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ABSTRACT

The macrolide antibiotics that possess complex

substitution patterns in the medium and large lactonic
O e
rings constltute a partlcularly interesting class of natu- .

ral products, several members of wh1ch have 1mportant medi-
cinal applicatiens. The underlying factors that give rise
to the common stereochemical featufes exhibited by these
ﬁacrolides have yet to be determined. To‘date, no complex
macrol'ide has been synthesized.

A synthesis -of the lactone portion (hethynolide,
25) of the ‘macrolide methymycin (}).has been initiated.
Our approach involves'the construction of the right-hand

(C to C7) and left-hand (CB to Cl3) halves of methynolide

1
as suitably substituted aliphatic chains. The joining. of

the two halves, followed by cyclization, completes thé

scheme., " ' : - o
: A} o ' X

This thesis reports the successful, effgcient

synthesis of the lactonic acid (%)-32, which cordftains all

stereochemical features present'in the right-hand pértion

of methynolide. A method has also been developed to con-.
struct the left side of methynolide. Initial model expgri;

AR
7.

ments for the condensation of the two halves have provided #»
B feug

encoUragihgcresults. Two possible procedures to carry out

the final cyclization are also discussed. = ;h



In the coyrse of this work it became desirable
to effect an intramolecular epoxidation. The practicality
of such a reaction is briefly examined.

It is the .ultimate goal of @urrlaborétory to de-
velop a general synthetic scheme for the macrolide anti-
biotics, based on a stepwise eldngation of a branched ali-
'phatic chain, introddéing new side gfoups with the desired
relative stereo$hemistry. Such évsynthesié not only
should greatly assist research concerning this famiyly of
antibioticés but also should be of importance, in a more
general sense, to the synthetic investigations of other

naturally occurring substances,
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N THE STRUCTURE OF THE MACROLIDE ' - R

ANTIBIOTIC METHYMYCIN \

. i
» .

Introduction to the Macrolide Antibiotics \

& ! .
. .« In 1950 Brockmann and Henkell rfeportéd the ibo—
)lation of a new biologically active, basic compouna‘from“
Yoo - . . ‘ x. . ]
a Streptomyces microorganism. .This substancC, picromyJ

*
L d

cin, rbpresented the first reqognmzed member of a hereto-

fore “unknown famlly of antlblotlcs. - By 1956, §tregromycesA

hag,yielded other novel compounds (e.g. methmeCin,Nerythé;.

PR

romycin) whose chemical behaviour indicated a cloﬁeéfiﬁj‘
_estab-

gy 1
-

ship with plcromyc1n. At thls tlme, researchers h
lished the presence of a gaétone llnkage in methymydin,
plcromyc1ﬁ, and erythromyc1n,4 lncorporated.ln a medlum—.l

or large-ring system. Accordlngly, wOodward5 proposed the',

v

family name "macrolide" for these antlblotecs. . ;' e

-

During the 1nterven1ng years, so many lactbnic.

S

natural products satisfying WOodward S orlglnal deflnltlon

" have been rdentlfled that the term "macrolide” has adopted 3

. C
‘recently'a more restricted interpretation. The large-ring

1

lactones containing a conjugated tetraenic (or longer};i s
chromophore, such as amphdtericin B (115, are‘referred'tb
as polyene macrolides. The substances that haze a strong
structural resemblance to Brockmann s picromycin are called

"\

ke ! "
. - . 4
, ' A :



! | 4 | o2
nonpolyene macrolldes, or more simply just macrolides. All
other compounds (e. 1 the macrotetrallde 12) are termed
vpseudomacrolldes. EVen w;th thlS ClaSSlflcathn, more than
"frfty representatives of the macrolide glass: are now kpown.

The macrolldes are characterlzed by a hlghly
funotionallzed twelve-, fourteen—‘ or 51xteen-membered
lactone.h Oxygen- oontalnlng substituents are numerous and
dlver51f1ed Furthermore, at least one deoxy sugar resi- ,/
due is found, llnked by a glycosidlc bond to the lactone.l
»Usually an’ amino sugar is also preSent ' Reference is made
._to several macrolldes 1n:$hls the51s. Their structures
‘are represented\colleggmvely:ih Fioure 1 along with one

'member of the polyene class and one pseudOmacrollde.‘u

Deflnltlve structures for the sugars ‘are shown in Flgure

2. o« | ‘ | ‘

| As antibiotics, all‘macroiides possess antibac-
terial act1v1ty 'However‘ohly four members, erythromycin,
oleandomyc1n, splramyc1n, and carbomycin (magnamyc1n), are
presently being used in chemotherapy.6 Thelr-advantage |
over the more wrdely used drugs lles in thelr low tox1c1ty
'and the almost complete absence of 51de effects. The antl-‘_'
'hblotlcs are effectlve malnly agalnst Gram p051t1ve patho—..
gens.( The mode of actlon 1s prlmarlly bacterlostatlc,

however at concentratlons hlgher than the mlnlmum 1nh1b1—

'tory level defln;te bacterloc1dal behav1our is observed



Figure 1: The Macrolide Lactones

(Nonpolyene) Macrolides L . ‘ A

§;f NarbomYcin'ﬁ ”'f'.'_ 7 - §Qvioleéndomy¢in 
.(Rl=desosaminyl, Ré;H) ' a  ; (Rl=degbsaminy1, 

4: Picromycin | 3    7. “VR2ébleandOSy1)’
(Rl=desosaminyl,7R2=OH)‘ - - o

6: 'Lankamycin
v(Rl=cha1¢05yi,
R2=4—O-ace£y1ar¢anosyl)
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: .
Figure 1 (continued)

©7: Erythromycin A
(Rlédesosaminyl,

R2=cladinosyl, R.,=0H)

3
8: Erythromycin B
.(Rl=dgsdsaminyl,

. Ré?clgdlnosyl, R3=H)

9:.  Erythromycin C

(Rl#desosaminyl,

=OH)

Ry

=mycarosyl, R,

e
Carbomycin A (Magnamycin A)

A



Figure 1 (continﬁed)

\
A
\

Polyehe'Maé;olides

| S o 2
Amphotericin B '

4

Pseudomacrolides

Nonactin



Figure 2: The Macrolide Sugars

13: Desosamine _ Lo..15: Nleapdrose
(R=H) o (Rl=H; R2—CH3)
: . : . . ' * %
14: Mycaminose , : 16: Cladinose
(R=0OH) - | ‘» (31=CH. ’ ’R.2=CH3').
17: Mycarose
(R =CH4, R,=H)

* Chalcose is derived by replacing‘the N,Nfdimethyi.
amino group in desosamine with.methoxyl._
_**  Arcanose is the c, epimer of cladinose.

B

\
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Although methyﬁycin exhibits roughly the same'range of
biological action as the drngs mentioned aboVe, its 1inhi-
bitory power is much less (ca. 102 to 10° fold). Conse-
guently little interest has been shown in methymycrn as a
potentially useful drug. The macrolldes have the commomn
feature of inhibiting bacterial protein»synthesis at the} .
'ribosomal ;evel.6 Controversy'stilldexists concerning the
exact step in the,protein-syntheSis.mechanism that 1is
dlsrupted Influence that~the antibibtios exert. on other
'subcellular processes may also contrlbute to the macro- |
scopic effects of the drugs.d thtle or.no inhibition of
bacterial RNA or DNA sYnthesis hasaheen observed.

._ The macrolides have proved"to'be noble adversar-
ies for .the structural organlc chemlst ‘One of the common
'dlfflcultles is ‘the constltutlonal 1nstab111ty of the mac-
f‘rocycllc aglycone m01ety under ordlnary experlmental con—.
'dltlons. Mlldly ba51c condltlons often lead to noncrys—j'
‘talline acyclic products ar151ng from cleaVage of- the lac-
tone;j_ﬁ;crolrdes_contalnrng B-hydroxy carbonyl ‘groups
f(e 9. eryth'roii\yofin a) ‘may -.tend to -'suffer-r.dehyd.ratiov_n in
both mlldly ac1dlc and ba51c medla.- Unfortunately, rather

-1more complex alteratlons of .the lactone skeleton often

occur under acid condltlons.‘ The compounds resultlng from

: these oeep seated changes can be 1ntrlgu1ng and thelr struc—

tures may suggest certaln conformatlonal propertles of the



oY - o

,.;'VI . ) 8.
. W

macrolide. Finally, the waried substitution pattern of
o A
oxygenated functions about the®ring results in certain

chemical procedures working)for'one macrqlide but not for
another. For‘instance,'in order tq?simplify the problem
of determining the constitution of a,macrolide,'it has
been found desirable to free theeaglycone portion of the
sugar’residue(s). The glyc051d1c bond of amino sugars
such as desosamine (13) is abnormally stable., More strlng-
ent acid conditions must be used to effect cleavage. In
the case ofymethymycin it is possible to remove'desosamine
and successfully‘hold }he aglyCOne-system»intact.; However
thh erythromyc1n A the mlldest conditions that remove .
desosamlne result in extensxve degradation’ of the 14—
membered rlng -

Once the constltutlonal nature of a macrollde
_has heen establlshed, deflnltlon of the absolnte stereo—v-
chemistry of asymmetric centres in the iactonevpresents
a second major problem;g4Theichemist‘muSt’be able tc bb-
“tain fragments of the ring in a. way that there has been
do chance for eplmerlzatlon of the asymmetrlc carbons
.isolated in the fragments. A‘Erlorl, one may.lndeed susé
'pect%that the :onfiguration:of the'methfl gronp at'Cz'in |
plcromycin wh.ch is straddled by two carbonyl functlons,'
hwould demand great care to preserve.' Of the aglycone rlng

ﬁ(
-carbons in erythﬁgmyc1n A, 85% are chlral _ To 1dent1fy



N
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'\absolute stereocﬁémistry, (2) ORD, (3) molecular rotation

rigorously the one correct stereoisomer from 1024 possible

candidates becomes so overwhelming that to date, of the

more than 25 constitutionally established non-polyene mac-

rolides, only bne, erythromycin A, has ;iéorouslyﬁdefined

’vstereochemistry. This resulted from an X-ray analysis of

its hydroiodide,® which is to date the only derivative of
a non-polyene macrolide that has been obtained in a crystal-

line form suitablé for single-crystal X-ray aqalysis.

ARecently Ganis, Avitabile, Mechlinski, and Schaffner'repor—

ted'the X-ray structure of the N-iodoacetyl derivative of
the polyene anéibiotic amphotericin B. ' q |

| The éOnfigu;ationé of other macrolides have been
éroposéd~on the basis of stfong chemical and‘spectrosc0pic

evidence. .The-methods used  have inCluded:_ (1) the cor-

relation of degradation products with substances of known

differenceé,bbut mqst»especially (4) nmr spectroscopy.
Nmr ‘analysis haé“provéd so.valuable primarily because of
two faéﬁs. ‘Firstly, the aglyéohé éortion of .several mac-
rolidés‘conféiﬁing a l4-membered lactone have single con-
formatioﬁs in soiutioﬁ,‘which are similar ehough to one

anothér to permit nmr correlations.’ Thus'a'comparisqn'of

the nmf_Spectrum of lankamycin (6) with those of the con-

fﬁormatioﬁaiiy similar erythromycins has helped detemmine

the structure of 9.10 Secondly, the observed coupling
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constants between vicinal protons are either small (1-3 Hz)
or large (9-11 Hz). As a result, conclusions may often

be confidently drawn concerning the relative stereochem-
istry of vicinal substituents. It is well known that such
factors as ring strain, the presence of polar groups, and
the specific orlentatlon of those polar groups may influ-
ence 51gn1flcant1y the observed vicinal coupling constants.
A macrolide with a highly substituted‘gactone»would be
expected to be strained, because of both the 1nherent dis-
" tortion in the parent ring system itself and the mutual
crowding of the ring substituents. Furthermore all macro-
lides possess polar groups. ‘Therefore fhe interpretation
of vicinal coupling constants in the renge 4-8 Hz may be
dangerous. ' Certainly if:a conversion of coupling con-
stants into dihedral angles is required in these intermed-
iary cases;.then_criticai studies of closely related-sys—
tems must be included..rconformational_assigﬁmehts based
on nmr, ORD, or molecular rotation differehees.eannot be

considered as rigbrously proved.

Constltutlon of Methymypln

Methymycin ( 1) was the flrst macrollde to have
its constitutional structureueluc1datepb(1956). This
pioneering work was carried out with efficiency by C.

