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ABSTRACT
JPART 1
The synthesis of l S—methanolIO]annulene was undertaken with the

objectiye of produding a: good model for a presently hypothetical

i

neutral monocyclic,Kand planar 10ﬂ-e1ectron system. On the basis of
Huckel -olecular orbital theory or nore simply ' the "§n+2" rule,:

" monocyclic, planar arrangenent of lOw-electrons was predicted to exhibit
aro-atic properties. Thellability exhibited by the two monocytlﬁt[lO]-

annulenes 4 and 5 was in contrast vith the aronatic properties of other

-

10ﬂ-e1ectron systens such as naphthalene 18, azulene 17 and 1,6-methano~

[10]annu1ene 15. Theselﬁatter three conpounds do not provide true models
\( /

\\\\of a nonocyclic 10w—e1ectron syste&\ ue to various bonding interactions

\"?
,/such as; the c9, 10 m and ¢ bonding in 18 the 9,100 bonding in 17

e

and a possible Cl1, 6 transannu{ar bonding interaction in 15. 1, S—Methano ,
- \ .
{10]annulene is expected~to have minimal rransannular bonding interac-

. S R : : - , \i
tions, and therefore its physicaluproperties may reflect those of a mono-
\\\v/;~ ‘eyclic lOg-electron system'if'the'moleculeican assume a planar geometry.

”The‘key step in the synthesis of the required skeleton involved

I

- a Michael—WittiﬁFreacﬂlon betveen cycloocta—Z 4 6—trienone 64

and the anion of methyl—&-(dimethylphosphinyl) 2—butenoate 72‘to give, .

after a base catalyzed rearrangement, 8—methoxycarbony1bicyclo[5 3. ]—
undeca-1,3, 5 8—tetraene 7&. A series of steps led to bicyclo[5. 3 1]-

undeca-l 3,5, 9—tetraene—8-one 76 which was, reduced to the corresponding

~ ~

endo—alcohol llO. pimerization of 110 to" the exo—alcohol 116 and

P yrolyric elimination of the correspondingl;—nitrophenylcarbamate gave

l 5—methano[10]annulene 19 as an air qensitive orange oil vhich de—

composed slowly at room temperature. Several substituted derivatives'_

e




'of 19 were also prepared and their properties are reported

The physical properties of 1, 5-methan0110]annu1ene were consis- = ¢

v e J ¢

tent with a highly delocalized arrangemenv‘ h ’1 jectrons. A' com-

parison of the properties £ 19 and "

v

Wy e o g
15, 17 and 18 is nade. sence gf ';*MJ:-ric'data for 19 pre-

J cludes any quantitative discussion of its,electronic structure. How-

ever, on the basis of the observable properties which are reported it is.,“
concluded that 1, 5—methano[10]annulene, possibly, represents the best
‘model yet prepared for a monocyclic, 10ﬂ-electron system and indeed dem-

onstrates that a delocalized array of lﬂv-electrons does provide a

/Ltabilized "aromatic" system as originally prédicted by Huckel's theory

- PART 11

¥

P

During the course of investigations directedatoward the- syn- ‘
thesis of polyoxo—macrolide antibiotics it became apparent that a method
to effect amild C acylation on acid and base sensitive synthetic in— ;
‘termediates would greatly facilitate the synthesis of this important
class of natural products and related acyclic systems. A satisfactory
solution for mild C-acylation, which has wide synthetic applicability,
.;described and patterns to some extent a similar process which occurs
in the biosynthesis of fatty acids.
. The conversion of a carboxylic acid to the corresponding B—keto
‘.‘ester is operationally quite simple. Carbonyldiimidazole converts the
" acid into the corresponding acid imidazolide which is withOut i{solation ‘/

treated with the nentral magnesi salt.of a ‘malonic or methylmalonic

‘half'acid.ester. The latter reagept is readily prepared from equivalent

Ldamounts?of magnesium'e oxide and the respective half acid ester. The

vi
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B N . . 11 r,:“‘:?
this reaction are offered. ‘ ’ . RAERAE C- . C R

E—acylagio}x v.proc'em iﬁ’.quantitativ.e or excellent ymiglds. and is normally
Jcomplete within 16 h below 35°C. Tf\e wide scope of this ;eaction is
deponst'rat'ed‘ by‘the' pre‘:par_ation of a varl.:iety c;f B-.-k‘e:to esters containing
various funt:tiona’litiés. A modified pémedure for C-acylétion in the
px?esehce 6f’ a p;iméry h.ydr_oxy. group is ‘a;lsov given. Alth;)ugh ;:he mechan-

1sm of this new C-acyjation 18 yet unkhowg, a discussion of some observa- -

tions in this context and also possible biosynthetic bli’éat . of

vii
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CHAPTER 1

~ INTRODUCTION

A. ‘THE CONCEPT OF AROMATICITY
| Over several deéades,organic chemis;s'have.uﬁaértaken the ‘syn-.
thesis of novelrﬁqlecules &bgse propeéties might iead to a better undgi—
s;j:ariding of the conceét of aropaticity. This concept was introduced at
a very éafiy stage ih the history of chemistry and haskthereforé
~ evolved thropgh &ifferent meanings and 1nterpret§tions.l In the'eariy
%%? o <\ningteen;h century,. the term "aromatic" was usea to classify érgaﬁic
compounds on the basis of odour: Aé-analytical methods developed ;t‘
was recognized'that Qany'of these odoriferous combougds:;ere derivatives
of benzene. The sensory descfiptidn‘of aromaticity was replaced by a
- meaning béseé on cdﬁpositién and strué;ﬁre. In 1865 Kekﬁlé‘suggested
-a symmetficathéxagonal»strﬁcthre for -benzene’ éndklater revised this
3

tQ a dynamic structure consisting of,two interchanging forms 1 and 2.°

~

Upd
N
(Lo

Erlenmeyer suggested that the concept of aromaticity shouid not be
limited to a common stfuctural feature such as benzene, but rather,
should includé all subétances of similar prOpertiés.4 Aromaticity

~ thus develbped agla meéns of relating certain organic compounds which

exhibited chemistry similar to benzene. Therefore; aromaticity



<,

BN

became identified with the stability of - the benzene nucleus and its
preference for substitution versus addition'reactions. As ideas ZEna\\\
¢erning the chemical bond were developed in the early 1900's,5 it was
: recognized that the electron organization of'aromatic compounds was
different from that of double bonds in alil:hatic compounds. In 1925

) Armit and Robinson6 suggested the inscibed circle formula 3 for benzene
S and fOrmulated the concept of the aromatic sextet" of electrfns as
‘being a stable association vhich.wasvresponsible for aromatic=oharacter.
| The concept of n—eleetron moleeular orbitals.introduced by Hﬁckel
in 1931, provided a theoretical foundation for the description of the
eleotronic structure of benzene. His famous "4n + 2" rule extended the A
concept of.aromatioity‘to other nm—-electron systemspand resulted in a
" new meaning for atomaticitf based‘on electronic struoturei-.Theoretical
treatments_of aromatic systems by the molecular‘orbitalg and valence
bond9 methods led to the calculationvof resonance‘or electron delocal—
ization'energies. With this development,'chemical reactivity was re—
placed by electron delocalization OF resonance energy as‘a ctiterion
for'aromaticity. | .

It 1is a'diffieult task to deféne aro-atic character in ten-s ofp
experimentally measutable propettiea as no single physiealbctiterionv
has been founghas a definifive"measure of aromaticity.%o Afomaticity v
is generally accepted as a ground'state property of ayn01eculefvhich‘

: reflects a characteristic electronie structure involving deloealized
w-electnons around a cyclic, planar, o-framework. Any property of a

molecule which provides infornation about electron organization is a

_potential measure of aromaticity. The classification of a given mol-



ecule as “aromatic” very often relies an a subjective judgement based

on a coqbipation of observable preuerties;

.B. CRITERTIA FOR AROMATICITY S , | -
Seueral observable prOpertiés of a molecule serve as criteria
for aromatic character and they can be categorized as 1) struatural

2) thermocha-ical and 3 spectroacopic. c , . _ -

1) Structural Criteria for ArOmaticity | ' //\\

. -
Two factors with respect to- the geometry of a molecule aﬁ;ji;:\\\J/,_q/

-

.- portant in providing evidence for aromatic character K 1) a, planar
array of sp2 hybridized carbon atoms and 2) equal C—C bond lengths. A
coﬁfﬁnar systip is necessary for effective m-bond overlap and Lany dis-
tortion from lanarity will, in principle, give less delccalizea'char-
-actez;’_Tae ~C bond lengths of aromatic comfounds should be "like

AN
benzene" in.length and in degree of equalization throughout the m-frame-

work. It has been suggestedll that a molecule 18 aromatic if its

C—C bonds are betueen 1. 36 and 1.43 & in length, and is a polyene if

-1t haa alternating bond lengths of 1.3471.38\A for thg»c-c honds_and

1.44-1.48 & for the C-C bonds. Confornity'to he geonetric require—

| ments Qescrihed is a valid criterion for ard tici&y, but accurate

<
geo-atrical infor-ation is not always available for a given molecule.

o

ranatici#y : ~

2) Thernodynanical Data as a Criterion for
A low ground state enthalpy can ‘be in ve of aro-atic
character. However the evaluation of the thermochemical data with -

' N

respect to an increased stability of a molecule due .to electron de~

localization reliea on'a,co-pariaon with the energy of a hypothetical



Y

molecule ‘with a non—delocalized electron organization. The thermo- .
DY . i

chemiqal data for the hypothetical. ‘molecule . can only be estimAted from

1

data of real systems and the inadequacy of this estimate leads to sig-

’nificant(deviations in the resonance-energies calculated. o SRR

Typical thermodynamic data-measured for a compound are the heat N
of cbmbustion»or the heat of hydrogenatibn‘ The analysia of the res-

onance energy of benzene is illustrative of the thermodynamic criteria

for aromaticity and the inherent inaccuracy of‘this method. 12 The

heat of hydrogenation of Cyclohexene is -28 9 Kcal mol l, therefore,

that of’ hypothetical cyclohexatriene could be 3 x —28,59‘- -85.8 Kcal
-1 - ) ‘ : ’

‘'mol . The observed heat of hydn ena\fion of*beneene is f49;8'Kcal7"

mol'_1 therefore benzene is 36 Kcal mol 1 mOre stable theﬁ/;yclohexatriene.

.

However, if the sum of three heats of hydrogenation of ethylene (-32.82

N

I\cal mol” ) is used to. obtain a value for cyclohexatriene‘, then a value
of 48.7 Kcal mol -1 is’ obtained for the Tesonance energy of benzene

-The valnes;of the thermochenical data used_to calculate resonance
energiee are very sensitivetto the.approximations being made; and hence
‘this method doea‘not seem to provide a deiinitive.criterion for aroma-
tdefty., v B e .

3) Spectroscopic Observations as Criteria for. Aromatici_x

Varioua modern spectroscopic techniques, especially nuclcar

magnetic resonance (NMR) spectroscopy can provide some experimentally-

observable criteria for aromatic character. The magnetic field a éiven

A
nucleus experiences~consists of the sum of the applied external field

'l

H and the magnetic fields induced in the noleculetby H The induced

magnetic fields in the -olecule ariae from the motion of its electrons



5

‘concept was establis

Y : T . ' T

and can-be'divided into contributions from 1) electrons surrounding

the nucleus which is being observed 2) electrons of neighboring
atoms, and 3) electrons which are freely moving within the molecule

M

Pauling14 first proposed Ehat the observed diamagnetic anisotropy of

.cyclic, topjugated hydrocarbons compared to linea‘ QJefins was due to

n—electron currents nduced when a magnetic field was apnlied perpen—

/

dicular to the plnn‘} «the-molecule. Avtheoretical basis for this

Y

2

the “ring-current" model o ‘explain why the chemical shifts of protons

in 'H MR 8pectra‘of aromatic molecules were found-generally down-

'"field compared to protons of e@liphatic olefins. Many\examplee hhve_

shown that 4n + 2 and 4n T—-electron systems show‘different'lﬂ MR -
characteristics..l7 Astheoretical e;planation of this phenomenon was

ﬁfbngople and Untch18 and the following conclusions were

'
&

developyd"l).The magnitude of,thetring current is partially reduced

ring size and the nagnitude of thq ring current will decrease with

N N
Y

less effective overlap of the 7 orbitals, 3) For 4n systems the
presence of low lying excited states (a mixing of the ground state,
wave functionsbvith the excited state ‘wave functionsj.causés a para-
magnetic shift andfinfinite paramagnetism is, predicted~in the .absence
of bond alternation Distortion of the molecule to remove the degen-

eracy of the highest occupied and lowest unoccupied orbitals reduces

the'paramagnetism to that observed, 4) The effect of an “induced dia-

magnetic ring current on the 'H NMR resonances is to cause downfield

-

d by London.ls“'PopléJG incorporated and extended‘~

™~

&



. . N~
properties which have been discussed.

shifts (deshielding) in the region outside the.cyclic, conjugeted;’ﬁn + 2
nm-electron eystém‘and‘upfield shifts (shieldinéﬁ inside the ring, and
5) ?he reverse situaticn occ9;9~£or<e.parapagnetic ringlcurrent of cyclic,;
4n m-electron systems. Therefore thebep;erred v NMR chemical shifts
‘gt certain protons provide an experimental criterion‘for aromaticity
as reflected by the presence of an induced diamagnetic ring current

which 18 due to a delocalized T-electron systenf

v

Aromaticity is a concept which describes in a general way the
AN
properties of a class of compounde which have an exteqsiﬁedy delocalired-
m-electron system., . This‘concepf has survived from the beginnings of A*

organic chemistry and therefore serves some purpose. A compound canhbe

classified in aesubjective manner as aromatic baeedign the observable .

C. CYCLIC m—ELECTRON SYSTEMS

Hﬁckel‘mplecular orbital theoryb(HMO), cr more eimpiyk the
"4p + 2" rﬁle has guided the synthetic develepeents in non-bepzenoid,
aromatic chemistry and has demonstrated remarkable success in predict~
ing the physical properties of cyclic Teelectron  systems. The HHO
theory invokes several approximations which include the following:
1) The m-electron eystem is separabie'frcq the o-electron system which
implies two sets, T and O, of non—interecting electrons, 2) All of the
ccnstituept 2pz electfens in the ﬂ-electronpsystem have the same energy,
3) Iﬂteraction ot:pon-adjacentbipz orbitals is negligible,'end 4) The

.molecule consists of equivalent CH units with equal CeC bond lengths.



. : | .
The HMO theory involves a linear combination of atomic orbitals which

)

produce a set of moleculgr orbitals (MO), some Weith lower energy

.. 8

(bonding) and some with higher energy (antibonding) than the original .
atomic orbitals. " It'is found that 4n ¥ 2 electrons are required to
fil11 all of the bonding MO's to give a "filled shell" configuration.

Huckel stated his 4n 4+ 2 rule as follows'7 "those monocyclic coplanar

systems of trigonally hybridized atoms which contain 4n 4+ 2 electroms
/

will possess relative electronic stability.' The HMO-theory}or the der-
ived "4n + 2" rule has motivated extensive efforts in bot’h’theoretical19

Y

and synthetic orgenic chemistry.

Cyclooctatetraene wasisynthesized in 1911 and deocribed as non;'
aromatic in.agreement withbﬂno\priéictions.zo The synthesis of
-[18]annulene in 1959 by Sondheimer and coworkerSZIGrepresented a major
breakthrough in providing synthetic access' to monocyclic Tr-electron |
syztems. The annulenes are fully conjugated, monocyclic polyenes with

the number of CH moieties in the ring indicateo by an arabic numeral in

brackets.22 The"oxidative coupling of linear @ w—diacetylenes forms

macrocyclic polyacetylenes which rearrange by treatment with strong
baaes to fully conjugated dehydroannulenes which are then partially

hydrogenated to annulenes. Annulenes ranging from [12] to [26]annulene

have been syn hesized23.and their properties are comnsistent with HMD

‘theory. The synthesis\of [18]annu1ene is schematically shown as

follows. - éw‘ -



1H NMR sccdies of - the: annulenes provide experimental evidence
l for induced ring currents in T-electron systems ihich ‘are consistent
with theory, as was previously discusaed. Some of ;:he ’ erinental
results are summarized in Table 1. |
A A series of confomtionally stable didehydro[lm + 2]annulenes
coéering a range of l4m- to 301r—elect:ron systems has been synthesized
and studied by Nahgawa and comm:kers.28 A study of the effect of r:lng
size on the T—-electron systen was _carried out and it was found that the
:difference of 'H NMR chemical shifts between outér and inner protons
‘progressively decreased with increasing ring size. These results are
summarized in Table 2.

" More recent theoretical calculations predicte% that annulenes

: \

° L



/ ‘Table 1. Induced Ring Currents in Annulenes

A. Diamagnetic Ring Current, (4n + 2)T-Eleéctron Systems

annulene | reference temperathre observed chemical shift, & from TMS.
°c outer protons inner protons
14 24 -60 7.6 0.0
18- 24 60 9.28 - _2.99
22 25 . 60 8.5 - 9.1 -0.4 - -1.2
‘<::7 9.3 - 9.65
B. Paramagnetic Ring Curreﬁb, 4nm~Electron Systems
16 26 -110 5.4 10.43
24 27 -80 4.73

11.2 - 12.9

Table 2. Induced Diamagnetic Ring Current in Tetré—tert—butyldiaehydfo—

[4n + 2]annu1enes?8

[4n + 2] observed chemical shift, § from TMS
- outer protons inner protons
, 14 9.32 bbb
18 9.87 342
22 9.16- -0.83 °
26 - 8.23 1.95 )
.30 7.5 3.5




conaiatingsof a planar skeleton with (4n + 2)n-electrons would show
an induced 31amagnet1c ring current up to and including [22]lnnulenc.29
Monodehydro[26]annu1ene has been prepared and at -90°C the 'H NMR
spectrum (§ from TMS) shows multiplets at 6 2-7.9 and 4.0-4.2. 30
Also, the 'H NMR spectrum (6 from TMS) of tetra-tert-butyldidehydro-
[30]annulene at -60°C shows gﬁltipleta céntered at 7.5 and 3.5.28
Thérefore, thf]difference in chemical shifts between inner and outer
protons indicates that a diamagnetic ring current is sustainéd even in
these large n—eléct;on systéms, in contrad;ction to the theoreticalx
prédiction.
| Several monocyclié (4n + 2)ﬂ—é1ectron syétems carrying a forgal
charge have been prepared and their properties are'consistenf with HMO
predictions. Sﬁﬁe examples of these sttems are shown in Figure 1.;
By the late 1960's.manyf;§pu1ene systems were known except fo;
two noticeable gaps, that of‘[4] aw 10]ann§1enes. Cyclosutaﬂiene,
[A]anﬁulené, has -been syg? esized in r ent years and characterized
utilizing low temperature matrQ\E.solatign‘techniqnes.37 Several
stable derivatives have been prepa;éd and their X-ray analysis has been
perforned.3g Recently, the ground_st#te geometry oé cyclobutadiene has
been shown not to be square by elegant inffared analysis of deuterated -
‘and non-deuterated cyclobutadiene generated photochemically at low temp-
erature in an inert gas matrix. >’ “Hést available evidence strdhgly |
suggests that cyclobutadiene is a rectangular singlet in the ground
state.ao The properties and proposed geometry of [4]annulene demonstrate

that it is not aromatic in accord with HMO predictions.

The Huckel (4n + 2) rule and its association with the conceépt. of

10




Figure 1. Some Charged (4n + 2)T-Electron Systems
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aromatié?ty has survived well at the hands of the experﬁmentalist

'a

- who has provided many tests of its predictions A discussion of the -

103—e1ectron‘system follows in Chapter 2.

4 E ' ".,".;‘ :




CHAPTER 2 . - “

THE 10M-ELECTRON SYSTEM

A. THE MONOCYCLIC 10T-ELECTRON SYSTEM

Many attempts to prepare a [10]énnuiene were unsuccessful and

thismcompound was: concluded to be too unstable to isolate by the

‘conventional techniques of organic chemistry.a; The monocyclic (10]-

annulene system can have several possible isomeric structures but only

three; 4, 5, and 6 are sterica}ly feasible. If (ciS)Sf[IO]annulene 4

L
tun
toh

acquires a planar conformation, bond angles of.144° are expected, which

would generate a severe amount of angle strain and increased van der
~ Waals repulsions between adjacent hydrogen atoms. The interesting

: ‘question presented by this system was whether the energy gain by

electron delocallzatlon would overcome the conformatlonal straln and
produce an.aromatic lOﬂfelectron system or whether the molecule pre-
ferred avnon—planar conformation and Hence behaved as a c&clic poly-
ene. The trans,(ciS)a—[IO]annulene 5 would be expected to éhbn enlyA

partial conjugation due to angle strain and non-bonded interactions.

The isomer trans,cis,trans,(cis)z—[lolannulene 6 has a severe non-

~

bonded interaction between two internal hydrogen. atoms. Relief of
. ¢ v
this unfavorable interaction would cause the System to distort from

-

A 13
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' coplanarity A ;nyherdcomplication was the availablellow enérgy‘
pathway for cyclization of the . [10]annu1enes to dihydronaphthalenes (42
After extensive experi.mentation,,a3 photolysis of cis-9,10-dihydro-
naphthalene at —66°C provided evidence'for the fdrmatinn‘of tﬁo isoneric
'[10]annu1enes:44"OPtimi;atibn of t?e photolyeis cohditions With.respect
to concentration, temperature, and time of irradiation gave synthetically
useful amounts of the two isqmeric [10]annulenee. The‘developmentecf

o°c:"5 led to the

superb tecpnidueéﬁfor manipulating compoundsqpelch-—6
successful isolation nf}the [10]annu1enes. On the basis of 1§ and !3C
NMR spectra, UV spectra and the prodncts.reaulting frog-thernolysis,
kthe structures 4 and 5 were assigned.46 |

The properties of these [10]annulenea are summarized as  follows.
The 1H and 13¢ NMR spectra of 4 in tetrahydrofuran-d exhibited singlets
at § 5.67 and 130.4 ppm respectively from TMS. ' Both spectra remained
temperature independent cver the:range’of ;40°C‘to -160°C. The ﬁV
spectrum of 4 closely resembled tnathf (cis)a-cyclononatetraene.47
Thermolysisvof f gave'a'quantitative.yield of ci8—9;lo—diﬁydronaphthal—
.ene”ﬁ'The’IH ﬁHR.spectra (tetrahydrofuranedé, § from TMS) of\é?were -
temperature dependent, exhibiting a eharp singlet at 5.86 at -40°C
which separated into two signals at -100°C. The !3C NMR spectrum
(tetrahydrofuranqda, PPR from THS) shoued one signal (131.2) at. -40°C and
rfive signals (128 4, 131 S 131 6 132.3, and 132 5) at —100°C. The UV .
spectrum of 5 showed intense absorption which reflected qﬁerlap of three
double bonds. The observed absorptions,-)\max mm (log €) in methanol at
-50°C were 257 (&.46), 265 (4.30), and 308 (3.7). Thermolysis of E
g-re trans;9,10—dihpdrqnaphthn1ene'quantitatively.

In view of these propertiea the authors statedl'6 "One can now

14




conclude without reservation that the [l0}annulenes by no means

belong to the category of aromatic éompounds.“

B. THE 1,5-BISDEHYDRO[10JANNULENE SYSTEM

The quest for a planar, monocyclic 10m-electron system led to an
attempt to prepare 1, S-bisdehydro[IO]annulene-7.48 'Sondheinera? had .
damonstrated in [12} and higher annulenes the utility of incorporating

acetylenic bonds into a conjugated T-electron system to induce a more

' rigid and planar cpnfiguration. As indicated by Dreiding models, Z

can assume a planar 10T-electron system. Two éttempts toward derivatives-

of 7 are sun-arized.ag, ‘ -

' When the dimesylate 8 was treated with a variety of bases under
various conditions a low yield of anthracene was obtained. The inter—
mediacy of a Biadehydro[lO]annuleng 9 waé postulated and evidence for

the formation of the diradical lgywas ptesented;’

15




16

Similar bABe treateent of dimesylate }} gave tetrahydro-
.-anthracene }3. However, a neQ ﬁroduet }3 was also obtained ﬁhen 11

was treated Qith-sodium,methoxide at -30°C. The fofmation of 13 could
be explained by a "Cope—like" rearran;ement of bisdehydro[lO]annulene
14, Therefore, if the bisdehydro[10]annulene 14 was formed At is less )
~ stable than the benzene derivative 13. These results are summarized in
the scheme below. If 14 indeed formed and rearranged to 13, this
indicated that the 10m-electron system was less seable ﬁhhh the 6ﬂ?

electron-éystem of benzene as the ring strain of 14 and 13 were

approximately similar. p -

A\

]

Hl

A
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C. THE 1 6—METHANO[10]ANVULENE SYSTEM

A suitable method to test Huckel's rule for a neutral 107-
electron system could involve a modification “of trans, czs,trans,(czs)z
[10]annulene 6 by replacing the severe steric interaction of 'the two —

internal hydrogen atoms with a methylene bridge.n Vogel and Roth50

accomplished the first synthesis of ‘1, 6—methanolldiannu1ene 15 in 1964
| It is generally accepted that 15 represents an aromatic 10nr-electron
fsystem based on its observed physieal properties.51 The 'H NMR )

‘spectrum (carbon tetrachloride, 8§ from TMS) of 15 shows a singlet at
-0. 5 foruthe -methylene protons and a complex multiplet centered at
7.1 for the eight«s};finic protons indicating the presence of 4 dia-

' magnetic ring current. The UV spectrum is consistent with a highly
delocalized T-electron system with maxima,.knm (log £) at 254 (4. 90),
298 (3.80), and 360 (2.25).. The chemistry of 15 demonstrates a degree
of."benzene like" stahility, summarized as follows.~l)ﬁlittle tendency
.to polymerize upon'heating, 2) no reaction with maleic anhydride in
ref luxing benzene, and 3) 15 gives mono- and disubstituted products |
when treated with electrdphilic reagents. An X—ray crystallographic
study52 of the 2-carboxylic acid derivative shoued an approximate
planar geometry with a distortion of about- 20°. The bond lengths of
the conjugated ﬂ-electron system varied from 1.37 to 1. 42 A consistent

with an aromatic system.. The distance between Cl and C6 was found to

be 2.26 1




-

-

~Evidence for the existence of a non-negligible 1,6-transannular

4

interaction in 15 seems to be manifested'in the ultraviolet,s3 and the

. \ 4 .
photoelectron spec-tra.54 Theoretical treatments also support the

presence of this interaction. 35 Valence tautomerism of several Ccl1

Z
'.'

'substituted 1 6—methano[10]annu1enes (such as 15a and 15b) between the

~ o ~ -

bridged ‘annulene form 15 and the "bisnorcaradiene“ form 16 has been

demonstrated by variable temperature 1H and 13C NMR spectroscopy %9/!x’

However, no tautomerism has been detected for the parent hydrocarbon
15 and its 1H and !3C NMR spectra are temperature independent57. In
view of the geometry of 13 and the above observatioms, it is not

' unreasonable to expect-soﬁe electronic interac¢tion between carbons 1

and 6. Therefore it is possible that 15 may not reflect *the true
e
nature of a hypothetical, monocyclic, planar 10ﬂ—e1ectron system due to

LN

the perturbation caused by a 1,6-transannular bonding interaction.

4@
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ectron system based on HMO ealculatienssc.and on the

haracter (1;49 A) which indicates a negligible m-bonding inter—

tween C9 and ClO This tesult is- in contrast to that of

naphthalene 18 which has a calculated C9-C10 m-bond order of 0. 518 ‘and

an experimental C9-C10~bond length of 1.39 8> | ;//_ ’ -
A better model for a 10w-electron system might be constructed

by removing the O bond in azulene 17 and replacing it with a methylene

bridge to give 1 5—methano[10 annulene 19. The synthesis of this novel

Structure 19 would provide a\new model for a monocyclic 10m-electron

system. Also, by comparisoh of it; properties with those of 15 an

. evaluaeion might: be possible of the degree to.which the transannular

_ interaction, if it exists, perturbs the monocyclic lOw—electron system

of 15. J . : —




CHAPTER 3

SYNTHETIC APPROACHES%fOWARD l;S—HETHANO[IO]ANNULENEL

The synthesis of 1;5-méthano[161annu1ene }?’andgg study of its
physical properties would provide a more detailed understanding 6f the
10n—e1;ctron'syétem. The intefést geherateﬂ by this compound mQtivated‘
éeveral ;ttempté\toward its synthesis vhich have Bgen r;ported and are
briefly outiined.
1) R.E. Klem and P Radlick. %

. Startiné froﬁ indene 20, a series qf ;outine éteps led to -the
diene g}.‘ gyclopropéhation6l to gg and subséquent functional
transfbrmétidn gave;the thoriQe gg. A Wittig reaction gave‘thev
' exo—metﬁ&iege compound 24 which waé'ring expanded62 tovtﬂ%;kéigné 25.
Subsequent functional chéngeg led to a mixture of isomeric,érienés-gg

 and 27. Eyrther attempts bésed mainly on dehydrogenation methods failed

to give any 1,5—methano[10]annu1ene }2.

-——-‘ ——-
o “H
20 o, 22
Ho
. -
ci _
2 .
4
OB
25 | C 26 27

2) B.P.D. Chong and J.R. Wiseman63

Michael addition:of acrolein with a mixture of keto-esters 28

~~

20



and 29 gave the condensation products 30 and 31. Attempts to cyclize

~ ~ o~

and decarboxylate these aldehydes were unsuccessful.

OHC-

28 ‘ 29- | 30

33. The diol 33 was converted to the corresponding dimesylate which
eliminated upon treatment with base to give an isoﬁeric mixture of

bromotrienes 34 and 35.- Attempts to dehydrogenate ' these compounds to
A = i

4~bromo-1,5-methano[10]annulene by several methods failed. °

Conversion of 32 by a bromination-dehydrobromination sequence to

‘36 followed by acetate formation and dibromocarbene ingertion gave 37.

21 .
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Attempts to open the dibrbmocyclopropane ring_in 37 were unsuccessful .
3) E. Vogel, J. ippen; and V. Buch64 | |
Benzacycloprobene gé was condensed with 4,5—dibfdmo-0wbenzo—
ﬁ;inone 39 to give the adduct 40. Irradiation of 40 resulted in
,decafbonylation to give 41. By a standard method for tfansforming
-arylbromides into the corresponding methoxy cdmpounh65-ég was obtained.
Ring expansion of'gg by cuprous chloride catalyzed diazomethanc treat-

" ment followed direcfly by hydride abstraction with triphenylmethyl hexa~-

fluorophosphate gave a_carbéﬁium ion mixture represented by 43 which

was hydrolyzed with aqueous potassium hydroxide to give a low yieid of
s 0

T e SRS
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44, Héating 44 with aqueous 2N sodium hydroxidg followed by acid-
ificatidﬁ gave 45. Attempts to ring contract 44 by heating with bases
were unsuccessful. This result was unexpected as the methyl ether of -

a—tropoléne 46 rearranges to methyl benzoate on heating with sodium
66 "

v

methoxide in methanol.
4) L. Scott, W.R. Brunsvold, and T.H. Schulti67 .
Copper (1) chloride catalyzed cyclizatién of diazoketone 47 prod-

uced the trienone'AS. Selective cyclopropanation of the carbonyl-

vconjugated olefin in 48 with dimethyloxosulfonium methylide6§ gave 49.

Conversién of the ketone 49 By'elimination of the corresponding tosyl-
hydxjazone69 gave the trieme 50. Treatment with lead tetraacetate
provided §1 from which further transformations to.a 1,5-methano[10]-

annulene féiled.

. o . ' — T . ) .
I — | —
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~
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The numerous synthetic attempts toward }2 did ﬁbt give any
positive clues for its sueceesful preparation; therefore a new approach
-
was investigated. An efficient entry into the correct bicyclo[5.3.1}-
undecane skeieten was elegantly solved by Dauben and coworkers.70
They applied a Michael—W}ttig reaction, which was discovered by
B%ﬁhi and;wﬁest,71 for the construction of several strained, bridged

ofefinic systeme. The reaction of cyclooct-l-en-3-one: 52 with propyl-

f_idenetriphenylphosphorane (generated from the corresponding phosphonium

romide and potassium tert—butoxide in tetrahydrofuran at room Ctemp-

erature) gave the diene Ké.in 63Z-yield as a stable compound.

(Ph) P

~

54

'The formation of the 1,2-addition product éf was not observed. °*
’The‘mechanism sug‘ge.eﬁed for this reaction70 involved an iﬁit'ial E
Michael addition of‘thQiQErminal C3 position of the phosphorane to the
double bond of the a.B—unsaturated ketone 52 to give the intermediate
enolate anion 55. Proton abstractfon by this enolate regenerates a new
phosphorane 56 which condenses intramolecularly to form the betaine 57
The thermodynamic driving force of P-0 bond for-ation and subsequent
elimipation of triphenylphosphine oxide leagaxto the introduction of

.
the}str%}ned bridgehead double bond.

o -

<~
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56 .

