thiosulphate (50 ml),
water (50 ml) and brine. A thick orange oil was obtained
after removal of solvent. Some crystallization t k place
\jWheh?fho 01l was left\?ndcr vacuum for two hours; tritura-
;tionwwi%h pentanc 10ftk& light-yellow solid (32 g, 38%).

The soliid is unstable, when left cxposed at room temperature

it changes into a thick brown oil.

. . _ e -1
1r(CHC13); .3040 3020 (aromatic), 1585 «c¢m (aromatic).

nmr : § 7.38 - 7.05 (m, 1, ArH), 6.96 - 6.64 (m, 2, ArH),

PRVEKS

5.5 (broad s, 2, 2 OCHO},'4.15 - 3.35 (m, 4, 2 OCH,),

2.3 - 1.4 (m, 12, rest of Cll,'s).
¥

Reaction of 2,8;8»trimcthy1~6,10—dioxa§piro[4!5]dc¢anc—2~

acetaldchyde 64 with bis(2-tetrahydropyranyl)-2-lithio-

resorcinol 75

To a cooled (-70°) solution of bis(2-tetrahydro-
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pyfan¥l)rcsorcinél (1.3%0 g, 7 mmoles) in cther (15 ml),
n-butyllithium in hexane (1.5M, 5 ml1) was added, under
.nitrogon, with stirring. The cooling bath was removed and
the solution kept at room tomporuturc.for 16 hours. A solu-
tion of the aldchyde (1.356 g, 6 mmoles) in ether (5 ml) was
addcd‘dropwisc with stirring. Water (10 ml) was added carc-
fﬂlly aftqr three hours and the mixture stirred for {ive
minutes, v having added cther (40 ml), the layvers were
separated and the ethercal phase was Qaghcd and dried as
usual. chmovalef the solvent lcft 2.896 g of a yellowish
o1l that was Ehroma%ographcd on alumina (150 g¢, BDI). The
column was successivély eluted with Skelly B:benzene 9:1

(2 liters), Skelly B:benzcne 7:3 (1’litcrf, and Skelly B:
bcnzcéo 1:1. The latter eluted 2-[2—(1;5—ditetrahydfopyrnn~
2'—yloxyphcny]J»Z—hydroxyothyl]—2—8,8—trimothyl—6,10—
dioxaspifo[d.S]dccane 76 (784 mg, 20%) aé a very thick.
transparent oil.
ir(liauid Film) 3550 (sharp OH), 1595 cm‘l (aromut;é)
nmr: 8§ 7.36 - 6.65 (m, 3, Arll), 5.6 - 5.3 (m, 2, 0CHO) ,
1.22, 0.98, 0.95 and 0.91 (four s, 9, CHs) .

mass spectrum: . m/e 504.3087 calcd. for C29H44O7, 504.3105
meas. (1), 335(3), 318(7), 188(4), 183(21), 141(5), 128(4),
123(4), 97(13), ﬁO(bj,'SS(]OO), 69(16), 67(11), S7(19),

56(6), 55(16), 43(18), 41(28).
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2-[2-(2,6-~ditetrahydropyran-2'-yloxyphenyl)-~2-hydroxyethyl] -

2,8,8-trimethyl-6,10-dioxaspiro[4.5]deceane 76

A solution of PhLi (0.1 moles) 1in ether (200 ml)
was prepared as indicated previously. The solution was
filtered, in a dry box, into an oveén-dried 500 ml 3-ncck
round bottom flask fitted with condenser, dropping funnel
and glass covered magnetic bar. A dry-nitrogen atmosphere
was maintained throughout the rcaction. To the clear solu-
tion, bis(2-tetrahydropyranyl)resorcinol (27.8 g, 0.1 moles)
in ether (100 ml) was added and the solution was kept at
room temperature for 60 hours. After some of the solvent
was removed by distillation and the mixturec was cooled,
-white crystals of the organolithium 75 separated. The. bulk
nf the mother liquor was removed with an hypodermic syringe,
1 ‘ther was added (50 ml) and removed to rinsc the crys-
*4 5. Finally, cther was added (200 ml) and the mixture
slurried. Prcshly préparcd aldehyde 64 (4.975 g, 22 mmoles)
in ether (20 ml) was added dropwise to the slurry whichjwas
then stirred for 3.5 hours béfore quenching with saturated

NH,C1 (30 ml). The layers werc separated and the ether

4
layer was washed and dricd in the usual manncr. The o1l

obtained after removal of the solvent was chromatographed
on alumina (1 Kg, BDH) as described previously. The desired
alcohol 76-was obtained in 79% yield (bascd on aldechyde).

It was identical (ir, tlc) with a sample preparcd previously.,
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3~Mcthy]~3ﬂ[2v(2,6~dihydroxyphcnyl)othyl]cyc]opontanonc 79

A solution of the benzylic alcohol 76 obtained
in the prcceding recaction (4;94 g) in cther (60 ml) was
added to liquid ammonia (150 ml).v To the solution, sodium
(1.39 g) cut in small picces, was added over five mjnutcé.
The mixture was stirred for 10 minutes and absolute ethanol
was addéd dropwisc until the bluc colour of the anmoniacal
solution faded. It was worked-up as iﬁ previous reactions
to yicld 2-[2—(2,6—ditctrahydropyrun—2'-yloxyphcnyl)cthyl]—
2,8,8~trimcthy1—6,10—djoxaspiro[4.S]dccano 78 as a thick oil
(4.25 g, 89%). A portion of this -material (2.25 g) was
dissolved in a mixture of 90% aqucous methanol (50 ml) and
5% aqﬁeous oxalic acid (5 ml). After two hours at 50° the
solution was cooled and diluted with water. The aqucous
solution w. -Xtracted with ether and the ethercal extracts
were dried (MgSO4). The solvent was removed to leave a
clear oil (1.83 g). The oil after trituration with Skclly B
ieft 79 as a white solid (853 mg, 79%), recrystallized from
Skellysolve B-Et,0 mp 166 - 167°.
ir(CHC13): 3360 (OH), 1745 cm ! (C=0).
nmr: ¢ 6.92 - 6.7 (m, 1, ArH), 6.33 (d, 2, J=8Hz,_ArH),
2.8>— 1.5 (m, 10,.5Cﬁ2), 1.19 (s, 3, CHS).
mass spectrum: m/e 234 (3), 138(6), 123(29), 97(100),
77(9), 55(12), 41(21).

Anal. Calcd. for C14H1803; C, 71.77; H, 7.74. Found:

-

C, 71.68; H, 7.71.
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Catalytic reduction of Z-n-butylresorcinol

2-n-Butylrcsrocinol 683 mg, 0.5 mholcs) was placed
in a 50 ml1 pressurec polymer bottle together with 5% rhodiunm
alumina catalyst (15§ mg), 1IN NaOH solution .(0.55 i and a
magnetic bar. The bottle was capped and hydrogen was intro-
duced through aﬁ hypodérmic ncedle attached to a pressurc
gauge. The container was flushed twice and the pressure was
adjusted to S0 psi. The Slurry’was vigorously stirred for
18 hours af room temperature. After uncapping the bottle
the mixture was neutralized (1IN HCl, 0.55 ml) and extracted
with ether (3 x 3 ml). Recmoval of the ary (MgSO4) solvent
gave a quantitative yicld of crude 2-butyl-1,3-cyclohexanc-

dione identical with an authentic sample of that material.

2—[2-(2,6—Dihydroxypheny1)othyl]—2,8,8-trimcthy1-6,10—

dioxaspiro[4.5]decane 80

A mixture of_3¥mcthyl~3—[2-(2,6,dihydroxypheny1)
ethyl]cyclopentanone 79 (2.34 mg, 1 mmole), 2,2-dimethyl- -
1,3-propanediol (163 mg, 1.5 mmoles) and 2 mg of p-toluene-
sulphonic acid was dissolved in EtOAc (5 ml ) and beﬁzene
(30 m1). The solution was heated under reflux with azeo-
tropic removal of water for 24 hours. More alcohol (102 mg,
1 mmole)'was added to the solution and reflux was continued
“for 16-hours longer. To the cool solution, solid NaZCO3

(30 mg) was added and the slurry was stirred for ten minutes.



Y

119
After }iltrution and evaporation of the solvent, the brown
0il obtained was chromatographed on alumina (40 g). The
column was ecluted successivc]f with CH2C12 (16 fractions,
20 ml) and EtOAc, (20 mil fractions). Fractions-19 - 23
contained 280 mg (87%) of ncafly purc ketal 80 as a dark

yellow o1il. »
ir(quuid film): 3350 (broad, Ol), ]605‘cm»1 (aromatic).
nmr: & 7.1 - 6.7 (t, 1, Arll), 6.5 - 6.3 (d, 2, ArH),
5.68 (broad s, 2 OH), 3.5 (s, 4, ngZCCQZOJ, 2.9 - 1.3
(m, 10, CH, 's), 1.16, 1.07 and 0.95 (threce s, 9, 3 CH,) .
This product is not stable and slowly re&orts.to starting

material. It was used in the next step without further

characterization.

2-[2—(Z,G{Dioxocyclohcxyl)ethyl[—2,8,8-trimcthy1-6,10-

dioxaspiro[4.5])decane 81 v \

" The hydrogenation of the resorcinol prepared on
‘the previous step, 80 (280 ﬁg) was carricd out in the same
way as tﬁat ol Z-n-butylresorcinol. After extraction with
ether, the corresponding 1,3-cyclohexanedione 81 was left
as a thick oil (270 mg, 96%) that solidified on standing.