Djerassi and his colleagues.2 ~However fourteen years



11.

elapsed before a completed picture (see below) of the anti-

biotic was proposed by Rickards et gi.ll Perhaps one

N(CH3)2

reason for the slow progress on methymycin's stereochem%
istry is that the antibiotic fell into disfavour with
orgam.c and blologlcal Q:hemxsts when it became apparent
by 1960 that it had no chemotherapeutlc worth. The-strué—
ture and stereochem;stry of the desesaminyl residue were
deterﬁined by the standard methods of carbohydrate chem-
istry anqswill not be discussed in_thisfchapter.

By 1953 a group of researchers at The Sqﬁibb

~Institute for Medical Research reported the isolation of

.a new crystalline metabolite, methyﬁycin; from Streptomyces

VeneZUelae.;z This substance exhibited activity against

certain (. -am-positive bacteria. The same chemists charac-



R

12.

>

terized methymycin;as a dextrorotatory base with an empi-~
rical formula C25H43NO7. The uv spectrum indicated the
presence of an a,B-unsaturated carbonyl chromophore. This
was supporﬁed by ir absorptions (CHC13) at 1681 and 1628
cm_l, and by polarogfaphic studies. The ir spectrum also
contained a strong hydroxyl band (3413 cm-l) and a sécond

l) that was later ascribe

-

carbonyl stretching band (1719 cm_

by Djerassi and coworkersl3a to an ester or a lactone.

Standard degradative procedures showed the presence of at
least six C-methyl groups and of a tertiary dimethylamine.

This information is summarized below:

. e O .
~CH=CHC-

o)

Mo

methymyc;n (C25H43NO7) | at least 6 C—CH3
C—N(CHB)‘2

at least 1 OH

S e

13

Two years later Djerassi et 31.2' extended

the work of the Squibb group and successfully pieced
together the facts into a total stlgcture. Hydrogenation

of methymycin over a palladium on arcoal catalyst in

; ;
ethanol reduced the carbon-carbon double bond, giving
dihydromethymycin (18). On the other hand, hydrogena-



13.

0
. . {
methymycin ————9 dihydromethymycin (CHZszé—)

1 ) {8

tion under more severe conditions led to two producﬁs,
tetrahydromethymycin (}?) in which the d,B-unsaturatea
carbonyl had been reduced to the corresponding saturated
alcohoi and a hydrogenolysis derivative, tetrahydrodesoxy-
mgthymycih (29), in which some oxygen other than the one
of the unsaturated carbonyl had been lost. Dihydromethy-

mycin (18) was reduced cleanly by sodium borohydride to

tetrahydromethymycin (CHZCH2CHOH)

19

|

+
_ tetrahydrodesomee:hymycin (-0, CH2CH2CHOH)‘

20

19 which reacted with perbenzoic acid ;o form on1y~the
corresponding N-oxide. All elements of unsaturation in }
had therefore been accountea for. As a result methymycin
contained two rings.

Tw9 acetyléble hydroxyl groups were par: of 1.

Neither could be oxidized to a ketone;m
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] ———3p methymycin diacetate

21

Methymycin was inert to periodic acid. However
by first reducing the antibiotic with lithium aluminum
hydride and then gzdind one equivalent of periodic acid,
a good yield of proparal was obtained. Thus methymycin
contained a masked glycol ;A which one of the hydroxyls
was protected as the ester“or lactone. ©On this evidence,
the strﬁctural fragment gg was then considered part of

/
methymycin. The freée OH was assumed to be tertiary to!

- HO

N4 . .
CH,CH,CHC . ~

account fo; its resistance to oxidation.

;By this stage in the invéstigation, it was evi-
dent to Djerassi that'the'chemical properties_of methymy-
cin étrongly resembled those :eported for the antibiotics,
.erythromycin kz, §' and ?) and piciomycin (f). Both lat-

ter compounds were known to contain a lactone linked by a



glycosidic Hond to a basic sugar,:desosaminé (lg)-J'4 In

~addition, picromycin was thought* to have the chemical
composition C25H43NO7, identi®al to that of methymycin.

3 hag edvanced a working model

In faat Brockmann.and Oster
(23) for the degradation‘product cromycin (= picromycin -

desosamine).. The American workers had accounted for five

/

HO, CH CH CH

i 0
\ 3 73 3 [ .
CH3CH2CHCCH=CHCHCH2 HCH=CHC
b ]
0 C=0
23 .
-~ . ) 3'

of the seven oxygens in 1. They'}easonea that if methy-
mycin did belong to this group of‘lactonic‘antibiotics,
theh the remaining two oxygens might be preseht as an
'acetal. This was so. Careful hyarOIYSig of }_in agueous
sulphuric acid ﬁrovided the dgsosamine salt as well as a
‘20%.yield of the freed aglycone fragﬁent, methynolide (g?,_

Littlé‘doubt remained that methymycin was a -

»

Cy7H,805) +

*Not until 1968 was thé molecular formula ofgpicromycin

' L ua 14,15 é '
corrected ;o C28H47N08', ‘ . .
' bl
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1 ———f—b-methYnolide + desosamine

25 ‘ 13

lactonlc antlblOth.'

The newly llberated hydroxyl in 25 ‘was. ox1dlzed
to a ketone. When the product dehydromethynollde (26),,
| was treated with aqueous base and then ac1d1f1ed 0 6 nole’
~ equ1valent of carbon dloxlde was evolved The result
places the desosamlnyl residue on the carbon]B to the lac—
ftone carbonyl “The partlal structure of l was elaborated =

to 27‘ The results of two more. reactlons gave the 1nfor—f

\

matlon necessary to complete the plcture.

_ The flrst key was the degradatlon of methymycxn >'
by alkall fu31on (KOH 360>)kto‘2,4,6-tr1methyl—2-cyclo—.

hexenone (28), fOnvthe:assumption that 28 likely arose
. ~~ . . Ly ¢ . -~ L. P '

"Ho, |
cncH ond—
oo “'Q,
o_c-c-c—-—
. —desosamlnyl

27 L 28

— - . ~ -~



“ . k 5 15.
f;om'an aldol cdndensation‘orva Claisén—type'CondenSatiOn

of an apprOpriate;aglyéqnetfragment, two possible‘waysi(g?
.vénd,§; to exteﬁd partiai.structure g? Qere sugéested. The
.,Secondvmethbq'led tola'poténﬁialhtoﬁal strucpuré for mephyf

mycin.

, N/ 3 '
CH,CH,CHCCH.,CHCH==CHC
3 2' “27 . I
S | _ -~
0=C~C-€— — — —{C,H,)

 O-desosaminyl

29 -

‘ HO CH ' ' CH, CH
' }/ 3 . | 3 ¢ 3
| CH,CH.,CHCCH.CHCHO | = CH CH.CCHCH.,CHCHO
- 374 27 o T3 2
o OH CHy R o
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?esosamihyl
HO CH, O . O CH,
LN/ 3 T
CH3CH2CHCCH==CHC?HCH2?HCHCH ‘ g§
CH3 CH3
 .o _ - — C=0
1
fia s g1,
HOOCCHCHCHCH2CHCC 3
. i I} -
o . O -
1
desosaminyl , : _
. : SRR ' o 'gésosaminyl

"Mild;permanganate'OXiaationvQf methyholidé'(géb
' éro&ided fhe_fin;l‘e&idencgj:équired.to firmly fix.the N
strﬁctureioffméthymyéin.és indeed‘}. Excellent_éxperimen— 
tal work résﬁlfed in the isolafiothf_threevcrystallihe
substances, }9, }%( and gg. Chéfac#erization of the_pro- 
ducts revealed the following interreiétibnéhipsi.;' |

| The smallest fragment (ég) was identical to a‘v
Alactonic.acid isolated earlier from picromycin and narbo-
myciq by V. Prelogngg 3&.16- Theselworkérsuhad identified
thg as theé—lactoné-of-3-hydroxy¥2;4,6~triméthyihepta£eé 

diocic acid. These findings were completely in accord wiﬁh_ 
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methynolide (2§)

o _’C1"6H2607 RS LY S :_C'10H1-604
'1(an acid) - - HW’Y . (a’lactonic‘acid)
300 o3 32
, 'Pb(OA'c_)J' , "TOH f
“OH

HOOC

structure 1. Furthermore, the interconversions and pro-

" perties of 30-32 were so demanding that methymycin had to

-~ .
-

'be 1. From the structural assignment for 30, the origin

N

of 31 and 32 becomes apparent.



20.

=

N BRI
CHC : ,

3
CH 3CH ,CRCCOOH O=CCHCh2C£H(IZHCH
)
—C=0_

- Q

/\ } 5
Before dlscu551ng the stereochemlstry of the

antibiotic, an - 1nterest1ng aspect of methymyCLn S chem—"

istry should be mentloned ' Djera551 had observed durlng
the 1n1t1al attempts to isolate methynollde by acid hydro—

ly31s, that the use of aqueous hydrochlorlc acid or of

"methanollc sulphurlc ac1d led to products whlch showed no

" evidence of an a, B—unsaturated ketone chromophore.» Wlth
the structure of methymyc1n establlshed, Djera551 was

able to present strong ev1dence ‘that these unde51red sub—.

stances were the splroketals 33a,b.

~

3 CH,4 desosaminyi

33a: x=Cl | 18

. ~ o~ - . ~ o~

-33b: X=0CH,
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Apparently the aglycone fragment is stable as. long as 1t
retains the double bond. However once the double bond
"has been removed the addltlonal flex1b111ty 1n the new
system makes the carbonyl exceptlonally prone towards.

E attack by . the hydroxyl groups on C3_and ClO.- In fact
results suggest that dlhydromethmeCLn (18) exmsts largely

as the hemlketal 2

-

Absolute StereOchemlstry of Methxmyc1n

_ It was* stated 1n the precedlng sectlon that
Pre10g has 1solated the same (+) -lactonic acid (32) from
permanganate ox1datlon ‘of plcromyc1n and narbomy01n as. |
ojera551 has from methynollde. The degradatlon studles16

that establlshed structure.32 also defined the relatlve

stereochemlstry of the_C4- and Csfmethyl groups as cis.

Pyrolysis-of the lactonic acid and subsequent ozonolysis
gave_meso¥a'a'-dimethylglutaric acid (34). |
Two years later Djerassi and coworkersl7a:repor—

ted the structure of neomethymyc1n (2), an isomer of



A

methymycin.

6 of neOmethymyCin‘and me thymycin had to be the same since

4

_to (+)-32.

: Verted neomethymy01n to 35 in hlgh yleld

ac1d (36).

uration and it followed that C6 had R.

synthesis for the racemate of the Djera351-Prelog lactonlc

acid (f)

and from degradatlve-work on_thls synthetlc lacton

concluded

In 1963 Bergel'son and Batrakov

-32.

18b

that the st

22,

The stereochemistry of carbons 2, 3;-4) and "

-the aglycone of the former ‘was also oxldatlvely broken down

Under certaln condltlons, acid hydroly31s con-

17b,c From 35,

‘ .O = R r—O—T' -?H3-
'CH3CHCH?HCHCH2C==?CH2?HCHCHf
i C.H_3 - CH3 .CH3 "

35

~

HOOCCHZCHCOOH

- (<)-s-36
«T

C, was successfully 1solated as ( )-S5~ a—methylsucc1n1c-

Consequently C4 of methymyc1n had the S conflg— ‘

laa_CIaimed a

Later, based on ev1dence from an nmr study -

istry at c, and‘Cstf;f

““methymycin is S§ and R respectively.- These results were
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opposite to the ‘prediction made earlier by Celmer on the
basis of his "model"” for macrolide-stere0chemastry. (Both
Celmer's and the Russians; work are discusséd in greater
détail in later chapters.),

Because of thefunexpeéted COnfigurétionai assign—
ments at C2 and C, and becausé.thg identity Qf the Djerassié‘
:Prelbg (+)?lactonic‘acid withvthe Synthefic‘racémate‘had; 
‘beeﬁ based solely on solution ir'spedtra, Rickards and
smitht! in 1970 reinvestigated thé problem. They éléb':
used nmr analysis extensively but the  subject of thelr

study was authentic natural lactonlc a01d (+) 32 The

(+)-32: R=H

gz: R=CH3'

vicinal coupling constant Jy 4 in both ‘the lactonic. acid
. . ’

~and its methyl ester was 10.0 Hz. The authogﬁ conctuded
that H3,and H, are anti—periplanar_and.the S configuration
“was ascribed to C5. To gain insight into‘the orientétion

of the C2—CH group, 37 was' converted by llthlum alumlnum

3
hydrlde reduction, ketallzatlon, and acetylatlon into 38,

L
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‘a compodnd in which C2 has become incorporated into a 1,3-
dioxolane fng;. For clarity,-the numbered carbons of the
lactonic acid have been transposed into 38; Relevant nmr
y1c1nal couplxng,constants'were? _Jla’zélfs Hz, Jlb,Zéf'
=2.3 Hz. As all three values are small,

_2f3 H; and J»2’3

the authors stated that'H2 was syn-clinal to both-Ci pro-
tons and to H3. Of the two structural orieptations, 38=A
and 38-B, consistent with the above, the latter was élimf

~ o~ o~

inated as conformatidnally unrea¥wistic. The stereochem-

- 3B . 38<C

istry of Cz’is theréfdré'g; *Rickards”and Smith further

mentioned that the‘observed chemical shifts.and,couplihg'

constants for 38 are Very'similar to those ;eported for
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other substituted l,3—diox61anes.;1a. Bergel'son and
' Batrakov appareMtly erred in concluding that their syn-
thetic lactonic acid was the racemate of (+)—32

Only the stereochemlstry of the doubde bond ClO

" and Cll in methymycin remalned undetermined. “Thé nmx

spectrum of methymycin establlshed the double bond as trans

whlle ozonoly51s of the antibiotic led to the isolation of

as (+)+2,3—dihydroxy—2-methylpentanoic ecid

Clo‘and Cll. |
(39).llb Compound (+) -39 was identified as the erythro

CH3 COOH
HO
OH
CH3
(+)-39

isomer when it was compared to authentic (+) ~erythro-39.
Final definition of the chirality at Cio @nd Cy, as S and -
R respectlvely was p0551ble when (-)- erythro 39 was cor-

related through 41 w1th (+)-§~butyr1ne (40). 'The struc-i

COOH .. . CHy ,
.-HO CH ' ' ' COOH
3 » HOCH, . -
HO <—H 3 - H,N=—-H
» c " HO~t+H ™2 '
C,H e S " C.H
255 , . _
| C,H, | 2%s

(-)-39 41 40

~ o~ ~ o~



tures shown are in Fischer projection..