~~

+ (Ph)yPO

57 53

Bicyélo[5.3.l]undeca-7,9;diene 33 was vefy close to our target
19. In principle, some functionality located in the cyclooctane ring
could "serve as a means to introduc; the remaining unsaturation. The
synthetic scheme shown in Figure 2 was attempted.

The readily available cis- 1 5~cyclooctanediol72 was mo;oesterv
ified by treatment with benzoyl chloride in pyri&ine Separation
from the corresponding dibenzoate and unreacted starting ma'terial by
chromatography on alumina gave 38 in 60X yield. Oxidation of §§ by the -

method of Rao and Filler 73 gave the keto-benzoate\59‘in 85% yield.

!

5

The most efficient method to prepare the enone-benzoate 60 was found to
- be’ the selenoxide fragmentation reaction 74 Treatment of 39 in,ethyl
acetate with phenylselenium chlaride gave the cqfresponding a-gselenide
which was directly oxidized with hydrogen peroxide in- aqueous tetra-

hydrofuran td@give eneone-benzoate 60 in 48Y% yield.



Figuf‘é‘ 2. A Synthetic Approa'éh to 1, 5-Methano[10]annu‘1ene.

61 R

~
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With the functionalized cyclooctenone 60 available, the intra— :

=~ - 8

molecular\Wittig reaction was performed in a similar manner as reported

,and the desired condensation product 61 was obtained in 20% yield.

Attegpts to optimize this reactionwwereénot‘successful, The benzoate

- group of 61 was removed with_a.catalyticvamount qflsodium nethoxide‘in

anhydrousomethanol'to give.the,alcohol‘62 in 58 yield as a colorless
o T ~o 1 ' - 77 R

oil. Oxidation of\§g by Collin’s method’ gave.the ketone 63 in 64Z

yield. = u”, E o L e

The ‘Structures’ 58 to 63 were assigned .on’ the basis of their

-~ e~

spectral data (see experimental) The 1§ NMR spectrum (CDCl3,6 from

' - TMS) of 63 showed the following features 1) a doublet.of-doublets at'

~

2. 02 Jll b “10 Hz, J 11 7 = e .0 Hz, due*to one of the bridge methylene

'protons, 2) a broad singlet at 2 22 consisting of seven protons, 37 a

'multiplet centered at 2 40 due to one proton, 4) a multiplet centered

at 2 64 due to ‘two protons, 5) the olefinic pattern showed a broad
:doublet at 5.60, J = 4 0 Hz, due to one proton and a multiplet centered
at 6. 05 consisting orttwo'protons. The ir spectrum (QCl ) shoved

a carbonyl absorption at 12l0 cm 1; The '3c NHR spectrum was comn-

v S o D - . , .
sistent'vith the structural'sssignment. The mass‘epectrum was also
consiStent, m/e.calculated forfC11H140 s‘162,1045;.obserred 162.1b42.

Attempts to further functionalize the ketone 63 by the selenoxide

fragnentation reaction led to a complex mixture of products, 76 This

route was'not pursued’ any further due to the suécess of anfalternate

pathway which is described in the next chapter.”

“



| It was evident that the Hichael—Wittig cyclization was an

K efficient entry into the bicyclo[S 3. 1]undecane system and showed
'promise as the key step touard the synthesis of the 1 5-methano[10]-

annuleqe skeleten;,.lf.a greater degree of qneaturation was introduced ’

.Sefore theeWittig reaction;‘tﬁe difficultiee'encountered in tﬁe previous

(<3

: attempt might by circumvented _ A good candidate to test this premise
wasg- ex\ioocta-z » 4, 6—trienone 64 which was readily available.?7
Preparation of 64 was performed by a slightly modified procedure

of that reported by Cogp. 7. Monoepoxidation -of cyclooctatetraene78

with meta-chloroperbenzoic acid gave 65 in 60% yield Treatment of
‘-epoxide 65 with lithium diisopropylamide at —40°C led to the lithium
_-enolate 66 which was protonated to give 64 in 8SZ yield. The- spectral\~J///

”d dete of §4 (see experimental) were consistent with those reported by '

“Cope.-':

7
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Several attempts to execute the Michael-Wittig cyclization
betﬁeen‘64 and propylidgnetriphenylphosphorane 67 gave very low.yields
(62) of the desired product bicyclo[S 3. l]undeca-z 4,7,9~tetraene 68

as a colorless oil and large amounts of unidentifiable polymeric material

Performing the reaction in refluxi ‘etrahydrofuran rather than at room

temperature gave no desired product 68.1 Further attempts to optimize

this reaction gave no better result.r.
. I N »
"The assignment of"the structure of‘the'tetraene 68 was based on
its spectral data and the expected mamner of formation. The 'H NMR

spectra (CDCl;, § from THS) showed the following features: 1) a bread’

3’
doublet at 2.08, J = 14.0 Hz, and a doublet at 2.55, J = 14.0 Hz, which

o
were assigned to the hridge methylene protons, 2) a multiplet at 2.75

was assigned to the bridgehead proton H1 3) a broad singlet at 3‘02
consisting of two protons was assigned to‘the C6 methyl eigroup, and .
S 4) a broad doublet at 5. 06, J = 12.0 Hz of one protoﬁ a complex
multiplet 5 4 - 6. 2 consisting of six prgsons was due to. the olefinic
protons. The above assignments were consistent with ‘proton decoupling
‘Mexperiments. The '3c NMR spectra (CDCl3, ppm from TMS) was in accord
with the proposed structure and is schematically shown in Figure 26.-v
The mass spectrum was consistent m/e calculated for C11H12 144.0930,
observed 144, 0930.

Exploratory attenpts to dehydrOgenate 68 with 2,3-dichloro-5, 6-'
dicyano-l,lo-—benzoquinone (DDQ) to 1,5-methano[10]}annulene lg did not
show any. promise for success.79

| It was hoped that the Michael—Wittig cyclization of the.

-~

trienone 64 could be improved by changing the properties of the ylide

SR,
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'Qs prevlousl& mentioned, fhe condensation can bemyisualiied as

proceeding through three consecutive steps: 1) the initial Michael
additton of the ylide to trieno;e 64 to férm thsrzwitterion inteémediate
| 69, 2) the proton transfer to produce the ylide ZQ, and 3) the ring i

ﬁmcldéure via a Wittig reaction. By introduc
T

-,

)
%

\

v

C3 of the phosphorane,'itvwas‘hoped that thefﬁﬁcleophilicity of the C3
centet qf the ylide ﬁoward the B-carbon of the enone aystém of 95'

would be enhanced, and also the fate of protbn tféngfer iﬁ the ensuing
step might be facilitated.‘ The use of phoéphonate carbanions was also

‘ éonsidered because of the documented success of this Wadswofth—Emmqna

modificgtionso of the Wittig reactiom, e#peciallx in cases where ketones
fail to react with stabilized phosphora;es. Both the stabilized bﬁos—
phorané 71 and the phosphbhate 72 were prepared to test the above

hypothesis. Treacmenﬁbof the trienone 64 Qitﬁjphosphbrane 71 over s
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several days at room temperature gave a poor yield (about 5%) of the

i desired tetraene ester prodUct 73 (see below for its structural assign— .

ment)

Condensation of the trienone 64 with thevanion of methyl b4
(dimethyiphosphinyl)-245utenoate 72 gave what appeared to. be a mixture‘j
ﬂ;of tetraene esters 3n 25 yield. The H NMR spectrum of the mixture
was’ difficult to analyse., Coupled gcdmass spectral analysis of the
.A‘mixture showed that it consisted of two isomeric products with a mol--”'“
i ecular weight of 202. Application of preparative gas chromatography ‘
’with an SE—30 column at 225°C resulted in the isolation of the observed-“'
e{peaks.: Analysis of the H NMR spectrum indicated that the compound with

the shorter retention time was a diene ester A and the other was a tetra—

'ene ester B : Separation of the isomeric mixture could also be accomplish—ll

ed by preparative thin layer chromatography (ptlc) with 10% AgNO3
.impreénated silica gel with hexane v ' MR analysis of the faster band

(r re = 0.5) indicated a new tetraene ester C and the other band (r = 0 4) 50
was identical to tetraene ester B isolated_by gc. The 'H MR spectra L

of A B, and c are¢shown in Figure 3. ';n ‘xaf_‘m-‘. a ‘ HTV «“y( ‘ 9:”

The expected product from the Michael—Wittig cyclization :

was 73. The " NMR spectra for tetraene esters B and C‘Vefe distinctlyv
different and upon close examination, that of C was consistent with the‘_ : \@;
~expected product. 73. The 1H NMR spectrun (CDCl3 8 from TMS). vas

closely similar to. the tetraene 68 previously described and showed the

~
following features: 1) a broad doublet at 2. 10 J = 14.0 Hz and a

doublet of doublets at 2. 66 J = 14.0 Hz, J = 2.4 Hz, which were :

attributed to the bridge methylene, 2) a broad singlet at 3. 09 consist- ’v;ff

~

ino of two protons was assigned to the C6 methylene, 3) a broad multiplet ERETIatE
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at 3.40 was assigned to the bridgehead proton, 4) a singlet at 3.77
consisting of three protons was due to the methyl ester, 5) a complex
multiplet from 5.0 to_6,0 consisting of fi;e olefinic protons,_and

6) a doublet at 7.07, J = 5.0 Hz was assigned to the proton H9. The.
proton decoupling‘eiperiments for Z} are summarized in Figure 4. The

ir spectrum (neet) shoned absorption due to the ester carbonyl at
'1700 cm -1 and olefinic absorption at 1575 cm_l. The uv spectrum (cyclo;
hexane) showed x o (log €) at: 230r@4 01) and 304 (3 74). The

3¢ FMR spectfum was consistent with the assigned structure and is
sche-mticeliy shown in Figuie 26 *. .The mass spectrum was consistent, -
‘m/e calcnlated for c13 140y = 202.0994, observed 202.0993. The above
spectral data provides convincing evidence for the. assignment of tetra—y

ene ester C as lO—methoXycarbonylbicyclo[5.3.l]undeca—Z,4,7,9—tetraene

-

64 ) 72 o 73

-

Attention was then directed tpward the strugture determination

of the unexpected tetraene ester B. The 1,10-double bond in 73 is ex-

pected to be highly strained as it is located at a bridgehead po§ition,81

Therefore, an isomerization of this double bond to the 1,2 position
to give 74 would relieve‘some strain by incorporation fnto a larger

ring and this represents a thermodynamically favored process. The

35
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presence of unreatted<phosphonate anion i;\tﬂé condensation reattion
coﬁld cénceivablyicatalyze this teafrange-ent at a rate compa ble to
the fornation of 73. fhe 1HhNHR“spectfun'.(CDCI:‘ & from of
tetraene ester B was consistent with the proposed structure 74 and

showed 'the folloving features: 1) a doublet of doublets at 1.75,

J = 11.0 Hz, J = 4.0 Hz, was attributed to one of the methylene bridge

o , v .
protons, 2) a complex multiplet centered“;t 2.98 consisting of three

protons, 3) a singlet at 3.77 qonsisti#g of three pyotons due to the
methyl egtervgroup and‘én overlapﬁing‘broad multiplet centered aﬁ 3.84
was assigned to the bridgéhead’ptotonsH7, 4) a complex multiplgt centered
at 5.88 consisting of.five protons, and 5) a multiplet at 7.22 waé ass-
igned to_the proton H9. The proton decouplin; experiments for 74 are
suuﬁarized in Figure 5. The composition of the complex multiplet,at

2,98 was revealed by siﬁultanéous proton’decoupling at 5.89 and 7.22

to consistoof one proton of the methylenetbridge as a-doublet of doublets

- N

at 2,88, J = 11.0 Hz, M= 1.5 Hz, and an AB quartet at 2.88 and 3.14,

J = 19-0AHZ, due ‘to the C10 methylene pfotons. The complex multiplet

-at 5.5 to 6.2 was partially'simplified by adding a CDC1 solution of

3
82 in\small increments to the sample A doublet

. Eu(fod)3 shift reagent
\

of doublets, J = 13.0 Hz, J % 4.0 Hz, could be assigned to H6 as it was

37
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shifted Aounfield clear of the multiplet it was part of originally. The
ir spectrum kn.gt) showed absorption attributed to th; ester carbomnyl

at 1710 cn~1 and olgfiﬁic absorption at 1630 cn-l. The uv spectrum
(cyclohexane) showed A om (log €) at: 206 (4.39) and 255 (3.32).
The»lgc NMR spectrum was consistent with the assigned structure and

is schematically shown in Figure 26 . The mass spectrum was consistent,
:n/e calculated for 01331‘02 -.202.0994, observed 202.0987. Ther;fore
the analysis of the ape¢t§?1 data of tetraene ester B is in complete

agreement with the assigmment of this compound as B-methoxycarbonyl~¥

bicyclo[S 3.1]undeca-1,3,5, 8-tetraene 74. : ¢,

The rennining piece in th ‘ zzle was the diene ester A. The

fact that A was not lbtained by} separation and that tetraeme eéter
73 was nét obtained by gc sepér f the product mixture sugggétéd
that A wasgéikely a thermolysis product of 73 Examination of ;
molecular model of 73 showed that an lntramolecular Diels~Alder type of
reaction between the strained diene system of the smaller ring (C7, 8,

9,‘10) with the,dohble bond (C2, 3) could be possible. ‘The quadracyclic
. . \ ;

diene ester Z? predicted from this process was consié\ent with the

1 T~CozCH3
75

~~

spéctral data of diene ester A. The !H NMR spectrum (CDC13, § from TMS)
showed the following features. 1) a doublet at 0.75, J = 11.0 Hz, con-

" sisting of one proton, 2) a doublet of doublets at 1. 76 J= 11 0 Hz,

39
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- The ir spectrum (CHCl ) showed abaorption due to the ester at 1725 cm

)

J=2.0 Hz, consisting of one protom, 3) a multiplet at 1.94 due to _one
gl

_proton, 4) a multiplet at 2.19 due .toWO~protons, 5) a nultiplet at 2.35

due to two pi‘otons, 6) a singlet at 3.67 due to the nethyl ester group, 7).

a multiplet at 5.65 consisting of two olefinic protons, and 8) an AB -
S

quartet at 6.18 and 6. 30 J = 6. 0 Hz consisting of two olefinic protons.
-1

. The 13(Z NMR spectrun ‘was coneiltent with the structural assigment (see

| acid gave only 74 in 95% yield. =

e:xperimental) The mass spectrum was consistent, m/e calculated for

C1331402 202. 0994 observed 202 1000 - Purther confirmation of the

‘p'roposed thermolytic origin of 75 was obtained by';"refluxing the tetraene

ester 73 in benzene which gave a quantitative yield of 75.
| It was ‘desirable to'co‘nvert 73 into the more ‘thei:mally stable
nroduct 74, This was readily accomplished by treating the isomeric

~~\

‘mixture with one equivalent of lithitnn diisopropylamide at -78°C to

r

'give a bright red enolate solution which upon protonation with acetic

T‘xe aboiie successful combined Michael—Wittig reaction led

-

, to an efficient construction of the bicyclol[5. 3. l]undecane r@\g system

containing four carbon—carbon double bonds. The fortugﬁ‘us olefinic
o

isomerization led to the stable tetraene__‘ester 74. This accomplishment

-
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reaction which gave useful yields for cases having a tertiary a-carbon.

) . ; ' \ Lo
represented the key step toward the 1, 5rmethano[10]annulene system.

Further transformations/of an a B-unlaturated ester were th&f;;l

exnlored. The conversion of 74 1into the Cetraenone 76 would provi

éqmmon precursqr-for which sgveral methods could be envisioned to pre-

pare l,S-ﬁethano[lO]annulqne }2. A plausible synthgtic scheme for this';

convétsion involves the direct hydroxylation of the enoiate aninn of 7&

B "to give the hydroxy ester 77 which upon reduction to the diol 78 and sub-

u

sequent oxidative cleavage would then. give the désired tetraenone’ 76

T I
%78 CH 0H

#

Bage catalyzed oxygenation of ketones and esters was a known
83
This reaction.involved bnbbling oxygen gas into a solution ofkkhe ketone
and a strong base such as potassium tert-butoxide to form.an G&-hydro-

‘ ’ ! ‘;' ' oL
peroxy ketone which was then reduced to the corresponding ketol‘ A PR \\\5;;

convenient reagent for the reduction step was triethyl phosphit ‘«N

Onerot hydroxylation could be performed by bubbling oxygen gas into

‘wﬁg%zi



' 85
a solution of the ketone, a stromg base, and triethyl phosphite.
; A recent report of oxygemation of the dianion of a carboxylic

b

acid to form a—hydroperoxy acids showed that this reaction’ proceeded

‘at lov temperature (-90°C). 86 Therefore 1t was- highly likely that

\
A
l

oxygenation of an ester enolate at ~78°C would be successful.

The enolate anion of 74 could form a ﬁ-electron delocalized
species/represented by 79 which h@s five possible reaction sites (*)l

ﬁrwith electrophiles. It was observed that protqnation of the lithium

K] <
enolate of 74 with acetic acid took place at only the Y—position of the

unsgaturated ester system to provide the tetraene ester 74 asathe»sole

a

‘product. This result indicated that the extent of ﬂ—electron de-

'LocaliZation;in 79 may only be limited to the a,B-unsaturated ester

P

system in the small ring. This supposition is supportea by molecular

. models which showed that the 1,2 double bond is distorted‘outwgg'
e’
conjugation from a possible 9, 10 double bond due to the o] constraints

induced by the‘methylene bridge. Quenching the lithium enolate of 74

with D20 also gave 74 with deuterium located only at theBC -10 position

e

ThéBdirect hydroxylation of 74 was carried out by introduciné a_

fine stream of dry oxygen gas through a sintered fritt into~a tetra-

hydrofuran solution at -78°C of the corresponding,éggiate anion,79

—~
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generdfted from Zf’ or the“-i'so'mer_ie mixture of 73 and 74 with 1ithium
diisopropylemide.. The oourse of this hydroxylation is il%ostreted for
the formation of the desired pnoduct 82 as follows. The internediate
hydroperoxy anion 80 was protonated with aqueous 4N HCl and allowed to

warm to -40°C. ‘The hydroperoxy ester 81,hns not isolated but was reduced

directly by the ad%%tion of excess triethyl phosphite. Sobsequentp

S T

aqueous workup and purif

PR

on silica gel gave two 1sohef§@-‘

a 4: 61mixture in 762 yield.

l

]

N ' i
!

a8 CocHg |

The structures of the products were readily assignedjon the

v

j'basis of théir spectral properties. The 1H NMR spectrum (c C13, § from
T™MS) of 82 shoved the following features: 1) a broad doubl at72.43,
4J:= 13.0 H=z due to onelproton of the,methylene bridge,vZ) 4 multiplet
centered at.3’08'consisting.of‘two-protons, 3) a singlet at 3.29 &ueuﬁo

the hydroxyl proton, 4) a singlet at 3. 77 attributed to the methyl ester
group, 5) a doublet at 5 38 J = 10.0 Hz was assigned to H10, 6) a

multiplet centeted at’ 5.96 coqsisted“of four olefipic protons, and 7)



¥
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‘ \v :
a doublet at 6.66, J = 10. 0 Hz, was assigned to H9. The proton
decoupling experiments for 83 are shown in Figure 6. The uv spectrum
(cyclohexane) showed A max™® (log £) at 200 (4.37 and 288 (3.46). The

ir spectrum showed absorptions due ‘to the hydroxyl and ester carbonyl

at 3530 and 1730 cm 1, respectively. The '3C NMR spectsum was

coﬁsistent with the structural sssignment and is schematically shown
in Figure 26. The mass spectrum was consistent, m/e calculated for
13 14 3 = 218. 0943 observed 218. 0946.
= ‘The, 'H NMR spectrum (CDC13, § from TMS) of 83 showed the

iollowing features: 1) a doublet of doublets at'2.24, J = 11.5 Hz,"
J = 4.5 -Hz, which was assigned to one of the methylene bridge protons,
2) a singlet at 2. ‘41 due to the hydroxyl proton, 3) a doublet of doublets

~at 2.88, J = 11. 5 Hz J = 1. O-Hz, whié¢h was assigned to the other
methylene bridge proton, 4) s singlet at 3,78 due to the methyl ester

group, 5) a multiplet at 3. BIJuhich was assigned to the bridgehead

proton H7 6) a doublet at 4w58 J = 5.0 Hz, was ﬁttributed to H10,

7) a multiplet at S 86 consisting of five olefinic protons, 8) a dodblet -
of doublets at 7. 18 J = 5, O'Hz, J = l 0 Hz,“ks attributed to H9 - The. :

proton decoupling experiments for 83 are summarized in Figure 7 The

v uv spectrum (cyclohexane) showed Xmaxnm (log €) at: 204 (4. 23) and a

shoulder at 278 (3.03). The ir spectrum showed absorptions due to the

hydroxyl and ester carbonyl at: 3600 3420, and 1720 cm 1, respectively

" The C NMR.. spectrum was consistent with the structural assignment and

.18 schematically shown in Figure 26.. The mass spectrum was consistent, :

. m/e calculated for C, H, , 0 = 218.0943, observed 218,0941.

1371473 ‘
The stereochemistry of the hydroxyl group was assigned as exo

e

T /
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in both, cases on the basis of the pfeferred approach of the electro-

phile (Oé) on the assumed bent conformation of the enolate anion 79

as shown by molecular ‘models.

t~

Further evidence for this assigned stereochemistry was provided'

*

when the 10-hydroxy ester 83 was oxidized with activated manganese
dioiide87 in penéane:to the keto-ester §é followed by rédﬁction with

= sodium bo:éhydridé to give the'epgmerig‘hydroxyestgr §§ﬁ Combarison of
the sizé of the spin;spin'cogflépg between H9 and H10 and the respectiﬁe ‘

‘dihédral angles observed ﬁp:ﬁoiecular models was consistent as shown.




N

The ln NMR spectrum of 85'(CDC13, § from TMS) showed the following -
features° 1) a: doublet of "doublets at 1.92, J = 12.0 Hz, J=4.0 u;,
which was due to one of the methylene bridge protons, 2) a broad singlet
at 2. 45 was &ssigned to the hydroxyl proton, 3) a doublet of doublets
at 2. 97, J = 12,0 Hz, J = 2 0 Hz, was attributed to the other methylene
bridge proton, 4) a singlet at 3. 76 contained four protons which were
due to the methoxy group and H7, 5) a broad singlet at 4 90 was assigned
to H10, 6) a multiplet from 5.6 to 6.2 consisting of five olefinic

-

protons, and 7) a. doublet of doublets at 7.02, J = 2 0 Hz, J‘=.1;0 Hz,

was assigned to H9.

L4

Coupling Jg’ld _ Estimated dihedral
(Hz) © " angle between H9 and
‘ H10 from a molecular
model v
83 | 5.0 45°
85 \ 2.0 _20°

-~y

It was gratifying that some a—hydroxylation took place at all in
view of the protonation results, However, since the a-hydroxyester 82

was the_desired product and it was Only ‘available in- about 30% yield,

" another method for effecting direct hydroxylation of an enolate was

tried to see if it offered any advantage, Vedejs and coworkers88

developed a hydroxylation procedure involving the reaction of an enolate
anion at low temperature with the transition metal peroxide, oxodiper-

oxymolybdenum(hexamethylphosphoric triamide)(pyrldine) 86 (abbreviated

as MoOPH) This method was demonstrated for enolates of ketones, -

v (4
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nitriles, and esters.89 When this reaction was applied to the enolate
anionAzg, a 7:3 mixture of hydroxyesters 82 and 83 was obtained in 55%
‘yield after purificatfon and separation by column chronatograppy on

silica gel. The preferential aradditiQn might be explained as due to

coordination of the ester ﬁith'the~transition metal thus directing the

‘electrophilic peroxide ligand to the & position of the enolate as shown.

With the hyoroxy ester §3-available, ; routine set of reactions
provided the ketone Zf. The hydroxyester 82 was reduced with'lithium
aluminum hydride to the diol 78 ' Oxidative cleavage of the diol 78 with
sodium meta-periodate in aqueous dioxane gave' ketone 76 as a bright
yellow crystalline solid after workup, which could be purified by
chromatography (silica gel) or by sublimation at 45°C, 0.1 .

. Tne strnctural assignment of the ketonebzg was straigntforward

from its mod€ of formation and was consistent with its spectral data.

The 'H NMR spectrum'(CDC13, § from TMS) is shown in Figure 8 and had

49
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the following features: 1) a doublet of doublets at 2. 68,‘J ; 12.0 Hz,
J = 3.0 Hz, which was due to one of the.bridge methylene protons, 2) a
multiplet centered at 3.50 consisting of two protons,‘3) a doublet at
5.50, J = 10.0 Hz, which was assigned to H9, 4) a multiplet at 6.02

consisting of five olefinic protons, and 5y a broad doublet at 7. 38

I = 10.0 Hz, which was assigned to H10. Addition of a carbon tetra-

chloride solution of Eu(fod) shift reagent82 in {ncrements to a solution
of the ketone 76 in carbon tetrachloride led to a simplification of the -

multiplet centered at 3.5. The bridgehead proton signal was shifted

Mdownfield out of this multipiet to reveal itself as a broad singlet and

the other bridge methylene proton as a doublet of triplets,AJ = 12.0 Hz,

J = 2.0 Hz,\and J= 2. 0 Hz. By the relative magnitude of the shift of

the two bridge methylene protons upon addition of equal increments of
shift reagent it was possible to distinguish these two protons. plot

of the chemical shift versus added shift reagent of the two methylene

g

bridge protons demonstrated a 1inear relationship as shown in Figure 9.

2

The slope:of the plots indicated that the high field signal was shifted

more compared to the downfield signal. Since the degree of chemical

~shift is dependent on the proximity of a given proton to the shift

reagent90 which is complexing in this case at the keto site, the methyl—
ene bridge protons. could be assigned as shown in Figure 9. ‘The interest-

ing J = 2.0 Hz coupling in the doublet of triplet signal buried in the

.multiplet centered at 3.50 and a551gned as H1lb could be due to a long,

range coupling w1th the proton H10. This was indeed verified‘by de- ‘

coupling experiments in the presence of the shift reagent.

The uv spectrum of 76 (cyclohexane) showed X xnm (logwe) at

50
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1220 (4.19), a shoulder at 252 (3.77), 318.(3.46), and a shoulder at

ey

390 (2.41), consistent with an enone syeten; The ir spéctrum showed

absorptions due to the ketone at 1660 cn—l and olefinjc absorption at

1630 cm-l. The 13C MR spectrum was consistent with the structural

_ aseignment And is schematically shown in Figure 26. The mass spectrum

was consistent, m/e calculq%ag for °11“1o° 158.0732, obserﬁéd 158. 0731.

A suhlined sample of 76 has a mp of 72-73°C and its conbuotion analysis

. (see experimental) was in agreement with the molecular formula.:

A facile conversion of ketone 76 to 1, S—nethano[IO]annulene lg

utilizing the olefin synthesia developed by Shaplro and covorketsgl was

v

conceivable. In - thiq reaction, a ketone containing an o hydrogen is "

converted to the corresponding tosylhydrazone, which upon treatment with '
14

more than two equivalents of an alkyl lithium- at room temperatute elim- @

sinates the tosylhydrazone to give a vinyl anion, which is subsequently

protonated to yield the desired olefin. When the tosylhydrazone of

- ketone 76 was treated with n-butyllithﬁum in tetramethylethylenediamine

‘e o

a bright red solution was formed’ but upon workup only a very small

amount of a colorless hydrocarbon product, possibly 87 was isolable.

_sIt appeared as if proton abstrection from the bridgehead position was

,diffitult and this attempted reaction was abanﬁonedlgz

¥y
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The iditial failure to obtain‘the parent 1, 56nethanot10]annu1ene

19 motivated the preparation of some substituted derivatives which ‘were

T wm

thought to be more synthetically accessible at this time. This would

provide {:?ortant information concerning the physical properites and

- the kind of synthetic operations}that could ‘be performed on this unknoun

system,

The first example of a 1 S-methano[IO]annulene system was

prepared by treating the ketone 76 with 1ithium diisopropylamide at

~
S -
e

-78°C and trapping the 11thium enolate vith tert~buty1chlofodimethyl—

9

silane93 to give the correspondingoenol‘ether 88 as a red oil.
- h /‘ﬂ‘{ ‘ S ) e . -

=4

‘This comﬁoundilosé its color when eibosed to air (oxygen sensitive),
especially when it was neat or highly concentrated.

_The IH NMR spectrum (benzeneﬂi § from TMS) of 88 shown in

':Figure 10, exhibited the presence of an induced diamagnetic ring current

Vas reflected by the dhemical shifts of the bridge methylene protons at

—0 62 as a doublet of doublets, J = 10. 0 Hz, J = 2.0 Hz, and at -0.30
as a doublet, J = 10 0 Hz. The two methyl groups on silicon appeared
as singlets at 0 21 and 0£32 and the tert-butyl group appeared at 1. 08

The doublet at 6.20, J = 7.5 Hz was assigned to H9 in view of ‘the

' ' L ' L
-electron donating properties of the silyl enol ether group. The other

olefinic signals appeared in‘the'"aromatic_region"'as a multiplet

e 5]
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.5 Hz, each

centered at 7 05 consisting of three protons and three broad doublets

'at?7;53' 3= 7.5 Hz, 7.93,

coqsisting of one proton.
rﬁc\’ﬂ'

the spectrun are sunnarized in Figure 11.
heeted at 120'C for 1 h and the Spectrun was again ecorded and found

to‘be identical.

: i
.

J = 8.0.Hz, and 8.07, J =

an ‘analysis of -

'Decoupling experiments a
‘ sanple‘of 88 was

[
This particular derivative theref re appeared to be -

elnonably qyable tounrd ther-olysis in the absenc ‘of oxygen.

Several other substituted 1, S-nethano[IO]a ulenes were prepared
late of 76 generatedA

fr#- the ketone 763 O-Alkylation of the sodium er
ie at 0°C followed by

in-hexamethylphosphoric triamide with sodium hydri
lTM)Qafgave 8-

nehing with methyl fluorosulfonate (Magie Methy
This compound was

q
thoxy-1 5-methano[10]ennulene §g as a red oil

.8

|
3

an argon atmosphere with careful attention to dega sing of the solvents

f
Purification was accouplished by chromatogr phy on silica gel

being collected to

used.
(activity v, cyclohexane) with the visigle red ba

give 89 in 18Z yield. The H~§Mﬁggpectrum (aceto e-d6, § from TMS) |
ridge protons at

howed a high field AB quartet for the methylene
‘The m thoxy protons jff;

'-0.34, H1lb, and -0.20," Hlla, J = 10,0 Hz
o
The olefinic patte n closely reseﬁbled

appeared as a singlet at 3.90.

Kl

|
very air sensitive and all operations with it were carried out under "

.
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1

1g NMR spectrum (benzeneﬂi

) Co e .

that of the silyl ether 88 showing the following features: l) a -
- doublet at 5.85, J = 7.0 Hz, which was assigned to H9, 2) a. multiplet

centered at 6.95 consisting of three protons due to H3, 6 and 5, 3) a

‘ doublet at 7 20 J - 7 0 Hz, which was assigned to H10, 4) a doublet at

7. 55 -J = 8.0 Hz, was tentatively assigned as H2, and 5) a doublet at
8 06 J = 10 O Hz, was tentatively assigned as H6. The assignments of

H2 and 6 were based on the previous analysis of i;: H NMR spectrum of

88. The uv-visible spectrum with A nax™® (log e) at 244 (4. 0)y. 290 (4 l)

355 (3.4), and 505 (2.5) showed considerable absorptiOn extending into

the visibleﬁéé%ion and demonstrated a highly delocalized T—electron

and is schematically shown in Figure 26. The mass spectrum was con-
’sistent ‘m/e calculated for C12 120 = 172 0888 observed 172 0885
The fragmentation pattern showed major fragments resulting from the

Py

losdiof ‘H, CH3, and OCH

2 .
3 . ‘\ 4 i . A

system. mhe 13¢ NMR spectrum was consistent with the assigned structure

a-}'

Similarly, O-alkylation of the lithium enolate anion of 76 wiuﬁ
diethyl chlorophos.phate95 gave the enol phosphate‘90 as a red oil which
wgs purified bv chromatoﬁraphv on silica gel (activity Iv, benzene) to
give pure 90 in 902 yield This compound was relatively easy to handle

as it was 1ess oxygen ‘sen itive: than the previous derivatives The

5.6 from TMS) showed the characteristic high

fieid AB system of the met ylene bridge protons as a doublet of . doublets

at’ —0 96, J = 10.5 Hz, J = 2.0 Hz and a broad doublet at -0. 27 J = _

at 1.15, J = 7.0'Hz, consisting of 'six protons and afmultiplet:at‘4.10

-consisting of fourjprotons; The olefinic signals showed a similar -
.pattern.to'those of the enol ether derivatives 88 and‘89_with the‘fol-

v
a .

j\lO.S,Hz. The ethoxy;groups on;phosphorus;appeared as aﬂbroad;tripleth

" 58
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‘loving features: 1) a doublet at 6.85, J=8. S Hz, which was'assigned

 to H9, 2) a nultiplet centered at 7 03 consisting of three protons,

3) a broad doublet at 7.46, J = 8.5 Hz, which was assigned to H10 and
4) broad doublets at 7,62, J = 6.0 Hz,/and 8. 60 J = 7.0 Ha, which were
‘tentatively assigned to H2 and HG respectively. ‘

The main interest in preparing this compound was ‘due to the

|22 M
possibility of cleaving the enol phosphate c-0 bond to give 1 S—ncthano-
[10]annulene 19 by the method~developed by Ireland and coworkers.96

Attempts toscarry out this reaction did not show any promise for:

8UCC€88.97 . ) . . -

" The physical properties of the three enol-ether derivatives

\

-

88 89 and 90 clearly indicate the presence of a diamagnetic ‘ring

curre‘ﬁ in their H NMR spectra and showed reasonable stability in the \\\
'abs;nce of oxygen. | _ S

p Reaction of ketone 76 with phospkorus pentachloride gave the ;
| 'dichlorotetraene 91 which upon ‘treatment with 1ithium diisopropyl amide R
- at -78 C in tetrahydrofuran gave a low yield-of elimination to 8-chniﬁ£} o
1, S-methano[IO]annulene 92 The H NMR spectrum (benzene-d ;6 from ‘

TMS) of the crude product showed the high field methylene bridge protons

,-as a doublet ‘of dOublets at -0 99 2.0 Hz, and a broad



60 -

doublet at -0.37, J‘-‘I0.0 ﬁz, Thelsignsls dne to‘the’oletinic protons :
' were tentatively chosen as a doublet’st,6.4d J e 8.0 Hz, a nultiplet

of three proqgggycentered at 7. 0 ‘a broad doublet ‘at 7. 27, J = 8.0 Hz,

and -ultiplets at 7.54 and 8.22. . Attempted purificstiou by chrqmeto—
.:f)’ t gr‘;hy on silica-gel (activity 1v, benzene)7csneed decomposition of thev

product.