Tenc

): 3610 and 3360 (enol). 1740 (shoulder), 1705 and
1610 cm 1 (l,d-cyclohexancdione.

o

nmr: & 3.43 (broad s, 4, OCEZCCHZO); 1.02 (s, 3, CE3),
0.9% (s, 3, Cﬂs), 0.88 (s, 3, Cﬁs),
. mass spectrum: m/c 322.2144 calcd. for C19H3004, 322.2156

meas. (4), 183(47), 141(92), 97(89), 69(96), 56(33), 55(100).
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~Acid catalyzed cyclization of S-methyl-3-[2-(2,6-dioxocyclo-

hexyl)ethyl]cyclopentanone 82

A 20 mg portion of the 1,3-cyclohexancdione 81 was
stirrcd f{or onc h?ur in dilute HSPO4 (3 ml): Ethof extraction
gave 11 mg of the corresponding triketone 82. This material,
was dissolved in CHC]3 (3 ml) containing a trace of Q~to]uénc—
sulphonic acid, and the solution was refluxed under nitrogen
for 26 hours. To the cool mixture solid NaZCOS‘was added
with stirring (5 minutes). A red-brown oil (8 mg) was lcft
after the N32C03 and solvent were removed.  The material was
scparated on a 10 x 25 cm silica gel plate (0.25 mm .thickness)
by clution with CﬁblS:CHSOH, 5:5. A wide yellow band
(Rf 0.7) was divided in thrce parts and scraped. The three
portions were eluted with cther to give, 1 mg, 2 mg, and 1 mg,
high, medium and low bands respectively. The spectral data
of the compound with lowest Rf 1s consistent with 3a-methyl-
2,3,4,5,5a,7,8,9-octahydro-1H-benz[c]indene-1,6-dione 83.
ir(CCL4): i730 cm_lnand 1715 cm ! pshouldor).
mass spectrum: m/e 218(36), 163(42), 161(38), 97(46),

91(51), 69(60), S57(59), 55(100).

Attempted methylation of 2-[2-(2,6-dioxocyclohexyl)ethyl]-

2,8,8-trimethyl-6,10-dioxaspirgdecane 81
b

To a methanolic (0.1 ml) solution of the dione

81 (6.5 mg) and Triton B (40% CHSOH solution, 0.2 ml), mcthyf

RNVVE?



" 121

1odide (5 mg) was added and the mixture was refluxed under
njtrbgon for thrce hours. After having added more methyl
1odide (5 mg), the solution was refluxed for 14 hours. thcr
was added (5 ml) and the resulting aqueous solution was
¢xXtracted with ether (3 x 2 ml). The dried (MgSO4) cther was
removed leaving an orange oil (4 mg). |

ir(l% CC]4): 1740 (ester), 1715 cm—1 (ketone). .
mass spectrum: m/e  368(2), 183(100), 141(82), 97 (87), 69(97),

57(65), 55(82).

2-[2»Hydroxy—(Z—methoxyphcnyl)othyl]‘2,8,8—trimcthyl-6310-

dioxaspiro{4.5]decanc 86

An oven-dried 500 ﬁl 3-neck round bottom flask
fitted with reflux condenser, dropping funnel and maghctié
bar was used in this pGCaration..\A dry nitrogon atmosphere
‘was maintained. Surface-cleaned magnesi;m turnings (824'mg3
34 mmoles), 0-1odoanisole (7.02 g, 30 mmoles) and iodine
(10 mg) were rcfiuxcd for onc hour in dry éther (200 m1).

To %he resulting solution, 2,8,8-trimethy176,10:dioxaspiro-
[4.5]dccanc~2—acctaldchyde 64 (6.2 g, 27.4 mmoles) in ether
(20 m1) was added dropwise (10 minutes) and the mixture
refluxed for 20 minutes. The cool solution was trcated with
saturated NH4C1 (100 m1) and the layers were scpgrated. The
-aqueous layer was extracted with ether (3 x 20 ml) and the
combined ethercal extracts were washed and dried in the usual

manner.  The oil that was obtained (9.73 g) was chromatographed



122

on alumina (500 g, BDH), The'columnlwas ¢luted in turn with
Skelly B:HtZO, 95:5 (2 liters; fractions 1 - 11, 180 ml) and
"Skelly B:EtZO, 1:1 (3 Iiters;‘fractions 12 - 24, 60 ml);
fractions 24 - 36, 200-m]). From fractions 4 and 5 2-[2-(2-
mcthoxyphenyl)ethy1]-2,8,8-trimethyl-6,10-dioxaspiro[4.5]-
decanc 87 was obtained in 2% yield (charactecrization dcscrihcd
Iater). The benzylic alcohol 86 was obtained (3.81 g, 42%)
from ffuctions 22 - 29,
ir(quuid film): 3550 (OH),.1605,and 1590 (aromatic), 755
cmgi-(l,z-substitutqd benzenc).
ﬁmr: 6 7.5 (m, 4, Arfl), 5.06 (broad t, 1, CHAr), 3.77
(s, 3, OCH), 3.5 - 3.32 (m, 4, OCH,CCH,0), 2.73 (broad <,
1, OH), 2.14 - 1.5 (m, 8, 4 Cii,), 1.16 and 1.13 (two s, 3,
CH), 0.95 (s, 6, 2 cgs). ‘
mass spectrum: m/¢  334.2144 caled. for C,4H;,0,, 334.2153
meas. (7), 198(23), 183(25), 169(20),¢141(98), 137(72),
‘134(49), 121(19), 115(24), 108(24), 97(48), 91(21), 77(21),
69(100), 56(34), 55(83). - | ‘

: Using the Same procedufc with tetrahydrofuran

as solvent, a higher yield (55%) of 86 was obtained.

2—[2—(Methoxyphcny1)cthyl]—2,8,8—trimcthyl-6,10—dioxa5pir0~‘

(4.5]deccanc 87

The benzylic alcohol 86 (766 mg) dissolved in
absolute ethanol (10.4 ml) and ether (4 ml) was added to

liquid ammonia. Sodium metal (150 mg) was added rapidly to
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the solution, After five minutes Of‘ﬁtirriﬂé thc reaction
was quenched by addition of ethanol (0,5 m1). Work-up in
the usual manner gave 87 as a clear oil (722 wg, 98%).

. . -1
.. . : 9 { 5 ¢
1r(11qu1d film)’ 1605, 1590 (aromatic), 755 cm -

(1,2-substituted benzenece).

~

nmr: § 7.34 - 6.67 (m, 4, Arl), 3.77 (s, 3, 0cl.), 3.4
(s, 4, OCILCILL0), 2.8 - 2.4 (n, 2, Cil,Ar), 2.2 - 1.3% (n,

8, CH,'s), 1.11, 0.98 and 0.5 (three 3, 0, 3 Cly).

mass spectrum: m/c  318(8), 184(11j, 183(94), 169(12),
141(66), 121(49), 97(70), 83(10), 79(10), 77(14), 69(100),
57(10), 56(22), 45(11).

Anal. Calcd. for C 0 C, 75.43; H, 9.50. Found:

2013093
C, 75.48, 75.52; H, 9.76, 9.76.

3—Merhy1—3—[Z—(1-oxo-z-cyclohcxcn/éfyl)ethyi]cyclopenténone 89
— e e e e

To liquid ammonia (20 ml). was added a solution of
the aromatic compound 87 (318 mg) in ether (5 ml) and abso-
lute ethanol (1 ml). The reaction mixXture was stirred
vigorously for one hour and quenched by addition of absolute
~ethanol. Work-up in the usual way gave a mixture of aro-
matic and dihydroaromatic compounds (290 mg). The mixture
was treated with 1:1 hydrochloric acid, water for 16 hours.
\The mixtu?g\obtained after ether extraction was chromato-
graphed on alumina (40 g). Elution‘With ether gave 67 mg
(30%) of'gg contaminated with a compound of gimilar polarity.

1

1745 (cyclopentanonc), 1685 cm ° (u,8-unsaturated

ir :
(cc1y)

ketone) .
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nmr: 8 6.97 (d of t, 1, J=10, 4z, O=F»CH=C§), %398

(d of t, 1, J=10, ZHz, 0=C-CH), 1.08 (s, 3,]cg3).

mass spectrum: m/c 220(47), 147(46), 118(39), 105¢44),
97(45), 91(68), 79(44);\77(48),'67(33), 55(62), 43(49),

41(100) .

3—Methy1—3-[2—(1~oxo~3~cyc10hex~6~y1)cthyl]cyc10pcntanone 91

To ammopig (140:'ml), 2—[%Q12~methoxypheny1)cthyl]—
2,8,8-trimethyl-6,10-dioxaspiro[4.5]decane 87 (2 g) was
added dissolved in éthe; (30 ml1) and aQsolufe cthanolu(15.12
ml). Sodium (7.2 gj was thcn addgd slowly (40 minutes). |
The golution was stirred for two hours aftcrﬂéddition was
completed, then ethanol was added dropwise until the sodium
was destroyed. The resulting mixture was taken up in water
(500 ml1) and the resulting~aqufous solution was extracted
with ether. The dried (MgSOA)/ethereal extracts gave a clear
01l that showed no aromatic aﬁsorption in the ir. The érude
dihydro-aromatic compound was stirred for 90 minutes at room
temperature in a mixture of methanol (50 ml) and water (10
ml) containing oxalic acid [100 mg)} The reaction mixture
was then diluted with watcr;(lOO ml) and extracted with ether
(4 x 20 ml) to afford>1.360 g of crude 3~methyl~3-[2;(l—oxo-
3—cyclohcxcn—6;y1)ethyl]cyclopcntanone 90 as a clear oil.

ir : 1745 (cyclopentanone), 1720 cm‘1 (cyclohexanone).
(cc1,) )

The crude 90 was dissolved in ethanol (50 ml) and
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hydrogenated at 50 psi in a Parr hydrogenator over §9%
palladized charcoal (100 mg) for two hours. After removal
of catalyst and solvent the title compound 91 was obtained
as an o1l (1.150 g).
ir(CCl4): 1745 (cyclopentanone) 17165 cmsl (cyclohexanonce).
nmr: § 1.09 (s, 3, Cu3).
mass spectrum: m/e  222(9), 125(6), 98(100), 97(54), 83(6),

81(5), 70(6), 69(16), 67(12), S5(31), 41(38).

9a-Hydroxy-3a-methyl-2,3,4,5,5a,6,7,8,9,9b-decahydro-1H-

benz[c]indenc-1-one, 94

The crude 3-methyl-3-{2-(1l-0ox0-3-cyclohex-6,y1)-
ethyl]cyclopentanone 91  obtained in the previous, rcaction
was dissolved #n McOH (80 ml). To the solution, aqucous
*sodium hydroxide (1N, 15.m1) was added and the mixture kept
under nitrogen for 100 minutcs at room temperature, After
the solution was neutralized (1IN Hbl, 15 ml), some of the
methanol was removed under vacuum and the residue was diluted
with water (150 ml). Extraction with cther (4 x 50 ml) left,
after evaporation of the dried (MgSO4) ctherecal extracts, a
white scmi-solid. Recrystallization from Skelly B—EtZO gave
455 mg (48% overall from Birch reduction) of colourless
prisms mp 149 - 150°.
ir(CC14): ‘3615 (OH), 1740 c:m.1 (cyclopcptanonc).
nmr: & 0,92 (s, 3, Cﬁs).

mass spectrum: m/e 222.1620 calcd. {for C14H2202, 222.1618



126
heas. (11), 194(9), 179(7), 149(12), 109(8), 98(100),
81(7), 67(7), 55(10).