26.
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CHAPTER 2

A MODEL FOR MACROLIDE STEREOCHEMISTRY

Introduction

| By the early 1960's it had bécdmé'increasingly
appa;ent"térseveral teams of researchers that among the
. macrolides'that had been cqnstitutionally defined, there
. were intriguing similafities. The laétone rings‘of the
érythromyciné A;7 B,19 and c,?Y oleandomycin,21 narbomy -
cin, 2% and the lZ—macroli_des,bmethym’ycin2 and neomethy-
mycin,l7a’b,§ll.fbllow perféctly a biogenetic scheme
involving a poly-f-ketone précursor; built ﬁé predomin;
'ahtly-or excluSively from three-carbpn sqbunits. The lac-~-

tone carbon skeletons of the above macrolides are schem-

]

atically shown below,. Emphésis is placed'on the subunit

42 | 43 44 45
erythromycins oleandomycin narbomycin methymycin,

A, B, and C , neomethymycin
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hahé-up. Furthermore each of these‘entibiotics contains
the amino sugar, g—desosamine. The B-configuration et the
ahomeric centre had been established in erythromycins A23f24
and B23+%° and in jgeahdomycin{23'25’26 The lactone of
erythromycins A and B and of oleandomycin are also linked
by a glycosidic bond to a heutral 2,6-deoxy sugar with the
- L—conflguratlon.23’25’26 Finally, close stereochemicel
relatlonshlps among macrolides have been c0nv1n01ngly demon—
strated by the isolation of,the Djerassi-Prelog lactonic
acid (+5—§g from methymycin, neomethymycin, picromycih;
and'narbomyein (see Chapter 1).

The'combined weight of the ahoVe observatione
led W.. D. Celmer to suggest in 1964 that one 'should be
able to dec1pher a common pattern of stereochemlstry that

would be. obeyed by all macrolldes.zs' Durlng the follow1ng

two years Celmer pleced together a model that was to even-

.

tually verlfy hlS darlng predlctlon \
The Model
~ . Many macrolides contain oxygen functions at

~

unexpected\§ites on the_aglycone ring, that is, sites that
) ~ ’ . . T ’ -
do not correspond\tp carbonyl locations in the poly-B8-

_ ketone. These special, “extra"s,oxygens are thought to
orlglnate from oxldatlons at a. late stage in the’ scheme_-'

for macrollde biosynthes s (see Chapter 3). Durlng the '?,

- ) . X : - . 3
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construction of his model, Celmer was concerned with the
configurations of alkyl substituents and with the configu-
rations of asymmetric centres that bear oxygen functions

‘derived from the carbonyl groups of the poly-8-ketone (47).

CHBCHzCOOH .

| |
t ?=:O H?—OH
. —CH
OH . CH3 C|:H CHy=C
é:_o ' cl:::o H?—-OH
'CHB—(:,‘H —_——yy CH3 H —e CH3—(IZH ‘
C=0 = HO'?“ -
l -
CHZCH3 . ‘ CH2CH3 : , CH2CH3

46 S 4T ~ 48

At,the initiation of his wofk 25fCelmer;appfe-
~c1ated the 51gn1f1cance of prev1ous evidence revealing
that bio-ox1dat10ns take place with retention of .configu-
' ratlon. ThlS 1nferred that any orientation of a methyl
group'at a chlral, lactonlc carbon, predlcted by a stereo-
chemical model; should remain unaffected when a nydrOXyl
gronp (an extra ox}gen) ie‘introduced at that centre late
in the macrolide biosynthesis.j Fon,instance,:Celmer'so
model was to érediot‘tne configuration of C;, in the 12-
macrolides as shown ‘below in Flscher pro;eétlon (49)
Q'Ox1datlon at Clo during the biosynthesis of methymyCLn
should leave the orientation of the ClOfmengl unaltered.

‘In 50, C,, has the S configuration which is in-~agreement

X0
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with experimental results.llb'

SeQeral pbihts cohoebnihg-macrolide stereochem-
istry were known in 1964 when Celmer started this work.
Firstly, the fohr'asymhettic cehtresiinvthe'Djeressie
Prelog lactonic ac1d (+)- 32‘corre5ponded to C2, C3, i

and C6 in methymyc1n and neomethymycin, .and to C4, 5,

C6,,and C8 in narbomyc1n.. Celmer proposed that the chlral

centres of the firSt two. lZ-macrolldeS»could ‘be brought R
into llne with the correspondlng carbons in the 14-
"macrollde by assumlng that the penultlmate three carbon

unlt had been Sklpped durlng the blosyntne51s of the

twelve-membered rlng‘(see Sl) 23 25. Furthermore the

o -

. chg;al centres at C4 and L6 in- (+) 32 had been unequ1vo—
S l7c d

cally a351gned R and S respectlvely. » Applylng'HudSbn's_

Lacton¢ Rule to- (+) 32.(below in Flscher pro;ectlon), Ccel-
mer. tentatlvely de51gnated 1t ‘as a D lactone, thereby
assigning an S—C3 conflguratlon.23 A rudlmentary model

could then be wrltten in Flscher progectlon as Sl

Secondly,_stereoohemlcalkwork on several centres



31.

- A

'in erythromycin had heen reported in 1956 by Gerzon et

51,29 Their .studies had been concentrated on the aglycone

derivative, dihydroeryth:onoiide A (§g),_in which the

-

ketone at L9 had been reduced. The "starred" carbons

in 52 are the centres at which Gerzon suggested absolute

missing subunit . C—
in 12-macrolides i 3

?

‘ .?H¢H3
desosaminyl-O-?H
CH3_fH

. fH2.
CHy=(H

o=c¢C

9

(+)-32 . N 51

_ stereochemistfy. The chiral carbons 2, 3, and 4 were iso-

_lated 1n the Optlcally active lactone 53a. Reduction of

S ~ o~~~

" 53a produced an optlcally 1nact1ve triol 53b, thus estah—
llshlng the relative stereochemlstry of the two methyl |

groups as meso. fThe trans relationship of the C3;hydroxyl
and "’ the methyls was favoured since 53a had proven surpris-

B

_ingly resistant to B—elimination. A second lactone (54a),

~ o~ o~



which contained C8’ C

9’

the degradation of 52.°

still possessed optical

in 54a had to be trans.:

-~~~

opticél rotation values

O

0

R
- *
CHy=CH
*H?-OH
-— *x
CHy~CH
?HOH
?(OH)CH
A
[ - *
CHy~CH
*HC — OH
o
*HE=CHy
HOH
?(OH)CH

3

3

*H(|:
CoHg

52

32.

and C was also isolated from

10’
The triol 54b derived from 54a

-~ o~ ~ o~ o~

activity. The two methyl grbups,

Finally, interpretation of the
' -
of 53a and 54a and of their hydra-

-~~~ ~ o~ -~

-(|ZH _
H?eOH | s3a

CH3—CH

-=0

CH3

0

CH

.zides (53c, 54c) led Gerzon to propose the configurétions

" of 53a

~ o~

~ o~ o~ ~ o~

and 54a, shown above™in Fischer projection. The

~ o~~~

- configuration of:C13 in 52 was defined also on the basis

of optical rotation data.

With Gerzon's results Celmer was able to elabor-
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ate the partial model 51 by now adding to it stereochemical
deSLgnatlons at C2, C3, C4, ClO' and C13 (see §§). The
configuration proposéd by Gerzon at C8 in 52 was consis-
tent with Celmer's first partial model . (51)' Only cniral-'

ity at C,, and C12 remalned undeflned, althouga many of the

11

-0
I
C
. il
CH3—CH .
H? O-sugar
CH3~?H
desosaminyl—o-?ﬂ
CH3f'C'TH
%
CHy=CH
:-_-?9
H?-CH
??HOH
??HCH

HC— o)
R

55

-~ -~

assignments in 55 required further support.
. At the same time that he presented his—model,

Celmer23 25 reported prellmlnary results concernlng asym-

metrlc centres in the 14-macrollde, oleandomyc1n (5), con-

stitutionally elucidated in 1960.21_ Degradatlon of anhydro— -
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oleandomycin (56) yielded a 3-a¢etoxy—ZQheﬁhylbutanoic
acid (57) that contained Cié and C13' ~A Curtiqs rearrange-
ment transformed 57 into the known compound, (2S:3R)-2-

acetamido-3-acetoxybutane (58). Moreover, by starting

2 56 0
$§HO
H?—CHj COOH
HO-CH . CH.~C. -H
| 3 12 .
CH,-CH HC .—OCOCH
| : s 3
) - HCli1 3--OH - CH3‘
22 iy L o
gﬁcocn3.
CHy~GH
) HC-OCOCH,
| CHy
} .
58 : (2

-~ —~

60

-~ -
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yith’olegndomycin, ClO"cll"ClZ';and C,5., with their
respective_chirality‘preserved, could be isolated in a
's}hgle_Cémpound, the synthetic sugar 60. The known con-
figurations at Ci2 and Ci3, nmr -analysis, and ORD measure-
ments firmly fixed the orientations at C,, and €13 és shown
in ??-ana §9. Celmer waé,now able to complete his model

(61). The above experiments confirmed previous. assign-

me?ts.to ClO and C13 in §§.

o Q o
i C .l
ST T
CHj-$H. H?—CH3
H?—O—sugar sugar—O—?H, '
“H.—CH ‘ HC—-CH
CH3 CHv 3 ‘ ? 3
desosaminyl-O—?H - desosamlnyL—O—?Hf
' - CH.~CH
ChyCH S
. GHy - CHy
' - CH.~CH.
Ciyrg i
O‘-'-"'-‘(I:9 O::(':9
| HO-CHj H?-ca3-
HO-CH - HO—-?H'
- . CH,~CH
CH4=CH ¢ |
_HC o H(f o .
1
R R
61 62

~ o~

'Therer was only one basic change that was subse- .
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. L 29
quently made 1in 61. There appeared evidence tnat Gerzon
might have misinterpreted the optical rotation data of the -
lactones 53a and 54a and their hydraz1des (53c, §4c) - A

~ o~ o~

‘reinvestigation of the problem led Celmer to conclude that

the conflguratlonS-of CZ’ 3 and C4 must be reversed.31 32

The revised model now stands as 62
| The key assumptlon made by Celmer 1n 1964 was

that the 12—macrolides can 'be correlated to;the l4—macro-
lides b§ theorizing that the penultimate three;cérbOn.sub—
unlt has been skipped ln the blosynthe51s of the poly B~
:ketone. The blosynthe51s of the 16—macr011des (__i carbo—
mycin A, 10) is known to dlffer from that of the smaller—
ring antibiotics 'in one major feature. The poly B—ketones
are derived largely from two-carbon unlts. A consequence
" of this difference is that the 51xteen-memoered rrngs pos- .
sess substantially fewer chiral~centres.niNevertheless,-~ |
where a three-carbon subunit has beeniincorboretedfinto )
the po;yas—ketOne;’the stereocnemistryrofrthe;hethyl.g;oup
is in accord with Celmer s model. Furtnermoré} theJStereof“"
-chemistry of the hydroxyl groups that orlglnate from biofe
reduct ifon of the carbOnyls of two—carbon subunlts isvslsoA”'
-predictable. Celmer made the correlatlon between 62:cnd ﬁ‘
the 16—macrolldes by postulatlng the . 1nsert10n of an'ektrac

'two carbon unlt between the thlrd and fourth subunlts of -

62. Flgure 3 presents the model as schematlc 63 Several' B
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macrolides are included to illustrate the congruence of
the skeletal stereochemistry.