- A get of 8, 10-disubstituted:l S-methano[IO]annulene derivativesx
were prepared from the ketoester 84 available by activated manganese i;
dioxide oxidation of the 10-hydroxyester 83. Treatment of»84 with
'sodium hydride in hexamethylphosphoric triamide at 0°C gave a bright
-Vpurple“enolate -anion which was quenched with meihyl fluorOsulfonate
D (thic MethleM) to give the methoxyester 93 as a: ?ed oil This
- diﬂhbstituted system was much less(sensitive to oxygen than the prev-~”
Z ious: derivatives and lost its color only after several minutes standing
nest in the open .air. Purification was accomplished by chromatography
on silica geék(acgivity v, cyclohexane) -and the visible red band was.

‘- collected.




v
e

14

- pe

The 'H NMR spectrum (acecone-d 6 S fnom ms) of 93 showed the

following features: 1) an AB system consisting of a doublet at -0.41,

J = 10, 0 Hz, and a doublet at 0.36, J - 10 0 Hz, due to the methylene

“bridge. protons, 2) two ainglets at 3.86 and 3.93 due to the methoxy and

methoxyester grOups, respectiv:ly, 3) a singlet at 6.41 which was

assigned to H9, 4) a multiplet centered at 7.14 consisting of three

protons, and 5) two multiplets at 7.56 and 8.86, each of one proton,

which were tentatively,assigned as H2 and H6 The !3c MR spectrum was
g‘consiste t with the structural assignment and is schematically ‘shown

in Figure 26 The uv gpectrum showed Amaxnm (log E) at: 248 (4.8),

294 (4;6), 375 (4.1) and a shoulder at 500 (3. 1). The mass spectrum

was cogsistent with the assigned structure, m/e calculated for

4H14 3 230 0943, observed 230. 0934. The fragmentatiou pattern
showed a stable m+ - H fragment along with’the loss of CH3, OCH;, and -
2 OCH3. ;

Similar formation of the sodiumﬁenolate anion of 84 and.
quenching with chloromethyl methyl ether96 gave the disubstituted der-.
ivative 94 as a red oil. This derivative had oroperties‘similar to 93
The y NMR spectrum (CDCl3, S from TMS) of 94 with assignments of the

g/, signals is shown in Figure 12.

i
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Treatment of ketoester 84 with phosphorus pentachloride gave'
the dichloro compund 95 which was treated with Iithium diisopropyl-
amide at -78°C in tetrahydrofuran to give a crude mixture containing

v

the chloroeSter 96 as a red oil. Fron the 'H NMR spectrum (benzeneqﬁé,

~6 from TMS) of the crude product the following features could be picked

out for 96 1) a doublet at -1.20, J = 10.5 Hz, and a broad_doublet at

-0.22, J‘- 10.5 Hz, due to the methylene brid§e~protons, 2) a multipiet

~at 7.00 consisting of three protons, 3) a singlet at 7.54 which could

be assigned to H9 and 4) two nultiplets at 7.83 and 8 62 each con-
sisting of one proton. Attenpted purification by chromatography on

silica gel (activity IV, benzene) resulted in decomposition.

(o ]
b
. _ COOCH3
2§ .

The possibility of forminJ the_]fS double bond of the 1, 5-methano-

[10]annulene system by a pyroiytic cis-elimination could be eXplored
with a suitable precursor derived from the hydroxyester 82 Conversion -

of 82 into the corresponding p—nitrobenzoate 97 proceeded smoothly. A

solid phase pyrolysis was carried out with the apparatus shown in
Figure‘13. ‘A thin film of gz was deposited on the inner surface of a
round—bottomedrflask‘which wés fitted with a coid finger (dry ice,’
acetone, ~78°C) and then, was eracuated to 10~15 mm pressure. fhe '

flask was immersed into an oil’bath at 160°C for fiVe win, during which

63



 Figure 13. Pyrolysis Apparatus.

PRECURSOR

VACUUM
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'tiif an orange oil and a mhite solid cortespomding to the desired
product 98 and p—nittobenzoic acid were collected on the cold finger.
The sublimate was extracted with benzen; and chromatogrcphed on

silica gcl (activity 1v, benzene)vwith the orange band being collected
to give 39 in 557 yield as an orange oil. This ester derivative 2§ vas

the least air sensitive l;S—nethano[IOIAnnulemc system and could-evem )

o ' : ~ ' ’
g tooCH; -’ COOCH3 -
N 97 . : 98
'Be purified by ptlc in the open.air.u-it_appeared that electron
withdrawal from the highly strained bridgehead- olefin or from the entire
delocalized system reduced the reactivity of this system toward oxygen.»

The H NMR spectrum (acetone-d6, 6 from TMS) of 9§, shown in

Figure 14, had the following features: 1) a doublet.of doublets at -1.27,

~J. = 10.0 Bz,-J = 1.5 ué, and a doublet at -0.34, J = lb.O Bz; dme to
tﬂc ncthylene bridge proton;, 2) avsinglet at 3.80 due to thc methyl

.ester grout, and 3) the olefinicfprotonsncppeared'as i.mmltiplet of
five protons centered at 7. 50 and two multip&ets at 8. 14 and 8. 78

each of one proton. The 13c MR spectrum was consistent for the

- structural assignment and is schematically shown in Figure 26, .

63
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The uv spectrum shaued Apax - ;lo; €) at: 251‘;houlder»(6 1), 266 (4.2),

295 (4.4), 364 (3.9), and 480 (2 '8). The eotcr carbonyl sppeared at

1695 cm ! in the ir sg;ctru-. The mass spectrum vas conuistent. ul/e
calculated for 0138 o, = 200.0837, observed 200. 0838
The'preparstion of a crystalline derivstive of 1, 5-methano(10]-
annulene wvas desired in order that an X-ray crystellosraphic study‘eould
be uﬂdertaken to provide important geonetric information for this new
i0m—electron system. The derivatives dascribed thus far did not |
grystallize; therefore efforts to ;repare a soli& derivative were

undertaken>

b :
Alkaline hydrolysis of the ester 98 gave the corresponding

cerbaxylic acid 99 as an anorphous orange solid in 25% yield

4, .

urification of 99 was difficult and attempts to crystallize it in
. ;hexane—or‘methanol wére unsuccessful due to the sensitive nature of

'“this compdund. The acid 99 unlike the ester 98 gradually decomposed

0

. upon smanding at room temperature poss;hly due to its acidic nature.

J“\,\ - : !

—

. i\\‘ liblnﬂ&mﬁgggtrum of 99 was essentially the same as the ester 98 (see

experimental)

Anilides are often crystalline solids and therefore might be

suitable derivatives for an X-ray analysis. Treatment of the. hydroxy-

[}

ester 93 with excess lithium anilide 101 gave the. hydroxyanilide 102



"aftet aqueous vorknp 19d convercion of 102 to the corgesponding p-nitro-

benzoate;lgg ﬁollqued by pyrolyais_ae previously descrihed at 300‘

-~~~

"' and 20 mm pressure gave crude anilide 100. Purification by chromato-

‘,_agraphy:on iiiica'gel~(nctivitylv, 10% ethyl_acetate in hexane) gave,ac_

vy

68

a-orphous pale otange solid Various ctte-pte to obtain single crystals"v'

(8

failed.

ﬁnothet attempt to obtain a crystalline detivative vas directed

' «,itaward the p-nitrophenacyl derivative of the acid 99 Alkaline hydtol— i

i ysis of the hydroxy ester 82 gave the corresponding hydroxy acid 104 €
| ’Jvhich was converted to the p~nitrophenacy1 ester 105 98 followed by
»conversion to the p-nittobenzoate 106, and pyrolysis ae before at 300°
10 an, to give crude 107 Purification by chronatography on silica geli
(activ/ty v, 102 ethyl acetate in hexane) gave 107 as an orange solid f;

; which -:111 cmtained hputities as detemined by ' em malysis.- )
@ ‘ _' 9 ,.’ ; : . "‘} X L ) N ’
N A s PR AN . rv .
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‘However, yellow—orapge crystals wvere formed from hexane as fine needles.

“which were not large gnough for a crystallographic study.-

collect and purify these crystals further were" unsuccessful due to the :

gradual.decompositiouvof lgz.

ﬁ i

" = *‘E “W L

: "106 | N

The pursuit of a crystalline derivative of 1, S—methano[lO]-

3

Attempts to

°

annulene &as ahandoned at this stage and efforts were. directed toward ,

/

v the synthesis of the parent hydrogarbon.

a - . "



< : CHAPTER 5

’

* THE srnruzsrs OF I,S-HtTHANO[IO]ANNULENE
o, -

The synthesis of the parent hydrocarbon 1 54.ethano[10]annulene

%ﬁ19 seemed to be close at hand in view of the reasonably stable nature'

of the derivatives previously mentioned. A possible synthetic Toute

mmv }1/ | .
—.involved reduction of the ketone 76 to the corresponding alcohql 108'

)

: vhich could be converted to an appropriate precursor 109 for 1,2-

'elimination of R-Onhto 19..

-

L e e - : v~
4 : N :

@

Reduction of the ketone 76 with diisobutylaluminum hydride ata ihi'
_7o°c proceeded stereogg\eifically to give the enda-alcohol 110 |
i?é . in 752 yield and a small amount of alcohol 111 in 8% yield ‘

The stereoehemistry of 110 -was assigged on the basis of the inghtly

bent conformation of the ketone 16 (as shown by molecu%;r models) which o

"‘ufgvored,exo.approach_of the bulky hydride reegent.‘ The lH_NMR spectrum
SRR AR S e e . A 5P .

.0



| 1
‘ . .. o oy
(nc1,, 5 fn-'nls) of uom the folIowln; taw...‘ 1 a | -
ibroed doublet at 2.05, J - 12 0 Hz, whtch wvas eloigned to nlln 2) a
s:l.nglet e 2. 38 d:. to the hydroxyl proton, 3) a doublet of doubuQ. of
doublets at 3.10, J -'12 0 Hz, J = R 0 Hz, J =1, 8 Bz was. ascigned
to. q11b, 4) a nultiplet at 3 40 Uas lasigned to H7, 5) a lultiplet at’
4,65 due to S, 6) a doublet of doubleta at 5.26, 3 = 10 0 Ez, J=
.2 0 Bz, vas aoeigned to B9, 7) a lnltiplet centered at 6.00 conlilting
- of five prorons, and 8) a broad doublet at 6. 4 J - 10 0 Hz, Une
- aseigned to nlO. The decoupling experi-ents which eupporr ,these uoign-»-
1 .::-mts ate s_arized :ln Figyxe 15.. The 1’C NHR spectrun vae consistent: ' o

ﬁxwith the ﬁormarion of onlonne 1soner and is outlined in Figur5'26. ;
lir.speetrgm (CHC1 )~$how- ;ogyl absorptions at 3580 and 3410 cm ;. R

The mass spectrum was consi pent , m/e calculated for C11H120 160 0888

" found l60.0888gand-th>' vjor fragmentation was.' —HZO and —H30 ‘Reduction

111

" .y

e

Treatment of the alcohol 110 with p—toluenesulphonyl chloride in

~ o~

_jpyridi;ﬁ\éavélthe corresponding tosylate 112, A tetrahydrofuran solutionl, I{

fr

of 112 was tre&ted with lithium diisopropylamide

—~ i~ -

»equiv) at-—78 C

&

»foliowed by‘warming slowly over 1 h“to room temp rature and gave ‘the

T

:alcohol 110 in 602 yield after aqueoue workup.‘v
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- S ﬂ;. | .
that proton abatraction fron the bridgehead position waa very difficult

£

and inatead it occnrred from the benzylic poaition of the toaylate group

- with subaequenb ‘Erapentation to the alcohol 110 as ahown

\ ~~~‘

' * , »Preparation of the cotresp ‘dihg benzeneaulpﬁonate 113 in an
" "HPana

lo;ous fashiom and eimilar treatment with lithium diisopropylamide
gave again the alcohol 110 as the only identifiable product in 502
c' yiel.d ' Attempted elimination of 113 with *diazabicyclo[l; 3. Olnon--

5-ene (p2m)'%0 in benzene at 40°¢ led only‘fo decomposition.‘.‘.

coas B 'rreamenc of the alcohol uﬁwuh thionyl cEl‘oride in. pyridine

gave an unatable chlorinated compound 114 which could ‘not be purified
Df?ect matment of the qrude ether extract with lithium diiaopropy’l-.

amide at -78 C in tetrahydrofuran gave a. red solution wh:l,ch remained

e colored after an aqueous worknp. The B NHR spectrum (benzene-d

6 fru TMS) of the cnﬁ’e px‘oduct showed a very interesting high field
AB 9yatem consia’ of a doublet of triplets at -0 96 J = 10 0 Hz,

J - 2 0 Hz, and a: dOublet at -0 45 J - 10 0 !lz, which was good

evidence for ’.he first formation of 1 S-lnethano[lolannulene 19.

y_ .
i

73
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The dohblet of triplets pattern could be predicted f’rm the symetry
" of 19 end the previously observed 1ong range coupling betﬁeen Hllb e

and HlO in the enol ether derivatives 88 and 90 and in the ester

“~

' 'derivative 98‘ Further confirmation for the fomtiou of 19 was 'CAJ\"
e~

bobtained by coupled gc—mass speCtroscopy which identified a volatile n :

REYS

;

. Pe&k with a mass of 142.+ The y’eld of this rsnction was lesa than 1z T ”,ﬁ

-'(est:lmated by ‘H NMR) ‘and attenpts to imprave this result failed.l_oll»ﬁ It
-f_vas there,fore appropriate to find a more- efficient means to prepare 19
' Attention was focused on a pyrolyt 'uethod for elinination |

’l'l_xe p—nitrobenzoate 115 ‘of 119 vas prepar and an attempted pyrolysis ‘

o~y

. .'4
1 "% the same fashion as for the prepat‘atics%% the ester 98 did not

succeed. Heating 115 at 300°C led only to sublimation of the Astarting

OO

‘ \»-'material -and decompositiop. Examination of molecular deels indi .
nzoic

that a cis ori&etion for the. pyrolysic elimination of -~"‘}

itrobe

aciﬁwas difficult téd ohtain in the endo configuration of 115.‘ However,

the ezo configuration had an approximate cis arrangement of groups.
| Therefore a method to- epimerize the endo alcohol 110 to the,gfrrespgnd-

_1ng exo alcohol 116 vas deaired to test this hypothesis. e

| A nethod for epimerization of@the hydroxyl group developed by

Mitsunq‘p and coworkers102 and sd@cessfully applied to sterols by A K.

| Bose and coworker31°3 appeared to offer a promising solution‘ Treat— -".T‘ip (:
p nent of 110 vith two equivalents each~of triphenylphoephine, benzoic , T\ |
A~acid and diethyl azodicarboxylate at —10°C fof 16 h gave a mixture of
‘ ‘;two isomeric benzoagee 117 and 118 in a 7: 3 ratio respectively in 802
!:fvﬁﬁffpéjfwfyield. The two benzoates were separated by column eﬁ%omatography on:
e B ailica gel and the lH NHR spectra were distinctly different: The ﬁf

. E A [ Lo e . . X .
iy L i N s can T : A ooy
. o EANE ) . « . B R PR : o

e
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;of‘deeoupling experiments.- 1) a broad doublet of doublets st 2,26

12 O0Hz, J = 4 0 Hz, assigned to the methylene bridgnypfoton*ﬂlln,

2) a mnltiplet centered at 3 16 earsisting of a dpublet of donblet of

“ 'doublets, J = 1z 0 Hz, J = 4 0 Hz, J = 1.5 Hz, due to the other nethyl-
.ene bridge proton 11b and the bridgehead ptoton H7, 3) s nnltiplet ,f

,centered at 5 51 consisting of two protons due to H8 ‘and 89 4) a’

complex multiplet centered at.5. 96 consisting of the five protons

H2—6;'5)-a broad doublet at'6 70 J = 9.0 Hz was assigned to HlO ’and‘

6) two multiplets at 7 47 and 8. 08 vers due to. the benzoate group.

i ;he ndnor ptodhct assigned as 118 shawed the following H NMR (CDCl3 t

‘fd from TMS) features. 1) -a doublet of doublets at 2 41, J - 12 0 H:,

J = 5 0 Ez, and ‘a broad dOublet at 2. 99 J - 12 0 Hz, due to. the methyl—
A\

epe bridge protons, 2) a broad nultiplet at 3 45 was assigned to the )

' btidgehead proton H7 3) a complex multiplet centered at 6 0 consésting '

sroup- E _’ o

: It was fortunate that the desired product 117 was: the major B

.roduet. A rational for the predominance ‘of - 117 might be lﬁi

75

’;‘of eight ptotons, and 4) multiplets at 7 45 and 8 25 due to the benzoate L.




‘ - * o 76
‘ . ( , : ’ : .

that nucleophilic attack of the. benzbete anion on the intermediate 119

o~y
L}

ptefern an exo attack at c8 rather than an endo attack at C10 (which

is required for the allyl:l.c rearrangement) due to the bent conformetion !
. ; ‘ of the bridged tetraene aystem. 1 ' » : \ B

#

P

v Ladus i ;

P

Alkaline hydrolysis of the benzoate 117 gave”the exo alcohol 116
in 1002 yield.

e

The 'y NMR spectrum (cnc13, 8 ftom 1‘MS) of 116 was .

.distinctiy different from that of the corggsponding epimer 110 as shown

in Figure 16 and’showed the following featutes 1) a multiplet centered }
: e‘at 2 12 consisting of the hydroxyl proton end a btoad doublet Qge to -

. . ; @
-
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observed in the 'H MR spectra betveml the epimer:l.c alcohols 116 and 110 \

78

one of the methylene bridge protons, 2) a multiplet centered at 3.10

due to the bridgehead proton H7 and the othq uethylene br:ldge ‘groton,

3) a doublet at 4.11, J = 4.5 Hz, was assigned to H8, 4) a doublet of
doublets at 5.48, J- '10.0 Hz, J-- 4, S'Hz,.was assigned to H9, 5) a
multiplet centered at 5,95 consisting of the five protons H2—6 and

6) a doublet at 6.55, J - 10 0 Ht was assigned to HlO The differences
are consistent with their structural sssignnent. The coupling J7 8 nd‘
8 % :bserved for each 1somer in conpsrison to the d!.hedrsl angle

- B
obtained from' molecular models is sunlnarized below.

+ . : 4
3 .

R, | - @7,H8 o, .
2 7.8 Y89 - Lt ‘9 '
i . . B - - % *

Coupllng- ' Estimated Dihedral Angles
110 2.0 Hz ° 7.5 Hz %:%, 20° . 45° e
~ o~ k | ) . . @
116 v QHz 4.5 Hz 90° 60° =

Another 1ntere'sting difference is. the significant upfield shift of the

H8 proton from 84.65 in endo alcohol 110 to 84.11 in exo alcohol 116.




é‘. rodh emperature gave a 902 yield of 120. The H NMR  spectrum was

' @
: consi tent with the assigned structure (see experimental)

e 79

This shielding of H8 may be due to its close proxihity\to'the 7 orbital

of Ccé as a result of the bent confornntion of 116. The !%C NMR spectrum

~
/

was consistent with the structural assignment and is schenltically
shoun in Figure 26. The mass spectrum was consistent, m/e calculated "/@ g
for C11 120 = 160. 0888 observed 160. 0893.

‘With the exo alcohol 1}6 availsH&e, the choice of a suitable

,derivstive for the intended czs-l 2=-elimination was inves:igated. The

vsa-e nethod of pyrolysis as for the preparation of 8—nethoxycarbony1—'

1 S-nethano[lclsnnulene 98 was sdvantageous due to the experinental
convenience and the snall scale on which it could be perforned The
ﬁeatures desired for the precursor for pyrolytic elinination were:

1). easy preparation from the aicohol 116 2) facile elininntion at

'<300‘C and 3) non—volatility at this temperature at reduced pressure.

The p—nitrophenylcarbamate 120 appeared to meet these require-
ments. Treatment of a toluene solution of the exo alcohol 116 with

p-nit ophenylisocyanate in the presence of triethylamine for 16 h at
P

AN
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\

o
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.g'
5 wﬂ“xg“qther known 10n—e1ectrom syst@qs‘was 8. msjor objective of this work
, . A :

The carbamate 120 vas subjected to the solid phase pyrolysis

nditions by bnnersing the apparatus (see Figure 13) evacuated at 150 mm

into an oil bath at’ 300° Immediately an orange colored sublimate
appeared on the cold finger (—78'C) followed by a white sublimate.

After about two minutes the flask was removed from the -0il bath and the

cold finger was extracted under an argon atmosphere with degassed cyclos
e X

g

hexane. The extract was concentrated by evaporation (room: tuperaturq‘

10 om), 'lromatographed on silica gel under -argon, and the

visible orange band was collected, Evaporation of the solvent (room

temperature, 10 mm) gave a 20X yield of 19 as an orange oil which solid-
ified when codbled to -40°C and melted near room temperature. Upon
exposure~to air, 19 lost its color and formed a white amorphous polymer
vhich was not soluble in cyclohexane, benzene, or acetone. The parent
hydrocarbon‘d9 wes thermally labile and had abhalf 1ife of approximately
12 ihen neat at toom temperature (20 C)., An ‘attempt to sublime 19

t 40°C, 0.01 wm, led to decomposition. In degassed solvents such as .

pentane, cyclohexane, benzene, or acetone, 19 was reasonably easy to

months. Attempts to crystallize 19 from pentane or methanol were

. unsuccessful mainly due to the small supply of compound its high

'solubility, and its sensitive nature& The successful synthesis of 1,5~

/y

‘methano[IO]annulene 19 provided a new model %pr the 1l0T-electron system.

’l'An analysis of its spect;al properties and a comparison' with those of -

../.

and is discussed in Chapté% 6. L

manipulate and could be stored at -80°C in pentane solution for several . _




4

“A. 'H MR SPECTRAL ANALYSIS'

100 MHz 'H NMR spectrum ofq19 in acetonewd with cyclohexane as an

a 270 MHz 'H MR spectrum was obtained

' assignmeng of “the entire spectrum. Irradiation of the doublet at 8, 08 " ’

- calcudated™ - from.the obserVed decoupled spectrum were used to generate -

ey ——.

W,

w' ; -

| . cmn‘h 6 . o
THE PHYSICAL Pnonm'us OF 1,5 wopo]m : -

The physical prppertiea of 1, Sqnethano[IOIannulene 19 are

highly instrUnental in assessing the degree of hromaticity it exhibits‘

and further comparison of its properties to those of other 10m-electron

P

systeme is useful in predicting what properties a presently hypothetical,

planar, monocyclic l0m—-electron system would have.,

o

1 NHR spectroscopy has been described as a pouerful tool for o ‘,
.the determination of the extent of ﬂ—electron delocalization. ~The ‘ ‘.(_ .
internal standard and lock (taken as §1.40) showed the following
features 1) a doublet of triplets at -0.95, J = 10.0" Hz, J = 2 0 Hz,
and a doublet at -0. 50, J = 10 0 Hz, which were assigned to the methyl-
ene bridge protons H11lb and Hlla respectively, 2) a triplet at 6.95,
J'= 7.5 Hz, was assigned to H9,-3) a multiplet centered at 7.45 . d' k e
consisting of three protons was attributed to H3 P and 5, 4) a doublet
at 7.60, J = 7.5 Hz, consisting of two protons was assigned to HS and~‘)

HlO and 5) a doublet at ‘8. 20 J = 8,5 Hz, consisting of two pProtons -

- was assigned to H2 and H6. In- order to facilitate the spectral analysis

1104 and is shown in _Figure 17. _ o

Decoupling experiments illustrated in’ Figure 18 aflowed complete

reduced the multiplet centered at 7. 31 to an ABzysystem consistin§ of

the protons H3,' Z and 5. The chemical shift and the coupling values
105 ‘ S

»




S2

08 9
¥

2
‘TH9S"L

=01

S

.,
]

6p nm.ww.

LY

ZHp9 8 =9'Sp=€'2p

*

SHTHUNH -
TL'e=q'0p

3

). ZHE =S

v_..;nc.n_..

S'PEH

EY

¥

-OV8H

9'CTH !syuawubisse ¥

rd



83

2

80°8

,lm«n»n Nm<,

) ‘/,”V.fy\ N - ﬁh 4\ l,
: : *yueTq w:u 03 pexwduwod couuuaw‘mﬁ.ﬁm=Mam 3yl jo 9oueaesdde ayj
< . . . oo ¥*
8 (2*%9°8=r*P)g0°8 9¢zH "
s — ¥ e (T'eSTIer')zse T orgm
2 RS ) . , © (€'mog S“v°cH
8 - R : (1495 L=r*3)98°9 6H -
o o (T°2L°6=0P)8Y"0- ®{1H
ZLt6=r'p N 4 8 \ v (TS0 e=r 7L 6=r*IP) 56 0- -  q1TH
: uﬁwawﬂm paTdnodsp paaiassqg . . .. P -
~m.nv. 0e°¢L 98°9 %70~ §6°0- ) » : R \,maw¢www 0
($) 83r2uanbaay .Burrdnooag --uni3Jdads juerg - . Juawudyssy
.uﬂoaimccﬁoﬁuocw:ueXmeﬂ uow mwcoaﬁuonxm 8urtdnodsaq wN H, ZHK 0.2 ‘8T wunwﬂm

'



. ’allylic coupling J

\ 3 -
. a spectrum using the "Iteration of Calculated NHR Spectra Using ‘Least

Square Criteria (ITRCAL)" program of Nicolet Inst. Corp. interfaced to

‘a Bruker HP-.p FTvNHR spectroneter.106 The observed decoupled spectra o B

and the generated spectra matched closely as shown in Figure 19 .(

’ 'providing support for the analysis of this ABZ pattern. A simulsted

spectrun of the five spin ABZ.Z system consisting of proto‘s 82—6 -

uaa generated using the chelical shift and coupling data obtained from -’

“the observed spectrun in addition to guesses for, the values of the

2,4 " 4 6 and J3 5 The best match of calculated

and observed spectra for this ABZXZ system vas found to be that with -
all\of the allylic cqulings equal to zero as shown in Figure '20.

»‘The symetyy of 19 18 reflected in the equivalence of the protons H2'= . 3

H6, H3 = HS5, and H8 = HlO and in the characteristic long range coupling

11b,8 11b,10' ‘The assignment of the methylene ‘ j»j*v ;

bridge protons is based on the previously observed long range coupling

~of this system,

. p PO
Jllb'lO in substituted 1, 5~methanoﬁ10]annu1ene derivatives and also on

the assumption that the methylene bridge is tilted toward the larger'

.o

A

ring and thus Hllb is directed into, and Hlla is directed out of the

‘ shielding region of the induced diamagnetic ring current and hence Hllb

ten

P

appears at a relatively higher field position than Hlla.

Ha

3
4

5 s v bt i,
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" ’Figuré‘f-l9. Generated. (ITRCAL) Spectra of4 ‘the .Decoupléfl AQZ System in 19.  -.
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Figure 20. Generat'.ed- (ITRCAL) Spectra of thé AB'2X2 Sy/sg:em in 19,

\4\‘\.
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| The charaqteristic’high.field signals{of the mecu;lene ) ;. o | .
b;idge\brotons.of‘lglclehrly‘demonstrate an-’induced diamagnetic ring _'\\\\\;\\\
current. 'A teesonable estimate for this shﬂelding effeet on the | |
methylene bridée protons andtthe~corresponding deshielding 6f the ?
peripherel ulefinic prqtons 3,.4, and 5‘qf }2'cau be obtained by I
comparﬂsg-the chemical shifts of:the same protons in the tetgaene,gg
as’outliued iu.Figure 21, /Simila;iy, the degreegof induced'aiamaguetic'
ringﬁcurrent in 1;6Lmethano[10]annu1ene'lé can be estimated b? com—
patisun with_thé”ttienej}g} (figure 21); From é%is;analysis, both
V’1,5- and l,é—methano[i@iannulene appear ta be similerfin'their )
ability to sustain a diamagnetic ring current.

It shouldlbe pointed out that 1, 5—methano[10]annu1ene 19 might

possibly exist as tyqtequilibratiug /pnd alternste isqmessiD and E.

‘:7\

X

¢ 2 ' : . .
e . . N o .
Experiments were,performedato investigate any temperature dependence in

the 'H NMR spectra of 19 and some substituted derivatlves TﬁeIIH

~

NMR spectrum of 19 in a mixture of diethyl ether—d and methylcyclo—'

, . ¢
)hexane—dla (2:1) was recorded at 0°, -50°, -80°, —110°, and_-lSO C

—
3

and no tehgeratute dependence was observed. The chemiqél shifts rem-
ained constant throughout and line broadenlng due to the solvent

Viscositj occurred from -110° to -150°C. The substituted derivatives

« &
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Figure 21. The Induced Diamagnetic Ring Current ifn 1,5~ and 1,6-

.Methano[10]annulene.

—~Proton NMR signals (8) AS
Hlla S 2.50 -3.00
 Hllb 2.0 ~2.99
H3,4,5 s.80¢  1.65
. e
Proton ' 'H NMR signals (6) o AS
Hlla -0.50 . 2.95 o =345
mit . 0.0 . . .  0.80 -L30
H2 .20+ - s . 1.30
H3 . 6.90% 6.55% ‘ 0.35

* center of muitipiet; :
L] . s
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of the hethoxy ester 93 and the ester'gg were investigated. Their

'H MR spcctrn 1n a mixture of tetrshydrofursnﬁdé!snd dlethfl ether-
dio (lzl)iwerefrecorded'st 30°, -80°, and -100°C and were identical
‘except for some line brosdening due to increagped solvent viacosity
below -90°C. Therefore, to the linit of the NMR time scale, 1 5-.
nethnno[lO]annulene exhibits a structure of tvo—fold syunetry and the

. - %
significant induced dia-agnetic ring current in this system strongly’

indlcates that the 1,5—netpsn?[10]mnulene syst . ‘\3 elocalized
species. : | » ) o
The coupling constant of vicinal protons\hae been suggested

. as a possible indication of aromstic character.lo7 A comparison of
the vicinal couplings of olefinic protons of similar structures of an
aromatic and a non-aromatic compound show a smaller value and a larger

value for 3JHC¢H‘ respé%tlvely. This is clearly illustrated in azulene
gz.where J6,7 ¥”i7,8 = 3.5 Hz and the correjponding value f?und in the

' cyclopentadienyl anion is 3.23 Hz while the value for cyclopentene is

107a . |
\\3‘5 Hz =
) ©Q r
, ‘ ‘)5.23 Hz 5.4 Hz
‘. ’ H

The origin of this empirical observation arises from the linear

5.4 Hz.

relationship between the coupling constant and ‘bond order108 which

would be expected‘to show an inverse 1inear'relationship with the bond
length 109, The size of the coupling constant is sensitive to the ring
size therefore only similar structures can be compared. ‘On a very

~ -




N ——

,

qualitative basis a conpari.on of the vicinal coupling constants in
~sinilat olefin structures 1ndir¢ct1y co-pare- the~bond length.
Accepting the prd.i.e that 1,5—-cthano[10]annulene 19 exists

~ as one delb¢alized species, a comparison of the proton chemical shifts
and the vicinal coupling constants of 19 with those of azulene }Z,l;o -

111

-1, 6~-methano{10]annulene 15; and naphthalene }g,llz.are shown in

Figure 22, - ' i

It is uoticed that J of 19 and the corresponding

8, 9 9 10
couplings in azulene 17 are quite different, while the vicinal couplings

)

in the large ring are quite similar. For 17, thg¢’vicinal co pling, J

I3

8,9
is similar to that observed for the cyclopentadienyl anion, while for 19

this vicinal coupling has the same value as that observed for benzene.
This observation indicates that the distance between Cl and C7 is’

8,9 ~ 9,10 1”
19, as reflected by the vicinal coupling, may be closer to those of a

likely more than 2 A‘fgd,thus the dihedral angles of H

six-mem :ed aromatic system rather than a five—membered aromatic system

as in’azulene }Z. °

B. !3C NMR SPECTRAL ANALYSIS

. The 3¢ NMR'spehtrﬁn‘qf 1,5—methano[10]éﬁgulene 19 was desired

/

in order to further substantiate the symmetry of 6ﬁeymolecule and also
X S . . ) V? .
to possibly provide some ipforn;tion as to the qhgrée density and geom—

e

etry of the molecule. 3¢ R cheqi&él-shifts provide - a sepsiﬁive probe

for local charge and éhanges in geometry of a given carbon atom in a

molecule.113* The relative electron density at a given carbon atom can

114

’

" usually be compared qualitatively in éompoupds of similar geometry.