Anal. Calcd. for 014H2202: C, 75.63; H, 9,97. Found:

C, 75.41; 1, 9.99.

Dchydration of 9u~hydroxy-3a»methy1~2,3,4,5,53,6,7,8,9,9b-
decahydro-1t-benz|e]indene-1-one 94

The ketol gi (46 mg) was hecated to reflux in a
10%~aqucous potassium hydroxide solution for 20 hours under
nitrogcﬁ. The solution was cooled and extracted with cther.
A clear oil (36 mg) was obtained after evapbration of the
dried ecthereal ¢Xtracts. The oil, a mixture of compounds,
cdntains mainly 3a—mcthy1—2,3,4,5,6,7,8,9—octahydro—1H~
bcnz[e]indonc—l-one-gé. ,
ir(CCl4J: 1745, 1715 (shoulder), 1035 cm ? (C=().
nmr: 8§ 1.11 (s, Cﬂs). _
mass spectrum:- m/c 204(88),v189(35), l48(5i), 147(64), 121

121(24), 105(42), 97(100), 91(37), 55(23).

Attempted methylation of 3a-mcthy1~2,3,4,5,6,7,8,9—

octahydro-1l-benz[c]indenc-1-one 95

A solution of the ketone 95 (20 mg) in benzene
(3 ml) was treated with a slight molar excess of potassium
tert-amylate under nitrogen. An excess of ~ thyl iodide
was added and the mixture kept at 70° for threce hours.
The reaction mixture was neutralized with dilute hydrochloric

k]
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.

acid and partitioned betwcen water and Skellysolve B. From
the dried organic layer a dark oil (18 mg) was obtained.

. , -1

lr(CCld)' 1745, 1715 cm ~.

mass spectrum: wm/e¢ high molecular ion pcaks, 246, 232, 218,

1204,

Attempted enol-acetate formation of 95

To a solution of the ketone 95 (20 mg) in carbon
tetrachloride (1 ml), acetic anhydride (0.1 ml) and 50%
perchloric acid (§ ml) were added. After 90 minutes the
mixture was diluted with Skellysolve B and washed successively
with saturated sodium bicarbonate solution and water. After
removaf of the dried solvent a dark oil was obtained (18 mg).
Aftér evaporation distillation a yellow o0il (10 mg) was
obtained. This material deccomposes on standing.
ircer,) 1750 cn” L, |
nmr: 6 2.13 (s), 1.22 (s).

Preparation of dihydrocarvone90

»

To a one liter flask fitted with dropping funnel
and reflux condenser Waé added zinc powder (85 mg), potas-
sium hydroxide (35 g), water (135 ml) and 95% ethanol
(350 m1). The mixture Qas heated to reflux’anq carvone®*

(64 g) dissolved in 95% ethanol (150 ml) was added with

* Both (-) and (+) carvone were used for these preparations.
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vigorous stirring, over a period of six hours, Aftcr an
hour, the cool mixture was filtered and most of ‘the solvont
was removed UthI vacuum. The residuce was extracted with
three 100 ml portions of pctrolecum ether. The organic layer
was washed successively with dilute accfic acid and water.
After removal of the driecd solvent, dihydrocarvone ‘was
obtaincd by distillation bp 75°/4 mm. (84%) (1it.90

bp 80°/6 mm). Its spectroscopic properties are consistent

with those reported. \

5B-Hydroxy-78(l1)-14-norcudesm-11-en-3-one !

The proccedure bf D.W. Theobald91 was followed.
A mixture of SB-~hydroxy-78 (H)-14-noreudecsn- l1-en-3-one and
7B(H) l4-norcudesma-4,11-dien-3-one 98 (58“ based on 49.6%
recovercd dlhydrocarvone) was obtained after distillation
bp 145 - 150°/ 1 mm (1it. 146 - 148°/0.5 mm).
r(]iquid film): 3440 (broad, OH), 1715 (saturated ketone),
1670 cm-1 (a,B-unsaturated ketone). - .
" The 1nten51t166 of saturated and unsaturated carbonyl
absorptlon were approx1matcly the same. _No efforts to

separate the mixture were made and it was ed as such in

the next step.

78(H)-14-Noroudesma»4,11-dien~3~one 98

Two grams of the mixturc obtaincd in the preceding

reaction was refluxed under nitrogen (8 hours) in aqueous
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10% potassium hydroxide (20 ml). The cooled mixture was

extracted with cther to yicld 1.82 ¢ of crude 98.
~1

1078 (unsaturated kctone), 885 cm

M(liquid film)’
(C=CH,) .
nmr: 6 5.77 (s, 1, C4 H), 4.9 - 4.7 (broad d, 2, C=Cg2),

1.72 (s, 3, CHHy-C=C), 1.26 (s, 3, Cll,).

58-Hydroxy-4f,78 (I1) ~eudesm-11-cn-3~one 104

The title cohpound was propa%od as described by
Halsall, Theobald and Walshang. A slight modification in
the procedurc, dropwise addition of I-chloropontan—3~onc
dissolved in an equal volume of dry THF while keeping the
reaction mixture temperature at -20°, led to an improved
yield of the ketol (82% based on recovered dihydrocarvone).
mp 105 - 106° (1it.°°. mp 108°).
ir(CHCls): 3610 (sharp) and 3450 (OH), 1715 (C=0), 1648 =

1

and 885 cm’ (C=CY,) .

78 (H) -Eudesma-4,11-dien-3-one 105

A mixture of the ketol 104 obtained in the above
mentioned procedure (31 g) and 10% aqueous potassium hydro-
xide (500 ml) was refluxed under nitrogen for eight hours.
Extraction of the cool solution with ether left an oil (28 g)
that was distilled under duced pressure. 78(H)-Eudesma-
4,11-dien-3-one 105 was obtained as a clear liquid bp 124°/

0,6 mm (1it2° bp 130°/0-5 mm). np®® 1.5328  (1it. %9

By
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D 1,5334,

n

1

1675 (unsaturated ketone), 885 cm’

T(liquid film) " ’
(C=cH,) .

nmr: 6§ 4.82 and 4.63 (two m, 2, C=Cli,), 1.24 (s, 3, i) .

78 () -4-Methyl-cudesma-5,11-dien-3-onc 99

To a sblutjon of 78(H)-cudcsma-4,11-dien-3-onc
105 (11.6 g, 57.0 mmole) in dry THE (100 ml), potassium
tert-amylate in. benzene (1.08M, 50 ml) was added and thc‘
mixturc was heated under nitrogen (60 - 70°) for 15 minutes.
To the cooled solution (icec-water bath), methyl iodide (7.2
g), dry THF (72 ml) was added in one- portion and thec mix-
turec was stirred at 0° for 30 minutes. After neutralizing
the reaction with dilute acetic acid, the solvent wés |
removed under vacuum. The residue was dissolved in ether
‘%300 ml) ang wasﬁbd with water, saturated sodium bicarbonate,
water and G?inc. A yellow oil (14.497g) was obtained’aftcf
~ removal of the dried (NaZSO4) solvent. A portion of the
oil  (6.79 g) was chromatographed on siliéiflacid (500 g)
78(Hjﬁ4-mcthyl—cudosma—S,llrdicn—S—one 99 (5.1 g) was
obta{ned by elution with CHZCIZ.
iT()iquid fitm): 1715 (€=0), 1650 and 890 cm 1 (C=CH,) .
nmr: & 5.48 (d, 1, J=4Hz, H-0), 4,82 and 4.62 (Zm, 2, C=Cﬂz),
2.86 - 2.41 (m, 3, double allylic H and C2Z H's), 1.77
“(s, 3, vinylic CiL), 1.27, 1,24 and 0.98 (three s, 9, 3CH,) -

- . . 107
Thesc values are consistent with those reported .
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mass spectram; 232(30), 147(33), 137(12), 135(12), 134(32),
133(700), 132(14), 131(12), 121(13), 119(22), 107(19), |
105(£§j, 100(11), 93(16), 91(28), 79(14), 77(17), 55(18),
41(42). '
Semicarbazoﬁe mp 183 - 185°. ~
H

Anal. Calcd. for C O: C, 70.55; H, 9.40.

17112703
Found: C, 70.83; H, 9.33.

Ozonolysis of 78(H)-4-methyl-cudesma-5,11-dien-3-one 99

The title compound (1.180 g, 5 mmoles) in

CH Cl2 (5 ml), was added to 220 ml of ozone-saturated

2
methylene chloride (5.5 mmoles of ozone) at -78°. The
solution_wés left at this temperature for 20 minutes and
then treated with aqueous acetic acid (1:2, v:v; 50 ml)

and powdecred zinc (500 mg). After the slurry was vigorouély
stirred at room temperaturc for 40 minutes, the CHZCl2 was
separated and washed wiph saturated sodium bicarbonate,
water and brine. Evaporation of the solvent left an orange
oil (1.17 g) that was chromatographed on silicic acid’(lOOr

g)- Elution with CH,Cl, afforded a white solid (430 mg,

2
38.5%) that corresponds to 12-nor-78(H)-4-methyl-eudesma-
5-en-3,11-dione 100 mp 67 - 68°.

. . 3 5 -1 -
lr(CHCIS)' 1710 (ketone), 1355 cm (sharp, methyl Qf
methyl ketone).

nmr: & 5,72 (d4 1, J=4,5Hz, H-6), 3,22 - 2.9 (m, 1, C7 H),

2.19 (s, 3, CHCO), 1.26 (s, 6, 2 CHg), 0.98 (s, 3, Ci).
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mass spectrum: m/c  234,1614 calcd. for ClS”ZZOZ’ 234.1620
meas. (10), 191(14), 190(100), 184(12), 149(11), 125(11),
121(14), 119(12), 107(26), 105(23),.97(13), 91(25),‘81(16),
79(38), 77(16), 67(17), 55(15), 43(71), 41(37).

0 C, 76.88; I, 9.46. Found:

Anal. Calcd. for C15“22 X

C, 76.75; H, 9.67.