The model as presented below was confronted with

Figure 3: Stereochemical Correlation .

' of Macrolide Lactones

e
. ] 1‘ ’
, B i
SO0 S o 0 o)
63 - - - .64l .y 65 66
-..médel' b'_imethymyciﬁ/ 'bleanddmybin carbomycin A

L
.aﬁ-leést.sixicontradictions based on experimental work.
 In'one case, mentioned earlier in Chapter 1, Bergel'son and

Batrakoy;ajpublished evidence'that Cé and C3 in methymycin

"had wespectively the § andng configurations; In 1970

Rickards and Smith'l? brought C, and C, into accord by

reversing the assignments. A second, more dramatic example

' concerns the chirality of C8 in carbomycin A (lOK: In

his classic paper> describing the constitution of carbo-

.



‘mycin'A;>Woodward.reported the.localization of Cé inf(—)f.
dfmethylsuccinic,acid. Consequently Cglwas asCribed_the

S c0nfiguration..‘Faced with a contradiction based on
seemingly'irrefutable experimental evidence, Ceimer-askedl
' Professor Woodward to reexamlne ‘the a~methylsucc1n1c acid.
The ac1d proved to be, in fact the (+)—enantlomer

At present no macrollde has been shown to have
ﬁstereochemlcal featnres that confront g%
In- conclu51on, the model deplcts.' (1) the chlr—

‘allty at lactone centres bearlng oxygen functlons that |
are derlved from blO reductlon of the carbonyl groups in
the poly-8~ketone, (2) the chlrallty of alkyl substltuents
at. lactone centres, (3) all carbohydrate components a: 6-
‘deoxypyrano51des with 1dent1ca1 chlrallty (elther B- D ol
'drg).at the anomerlc carbons, and (4) C5 (or-1ts-equ1valﬁ
ent) carryihgratB—D-giycoside. The model makes no- predlc—-
htlon of either the chlrallty at exocycllc centres (see»
—'neomethymyc1n-and lankamyc1n) or the chlrallty of an extra
. oxygen attached at a ring carbon orlglnally a methylene
“group of an acetate subunlt 1n the poly B-ketone (e.g.

-

' C4 of carbomycxn A, 66)
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CHAPTER 3

BIOGENESIS OF MACROLIDES

Introduction

whenever. a particular‘family of naturally occur-
‘ring substences ie,found to have important medicinal pro-
perties, there usually follows intense interest®in unravel-
.llng the course of 1ts blogene51s. Often even very‘rudi—
:mentary knowledge of the b105ynthe51s suggests changes in
the nutrlent comp051tlon of the medlum on which the micro-
organism,is grown, that may lead to greatly enhanced yields
" of . the antiblotlc. _Such was the case with the macrolidesf
Not only-héd several members of this family important
clinical applicatione, but also their structures were
unique. Although some simple macrocyclic lactones, such.

34 had been isolated from plant sources,

. as pentadecanollde,
the known occurrence of large-ring compounds 1n.nature was
-extremely limited. The ‘macrolides had other outstandlng
properties.- Antibiotics.suoh as methymycin and‘erythro—
1mycin'gere'highly Subetitﬁted with.methyl groups and with
oxygen functions..'In‘eoditioh,.tare sugars were often. |
part of the structures.l | . |

One of the first stages in a biogenesis study is

the identification of the primary building‘units that com-
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bine to form the basic carbon skeleton. Often there are
several units that are biologically equivalent (e.g. pro-
pionic acid, succinic aéid, and.ﬁethylmaldnic acid), i.e.
constitutionally'different.compéundé, sach of.which can

be envisaged to lead to théhsame’natural-brOduct by a bio-
logically realistic process, Moreover, the eqﬁivalent
units may be revérsibly interconvertibie; As a fesult,‘
experimental data must be interpreted cautiously. The
advent of rédioactive tracer techniqueé during the 1930's
has greatly accelerated research into biosynthesis.

Later stages ofvinvesﬁigation are concgrned with
the identification of discféﬁe-inﬁermediates lying be£ween
the ‘elementary huilding unitS'and the final.ahfibiotic.
One techniqﬁe'employed is to block the biosynthetic pro-
cess at various stages by chemically mutating the micréf
organism. ,.The hope is then that the process will prodeed_
normally up to the blocked step (s) but‘stop at that point,
thus allowing intermédiates to accuﬁulaté‘tb concentrations
that permit their isolation. The mutation process is
often not vé:y specific and ﬁhe change'inauced inithe
microoréanism might»belsuchjthat-"intermediatés" isolated
belong to a normally unimportaﬁf, secondary pathway; Even.
more confusing situation;_arise when the "intermediate" -
is in fact an abnormai mefabolité that is reversibly con--

- '

nected to a true intermediate.
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Several studies concerning the blosynthe51s of
methymycin have been reported but progress towards the
understandrng of how macrolides are formed has comefpr1~
marily from stddies of erythromycin produotion in S. erx-.
threus. Because of this, most of the discussion to fol-
low deals with the biosynthesis of the eryrhromycins.

The origins of the lactone and the sugars are considered

separately.

Biogenesis of Macrolide Lactones

The headeto—tail coﬁdensation of acetate units

to form a poly-g-keto acid ...g. §Z)rfoilowed bf subseqoent
cyoliiation and dehpdrarion was‘e hypothesis;first advahced
in 1907 by J. N. Collie to explain the biosynthesis of
.ﬂaromatic natural products.35 Much later,-during the 1940's
and early‘l950!s} it was indeed‘shoﬁn that acetate resi-

| dues are»the primary building blooks of not ohly aromatic
compounds (e.g. eleutheripol, 68) but elso of fatty acids
(e.g. palmitic acid,'69)._‘By énalogy, K.»Gerzon36 and R.-
.Robinson37 suggested that similar compounds which. appear

to contaln an extra methyl group might be formed by the
A 1ncorporatlon of a prOplonate unlt (or ‘its biological
equivalenit) in the place of an soétate (the Propionate

Rﬁle). Later, with the elucidation of the carbon skeleton |

.
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" X : "
8 CHBCOOH — CH3(CH2)14COOH

?Qq
67 §§
(42) of the erythromyc1n lactone, Gerzon et al. 28 and - o

~

WOodward recognlzed that 42 follows perfectly “the three—
carbon regularlty defined by the Pr0plonate Rule.

Birch gE;gl.38.suggested an.alternatlve schemeyo"
_.for macrolide;biosynthesis, in which thejbaSic carbon:t~ -
structure of the lactone 1s derlved from acetate unlé;ﬂ‘r
;The methyl ‘JYOoups, orlglnatlng from one- =carbon donors, are.'

Jthen lnserted at the actlvated methylene pos;tlons along -

Athe poly B -keto chain.,

The flrst ev1dence to. show that the lactone por-

tion (erythronollde) of erythromyc1n* is more closely

*In many of the papers dealing with the blogeneSLS of the
-erythromyclns, it is not clear whether the authors have

studied_erythromyCLn_A or in fact the_mlxture of the

'efythromycins (A,'B; and C) obtained from S. erythreus.

/ . ' S
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related to propionate than to acetate‘was supp .led by
39 )

Vanek and coworkers in 1958. They demonstrated that
radloactlve pr0plonate was 1ncorporated 1nto erythromyc1n'.
‘.to a much greater extent than was. labelled acetate “In
both cases onlywthe lactoneé contained radloactAV1ty;~ The
basic threeécarbon substructureVq;karythronolide wasdcon—.'
firmed later in numerous laboratories; | |
When- S. erythreus was 1ncubated 1n a medium con—

£
taining propionic ac1d-l-l4c—3—3H, Grlsebachqand coworkers

A . -
found that'the‘isoléted erythromycin -had a 14C H ‘ratio

40

only 13 26% smaller: thap the ratio in the labelled.propi-
ionlc ac1d If the three carbon unit had fxrst to be cata— -
””rgbollzed to acetate (or 1ts equivalent) before use, then a -
hmore 51gn1f1cant change in the ratlo would have resulted.
Degradatlon of the’ lactone derlvatlve, dlhydroerythrono— -
. llde (70 deplcts dlhydroerythronollde A), outlined 1n
l~Scheme 1, and examlnatlon of the radloactlve products 1nd1- d
cated that proplonlc acid had been 1ncorporated efflclently |
w1th only mlnlmal scrambllng of the labels. In other '
: words, proplonlc ac1d had been utlllzed as tﬁe lntact,"
three- -carbon unit.’ Independent work carrled ‘out by Czech

14

"researchers4l u51hg proplonlc ac1d l-' C and by Corcoran

.andJCQWOrkers42 us1ng propionlc ac1d-_l--14 ,!~2e14c, and

.-3-14C led to the_same~conclusion; :

>
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Scheme 1 @

) . ‘
. . 3.
!

f t
HO OH C‘H30H ('3H 'H(l) OH CH (I)H CH3 e

1 3
CH CH CH—C -CH- CH—CH—CH—CH C—CH—CH—CH—CH
RS * 20 %
. CH}: | : - 3t ,
0 C=0
' *
.70

A

. 1) hydrolysis Kuhn-Roth Qxiaation

CH3CH2.CH__O, + CH3COOH . CH3CH2C_OOH‘ + 6 CO2 + 6 CH3COOH,
: W R, . 14 ‘. ul n ! 3
a) *" marks the € label; f, marks tpe H -label.

In contrast to the . efflclent 1ncorporat10n (up

¢‘ to 69%) of proplonate in erythromyc1n, acetic acid- 2—14C

is used to less than 1%42 and complete randomlzz=1t10n4-3 of
- the label in the acetlc ac1d derlved from Kuhn Roth oxida-
tion of srythromyqln is observed. Thsse results»rule ouF_A, 
B}rch‘s acetate hyéothesiss
_Fdrmaté, methioniné; ahd_susCihate were also

' L ' ' .. 42b,44 : ; '
examined as carbon sources. b, Formate was not incor-

~

_porated at all while methionine proved.an{efficient»reag¥
ent only‘for the_sugér residues. Succinate was utilized .

weakly but‘to’aisomewhat greater extent. than was acetate.
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thesis arose directly from progress in the field of fatty
acid synthesis, some brief comments concerning the produc-
tlon of fatty ac1ds (e.g. 69) follow. For review articles
the reader is directed to reference 45. i
Until the“latter half of the 1960's, it had been
assumed that the biolOgically.active unitdin Collie's
Polyacetate Ruie was the coenzyme A thiolester of acetic

acid. (71 acetyl-CoA). In the presence of'8~ketothiolase,

two acetyl- CoA molecules condense to form acetoacetyl -CoA

(72)r It was dlscovered however, that thls rever51ble
) ‘ .
. I ' X
, - 'O' : | % , % S :
2 CHyCSCOA i CH3CCH2CSC0A'+,'HSCOA
71 o 72 _
& S . s
oo K = 1.6x10
eq'm

condensation does not accurately represent the course

_of acetate polymerlzatlon during fatty ac1d blosynthe515

--a result. that 1s not too surpr151ng in view of the ther—'

modynamlc dlsfavour of the forward reactlon. One of "=
*

two acetyl-CoA molecules is flrst converted into the wore

activated spec1es, malonyl -CoA (73) Then, in the pre- - -

sence of a multlenzyme complex, fatty acid‘synthetase E-

SH (SH represents the hydrosolphide binding site), acetyl-

Since a deeper understanding of macrolide biosyn-
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CoA and maldnyl—CoA-condensé to- form an enzymé—bound ace-

toacetate molecule (74). Reduction-of the B-ke*o group
o) 0O : ‘ o] ?
L I Coe !
CH3CSC0A + C‘3H2CSC0A + HS-E ——+— CH3CCH2CS-E + CO2 + 2_ HSCoA
- COOH '
71 73 : 74
5
o= 2x10
Keq'm X

in 74 produces butyryl-enzyme (75) which may then condense

with a second molecule of malonyl-CoA. ‘The sequence of"

0
N H

74 —— CH CHZCHZCS-E ——>CH3CH CH CCHZCS -E

' . 75 : : 76

reduction and condensation continues until the enzyme com-
plex finally releases the fatty acid.‘ The1net reSpit is
that a primer unit of acetyl-CoA marks the tail of the

fatty acid, all other'two—carbon units beingfderivéd erﬁ e

.
malonyl-CoA. _ o
Lyneh45a postulatéd that the lactone of erythro%
-my01n mlght be derived in a 31m11ar way from a prlmer unit -
of proplonyl -CoA whlch-lnltlates a stepw1se condensatlon ‘;;‘(

with six molecules of methylmalonyl—CoA. Carbons 13-15 .
of the final lactone would originaté from the single pro-

pionyl-CoA unit.
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SN

0 : 0

| i | i
CHyCH,CSCOA + 6 HOOCCHCSCOR.
' CH, :
= . 77 78

G gHS S CH OO,

cchchc_Hcicnccnccncs-E ——» l4-lactone’
20 e w o '

O 0O 0O 0 o0 O O

CH,CH

3

+79
Kaneda, Friedman, and Corcoran46 demonstrated
that the prellmlnary processes implicit in Lynen s proposal
were operative in S. erythreus. After 1ncubat10n of pro-

pionic acid-l}l4c with the_microorganlsm, the authors-were.

able to detect the presence of methylmalonic'aoid?l—lqc;
T'his result shows thatvconversion.of‘propionate'to methyl-'

dmalonate can'occur. Phe lack of scrambllng suggests the

'conver51on to be rather dlrect. Addltlonal results showed
o 'S v
hat proplonlc acid and methylmalonlc ac1d can’ be meta—

bolized as ‘the coenzyme A esters.