.

~

S

@y
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Figure 22. 1H‘NMR Spectré and Vicinal Coupling Compatison}

17 18 15
Proton : ) . Chemical Shifts (8).
2 8.08 8¥22 7.67 7.27
3 7.28 6.92  1.31 6.95 .
4 7.34 7.20
8 7.52 7.21
9 7.86 7.75
"Coupling Constants (Hz) . ' .
I3 8.64 - 9.5 8.29  8.97
I3.4 11.3 0.0  ’ 6.86 9.19
8,9 7.56 3.5 |
3 . sl =
Some JHCCH Values for Comparison
11.8 9.6 ’ 9 64
ref. 112 ref. 109 - ref. 109
11.7 5.4 3.23
ref. 112 ref. 109 - ref., 107a
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1’C NMR has been shown to be insensitive to ring current effect .115‘

The rationale for this ob-ervatiou is that the ting carbons of/fhe Lo
system are located in a "null" region of the induced secondary -agnctic
field and even when a carbon atom 1s located ideally, as in 15 or 19,
the magnitude of themshielding or deshielding 1is of the order of only
a few ppm, which is\significgnt for 'H chemical shifts, but is putweighed
in !3C chemical shifté by the“effgct- of geometry and local charge.
ﬁith the development of a'microprobé assembly for obtaining 13¢
NMR sp?ct:a on less than 20 mg of an average molecular weight coﬁpound
in a reasonable time,116 it was possible to obtain the 13¢c MR spectrum
of l,S—nethano[IO]annulené Eg with 12 mg of sample. A pentane solution
of }2 at 0°C was evaporhted at 10 mm breséure until it was concentrated
to near né::;ess;_ Freshly distilled and degaséed acetone—d6 was added
and the mixture was evaporated again and the process was repeated twice
to_ensure complete solvent exchange. The ace;one—d solution ‘was

evaporated to a volume of about 20 ul and 0.3 ul.of cyclohexane was

* added as an internal reference.

Under an argon atmosphérg, a 2.0 mm capillary sample tube was
loaded using a 10 ul syringe to a total volume of 30 ul. The concen-
tration of the sample was therefore about 2.8 M in 19. The noise
decoupled spectrum was obtained with 2000 scans at 0°C and at -80°C and
shoved no differences except that, ~the relative intensities of the

signals changed. The 13C NMR spedtrum (ppm from T™MS) of 19 is shown

in Figure 23 and clearly demons rates a two fold symmetry for 19 as

only seven different carbon signals were observed. The signal at

34.7 was readily assigned to the bridge methylene Cll. The signals at
! . \

]
il e i
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125.1, 133.5, and 144.6 appeared to contain two carbons each by thetir

o

relative 1ht¢n.1ty compared to other signals. Tﬁn bridgehead carbons
Cl and C7 were expected éo show a signal of double intensity but this
might appear less intense due to the relatively long relaxation time

117

usually observed fo; quaternary carbons. The hridgehead carbons

were identified as the signal at 161.2 by the technique of modulated

18

off ~resonance docouoling.1 The remaining carbon signals were assigned

Y

by recording the l"C NMR spectrum while selectively decocpling the

119

13 MR spectrum. A de-criptioﬁ of these experiments is summarized

in Pigure 24. On the basis of these results the complete assignment of
P
the 13C NMR spectrum was possible and 1s shown in Figure 23.
A comparison of the !3C chemical shifts of 1,5-methano[10]-

120 1,6-methano[10]annulene 15,12; and

-

annuleune }2, azulene }Z,
niphthalene 33,12; is shown in Figure 25. A distinct difference in the
6ﬁem1ca1 shift of the bridgehead carbons of }2 and }E is apparent.
1,6—Hethano[10]annulené }é exhibits an unusually high field chemical
shift at 114.8 for the bridgehead carbons demonatf;cing unique electronic
properties which may, in part, be due té some transannuiar interactioﬂ
between Cl and C6. The other carbon sigﬂals of }? are alszt ideﬁtical
to.the corresponding cérbon‘siggplé in naphthalene 18. The bridgehead
kcarbons of ég appear at an unusually low chemicai shift for sp2 hybrid-
- i1zed carbon in a hydrocarbon environment, at about 4? ppﬁvlovet than
those of 15 and about 20 ppm lower than-those of azulene }Z.b This
observation suégests either a geometric difference and/or aadecreased
electron density ‘at Cl and C7 in 1, 5-methano[l0]annulene<compared to

the other 1Om-electrom systems.

/7
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Figure 251»%"C>Ch€mical Shift Comparison. ‘. ’N\\-///
, 2 '
17 18 15

Carbon ~ " Chemical Shifts (ppm from TMS);.
1 161.2 -~ 140.8 133.9 114.8
2 144.6 1369 - 128.3 1287

3 125.1 123.2  137.4
4 128.7 137.4

8 133.5  119.2

9 ' 130.4 137.9

11 34.7 ‘ - 34.8°
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The sensitivity of variable temperature.l’c ﬁHR spectroscopy for

the detection ofbvalencevtautomers and bond shifts is well recognized.
rOne of the firgt applications of 13¢ R to dynsmic phenomena vas: {
.demonstrated ;y Mdsamune and coworkersl for the [lO]annulene 5 This
method has also been used for the elucidation of valence tautomerism in
1, 6-methano[10]annu1enes substituted at Cll.56 ’ |

 The '’C NMR spectra (acetone—d ) of the parent hydrocarbon 19,
the ester 98 and the methoxyester 93 recorded at room temperature
- and at —80°C were temperature independent with respect to the observed
chemical shifts. Only the relative intensity of the signals changed
vitthhe quaternary carbons being more intense at the lower temperature,,
This result together with the 5 MR variable temperature ‘studies /
supports the conclusion, although tentative at the present time, that
the 1, S-methano[lo]annulene system is one delocalized species |

A compilation of the 13C chemical shifts of the various 1,5~
methano[lO]annulene compounds prepared and some of the bicyclo[5.3.1]-

undecane precursors. are schematically showm, along with the multiplicity

observed under the conditions of off-resonance decoupling,kin Figure 26.
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- C. ULTRAVIOLET AND VISIBLE SPECTRA

, The electronic absorption of 1, S-methano[lo]annulene 19

~

extends into the visible region and shows the following Xmaxnm;(log €)
in. cyclohexane' -210 (3.9), 255 (4.0), 282 (4.4), a ‘shoulder at 297
(3. 9), a shoulder at 303 (3 8), 325 (3 5), and 480 (2.5). A comparison

of “the electronic absorptions of 19, iz,lz& ~§,5 and'lglz5 is shown

. . . ) ‘. N
in Figure 27. There is a close similarity between the overall features
of the spectra of-1,5-methano[1Q]annu1ene 19 and azulene 17. The

~/ . ./
Aelectrouic absorption of several substituted 1,5-methanof{7

compounds are compared in Figure 28. Possible perturhation 6f th
electron system by the various substituents is reflected in the
differences in the k max and extinction coefficients (e) observed.
4he electronic absorption spectra of the 1, S-methano[lO]annulene :
) systeg/exhibits characteristics of a hfghly delocalized T-electron
szém which agrees with the conclusion derived from the NMR spectra.
The possibility that this 10ﬂ—electron system exists as a fast equil—
ibration of bond alternate forms is probably quite remote. With the
current knowledge of the electronic structure of this system, further

¥

discussion of the uv spectra appears to be at1best, speculative

. 100

<
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D. PHOTOELECTRON SPECTRA

Photoelectron_(PE)'spectrochPY at first sight appeared to be an
» . . . ‘1’ '

attractive means of determining aromatichhéractef in that it seemed'to

126

give a value for the electron energy lev 1s of a molecule. In the

Rphotoeiectron'experiment{ a photon of knowﬁ energy, hv, is directed at
a molecule, A, and thé‘kinetic energy of.the ejected electron is ’
measutéd. Since oﬁl& thé total en;rgy of a moleculgyls a wellldefined
quantit& and not the enefgy of the individual electréns, the electron.

' energy levels are not re;lly being measured in the phptoelecfrontexper— o
iment but rather_ the difference between the total energy‘of the neupral
moleculézand the totai epergy'ofwthe poéitive‘ion\{g beihg meaéwfed.

. After an .electron has been removed the gggitive ion may be in various
T:«' ) ] X . Awrw . — <

states involving extensive rearrangement of the remaining electrons,

therefore ihe electron energy levels determined by photoelectron spectro-

scopy may not have relevance to the ground state of molecules. "An

example127 which demonstrates this problem is illustfated for cyclo-

octatetraene which has'an ionizatibn potential of 8.04 eV whiie

]

ethylené has 10.5 eV. This,result‘doeshnot mean that there is e*ténsive
interaction between double bonds of cyclooctatetraene. Instead, it )

/ /

_demohstrates that the positive ion formed when an eleetron'is ejecfed,

~f§om cyclooctatetraene undergoes ‘electron reorganization which is
N : : _ ‘-
reflected as removal of an electron partly from some or all’ of the
_ four double bonds. The relevance of ionization potentials as a measure

. of aromaticity is therefore limited but does provide another spectral

/

method of observing.the'electronic propertieé of a molecule. .

The photoelectron spectra of 1,5—methan6f10}annuleqe 12,128 and

azulene 1;129 are shown in,Figuré 28 and can be compared to the photo-.
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Figure 29. Photoelectron Spéctra of 1,5-Methano{10]an

~ Azulene 17.

0

R R | 1 1
1,5-Methano[}0]annulene 19

~ O

| 16 14 12 10 8 L—
- [ 1 1

6 14 . 12 10 . 8
1 . 1

Azulene 17
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Figure 309 Photoelectron Spectra of 1,6-Methano(10]annulene 15 and

Naphthalene 18.

. 7.90
8.38

1,6-Methano[10]annulene 15
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' 5 130
_electron spectra of 1,6-methano[10]annulene 15 * and naphthalene 18

as Thown 1n'Figure 29. The groae features show that the PE spectrum
of 1,5-methano([10]annulene lg is sigilar‘to azulene lz and that of
1,6—methano[10]annu1ene l§ ig similar to naphthalene lg. The first
ienization potential of lg is lower than that of lg»by 0.27 eV. An

analysis of the PE spectrum of 1, 6-methano[10]annulene 15 has been

reported by Boschi and coworkers.s4 They ceaeluded_that the PE spectrum

of 15 closely perellels that of naphthalene and stated that lg "does

not show theﬁfull;aMOunt_of ﬂ-electron-delocalfigtion expected for a
hypothetical ﬁlanar [10]annu1epe". The analysis of the PE Speecra
requires a cémbutation of the energy levels ofvthe molecele and a MINDO-3
calculation has been performed for 19 Hoeever, the absence of an exact
experimental geometry (X-ray structural analysis) for 19 causes the
reliability of such an empirical treatment to be questiOnable. There-
fore it is not possible to confidently analyse ‘the PE spectrum of 12’

at this time.
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E. CONCLUSION

, Thebrcticll calculations by Allinger and Sprague131 predicted
/#;hac the 0 system constraints of 1, 5—-ethano[10]annulane 19 would force
ring dihedral angles to differ up to 54° and therefore 19 would have
complete bond .alternation. The calculated dihadrll anglee for 19 are
shown below and the average distortion from planarity is about 23°,
A similar calculation for 1,6-methano[10)annulene predicted geometric

N Vs

parametérs which were in good agreement with the X-ray structure'deter-
mination of the ‘2-carboxylic acid derivative éf 15. The -dihedral
angles of the cgnjugated system of 15 are distorted less than 30°

and have an average distortion of about 19°. This calculation there—
fore predicted that thesg’isomeric 10ﬂ—€l$gtron systems }2 and }2
would be quite different. ~ '

Ihe ly NMR\spectra\observed for the 1,5—methano[10]annulene S
systém demonstrated the existéncé of a highly delocal}zed IOW;electfon
system as reflected by the induced diamagdetic_riﬁg current. An
impressive demonstr&tion'éf the effect erége molecular geometry on the
ability of a cyclic T-electron system to sus;a;q a diamagnetic ring
current has beénishown by Vogel and cavorker3132 for the bismethano[IA]—
annuiene-system. The 'H NMR spectra of syn 122 and anti 123 were -

fetond
fundamentally different, With>132 exhibiting the presence of an

v" /
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induced diamagnetic ring current wvhile 123 showed signals typical of a

~ -

cyclopolyolefin. The approximate geonatry as shown by molecular models
indicated that 122 was almost planar while 123 vas severly distorted

from plaﬁarity, especially at the bridging positions. An X-ray "

structural analysis of 123 confirmed the nonplanar geometry with dihedrel

angles of adjacentQsz atomic orbitals approdching values up to 70'.133
®
—_— 13
(] 1
8
——a 13
7
s 1
N

The degfee to which‘the 1, 5-methano[10]annulene system:assumes
a planar conformation may be greater thap that shown b}: simple molecular
models or by the theoretjcal treatment;.l31 rThis gain in stebilizatieﬁ ‘
energy maybin the case of 1,5—methano[1QJannu1ené }2 be greater than the
strectural strain energy generated eo allow effective’ﬁ—bond‘overlap.
This 1is in oontrast to the monocyclic cyclopentaenes b and 5 wheéere the

geometrical constraints were greater than the energy gain by ﬂ—electron

delocalization. ~ To what extent 1,5-methano[l0]lannulene 19 acquires a



fgnnr confornntion is preaently not known.

Aromatic molecules such as benzene have planar and rigid struct-

ures, and obviously, a dihedral angle “of 0°C provides the most effective

overlap of 2p atomic orbitala. However,\nature might allow greater

geonetric flexibility for effective T-bond overlap. Both experimental
~%
and theoretical studies are probing this concept and there are indicat—

ions that aronatic systems are capable of 5°f20° deviations from
planarity\wi%hout a eignificant‘ioss ofﬁenergy13f' The bridgedc
[IOTannulenes l§ and lg demonstrate a delocalized ﬂ-electron system
even with eignificant (20° "and possibly greater) deviations,from
planarity. | ‘

a When'the‘two models lg”and-lé for a‘hypothetical;monocyclic
delocalized 10m-electrén system are compared'to the bié;clic fused 1o0m-
electron systems azulene 17 and naphthalene 18 iv is observed- that

1 54nethano[10]annulene 19 is similar to azulene 17 and 1, 6-methano-

P ~ . 5
[10]annu1ene 15 is similar to naphthalene 18. This observation » \\
v e _ T e : _ : \
indicates that transannular Interactions in 19 may be minimized compared }

. to 15 Thus, 1 S-methano[IO]annulene might represent possibly the //

4

>

closest mddel yet prepared for a hypothetical planar, monocyclic 10ﬂ—
electron system in which virtually no transannular 1nteraction exists,
and therefore allows a clearer experimental asséssment of the properties
of this type of/e ctron arrangement.' Unfortunately, the absence of
geometric data for the 1,5-methano[10]annu1ene system precludes any
attenpt to’ uan itAtiveTy;analyse its electronic etructure. An‘X—ray

crystallographic analysis of 19 and theoretical treatments'based on this

geometric data remain-to be carried out in order to conclude the
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study of . this new 107-electron system.

At the onset of this work, the synthesis of 1, S-methano[IO]-
'annulene 19 was of interest for two main reasons: 1) the monocyclic
'[lolannulenes 4 and 5 appeared to~ be more labile than expected in
_view of the ‘stability of 1, 6-methan§}10]annulene and 2) to examine the
, extent to wirich a possible transannular interaction iﬁ 15 stapilizes
the nonocyclic 10ﬂ—e1ectron system. Now with 1 S-methano[IO]annulene
19 available, it has been observed that although 19 koes possess a
significant amount of structural strain, as indicated by 1its oxygen and
thermal*sensitivity, it indeed does possess a delocalized 1OW-electron
'system as evident by the induced diamagnetic ring current. With this
new model, it can be concluded that a delocalized array of lOﬂ—electrons
does represent a stabilized aromatic. system as originally predicted by

Hickel. 135,136



All experiments were conducted under an inert atmosphere of

'.argonfor~nitrogen.. The‘solvents aud reagents used in each e;oerimentl

i

were dried and purified by accepted procedures unless otherwise sfated.137

«

A rotary evaporator (water agpirator vacuums was used for-the‘removal
of solvents where "evaporation under reduced pressure" is mentioned )

" Melting points and boiling points are uncorrected.

-~

The ultraviolet and visible spectral data were obtained on a

Unicam QP 1800 ultraviolet spectrophotometer. The A values are

reported in units of nanometers followed in brackets by the logarithm

of the molar extinction coefficient (log £).

The 1H NMR spectta wvere obtained using a Varian Associates -‘A-60,
HA-100, HA-100 equipped with a Digilab FT-NMR pulse andvdata system,

or a Bruker WP-60 FT spectrometer. EThe iac NMR spectra‘were obtained
. : !
using a Bruker HFX-100 spectr‘ometer.“
. ‘ . |
- internal standard unless otherwise ﬁtated The 'H MR spectral data

Tetramethylsilahe was used as an

«

are . reported with the chemicalvshifu in § units followed in brackets by

) ]
the signal description (mu tiplicityp, the first. order coupling constant

value in Hz when appropriate, the relative integration value, and- an
\

assignment of theusignal~when possible. The following abbreviations -
. . i )
‘ | . .
are used in the signal description. | . y
. |
- | . . N
s;fsingletw\ - | quin; quintet '

d; doublet : \ sept; septet

‘ |
t; triplet ‘ ‘

multiplet

q; quartet . br; broad

111
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The 13C NMR spectral data are‘reported with the CHemical shifts
in § units followed in brackets by the multiplicity observed during off-
resonance/decoupling and an assignment of the signal when possible.

The infrared spectra were obtained on a Perkin-Elmer Model 257
infrared spectrometer. The absorption signals are reported_in cn-l. o
followed by a description of the eignal using the following'abbreviations.

< ' 8; strong | v; weak’
m; medium , . hr; broad -
Only the major absorptions are reported.

The mass spectra were obtained with an A.E;I; MS-50 high
Aresolutionbmass spectrometer. The masa spectral data are reported as:

_the m/e values for the molecular fragments followed in bracketa;by the
relative abundance and the molecular.formula for the‘respectivevfragf
ment. 6n1y the major fragments arebreported. o ) R

Ihe\gas-liquid-phasevchromatographic analyseé yere performed on
a Hewlett—fackard mode1g7620 research chronatograoh equipped with' - (:
‘lkg mx 0.3 cm columns and a flame fonization detector.g The conditions
and type of column used are described.invthe text for eaCh case.' .
Thin layer/chromatographic analysis was perforned using Woelm
'Silica§?e1‘F2$4, 0.25 mm thick,;ZO i 20 cm plates cut in the approp-
riate sizes. Preoarative thin layer chromatograohy was performed on
vlioymm thick 20 x 20 cn plates prepared from an aqueous slurry of !

: silica gel EMR HF 254 and 366 (type 60) without binder. The plates
hwere‘?ctivated by drying at 110°C for 16 h and stored under anhydrous
conditions. ) A

Column chromatography was performed using MNR, Silica Gel 60,

70-270 mesh, activity I unless oth: -ise stated. Different activities

e IR Y

21l e e
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~ of silica gel were obtained by adding silica gel to the appropriate o~

amount of water contained in a flask and rotating or shaking the mixture Zi

for 30 min qptil’a homogeneous adsorbent was obtained. The following

recipe was used. .

Activity Grade II ., III v Vv

Water added ; ‘ B
(X by weight) . .10 12 15 20
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, cisiS-hydroxycyclooctyl benzoate 58 . u

To a séirred solution of eig-1 S—cvclboctanediol (20 g, 0.14 mol)
~1in pyridine (250 ml) at room temperature vas added benz yl chloride

(16 5 ml, 0.14 mol) After stirring for 1. 5 h, ether (200 ml) was’ added,
, the mixturelwas filtered through a sintered glass funnel and the pyrid-
ini/ﬂ\KAl/é;lt collected vas washed with ether (2 x 50 ml). The _
filtrate was evaporated at reduced pressure. The residue was dissolved
l‘in ether (200 ml), the solution was washed with 1 N HCl (2 : 100 ml), |
aqueous 5% NaHCO3 (1x 100 ml), aqueous saturated NaCl (1 x 100 ml)

dried (Nazso4), filtered and evaporated at reduced pressure. The
residue was chromatographed on aluminum oxide (Woelm neutral 150 g) and
fractio (20 ml) were collected automatically and analyzed by analytical
tlc for %roduct composition. A mixture of ether and cyclohexane (1:1)
was used as solvent until all of the diester vas eluted and then ‘the

, solvent was changed to chloroform. _After combination of appropriate

~ fractions and evaporation of the solvent 18;4 g (532) of;§§*was ob~-
tained as a colorless oil.' , |

- 1H NMR (ch13) §: 1.80 (m, 12), 2.45 (s, 1, OH), 3. 80 (m, 1), 5 04 (m

N 1), 7. 40 (m, 3), 7. 95 (m, 2)
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. 5—0:ocycloocty1' benzoate 59 - ' s
t | ; » - -
o qEs .
. O 58 |

-~

This oxidation was performed using the method developed by Rao
.;and Fillerr73“ ’ ”

To a solutlou of Na20r207 ZH 0 (22 g, 74 mmol) in 100 ml of
dimethylsulfoxide was added hydroxybenzoate 58 (18.4 g, 74 wmol) in

100 ml of dimethylsulfoxide. The mixture was stirred at 0°C and conc
HZSO (17 ml) was. added dropwise at such a rate as to maintain the

‘reaction temperature below 40°C. After the addition was complete, the

‘mixture was heated to 60°C for 30 min, cooled to room temperature and ) ‘\
poured onto 500 g of ice. The mixture was extracted with ether (3 X
300 m1). The organic extract was washed with aqueous saturated NaH003
(3 x 150 ml), dried (Nazsoa), filtered and evaporated at reduced
»‘pressure. The residue was dissolved in ether (100 ml) and the solution
vwas Hashed with water (3'x 50 ml), aqueous saturated NaCl (1x 50 ml),
dried (NaZSO ), filtered, and evaporated at reduced pressure. The
residue'was crystalllzed from heptane t? give 13.75 g (75%) ofv§2

R : /
- as a vhite solid. .

mp 60-61°C

ir (CCl,) em 2950 (@), 1720 (s, 1280 sy, 1120 (m)

1HQNHR (ch13)’5= 1. 95 (m, 8), 2.40 (m, 4), 4.90 (m, 1), 7.45 (m, o T -» 3

8100 (m, 2)

-
v



' mixture was poured into water (100 ml)y separated and the organic .
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e

-«

13c NMR (CDCl3) 6: 22 1, 33 2, 42.1, 74.0, 128.4, 129.6, 130 7 132 9,

165 8 215. 3

N

124. 0888 (40, C

mass spectrum, m/e : 246.1253 (2, m+‘

15 18 3)' 8 1z°)'

T
-

105.0339 (100, ‘c7'u50)

—

5-Oxocyclooct-3-en-1-yl benzoate 60

ry

mcsﬂs | . | 57
B 59 ° ‘ 0 60
To a stirred solution of keto—benzoate 59 (9.12 g, 37 mmol) 1n

ethyl acetate (300 ml) was added dropwise a solution of phenylselenium

chloride (/.60 85 40 mmol) in ethyl‘acetate (60 ml) -After 1 h, the

fextract was - washed wiqh aqueous saturated NaHCO (50 ml) and water

(50 ml) The extract was, then added to tetrahydrofuran (250 ml) and '
» . . . N
i while cooling at 5°C a sdiution of 302 H. 02 (9.6 ml) in tetrahydrofuran

(40 ml) was added dropwise., The mixture was allowed to warm slowly
“:over a period’oﬁ 1 h to room temperature and was stirred for an addition-

.al 2 h, Arghz aqueous solution of Na (100 ml) was added and the'

20

'layers were separated. The organic phase was washed with aqueous satur-

ated NaHCO, (100 ml),'aqueous saturated NaCl (100 ml), dried (Na 504), o : ’

filtered and evaporated at reduced pressure. The residue was disgp!

in hot 98 ethanol (50 ml) and upon cooling overnight at -20°C, 4.3 B .

(48%) of 60 was obtained as white crystals.

mp 66-67°C-



dr (CCL) em i 2960 (b3, 1720 (s), 1670 (8, 1275 (&), 1 1120 (s)
Iy MR (CDCL,) &: 1.90 (m, &), 2.85 (m, 4), 5.30 @, 1), 6.40 (=, 2),

7. AS (n, 3), 8. 00 (m, 2)

A

13¢c MR (CDCL,)- 6: 18.8, 2. 4, 32.8, 41.4, 71. 1, 128.5, 129.7, 131. 0,

133, 2 137 2, 138. 4 165 8, 202.3

* mags spectrum, m%e s 244.1097 (1, m =C 0 ), 122 0728 (60, CBHIOO),

) 157163
1105.0338 (100, C;HO) . .

3f31cyclo[5.3;l]undeca-7,9—dlenyl benzoate 61

| To a solution of alljlphosphonium bromide~(i;l g, 5.5 mmol) in

| etrahydrofuran (40 ml) was added potassium tert—butoxide (0.57 8s. 5.1

mnol) and the mixturé was. stirred for 3 h at room temperature. i .
solution of eneone-benzoate: 9V 60 (0 8 g, 3.3 mmol) in tetrahydrofuran

(2 ml) was added and the mixture was stirred overnight. The mixture was
poured into’ pentane (200 ml) and filtered through a pad of Celite in a
sintered glass funnel. The filtrate was washed wigh water (2 x 100 ml),

"‘dried (Na 804), filtered, and eyaporated at reduced pressure. The

:residueuwas purified by ptlc (silica gel ethyl acetate/hexane, 1:3)

to give 175 mg (20%) of 61 as a colorless oil.

_H NMR (€DCl,) §&: - 2. 0 (br m, 10), 5 o (br w, 1), 5. &5 (m, 2), 6.15 (m,

-

1), 7.40 (m, 3),.8.00 (m, 2)

17

o




Bicyclo(5.3.1}undeca~7,9-d1ene-3-ol 62.

, Oﬁcaﬂs
o - 6l h - 62

»

To a solution of benzoate 61 (140 mg, 0.52 mnol) in methanol
(6 ml) was added a solutiqn of sodium methoxide (0.5 N, 0.2 ml,vp.lox

mmol) and the hixture was left stirring overnight. Solid NaHCO (100 mg)

N

was added and the mixture was evaporated. The residue was extracted with
[ ¥4
G ethyl acetate (10 ml) and filtered through a pad of Celite in a sintered

glasibfunhel. The selids were washed with ethyl acetate (2_x 25 ml) and
the'cémbined fiitrate was évaporated at reduced pressure. The residue_
wds. purified by ptic (silica gel, ethyl gcetat?/hexane,\}:3) to give

49 mg (58%) of ggzas a‘colorless oil.

ir (neat) cm—} r 3330 (br,s), 3040 (m), 2940 (s), 2850 (m),’iASO (m)

'H R (CDCly) §: 2.0 (br m, 11), 3.71 (m, 1), 5.9 (m, 3)

mass:spectiQm, m/e : 164.1199'(99, o

“

11 16

1135.0807 (70, Cc_H 0), 105.0338 (100 C,H

9 11 715 0) .

Bicyclo[ﬁ.3.1]undeca—7,§;d1éne—3~one 63{ s . .

OH

62

77

The Collins' oxidation méthgg/was used.

0), 146.1093 (11 C H14),

‘118
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To a solution of pyridine (0.3 mi, 336 mmol)‘Tn dichlorb-
methane (4.5-ml) cooled to 0°C was added with sé&s;%ﬁg CrO3 (0.18 g,

1.8 mmol). After 5 min at 0°C; the mixture was allowed to warm to room

”

temperature slowly over 1 h. A solution of alcohol 62 (0.50 mg, 0.30

mmoli in dichloromethane (2 ml) was added. The mixture was stirred for
15 min and was then decanted 1into a separatory funnel. The readtienld
'residue was extracted and decanted successively with ether (3 x 10 ml).
The combined organic phase was washed with cold (5 C) aqueous 52 NaOH

4

(3 x 10 m1), cold aqueous 5% HCl (2 x 10 ml), adueoué saturated NaCl

(2 x 10 ml), dried (NaZSO4), filtered, and evaporated at reduced pressure

to give 31.4 mg (64%) of 63 as a colorless oil.

ir“(CClA) cm-1 :

3010 (w), 2950 (m), 1710 (s) ’
5. NMR (CDC1;) 6: 2.02, (dd, J=10.0 Hz, J=4.0 Hz, 1), 2.22 (brs, 7),
“ 2.40 (m, 1), 2.64 (m, 2), 5.60 (br d, J=4.0 Hz, 1),
6.05 (m, 2) |
1ic R (CDC1,) &: 30.1 (t), 32.0 (t), 33.3 (d), 36.0 (t), 43.5 (),
a3 (c),vlzs.d (d), 126.7 (d), 128.7 (d), 137.3 (s),
209.1 (s) Q A
mass spectrum; m/e : 162.1042 (18, o - C,1H140)s 104, 0625 (100, C H8)_

T




Cyclooctatetraene Oxide 65 - e

of
= o

cl - H

. 0O :
O —
< B \O—0H

- ' 65

e
<

A modified procedure similar to ;hat’of Cope77 was used.

To a mechanically stirréd solutioﬁ of cyclooctatetraene (52 g,
O.Simol) in dichlorowethane Q1 Q)Acooleé te SfC was added 3-chloro§er-,
benzoicuacid (130 g, 0.63 mol) in #bproximately 20 g portions over a l h
period. The mixtﬁre was allowed. to warm to room temperature and stirfed
for 10 h. vThe'pregipitaﬁed 3—chlorobenzgic acid was collected by fil-
tration a;d washed with dicéﬁoromeihane.(2 x 100 ml). The.combined

filtrate and washings were washed with dilute aqueoys Na (200 ml),

' 2°2%3
water (200(31),'aqueous saturated NaHCO% (2 x 200 ml) and aqueous

saturated NaCl (200'm1). The organiﬁ extract was dried (Nazsoa),
filtered and evapprated at reduced pressufe (fbom temperature, 20 gﬁ}.
" The f;sidue Was/distillgd throﬁgh a 10-cm Vigreux column to give

35 g (607) of 65 (bp 85-90°C, 20 mm).

ir (neat) emf;: 3000 (s), 2960 (s), 1025’(ﬁ), 1010 (s), 900 (m)

'H IMR (CDC1,) & 3.46 (s, 2), 6.00 (m, 6) .