0s0,-Nal0O, oxidation of 78(l1)-4-methyl-cudesma-5,11-dien-

4 4
3J-one gg

A mixture of the title compound (1.18 g, 5 mmoles)
and osmium tctroxide (105 mg, 0.4 mmoles) in divxanc (40 ml)
and water (15 ml) was stirred in the dark for 20 minutes.
A solution of sodium periodate (3.45 g, 15.5 mmoles) in
water (25 ml) was added and the resulting slurry was stirred
for one hour. After water was added (250 ml), the aqucous
;olution_was extracted with ether (4 x 700 m1) and the
etherecal extracts were in turn washed with 10% sodium sul-
fide, water and brine. The dricd (Nazsoa) so%ycnt was
removed leaving 900 mg (76%) of a dark oil tha% solidified
on cooling. The ir is superimposable on.that of the

precceding sample.

Ozonolysis of 58-hydroxy-48,78(H)-eudesm-11-en-3-one

Ozone was bubbled through a solution of the
title ketol (247 mg) 1in CHZCl2 (40 ml) at -78° until a

blue colour devoldped. The mixture was then treated with
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zinc dust (100 mg) and 2% AcOH (15 minutes) at room tempera -
ture. The phases were scparated and the CHZCL2 was washed
with saturated NaHCOs, water and brinc. The dried (NaZSO4)

solvent was cvaporated under vacuum. The diketone 12-nor-

SB-hydroxy-48,78 (l1) -cudesm-3,11-dione 106'was obtained as
‘ 99

~a white solid (217 mg, 87%) mp 181 - 183° (lit. 179 -
180°) .
J .
. _ _ i
1T(C”C13)- 3610, 3460 (OH), 1715 (C=0), 1355 cm =~ (CH;CO).

nmr: & 1.14 (s, 3, CE3CO)’ 1.25 (s, 3, (CES), 1.0 (d, 3,

J=7Hz, sccondary Cﬂs).

7a(H)-12-norcudesm-4-en-3,11-dione 107

The ketol obtained in the preceding recaction
(500 mg) was refluxed for onc hour in TﬂF (15 ml) and
concentrated hydrochloric acid (50 ml). Ether was added
(50 ml) and the soiution washed with saturated NaHCO3 and
brine. After cvaporation of the solvent an 0il was obtained
(400 mg) that solidified upon scratching. Recrystallization

from Skelly B:EtZO gave the pure dione as colourless prisms

(321 mg, 70%) mp 77 - 78° (lit.99 mp 77.5 - 78.1°).
i ‘ -1 :
lr(CHCls)' 1715, 1680, 1615 cm

nmr: & 2.1 (s, 3, CH3C=O), 1.65 (s, 3, CHBC:C), 1.2

e

(s, 3, CHS)°

1,4a-Dimcthyl—3,4,4a,5,6,7,8-hcptahydronaphthalcn—2—one 11

A mixture of Z-methylcyclohexanone (56 g, 0.5
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moles) and sodium hydride (24 g, 509 oil dispersion) in dry
THF (250 ml) and ecthanol (1 ml), was refluxed under nitrogen
for 1.5 hours. The mixture was cooled to —20°.. A solution
of l-chloro-3-pentanone (60 g) in THF (100 ml) was added
drOpwise (30, minutes). After addition was complete the
mixture was stirred at room temperaturce for 10 hours. After
work-up (as in previous similar procedures) the crude product
was distilled." Two main fractions werc co}loctcd: 36 - 60°
/0.7 mm (14.1 g, 2-methylcyclohexanone) an5 105 - 120°/0.7
mm (42 g).  The latter fraction was rcfluxed for 1.5 hours in -
in 10% KOH and extracted with ether. The resulting oil
(40.66 g) was distilled to give thc'décalone 110 1n 50%
yield (based on rccovered 2-methylcyclohexanone) bp 104 -

106°/1.5 mm (1it.1%0 b5 99 - 100°/1 mm).

. , . : o . -1
lr(liquid film)* 1672 (a,B-unsaturated ketonc)k 1615 cm
(conjugated double bond).

nmr: & 1.78 (s, 3, vinylic Cﬁ3)’ 1.24 (s, 3, Cﬂs).

1,1,4a—Trimethy1-l,3,4,4a,5,6,7—heptahydronaphthalcn—2—onc

111
The methylétion of the preceding decalone was

101

carried out as described by Mukherjee and Dutta A

Colourless liquid was obtained in 91% yield after distilla-

tion bp 107 - 112°/2 mm (1it.107

105 - 107°/2 mm). In our
hands, however, a mixture was obtaincd consisting mainly :of

the desired decalone (85 - 90% ) and possibly the 1,1,3,4a-
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tetramethylated ketone (15 - lOS), -GC separation using:
“column, 15% FFAP on 60/80 chromosorb W 10! x 3/8"; tempera-

ture 150°, flow rate 10 ml/7 sccond.

) - 0
lr(liquid film)° 1715 c¢cm (C=0).
AT 6 5.0 Lt 1, JSS.SHE, C=CI), 1.23 (s, 6, 2 Clly),

0.99 (s, 3, CH,).

252—Dimethy1—1,S—prOPancdiol acctal of 1,1,4a-trimethyl-

1,3,4,4a,5,6,7—heptahydronaphthalen—2-onc 114

The mixture of ketones obtained in the last reac-
~tion (1.92 g), Z,2-dimethyl-1,3-propanediol (1.872 g, 20 mmol)
and 10 mg of P-TSA was dissolved in benzene (50 ml). The
solution was hcated under reflux'with‘azcotrOpic removal of
water for 24 hours. The solvent was distilled and the rcsi;
due triturated with Skellysolve B. Tﬁé solid was filtered
off (propanediol) and the filtrate was dissolved.in THF (30
-ml). To this solution 10 ml of 1.1M LiAll, in ether was
addcd.$ After stirring fof onc hour at room temperature, the
reactién was worked-up (addition of water, 15% NaOH and water)
to obtain a Colour1e5§,oil (2.126 g). The oil was dissolved
in pentane (5 ml) and left in the fridge overnight. Some
crystallization toék place, the white solid was recrystallized
from CH3OH to obtain 460 mg of colourless prisms. The pentane
and mecthanol filtrates were coﬁbined and percolated through
Alumina (80 g) using Skellysolge Biacetone, 98:2, A further

600 mg of purc 114 were obtained. mp.75 - 76.5°.
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: : -1
. 2

RTINS 2950, 2930, 2870, 1475, 1115, 1085 cm

mmr: 8 S.58 (t, 1, C-Cl), 3.95 - 3.20 (m, 4, OCH,CCII,0),

1.24, 1.22, 1.18, 1.14 and 0.72 (five s, 15, § Cﬂ3)'

J 272
1811500, 278.2259

meas. (2), 142(11), 141(100), 69(13), 55(41), 41(18),

mass spectrum: 278.2246 calcd. for C

Anal. Calcd. for C18”3002: c, 77.6?; l, 10.86. TFound:

C, 77.36; 1, 10.94.

Diels-Alder reaction of 4-cyclopentenc-1,3-dione with

l-vinylcycloheptene

A mixture of 4-cyclopentene-1,3-dione (96 mg)

and l—vinylcyclohcpten0108 (134 mg) in ether (5 ml) was left

at 0° for 48 hours. The solid which formed was filtered off

to give 117 mg (56%) of the Diels-Alder adduct 115 mp 187 -

190°.
ir(KBr): 1590 Cm—l‘(carboﬁyl).
nmr(DMSO-de): § 5.98 (broad s, 1, EC=Q).

mass spectrum: 218.1307 calcd. for Cy4M g0, 218.1314 ‘meas.
(32), 176(39), 175(12), 158(24), 133(14), 121(16), 105(23),
98 (14, 93(22), 92(38), 91(100), ~9(36), 77(20), 67(14),

65(11), 41'(40).
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PART IT: AN INVESTIGATION OF SOME INTRAMOLECULAR
DIELS-ALDER REACTTIONS

B I S —

DISCUSSION

Preliminary considerations of the synthesis of
ring C of cyathin As led us to study the Diels-Alder reaction
of substituted furan$. We were particularly interested in
the ugn of 2-methoxyfuran 1 as the diepe. This interesf
stemmed from the fact that the adduct formed wouid already
have two of the ring C oxygens in the proper position.
Suitable claboration .0f the six-membered ring thu$ obtained

could give an appropriatcly substituted cycloheptenone.

In connection with andther project the Diels-Alder
reaction of 2-methoxyfuran with a number of dicnophiles has
been investigated by Dr. L. Browne in these laboratOricsl.
It was found that the methoxyl substituent directs the. mode
of addition of the dienophile giving rise to the "ortho
pfoduct” in accord with the numerous cxamples availablc®

: ;
and with mechanistic COHSiderationss. The furan has beci
previously prepared by other workers4’5. In these labora-
tories the compound is prepared by agidjcatalyzed pyrolysis

of commercially available 2,5—dihydrb—2,5~dimethoxyfuran1.

Treatment of 2-metanoxyfuran with a-acetoxyacrylo-

nitrile and with a-chloroacrylonitrile produced 6-acetoxy-
“«

6-cyano-1-methoxy-7-oxabicyclo[2.2.1jhept-2-ene 2 and
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6—Chloro'6—cyuno~1-mcthoxy-7~0xabicyc]o[2.2;l]hept~2—onc 3
respectively. We intended to reduce the cyano group to the
corresponding primary amine which in turn could be trans-

formed into a suitable leaving group. Elimination with ring

cxpansion should furnish the desived ketone.

CH3; | 0OCH3;
@%R\L — G -
e} ' ‘

Both adducts were found to be the}mally unstable,

CHj

on standing at room temperature they resinify, In order to
partially overcome this instability problem, they were hydro-
genated to the corresponding 7\0xabicyclo[2.2.l]hcpténes.V It
was anticipated that once the conditions for ring expansion
had been established in the hydrogeﬂat\d compounds, they

might be applicable to 2 and 3.

“

A
A3

Attempts were made to reduce theéfyano group by

4,5

treatment with lithium aluminum hydride in ether ‘Under

these conditions, however, the adducts decornosed giving
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rise to mixturcs. These mixtures were found not to cohtain
bicyclic materials since their nmr spectra lacked the. signal

. o . 0 ..
for the bridgehead proton. The use of diboranc” and disi-
. 7 . -
amylborane’ for the reduction of nitriles has been reported.
In our hands diboranc also led to decomposition of the
adducts. Possibly the Lewis-acid character of the rcagent

cleaves the sensitive ketal bridge of our adducts.