‘To test Lynen's theory Grlsebach Hofhelnz, and

Achenbach4 1ncubated S. erxthreus with propionic acid-1-

14C 3—3H and degraded the resulting antlblotlc to dihydro-
erythronollde (e.g. 70). Saponlflcat;on of dihydroerythro-
‘nolide followed by periOdate cleavage gave C, 5, Ci4, and

_ ' v

-
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i‘ClS as.propanal'and 012 and C12 +as’ acetlc a01d (see Scheme .:
'.:l, page 44) Of the total radloact1Ve content ( C or H)
‘in dlhydroerythronollde, an 1ncred1ble 55% was found in the
propanal. Lynen s theory can explaln the result by assum-
indlthat'{ c, H]—proplonyl -CoA 1n1t1ated the® blOSyntheSlS
of the lactone and that the bulk of the methylmalonylftoA
orlglnated from what was 1n1t1ally contained in the cells.
To ‘support thle view, the workers found that feedlng pro-

| pionic acid—lfl4c—3égﬂ to restlng cells oflg.,erxthreus.
Uproduced.erythromycinbln which.the'radloacthlty of eaCh .

- label was eqnally-diatributedAanonénthe seven three;carbon“
units. By repeatlng the experlment with restlng cells,

but adding unlabelled methylmalonlc ac1d as well as the"
labelled proplonlc acrd ‘to -the culture, the proportlon of
radioactivity in the propanal rose from 17 to 30% ' Addl—
tional ev1dence was reported 1ndependently by Corcoran

and coworkers.46b

The bulldlng blocks of erythronollde now deflned,_
attention was dlrected towards the elucldatlon of 1nter—'
medlates along the blogenetlc pathway. The lactones of
erythromy01ns A and C are 1dent1cal and dlffer :"

fom that (80) of erythromyc1n B by hav1ng an extra oXy- -
gen at C12 Erythromycxns A and B both contaln D -desos-
amine' and L- cladlnose whereas erythromycin C differs from

-

A only in the C3\sugar, _—mycarose, the O-demethylcladin-

hY
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‘oéé; wild’ stralns of S. erxthreUs coproduce all three |
‘erythromyclns. Theféfore ‘it was: suspected that all share,
by and 1arge, the-same synthesis.
} Tardrew and Nymen48 reported in 1964 the isola-
'tlon of the free aglycone of erythromyc1n B, erythronollde
B’ (gg),from;chemieally mutated stralns of §. erythreus that
had a.partial_bldck_in the biogenetic pathway to the anti-

biotics. For studies to determine whether 80 is a true

50: RymoH, Ry
81: Ry =H, R,=H

- 82: 'R1=OH,'32;64§¥mYCarosylv

~

=H (erythronolide B) ..

intermediate, Hung, Marksr\and Tardrew49 seleéted a high
erYthromycin—prodgcing straih'df_g. erxthteus. During the
incubation of thia strain withApfdpionie abidfl-lAé‘no :
evidence for the intermediacy'of4erfthronolide B (gg)t
could be found.! However radiochromatography of the bfbth;

extract did show that a single, labelled compound I (uni-

k3
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: dentlfled) ‘was formed very qu1ckly The totalﬂradioactivet

content of labelled products then stayed constant for the_-
remalnder of the lncubatlon, durlng whlch compound I dls—
appeared w1th the concomltant productlon of the erythro—“.

myc1ns.

Nevertheless, at. a certain'Stage,during.the-incu-.

tbatlon labelled 80 had been present,-only ‘in concentratlons,"

too 'low to be detected ThlS was proved by treatlng the
mlcroorganlsm w1th both proplonlc ac1d 1—14C and a large
amount of unlabelled 80 -In thlS way the radloactlve 80.
produced durlng the Termentatlon was . successfully trappedf

in -the large reserv01r of unlabelled materlal ' Agaln,

: compound I ‘was formed very qulckly, lnltlally as the sole :

‘.labelled product._ The slow dlsappearance of compound I

}“:was accompanled by the appearance of 14 -erythronollde B

'-‘(80')._}After complete consumptlon of I, the radloactlve'-

e content of 80'vwas essentlally the same as that lnltlally

"held by I : Ohly after the complete dlsappearanCe of I

fur

‘jwere erythromycxns detected : T E '\

_bolism of

R

The same workers further showed49'thatﬁl4c—

,labelled 80 (80 ) was converted efflclently and quantita-

tively by S. erythreus to a mlxture of all three erythro-

mycins (see Table 1). A study of the intermed}ary.meta-

14C-erythromycins A and B'suggested.a secondary
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Table 1: Intercon#e:sionsa‘b of Erythromycins A, B, and C and

- Erythronolide B.

Substrate " 4 conversion

' . .- ., Erythromycin * compound
f\$\\ ' A (7') B (8') C (9') - II' III'
M erythrdnolide B (80')  45.2  14.5  28.6
Ueoerythronyein A (7') - 23.9 0 29.1 46.1 0
Me_erythromycin B (8')  19.5  67.2 0 - 0 131

a) The length of 1ncubatlon was 24 hr.‘

"'b) The prlme notatlon is used to lndlcate radxoactivxty.x

1rrever51ble pathway to erythromyc1n A, -via erythromyc1n

&

B, Mechanlstlc 1nformat10n was also prOV1ded by a klnetlcs

study of the metabollsm of 80"(see Flgure 4) ' Durlng the_f

.>k1netlcs exPerlment none of the . radloactLVLty was lost.
_ _ - On the basis of the\obeervatlons outllned
‘above. Hung et al. 49 propom»d a crude model fOr erythfb—'
‘;myc1n blosyntheSLS. The notatlon used in Scheme -2 1s_an.
adaptatlon of that 1ntroduced by Corcoran and Chlck 50

" The pOSSlblllty that certain steps might be
reversible was not consxdered although the results .can

equally as well be explalned by replacxng the hydroxyla-;

-tlon,step in Scheme 2 with a reverSLble interconversion
. . . N '

N



Figure 4: Metabolism of 14C—F.rythronolide B
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of erythronolide B and etythromycin B. Also Scheme 2 rep-
resentsboni; the major‘biosynthetic‘pathﬁays; ‘The presence
.of minor routes cannot be excluded. 1In fact the sensiti-‘
'Vlty of the ratlos and ylelds of the erythromyc1ns to the
culture make-up, to the mutant straln, and to the day of
:the week may result from a minQr pathway in one strain
.becomlng domlnant 1n another
4 Other macrocycllc lactone metabolltes (81 85)

have beern isolated from various partlallyiblocked and

. -4 .=
totally blocked mutants . of S. erxthreus'Sl Martin and

‘coworkers clalmed that two of these lactones, namely 6-

~deoxyerythronollde B (81) and 3- a-L-mycarosylerythronollde

B (82), are true lntermedlates of blosynthe51s.5la b

.IIKJ)
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Scheme 2

.compouhd-l'_'

wof Foo - -, o | “op
| - 4oc 7 | H B c

erythromycin A . grythronolide B erythromycin B

. - H . “ODf Cizthdroxylation A

. E _ . _ compound III
oM, N . .

erythrdmycin-C_ \\\\NL' . ‘

' ‘compound II

-

Compound ?} was tﬁought to be the imﬁediate progenitor of
erythropolide B (99), the tfansformation invoiving the
introauction of the extrg oxygen at_cs; Lactone 82 would
théh‘follow from 80. Intermediacy of 81 and: 82 was' con-
cluded on the strength of the observation that each was
converted to erythfomycin A when fed to S. erxthreus'with
an early biogenetic block. 'As no erythromycins wefe

detected during similar experiments with 83-85, these



S A 2

84: R, =H, R,=H |
CH . = ¥ =

85: R)=OH , R,=H

. .74‘.‘.- . :&. -
~ .-

ﬁ#be_shunt metabolites.

-
e, gl
+ .G

:twereuéﬁhside;éakﬁ
A route to éfythromycins'thrbugh 8l is biochem-
ically pleasing bﬂt involvement of 93 poses ; problem
since it is in'di}ect opposiﬁibnltd Hung's earlier préposai
(Scheme 2). Howéver the intermediacy of 81 and 82 should
only be regarded aé Speéulativg for the followihg reasons.
The metabolic consequences of 9} and gg were only reported
using highly abnormal strains of the‘microorgahism——étrains.
sthat had been chemically mutéted in a”highly non;selective
manner. There is no guarantee that thé%ConversiOn to
erythromycins of metabolites fed to such strains aﬂy

. longer follow the same sequence of steps occurring in non-

blocked S. erxthreds, In fact the rather slow conversion -

*Oleandomycin, lankamycin, and 85 all have the same absol-

-

ute vonfiguration at CB'
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rates of 81 and 82 observed mlght reflect a 51gn1flcant.
dif ference. Secondly, Martln et al. - did not use radio-
actlve 81 and 82 in ‘their studies. Ana1y51s was by tlc
and blO assay. Accordingly they were. unable to fully

- account for substrates consumed and some results were only
aua'litative. Slnce both Hung's and Martln s research '

groups worked at Abbott Laboratorles, North Chlcag@h it

is unfortunate that Martin and coworkers did not study

»

Scheme 3

compound I (81?) ' .

82 erythronolide B (80)

. | -¢.
' - . erythromycins

. - ‘ '
the metabolism of labelled 81 and 82 on the same strain
of S. erxthreus as employed by Hung's group .No mention
was made of the possxble identity of Hung's compound I'
‘and_81. |
| On the ev;dence at hand, Hung S ‘and Martln s
‘ data can be brought into accord by assumlng that 82 1s
not an intermediate but arlses from a reversible shunt
ifrom 80 (Scheme 3). The 1nvolvement of the shunt could
ibe tested by examining the fate of 3—a—L-mycarosyl(c3,

.14CH3)—erythronollde B-3H (82') in which the sugar moxety

<>
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Specifically carries 14C and the aglycone specxfically
carries tritium. -Such a compound could be prepared by .
simultaneously treating an §g—produc1ng mutant of s.
erythreus with propionic acid*3;3H and methionine—léch3*;
If there Qere no significant decrease in the 14C:3H ratio
.accompanying the transformation of ggl to the erythromy- )
cins, the_intermediacy of.gg wouldybe all but provedoand’fv
WScheme 3 must be discarded

| In a third study on a particular mutant of S.
erythreué’ no history of which was reported, conducted by
Spizek gt al.,52 the predominant pathway to erythromyc1n c .
appeared to bypass 80‘ B ‘ .

| The most fasc1nating ar‘a of macroélide biochem;
istry has remained unexplored. -How does the singular nature
: anong all macrolides of the lactone stereochemistry (see

Chapter 2) relate to the biosynthesis? No facts are avail-

able at the present time. _ : . '

Biogenesis of Macrolide Sugars

The deoxygenated nature of the macrolide sugars

originally led ondward5 to suggest thatathe similarities

*Methionine Was-known to be an efficient source for the C,- -
methyl“ingp 'dinose (see Biogenesis of Macrolide Sugars, .

_Chapter 3).
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in the structural appearances of the sugars and the lac—-~
tones may be more than Just superfac1a1 and may reflect a
biogenetic origin of the. sugars from processas analogous\

to those lnvolved<1n-bu1ld1ng the lactones.