1 MR (CDC1,) 8:  55.32 (d), 125.87 (d), 126.66 (d), 128.12 (d)
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Cyclooct-2,4,6-trienone 64

Noliile

el 1 . -~

A modified procedure similar to that of Cbpe77 was used.
A hexane solution of n-butyllithium (1.5 M, 80 ml, 0.12 mol) was
adaed slowly with stirring to a cold (=40°C) solution of diisopropyl-
rd

anine (20 ml, 0.14 mol) in tetrahydrofuran (120 m1). After stirring at

~30°C for 30 min, cyclooctatetraene oxide (12 g, 0.10 mol) was added °

™ dropwise while maiptainiqg the reaction temperature between -3Q° and
-20°C. After 15 min stirring at —20°C 3NH 504 (100 ml) was added

- 8lowly in order that the‘reaction temperature remained between —10° and
0°c. Aftet the addition the organiC'layer‘Qes-seﬁareted and washed with
aqueous saturated NaHCO (50 m1). The tomgieed aqueous phases were .
further extracted with éther (2 x 100 ml) and washed with saturated
NaHCO (50 ml). The combined organic extracts were dried (Na 4),
filtered, and the solvent was evaporeted‘at reduced pressute. - The
residue was’distilled through a 12-cm Vigreux column to give 10.5 g
(88%) of 64 as a yellgw liquid (bp 62-63°C, 2.2 mm).

| 1r‘(CC14) cm—lz, 3020 (w), 2960 (m), 2930 (m), 2870 (w), 1670 (s), ‘ /
1630 (m) : N . . - H

'H NMR (CDCL,) &: 3.04 (d, J=9.0 Hz, 2), 5.80 (=, 1), 6.50 (m, 5)

1% MR (CDC1,) §: 43.76 (), 126.47 (d), 129.76 (d), 130.00 (d)»

133.47 (d),.i37.b0 (d), 138.22 (d), 192.21 (s)
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Bicyclo[5.3.1]undeca-2,4,7,9-tetraene 68

‘, (phgé\ / .
. ) N ’ ~. . ” s
| 64

68

-~

" Potassium ter?¥bptox1de (1.1 g, 9.8 mmél) was'added to a
suspension of allylphosphonium bromide (4.0 g, 10.4 mmol) in t%tra—
hydrofuran (50 m1) and the red mixtére wa; stirred at room temperature
for 30 min. Cycloocta-2,4,6-trienone (1.2 g, 10 mmol) was added dropwise

9and the mixture was stirred for 16 h. Ether (25 ml) and aqueous satur-
ated ﬁaCO3 (25 ml) were added and the dark blue mixture was filtgfed
" through a pad of Celite. The layers were‘séparatéd and the aqueods -
phase was extracted again with ether (25 ml). The combined ether extfact
‘was filtered through a short(iolumn of silica gel (30 g) and washed with
150 ml of hexane. The filtrate was evaporated to give a yellow oil.
Chromatography 6n silica gel (50 gi with ﬁ;xane gave 8%;4 mg (6%Z) of
:ég as a pale yellow oil. |
ir (CC1,) cn ;3040 (m), 3010 (s), 2970 (m), 2900 (s), 2820 W),
1580 (w), 1425 (w), 710 {s), 690 (s). ;
* g NMR (cpcl,) §: 2.08 (br d, J=14.0 Hz, 1), 2.55 (d, J=14.0 Hz, 1)%
2,75 (@, "1, 3.02 (br s, 2), 5.06 (br d, J=12.0 Hz,
1), 5.4%6.2 (m, 6) '
13¢C NMQGICD013) §: 27.7, 32.9, 38;4,4118.0’(d), 122.6 (d), 122.9 (d),
124.2 (d), 125.5 (d), 127.9 (d), 128.7 (d), 136.4 ~—

(s, Cl).

/




RS

o : . :
mass . £ » : =
. spectrum 2/e 144 0930 (é8 m . 11 12), 143 0854 (25, C11 11),

. . - 1. 0699 (100, cle 9), 115.0547 (42, c u7)

 Methyl-4-(dimethylphosphinyl)-2-butenoate 72,

| POCHy)3 - +  BrCHLH=CHCOOCH, ~——= OCH,ICHLCH=CHOOOCH,
~ POCHy, COOCH; ~——= PO H=CHCOOCH,

. . s ) R . 2.2. .
i:) N nodified procedure similar to that described by Boulmann138
-was used The reaction was conducted in a fume hood as toxic bromo-

Iethane 18 evolved.

Uith vigorous stirring, trimethyl phosphite (100 m1, 0.85 mol)
vas added dropwise to a refluxing solution of nethylfﬁ—bromo~2~buten—
. oate (104 5 g, 0.58 mol) in toluene (100 ml) The mixture-was refluxed
:%] : for 1 b and the undesired volatile components were removed by distill- |
ation (bath tqnperature llO°C 20-40 mm) The residue was fractionally
R distilled to give 100 g (84’) of 72 as a clear viscous liquid (bp 118-
120°C, 0.1 mm) | |
 ir’ (neat) cm’lz '3000 (w), 2960 (m), 1730 (s), 1660 (m;, 1440 (m),
‘ 1333 (m), 1270 (s), 1210 (br), 1150 (br) |
é,kimm(mm%)a 2.8 (ddd, mﬁ3ﬂa.h8ua.k151h,2 H4), 3.7 (d,
| J-4 He, 6, OCH3), 4.2 (s,‘3, COOQBB),'6.O (m, 1, dZ)

6.72 (u, 1, H3) -

“ .
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fﬁioénethorycarbonylbicyclo[5.3.llundeca;é,4,7,9—tetraene 73 and

B-Hethoxycarbonylbigyclo[5;3.l]undeca-1,3,S,B—tetraene 14 -

o)
——-
P ~ COOCH,
. 64 72co,cu3 74“
A sodium hydride dispersion in mineral oil (532, 10 g, 0. 22 mol)

™~
" was washed free of . mineral oil by decanting successively vith pentane,u

.(2 x 20‘m1) ‘and tetrahydrofuran (500 ml) was added. With mechanical - :
‘stirring, a solution of methyl 4-(dimethylphosphinyl) 2-butenoate (50 g,>
0 22 mol) in tetrahydrofuran (30 ml) was added dropwise over 30 min to-
fthe cold (- 10°C) suspension of sodium hydride. Vigorous gas evolution
’ (H ) was observed and the mixture was stirred*at 0°C for 15 min after
the addition was complete. A solution of cycloocta—z 4, 6—trienone (20 g,
0.17 mol) in tetrahydrofuran (20 ml) was added dropwise over 15 min and -
the resulting dark purple. mixture was stirred at 0 C for 3 h and then |
' at room temperatuQ;rovernight. The mixture was cooled (0°C) and
diluted with saturated aqueous NaHCO (400 ml), stirred for 10 min,
and then was extnacted‘with a mixture of héxane and ether (1:1, 3 X
200 ml). The combined organic extracts were dried (\aZSOA), filtered
- and evaporated (room temperature, 10 mm) . The residue was_dissolved
in benzene (10 ml), filtered through alumina (Woelm neutral, activity I,
20 g) and eluted with~5, ethyl acetate in hexane. The filtrate was
"evaporated (room temperature, lO mm) and the residue was chromatograpned
on alumina (50 g, eluted with<5%Z ethyl acetate in hexane) to give 8 5¢g
(252) of a mixture of 73 and_7a as a pale yellow oil. _The two isomers ‘

 were. separated by preparative thin layer chromatography on 107 AgNO, '
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impfegnated silica ;el (E}i'R,"silica gel 603\ .

£

“uv (cyclohexane) A max” 1og €: 230 (4.01), 304 (3. 74)

it (neat) eml : 3000 (m), 2980 (), 1700 (s), 1575 (), 1440 @,
1270 (br s), 1220 (br m), 1075 (m)

=14.0 Hz, 1, H11), 2.66 (dd,

1 ‘ R,
H NMR (CDCl3) 8: »2.10 (br d, Jll ,b

il ah =14.0 Hz,J=2.4 Hz, 1, Hll) 3.09 (br s, 2, H2),
3.40 (br 8, l H7), 3 77 (s, 3, CH3) 5.14 (m, 1),
5.53 (m, 3), 5.89 (m, 1, H10), 7.07 (4, J9’10=5.0 Hz,
1, B9) , .

13¢ mRr (cpcly) 6: 28. 6 (dd, €11), 33.6 (d, c7) 39 0 (t, C2) 51.9 (qs
CH,), 119.5 (@), 124.3 (d), 124.4 (d), 125. 9 @,

127 3 (d), 131 3 (s), 135.0 (d) 145 8 (s), 168.2

(s, COOCH)) . -
mass spectrum, mn/es” 202;0993 (40, o = 13 140 ), 143.0860 (100
| J
11 11), 141 0703 (31 C..H.), 128 0626 (66

1% ;/
€10 8), 115. 0547 (29, c H ).
74
‘uv (cyclohexane) }‘max’ log €: 206 (4.39),,,‘13 255 (3.32)
ir (neat) cml i 2995 (m), 2940 (m), 2905 (@), 2850 (m), 1710 (s).
h ]
1630 (m), 1240 (s), 1220 (s), 1090 (s), 1050 (s),

760 (s) D

'H MR (CDCL,) §: 1.78 (dd, J -11.0 Hz, J=4.0-Hz, 1, HI1), 2.98

11a,b
(m, 3, H10, H11), 3.77 (s, 3,'cus), 3.84 (m, 1, H7),
SR 5.88 (m, 5), 7.22 (@, 1, H9) o
_f;‘3c BR (cnc1 ) 8. 30.2 (dd, C11), 37.3 (&, C10), 40.8 (d, €7y, 51.7

- (q, cH,), 121.5 (&), 122.7 (d),126.8 (4), 127.2

'
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(@), 134.0 (d), 134.5 (), 14L.5 (d), 142.4 (s),
167.2 (s, gpocu3)j | - o o -~

mass spectrum, m/e : 202.0987 (38, o = °13“1402) 1430856 (100,

11 11), 142 .0768" (40, C11 10), 141.0702 (67,

11H9) 128.0624 (96 Cloﬂs) 115 0547 (63 C 7)

‘ Base‘Isoaerization to 75.‘~ - . S

-

~ COOCH,
7% :

A hexane solution of n—butyllithium (1. 5M, 0. 73 ml, 1. 1 mmol)

was added to a solution of diisopropylamine (125 mg; 1.2 mmol) in tetrae

Llhydrofuran (5 ml) at -78°C. To this solution was added dropwise a,
solution of a mixture of the isomeric esters (‘f= 6: 4 90 mg,

in tetrahydrofuran (1 m1) A dark?;ed solution fo;ued which was stirred
at.—78 C for 1‘h. Acetic acid (100’ui).was added and the mixture was
‘allo&ed to garﬁ)to 0°Cfthen p0ured.inte cold 0. 5 N HC1l" (20 ml) and-

extracted with ether (2 x 25 ml). The organic extract was washed with

;aqueous saturated NaCl (25 ml), dried (Na SO ), filtered and evaporated
4 .

" at reduced pressure to give 85 mg - (95%) of 74 as a colorless oil.



Methoxycarbonyltetracyclo[3 2. 1 02 9 3 7]um:!eca—d 10—diene 75

A solution gﬂbester 73 (200 mg, 1.0 mmo1) in benzene (5 ml) was
refluxed for 16 h. The solvent was evaporated at reduced pressure to
N give a quantitative yield of quadracyclic ester 75, )
Yoo ir (cuc1 P el : 3030 (br, W), 2960 (w), 2930 (w) 12850 (w), 1725 (s),
1440 @), 1325 (m), 1300 (m), 1290 (m), 1255 @),
1130 (m) ‘ | , .
Ro: 801 (coc1,) 5 0.75 @, J-1‘1."o Hz, i), 1. ?6 (dd -J=1'1/ 0 Hz, J=2.0 Hz,
‘1), 1.9 (m, 1), 2. 19 (m, 2), 2.35 (m, 2), 3.67 (s,
S gy, s, 65 (m, 2), 6.18, 6.30 (ABq, 2)
EC NMR (acetone-d6) 8z ?8 2. @, 28. g (d), 31.1 (s), 33.8 (dd), 38.1
o (c), 50.2 (s), 51.8 (q),_ss 4 (@), 121.0 (4), 130.3
(d), 132 1 (), 133.3 (d), 172.5 (s) |
marss.spectrum m/e : 202.1000 (55, m® 13 14 J)’ 143 0860 (100 C

141 0708 (38, C11 9), 128.0626 (72 C 8)

11 11)"

127
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0-8—Methoxycarbonylbioyclo[5 3. l‘undeca-l 3,5, 9—tetraene—3—01>82

and exo—B-Hethoxycarbonylbicyc1o[5 3. l]undeca—l 3,5, 8-tetraene—8-ol 83.

A hexane solution of n—butyllithium (1 S M, 3 4 ml 5 1 mmol)

N was\added slowly to a stirred solution of diisopropylamine (0.75 ml, o ’_f ;’hv

5. 35 mmol) in tetrahydrofuran (50 m1) cooled to -78°C. The solution

» was warmed to —40°C for 15 min, cooled again to -78 C, and a solution

"of isomers 73 snd 74 (1. O g, 4, 95 mmol) in- tetrahydrofuran (5 ml) vas
added dropwise. The resulting dark orange-red solution was stirred at
—78°C for 1 h after which dry oxygen gas was bubbled 1nto the mixture
through a sintered glass gas dispersion tube for 45 min. The cooling

bath was - removed and at —50°C 4 N BC1 (2 ml) was added followed ’

ediately by triethyl phosphite (5 ml, 24 mmol) The mixture was
/stirred for. 30 min- at 0°C and then poured . into ice cold water (50 ml)

| and extractedlwith ether (2 x50 ml) The combined ether extracts '

Mwere washed with water (2 x 50 ml), aqueous saturated NaHCO (50 ml),_

aqueOus saturated NaCl (50 ml), dried (NaZSOA)’ filtered and evaporated - ‘

- to give 2.2 g of yellow oil. This crude product was chromatographed and
the impurities eluted first followed by 350 mg (322) of 82 and 480 mg
(442)‘0f.83. Crystsllization of the first fraction from 20% ‘ether in

hexane gave §2,

mp 76-77°C

uvl(cxglohexbne A pax’ long: 200 (4.37); 288‘(3r46)
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it (CHCL,) em™ i+ 3530 (br), 3010 (m), 2880 (w), 1730 (s), 1440 (m), -

1300 (m), 1260 (s), 1225 (br s), 1090 (my 4
A
112,130 Hz, 1, H11), 3.08 (m, 2, HIL,

“H7), 3.29 (s, 1, OH), 3. 77 (8, 3 CH ), 5.38 d,

1§ MR (CDCL,) 8: 2.43 (br d, J

9 10 =10.0 H;, 1, HlO) 5. 96 (m, 4H) 6.66 (d J9 10"

v 10.0 Bz, 1, n9) o R
1 MR (cDeL,) st 27.4 t. c1), 0.3 @, c7), 52.7 (q, CH P 78.1
(s, c8), 121.8 (, c10), 124.4 ), 127.2 (), 128.8

(d) 128.9 (d), 131 4 (d), 133.1 d, C9), 140.0 (s,

=

» c1), 174.5 (s, COOCH,)

mass spectrum, m/e : 2.8.0946 (37, m' = 159.0809 (10,

13 1403)’

158. 0732 (52, ¢ 149.0239 (41, o

11 100)’
129.0701 (64, C.

11 11°)’
),r141.o7o3 (40, C

Cglls03 11H9)’ 10897

115.0546 (52 c H ) 91 0547 (45 C H )
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‘gave 83.

st e oo 60t [PROR——
" - P i

*. '

nyétalliz#iion of the second fraction from 20% ether in hexane
' - : .
mp 93-94°C

uv‘(cyéiohéxane)'k , log €2 204 (4.23), sh278 (3.03) e

it (cuc13)‘cm'1 : 3600 (@), 3420 (br), 3600 (m), 2980 (m), 2950 (@),
c 2&70 (m), . 1720 (s), 1630 (w), 1435 (m), 1250 (br g),

v

1090 “(m), 1045 (m), 1010 (m)

g WR (CDCL,) 6 2.24 (dd, Jlla'btll.s/ﬂz, J=4.5 Hz, 1, u11), 2.41

(s, 1, on),lz.ss (dd, J =11.5 Hz, J=1.0 Hz, 1,

11a,b
Hll), 3.78 (s, 3, CH ), 3. 86 (m, 1, HT), 4.58 (d,

9,10
5.0 Hz, J=1.0 Hz, 1, HY)

- 3, . =5.0 Bz, 1, HlO), 5.86 om, 5), 7.18 (dd, J 5, 10"

| 13C7NMR‘(CDC13)-5= 25 4 Qt,.Cll), 41.6 (d c7), 52.1 (q, cu ). 69.9

(d,- ClO), 123 4 (d), 124.3 ), 126.7 (@), 127.4 (d),

T

133J7~(d)¢.138.3—(s), 140.2 (4, C9), 142. 7 (s),

167.1 (s, COOCH)

—

'.ﬁasg spectrum, m/e :. 218. 0941 (67 m = 013 1403)’ '186.0680° (44

Cyof 1002), 159 08%4 (83, cllnllo)’ 158.0726- (71

Cii® 100), 157. 0650 (49, CllH90), 141. 0704 . (54,

- ] CyBg)s 131 0855 (40, CyoHyp)s 129- 0699 (100
" C50Hg ), 128. 0621 (51,,c10 Hg)» 1 “115. osaa (68, c?u7),

v91,Q5&7/(58,fC737)
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COOCH,
| ' B

‘A hexane solution of n-butyllithium (1.5 M, 10.7 ml, 16.0 mmol)
was added'to/a stirred solution of diisopropylamine (i.a ml,‘20.0 mmol)
'in tetrahydrofuran (50 ml) cooled to -78 c. eThe nmixture was warmed to
-40°C for 15 min, cooled again to -78° C and a solution of isomers 73
and 74 (3 0 g, 15 mmol) in tetrahydrofuran (lO ml) .was added dropwise.
)The resulting dark orange-red solution was stirred at -78°C for 1 h
after which MoO5 HMPA.pyr 7. 0 g. 16 mmol) was added in one portion
The mixture was stirred at -78 C for 1 hr and then allowed to warm to
0°C over 1 h. Water (10 m1) was added and the mixture wgs poured into
ether (100 ml) and 5% aqueous Na2 3 (50 ml). The orgaﬁic phase was
.separated and the aqpeous phase further extrected with ether (50ml).
‘The comBinednorganicfextracts'were waehed‘&ith 5% aqueoms HC1 (é X
.-50'm1), aqmeous.eaturated ﬁaHCO3 (50 ml1), aqueods saturated NaCl (SO»ml)é
dried (NaZSO4)’ filtered, and eve?orated at reduced pressure to give an
' orange oil. Chromatography of this, crude product on silicaigel (200 g)~
with autometicvcollection of 20 ml‘fractions emd elution with lOZ,ether
in hexane (2 %), 20% ether in hexane (1 £), and 30% ether in hexane
(1 2} resulted in 1.3 g (40%) of §g in fractions 110-150 and 0.5 g (15%)

of 83 in fractions 2oo;zso.hj>

131
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A'solut;on f hydroxy-ester §Z’(k.08 g, 4.95 mmol) in ether (15 m1)”
was added d?oéwiée with stirring to a tetrahydrofur;n solution qf‘LiAlna
(1,2vuf 15»&1, 18.0 mmol) cooled at -5°C.. The mixture Qas stirred for
2 h at room temperature and'thén was coo;ed\to'0°C afgervwhicﬁ aqueoﬁs

' saturated ether (100 ml) was- slowly added. After 30 ﬁin/furthef‘stir—
’ // .

/

ring, Celite filter aid (1.0 g) as added and the n:b}t{xtevwas filtered
3 = . . T //
through a pad of Celite in a sintered glass funnel{ The solid residue

was washed with ether (4 x 50 ml) and the combined filtrate was dried

(NaZSOA), filtered, and evaporated at redu;éé pressﬁre to giﬁe 830 mg '
. ~ ./ . . ) . - ‘ -
- (87%) of 78 as a colorless'o:zﬁfie?nggliization“was effected from 20%

-

ether in hexane.

mp 94-94.5°C
Ar (CHCL) el : 3600 (br s), 3420 (br s), 3000 (s), 2930 (m), 2880
§ L : : : : )
(s), 1600 (w), 1050 (br), 1000 (s)
1 ' . ’ |
HNMR (CDCL,) 6: 2.26 (dd, Jpy, ¢
- (u, 4, H7, H11, two OH), 3.57, 3.65 (AB, J=11.0 Hz,

=13.0 Bz, J=3.5 Hz, 1, Hll), 3.08

2, CH,0H), 5.24 (d, J=10.0 Hz, 1), 6.00 (m, 5), 6.56
- @, 3=10,0 Hz, 1) | ) |
'3c MR (CDCL,) 8 27.5L (¢, 611), 46.5 (d, 85), 67.00 (t, CH,O0H),
1 75.69 (s, C8), 123.11 (d), 123.81 (d), 126.77 (d),

. 128.23 (d), 129.26 (d), 132.71 (d), 133.14 (d),

~




mass speétrum,,m/e : 190.0992 (88, m+-= C

“10M11)>
1116.0616

141.72 (s, Cl)

12H140%3, 159.0809 (100,

(49, C§H8)’ 1;5.0542‘(74, CgH7), 91.0548

elementa] analygig . for C12H1402 calc: ¢ 75.76, H 7.42, o 16.82

\

Bicyczofs.3,I]undeca-1,3,s,9-

found: ¢ 75.87, H 7.28, o 16.71

tetraené¥8—one 76.

.76

Withvvigorous stirfing, Na]_ZO4 (600‘mg,ﬂ2.8 mmol) wag added to 5-

solution of diop 78 (400 ng,

water (i:l,.ZO ml), Afier 4

Product wag sublimed (40-45°

2.1 mmd%) in a mixtyre of dioxare ang

133
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© mp 72-73°C -
uv (cyclohexane) xmA;. 163 e: 220 (4.19), sh252 (3.77), 318 (3.46),
' 8h390 (2.41) ” | ,
v 3000 (m), 2920 (), 2870 (w), 1660 (), 1639%53)/”
1560 (br), 1160 (m), 855 (m), 830 (@)

1r (CHC13) 'cm:1

l1H NMR (ch13).5: 2.68 (dd, J -12.0 He, J=3.0 Hz, 1 'H1L), 3.50

1lla ,b

(m, 2, 37, qll), 5.50 d, J =10.0 Hz, 1, H9), o

9,10

$.02 (m, 5), 7.38 (br d, J, ,,=10.0 Hz, 1, H10) .-

. 9,10

- 3¢ aMR (cb013) §: 30.8 (dd, Cl1), 52. 0 (d, €7), 120.6 (d), 127.3 (d), |

*127.6 (d), 127.8 (d), 130.3 (d), 131.0 (), 138. 3 -
(s, C1), 147.5 (d), 201.3 (s, C8)

€y H;0)» 129.0697 (89, C

), 115.0548 (61, C H7)

mass spectrum, m/e : ;58.0731 (100, mf. ),

10 9

128.0615 (51, C10 8’

eleﬁental'analysis‘: for CllHIOO cale : C 83.51 H 6.35 0 10.11

found : C 83.52 H 6.39 0 10.19
N \ / . . '
\ .

, 8~teithuﬁyldimethylsiloxabicyclo[5.3~I]uﬁdeca—l,3,5,7,9—pentaene,§§. . _

‘The produét of this reaction is air sensitive and therefpréhall !
. opezatisns wé;e pékggr?ed under an’argoekatmosphere and all solvents
were purged with argoh before use. o

A hexane solution of n-butyllithium (1.5 M, 0.66\m1, 1.0 mmol)

was added dropwise to a_golution of'diisopfobyiamine (0.16 ml, 1:16 mmol)

£
P
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in tetrahydrofuran (9 ml) at -40°C to prepare a 0.10 M solution of

lithium diisopropylamide. To a portion of the lithiom diisopropylamide

solution (O 10 M 1.3 m1, 0.13 mmol) cooled to ~78°C was added dropwise.
" a solution of ketone 76 (20 mg, 0.126 mmol) in tetrahydrofuran (2 ml).

A dark‘brownish-ted -solution formed and was stirred for 20 mia at -78°C.
A solution of tert-butylchlorodimethylsilane (40 mg, 0.26 mmol) and
hexnnethylphosphOtic trismide (45 ul, 0.25 mmol) in tetrahydrofuran
(0.8 ml) was added quickly. The mixture vas stirred for 30 min at.-78°C
and then_allowed to warm to room temperature over 1 h.. The mixture
developed a bright red colot during this time and was.then poured\into‘
~cold aqueous saturated NaCl (10 ﬁl) and extracted with pentane. The
organic extract was washed with cold, aqueous saturated NaCl (2 x 10 ml),
dried (NaZSOA), filtered and evaporated (room temperature, 10 mm)“to »
- give a red oil which was air sensitive. This crude productowas chrom;

atographed on silica gel (activity V, 10 g) with benzene. The visible

" red band was collected and the solvent was evaporated (room temperature,
10 mm) to give 19 mg (55') of 88 as a bright red oil. f
'n HMR,(benzenediG) §: -0.62 (44, J=10. .0 Hz, J=2.0 Hz, 1), -0. 3Qe(d

J=10.0 Hz, 1), 0.21 (s, 3), 0.32 (s, 3y, 1.08 (s, 9%, -

ey
.

6.20 (d, J=8.0 Hzi 1), 7.05 (m, 3), 7.43 (br d, J=

8.0 Hz, 1), 7.93.(m, 1), 8.07 (m, 1).

t
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8—Methoxybicyclo[5.3.1]undeca-1.3,5,7‘?-pentaene‘gg.

76
The product of this reaction is air sensitive and therefore all
operations were performed under an argon afmoaphere\and all zgiyents
were purged with argon before use. . ;

A 507 dispersion of gg@ium hydride (14 mg, 0.29 mmol) was washed

with pentane k;:x lml) a hexaﬁethylphosphoric triamide (HMPA) (1 ml)

was added. A solution of 76 (25 mg, 0.158 mmol) in HMPA (0.5 ml) .
was added dropwise to the suspeﬁsion at 0°C. The mixture was stirred

Y. \v.[‘ ) . v\ B ﬁ
for jgimin,afxer which methyl fltiorosulfonate (Magic Methyl ) (0.35 mg,

e

\0 .3 mﬁol) was added and the mixture was stirreq for an-‘'additional 30 min.
'The initial dark green enolate solution gradual\y\became red. Pentane

" (5 ml) was added and the mixture was pOured into cold 5% aqueous NaHCO,,
(10° ml) The mixture was extracted witg:pentane (2 x 10 ml) and the
‘organic extract was washed with cold H20 (3 x 10 ml) and cold aqueous
saturated NaCl (1 x 10 ml) and dried by filtering through NaZSOA

cThe solvent was evapprated (rooq temper;;ure, 10 mm) to give 81 mg of

" a red oil which was air sensitive Qhen neat. (The red color was ra;idly
lost upon standing in the presence of air). Pu:ikication was effected‘

by rapid chromatography through a short column of silica gel (aetivityr

Vv, 10 g) with cyclohexane. The visible red band was collected to give

5 mg (18%) of 89 as a red oil.




o

- TH NMR (acetone-d ) §: -0.34, -0.20 (ABq,

‘mags;spec:rdm,,d/e s~ 172.0885 (54 o

SN aae

-»

i uv (cyéiohexane) Apax® 108 € 244 (4 0) 290 (4 1), 355 (3. 4),‘505 . 5)

11a,b’
(s 3, ocu )N_/,ss\\_ 3=7.0 Hz, 1, 19), 6 95 (m, 3),

7 20 (m, 1) 7.55 (m, 1), 8.06 (m, 1)

1

X

e ;‘3C NMR (acetone-d ) 6: 34 2 (dd, C11), 57.5 (q, OCH ) 104, 05 (d), "

122.6 (d), 123 4 (d) 128 9 (d), 133.7. (d), 138 ‘2 (d),
.. 145.3 (d), 150 4 (s), 154.6 (s), 165 5 (s, CS)

12 120), 171. 0814 (54, C12H110),

157. 0650 (57 c 0), 141.0708L(57, Cll 9), 128.0623

11 9

10 8) . o _ )

10 0 Hz, 2, 311) 3.90 ‘

137
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To a stirred solution of ketone 76 (50 mg, O. 316 mol) {?/tetra-
_hydrofuran (1.5 ml1) at -78 'C was added dropwise a solution of 1ithium
: diisopropylamide (0 1M, 3.2 ml) (vide supna) - The mixture was stirredb
‘for 15 min and then a solution of diethyl chlorophosphate (71 wg, 0.41 “
| mol) and hexamethylphosphoric triamide (0 1 ml, 0,56 mol) in tetra- °
hydrofuran (1 ml) was added. " The mixture was ‘stirred for 2 h at —78 C
and then was alluwed to slowly‘ tvrarmv(to‘room temperature over' al-h “
period. -The red colored ‘solution vrhieh developed Qae~peured into gcbld'
water (10 ml) and ‘the mixture was extracted with‘ hexane in ethyl acetate -

v 530 -‘3’}' e .
R (1 2, 10 ml). The organic extract was.washed with cold water (3 x 10 ml),

aqueous saturated NaCl (10 ml), dried (Na ), filtered and evaporated

(roon tempeﬁature, 2 mm) Lo give 122 mg of a red oil. The crude product

.,wag purified .by»chromatogr;aphy‘ on silica g‘el (act:;lvity. I\;, 20 g) w.i.th )

'-benzene;- th“g visible red Band was eollected and the selvent was evap-

Lf ' orated (room temperature, 2 mm) to give 75 mg (902) of 90 | |

| IH NMR (benzene-d ) 8: -0. 96 (dd, J=10.5 Hz, J=2.0 Hz, 1, Hll),/-O 27 .
(br 4, J=1o. 5 Hz, 1\1111), 1.15 (br t,"3=7.0 Hz, 6), e
4.10 (m, 4), 6.85 (d, J=8.5 Hz, D, 7. 03 (m, 3), ST

7.46 (br d, J= 8.5 Hz, n, 7. 62 (m, 1), 8.60 (m’ b, \;P %

%\;
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8,10-Dichlorobicyclo[5.3.1]undeca-1,3,5,8-tetraene 91.

76 - 2 91

oo

To a stirred suspension of phosphorus peut:achloride (75 mg, 0.36

mol) in dichloronet:hane (1 ml) vas added l&etone 76 (50 mg, 0.31 mol)

The m:l.xtpre‘ was stin"ed at room ta_nperature for 4 h, poured into cold

“aqueous 5% NaHCO, (10 ml), and extracted with hexane (2x 10 ml).,

The. otganic extract was washed with saturated aqueous NaCl, dried

i (NaZSOra-.) ) filtered, ‘and évaporated at. reduced pressure to give 60 mg

(90%2) of a pale kyellow oil. This ‘ptoduc.t‘was used d‘irectly< in the ,.

next reaction,

'B NMR (CDC1,) §: 2.57°(dd, J=12.0 Hz, J=4.5 Hz, 1, HI1), 2.91 (br d,

| J=12.0 Hz, 1, H11), 3.41 (br d, 1), 4.90 (dd, I=

4.5 Hz, J=1.0 Hz, 1), 6.0, (m, 6) 2

mass spectrum , m/e : 212 0159 az, o = c11 10c12), 214.0214. (8,

llﬂl Cl ), 141 0703 (100 C '-9)

BB e s . . SRR s . :
; ” N
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8-Ch1’orobicyclo[5.3.llunde_cael,3,5,7,9—pentaene 92. .

0:19’mmoi)r

in tetrahydrofuran (2 ml) atﬁ-78 C was’ added dropwise a solution of

lithium diisopropylamide (0 10 H, 2.2 ml, 0.22 mmol) in tetrahydro-i

quran. The mixture was allowed to warm slowly to 10°C over 1 h and was”
then poured into cold vater (10 ml) and extracted with Pexane (2 x 10 ml)
, ‘The organic extract was. washed with cold saturated aqueous NaCl, dried -
_(Na SO ), filtered and evaporated (room temperature,llo mm)‘ to give &“
40 mg of an orange oil ‘which contained ibOut 10% of the desired product‘i

92 by " NHR analysis. Attempted purification by chromatography on

[

'Llsilica gel (activity IV, 20 g) with benzenecled;to decompoéition.
1§ MR (benzene-d ) 8: _-o 99 (dd, J=10.0 az', J=z’ 0 Hz, 1, H11), }-o'.3'7
(br 4, J=10.0 Hz; 1, Hll) .6.40 (dy J=-8 0 Hz, 1),
7.0 (m, 3), 7.27 (br d, 3=8.0 Hz, 1), 7.54 (m, 1);

T 8.22 (m,‘l)

-

s \\ J
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8—Methoxycarbonylbicyclo[5;3.1]undecaflf3;5,8-tetraene-19—one §ﬁ:

-y

~n . .~

. To a vigorously stirred solution of hydroxy-ester 83 (345 ng,
| A 58 mmol) in pentane (75 ml) was added activated manganese dioxide o
\‘\\\/}/ZWinthrop Laboratories, 1. 50 g, 17 mmol). ‘After stirring for 24 h at
~ room temperature, a mixture of ether and pentane (1 1, 50 ml) and

Celite (1.0 g) was added.. The mixture was fiL;ered through a pad of

‘Celite in a siutered glass fqpnel and thé solids were washed. with a’

_mixture of ‘ether and pentane (1:1, 5 x 20 ml) The combined filtrate (

was evaporated at reduceévpressure to give 270 mg (802) of a pale
'yellow oil which solidified upon cooling at 5°C overnight. The crude
B ptoduct was. su blimed (60°C, 0.1 mm) onto a &g§ ice—acetone cold finger

to give 84 as a pale yellow solid.. g - : T i

:iimp 63 C

S uv (cyclohexane Amax, log €: 204 (4. 35) 235 (4. 16), 336 (2.86),

A - v
. Y

e e sh406 a. 91), sh430 . 51)

<G

C4r (CHC1)"em” 1 3010 (), 2960 (@, 1720 (s), 1680 (s), 1635 (@),
1440 (m), 1250 (b¥ s), 1180 @), 1108 (@), 1046 (m)

11a '5-1230 Hz, J=4.0 Bz, 1, n11), 3.38

'H NMR (CDC1,) 8: 2.44 (dd, J
=12.0 Hz, J=2, 5 Hz, 1, HI1), 3 86 (s, 3 ,' )

i S @4, d 11a,b
o cH ), 3.94 (@, 1, #7), 5.96 (m, 4) 6.59 Gm, 1),

6.96 (s, 1, u9) S



e R (cn‘cls) 53 30.15‘_(-da, c11),,4-1.4. W, c7), 52_.7.(q, CH,), 124.9
o (@), 126.8 (d), 129.1 (&), 13L.1 (@), 132.9 (4),
135.7 (d), 140.1 (s, 151, 1 (s), 166.5 (s, coocu ),
191.8 (s, c10) |
~ mass spectrum, m/e : 216.0789 (39, M - Cy3H; 5 3), 149, 0239 (z.swcs 5 3),

.129.0700 (100 C10H9), 128 0624 (79, C B)f

57, 0722 (43, c,H )

1371273

elemental anaiysis : for C..H. 0., caic :€72.21 H5.59 0 22.20
R found : C 72.17 H 5.65 0 22.18

S-Methoxycarbonyi-lO-méthoxybicyc10[5.3;1]undeca—1,3,5,7,9-pentaene 93.