Catalytic hydrogenation of the Cydano group was not
successful under the conditions investigated. Thus after
hydrogenation of 2 or 3 in ether or cthyl acctate over pal-
ladized charcoal at 3 atmospheres for up to 48 hours, the
starting material was recovered unchanged. The use of
platinum oxide under similar conditions was found to cause
extensive decomposition. The usc of the latter catalyst in

ammoniacal ethanol afforded starting material only.-

The catalytic hydrogenation of nitriles under mild
conditions using a rhodium catalyst has been reported by
Freifclderg. The reductions are reported to take place at.
low pressure (2-3 atmospheres) using rhodium on alumina as
the catalyst in cthanolic ammonia. Under thesc conditions
no roduction of 3 could be detccted. Treatment of 3 at
100 atmospheres in saturated ammoniacal methanol using rho-
dium on alumina as the catalyst, afforded a mixture of
compounds. No bicyclic material could be deétected byAnmr.

The only crystalline material isolated proved to be ammonium

chloride.
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At this point we decided to prepare a Diels-Alder
adduct which did not contain the acid sensitive intornal
ketal. The adduct should be so . constituted as to allow
eventual conversion to the required ketone. Furfuryl alcohol
was chosoﬁ‘as a substrate. After ving expansion dnd further
transformations had heen completed, acid treatment would
hydrolyze the oxygen bridge leading to a 1,2-diol. The
cleavage of the diol with periodic acid or lcad tetraacctate

should produce the desired ketone function.

2

Alkylfurans, however, undergo Diels-Alder reactions
satisfactorily only with reactive dienophiles such as maleic
anhydride, maleimide, acetylene dicarboxylic esters, ectc.

It has been reported that acrolr-in and 2-methylfuran undergo
a Diels-Alder reactjonlo when hcated 1n an autoclave. Our
attcmpts.of.achieving the addition of acrolein to’ furfuryl
alcohol under thosc conditions resulted only in pyrolysis of

the materials. At lower temperaturcs (refluxing benzene)
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polymerization of the acrolein scemed to be the predominant
rcnction, the furfuryl alcolhol was unrcacted (by nmr).
Lewis-acid catalyzed addition of dicnophi]csvto furﬁns and
pyrroles has been rqportcdll. The intermediate adducts are
not isolated, instcad their rearrangement products.phenols
and anilines arc isolated in yields ranging from 45 - §559.
In our hands treatment of furfuryl alcohol with cither
acrglejn or ethyl acrylate and boron trifluoride ctherate

led to polymerization. The usc of copper f{luoroborate as

the catalyst afforded "no reaction.

At this stage our atténtion was drawn to intcresting
internal Djels—Aler reaction with a furan ring acting as the -
dienc. Bilovic, Stojanac and Hahnlz réportcd that somec allyl-
arylfurfurylamines on standing at room.temperature spontane-

ously isomerized to N—aryl~5,7a—epoxytetrahydroisoindo]ines.

Dy — -0
Ny |
4 R=H, CH3 OCH; 5

Seemingly,  the allylic double bond is so Situated
‘as to facilitate the process to such an extent that such a
poor dienophile as an isolated double bond would undergo a
Diels-Alder addition. We felt that such compounds could be.

used for the synthesis of a cycloheptenone. Thus if a
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suitably substituted allylamine could be prepared, it should
undergo internal Diels-Alder rcaction. After quaternization
of the isaoindoline, thc salt should be prone to fragmentation

ITeading to ring enlargement as shown below. .

L4 3

The preparation of compounds such as 5 was under-
taken. The previous workers prepared. the compounds by treat-
ment of.thc corresponding N-arylfurfurylamines ' with allyl
iodide. The resulting hydroiodides were treated with base
to liberate 4. We could not, however, obtain crjstallinc
hydroiodides and a modéified approach was used. By treat-
ment of N\phenylfurfurylaminc with sodium hydride in DME
'f0110WC@ by addition of allyl iodide, a 27% yicld of 4 (R=H)
was obtained. A better method for its preparation consisted
of heating to reflux an cquimolar mixture of N-phenylfurfuryl-
amine and 2,6-Jutidine with an excess of allyl bromide in
acetone: (75% yicfdﬁl This method was reported to be useful |
for the preparation of quaternary ammonium salts ~. In our

hands, only the tertiary aminc could be isolated.
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While 4 (R=H) isommerized on standing to the inter-
nal DielglAldcr adduct 5 (R=H), all of our attempts to qua-
ternize 5 were unsnuccessful., At this stage, we felt that the
quaternization huq not taken place at lcast in part as a

result of the low basicity of the anilino nitrogen. We there-

fore undertook the prcpurdtion of some alkylallylfurfurylamines.

These compounds should cyclize to the internal Diels-
Alder adducts and thesc in turn should quaternize. If this
were the case our original plans for ring enlargement could

i

be investigated.

As a result we undertook a more gencral study of
the intramolecular Diels-Alder cyclization of N,N-disubsti-
tuted furfurylamines. Further studices have been reported
by BiloviclA. He found that on reaction of N-phenylfurfuryl-
aminc with malcic anhydride, the intermediate N,N-phenyl-
furfurylmaleamic acid 7 1somerized to 2-phenyl-3-oxo-5,7a-

epoxy-3a,4,5,7a-tetrahydro-4-1soindoline carboxylic acid 8.

The same reaction took place using N-methylfurfurylamine.

Y

ﬂOOH |

R = ‘CH3

20—

7 =
Our results are summarized on Table 1. The study

was also extended to include oxygen instecad of nitrogen as
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the heteroatom linking diene and dienophile. These results

arc summarized on Table 2. =

For comparison with 4 and 7, N-phenylsN-furfuryl-

acrylamide 9 and ethyl 4a(N4ph@£v
10 wer'e pfépgrcd. The ac;y%ﬁmi'
internal Dicls-Alder rugétib g
goes the cycloaddition tdféiG5;19£ ‘Eidly 51ncé we could not
isolate i1t in the open (orm, Thoéo rcsuits may be explained
by taking two- factors into consideration: changes 0 dieno-

philicity through polarization of the double bond and steric
requirements. The amide linkage, while polarizing the doublc
bond, has sz hybridization which causes the substituents to
lie in the same plunc.‘ Models indicate that the C=C double

bond cannot approach the ring as easily in the case of 9

as in 4. In the case of the maleamic acid 7, the carboxyl

substituent on the double bond must incrcase its dicnophili-

city to such an extent that this overrides the steric factor.

In our initial efforts to obtain .an N-substituted
N-allylfurfurylamine with a‘substitucnt other than a phenyl
group, N-allylfurfurylamine 11 and N-ethyl-N-allylfurfuryl-
amine 12 were synthesized. -Thesc compounds failed to undergo
cycloaddition at a variety of temperatures (room temperature
to 10501. At the time we felt that a possible reason these.

compounds behaved differently from the Nifbcnyl analog was

due to the different gteric effects of the substituents.
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TABLE 1

Com pound Structure

10

11

12
13

14

1S

16

_ i
7\ A —_
0 SN , 4a
yis

N\ f

00C;Hs —> 10a

00C,Hs

R=H

R = Et

R:‘I-BU I

R= Ac
NG NS NR
O M
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22

17a
CH 0, [
3
e/ “~CH
©\/N ~CH,; Bre —> @3
\) Br
18a
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\/\ .
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Thus-, if the phenyl and furan rfhgs, for steric reasons, arc
well separated, the dllyl substituent is in a favourable
position to undergo the Dicls-Alder rcaction. To test this
assumption N-Egli—butyl—N-allylfurfury]aminc 13 was preparced.

This material, however, does not cyclize.

We next invéstigated whether the d;?fcrcncv bctwcczb
the alkyl substituted amines and 4 was electronic in nature.
It méy be postulated that ic phenyl ring through declocaliza-
tion of the nitrogen lonec ﬁ;igfpolarizos the allylic double
bond or distorts the teffﬁggggivgeomctry of the nitrogen in
such a way as to render the cycloaddition reaction less dif-
ficult. In ordér“tQ study this we preparcd N-a11y1~N~fuffuryl—
acetamide 14. This amide does not cyclize, iikely becausec
the change {rom tetragéndi{to'trigonal'gcomctry of the nitro-

gen precludes the effective interaction of the allyl groups

and the furan ring.

Ancother bossible way of weighing the role of the
polarization cf the allylic double bond is to form'a quater-
nary ammonium salt,*35héﬂﬁositivé charge on the nitrogenc
should enhance the polarization of the double bundﬁ .Io this
end, N,N-dimethyl-Nfallylfurfurylammoninm.bromido i§ wa5

prepared. The salt was+isolated as a thick o0il that could

not be madc to crystallize. Its nmr shows: '8 3.31 (s, Oll,

~al

CHNCH) . §4.35 (d, J=6Hz, 2il, NCI,CI=CH,), 5.06'

3

(s, 2H, CH,N), 5.58 - 6.14 (m, 3II, c1~1=_cné'), 6.47 (d-of d,

Ve LB
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furan C3

J=1.5]lz,
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L, furan C4 proton), 7401 (d, J=3Hz, 1H,

B4

proton), 7.58 (d, J=1.5Hz, 1, Turan CS protoir)

wvhich is consistent with the open form. Bilovic has

reported that 5 can be converted to its retro Diels-Alder

product 4 by heating it above its melt®ig point for a short

v

time. We felt that 1if the same was truc {or the conversion

of 18a to 18 and that if this i% taking place even at room

temperature, we might be able to observe the Diels-Alder

reaction at lower temperatures. lHowever, when nmr spectra
- , 0 0 . ,
were recorded at temperatures of -50° and -957 ), n vidence
of cycloaddition could be 1ctc ted.
Two months later i1t was obhserved th. t" previonsly ;“

Iiquid 1Y had =nTidified. Invedtigation of this material

showed no ev lence for the furan ring and indications were

that ¢ mplete conversion to the internal Dicls-Alder adduct

/o

18a had taken place Thus the nmr of this material shows two

Vinyl protons as a doublet at § 6.67 (J=6Hz) and as a doublet
of doublets at & 6.45 (J=0Hz, J=2Hz). The bridgehead proton

oublcf of doublets (J=4Hz,

can bc obserhed at & 5.16 ag

1nst0dd

two ﬁﬁ'

“Th%,methvl 51gn31§ are no longer equivalent,
=8

'%;1ng1ets at & 3.6 and § 3.74 are evident in agr

observed for ‘the v1ny1 and brldgcqcad protons are 1in close

1 .
agrcemcnt w1th those reported by Browne™ anu Gagnaire and

1. ’

pBXQ“SUBiZHIS for some 7<oxanorbornene derivatives.
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Concurrent with the preparation of the aforemen-

“tioned compounds, the synthesis of systems having an oxygen

instead of nitrogen between the furan and double bond wa-

uadertaken., It was found that allyl furfuryl ether 19,
w .

s acrylate 20 and ethyl furfurvl fumarate 21 do not

fJIfUI\

"‘ ° : s
S % ., - " ]
Pdve rite to the corrvespending..internal adducts. That 20

¢

}&Wg) not (ormtu C'Qionddx £ is in'line with thc failure of
N 3y #ﬁ
N J]]Vl N~fJIfU]V]l\1qu®lOO 9 to undergo cycloaddition.