%
' OH
(CHy) NN . .,

CH
"OH
13: BfD4desosamine - 16:';R—CH3, a- L cladlnose

17$ R=H; a-~ L mycarose

rf;ﬁhereas E-methioninefl4CH3 was shown nﬂt be to
involved inbthe-biCSYnthesis of“ﬂethynolide or erythrcnc—
llde,.lncorporatlon of the methyl group from the amino -
 ac1d lnto the sugars, desosamlne and cladinose, was . effl-
crent 53 44 55 Degradatlons establlshed that 1n desos—
amxne all rad:.oactrvn.ty was located in the dg‘xethylamno._
‘ functlon whereas ln cladinose: the. label was equally dis-
trlbuted between-the O-methyl and the C—methyl at C3
_Furthermore, contrary %o Woodward's suggestlon, convint-
;ng‘ev;dencess has been reported that desosa‘ane and |
”cladinose are derlved directly from gfglucose, a standard
nutrient thculture media.- Thuslrhéhfg; erxthﬁfuswas

incubated witth}glucose-l-14C, -2—14C, or —6—14C, the

Y
<2
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'nucleotlde is rebalned in the 1ntermed1ates

, been;shown’tolbe 1ntermed1ates

5oL L—fucose (94) v1a 93

58’.

bulk of the label was found at the corresponding carbon
. - ' . B "

of desosamine.. Consequengly the integrity of the carbon

skeleton must be. preserved during the transformatlon °fk
Slmllar résults suggest thatecladinosa

’a ey

It is logical to “

glucose 1nto 13

is ‘also derlved dlrectlz from glucose.

-

assume that cladinose and myearoSe share much of their
blogeneSLS.. '
G . :
It was mentloned in Chapter 2 that the sugar

re51dues in all macrolldes have the same absolute conflgu—

3
7o account for this =
23,27

ratxon at thelt anomeric cegtres

using glucose ‘as the common starting ‘material, Celmer
)

proposed that D—glucose is bound to a nucleotxde, repre-,

sented in Scheme 4 as a dlphosphate nucleotlde (sPN), dur- -

1ng 1ts convers;on to the macrollde 6-deoxy sugars. The

until the

flnal transfer tg,the macrocycllc lactone.- This theoryiis’
ﬂ” i

57‘?4 Keto- 6-deoxy sugars have;'

q

1n the blosynthe51s of non—"

example,58 an enzyme prepan-

ation: from Aerobacter aerogenes converts l—guan051ne—5'
““I

dlphosphate D~mannose (92) to l—guanos;ne Q*wdiphosgpate— :

based on certaln known facts.

macrolidev64deoxy shgars.' For

S e

I

® o0

Felgh
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Scheme 4
' A
g
O-Mac.
CH3

91 (a-1L)

N

1

The amino group in deeosamlne m;ght be- intro- -
o _

duced by trgpsamlnataon u31ng.£n lntermedlate 3-keto- 6-‘
deoxy sugar Grlsebach59 has suggested that C-methyla-
tlon leadlngﬂuﬂ,cladlnose and mycarose may proceed through

. “ VA > ~.‘ -
san endlol (95) " i T g )
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CHAPTER ¢

PREVIOUS SYNTHETIC STUDIES OF MACROLIDES
e '

During the last four years several pseudomacro-
lldes have been synthe51zed ‘However none of theée sub—
stances pqssess the extreme degree of substltutlon that

is characterlst1C'of the nonpolyene macrolldes.

-,

" A struEtural isomer (98) of curvularln (99) was . “q‘

'synthesized by Bagli and Immer- in 1968 60 as the &&& Step

in the sequence, they employed a lactone synthe51s figgt .
“-r..,. ‘.