S

COOCH3 gy COOCHg .

-~ o

" A SOZ oil dispersion of sodium hydride (50 mg, 1.0 mmol) was .
washed with pentane (3 x 5 ml) and then hexamethylphosphoric triamide
(HMPA) (3 ml) was added. A solution of the keto—ester 84 (200 mg,v

0.93 mmol) in HMPA (1 ml) was added dropwise to the stirred suspension

at 0°C? After stirring for 1 h at room temperature, methyl fluoro—
g2

5q1foaate (Magic Methyl ) (150 ng, 1 28 mmol) was. added ‘and the mixture

was stirred at room temperature for 1 h. A mixture of ether and pentane
(l 1, 20 ml) ‘was ‘added and the mixture was then poured into cold 5%
aqueous NaHCO (20 ml). The mixture was extracted with: ether-pentane

(1 1, 50 ml) and the ‘organic extract was wdshed with saturated aqueous'

% -

142 ‘




RN FORTTAT

| o  ‘\\\° _ . . 143
NaCl (3 X 50 ml), dried by filtering through Na, soa and the solvent
was evaporated at reduced‘pressure (room’ tempetature, 10 mm) to give
43ng of a red oil. This crude product was purified by <chromatography
on a short column’ of silica gel (activity vV, 20 g) with cyclohexane.'
The visible red band was collected and ‘the solvent evaporated at raduced‘
pressure to give 35 mg (16%) of 93 as a red 011.-
uvﬂ(cyclphexane)‘kméx, log €: 28 (4.8), 294 (4.6), 375;&4 1), shSOO
o @ ’ |
4 NMR (a;etoﬁg-dé) 8: 0.41 (4, I 1a,b -10.0 Hz, L, u11), 0. 36 W,
| ) Jua’b ’10 .0 Hz, 1, Hll), 3.86 (s, 3, ocu ), 3. 95 | j
(s, 3, COOCH,), 6.41 (s, 1, H9), 7.14 (m, 3), 7.56
On, 1), 8. 86 (m, 1) .
13¢ NMR,(acetone-d6).6:t 35.8 %dd, c11), 52.0 (q) 56.8 (q), 102.1 d, *
126 2 (d), 126 8 (d), 129.2 (d), 132 1 (8), 136 9 (d),
146 9 (d), 147.1 (s), 150.3 (s), 163 9 (s), 166 5 (s)
mass 5§ec;§gm; m/e.: 230.0934 84, ot = Cla 109> 1229.0863 (34,

c 215 0705 (87, C 199 0751 42,

13%11%)>
0), 155.0499 (43,

14 13 3)’

C,.H 02), 156 0571 (44, C

13711 11 8

0), 141.0703 (20 C 128, 0623 (100 c )

11 7 11 9)’ 10 8

N
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8—Hethoxfcarbonyl—10-methoxymethyloxabicyqlo[5.3.1]undeca—l,3,5,7,9—

pentaene 94.
=~

. ‘ . . P2
N A 501 oil dispersion of sodiuu,hydride (25 mg, 6,54mmol)"uas
washed with“pentaue 3 x5 ml)iand thed'hexamethylphosphoricvtriamide';
(HHPA) 3 u15~was added._ A solution’of the heto-ester é&i(lOO mg,‘0.47
unol’ in HMPA (1 ml) wvas added dropwise to the stirred suspension at 0 C.
After stirring for 1 h at room temperature, chloromethyl methyl ether yv
(50 mg, 0.62 mmol)’was added. The mixture was stirred at room tempr.
erature for 2 h and then cold 52 aqueous NaHCO‘ (20 ml)awas added. ‘The
mixture -was extracted gith ether¥pentane (1 1, 50 ml) and the organic =
extract was washed-waﬁﬁ satirated aqueous NaCl (3 x 50 ml), dried by
: filtering through NaZSO4 and the s;lvent was evaporated (room temperature,
| 10 mm) to give 105 mg of a red oil. This crude produCt.was'purified
by chromatography on a short column of’ silica gel (activity v, 20 g) with
‘_cyclohexane. The visible red band was collected and the solvent was

: evaporated as before to give 80 mg (60Z) of 9% .

g’ 'mm (cnc13) 8: -o 70 (d, J=10. 5 Hz) 0.12 (d, J=10.5 Hz), 3.56 (s, 3),
L 3 80 (s, 3) 5. 24 (center ABq, J-6 0 Hz, 2), 6 87
(s, 1), 7.20 (m, 3), 7. 80 %1), 8.88 (u/, 1).

<

N




N

w o R
To a stirred suépeﬁsipp of phosphorus ﬁentachlori‘de (75 mg,

*0.36 mmol) _ih dichioromethan;a (1 ml) was added keit'o-e_ster. 84 (so‘ﬁg,
0.23 mmol) The mixtm:_e. was stirred for 4 h at.fooq'te;npérature and .
was then poured into cqld (0°C) aqueous 5,2 NaﬁCO3 (10 ml) and extractgd
'vith hexane (Z-x 10 ml). The otganic ;xtrhct /was waghed‘with cold_l _
saturated aqueous .NaC1,f dried (Nazéo 4), filtered , -and evgporatéd at
reduced pré;sure to give 80 mg of a p_éle yellow oil. Atvten'ipted
purification’ by p(tlc on silica gel resulted i_‘n decompoesitiqn, there;- A -
fore the mixture was not purifieci ‘but used directly in the next reaction.
'H NMR (CDCL,) §: 2.40 (dd, J=15.0 Hz, J=1.5 Hz, 1, H11), 3.09 (dd,

o ' J=15.0 Hz; J=2.5 Hz, 1, H11), 3.50 (¥r, 1, H7), 3.82

(s, 3, OCH), 4.6 (m, 5), 7.00 (s, 1, H9)

145
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10-C h1oro—B-methoxycarbonylbieyclo[5 3. 1]undeca-1,3,5,7,9—pentaene g6.

T N

_ ™ |
To;; stirred'solution of crude dichloroester 22 (70 mg, 0.27 mmol) -
" in tetrahydrofuran (2 ml).at -78°C eas added‘dropwise a tetrahydro—" U
- furan solution of lithium diisopropylamide-(o.l M, i.d mi. 0.24 mmol).
The ‘deep Ted colored solution which- formed was stirred for 1 h.at -78°C
and was then allowed to warm slowly to room temperature over 2 h.

The mixture was poured into ice-water (10 ml) .and extracted with hexane

(2 x 10 ml). The organic extract was washed with cold aqueous saturated

'NaC1 dried (Nazsoa), filtered, and evaporated at reduced pressure to
\\\give 50 mg of crude 96 as a red oil. - Attempted purification by
~chromatography on silice gel (activity v, 10 g) with benzene resulted .
in decomposition. r' f L R :
;B NMR (benzeneqd ) 5 -1.2 (d 1, J=10.5 Hz), —0 22 (br d, 1, J=
| 1o 5 Hz), 7.00 (m, 3, 7.54 (s, 1), 7.83 (m, 1),

8.62 (m, 1).
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B-Hethoxycarbonylbicyclo[5.3.1]undece-1,3,5,9-tetraene—8-y1 p-nitro-
benzoate 97. - ’ . . : ‘ .
‘{};{ - '
/ ] '
NO,
. [} .
. : '
82 ¢ . 7 -COOCHy
COOCHg 3 3
To a stirred solution of hydroxy-ester 82 (300 mg, 1.38 mmol)
in pyridine (6 ml) at 5°C was added p—nitrobenzoyl chloride (300 mg, .
-y

©1.62 mmol). After stirring for 1 h at 5°C and 2 h at room temperature
the mixture was poured into aqueous saturated NaHCO (25 ml) and

- extracted with a mixture of ether and pentane (I:L, 3 x50 ml). The

combined 6rganic extracts wefe‘washed with aqueoue saturated NaHCO3,

(2 x 25 ml), aqueous satufated NaCl 525 ml), dried (NaZSOA)’ filtered

and evaporated at reduced pressure ‘to give 415 mg (80%) of 97 as a white

 solid. Crystallization from:10Z ether in hexane gave white crystalér

mp 155-156°C ' | e - B
ir (CHC1,) cn ™t i 3010 (w), 1745 (s), 1725 (s), 1610 (m), 1530 (s), ///////’—"”.
o : 1350 (m), 1280 (br-s) - | ‘ - “

'H 2R (cbc13)_5: 2.48 (br d, J=12.0 Hz, 1, H1l), 3.26 (ddd, J=12.0 Hz,

J=3.0 Hz, J=1.5 Hz, 1, H11), 3.58 (m; 1, H7), 3.80

(s, 3, CHy), 5.36 (br d, J=10.0 Hz, 1, H9), 6.0 (m,

8

5), 6.73 (d, J=10.0 Hz, 1, H1O0), 8.25 .(q, 4) w
mass spectrum, m/e :. 367.1058 (2, m 20 17N06), 200. 08/0 (38,

13 L2 2), 150 0187 (C H NO3), 141.0689 (100, Clng)




AN}

a . "\CO,CH3

In a 100-ml, round-bottomed flask was placed a solution of p~

n:l.trobenzoate 96 (100 mg, 0.27 mmol) in benzene (20 ml) and the aolvent
Vi
was evaporated by rap:ld spinning on a rotary evaporator in order tb

| deposit a thin film. of solid 97 on the walls of the flask. The, flask
“‘was fitt;ed with a dry 1ce-—acetone cold finger and a vacuum take—off

With a pressure of approximately 10-15 mm, the flask vas submerged

iuto an oil bath at 160°C for 30 min. An orange and a vhite sublimate

\

collected on the cold finger The apparatus was allowed to reach room

temperature and then: the system was opened under an argon atmosphere.

"_The sublimate was quickly extracted with benzene (20 ml) and the solution

was concentrated to abo“ }l ml by evaporating under vacuum (room temp—
erature, 1 mm). The resulting orange solution was layered on a column
of silica gel (activity 1v, 30 g) prepared under argon with degassed
hexane»andd,eluted with degassed bzenzene. The,visible orange band was
collec.ted‘and the solvent was evaporated (room, temperature, 1 mm) to
:give 30 mg (552) of 97 as an orange oil. .

-~

uv (c lohexane) Xx,ax’ log €: sh251 (4 1), 266 (4 2), 295 (4.4), 364

(3.9), 480 (2.8)"

ir -(CHCL,) el s 3010 (W), 2960 ), 1695 (s), 1440 (m), 1250 (br s),

. 1210 (br 8)

'§ NMR (acetone-d) &: -1.27 (dd, J=10.0 Hz, J=1.5 Hz, 1, H11l), -0.34

(d, J=10.0 Hz, 1, H11), 3.80 (s, 3, CHy), 7.50 (m,

5y, 8.1 (m, 1), 8.78 (m, 1)

5

]
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13¢ NMR (acetone-dg) §: 35.3 (dd, c11), 51.5 (q, ‘CH 3)» 126.9 (d), 127.9

- : T (), 128.6 (d), 131.5 (d), 131.9 (d), 134.3 (d),

142 8 (d), 146 1 (d), 155.3 (s), 158.5 (s), 172.1

Q

o (s, COOCH,,) .

141.0709 (100, C

mass spectruﬁ,.m/e : 200.0838 (34, n' =C 11 9)

€13112%)>
. : .
Bicyclo[S.3.l]undeea—l,3,5,7 9-pentaenc—8-carboxylic acid 99

—ft
~~ - —
' COOH
. 9§ HCOOCHs » 99

~aw

. _ .
A solution of 0.5 N KOH in 95% ethanol (1 ml, 0.5 mmol) was

added to a solution of ester 98 (48 mg, 0.24 mmol) and the mixture was

stirred at 0°C overnight. The solvent was evaporated (room temperature,>

1 mm) and the. residue was d;ssolved in ice cold degassed H O (20 ml) and

extracted with dichloromethane (2 x 10 ml) . To the aqueous extract was

arated, dried (Nazsoa), filtered, and the solvent ﬁks e&apq?étea 3
. ) o L F A AR SV
temperature, 1 mm). The residue was chroma;og:aphed on: 11,ca gel

.

(activity v, 15 g) prepared in hexane and eluted“with ZOXvethyP ac ’étéﬁ e,

in hexane. - The visible orange band was collecteg an' the solvént was f'

evaporated as before to give 11, mg (25%) of 99 aB f
Attempted sublimation (0 01 mm, 60°C) 1ed to decomgpsjtioﬁ - Prolonged- .

exposure of 99 to air (>10 min) led to loss of éb§£§7 T

\

.

H NMR (CDCl3) 8: -1.21 (dd, J=10 Hz, J=1.5 szd”g 11), -0. 30 (d

J=10 Hz, 1, H11), 7.48 (m, §) (m,_l) 8:78 (m, e




Y ° 150

| .
el
—N .
02 N - -

"I A hexane solution of n-butyllithium (1.6 M, 1.6 ml, 2.6 mmol) was

added to 2 stirred solution of aniline (0.25 ml 2.7 mmol) in tetrahydro—

. furan (10 ml) at 0°C, followed by slow addition of a solution of hydroxy—
I

ester 82 (250 mg, 1.15 mmél) in tetrahydrofurhn (1 nl). After stirring
i ¢
overnight at room temperature, the solution was*poured into an-ice cold
5, ‘ o
mixture of 102 aqueous HC1 (50 ml)'and extracted with ether (2 x 100 m}).
’ %3

The ether éxtracf was washed with aqueous saturated NaHCO (50 ml1), dried

(Na 804), fiitered and evaporated at reduced pressure to give 160 mg of

-d white solid. This product.was used directly for the next reaction.

4 NMR (cpC1,) 8: 2.43. (hr‘d§‘J=12 0 Hz, 1),°3.12 (m 2),:3.90 (s, .
: 48
ou), 5.44 (dy J=10.0 Hz, 1), 5.90 (m, 5), 6.88 (d,

J=10.0 Hz, 1), 7.40 (m, 6).
( |

p~Nitrobenzoate Ester of 102

.~

. ! 1 = )
R 1 ’ /
B ) —N
' S _Q |
To a solution of anilide 102 (100 mg,. 0.35 mmol) in pyridine (2 ml)

~




~ was edded-p-;itiobenzoyl cﬁlorldc (100‘-g, 0.54 mmol) and the mixture
was'etirred ove;night. The solyentfvas evnpqrated at'reduced preoaote
' and tﬁe resldue was'chrometographed (silicalgel"fovg) with lOZ ethyl.:
' a.cetate :I.n hexane t:o g:lve 150 mg (100") of 103 as an oil‘ : Th\i{a‘:prod'u:ct
| _‘was\ﬁsed directly 1n the next reaction. | |
H MR (CDCi 5 & 2 48 (br d J=12. 0 Hz, 1, H11), 3.26 (dd 1=12.0 Hz,

e N 1, m, 375 (m, 1 37), 6.0 (a, 7), 7.4 (m, 6),

151

. 8.23 (br s 4) L ST cot

{ o : ey T

R ' Bicyclo[ix.3 1]undeca—l 3,5,7 9-pentaene-8-—y1 anilide 100.

S~

- o WA
.Pir'olysle 6f the p;;litrobentoet-e 103 vas carr\ied out ln the salne “
manner as. ford98 at 300°C (30 mm) - The cold finger ﬁes exttactedv with

| benzene (15 ml), t.he solution was conceut:rated at reduced pressure to
‘ | Ebout 2 ml and theh the residue was quickly chromatographed (silica gel
| activity v 20 g) vith IOZ ethyl acetate in hexane. The visible orange.

: band was collected at;d the solvent was evaporated to give an amorphous

orange eolid. Several attempta to fom single crystals were unsuccessful.
‘n MR (acetone—d6) & -1.20 (dd, J-1o.o Hz, J=2.0 Hz, 1, Hll), -0.30

© (dgJ=10.0 Hz, 1, H11), 7.45 (m, 8), 7.84 (m, 2),

8.30 (m, 1), 8.58 (@, 1), 9.57 (br s, 1)




d 8-Hydroxybicyclo[5 3. 1]undeca—1 3 5, 9—tetraene—8—ylcarboxylic acid 104,

4

oy o

104

—~ o

"To a aolution of hydroxyeater 82 (250 g, 1.15 mmol) in ether )

. (5 ml) was added a solution of KOH 1n ethanol (0 SN, 5 ml$ 2.5 mmol)

and the mixtume'vas‘atirred at room t erature; A precipitate slowlyf
R
appeared and after 5 h water (50 ml) and ether (50 ml) were added.

The aqueous layer vas separated and acidified at 0°C to pH 1.0 vith -

f aqueous 4 M BCl in the presence of an equal volume of ether with stirring

- The aqueous phase was extracted with ether (3 x 100 ml) and the combined

organic extract. vas washed with aqueous saturated NaCl (100 ml), dried

(Na,S filtered and evaporated to give 200 mg of104as'a yhite solid.

0,

- The ctude product was used directly in the next step.

\

4 mm (cn.3on) :  2.38 (br d, J=10.0 Hz, 1 Fll), 3.10 (m, 2), 5. 44

(4, J-lO 0 Hz, 1), 5.90 (m, 5), 6.56 (d, J-Ig 0 Hz, 1)

p-Nitrophenacyl/ester of 104.

~

i ,'F‘??"zgf"%

~<€ Y 9 ~

. 82 - |
A solution of the- hydroxy acid 82 (200 ng," 1 0 mmole) in water

S

’

152
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(2.0 ml) was neutralized,by careful‘f&tration with an aqueoua solution
,of NaOH (1 M) te pH 6 To this solutiog,cas added ethanol (10 ml) and‘
p nitrophenacyl bromide (240 ng, O 98 mmol). The mixture was refluxed

for 2 h and was allowed to cool to room temperature after which time a
“precipitate had‘formed.' Aftertthe addition of aqueous saturated NaHCO3

-

’(50 ml), the mixture was extracted with chloroform (3 x 50 ml) and the

| organic extract was vaahed uith aqueoua satutated NaCl (50 ml), dried

8

(Na 804) filtered and evaporated to give 320 ug, (87%) oflOSwhich was

used directly in the next step. ‘ | ’ '_ | _

g NMR (cnc1 3 5: 2.3 (br d, 1-10.0 Hz, 1, H11), 3.20 (@, 3), 5.46,
(ABq, J-15 0 Hz, 2), 5. 52 (d J=10.0 Hz, 1) 5. 95

(m, 5), 6.68° (d J-lO O Hz, 1) 8 20 0m,/4)

. " 'I. I N i . v‘ ‘ .
‘ - }
p—Nitrobenzoate of 105. = : . ;

o~ o~

-

i.To a aplution of phenacYIveetetUIOS (300 mg, 0.80 mmol) in

pyridine (4 ml) was added p-nitrobenzoyl chloride (f50 mg, 0.81 mmol)
; (‘and the mixture was‘;tirred at room temperature for 2 h. vThe-solvent
. was’evaporated at reduced pressure.‘ A mixture of water (20 ml), ether
(40 ml), and ethyl acetate (20- ml) was added to the residue and the -
1ayers were-separated. The aqueous phase was further extracted with a
mixture of ether and ethyl acetate (1:1, 25 ml) The combined organic

_extracts w reﬁsavhed with aqueous 1M HC1 (2 x 20 ml), aqueous saturated

¢ B
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NaCl (20 ml), uried'guazsok)._filtered, and ;vsporrc.a .e';gaucga prese-;
ure to give 408.n§_(972).of,crude‘product.‘ Purification’sns effected by
chxo-stpéraphy on silica gel (20 g). | |
ir (cECl,) ™t s 3100 @), 3000 (br w), 2930 (w), 1750 (aj; 1720 ®),
| 1700 (s), 1600 (s) 1525 (s), 1350 (.), 1280 (s), o
1230 (b), 1100 ®o) ' |
g nun‘(cbc13)'a: "2 54 (br d, J=12.0 Hz, 1, n11), 3. 32 (dd 3=12.0 Hz,
0 »iv‘ - J=2.0 Hz, 1, H11), 3.70 (br s, 1, 373 5 60 (ABq,
- J-15 0 Hz, 2), 6.0 (m, 6), 6.76 (d, J=10. o Hz, 1,
' HlO), 8 25 (-, 8)

A
™ i B . -

Pyrolysis of endo-106 to the p“Nitrophenacyl Ester 107.

o o~

o~

A solution f phenacyl ester (50 mg, 0, 10 mmol) in 25 ml o{

_benzene was eVaporated with spinning on a rotovapor to deposit a, thin

RESERTTRA,

;vfilm of oil on the flask. The flask was fitted with a dry 3ce~acetbne 'vrb';
- cold finger and was evacuated at S mm and immersed invan oil bath at
) 300°C for 5 min The cold finger was extracted with b:nzeneNtSO ml)

The solution was" concentrated to about 2 ml and chramatographed on

vsilica gel. (20 g, actiuitrjdg wfth elution by a mixture of benzene,

ethyl acetate, and hexane (2 1: 7) | The visible yellow—orange band wasi;

collected and the solvent was evaporated to give 20 ug (602) of°107 ale.'

-

a}

W
a crude orange solid. The product could not be readily purified and



o Bicyclov/S 3,1}undeca-1,3, 5-tr:lene-8-ol lll.

sevetal attenpts to prepare single crystals failed.
Q) : ‘

s e

endo-Bic)/clo[S 3. 1]undeca-—‘1' 3,5,9-tetraene-8-ol 110 and endo—-

ooy

e

o (O

avonme Mdadad

“A solution of diisobutylaluminum hydride (1 IM 7. 1 ml 9 2 mol')

was added dropwiee to a cold (-—78 C) solution of ketone 76 (815 mg, .

ki 5 2 _.&Tiivgn ether (75 ml). After stirring for 2 h at. —78'C and for 1 h

¥ . /

at rdtm tenperature, methanol (2 ml) was slowly added. The mixture was .

e stirred vigordusly for 1 h, when a white granular precipitate formed

L which was filtered through a pad of Celite in a sintered glass funnel.,

I

LA
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The solids were vashed with ether (3 x 10 ml) and the combined filtrates -

Lwere evaporated (foom temperature, 10 mm) to give 735 mg of a colorlees '

.. oil. 3 Chromatography on’ silica gel (70—200 mesh 200 g) prepared !n

| hexane and eluted with 102» ther in hexane with automatic colle;tion of
20 ml fractions gave a, forerun of 68 mg (8%) of 111 followed by 615 mg.

' (752) of the desired product 110 as colorless o:lls. i

111

llu NMR (c001 ) 6 1 60 (dd J=12 0 Hz, J-3 0 Hz, 1, Hll), 2.20 (m, 3),
- ‘ 2 9o (m, 3), 3. 96 (m, 1, us) 5. 90 (m, 5)

13c uun (cnc1 ) 5. 31.2 (dd, c11), 3.9 (t), 37 3 (t), 45. 37 (d c7):
,";‘ - o 74. 9. (d c8), 120.3 (d), 126.0 (d), 226. 8 (d), 127.4

(d), 130 l (d), 147 7 (s,_Cl)



‘110

-~ o oy

ir_(CHCla)_cm-1 :

M MR (CDCL,) &

- 13¢c NMR (cnc13) 8t

mass spectrum m/e

2 160.0888 (45, »m

Y4

3580 (ﬁ),'aalo (br), 2990 (s), 2910° (m), 2850 (s,

-1600 (w), 1455 Gn) 1060 (s), 1030 (s), 840 (8)

2. 65 (br d, J=12 0 Hz, 1), 2.38 (s, 1, OH), - ‘3. 10

(ddd J-12 0 Hz, J=b. 0 Hz, J=1.8 Hz, 1), 3 45 (m, 1,

: H7), 4, 65 (m, 1 H8), 5.26 (dd, J~IQ,0 Hz, J=2.0 Hz,

1), 6. 00-(m,»5), 6.44 (br d, J-lO 0 Hz, 1)

31.2 (dd, Cll) 42 2 (d c?7), 72 3 (@, CB) 122 5.

/(d), 126.8 (d), 127.2 (d), 128. 6 @, 129 4 (d),

131.0 (d), 131.6 (d), 141.2 (s, Cl)

11 120), 142. 0777 (20 c

141.0707 (35, C,,H)).

1179

118100
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o—Bicyclo[S 3 llundeca-l 3,5, 9—tetra¢n.—10—y1 benzoate 117 and endo-

o~

Bicyclo[s 3 l]undcca—1,3 5, B-tetracnc—lo-yl benzoate 118.

w o owm T ous
‘To a solution of alcohol.llO(O 514 g, 3. 2 mnml), triphenylphos— -

phine (1.70 g, 6.5 mmol) ‘and benzoic acid (0.80 gn,6 55 mmol) in tetra-b
hydrofuran (20 m1) cooled to ~20° c, was added with stirring diethyl azo- ;ij"‘
dicarboxylate (1 2'g, 6.89 mmol) The mixture was left at —lO'C over- i
'_:night. The solvent was)evaporated and -the residue was dissolved’in ldf:‘g’
. ‘benzene and’ chromatographed on silica gel (30 g) with benzene. Ihe ‘ | |
| desired mixture of benzoates was collected in the. first 200 ml of eluant. ﬁ;liuif
The solvent was evaporated and the residue was carefully chromatographed -
" on silica ge1 (300 g) with hexane. After eluting, with 1 % of hexare, ‘j;fg;“7ﬂr
the solvent was gradually changed to 2’ _ether in hexane._ A flow ;ate fc‘ -
“of 2.5 ml/min and automatic collection of 20 ml fractions which were :

;naIYzed by TLC'gave, after combination o{ apprOpriate fractions and |
evaporation,of the solvent, 440 mg (52%) of 117 40‘mg (55) of iso—.(d;lgﬁ?;fﬁl
meric mixture, and 190 mg (222) of ll& e ENEV R e
ar oL : |

~

‘MR (cnc1 y 6: 2.26 {(br dd; J=12 Hz, -4 Hiz, 1, n11), 3 16 (m,i1,alf5,.}]:f
¥ o

o gé;vj | 811, H7), 5 51 (m,’2, B8, us), 5. 96 om, 5), 6 70 (d, SEE
‘: : ’ . N -; “ i . ; . v
o1, HlO), 7 47 (m, 3), 8. 08 (ma 2) -/j =
f18 L “ »’, |
14 NMR (cnc1 ) "1 2. 4T _jf;zﬂnz;vJ;§fnz§1;1311)}fzb§é?(?
s ' B e BN
[ ) BN N
- lf ¥
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o 1, uu),égs (m, 1, H7), 6.0 (m, 7), 7.45 (m, 3),
U R \

. '8.25 (@, 2) |
s |

»'exo-Bicyclo[S 3. l]undeca-l 3,5 9~tetraene-b-ol 116.

= v

Y

.1(‘\2'