On the other hand the JJJUI of 19 and 21 to cycllze fur-
. : s .‘\, -

rthcr implicates a \quldl cffect of the phcnyl substituent

thc nitrogen Spllcs
7

The diallyl acetul of furfuraldchyde 22 was pre-
pared by heating to reflux a 5:1 mixturc of allyl alcohol
and furfurdldehydc in benzene Cnﬁfainjng p-TSA with azeo-

tropic removal of watcr. After -tillation of the reaction

roducts a 1:1 mixture of 22 with the'cyclized material 22a
p : L4 ) .

was obtuincdv The ratio of 22 to 22a was determined by
intecg: ution of tho furan C5 proton and one of the protonx at

C4 of the adduct.

.
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Examination of the nmr of the mix‘re of 22 and

22a after two months did not show an'  »roec aple change.
However, 14 months later complete ¢ nve  on to 22a had

, il
taken place o indicated by nmr. A ¢te analysis of

the spectra is possible (sce Experimental) and agrees with
the proposcd structure. It was subscquently found that con-
version of the mixture to ‘22a can be accomplished by heating
to reflux in benzene for 72 hours. Higher temperatures lead
to reversal of the addition. “Thus‘whcn 22a was heated at

0 . .
140~ for three hours, a 2:3 mixture of 22 and 22a wasg

To asscss the Influence of two substituents in the
cdse of cycloaddition, NyN-diallylfurfurylaminc 10 was pre-
parcd via N, N- dldllVlfUldedO 15, Neither 15 nor 16 could

bc 1ndu;cd to form the internal Dicls-Aldes product{ﬂ The

lack of cyclizati . of 1% can again be explained in terms of
the gcometry imposed by the amide bond. The fact tha't 6

does not cyclize even after prolonged heating in refluxing
bei ene whercas 22 does, may be due: to the greater degrec of

fioxibility in the acetal Js the amine.

Whilc.lg_docs'not cyclize, cyclization does proceed
readlly after QUdtOYHIZQIJOﬂ to trldllylfurfuxylammonium
bromldc 17. By treatment of 160 with allyl bromide, the salt
17 can be obtained in crystalline form. When it is dissolved

in minimum amounts of methanol, 17a is formed within 48 hours.

g
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This cyclization is more rapid than thqt{of 18, presumably
' 4 ——

because of the greater probability of attaining the proper

conformation for bond formation,

1

It 1s evident from the results obtainced that the

casc of cyclization 1s increuascd with increasing dicnophilic

R

character of the double bond, an observation generally en-

t

-

. . . 2,3 . C o -
countered in Dicls-Alder reactions™ 7. 1t jis difficult with
the available information to generalize on the factors
governing these internal Uicls-Alder reactions. 1t can be

seen that the geometry of the addends plays an important

part. However, the role of the substituents on the nitrogen
atom 1s hard to assess. It could be said that the phenyl
interacts with the lonc pair of the nitrogen effectively .

diminishing the rate of inversion at this ccnt{o. This in i

turn would permit a better interaction of diexe and dienophile

. - . - . f"
allowing reuaction to occur. Polarization of ithe doulle bond

as a consequence of polarizdtion of ehe nitrogen may be an

Simportant factor. Both explanations ave in agreement with

the results obtained with the quaternarv salts. It can how-
ever be argued that a conclusion should not be drawn since
In the salts the nitrogen is fully substituted and the steric

factor may now be the controlliﬁg factor. It is cleaw that
: . P _

furthér work will be necessary before a complete definition

of t' scope of this reaction can be given.

Regardless of the theoretical implications, the

("3
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ok
case of preparation of 17a, 18a and 22a suggest that com-
pounds of this type are possible intermediates in a ring
. s il
enlargement scquence as discussed initially and as

hypothesized below.

CH
|| | e
0 CHs

CHy—

an
~

e e : A
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EXPERIMENTAL

Melting points were defermined on a Fischer-Johns
or Leitz-Wetzlar hot-stage melting point apparatus and arc

uncorrected,

Microanalyses were performed by the Microanalytical

“

Laboratory of this department.

Infraved spectra were recorded on a Perkin-Llmer
Model 337 grating infrared spectrophotometer, a Unicam SP1000
-grating infrared spectrophotometer, or a Perkin-Blmer Model

421 dual grating infrared spectrophotométcr.

i
. ) 3
using a Varian Associatcs Model A-60 spectrometerygor a Varian

Nuclear magnetic resonance spectra wcrc{bousured

Model HR-100 spectrometer with tetramethylsilane as internal

standard. Dcuterium cxchanacub]cj)rotons are notced 1n text
; 1

» ®

as DZO'

Mass spectra were recorded on an A.E.I. Model MS-9

mass spectrometer or an A.E.T. Model GC/MS mass spectromecter

Y

with a WB scparator. .

Chemical ionization spectra were recorded on an

'Azﬁ.Il Model MS-12 mass- spectrometer with a chemical

ionization source and ammonia as intcrhal standard.
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N~Phohy]-5,7u—cpoxy-3u,4,5,7u~totrdhydroisoihdoline 1a

Fréshly distilled N~phonylfur(urylamjn012 (3.02 ¢,
Zdimmolcs) and 2,0‘]utidino (2.4 g, 22.4 mmoles) was dis-
solved in dry acctone (50 mlj. A1ly1l bromide (4.97 g, 41
mmoles) was addpd to the solution and the mixrufo was
refluxed undcr”nitrogcn for threc hours. After théfaddj-

tion of more allyl braomide (15.7 mmoles), refluxing was

RPN e

continued for 11 hours. The 501uti0§§@55 filtered and the

filtrate was triturated with cther to remove furth;; 2,6~
lutidinc h§drobromjdc formed. The solvent ani excess allyl
bromide were wemoved uhdcr vacuum leaving an orange oil.
After three days a dark semi-solid had formed. After
recrystallization frém cthanol 3.2 g (759 Yicld) of-4a was

obtained. mp 119 - 120°, (1it.12 120 - 121°). The

spectral data 1is consistent with that reported.

The 1isoindoline 4a was also prepared &s described
below.

Sodium hydride (1.35 g, 57% 01l dispersion) was

’ - . rﬁﬁ .12

added to a solut®cn of N-phenyl furfut™lamince (5 g) in dry
dimethoxyethane (100 ml). The slurry was refluxed under
nitrogen for 30 minutcs. Allyl iodide (4.87 g, 29 mmoles)

1

wvas added and the mixture refluxed for 18 hours.
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Water was added to the cool solution (100 m1); the
aqueous layer was extracted with CHZC]Z (3 x 100 ml1). The
dark red oil obtuined after ovﬁporatjon of the dried solvent
(Na2804), was Ch§%matographgﬂfop alumina (100 g). After
elution ﬁith pentane (300 mi), thie column was ecluted with
CH2C12 to giyc a‘brown o1l. Thc 0il solidified on standing
(two days) and the solid was recrystallized from 98% EtOIl.

A Z27.5% (1.7 g) yicld of 4a was thus obtained.

N-furfuryl-N-phenylacrylamide 9

To a mixture of N-phenylfurfurylamine (1.1 g) and

IN sodium hydroxide (8 mi), acryloyl chloride (1.81 g) was
added in one portion with vigorous stirring. Fifteen minufcs
later tﬁo mixturc was diluted with cther (30 ml) and water
(10 ml). The layers werc scparated and the aqueous ldyer
.extracted with ether (10 ml). The ethercal layer and extract
were Combined and washed (di]uto IHC1, saturated NJHCOS).
Evaporation of the dried (MgS@q) solvent left the crude
acrylamide as a reddish oil‘(i.345 g). Percolation through
alumina gave 9 as a yeilow~liquid nD20 1.5852

iT(liduid fitm) 1670 gm‘l (amide) ..
amr: o 8 5.04 (s, 2, CIL,N) .

mass spectrum: m/c  227(55), 213(32), 145(34), 106(19) ,
104 (20y 53(13), §1(100), 77(34), 55(35), $3(26), S1(17).
Anal. Calcd. for C14H13NO: C, 73.9v; H, 5.77; N, 6.16.

Found: C, 73.74; H, 5.77, N, 6.16.

~
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N—Phenyl—d—(éndo—cthoxycarbonyl)—5,7a—opoxy~33,4,5,7a-

tetrahydroisoindoline 10a.

A mixture of N-phenylfurfurylamine (2 g), 2,6-
1utidino\(1.24 g) and ethyl 4-bromocrotonate (2.5 g) was
rcfluxed‘undcr nitrogen for 36 hours in dry acetone (50 ml).
Most of the solvent was removed under vacuum and thc.solu-
tion was t%ituratod with ether to remove 2,6-1lutidine hydro-
bromide. fhe filtrate was concentrated and frituratcd with
pentane. The solid that separated was recrystallized from
Skellysolve B(Etzo to obtain 10a as a white fiber-like
material (1.4§ g). mp 91.5 - 92.5?.
1r(CHé§?) 1735 (ester), 1600 cm 1 (aromatic).
nmr 7. Qm - 6.47 (m, 6, H 7 and phenyl protons), 6.37
(d of d, 1, J=6, 1.5 Hz, H 6), 5.28 (d of d, 1, J=4.5, 1.5 Hz,
HS), 4.13 (q, 2, J=7Hz, COOCH,CH,) , 1.26 (t, 3, J=7Hz,

- COOCH, CH,) . | 3 ‘ .
%a§§ spectrum: m/e 285(@), 204(7), 130(8), 104(6), 82(6),
81(100), 77(15), 53(21), 51(7). f

NOs: C, 71.56; H, 6.71; N, 4.91.