developed by Borowitz and Gonis,61 in whlcg the tr!cycl*‘*SR “}f
K "QJi c-‘

4v1nyl ether 100 was ox1dat1vely cleaved by m-chloroperben-

~~~

- zolc acid to lOl. Removal of;the O—methyl groups afforded

~ o~

-

98.

Several 'successful'syntheses62 of' 1e 14-pseudo-

‘macrolide, (+) -zearalenone (}93), have appeared 1n litera-

‘1 ture. In two reporgs62af¢ the .final steps involve a low-

’ yield'(lO%)-iacthization, catalysed by triflﬁoroacetic‘

Aanhydride; foliowed by cleavage of the O-methyl ethers.
Recently Raphael and coworkers63 have‘repOrtea

the flrst preparation of a nonaromatlc macrollde, (£)- . . =

"pyrenophorln t%os) 'Execution of a series’ of straight-~

forward reactlons led to 105. ébnve;sion of-lOS to o

-~ o~ ~ e~

the\acyl 1m1dazollde feglowed by treatment with'base
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4effected cycllzatlon an 60% y;a d;. glv1ng a l:1 mlxture

- of d1astereoxsomers. After hydrolysrs of the thloketals

- ~ o~

and removal of[the meso product,_(t)-pyrenophorln (106)
iarmmumd h . : | ' L3

Borowitz and ceworkers64 have-ektendea'their

L lnvestlgatlon of the oxldatlve cleavage of v1nyl ethe{%
.luto determlne the feasablllty of the approach towards gen-

b'eratxng the lactone system of methymyc1n. As exempleled

, .by the synthes;s of 7-onundecanolxde (109),65 their pro-

-~ o~

cedure requlres f;rst th( Cc- alkylatlon of a CYCllC ketone

,1w1th a sultable d)functlonal reagent and then ‘the -



HO

107 . 108 109

-~ -~
~ v ~ o~

110 7 % 11la, b c

5% ) ~~~ . BT ~ o~~~

conversxon of the free termlnus qg the. alkyl sxde chaln
‘into a hydroxyl. Ac1d-cata1ysed dehydratlon leads to the
'vinjllether Be51des the capr1c10us nature of the.alkyl-

atlons, the workers found that the dehydratlve cycllzatlon_

of a four- carbon 31de chaln (as in 107) does not proceed .

. well;, Thls is espec1ally true 1f the startlng ketone

- carries subatltuents. Thus ln the case of 110, cycllzatlon

~~

' "occurred to a minor extent" affordlng a mixture of three

isomeric enol ethers, presumed to be llla,h,s " The - authors

~ -~

- concluded that the present synthe91s of cycllc v1ny1 ethers-‘
cannot be applled to the preparatlon of complex macroildes.

&

The most 51gnif1cant work deallng w;th the syn-

thesxs of hlghly substltuted macrolxdes orlglnated from
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hussia.18’66~68 Surprisingly this_work_is quite old, first

started in 1962 and apparently concludéd by 1966. When

the Russian team, headed by Bergel'son and Batrakov, ini-
tiated its study, the only stereochemical information ﬁhown

about methynolide and neomethynolide (partial structure

3} 17¢,d

112) was the dOnflguratlons 45 and 6R. In order to

~~

1l13a-d

establish the stereochemistry at Cé and C3, they dev@loped

a synthe51s of all four dlastereOLsomers of t lactonic

acid 113 in whlch they belleved that the C4— and C6—methyls

~ o~ o~

were cis. Scheme 5 outllnes briefly the route employed

o~

‘A mlxture of meso- and (t)-a,a '-dimethylglutaric acid was
converted tb the anhydrlde from whlch pure meso-a,a'-

‘dimethylglutaric anhydrlde was obtained by fractlonal

‘recrystallization. Acylation of 115 thh 114, prepared

T ome -~

~

from the meso anhydrlde, gave 1ll6. The lactonic ac1d

113 . was obtalned by reduc1ng the ketone group of 116,

-~ o~ -~~~

saponlfylng the esters,'and ac1d1fy1ng. When the carbonYl

T A
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" 66.
, Scheme 5
o
N\
‘ \‘. :Mg+2
of
C,H_00C :
115 £
.,
3
COOC, He
f‘
3
COOCzH5 ——e 113a-d
ll7
N l-‘ “ ) X ‘ . . . .
‘b . : . R . ) %

o

of 116 was hydrogenated over Raney nickel or'chrdmium-

~ o~ o~

nickel catalysts, 113a and 113b resulted: in 10 and 35%

~— o ~ e~~~

yields respectlvely.' On the other ‘hand, lactonlc acid 113c

~ o~~~

(25% yleld) was formed when 116 was reduced with lithium

~ ~ o~

trlethoxyalumlnum hydrlde. Lithium aluminum hydride reducf

tion led to 113d (58% yleld) Bergel'son and Batrakov‘

~

~ o~~~

s¥ated that 1136 was the racemic form of the Djerassi-

© e
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Prelog lactonic acid (+)-32. The identity of the two com-

pounds was based solely on the solution ir spectra of

their corresponding methyl esters, In a' subsequent paper,18b

nmr analysis and degradation studies of 113d convinced the

~ o~~~

Russians that the product had the structure indicated

below.. Accordingly they assigned the configurations 25

113
and 3R to (f)—32 (and'henoe to methymyoin and neomethymy—v
= i ,
cin).
4

As mentioned in Chapter 1, Rickards‘and Smithllé
demonstrated later that the chirality at C, and C5 in the
12-macrolides is in fact the‘reverse. 'Since the chemical
evxdence presentedj%y the Russians. for the relative stereo-

chemistry ofAC2 and C. in 113d is strong,llt appears that

~ o~~~

1134 must not be the racemate of "natural" (+) - 32 In

~ -~

fact a comparlson of the ir spectra of thelr methyl esters,

18a

reproduced in the original artlcle, shows dlfferences

that cannot be attrlbufﬁa‘to solvent effects.' Based on .

the experlmental xnformat;onlavallable,-1t 1s*1mp0881ble'

to decide at precisely which sﬁége they were misled.

-

/ . ) . . o PN
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Nonetheless a general comment can be'made.

In at least two reactlons of Scheme 5, eplmer1~
zation of a methyl group orlglnatlng from the meso anhy-
dride should be considered a possibility. The cataLytic
hydrogenation of }}§ was carrled out in aqueous ethanol
at elevated temperatures (90° and 120°). Under these con-
ditions significant epimerization of the C4-methyl might
have preceded reductlon, partlcularly so if the surfaces

of the catalysts were not neutral. Secondly, eplmerlzatlon

of “the C6-methyl of 117 coulqd have occurred durlng the

~ o~ o~

saponification of the ethyl esters. The dieste! as o
hydrol;ged using potass'um hydrox1de in 80% aquedus ethanol,“
stirred overnight at room temperature and then for three

hours at 45° In a 51m11ar case W1ley et'al 7 heated the.

Jv‘

dllactone 118, derlved from erythromyc1n A, w1th 1.0 M

~ o~
\

aqueous sodlum hydroxide on a steam bath for four hours.

u

It is- apparent now that at least 50% racemlzatlon* of. the

Ce—methyl occurred durlng hydroly51s.

*Thls value was arrlved at by consxderlng optlcal rotatlon
data of various preparatlons of (- )-a—methyllevullnlc
ac1d 2 4- dlnltrophenylhydrazone, reported 1n references 7

and %;d
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, c':H3 clzﬂ3 ‘ (':H3 C'}H3
0 =C-CH-CH ~C=CH-CH-CH,~CH-C= 0
SR |
, O - : 0.
118
ogee SH3' : C':H3 L|'H3', .
- - - ’(«» .
Na .ozcc.;ﬂ CH, CIS?H S
S HO OH
119
\



CHAPTER 5

R AN APPROACH TO THE SYNTHESIS OF METHYMYCIN

7
/A

It has been the aim of the introductory chapters

to demonstrate how lntegrated the chemlstry and properiles

of.all macrolides are. The common stereochemlcal features_*'.

of the‘macrgliae'aqucones are espec1ally interesting.

' ‘Becaus of both the practical'andgﬁhe theoretical interest

macrolide ahtibiotiCSi we were prohpted.to initiéte

Retic study A first successful synthesis might

;ultlmat ly lead to a general scheme for synthesxs whlch,
" through lmple modlflcatlons, would permlt the construc-‘
tion of hughly substituted lactones of varlous rlng sxzes,-

w1th any de51red sequence of substltuent conflgurations.

Such a scheme would no doubt be useful for blochemlcal

"studles of macrolides. Furthermore, certaln portlons of

the scheme would have obvxous lmportance in general syn-
thetic orgaulc chemistry. _

ﬁ/ahe simplest of'the‘multisubstituted macroiides,
methymycxn, was chosen as the goal of our synthes;s.‘ The

work reported in this the81s is concerned with the synthe-

. sis offmethymycin's aglycone fragment, methynolide QRS).

There ere'Several possible approaches to tha'building of

25,
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One méthod involves the construction'of d. poly- -
‘ L .
cycllc system whlch carrles all of the substltuents of

met/ynollde In the latter stages of synthéSis, the key

reactlon becomes the spllttlng of the polycycllc struc—

ture xnto thevmonocycllc twelve-membered lactone.‘ Thxs
X 4
was the approach taken by Borow1tz and associ&teSGé-and-

by Bagll and Immer60 (see Chapter 4) A compound sulted

- ’ ’,
3

for perac1d cleavage mlght resemble 120 _ }AtQOugh oxlda-'-

-

6.g}on of the central double bond mkght be exgected to pro—'

oeed in falrly good yleld, the synthesis of4120 would be

very troublesome. At the present txme t&,gbontrol that
- . \f‘";
chemists have over reactlons 1nvqlv1ng seven—membered

. . .'. i
rings is much less than for snaller ring systems. In,add;-f

tion4 the introduction of the trans double bond by eliﬁinee
tion of HX may not be easy. Other modes of convertihg a

poIYCyclic system to a twelve-membered lactone are .pos-

» -4



" | . SRR Lo ) RO 720 &L
| ‘ 5l .
";i'”” 51b1e Eut in each case constructlon of the necessary pre—

'CUrsor ‘would be exceedlngly dlfflcult Any generallzatlon_

O of a Successful synthesis to-.Other, Yhacrolides would be - 3 e

. _.- ) . o K . "", v . . o ., % ,
1mp0551ble. L ,' e L } "

e e L

- A second approach to the bulldlng of methynollde
is,the.constructlon of the medlum'rlng at early stage,
» 8- . . . by
followed by  the. elaboration of the substitution pattern

' around the ring, ‘The success of such a’strategy.would re;y'

} upon an lntlmate understandlng of the conformatlons of " h.v
. - i‘x PaN : T
twelvé-membered rlngs for any degree and pattern of sub—'

-‘stltutlon._ In unsubstltuted medlum and large chloalkanes,ﬂ‘

\a

the preferred conformatlons seem to- be defermlned largely

CE . s

b, . by the torskpnal angle stralnikpltzer straln) 69 70 “rhe -
tgins conformatlon (i) of skeletal carﬁons andﬁ e leSSv a e
Thoet 0T

07 energetlcally favoured'!auche confbrmatlons (g ) aze shown Aﬂ‘f'

v_~‘ P

RIS below in Newman.prdggsiggn.; Mlnxmlz&tlon of: ﬁitzer straln

ot

® .

determlnes, by and large, the approxrmate shape of the
- [

o, cycloalkane. Con51deratlon of transannular lnteractlons

then'leadS'to sllght dlstortlons,of the‘rlng throughjbond -

3
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angle deformatlons (Baeyer straln) and poss:.ble relaxation

Y

&
“of the mm2 symmetry of the methylene um.ts. ‘I‘he skeletal

ot E g o
. "g"—plane.‘{k The conformatlon lZ-‘*a;ﬁg

RY ,_,,a-cuni:‘orm‘f«:':%A of cy clododecane [(CH ) ] determined by
s 'x ra'y a ,“71 is shown as 121, In the schematlc rep-
A . . ,‘ .‘ . . ~ e,
resehtatlorp of the cyclododecane conformatlon jthe

pf? ons deflne a plane of. methylene unfﬁs in/ the ring

syst The notatlon B or' T 1nd1cates whether each

v )

) of the remalnlnq' rlng mé;hylenes 11.,es above or below the o

N ~4’ )1_- F#"n

o apg.l’"g:es to 451m%1e

derlvatz.ves of. cyclododecane, both in the sol:..;i state \and

:Ln soluta.on. PUnfortunately conforma-tlonal predlctlons 1n

N

the case of hJ.ghly subst:.tuted cyclododecanes 1s m\pos-
sxble at present T |
. " l"‘ ) ) ’ . )

The th:.rd obv:.ous ;route to meth)

2.

; f5.,de .relies

s St .i . i s ' . T & o {,‘ @'\, ‘-5“-"
S ) ‘ - e, -y . AR e ¥ “ o N
T : Co AR '\; L WY A
. : . . C® Y
q :’?.«\'*ﬁ‘\:‘&: e
"J 'w
oy . w. LR SEnTR Ce
SR : !ﬁ‘,"&.
ey . 0 s .a & » O
. . ) .
- - o +
A o < ’ o .
3 o : : . [ = 2N
CW Lo e Y I ’
. '_ o N o N + 6
K ' B
Lo - - s R
Co M b)' o
A - ’
*
= e
L _ .- .
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RIS 1

N EER . - . %,
’1;13.4 & -,, S - ' . . .
& upon the cycllzatlon of an approp;;ately substltuted, L ‘é;&

10ng chain compaund " The formatlon of medlum rxngs* 1s

notorlously dlffhcult? M »Stoll and coworkers72 carrled

- out extenszve work on the lactonlzatlon of w-hydrd‘ycar-qo'

'boxy1lc ac1%s. The host serious compllcatlon arlses from

Wi ) cw=0

S I .
- & [
RS 1 ‘

‘ R o SRR e f.A e
: - 122 " Ozl. S . Ty L o , * . v&‘;‘éﬁ;:, )
P Y B Rt HO-*(CH )a.. CO(€H P _,COOH - . °
S T VL 2n;2m
E vvg§: . . o . SHUEE | v _ ,wv_ . .
P . T R R ;'f; ﬂA,QS‘ 124
1ntermolecﬁlan@condensatlons produc1ng £5Qear stgf%,(g,g,o_.f-
T 4 . . v.‘x
“’ﬂ&%) Sﬁéh& dgflned the.ratxo of ‘the rate con ants for .
- ;ntramolecular r%actlonoand lntermolecular f@h tlon as G‘E“\;ﬁié{"

cycllzatlon constant C. 'Thev”“ ﬁi of C may be ;egarded as ['if

"~ the concehtratlon of 122 at whlch xR\:éholeculag’and‘inﬁe;-m S

'?:2““ _
v

-~

'*The 3123 of medlum flngs is, deflned :2/;fom 8-t0‘12'f 7_,"_f17

Some workers now prefeﬁ to classxfy twelve-membered

-

o system as a large rxng.- S ;-j_ff_»‘.{ °-”.;'

R



9?’{ac§ones are bnly’obta;ned under hlgh dllutlonwcon

¢

_rcausé‘uge yxelds of med;um.rlngs to. be lower ‘than those

”46

-‘5

5.

molecular reactions are equally probable. ,Figore.Sosum-

marizes Stoll's results as

Figure 5: Dependence of the - ¢

73
B Y

--*r.ed by Slsxﬂo.

yclization Constant (C)

upon the Size (n) of the Lactone "

%
N 16 g
1 . .
: : 12
. "m “
R -
E. 1L
T h 8
_:‘ <M' ) " .
. I .
wooS 0 F
. 6.
B AT

°

.»4 Qv ‘

N

S I

. tlon‘of Flghre 5 reveals that good ylelds of the medaum

dlsifns.

wFog synthetlc workJsuch cOndltlons may be lmpractlcal

R

The followlng brlef dlscu551on deals w1th the factors that P

-

mxty to each other.,

mechan;stxc detalls of the cycllzatlon process, the ease

R

€

. ’sented.n refer 69’ and 70 . \ -
.ﬁ.. ' allphﬂtlc chaln, X~(CH ) »Y, gfan. cycllze
. "’ 3\ R

-

Consequently,’1rrespect1ve of the.:,-l‘

l only JE the ends of the chaln are in close Spac1al prOXL-

B4

‘,’;of small or larg Zlngs.' A more extensmve revxew 1s Apre—_

An inspec-
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of rlng formatlon depends largely upon the probablllty :

_that the two ends approach each other 1n a way conducxve

.‘:,to reactlon - Slnce this probablllty is much less for a-.
chaln of twenty four carbons than for one of only sxx car-
| .'bons,s it mlght be eXpected that‘ the" fac111ty of cycl:.za—
. tJ.cmvwould decrease in. 'a gradual manner as. the slze of 3 '
.‘th 1ng (CH ) formed J.n’creases from n= 5 6 7 1nto the o .
-~ %

-~

the tot'a.l ring straln in, (CHZ)n To. obtaln a qualltatlve - e

. . . B ‘.
plcture of rlnq straln, the dlamond lattlce has proved a CT
Y 3 “useful modei 6%9a,c, 70 - Qa' | 'n S o . R ¥

. ey

"' .hlgher--analoguesi. The yle‘!’ds however are also affected by

} m :
TN .;Q" o - LE a parﬁlﬁlﬁar rlng can be sufpe“rlmposed on the
=T - Qu"'
% _
o, d;ambnd ?zattlce such- that- all rJ.ng carbOns lJ.e on lattl. &,

. , .- B e . . ‘_
ot poz.nts, theA‘l the resultmg con%’ormafglon of the rlng 1s

free of Baeyer straln Pltzer straln “ of course Stlll

: S SR
. present but the dlamond lattlce llmmts carbon-carbon

tors.l.1al mteract:.’c;ns to ﬁ)e gauche (9_ ) an:Xpure-;_ trans E / ,

a rlng,

e
'%ﬁ@(t); _Of the pos‘sxble lattlce conformatlons £
WA ‘ e
only thdse W.Lth the mlnlmum -number of_ gauche lrsteractlons Coe e

‘are cons:.dered and o§ t‘xese", some cair'be .meﬂedlately dis-

arded becaixSe of J.ntolerab‘l}t/ransannular repulsxons [e g {

COnformatJ.on ((,%2 10 <A for cyclodecane,,}ZS‘] For cyclo—. “ .

) tetradecane and all larger, even rJ.ngs [(CH?_)2 mz?] '

._’:‘:.,"v ‘»v i’ '1"“ R ﬂ¢._’: ‘\‘,.“
attlce conformatlons are p sg‘%le in th.ch two zlg-zag ' .
chalns are- 11nked at. the:l.r ends by brldges, each of two or

- A



Th% e' i-ln &nare regprded;' £hen as "sfra‘{n* free "o ‘

" ~L',/ebhyiene,;b"_%§ k

matlon (CH )
,/k

- N YA ‘
R T ° + o 4 .
." 3 ) L . R ‘. ’
+ . .A.v . 0. o »?
N . L
St o + .aq o
3 . L o 1m * A
(CH ) o o PR N
) 1g7R o N ean
125 oW R T
R , 3‘39 ‘ SRR - -
e . . Q . ¥ 1.. -
more e‘thylene unit‘s. Jn these ’cases, transarmular repul—- ﬁ
. K : ,,b"’
sion >

., as well as Baeyer a@ F.Ltzer stralns, are small. o

3‘ . T . . “" R
4..' By

For -even glhgs between cyclohexane and cyclo-

T . &

tradecane, two zig zag chalns ca,n be \joined only by one-

/ . ‘ iR . “.

. 'I‘he ‘resuits ean be geen in ”the confor-

B fdr cyclode@a?h Very strd'hg xepuls&:n.onswr o

f S ;'H' : .9 T w
Ho 0 H S o -~ +. o .
o+ - s T
o - ¥ o :
R T (Cﬁz’lo | S R
S R e T o
] . . . L ’ ~ -.'. . Q,», . . { - . - . -'-".l

between the hydrOgens H ," 3 and H i No n{ere fav- a7




© 78,

'-w1den1ng'of all internal bond angles.u In this‘distorted
ST 1att1ce conformatlon (t’:l—l:‘,)lo c,- the brldging angle (a) .

L ~has been inséreased to ll9° and the separation of protons .
. A ‘v r B

H, . and H has, been extended to appro:umately 1. 85 A, still '

§
much shorter than th,e van dﬁr Waals separation of 2.4 A.
A RO C
eﬂ‘he sequence of téns and gauche 1ntera§tions is unaffected

The cohclusu%sn J.S reached tr}at cyclodecane 1s highly ,
o o ) . i ) L oo L8 .- . r& > . .
. . s&rﬁned . . '-,.' ,“_ . R ‘.f\ R vo ‘:é ‘P . i ' .,‘{ ‘ » ‘ .-‘ ' -. ”._ ) ,;' ‘

. v'
d’;

T

cycl'ododecane has a most favoured iattice c0n- "
L i - ;

..»_4”‘ ﬁ“..,» '-.

- ! 70
u~~rmation (CHz)%z -8, which‘ is s‘imilar to (CHZ) In

this c:ase; the WO" a@ditional methylene groups give cyclo-ﬂ‘ "

*

dodecane sufficrem; flexiBilJ,ty to’ aséume_ the fo latt:we@;
| . conformagy.on («CH2 j-A“a(l2l), in which the t\:ro zig-zag '

* s
‘)b :
¢

;;.'

.’?bﬂz?lz's

R N R S

s 7

.-

.

- chai'ns‘ are j'oi‘n'edﬂ b ' two"—carhonf bridges, thus "greatly o

- .vf'relievmg* transannular strain. Since (CH. lz-A‘cannot ‘
‘:.gven ap\rOximately be plaoed on- the diamond lattice, the
':’.'_'conformation contains sign-ificant Baeyer strain. On the

. LT e A .. . ) - . .. -, . A P
. . Do Clle X i .. . L . N . - S 3
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other hani, .Mz 12 ~A has no ecllEsed carbon pan:s and has as

'few gauche lnteractlons as (CH2)12‘ - On the basis of the

mu¢h smaller 1ntramolecular repu lons in (CH )ﬁz‘A com-

. pa:ed.to (CHz)lowc, cyclododecane would be expectéd to be
the less stralned o |
| | No cycloalkene wzth an odd number of methylene 5
SV .groupslcan be'eue:i:mposed on the. dlamond lattlce.79. None ¥

‘therefore is - stnatn free"‘ As the 51ze of-the ring

'_1ncrehses though, the straln energy per methylene subunlt.’

becomes less.:' ~‘_.' ' :‘“"
o :
Fiqure“6: emical Strain. in Cycloalkanes (CH2)
) - , o H"’*- " . . )
‘ Sy , T I .
< ‘ ® m s :
.‘. . '.8 N .
E . ) 10 . o
o | CE T ¢
S e '
S SRS ST
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. R ] & o . Co. N X . . .
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ment to. polymethylene chains, usxng Flory s gauche trans .

80.

The above discussion of ring strain-explains
qualitatlvely.thewexperimental'results depicted in Figure
6.69b‘ . - . .

Because of the gt{:ln“inherent in the medium
rings, the ends of a polymet.ylEne chain, X-(CHZ) |

n= 8,...,12 cannot ‘lie close to each other w1tnout tpé
[ S

chaln experiencing Baeyer straln and’ perhaps 1ntramol ular

LW

-

w7

X-GCHZWY — (CHz)n

-
A

. . . - i . i % ." . .
repustons The amount of straln assumed by the chain prior

n

to cyclization depends upon the size o? the rlng belng

-

'ﬂ formed. For lopger chalns (n>12), the strain is much less.

'As implied in Figure 6, experlmental results show that

nine- ten-, and eleven—carbon chains are the most reluc— *

k-

tant to close (cf Flgure s) Also, ln the large rlngs

'the greater straln of thevodd—carbon menbers parallels

74 -

- their somewhat ld%er ylelds from-cycllzatlon proeesses..

7y

& .
Recently SlSldO applled a statlstlcal treat-

H

3
and successfully reproduced

rqtatlonal lsomer model,'5

‘b6th the salient features of FZbee 5 and ﬁhe alternatlng

hlgh low yields from the cycli
W

ion of even- and odd—

a
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- & 81,
A}

L'.

Althohgh the yLelds of medlum rlngs from cycllza—

,tlon procedures are usually low,'we felt that a highly sub-

A
i

stltuted chaln in the°methynollde synthe31s mxght be more
conducmve to cycllzatlon than Stoll s unbranched hydr0xy
ac1ds The energetlcally most favourable conformatlon of -
the difgnctlonal polymethylene chaln x-(CHz)n—Y~15 the

>(£ t, E».:.) orbzig—zag ‘However fof confofmationé suiﬁabie-
cfor rlng closure, the chaln must bend at several p01nts,.
-g1v1ng»rlse'to gauche lnteractlons. Flory a§91gned to a

g
,g ,t sequence an energy 500 cal/mble hlgher than the

%]

-ttt pattern. Now 'the.pol hylene chaln contalns

AT bne'or more branCne'

ezag form 128 ‘and. the"COﬂfotmatlon 129, are equally anely

-~ ~ e~

~

o Hence the probabxllty of kinks in’ the chaln is. greater,r

"1 129 o e

Ry . R 2

. o - K .
s thereby enhanc;ng the chances of. 1ntramolecu1ar reactlon.‘-'

-

~.

-f}f - I s bx@bflmental results bear thlS out. Blomqulstk

\ and coworkera,6 found thab, whereas the acyloxn condensa* :
tlon of dlmethyl azelate (130) produces 2-hydroxycyclonona-4

~ o~

._ none (131) in 35 40% yxeld dimethyl 6—methyla£hla§e.(}§g)i.
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~'-tent"3£"84%-.-‘ In another example, Z,J,egler cEcllzatlon

*

.

cyclizes in 60% yield MoreGVef, aietﬁyl.d G-dimethylaze-

late (133), in- th.ch ‘the probablllty of a k:Lnk is further

~

.‘ increased, leads to a 66-70% yleld of - the correspondlng

~ o~ o~

""'azeloin.. The tetramethylazelate 134 cycllzes to the ex-—

77 e

LI PERS

: heptane proceeds 1n only 30% yleld Q pair of dlastereo—--

1somer1c, polysuhwiltuted chan.ns, which exhibit remarkable

dJ‘fferences towards 1ntramolec&la@%etfon, ‘has’ begn L
. — '

L " - 82.

.. lﬁ' -

);4 B

of 135 goes quantltatlvely. . R:Lng closu’re A"?-dlcyano—"..-,‘ '
. ~ ‘;) r

L,



.

Stated:that the tetradepsipeptide D,D, D,D-137 affords only

8.

reported.. In a brief communication Russian work'efs78

~ o~

C .

. ‘ . : ' ».‘ & .. '- “’A S .
.an 8% ylefd of the correspondlng cyélotetradepSLpeptlde}

Thlrteen percent of the cyclec d;ger xq also fowmed. mIn
cdhtrast” the 'L, g ELD lsomer glves cyclotetradep51pept1de
e T T T .

“in 70% yleld as’the sole product. '%W‘ e o

S

Consxderlng the above evidence,_lt wa

w

that a hlghly SUbStltthdgallphatlc precursor to’ methynol-'

' 1de would cycllze w1th equally as remarkable fac111ty “ ‘.

Any potential structural lnstablllty in methynol-‘-
- & ﬁ . .
ide- (ZSY\must be -assessed. . One" of the most strlklng £e4r~ ‘oY
\ ¢ . LY -

tures is the y (tertlary hydroxy)-a B—unsaturated ketoneﬁj. B .
Thls\group;ng can'be regarded nera simply'as an extenSLOn :

“of an a-(tertlary hydroxy)ketone which should be qu1te o .;* .
stable. to both'aCLds and bases. The stability of the lac-
tone llnkhge towards hyd&olysis is difflcult to judge.. 'In,,;
thls qonnectlon however, the saponlficatxon of cycloundec&3'p -‘F

* -, .
. .o . .y
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[ . . “

nolide (138) wlth sodlum hydroxide in aqueous "dioxane at

-~~~
E

. 0° is slow, the rate eqnstant_berng comparable Wlth that of
a simple ester.v’ _Thé g-hydroxy ester grouping should sur-

N

-

9 F] .

@
e : "!“ o T e o o
ST LR S . . . . . T
A o : : 138« 'n-butyl hexanoate
v "k' :} . [ . . . . . N . e . ) . o . ‘: .
gg r). v, e . . . . kz‘xl% 4 . . 3 . 3 e ) 'I. 8 . 4“;‘.~¢ N
- o, (1 sec Trmole 7)) E e

Ve M1ld\acid ang baﬁe, partlcularly s0 sxnce ho reason—.

_ conformatlon of methynollde allows an antl-perlplanar

. e, .

's;relatgapshlp of the hy&‘oxyl and the a-proton. Unfbrtun7
‘ g

&'ately such 1nsenszt¢vrty towards experlmehtal condltlonsi

L >

g llkely notrextendlble to the conflguratlbn of the C6‘ \i’ @

i

“ meﬁhyl groug ThlS weakness in methynollde necessmtates,‘

'“ethe use of'a cyclizetlon prOcedure that can be periormed
o &

'1under pon-enollzlng condltlons.’ We belleve that Qyo :

'methods for. rlng formatlon offer spec;&l prOM1se.

- ) r-}hr- - . R . 2 .

AR Type A ngg Closure

= .
The fzrst appxoach lnvolvea the rntramolecular
3 T

»_condensatlon of a. carboxy group at Cl wrth a Cllhhydroxyl

(or 1ts equivalent) Two possrble imﬂedlate precursors



m o ) . " v |
(139 & &40) to the rlng are shown below. Ring formation
~ - ~~ . T
o
[
2. f-’;‘?p} 1397, B g 1ao. 3
‘. ' ’-‘..‘."‘ ».4:&.,- R ., ' - _.\ ‘ . ~ N A
l”froinf ay proceeé witth - 6r ﬁlthout the assxstance of a
5LeWis acid.. W1th care, a Lewxs acid should not epimerlze
o the Ce—methyl ‘ '557‘ o __.” e °Jf P
H L 'u‘,Q . . ) "‘“J
Type: B Ring Closure ' ¢f ,qj- S E,{f R ‘@ﬂ A
AL'K\ . as the alternatlve method a Wittig reqctlon-ls ﬁ

'employed to generate the ungaturated ketone moaetys The

carbonyl stablllzed phoSphorane 141 is a neutral substrate 5

~

-‘conflguratlon.' C
A 3

S Unfortunatély ouf lrmited supply of methymycrn o
prevented us. from degrading metyynolrde tovcompounds 139,