"\ H}

117 B & T

~~~ . g oy

/

A B A solution of 0 5 N KOH 7.0 ml 3.5 mmol) in 952 ethanol was
vadded to a solution of beni?ate317 (440 ng, 1.67 mmol) in ether (10 ml)
.;5);‘and stirred at room temperature overnight. The solvent was evaporated
(room temperature, 10 mm) and the residue extracted with benzene (3x
;¥30-m1) The organic extract was washed with SZanueous NaHCO (50 ml),
"ﬁgffsat:rafad aqueous NaCl (25 ml),‘dried (Nazso4), filtered, and evaporated
:rat teduced pressure to give 270 mg (100%) of 116as a colorless oil.

‘ 'Crystalization from toluene 8ave white crystals. '

R (cyclohexane) A R log'e:‘ 224 (4r22),f288.(3;41) «::
'“3:5513 NMR (cnc1 ) a 2.12 (m, 2), 3.10 (m, 2), 4.11 @, I=4. 5 Hz, 1, H8),
B ‘” o 5.48 (dd, 310 Hz, 3.5 Bz, 1, H9), 5.95 (m, .
e r*?f%frff 6.55 (@, J=10 Hz 1, HlO)
T-a_lac umn (cnc1 ) 6" 26 43 (t, C11), 46.07 (4, C7), 72.40 (d c8),
‘L 123. 05 (@), 124.02 (&), 126 56 (@), 128. 28 @,

| ;gi‘ 129. 36 @), 132. 28 (d), 134.00 (4), 141.07 ()

.O.

.“ﬁass speetrum, m/e " 160.0893‘(100 o . -

11 120), 142.0780 (42,

11 Hy), 141 L0707 (57, 'C; 9) 131.0869 (62, Cloﬂll),u;f n

<vo T S . R s
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¢ o ‘
129 0707 (69 c10 9>, 128.0631 (47, C,oH 8) 117.0703 B
| (71, CoHg), 115.9545 (94, CgH,), 91.0547 (83, c 7)
elemental analysis : for €q 1,,0 calc : C.82.46 H 7,55 0 9.99

A R found : C 82.51 H 7.45 0 10.04

/p-Nitrophenylcarbamate qf 116.

A~ Sy -

To a stirred solution of alcoholll6 (50 mg, 0.31° mol) in toluene
(2 ml) was added p-nitrophenylisocyanate (100 mg, 0.61 mmol) followed
by triethylamine (150 ul) and the mixture was left overnight. - The mix-»
ture was filtered and- the solids‘were washed with benzene 4 x 10 ml).
o The filtrate was evaporated at. reduced pressure and the residue was
chromatog:aphed on a short colmnn of silica gel (70—270 mesh, 20 g)
"prepai'ed ih he'xane‘ Elution with 10% ethyl acetate in hexane gave the
pure product in the first 100 ml of eluant. E\(eporation of th%. s‘olvent
‘.g‘ave 90 mg (904.) of }Zg_as a white ‘solid. o - : ’f.ﬁmﬂ' ’
Cmp 152;153‘c B ; - | |
"ﬂ.‘uv (cyclohexane) )‘ma , log g: 222 (4. 53), 298 (4. 25)

' MR (CDC1,) & 2.13 (dd, =12 Hz, J=4 Hz, 1, h"), 3.10 (m, 2),

5.24 (4, J=4 Uz, 1, H8), 5.46,ad, J=10 Hz, J=4 Bz,

B %y
’(L Fe g

1, H9), 6 10 (m, 6) 6.68: (d,%§J=10 Hz, 1, HlO),‘

S | '7.57 (@, 39 Bz, 2), 8-2% %d, 349 Bz, 2)

- S = SRS



160

"Bicyclo[5.3.1]undeca-1,3;5,7,9—pentaene 12.

~ o

120 -+ .1

In a 50-ml, round—bottomed flask was placed a solution of carb—
amate.120(25 mg, 0.08 mmol) in benzene (10 ml) and the solvent was evap~
‘orated with rapid spinning on'a rotary evaporator in order to deposit a
" thin film of solid120cm.the walle‘of the flask.l'The flasﬂvwas fltted
with a dry ice-acetone cold finger and a vacuum take—off. At a pressure
of 150 mm, the flask vas immersed inta an 011 bath at 300°c. TImmed -~

iately an orange sublimate appeared on tPe cold finger. After about
two minutes the flask was removed from the oil bath and allowed to cool
to room temperature. The following operations‘Vere carried outgguickly
under an argon‘athSphere.,‘The cold finger was extracted vith pure
_degassed cyclohexane (N50 ml), concentrated at reduced pressure (20°C;
10 mm) to a,volume‘of about‘Z ml and_then quickly Chromatographed on -
vsilica gel (actlvity v, 10 g):with cyclohexane. !The vislble orange
band was collected and the solvent was evaporated at reduced pressure‘:
(20°c, 10 ‘mm) to give approximately 2 mg (18%) of 19 asNan.orange 0il
which Was air sensitive and unstable 1n neat . form at room temperature
(T% decomp = V12 h). This compound could be stored at -80°C in pentane
solutlon;under argon. ‘ o

uv (cyclohexane) Amax’ log'e" 210 (3.9), 255 (4. 0), 282 (4. 4), sh297 ¢

\
(3 9, sh303 (3.8), 325 (3 5), 480 (z 5)

73



270 MHz 'H WMR (2:1 diethyl-ether-dio‘and methylcyclohexane-dla) 6:

-0.95 (dt, J =9.72 He, =2.05 Hz, 1,

J11a,8,10
=9.72 Hz, 1, Hlla), 6.86 (t,

1lla,b

HLIb), -0.48 (d, ;lla,b

J8’9’10-7.56 Hz, 1, H9), 7.30(m, AB,, 3, H3, H4, H5)
7.52 (d, J8’9;10-7.56”Hz, 2, H8, H10), 8.08 (é, Jp.3"
8.64 Hz, 2, H2, H6)

CoL e |
' MR (acetone=d)) &: 34.7 (t, Cl1), 125.1 (d, €3, ©5), 128.7 (4, C4),

130.4 (d, €9), 133.5 (d, C8, C10), 144.6 (d, C2, C6),

161.2 (s, C1, C7).
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Part II

NEW G-ACTLATION ‘
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| . CHAPTER 1 .

g A f.undulntal cndcwour in orglni.c synthesis i / to fo;n a.
carbon-cubon bond. under mi1d aud unuthlly ncutrcl onditiona -

| . Durim the couru of iuvuti; iocus directed toward thc synthuia cf

| polyoxo-ucrolide cntihiotico. 1t ‘became apparent that uthods for
cffccting a mild C-acyhtim and a -tcroouhctivc aldel condmutinn
would 3tut1y facilit:atc the mthuil of this inportant class of ‘natursl
:products and rclated acyclic syotm A utisfactoty solution for mild
_C-ncyl.ation will be deccribed which has wide synthetic applicability and
pattcna to so-e extent a ci-ihr procesa vhich occurs in the bio- 2
lynt;hclil -of fatty acid.. . ' ' : TR L
The :lntroduct!&'n of an acyl ‘group at carbon is nomlly per-

« for-ed under s.trongly basic or acidic conditions.z The acid cata.lyzed
‘conditions are generally useful only for C-acylation of ketones. The
develop-ent of the raaction of enanines with acid chlorideb or, acid
nnbydridca has provided an alternative nild mefhod for C-acylation of
gk.etones.3 Acylation of estqrs cononly foﬁlm the base catalyzed pro-
ccdure as illustrated ‘by' the chssical acetoacetic ester coudensat:ian.4

LS

"l'his reaction ia reversible and the equilibriun nornally favors the .,

'proﬂnct B—ketoeatei‘ due to’ itl greater acidity. The C-ac?latiou B‘ecomes

"f'b.ir:eversiblc when an c;tcr uzohte anion 1s reacted ‘with an acid chloride

‘ , | -.ox acid anhydride BE. does not aluaya proceed smoéthly and is often~com—




#*

In the synthesis of complex natural products containing a

va;iety of sensitive functionality, it is not usually possible to carry

< oup’ a C-acylation reaction unless extensive protection of the sensitive

’ ' o LI
functional groups is invoked A variety of adequate protecting groups
are'available6 and continue to appear, but extensive protection and

ke ] ¥

selective ‘deprotection reSults in a very lengthy and tedious ﬂﬁhthesis.‘v

of a cOmplex substrate. Thus thé~need for a neutral mild method for

C-acylation of an'ester.waS'evidenqh'
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Tl!l ubsmnsls OF PATTY

A clus tor a -u.d net i ot c—ecylst:l.on is prov:l.ded bi

nst,ure in tm b:losynthesis o!.' fstty ecids and rehted lstelmutn.‘7

The dc novo lynthssis of fstty scids d:nvolves two u:ln Yrocesses for the

1ncorporst:lon of acetate vis scetyl coensyne A (CoA) into a lcu; chein

tstty acid';r The first proeess qulves the cetbdsyhtion of acetyl-CoA .

to form malonyl-CoA by a biotiu dependent ensyns end the ucond procen e

involves the succeuive addition of C -frspcnts derived fro- ulonyl-CoA
to one initisl ec'etyl-CoA primer. The entits sequenee Ro!f 'reect:lons 1s
cstelyzed by a m].tienzyle co-plex refaetred to as fatty sc:l.d synthetsse
(PAS) ’rhe sequence of resct:l.ons 1nvolved :ls shovn in Figure 1. N

The biosynthes:ls of fatty acids fron lelonyl—CoA appears ‘to be

.a gmeral process which occurs- in bscteris, plants, snd animals. Lynen

rand his c:ollesgues8 ptovided the f:qut details of the structute and .
functaion of the multtenzyne co.plex of yeast ove:: a leng series of v
1nvestigstions whicli eventuelly led to the 1sol,ation of the enizyme svste‘
;snd elucidation of the reaction eequence'vhich hsve been described. '

S:lnilsr results appeared lsterffor aninal bacterial, snd plsnt systems 9
A proposed mechsnisn for fatty acid biosynthesis formlsted by J

I.yl:en and coworl/:erslo based on their studies with yeast is sumsrized%

as fqllawa. One of . the ptotein unitE ‘of the fstty acid synthsse (FAS)

conplex has the specific purpose of binding the\ acyl intermediates and

N

[

f

‘
/

/’ .a

: isTeferred to as the scyl carrier protein (ACP) 'rhe intemedistes/ N

(gin\iolved :l.n this bios'ynthesis are covalently bound as<thiol esters to L

. thiol grOupsa atts_ched to protein_. Two types of thiol grou‘ps have 'been
v s : IR < L - o0 o -
12 LA - . . |

‘ _*"lzal ; . ; o

-
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Pigufevil .Tﬁt,sgq‘v ce of Reactions for—Fattj Acid.BiosYntheiis. By <‘f‘l'
§ / A R . L \ ! S
‘ L T ¢ e ’ ‘ AT
1. " Acyl transfer; pri.ning reaction 8 j
.a) CHBCO-S-COA + HO-Enzyme, =% CH,CO—O-Enzyne 4 nsc:m
b) cu3co-o-znz,u + ns-u:j = ca CD-S-ACP T+ no—nnzyne

2. Trmfet to. sulfhydryl gtoup of condehai:ng enzy-e-

CH3CO—S-ACP + HS-Enzyle = — m3co-s-znzyu + HS-ACP

Lo i s B

3. Malonyl tranafer . ST <

, .
a) BOOCCH CO—S-CoA + no-!:nzy-e 4=P HOOCCHZCO—O-anyu
R
- S BSCOA
. s : w
b) HOOCCH,CO-O-Enzyme + HSACP. = nooccaz‘co-s—Acr .
o . . , 4
lBO-Enﬂ;yne“,

4. Condensation
¥

' aooccazco-s-Acp + CE3CO—S-Enzyme = cn cocnzco—s—ACP + Co,
. d i i \ +
‘ o BS-.Enzyme'
5. Reduct:lon

3

cn3cocn co-S ACP + NADPH + H' FNADP ' 4+ (Il CHOHCH,CO-S-ACP

6. Dehydration | \
 CHCHOHCH,CO-S-ACE o CH3Cﬂ‘-cgco-"s-Ac_P.
7: Reduction R Lo , . . .

«

CH3CH-CHCO-S—ACP + RADPH +. H # NADP + CH CHZCH2

. 8. ‘Butyryl transfer ~_ L o /_ -

co-s ACP o

&

cn3cnzcu2co-s -ACP  + HS-Enzyme s cu3cnzcnzco-s-zniyme J

then back to reaction 4 using butyryl—-Enzyme
9. Termination (palmitoyl transfer)
‘ : Lo

+  CHy(CH,),CO-S-ACP + HS-CoA ==  CH,(CH)) gCO-S—CoA~ + HS-ACP

i.e., palmitoyl is not transferred to the condensing ;AZyme.
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identified in the FAS complex and are denoted as centralﬂ/(S ) and

peripheral" (S ) according to their respectivejlocation. The Sp-

e

. thiol group is a cysteine residue incorporpted-within a polypeptide ;
cchain of the FAS. The 5_-thiol group 1s %ttached tothe ACP bya = '

p 4 —phosphdpantetheine unit and the struc‘ure of the S -thiol group‘.

fqis quite similar in thia respect to coen;bne A. The process of'fatty
acid biosynthesis can be visualized as occurring 4n a “biological “

't factory represented by the FAS complex, with a, circular assembly 1line

~of _enzyme active sites. The S dthiol group acts as a conveying device

»
carrying and positioning the substrate through the various assembly

,J'

stages vhile the Sp—thiol grbup picks up the substrate at the end of an i
asse-bly cycle and also introduces a subqtrate at the start of the
assenbly line. A schematic view of ‘the FAS complex and this hypo—
thetical process is shown in Figure 2 12‘ ‘ ‘ |
The synthesisi}f a fatty acid begins with the transfer of the
. acetyl group from acetylﬁpoAato the Sé—thnpl'group‘of the FAS. The
aceﬁyl—sc_thiol ester is then transférred to thersp—thiol group which
is located near the actiyejsite of the condensing_enzyme component of
the FAS complex.4‘With the acetyl primiﬁg seouenceﬁcomplete, the malonyl'
group of malonyl—CoA is transferred to the S -thiol group The malonyl-
—thiol ester 1is then positioned ‘at the actiVe site of the condensing
enzyme and C-acylation occurs accompanied byidecdrho;vlation to give anV
acetoacetyl S —thioéster. The ACP next, positions tliis S —thiel ester
through the active sites of 1) the first reducing en;vme where reduction

6

to B-hydroxybutyryl- —thiol ester occurs, 2) the dehydrating enzyme

-

where crotonyliS -thiol "ester is formed and 3) the second reducing

. . )
< - R R . . 3
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Figure 2. A Hypothetical Scheme for the Function of the Fatty Acid

)

Synthetase Complex.
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enzyme where butyryl—sc—thioester is formed. At this stage the butyryL? \

group 13\transferred to the Sb-thiol group and the cycle comnences.

..
"\

again. The cycle 1s repeated in most cases until palmitic- or stearic—

-thiol ester is formed which is then released by tra%?fer to’ col‘

¢
-

enzyme A.
~ The role of-malonyl—éoA 1;.the C—acylgtion reaction is -
eharag;ezistic of the bio yntheeis of‘fatty acids and the concurrent‘Aﬁ‘
% loss of co, gakee this c eqeetion reaction irreversible. The -
ecfuai‘ofgnnic chemistfy of qﬁe condensat%on reaction between the
acety vSp—thiol ester and: the malonylesc~thiql-ester 15 not clearly
underseodd. Lynen and cowonketslo have‘proﬁosed'twp general eechanismé
for tﬂis C—acylation reactiop which afe,illustrated in Figure 3 and ere“
denoted as 1) the enolate mechanism and 2) the decarboxylation mechanism.
In both processes, the carboxyl group of malonyl— -thiol ester plays ‘
“-a key :ole, ‘in mechanism l,enolate formation is more eccessible dqe'to
bhe‘inereased acidity of,malonyl'versus acetyl aed in mechanism 2
decarboxylation is -coupled with C-C bond formation.
. Several experiments have been executed by Lynen and coworkers
eto deterﬁine HhiCh of the‘two.general mechenisms qere»closely fit the
bibsynthetic bfecess. Previous studies of faety acid synthesis with
purified FAS complex from'§e33£ demonstrated that the condensation
;eaction wae the rete limitiné step in the overell process. Noldiffer—
‘ence in the raees of fatty acid synthesis were‘observed when malonyl—
gCoA anﬂ dideutero meionyl-CoA eere compared. Using isolated cenaensing
"eﬂz}ée from E.coli, again, no kinetic 1sotope‘effeet was found.

Furfhermore, when ditritiated malonyl-CoA waeA,tilized as the substrate

the tritium was retained.13 These resylts tend to'exclude a mechanisnm




. R
. ' . / . a N
: -Figure¢3. Prohsed Mechanisms Lfor' the Biokogical C—Acylation in Fatty

g o~

/‘ Acid BiOslnthesis A

N 1.  Epolate Mechanism
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\ invo,],ving a ulonyl enohte a.nion and favor a uchni- vhore the B

forlation of the new C-C bond is coupled vith decnrboxylltion

Further studies on thc FAS complex of yea-t involving thiol
blocking agents hnve bcen carried out, It was observed that the two
types of ‘thiol gtoups present tﬁ thc FAS conplex could be chemically
dietipguished. :Iodoacetl-ide l-alkylated che peripheral" p-chiol

group and N-ethylnnleinide'g alkyla;ed the "central”™ S c-thiol grqup.

e
¥

1

N

. l ) /
‘Either alkylation inhibited fatty acid biosynthesis. It was -
/// . interesting that the pH-dependence of the rate of inhibition of the

two thiol biockingwggents was diffetent.' The rate of inhibition of the

—thiol ‘group by 2 shpwed a pH—dependence ad expected for an ordinary :

'thiol group. However, the rate of inhibition of the 9 ~thiol group

by } did 1\1ot change between pH 5 and 9 indicating that this thiol was
present as the enion (Spf)‘even at pﬁ 5. ~The\prop§éed.explanatiopfer‘
fhis’;esult w&s‘fﬂat‘fhe vi:inity of the Sp—thiol‘grodp-intruded basic
groupe which could gecept tﬁe'ptofon thuslleavieg the_épeehiol ueproeon—
ated. The‘Sé-thiol‘grdup'showed normal thiol behaviour asAthe pante- -

theine unit would isolate the thiol group from protein interactioms.

Thejideﬂtity of the basic groups near the s;—;hiol site are presently
; : . .

unknown. .

The 10doacétaﬁi¢e Elocke&-Sp-thibl of the.FAS brought about a . "

-
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‘,
new enzymic reaction involving decarboxylation of malonyl—CoA to form

acecyl—CoA An explanation given for this ptocess was that when the '

: J p-thiol site was blocked no acyl unit was available for condenaation‘

and instead protonation occurs (se “?5 This result indirectlf

;se

aupports the decarboxylatiop R

A hypothetical scheme ‘ ) o n' for the act e site

>

of the condensing enzyme is showﬁ elow.. The chemicai identity of Ehe

'
¥y
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group or groups responsible for the actual chemistry'pf the condens&tion ’

r

and decarboxylation in the active aite\€f this enzyme remaiﬁ to be

sstablished.

C-Acylation =~ . . Decarboxylation

3



'CHAPTER 3 .
The key feature of the biosynthetic C-acylation appears to be

ot - . ‘ . )
r the use of malonate. Scott and.coworkersll' used catechol acetate

. ‘malonate 3 as a model for theAcondepéing enzyme im the fatty acid
“\aynthetaae ’conrlei; When } was treated with two equivalents of iso-
propyl magnesium @§romide two products, catechol-monoacetoacetate 4
A : . A _ Rt : ~

(30%) and cntgchbl carbonate 5 (40%) were 1solated.

vhich the authors proposed is shown below. When the het)il

6 7

186
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used under’the same conditions the producte were etartina Iltetill ‘and
catechol lono-ethylnalonate 7 In the eucceooful ecetyl trenofer, the
mgneeiu- cheletion pleyed a role of controlling C versus O—ecyletion.
The uee of other beoee such as sodium hydride, triethylamine, or
" n-butyl 1ithiu- failed to give any acyl transfer product Io Treat-
»nent of 3 with one equivalent of ieopropyl.negneoium bromide gave no
acetyl -.ttmfer at room t-pereture and beeting this -ixture resulted
in decetboxylltion to cetechol diacetate 1ndicating that a concerted
decarboxylative ecetyl trahefet.did not occur, )

| An alternative for initramolecular acyl transfer incorporating a -
melonyl group was conceived as a potentially useful»method for\ Cc-
acylation. A simple methylene connection of acyl and malonyl. units
could provide a six membered transition state for intramolecular C-
acylation with the extrusion of formaldehyde and carbon dioxide

providing the thermodynamic driving force.

R/u\O\CHz R>’ | ” .-°':fgo | A

' % \c') T o
R,O\ﬂ/\ﬂ/o W | WR
’ -OA | A : | ' .

N

An afficient method to construct the triester system A ‘was

developed by the reactibn of the bromoester 815 with‘various salts

’

of a malonic half acid ester. The silver salt 9 reacted with 8 to
! V
i . . . .

J 2 .



\

.&_\
give the triester 10. The potassium salt\ig also reacted with 8

but.much more slowly to give the triester 12\and the thallium salt 13

was also effective but 3abe a poorer yield of the triester 14 (see~f

experimental). ‘..

4 u

. o Br ’
M + 0 —
o OAg ‘\]r’x _ o
\ -0 !

o
1

With the triester system‘prepared{ base catalyzedvintramolecula
C-acylation was inﬁestigated.J The triester }9 was)treated with one
equivalent of lithium diisopropylamide at -78°C and was allowed to warm
over 1 h to 0°C. Quenching with acetic acid gave reqovered'st?rting
'maqerialxin 80% yield. -This reaction was repeated and this time the

~

solution was stirred at room\temperature for 20 h after which aqueous

188



acidic workup gave a 93X yield of 15. The structure of the product

. was readily esquIished by 1its spectral propertieup(nee experimental).

' j

A rational fo7 this result involves an intramolecular acyl tranlfer

&
followed by condensation of the resulting enolate anion with the

formnldehyde generated as shown below.

7

»

Per%orming the same reection'by'tirst genereting the énolete of
IO at -78°C, then adding one equivalent of benzylamine and allowing
the mixture to stand at room temperature for the required time gave
the same product }f in 90Z yield. The benzylamine did not trap
formaldehyde. 7

~

Treatment of the triesters 12 or 14 wit&/}ighium diisopropyl—

\

. amide (1 equiv, Toom temperature) for 24 h resulted in only recovered

starting material in quantitative yield after an aquecus workup. This

was surprising in view of the previous result and might be rationalized

-

189
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as due to the enhanced stability of the enolate anion of 12 and

14 compared to that of 10,whiéh possibly disfavors the formation of the

more basic alcoholate anion as shown. This intramolecular C-acylation

W

was slow for 1Q and therefore 12 and‘lé may require heating and/or
‘longer reaction times to effect this reaction. A modification which
might facilitate this reaction would be to use a thioester as in 16

(which 1is a cloger model for the biological process) but this idea was

not tested.

16

This type of intramolecular C-acylation appeared to be limited in
'scope and was also complicated by the concurrent alkylation of the

formaldehyde generated. Therefore this method was dot pursued any

further.

190
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Kinetic studies by Lienhard and Jenckslé shqwed that acidic
methylene compounds 17a-c tcacted with N,S-diacyl cysteamine 18 at 25°C

in aqueous solution near pH 9. Purther, a catalytic effect of added

imidazole was demonstrated by a 2000 fol& increaee in the reaction rate.

R4 0 ’ 4
,/’Jl\\~ N DREE—

2 : . o
17a R, = CN, R, = CN 18
1 R - CN, R, = ooscnzcnzmxcocu3
17¢ R, = CN, R, = COOC,H,

H .
+ Hs/\/"\n/ y

vThis work suggested that an emolate mechanism éot.the biosyn;het1c>c-
‘acylation was chemically feasible although Lynen -favored the decarboxyl- |
ative mechanism (see p- 183). ‘ ' )

The use of malonyl-CoA in‘fatty acid bio%yethesis and the malonate
synthesis of Ireland, 3 described previously, suggested that a malonyl
half acid ester was a good choice for the nucleophilic species to develop
a mild C-acylation reaction.' Treatment of a malonyl half acid ester - N
with only one equivalent of isOptopylmagnesiuh°bromide would form /ﬁ\\&““’///
the ﬁagnesium salt g. The acidity of the methylene group of B migh;g

. . ~ i
be ehhanced by the covalent nature of the Q—Mg bond and”alsb by possible

magnesium coordination with the B-ester group. Therefore, weak bases



QO

-

N

-might generate a synthetically useful ‘amount of the enointe anion of B

which would then react with an electrophile such as an acyl derivative.

&3

N\

[:4

| Another method to generate an active methylene.compound similar
to B without the need for a strong base might be possible by treatment
of anhydrous magnesium acetate with a malonyl half acid ester to
establish an equilibrium as shoyn providing a simple source of the

maguesium malonyl half acid ester reagents of type I'

-

The equilibrium would be predicted to favor the formation of I

due to the enhanced acidity of the malonic acid compared to acetic

o

acid
With a potential nucleophilic species chosen, attention was

focused on the choice of the electrophilic acyl unit for the C-

" acylation reaction. The use of a thiol ester was suggested.by the bio-

192.
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-synthetic process but a more reactive aeyl unit wvas desired.' The

first choice for the acyl unit was an acid inidazolide for the fol-
lowing reasons: 1) they were readily available by reaction of a
carboxylic acid vithwcarbonyldiinidazole under mildly basic:conoitions,17
2) the presence of aniequivalent of‘inidoioie .could cltaly:e enolate

foriation fron the active -ethylene conpounds of type I.as suggested
16

~ from the study by Jencks, 3) the imidazole portion of an acid imid-

azolide beconds a good leaving group qhen a proton source is available,
and 4) the active methylene 3roup of I pny serve indirectly as the
protou source. L

- The above considerations .led to an investigation of the follow~

ing reaction. A tetrahydrofuran susperision of magnesiun acetate and »

the half acid thiol ester 19 was added to a solution of the acid imid-

azolide 20 and imidazole in tetrahydrofuran. After stirring the

mixture for 1 day at room temperature a 901 yield of the B-keto ester

-~

21 was obtained after an aqueous éorkup.

21

~
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The presence of magnesium acetate was required for the reaction, as

shown by a control ,reaction, where no B-keto ester 21 was formed when

the half acid ester 19 was added to the acid. imidazolide 20 and | |
imidazole. However, when the reaction was extended to cyclohexane-

- carboxylic acid imidazolide 22, the major product: isolated was 23 in 257 .

/
yield. The same reaction was repeated with an additional equivalent

o

)

of imidazole and the product 23 was again obtained in 80% yield. This
unexpected result indicated that the acetyl gr0up of 23 was derived from | ;
the magnesium acetate. This result might be rationalized by. a sequence |
of?reversible reactiomsawhich are eventually shifted by reaction oqu;e k @
malonate half acid ester maéneaium salt gf with acetic acid imidazolide

25 as ghown in Figure 4. Therefore, the reaction of metbyi malonyl

half acid ester‘magnesium salt 24 with a secondarz carboxylic acid

imidazolide chose an alternative reaction pathway. The same result

was observed for an attempted reaction with pivalic acid imidazolide

which gave an 802 yield of 23 after 12 h at room temperature. .

Several other metals were tried to see if this s#fered any
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Figure 4. Proposed Mechanisa for the Formation of 23.

¥
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solution. ihe use‘of zine (1I) acetate,-cbpper(li) ecetzﬁt; eobelt(II)
acetate, and Silver(I) trifluoroacetate showed no proaise to effect
C-acylation on cycioheianecarboxylic acidvimidazolide 22, .Also en
attenpt with magnesium trifluoroacetate gave no neutral products.
To subdue the acetyl transfer side reection magnesium pivalate
- - was substituted for magnesiun acetate. When the . ;Zactiou was performed
| on 22 the desired B—keto ester 26 (202) was obtained along with a new
product 27 (101) This result might be rationalized by a series of
requilibria which eventuall} leads to two pathways for reaction as
shown in Figure 5 a
- Direct evidence for. the exchange of carboxyl groups on magnesium
was provided by the preparation of the magnesium salt é8 Azeotropic
renoval of pivalic acid by slowly evaporating a toluene (50 ul)rSOIution
of magnesium pivalate (1 mmol) and methylmalonylihalt atid‘tuiol ester
40 (1 nmol) at 50°C and 1.0 mm pressure gave a whiteégiiig. Thele EMR
spectrum (tetrahydrofuran«is) of this material showed two types of
tert-butyl groups as broad singlets of equal intensity and an ir -
spectrum (CHC13) congistent with the inco_rporation of one methyl malonic
- half acid thiol ester group to give 28. Reaction of the magnesiuu ealt
28 (1.0 muol) with hydrocinnamic acid imidazolide 20 (1.0 mmol) in tetra-
‘vhydrofuren for 3.5 h gave an 802~yield of the B—keto'ester 2l-and a
20Z yield of'recovered hydrocinuamic acid after.an aqueous worgup.
Hhen the magnesium salt 28 was reacted with cyclohexane
carboxylic acid imidazolide 22, a mixture of B-keto ester 26 (10%). and

diester ZZ (ZOZ) was obtained after 6 h at room temperature. This

result was simiIar'to the reaction of magnesium pivalate and added

»
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Figure‘S. Proposed Mechanism for the Formation of 27,

—~%




. ' : o8

2 ar

me€thylmalonyl helf acid thiol ester }?, therefore. the removal of
'the'first equilibrium.(formation of the active methylene unit gg)-does
not seen'to offer any signiﬁicant cdvantdge. o T~ '

Duriné the course of this work in developiné a mild CLacyletion
.reaction, Kobuke'and Yoshid&l8 repqrted a similar reaction. They v_
found: that malonic half acid n-butyl thiol ester 29 regcted with acetic
acid benzene thiol ester 50‘1n the presence of'magnesium acetate. and
imidazole in tetrahydrofuran at room temperature over 3 5 days to give

i

acetoacetic acid n-butylthiol ester 31 in 602 yield

0 ‘ c
I T T —_-_—.'"Jl‘\<fji‘\sz/’*\~/"\\vi
+ : , .
/U\S’@ - CND | $
- So - : 5 . 23
ﬁithOut eithervadded imidazole or magnesium acetate no reaction was .
Aobserved. .

The pattern of their reaction resembles closely ouroiﬁitial work

]

with magnesium acetate'except for the choice of the leavipg group in

the ecyl unit._ The source of the acetyl group in their product 31 m‘\\
might not necessarily come from acetic acid benzenethiol ester 30.

" As was previously described acetate derived from magnesium acetate

was incorporated in the product 23. To. check this possibility, Kobuke's
-reaction was repeated by reacting propionic acid benzenethiol ester 32

~n~

(1 mmol) with the malony] half‘acid thiol ester 33 (1 mmol) in the
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presence of nngnesiunﬂlceﬁhte (1 -81) and imidazole.(l.u-ml)fin

'tetrahydrofurcn at room t‘ ercture for 3 deys. The mnjor‘neutral

products ieolated after angaqueous uorkup were 34 and unreacted 32.

Ay

each 1n SOZ yield. Therefore, o acetate derived from magnesium

acetnte was incorporated in their case.

E » The C—acylation method utilizing magnesium salts of type I was“’
»
\ limited in scope ‘and further improvements were obviously needed to
provide a synthetically useful procedure. A simple variation by the

attachment of two malonic half éster units on magnesium was examined.

=]

e
The magnesium malonyl half acid ester. reagents of type II indeed,

—'v\l

provided’an efficient reaction with acid imidazolides. The-scope of

;\ this reaction as a general mild method for C-acylation is described
- in the next chapter. R'
]
\ .
J
. 0 SR -
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CHAPTER 4
Y
MILD C-ACYLATION

A method for effecting a C-acyiation reaction under Jﬁrtually
neutral conditions which demonstrates wide.eynthetie applicability

has been developed. The nethod used is operationally very simple and

,involves the successive addition of two reagents to a carbe\viic acid

1n tetrahydrofuran. Carbonyldiimidazole17 converts the acid into the

correnponding acid imidazolide which is, without 1solatiou, treated

- with the nagnesium salt of a malonic or methylmalonic half dcid ester

to give the corresponding B-keto ester as shown below. !

v

The enolate anions of the esters 35-39 generated with lithium

A~ Ao

diisopropylamide at -78°C in tetrahydrofuran were carboxylated to give

_the half acid esters 19 33 and 40-42

LT )
.
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. Ry ° R

¥ Ry = CHy Ry=StBu 19

3% R =H Ry =SCH; 3

37 R = oy, Ré;- SC,Hg | 40

A

39 'R = cH, R, = OCH 42°

1 3’ 2 3

~n  apns

The magnesium half acid estgr reagents 43-47 were prepared by