Anal. Calcd. for C17 19

Found: C, 71.47; H, 6.85; N, 4.70.

N-Allylfurfurylamine 11

Furfuraldehyde (19.2 g) was added with stirring to
cool (ice-water bath) allylamlne (13.7 g). After addition

was completed (10 minutes) the mlxture was stirred at room
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temperature for one hour., Powdered sodium hydroxide (2 w)

was added to the recaction mixture with stirring. The layers

were sceparated after ten minutes and the organic layer dis-

vas driced

solved in cther (50 m1). The cthereal solution
(brine, NaZSOa) and the solvent removed. The residuc WiLs
distilled at reduced pressure to obtain N-ul]ylfurfuryliminc
as a colourless liquid (24 g, 85%) bp 74 - 75°/10 mm. ~To a
cool solution (i;c—watéf bath) of the imine, under nitrogen,
lithium aluminum hydrjdo wvas added in one portion (7.6 g).
After twq hours the cooling bath was withdrawn and the mix-
ture was left at room temperature for 12 hours. The recaction
mixture was worked-up by successive addition of water-¥(7 ml),
155 aquéous sodium hydroxide solution (10 ml) and water. The
slurry was filtered and the residuc loft after cvaporation of
th%*solvont‘wasﬁdistillcd at reduced pressure. N-allyl-
furfurylamine 11 was ;btained as a colvurless liquid (11.3 g,

) .
428). bp 65 - 68°/9 mn 0, "0 14860,

%

ir(liquid fim) 1650 (C=C), 1605 cm ! kueratic).

nmr: & 7.35 (m, 1, furan CA4 E)? 6.38 --6.1 (m, 2, fu@an C2
and CS H's), 6.1 - 5.6 (m, 1, CE=CH2), 5.4 - 4.97 (m, 2,
CH=CH, ), 3.78 (s, 2, ATCH,N), 3.35 - 3.16 ¢h, 2, CL, CHi=ClE) .
mass spectrum: m/e 157(9), 108(19), 81(100), 68(19), 56(17),
53(47), 41(42). | o

Anal. Calcd. for Cgl' [ NO: gagqp.os; H, 8.08; N, 10.21.

s

Found: C, 70.34; 1, 8.20, X, 10.32. | | PR
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N~A11y1—Nvethylfurfurylumino 12

N~Accty]—N-n]lylfurfuryluminc (1 g) was reduced with
Fithium aluminum hydride in ether in the usual manner (sce
preparation of 11) to give a quantitative yield of crude 12

An analyt cal sample was obtained by bulb to bulb distilla-

i
tioh  60°/0.5 mm n““o 1.4740.

. . _ . -1
13(1iquid Film): ﬂéOSS (C=C), 1645 (C=C), 1595 cm
(aromatic). A

nmr: § 7.34 (m, 1, furan C5 H), 6.34 - 6.16 (m, = iran

Cd and C3 H's), 6.14 - S.S@Q(m, 1, CE=CH2), 5.37 - 4.96 \\\
(m, 2, cu=ci,

CEZCH=CHq), 2.52 (q, 2, J=7iz, CQZCHS), L.OS (t, 3, J=7Hz,

), 3.63 (s, 2, ATClL), 3.2 - 3.0 (m, 2,

Cl,CH) . | | _
mass spectrum: m/e  165(7), 150(11), 81(100)° 57(2a),

41(18) . ) '
- Anal. Calcd. for CIOHISNO: C, 72.69; H, 9.15; N, 8.48.

Found: C, 72.88; I, 9.31;‘N, §.43,

N-terg-Butylfurfurylamine -

£g££~Buty1aminé (0.4 moles) was added to a solution
of furfuréldehydc (0.2 moles) in benzenc (IOO‘ml). After
12 hours at room temperature the excess amine and benzene
were evaporated under vacuum.:  The residue was dissolved in
ether (300 ml) and cooled (ice-water bqth)u To ?ﬁc cooled

solution lithium aluminum hydride (0.1 moles) was added in
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onc portion under nitrogen. The slurry was vigorously stirred
at room temperature for 12 hours. Work up in the conventional

o f'}
manner gave a 959 yield of the crude amine. Distillatijon at

reduced pressure gave N-tert-butylamine as a colourless liquid.

(844 yield) bp 66°/14 mm nDZO 1.50371.

. N -1
. . . . 2 -
lr(liquid Cilm) 1600 (aromatic), 1210 cm (t-Bu).
nmr: § 7.34 (m, 1, furan Cs H), 0.38 - 6.1 (m, 2, furan 5

and C4 H's), 3.76 (s, 2, CH,N), 1.17 (s, 9, t-Bu).

2
mass spectrunm: n/ec 153(2), 138(17), 81(100), 53(20) .
42(14), 41(16).

Anal. Calcd. for ColljcNU. €, 70.55; i, 9.89;-N, 9.14,

Found: (| 70.90; N, 9.87; N, 9.14.

N‘A]]yl-N—tort—butylfurfurylamine 13

To N-Egzi—butylfurfurylaminc (5.37 g) in cther
(80 m1) at ~505} an Q;butyllithiumqsolution‘(1.275N, 20 ml)
was added slowly with stirring under Nitrogen (10 minutes) .
Allyl bromide (2.9 g) in cther (10 ml) was then added over
10 minutes. The Solution was left at room‘tcmperanre for
14 hours. Wétc?fwag addedh(l ml) followed by magnesium
sulphate. After removal of dfying agent and solvent the
residue was distilled at reduCcdrpressure. The allylamine
13 was collected at 485/0.4 mm. (1.4 g) nDZO 1.4716.
ir: 1650 (C=C), 1600 cn ™ (aromatic). '
nmr: & 7.31 (m, 1, furan CS ), 6.38 ~6.05 (m, 2, furah C4

and C3 11's), 4,05 - 5.48 (n, 1, ClI=Cli,), 5.28 - 4.74.(n, 2,
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Cli=CIl,), 3.72 (s, 2, ArCH,), 3.37 - 314 (m, 2, Cl,CHi=Cil, ) .
mass spectrum: m/e 193 (2), 178 (21), 81(100), 57(7),
53(10), 41(23),
*Anal. Calcd. for ClZ“]QNO: C, 74.57; 1,-9.91; N, 7.25,

Found: €, 74.83; I, 10.30;.N, 7.47.

N—Accty]—N»allylfurfury]gmjne 14

T T o
R ; A

N-A]lylfﬁr(ury]umjno (3.3 g) was nddod to a mixture
of acetic anhydride t]O ml) and pyridine (20 m1) in dry
CHZCIZ (100 mlf: After 18 hours the solvent was distilled

‘ unJcr vacuumﬁi%ﬁﬁévresiduc was dissolved in ether (150 m1)
and washed With ice-cold dilute HCI (2 x 20 ml), saturated
NaHCO3 and brine. Ehc dried (MgSO4) solvent was eVaporatod
Teaving the title compound as a yellow 01l (3.15 g, 73%) .

An analytica]‘samplc was sccurced by bulb to bulb distillation
bp '190°/0.3 mﬁ nDZO 1.5031.

C -1 -
1r(1iqujd fFilm) 1655 cm (amide).

o

nmr: & 7.34 and 6.26 (two m, 1 and rcspcctively: furan
protons), 6.14 - 4.9 (m, 3, CH=CU2), 4.55 and 4.4 (two s,
2, furan bénzylic protons), 4.08 - 3.8 (m, 2, CHZCH=CH2),
2.11 and 2.09 (two s, 3, NCOCﬁs).

mass spectrum; m/e  179(7), 138(29), 96(100), 851(65),
56(19), 53(57), 43(61), 11(29), 39(24). |
Anal. talcd. for Crol N0 €, 67.02; 1, 7.31: N, 7.52.

Found: €, 07.21; H, 7.49; N, 7.97.

"»I i \'-" <.
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J,N-Diullyfnruﬁjdc 15

e

l/
l To a sol®tion .of furoyl chloride (13.05 g, .1

moles) in cther (200 ml), a mixture of diallylamine (9.7 2,
0.1 mglcs);and triothylaminc (d.ll'molcs) in ether (100 ml)
was éddod dropwisc (30 minutes) with external cooling (ice-
water bath). The vigorously stirred slurry was lcft for
three hours at room temperature.  To the reaction mixture,
ether (100 ml) and water (40 ml) WCrc/addod‘and the %uycrs
separated. The cthchal layer was dried (brine, MgSO4) and
the solvent was evapo}utcd. Distillation at reduced pressure
afforded the amide as a slightly yellow liquid (16.1 g, 847%)
bp 105 - 108°/0.5 mm nDZO 1.5247.

jr(liquid film): 1030 cn? (amide).

nur: 8 7.5, 7.05 and 6.47 (3my 3, furan D, 6.3 - 5.0

(m, 0,72 CUECIL), 414 (m, 4, 2 Clc=c).

2)
mass spectrum: m/e ' 191(13), 150(8), 108(6), 96(7), 9571003,
94(20), 70(11), 41(21). . o
Anal. Calcd. for C. . 1i..NO. - C, 69.09; H, 6.85; N, 7.32.

) 117137772 -

Found: <, 08.85; I, v.95: N, 7.u9.

N,N-Diallylfurfurylamine 16

Lithium aluminun hydride iIn ether (20 ml, 1M) was
added dropwise, with stirring, under nitrogen, to a solutjon
of N,N-diallylfurfurylamide (1.97 g) in cther (30 ml).

ALt ddition (20 minutes the solution was Teft far £iva
’
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hours at room t cmperature, It wa workaed up as in previons

similar rceactions to obtain N,N—diﬂ]]ylfnrfurylumiwo as a
co¥ourlegs | tquid (1.692 g, 9040, ‘ulb to ‘bulb distillation

59

(J70°/0;l mn) provided' an Ahu]yticwl'sumplu NpTT 104850,

, 5 -1 -
. 45 =
| ( - ([111 d tilny’ 1045 ¢m ((' ¢).