adding magnésium ethoxide (1 equiv) to a solution of the éorresponding

half acid ester <(1 equiv) in tetraﬂzg;ofuran'followed by filtration of

>

the nearly homogeneous mixture and evaporatiod»ofuthe solvent.

.

!

43 R, =~ cH,
44 R =H, < R, = SCH.
45 R; = CH
4 R =H, R, =OCH,

: A1 Ry =Gy Ry 3

. The condensgtion‘of these magnesium reagents with ;ﬁyacid
imidazolide proceeds in‘quantitative}dr excellent»yields,and is
normally complete withiq 16 h below 35°C. The product p-keto ester is

apparently not complexed_with magnesium(II). Direct thin layer

-
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' 202
,'/
\chtoma;oéraphy of the reaction mixture after concentration giQei the
product Bfke;o ester in the same yield'as an aqueoﬁa workué. The
scope of this method for C-acylation is evident from the results
sunnariiéd in Table i The reaction of reagent 44 proceeds effectively
with primary, secondary, and even tertiary carboxylic acids to yield ,V
the rgspectivefproduct quantitatively (entries 1-3). Reagent éf is
somevwhat less reactive than 44 but gentle'warming at 35°C for several |,
hours 1s adequate to complete ;he reaction (entry 5). The remarkable
~ feature of this method is ménifested in entries 6-8 where acid and base
sensitive funcg}onakities survive the condensation conditioms. There~
'fore, additionvof an acétaﬁe‘or proplonate fragment to lévulinic acid
and to the Prelog-Djérassi lactonic acid‘ﬁglg proceeds without complic-
| ation.’ Unsaturation 'in both aliphatic and aromatic éompounds does npt
creafe any problems (entries 9 and 10). Ihe presence of a secogdary
hydroxyl group as demonstrateﬁ for'12—hydrdxystear;c acid (entry 11)
does not hinder the normal.course of the rgaction.( This result is
important for the synthesis of.polyoxo-macrqlides which contain several
hydroxyl*gréups. Thé remo§a1 of the need for hydrbxyl protection
greatly facilitates.the synthetic stfategy. ThisAC—aéyIAtion reaction
works equaliy well also for the magnesium half acid O-estef reagenté é?
~and 47 (entries 12-15). By this new C-acylation métho&, B-keto esters
containing a variety of functi;nal groups are now readily accessible.
| Further qodification has énabled C-acylation to be carried out
in the presencé of a pfimary hydroxyl group. Due to the reacti;ity of

a primary 'hydroxyl group toward carbonyldiimldazole, the previous

aqylation method is inadequate. A modified procedure circumvents
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the use of carbonyldiimidazole and is illustrated for 8-hydroxyoctanoic
acid 69. Treatment of the hydroxy acid 69 (1 mmol) in tetrahydrofuran
with excess imidazole (4.4 mmol) ,and trifluoroacetic anhydride (2.2 mmol)

provides the corresponding trifluoroacetoxy ;cid imidazolide 70 which

reacts with the magnesium half acid ester reagent 43 (1.2 mmol) to give
the trifluoroacetoxy f-keto ester 71. The trifluoroacetate group is
readily removed by methanolysis in the presence of sodium acetate (25°C,

™ .
2 h) to give the hydroxy B-keto ester 72 in excellent yield.
.~

71 R = COCF
72 R =1

3

. 0
\ The synthetic versatility of this method for C~acylation has

been demonstrated. The application ofﬁthis method for the synthesis of
macrglide antibiotics can be recognised in.a hypothetical “synthesis of -
pikronolide Z}t-th; aglycone of pikromycin,Zé. Conversion of the
1§ynthetic seco—acid‘precursof Z§, ;vailable from the methymycin
synthesis,lg to the B-keto,thioester'zg by the C-acylation method which
has been déscribed, followed by'epogide openiné, 1éctonization,20 and

removal of the hydroxyl protection would give pikronolide 73.
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3 R-H

74 &R = desosaminyl



J

“ However, when imidazole (1.1 equiv)‘wasvadded to the above uixture8;

- | o - 207

Several interesting features observed from various investigations

of this new C-eevlation reaction and the extent to which it might mimic

A} . R -

. a similar process in fatty acid biosynthesis are discussed as follows.

't

'A. The Choice of the Electrophili¢ Acyl Group.

Surprisingly, reactive acid derivatives such as acid chlorides

o

"and - trifluoroacetic acid mixed anhydrides did not react with the

magnesium reagents of type II ;o ‘glve B-keto esters even in the presence

of pyridine or triethylamine (¢ equiv) The correspohding cerboxylic

_ecid was recovered after an aqueous workup. However;, if imidazole @

equiv) was used as the, base, the reaction proceeded in the uaual‘fashion
to give B—keto esters in excellent yield. o °

K No reaction oecurred between the magnesium reagents of type;iI

b . . )
‘ {for example 45) and the thiol ester 77 or\benzothiazolethiol ester: 78.

N
'

the B-keto thiol esterk26 slowly.formed.
The C—acylation reaction likely proceeded in these ‘cases through

the intermediacy of the acid imidazolide. These results iudicate a B

- unique relagionship between the magnesium reagents of type II,-the

acid imidazolide, and imidazole and are summarized in Figure 6.

\

B. The Role of Ligands on Magnesium. . | a

The coordination of verious groups on'magnesium seems to play a
role in the aetivityvof(the magnesium’helf_ecid ester reagents as
previously demonstrated by the difference in reactivity of reagents of

type I and type II. The activity of the previously.proposed magnesium
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Figure 6. Choice of the Acyl Group for C-Acylation.

R BASE
=Cl , : Pyridine or % )
-02CCF3 ‘triethylamine | :
imidazole | | —
. none S =¥
77 , '
s  }*‘ . - imidazole —_—
_.< s :
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- salt B was testedd A tetraﬁbdrofuran solution of the magnesium salt = . ;

Vg79 was prepared by adding one equivalent of isopropylmagnesium bromide

" to the thiol ester 40. This solution was- then added to cyclohexane-

carboxylic acid imidazolide and stirred at 35°C for 24 h. >A 50Z yield

-

of the corresponding B—keto ester 26 was obtained after an aqueous

worknp. Therefore, this magnesium salt appears to effect the C-acyl-
ation in a similar manner but is less efficient than the magnesium

reagents of type II.

C. The Mechanistic Course 6f the C-Acylation Reaction

Whether this new C-acylation reaction proceeds’thrbugh‘an enolate

or a decarboxylative mechanism cannot be established with the experiment—

~al results presently available. Two observations tend to indicate that

the enolate ‘anion derived from the magnesium'reagent'iskinvolvedfin this

condensation: 1) Attempted reaction of the magnesium salt of dimethyi-

o

ciﬁnamic acid 49ein‘the ﬁresence of 1ﬁidazole\didinot give

,»desired Bbketo ester 81 This is indirect evidente that a decarbbxyl—

ation mgchanism is not occurring in this reaction but a possﬂble steric

inhibition cannot be excluded.



2) The presence of imidazole in the reaction ﬁixture5is necessary for

initiat;on of"the‘C-acylation,reaction. When the acid imidazolide of

cyclohexane carbpxyiic‘ac{dlwas'isolated'free from imidazole by extract-

ion with pentane, no reaction with the magﬁésium Sa1t°§§ was observed
‘after one day at room temperature but after addition of imidazole

(1 equiv) the reaction prééeeded normally.

The decarboxylative ﬁethanism prop&se& byhiyhen'and coworkers
(see p. ;83) fepresénts an unknown reaction in organic chemistry. At
'the'present.;imé;;né evidence for this type of mechanism has been
fOundiin our‘C—aéylétion reactiog'and the'elucidation of the mechanism |

rémains a task fdr'further'stu&ies.,

D. The Biological Implications

| Thelefficiéncy and mildness of thié new C-acylation reaction.
suggests that a similar prbcess‘might be feasible and also idgntifiés_
possible chemécal'entities for the yet unkndwm gfouﬁs regponsible for
thé'éctugi chemistry in the active site of the ;ondensiné enzyme of the
fatty acid synthase cémplex. The condgnsing:enzyme migﬁt bind*the -

A

81 >
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shown below, although both magnesium and histidine have not been

identified in the active site.

-

L4l

o

a décarhoxylation mechanism

2

'Jg enolate mechanism

App ication of this new, mild C—acylation reaction to the

ol
.

\

2 polyoxo-macrolide antibiotics and further synthetic

extensions of this method will likely be forthcoming in . the near future.;

.




CHALTERS | , |

EXPERIMENTAL . - 4

All experiments were conducted under an -inert atmosphere of dry
argon or nitrogen The solvents and reagents used in each experiment
were dried and purified by accepted procedures.21

A rotary evaporator (water ‘aspirator vacuum) was used for the
removal of solvents where ' evaporation under reduced pressure" is
mentioned

»fhe spectrai data, | NMR, 1ir, and mass spectra were obtained
and are reported as described in Part I.

Thin layer chromatography was performed using EM-MerkR,-HF 254

and 366 (type 60) silica gel without binder asg described in Part 1I.

212
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Preparstion of the Silver Salt 9.

A

9

To a suspension of silver carbonate (1. 40 g, 5.1 mmol) in water

- (50 ml1) was added half acid ester 42 (1.32 g, 10 mmol) and the mixture

was stirred in the dark for 48 h. The mixture was filtered through Celite..

and the‘clea; aqueous filtrate was evaporated at reduced pressure to R
give i’éhite solid Tolueneﬂ(ZO ml) was added" and the suspension was N ~
evaporated at reduced Pressure,’ followed by vacuum pumping at 1. O mm for

24 h to. give 2. l g of 9 as a white powder This product was stored in

-

the dark in a desiccator'over PZOS'

1

Preparation of Triester 10.

o | .. - oy

‘f. 0 0 | . é’\w | ‘ ’ —’Jlgo
. : — C °
CF@JY“\OAQ \E,ro \A HSO 5 OJ

, 8 o 10 o
To a suspension of the silver salt 9 (240 mg, 1.0 nmol) in
acetone (5 ml) was added’bromoester g‘-(160 mg;'l.O mmol) and the

mixture wss stirred for 2 h in the dark. The mixﬁure was filtered

through Celite and evaporated to give 190 mg (90%) of‘lg as a colorless

coil,
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. : , > .
1H NMR (cnc13) 8: 1.42 (d, J=7.0 Hz, 3), 2.10 (s, 3), 3.49 (q, J=7.0 Hz,

1), 3.72 (s, 3), 5.75 (s, 2).

Preparation of Triester 12.

-—.»
cuso

11

12

-~

The bromo ester 8 (1.7 g, 11 mmol) was added to a suspension of
the potassium salt 11 (1 6 g, 10 mmol) in acetone (25 ml) and the mixture
lwas stifred for 3 days at room temperature The mixture was filtered and
the filtrqte was evaporated at reduced pressure to give 1.7 g (907) of

LZ as a colorless oil.
ir (cc14) emt 3000 (w), 2960 (w), 1770 (s), 1750 (s), 1440 (m),
| 1375 (m), 1215 (br" m), 1140 (br m), ‘1020 (bt m).

'H MR (CDC1,) &: 2.09 (s, 3), 3.42 (s, 2), 3.72 (s, 3), 5.74 (s, 2).

.ow

Preparation of Triester 14.‘ : %

. "*\n)‘**)i)

~~

Thaliium compounds are very toxic and shpuld,be-handled accdrd—

ingly.. - . ' 0

.Thalltam ethoxide (2.5 g, 10 mmol) was added siowly to a solution
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. of helf acid tﬁioester‘lg (1;9 g, 10 umol) in benzene (25 ml). The mix-
ture was ‘stirred for 30 min at room'temperature and the solvent was then
evaporated at reduced pressure. The residue was dissolved in benzene .
(20 ml) and the bromoester 8 (1.7 g, 11 mmol) was added. A white pre-
) cipitate appeared immediately. The mixture was stirred for 15 min, then
filtered through Celite and the filtrate was eﬁgporated at reduced pres-
sure. The residue was dissolved in chloroform (5 ml) and column chrom-
atographed (silica gel 50 g) with chloroform to give 1.5 g (582) of
.14 as a colorless oil
ir (CC14) cem™ ! ;3000 (w), 2960 (m) 1765 (s), 1680-(3), 1460 (m),

1370 (m) » 1 ‘
'H NMR (CDC13)'6: 1.40 «, J=7.0 Hz, 3), l.48 (s, 9), 2.09 (s, 3), 3.59

(4, J=7.0 Hz, 1), 5.72 (s, 2). )

Intramolecular Acylation to 15. .

© CHOH -

10 15

J

A solution of lithium diisopropylamide (1.3 w1, 0. 5 M 0.66 mmol)
in tetrahydrofuran was added to a solution of the triester 10 (136 mg,
0. 66 mmol) at -78°C in tetrahydrofuran . The mixture was allowed to

warm to room temperature and was stirred for 20 h. Aqueous 5% HC1 (2 m1)

was. added followed by ether (25 ml). The organic extract was washed

with saturated NaCl (20 ml), dried (Na SO ) filtered and eveporated at

reduced Pressure to give a colorless oil. Purification of this product
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"

by ptlc (silica gel; 30X ethyl acetate sin iexane) gave 95 mg (93%) of }é.

/.
e

P
ir (CC14) cm-} : 3400-2700 (br), 3000 (m), 2960 .(m), 1750 (8), 1710 (s),
1240 (br s), 1130 (br m),'loso (s).

'H NMR (CDC1y) &:- 1.46 (s, 3), 2.09 (s, 3, 3.72 (br 8, 4), 4.4 (s, 2).
7mans spectrum, m/e : calculated for C7H1204 = 160.0736, |

-observed 160.0728. .

C-Acylation with’'Magnesium Reegents of Type I, Preparation of 21.

O —

~ ~ -~

Carbonyldiimidazole (160 mg, 1.0 mmol) was added to a solution

of hydrocinnamic.acid (156 mg, 1. 0 mmol) in tetrahydrofuran (5 ml) and
the mixture stirred for 4 h at room temperature Thi; solution was then
added to a suspension of anhydrous magnesium acetate (150 mg, 1.0 mmol)
and half acid thiol ester 19 (190 mg, 1.0 mmol) in tetrahydrofuran (5 ml)
The mixture became homogeneous and was stirred for 24 h at room temper—
ature.' The solvent was evaporated and the residue was dissolved in '’
ether (20 ml) and aqueous 0.5 N HCl (20 ml). The ether layer ;as separ-
ated and the aqueous phase was further extracted with ether (10 ml),

The combined ether extract was washed with" aqueous saturated NaHCO3

dried (Na SOA)’ filtered, and evaporated at reduced pressure to give

250 mg (902) of 21 as a colorless oil.
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ir (cclL,) em™l ;3040 (w), 2980 (w), 1730 (s), 1680 (s), 1610 (w), 1460
@), 1370 (@). -

IH NMR (CDC13) 6: 1.28 (d, J=7.0 Hz, 3), 1.45 (s, 9), 1.87 (br 's, 4),
3.62 (q, J=7.0 Hz, 1), 7 20 (m, 5).

mass spectrum, m/e : 278.1340 (19, m+ 189.0904 (28 C

C16M229,5)» 12813020

12 130 ), 162.1044 (47, C11H14°)' 133.0655 (73, C 0),

91.0548 (94, C ), 57.0721 (100, C Hg)'

Carbonyldiimidazole (162 mg, 1.0 mmol) was added to a solution
of cyclohexanecarboxylic‘acid@(lgo mg, 1.0 mmol) in tetrahydrqfuran (5 ml)\
aﬁd the mixture was stirred for'24Ah'at roomltemperéture. ‘This solution
was added to A suspension of magnesium acetate (150 mg, 1.0 mmolj énd
ﬁalf acid thiol ester }2 (190 mg, 1.0 mmol) and the resulting homogeneous

solution was stirred for 16 h at room temperature. Aqueous workup as

' before (p.213) gave 85 mg (45%) of 23 as a colorless oil as the only

neutral product. ‘
"1 2960 (m), 1725 (s), 1680 (s), 1460 (m), 1370 (m).

'H MR (CDC1,) 6 1.29 (4, J=7.0 Hz, 3), L.4 (s, 9), 2.18 (s, 3), 3.59

(q, J=7.0 Hz, l);
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Preparation of Magnesjum Pivalate '

MoloEt, -+ n«:jﬁL-<E- ‘kl\‘gojﬁl-<5-)2

Magnesium ethoxide (1.1 g, 9.6 mmol) wasyadded to a solution of

pivalic acid (2.0 g, 19.6 mmol) in tetrahydrofuran (20 ml). The mixture
. gradually became homogeneous and after stirring for l h the solvent was
evaporated.. The white so0lifd residue was heated at 100°C at 1.0 mm

- pressure for 4 h and was then stored at room temperature in a dessicator.

©

C-Acylation with Magnesium Reagents of Type I, Preparation of 26.

]

*

‘ — s
" OH ] :> +
j
50 _ 26 - -

-

~ o

-~

Carbonyldiimidazole (160 mg, 1. 0 mmol) was added to a solution ﬁ§i
of cyclohexanecarboxylic acid (130 mg, 1.0 mmol) in tetrahydrofuran -
(5 ml) and the mixture was stirred for 12 h at room temperature. This
solution was then added to a solution of magnesium pivalate (230 mg,
1.0 mmol) and the half thiol ester 40 (160 mg, 1.0 mmol) in tetrahydro-
furan (5 m1) and rhe resulting homogeneous mixture was stirred for 16 h
atnroom temperature The solvent was evaporated and the residue was |
dissolved in ether (20 ml) and aqueous 0.5 N HCl (20 ml). The ether

) leyer.was separated and the aqueous phase was further extracted with
. . m a
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o
with ether (10 ml). The combined ether extract was washed with .aqueous

saturated NaHCds, dried (NGZSOA)’ filtered, 5nd evaporated at reduced
pressure to give a cé}orless oil. Purifiecation of the product by ptlc
(silica gel, 10% ethyl acetate in hexane) gave 45 mg (20%) of 39 (rf =
0.4) and 22 ng_(8%) of 27 (rf = 0.3). |

. : : , »
.26 - | )
ir (CCll.)‘cm-1 : 2940 (s), 2860 (m),. 1720 (é), 1680 (s), 1460 (m).

H MR (€pcl,) 8: 1.10-2.0 [1.25 (t, J=7.5 Hz), 1.34 (d, J=7.0 Hz),

o m, 16], 2.55 (m, 1), 2.90 (9, J=7.5 Hz, 2), 3.89 (q
J=7.0 Hz, 1).
mas# spectrum, m/e : 228.1186 (12, m' = C ,H,0,S), 111.0804 (44,

0), 83.0858 (100, C_H

C;H15 610"

27

ir (CC1,) em™ : 2980 (m), 2940 (m), 2880 (w), 1740 (s), 1680 (s),
1610 (s), 1460 (m), 970 (s). |
'H MR (CDC1,) & 1.25 (t, J=7.5 Hz, 6), 1.36 (d, J=7.0 Hz, 6), 2.89

(q, J=7.5 Hz, 4), 4.03 (q, J=7.0 Hz, 2).
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General Procedure for the Preparation of the Half Acid Esters 19 33

. 40 - 42 and 82, i

Rs o ' . - >
(RO)

b

’_A hexane solution of n-butyllithium (162 ml 1 6 M 0. 26 mol) was
‘added to a solution of diisopropylamine (36 6 ml 0 26 mol) in tetra-' t
hydrofuran (500 ml) at —40° The solution was stirred for 15 min after
- which it was cooled to’ -78 C and the ester to be carboxylated (0 24 mol) - 4,?

was added slowly dropwise. The mixture was stirred’ at -78°C for 30 min

?and then an excess of dry ice pellets (V100 g, 2,3 mol) was added. The

mixture was allowed to warm to room- temperature and the solvent was

- . BN

evaporated at reduced pressure. The residue was suspended in cold (5 C)
water (250 ml) and was acidified by dropwise addition of concentrated

~HC1 to a pH of 2. The aqueous mixture was extracted with ether (2 x 250 ml)
‘The ether layer was extracted with aqueous saturated NaHCO (2 x 150 m1)

and the aqueous extract at O ‘C was acidified to PH 3 by dropwise addition B )
/ of cold 6.N HCl with stirring ‘The: aqueous phase was extracted\with ether
(2 x 200 ml) and the ether extract was“ashed with aqueous saturated

NaCl, dried (Na 804), filtered, ,and evaporated at reduced pressure to

"give the half acid ester in about 704 yield. It was shown to be pure

by NMR spectroscopy.,




;ﬁ:)‘ | “OUJ
: , NS ’
_ r (CHCL) em ' : 3300 - 2800 (bt), 3010 @), 1725 (s), 1680 (s).

1y NMR;(CDCI3)j5:. 1.27 (c, J=6.5 Hz, 3), 2.95- (q.,ﬁ-a 5.Hz, 2), 3.60

(s, 2), 10 95 (s, 1)

ir (CHC1,) an '3400'— 2600 (br), 3000 (br), 2960'(m$; 1720 (g),'

1680 (s), 1460 (m)L 1220 (br m), 970 (s)

I NMR <cnc13> 5 1.26 (t, 3=7.0 Hz, 3), 1.45 a, J=6 5 Hz, 3), .'2

(q, J=7.0 Hz, 2), 3.65 (q,kJ=6 5 Hz, 1) 10. 65 (s, 1)

ir (CHC13) cm_% ¢ 3400-2600 (br), 2980 (m), 1720 (s), 1680 (s) ﬂ1460

@), 1370 (m), 1220 (br m), 965 (s).
'H NMR (CDC1,) 8" 1.41 (d, J=7.0 Hz, 3),°1.48 (s, 9), 3.60 (q, J=7.0 Hz,

1), 10.08 (s, 1).



T e e

_1r (CHC13) cm-1 : 3450-2600 (br), 2989 (m), 1760 (s), 1675 (s8), 1470
| = @, 1370 @), 129 (), 1170 @), 970 @. |

. m e (CD¢i3i s 1. 42 (s,.15), 11.15 (s, 1)

41

4 ) .

1 L L : B

i (CHC1,) cm ™t 3300-2700 (br), 3010 (m), 2960 (w), 1750 (s), 1720 \ 5

(s), 1440 (m), 1220 (br).

AN

"B NMR (CDCL,) 6: 3.40 (s, 2, 3.72 (s, 3), 10.60 (s, 1).

ir (CHC13) cm—l’: 3300-2700 (br)‘ 3010 (br m) 2960 (m), 1740 (br s),
| | 1720 (br s, 1460 (m), 1220 (br m).
’H‘NMR»(CDC13) 8 1.45 (4, 3=7.0 Hz, 31§§, .55 (q, J=7.0 Hz, 1), 3.79

(s, 3), 10.13 (s, 1). e
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" ‘Preparation of Magnesium Reagents of.Typexll.'
0

(%)'\')L fM o
To a solution of 10 mnol of half acid ester in tetrahydrofuran
(25 ml) was added 5 -mmol ‘of . freshly prepared magnesium ethoxide. The
mixture was stirred for about 1h during ich time a near homogeneous |
solution formed The mixture was filtergd through a pad of Celite and
the filtrate was evaporated at reduced pressure to give a white solid
residuer After pumping under vacuum (0 1 mm, 5 h) a white solid reagent -

was. obtained which was ready for use.

General Method for C—Acylation.‘

o;*@ @a

Carbonyldiimidazole (1.1 mmol) was added to a solution of a

o

.carboxylic acid (1.0 mmol) in tetrahydrofuranp(z ml) and the mixture
was stirredrfor at-least 6 h at room temperature. The magnesium salt
of ‘a malonic or methylmalonic half acid ester (1 1 mmol) was added and
the mixture was stirred at room temperature OVernight (16 h) or until
the reaction was complete (see Table 1, » 203). The solvent was’ evapor—
ated at reduced pressure and the residue was either directly chromato- R
graphed on silica Me1%to isolate the pure product‘or subjected to the ‘

~following aqueous workup. The residue was dissolved in ether‘(20'ml)
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and aqueous 0.5 N HC1 (20 ml) and the layers were aeparated. ‘The

aqueous phase’ was furth?r extracted with ether (10 ml) The combined
-M4~;therv2;tract was washed with aqueous saturated NaHCO3 (20 ml), dried
(Nazsoa),‘iiltered.vand evaporated at reduced preasure to'give the
N corresponding B—keto ester in’ quantitative or excellent yield The

-

esters were. shown to be pure by‘IH NHR and TLC analysis.'

t.C—&gﬁlation'of.Lactonic;Acid 48.

To a solution of lactonic acid 48 (100 mg, 0 5 mmol) 1n tetra- _
hydrofuran (5 ml) was added carbonyldiimidazole (90 mg, 0 55 mmol) The.
mixture was stirred at room temperature for 8 h after which the magnesiumk
salt 44 (190 mg, 0.6 mmol) was added. After stirring for 24 h the
solvent was evaporated and the residue was extracted with ether (20 ml) -
and aqueous 0.5 N HCl (10 ml) The organic phaae was separated, washed
with aqueous saturated NaHCO (10 ml) dried (Na 4), filtered and v

- evaporated to give 145 mg’ of a pale yellow oil. Purification by ptlc ?:'T
(silica gel, 202 ethyl acetate in hexane) gave 125 mg (881) of 60 :
ir (CCla) ‘cm -1 : 2980 (m), 2940 (m), 2880 (w), 1740 (s), 1680 (m),
o mzo (s), 1460 (@), 1380 '(m).
2w (c’n'c1,3-)“ & 0.9-1.7 (m,‘ 12), 1.5-2.2 (m, 3) 2.5 (sepe, J=6.4, 1),
A 2.7-3.0 (m, 3), 3.80 (ABq, 3=15. 0 Hz, 1. 3), 4.35 (ad,
 J=10.0 Hz, J 2.5 Hz, 0.35), 4. 53 (dd, 3=10.0 He, J=

'Z.S'Hz, 0.65),»5;54 (s,20,35),.352 enol form was
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' present. _ |
mass spectrum, m/e : 286.1241 (10, n* = C C14H,,0,8), 225.1127 (a2,
€y, 170,‘) 183.1022 (31, C1gly5)5)s 127.0759 (1oo |
2. T

The same procedure as for 60 was used with substitution of the
magnesium salt 53 An aqueOug workup was not used but instead the sol- f‘
ution’ was - concentrated to about 1ml and was suﬁ)ected directly to
e‘ptlc (silica gel, 2. O mm, 202 ethyl acetate in’ hexane) to give .

(752) of 61 as a mixture of epimers at C2.

N ir_(CCla) cm ;‘: 2960 (s) 2920 (s), 2860 (m), 1740 (br s), 1670 Cbr 8),

| 1450 (), 1370 [OF 1160 (br m). -
HIH MR (cnc1 ) 6 130-1 5 (m, 12), 1.48 (s, 9) 1.6-2.2 (m, 3), 2. s on,
o 1, 2. 96 (m, 1), 3.80 (m, 1), 4.50 (ad, J—10 0 Hz,
o J-3.o Hz, 0.5), 4. 29/155\‘3-10 0 Hz, J=3.0 Hz, 0.5F.
| mass spéctrum; n/e : 239.1288 2, m+‘- tert-butyl =C

13 19%)

212.1413 (63, € H,0).), 183.1023 (23, €110

- 155. 1071 (19 C9H15)2) 57 0721 (100 c Hg)'



=

sJ
ir (cc1,) eal 3000 (), 2980 (w), 2940 (w), 1730 (w), 1675 (m),

1620 (br s), 1460 (w), 1190 (m), 1100 (s).

1y NMR (cnc1 ) a. 1. 22 (t, J=7, 5 Hz, 2. 7), 1, 26 (t J=7.5 Hz, 0. 3),

2. 8& (n, 4), 3. 58 (s, 1 4), 5 37 (s, 0.3), 7 18 (m, 5)

~ mass spectrum, n/e :- 236 0869 (33 'S, C13 16 2S), 175 0759 (67

o

CllHlloz) 105.0703 (90, C ), 91. 0350 (100 C H ).

ir (C61,) em™ : 2940 ), 2860 (m), 1720 (m),- 1680 (m) 1620 (br s),
) | - 1460 (), 1175 (m), 1090 (s). |
’HMNMR’(chlj) §: 1.30 (m, 9), 1. 5-2.2 (m, 4, 2. 50 (m, 1), 2. 94 (q,
: 3= Hz, 2), 3.72 (s, 1.4), 5.40 (s, 0. -3); 0% enol
form was present. '
mass sﬁec;tuﬁ, m/e : 214.1026 (36, o = CyiH g 23), 153.0915. (100

9 13 2), 111 0809 (46, C7“11°)

226
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ir (cc1,) ent 2980 (m), 2940 ), 2880 (v), 1730 (m), 1680 (m), |
| 1610 (br 8), 1400 (@), 1370 (@), 1270 (), 1100 (s),
900 (s). | S
H MR (cnc13)‘3:,‘i.12 (s, 1.8), 1.14 (s; 7.2), 1.24 (¢, Ja7. 5:Hz'§2 4),
‘ - 1.26 (t, J=7.5 Hz, 0.6), .2.90 (q, J=7.5 Hz, 2, 3.72

(s, 1.6), 5.44 (s, 0.3);~ 302 enol form was present.

572

mass’ spectrum, m/e : 131.0164 (s, m - tert-butyl = C H,0 5), 127.0757
. o + N .
9, o - SC,H = CH, 0,), 57.0719 (100, ¢C FLONEE

275 T

ir (cc1,) cm-lJ:' 2980 (br | m), 2940 (m), 2880 (w), 1720 (s), 1670 (s).
g NMR (cnc13) 8: 1.26 (t, J=7.5 Hz, 3), 1.38 (d J=7. 0 Hz, 3), 2. 16

(s, 3) 2 75 (m, 4), 2.91 (q, J=7.5 Hz, 2), 3.82'(q,
J=7.0 Hz, 1) |

155.0707 (58 C H )s

v ' . K3 + _
mass spestrgm” m/e : 216. 0819 (1 m 10 16 3S), gH110 3

s~ 99.0445 (100, C.B oz).

5
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1; (cc1,) al: 2940 (5), 2860 (m), 1720 (s), 1680 (s), 1460 (m).
IH NMR '(cnc13) §: 1.10-2.0 [1.25 (t, J=7.5 Hz), 1.34 (4, bJ-7.0 Hz), m,
e 161, 2.55 (@, 1), 2.90 (q, J=7.5 Hz, 2), 3.89 (q, J=

7.0 Hz, 1).

. mass spectrum, m/e : 228.1186 (12, m = C,,H, 0.S), 111.0804 (44,

) : ' :
Czﬂllq), 83.0858 (100, C6H11)°



5
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62

ir (neat)"cm;l : 2980 (m), 1700 (s), 1670 (s), 1600 (w), 1450 (m),
1370 (m) 1225 (m), 960 (s).
'H NMR (CDC1,) &: 1.41 (s, 9), 1.48 (d, J=7.0 Hz,'a) 4.51 (9, :J=; 0 Hz,
D, 7. 50 (m, 3), 8.0 (dad, J=8.0 Hz, J=2.0 Hz, 2).
mass spectrum,‘ m/e : 250 1024 (5.5, m 14 18 2S‘)', 194.0396 (21,

.

CiOHlO 2S), 134, 0729 (51, C9H100), 105. 0336 (100

0) 77. 0395 (41, C6H5) 57, 820 (76 C )

- - 0O o ’ .

ir (neat) e’ : 2970 (m), 2940 (@), 1690 (s), 1670 (s), 1640 (s),
1600 (s), 1460 (s), 1370 (m), 1340 (m), 1005 ts),

- 950 (br s) » | /

"lH NMR (CDC1,) 6: 1.36 (d, J=7.0 Hz, 3), 1.48 (s, 9), 1.88 (d, J=5.0 Hz,

| ) 3), 3.85 (q, J=7.0 Hz, 1), 6.24 (m 3), 7.28 (a, n.

: _— . . -+
mass spectrum? m/e T 240.1188 (10, m 13 20 ZS)’ 184 0556 (29,

CgH,10,8), 151.0756. (13, cgHy10,), 95.0493 (100,

CgH,0) .

W




230

4]

64

ir (Cc16)/2m7} :  3500-3100 (br), 2940 (s), 2860 (m), 1765 (m), 1725 (s),

1700 (s), 1675 (s), 1470 (m). |
'R MR (CDC1,) 8: 0.88 (@, 3), 1.2-1.8 (m, 31), 1.47 (s, 9), 2.2-2.7
- T (m, ), 3.60 (m, 2); 4.46 (br s, 1).

2173973
03), 321.2793 (37, C

-mass épectrum, m/e : 371.2612 /(3,‘,m+ - tert-butyl = C,.H, . 0.S5),

339.2892 (26, C21339

| 21737020+
57.0722 (100, (C,H).

65 -~

ir (cc1,) e bz 3015 (), 2960 (w), 1750 (s), 1325 (s), 1660 (s,

~

, 1630 (s), 1610 (w), 1450 (m), 1440 (m), 1240 (s). \\J
HORR (ODC1,).8: 2.86 (br s, 4); 3.38 (s, 2), 3.66 (s, 3), 7.20 (m, ).

. ) . ’ + . .-
mass spectrum, m/e : 206.0937 (28, m = C),H,,0,), 105.0696 (45, CgHy),

91.0544 (100, C.H.).
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1t (ccl,) en”l : 3500-3100 (br), 2920 (s), 2860 (s), 1750 (s), 1720 (s),

1660 (m), 1630 (m), 1460 (br m), 1400 (m), 1320 (m),
1300 (@), 1240 (s), 1010 (m). '

'H R (CDC1,) §: 0.85 (m, 3), 1.1-1.8 (m, 28), 2.0 (br, 1), 2.50 (e,

J=7.0 Hz, 2), 3.42 (s, 2), 3.54 (m, 1), 3.70 (s, 3).

mass spectrum, m/e :  356.2924 (2, m' = G, H, 0,), 339.2899 (13, C

C21%39°3)
271.1917 (52, C15H2704), 23?.1642 (66, C14H2303),

197.1546 (45, C,,H,0,).

. - o P
<i:::>f’jL\"JL“o"’ o '
67 '

S
~ A

1

'ir-(CCla) em Tz 2940 (s), 2860 (m), 1750 (s), 1715 (s), 1660 (s),

1630 (s), 1450 (s), 1240 (s), 1230 (s). n
'H MR (CDCL,) 8: 1.0-2.Q (m, 10)5 2.46 (m, 1), 3.48 (s, 2), 3.72 (s, 3).
mass spectrum, m/e : 184.1104 (14, m' = Cof104)s 149.0237 (34, CGH0,),

lll.0§08 (33, C7H110), 101.0237 (58, C4H503)’

83.0858 (100, C6H11)' . -
\\ '

e
S
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ir (ccl,) eml ;3015 (w), 2960 (w), 1750 (s), 1720 (s), 1460 (m),
1440 (m), 1210 (m). |
n NMR (cncl ) §: 1.25 (d, J=7.5 Hz,~ 3), 2.74 (s, &), 3.47 (q,
J=7.5 Hz, 1), 3.60 (s, 3), 7.15 (5,5). °
mass spectruhl, .m/e : .calculated for Cl3H1603 ='=‘220.109'9, T

observed 220.1095.
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C-Acylation in the Presence of a Primary Alcohol, Preparation of. 71].

Ho,/ﬂ\\v,ﬂ\\//~\~,f\\<i:‘ > d‘i*" ‘ ‘
69 | 71 o

o~ ~ ~

. Trifluoroacetic anhydride (320 ul, 2.2 mmol) was added fo a sol-
ution of 8—hydroxyoctanoic acid (160 ag, 1.0 mﬁol) and imidnzole (qugpg,
4.4 mmol) in tetrahydrofuran (5 ml) and a white precipitate appeared ¢

within a few minutes. The mixture - stirred for 30 min at room temp-~

mmol) was added. Af ter stirring
was evaporated and the residue was drssolved in ether (20 ml) and aqueous
0.5 N HC1 (25%&1) The ether layer was' separated and the aquedus phase .
was further ektracted with ether €10 ml). The combined ether éxtract was

washed with aqueOus saturated NaHCO3, dried (NaZSOA), filtered, and

“

evaporated to give 365 mg (95Z) of 71 as a colorless oil.

1 .

ir (CCl4) cm 2940.(8) 2870 (s), 1790 (s), 1730 (s) 1675 (s), 1460

o (br m), 1370 (m), 1230 (s), 1180 (br s)
lH NMR (cnc13) 5: 1.2- 1.9 [1.29 (d, J=7.0 Hz), 4.45 (9), m, 22], .

2.7 (m, 2), 3.62 (q, J=7.0 Hz, 1), 4.30 (br !, J=

7.0 Hz, 2)
. : v L +‘
mass spectrum, m/e :. 384.1587 (1, m 17 27045F3), 268.1287 (36,
[ €12%19% 04F.), 239.0900 (54, C) H 0.F.), 57.0717 (100,
C,H

4 9)'

233

#

-



- , l

‘Removal.bf a Primary Trifluoroaeetate, Preparation of 72.

~~

To. a solution of trifluoroacetate 71 (180 mg, 0. 5 mmol)- in meth-

anol {2 nl) was added sodium acetate (165 mg, 2.0 mmol) and the mixture .

was stirred for 2 h atvroothenperature. ' The solvent was evaporated at

’reduced pressure and the residue was extracted with ether (10 ml) and
;“filtered. The solids were washed with ether (10 nl) and the filtrate

+as evaporeted at reduced pressure to give 140 mg (972) of 72 as a col-
orless oil. ) ’ _ | ‘

ir (cCL,) cm " : 3600-3100 (br); 2940 (s), 2860 (m), 1730 (s), 1675 (s),
- 1460 (@), 1370 (@). | | .

g ww (cbc13)f6:"xl 1-1.8 [1.24 (d, 3°7.0 B2), 4.45 (), m, 22], 2.0-

2.6 @, 2), 3.4-3.6' (@, 3), 5.18 (br s, D).

+ .

mass spectrum, mfe : 199.1329 (7, m - S '; c, B 1903), 172.1464 (14,

. y

Clo 20 2) 57.0720 (100, G H )

< -
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