IHH]. § - 7.40, 0.35 <1ﬁd.().%5?‘(§n“ 3, 111ru1{1>rot(n15), 0.1 -
0. (m, 6, 2 CH=Cl,), 5.05 (s, 2, AYCILNY, 5.1 (m, 1,
'ﬂ,z CH,C=C)",
kMJss spectrum: m/o 179(25), 17h(°0),'J27(20), 150(9),
&égleO(JO) QU(J) ‘81(100) 53(14), 41(22
‘Anak. Calcd. for C 0, 74,59 53; N, 7.90. f
£9 An1b. Calcd. foz tllHlSNO F, 74.59; H,(@. i, N, 7f)0
Found: C, 74.39,"74.08; H, 8§.74, 8;;5; N, 7.92, 8.06. ., L
| S A0 T e .
. r_’ﬁ' ‘ [ - ) . Y ‘:i . -' g '
éFrlallﬁ}furfury]nmmgn1un{fffftitlifj“fwé dlll{i} S, a:Cinf' ,‘}]é
3a,4,5,7a -tetrahydroisoindelinium bromide 172 - . >
w—_‘u—\, .F_AV\MM___\,WM’ - ——— N o

785 yield mp 140 - 143°. .

An cquimolar mix%urc N,h dxallyl—

furfurylamine uid allyl blomldC were H]ACd and 1¢ft overnight.

<z

The" crystals forwed were.washed with ether td obtain 17 i

T8 4092 (s, 2, ArClL), 4:1¢ (d, s, NCﬁz): "

s The salt~17 was dissolved in thceminimum Amount of 
methanol. and the solvent aliohol to C\deldL &at roon pem: - )
‘peraturc.v Aftor 48 houra a QOlld "hid Tormcd It st tri—
turated wiih'ethpr to Outdln thc cyclized salt 17a (89%) | s

o]

mp 149 'zééo . ' 4
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mnr: § 0.75 (d, 1, J=ollz, H-7) 0, 047 (1 of da, 1, J=6,

.

LoSHz, 1-6) .  ya
Anal. Calcd. f{or C

Found: ¢, a8 00; 11, 6+

¢ S

thﬁthy]u]]ylfuﬁfnr\lhmmonjum‘bromido 18, N,h—dlmgthyl—

“rothy!

]

o, 18.8%; 11, 6.50; N, 5.60.

v

T e S h ) ———— \,-\,MA_..__\_N\_«_W_M..V_.. —— ——

S,7a-cpoxy, 3a,

T e e - e e

Anh exc

dihcthyl(urfury

’

(10 w1 ). After

. :
S the solvent and

N BN - o
vacuu I'he am
Coe

Ry

as a YQlﬁoﬁ;ojl.

'hmr' :d 7. 58 (

u»o 46 (m, , Atn

Anmr:‘ & 6.07 (

‘Tial

BN

After,

1s transformed
° .

h

W3ds recrys

1.5n%, Co, H),

(a, 1,79=15. 5112,

4.05/ (m, 1, C3-

(d of d, 1, J=7,

(s, 2, Ar(} 50 2473 5 (d 2, I*o”%, (n LH (12

o,
ClighCis), &,

NI
N

d, 1, J=oliz, C7 1), 6.44 %F d, 1, Je0;e

,5,7a xth\d101<01ndolln1um h1om1do 181

css oof allvy lywnf?ﬂc was.decd f&%¥~N“

Tamine (1 g),,dixsolvéd in dry’ mctha? 1
~ ,

(hy tr
L4y

ngndlng at room t@mp<1dtu10 for QO quyt@%c»~*‘

excess allyl blodeL weroe cvqpaldtcd undcr

. PRI [ bt K2
monium salt 18 was obtained quﬂngltutivcly"f'fb
4 » N “J : ’ t‘\};“";’;“
. w3 L i a :
n %], furan €S H); 0L (m, - ;dp?ln,ﬁﬁ H),/-
' . ‘ k\. 3. .y . ‘
an C4 H),, 6.14 - 5 58 (m, é‘é %

~2

. . . \ N - . .
00 days of stunding at reom temperature 1%=

l”'

to'a solid- corresponding to ISanf Thi$ mats

tal]jzod"from EtOH~Et;O.“mpI185.» 186°,

516 (d of d, 1, J=4, 1.5Hz, C3 1), 4.8 N
H), #.06 (d, 1, J=13. Sz, C1 ), 4.72 -
1), 3.78, 5.02 (two s, 6, 2°NCHy), 1iss T o

Siiz, C4, liendo) .
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AIy1 fusturyl other 10 e
; i

Yh? cther was prepared trom. furfuryl alcohol and
allyl bromide in a conventional way. bp 167 - 168°

/
aroo (i PO nn sy coagase

1 8).
D I 1.4718)
: MAY . Vo
.- N v
Furfuryl perylate 20 L Ly
MANf_,jAﬁZ__a\N\AAgTj ' C
' . : f . c e
i o The ester 20 was prepaved by toe ek 1o ugoﬁ*ln
, gt . Lot
0 L L1

the prephration df 21 It was obtained ad
preg ~4

v s |
B Tiquid (hse) bp o 82 = 837710 may (piel T by 93°/16 nm) .

‘ o o L
( ’ . ; A ’ o R
- . S . 7 TR
Furfuuuldchyﬂ FQiqk}yr“”Qctal 22 o % ‘ ‘
L T e . ' X
ML S e
CATmixture ptb furfural (4% g, 0.5 moles), allyl,
: &5 .o : [
5 S , .
alcohol (145'8{:%%ﬁ;mO]Cg),%@Q‘jﬂfﬁsﬁ'(§Q:mg)vWHS djifglvod
N ., ‘ . - ) - '. - ) T
in benzene (500 ml). The solution was heated toe reflux
with azcotropic removal of
aminc was added £1 ml) agud
. ) r .
'4'wcfe’ovapo?£%ﬁd> nder v . The black residuce was dis-
= .. > . e . . . . _ B
~tilled at reduced pressure to obtain a 1:1 mixture of
furfural-dquly] acctal 22 and l-allyloxy-5,7a-cpoyy -
: . L4 - [V . .
1,3,5a,4,5,7a-hexahyvdroisobenzofuran 22a (52 ) bp 100 -
. B . ‘
: 105°/% mn., D e
JURNCREL. 2 - .
nmr: ¢ 7.45 (m, 1,”fhfun»CJ protonj, 3,02 (t, 1, J=8lz,

€4 1 of adduct). -



o 1 i
W ] /5
. N ——ryie’ )
Wt - Uy . . -
Rl—A[lyjoxy~S,7u—Cpuxy~l,ﬁ n,4,S,7u~hcxuhydr01sohpﬁzulurun 22a
ST D L e AN s al
u v . . . . INCE
One gram of ¢t sample obtained L0 e, g ve-men-

tioned experiment was tuxed in benzene (15 @)/ for 72

hours. The solvent w. | diz Tlled under vacuum to leate one

gram of the “cyclized material ;;if An analytical sample wné
N . .

prcpﬁtod\by bulb to hu]ﬁ'distiljation SUO/O.} mn nb' 141018

j]‘(]j($ﬁj(i }i h“j: 5060 and 105(1'Cn1;1 (C=C).

nmr: § 6.5 (d, 1, .I:()H:QQ'LE 7), 0.32 (d of d,. I, J=0, 1.5 Hz,

H-0) ,h().Z - 5.72 . (m, I, CHCH,), 5.42 - 5 L0, (my, 3, CH=CIH, and

Y

A15), 5.18 (s, 1,70C10),-4.27 (¢, 1, J=8ilz, g'g>;‘qgﬂg- 3.56
N3

-
ré

» ‘.1 Y i ,
(m, 2, OCH,CH=ClI,), 3.56 (t, 1, J=$lz, U 3), 2.28 (d of q,

\,ﬁ‘ié'ngiﬁ?gw, H-5ab, 1.62 (d of < of d, 1, J=12, 4, 3pz, - .
-0 AT d o a4, 1, =12, 8nz, Hoan).
mass spectvunt m/e. (MY-57)) 157(41), 123(15), 109(37),
N . y .
108(82), 95(52), 81:.4), 80(90),-79(40), €11(100). s3 %
¢ ‘\? .- - ‘ ¥ ' §.02; 7.27 ‘ol : #
| Anal . Lll;d or C11”1403 C, 68.02; 1, 7.27. Found: )
P C, 08.035 H, 7.16. . : .
* L \
LA
EthyI furfuryl fumaiatc 21 I
— —— e - . ‘ ’ vl
: f ‘ A ,
* To a solut’ion-of furfuryl alcohol (9.8 2) and tri-
: ; - d
)

ethylamine (11.1'g) in~cther (200 m1) at:—50°, trans-8-

éthoXyca}bowylacryloyl chlorrde (16.93 £9 Qus'addcd dropwﬁsc
’ - w st i .

with stirring. The mixture wis :1lowdd to warm to room
temperature after adddtion was completed (30 minutes) and

stirred for 14 hours. Water (50 ml1) was added and the

. : r/“\g/
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layers separated,  The cothereal layer was wugﬁml (diluted
Het, saturated NallCo() and dricd (Na >S0,) . The residie deft
after distillation of solvent was pvrco]utod through alumina
(100 ¢) using (Jllé(f]z‘;u tuent. Ethyd furfuryl fumarate was
O:l)tdi]](‘d “ns @ yellowish liquid (19,7 g, 879). A pure

sample was preparediby bulb to bulb di‘stillzlvti(m "180°/0.1

20 e
‘mm ny, 1.4910, @e
5 C ’l (<) By,
(lu{uu illm) 17350 cm (cst@r) . |
nine a3 (m, 1, furan pg H); Sk (H 2, HC=CH), 6.51 -

0.28 (m, 2, furan C4 and C3-1), 5.19 (s, 2, AvCIL), 4.2

2))
;<00( LOCNS), 1,29 (¢, 3, J:7ﬁ?' COOCHFCH, ) .

(g, 2 s :">._1._="~f:

mass Hp{u 'h’;?"“o

2 /e 22407, 181012y, Y128 51y, 127018
% L] .

: . o m = o a

100(14), 99 (249 7, B2(13), 811007, 80(153 3), 69(10),
55(18), S4(15), 53 (45), 52(44), S1(11), 45(11), 41(29),
39(27). ‘ L
Anal. Caled. for €y H,,0.: €] 58.93; 11, 5.50. Found

C, 59.075 0, 5,47, Y R

- 7”
Lol - i
, )
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o d) Je y./\._’ Iltu\ Iusq ] (,hcm % (Ingll sh trmx] ),
’ ) .o
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