~~~

140, @nd 141 whxch could have been used to test the feesx- .

~~~.~. ~

brllty of the two approaches‘ Therefore model compounds i

: were examlned 1n their~p1ace. ‘The %esulte of these stu-

" .

dies constxtute the body of the folloulng iﬁepter;;,-fe37

w”u' P
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| Racémic Djerassi:Prelog lactbnic acid (t)-gg
'éppééred to be-an.ideal;iﬁtefmediate ip'the syntﬁeéis.
Not only wouldﬂﬁhe §u¢céssful breparation ofA§%;compigte :
the.right—hand portion of'the cyclization precursor but.
.the chemically'noﬁ-équivaledt:cafboxylgroups, a free acia' 
and a é-lactone, should allow fixture df:the sippiet_lefte
hand pbrﬁibn.spécifiéally ﬁq either groub; fhus m;kihg
the lacﬁonic'acid‘adaptable'to Both fing-fbrmation‘pféééa—
ureé. Inlgddition, thé correctness of thé‘felatiﬁe stéreo?
chemistry in the sfhthetic lactonic aCid.could be-eésily |
checked by compariné it with the "nétural"‘(+)-ég;. S
In conclhsion'the overall scheme involves:
(1) the synthesis of (t)—§g, (2) ;he constructionfof'a
suitable left—hand'fragment of methynolide, and (3) the

condensation of both parts followed by cyclization.



87.

N

CHAPTER 6

CYCLIZATION PROCEDURES TO FORM

TWELVE-MEMBERED RINGS

"

The extensive studies carried out by Stcll and

associates72 on the lactoni2ation of'w-hydroxycarboxylic

iﬁdds weﬁe;accepted-as a suitable model study for Type A

ring closure. This chapter therefore describes the results:

of a study ¢oncerned with thezpracticelity7of én’intfamo%—

ecuiaf Wittig reaction (Type B ring closure) to geneﬁéte'

- the twelve-membered ring of methynolide. |
Stablllzed trlphenylphosphoranes, such as the'

acylmethylenetrlphenylphosphorane }5} -rpeact readlly with
80

aldehydes. _ Because of the reduced electrophlllc naturef

of the carbonyl carbon, analogous reactlons with ketones

'take place only under forcing condltlons. It seems reason—;

able to expect that sterically bulky groups adjacent to an
aldehyde would also impede condensation. It was.therefore
impottant to show that an aldehyde group thét carries a

“fully substituted a-carbon, similar to- the situation pre-
A .

sent in 141 is sufficiently reactive to undergo.a Wittig

-~~~

neactlon w1th an . acylmethylenetrlphenylphosphorane.

Compound 145 was selected as a suitable Wlttlg

~ o~

reagent for testing the above reaction. The intermediate

o

<3
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phosphonium bromide 15la proved easy .to prepare using \
O ?R" ?Rn } O
95P =CH8R + R';C-CHO —> R 2c:cn-::-cn!:'!'@.
142 143 : 144

.~ —~ o~ . ~ o~ ~

classical methods. . Treatment of 4-phenylbutanoic ‘acid

. | | 1

~ with thionyl chloride in the presence of a catalytic amount

of N,N—dimethylformamide81 afforded the acid chloride 147

~ o~

-~ o~

in excellent yield. The slow addition of 147 to an ether-
eél sélution containing an excess of diazomethane gave the

corresponding»diazoketone 148 and minimized the chance of

-

obtaining significant'amognts of 150 as a by4R£Qggct.

Without physical characterization the yellow diazoketone
. ‘ ' (o

was decomposed with 48% aqueous hydrobromic acid. The

resulting crude bromomethyl ketone 149 was obtained in an -

~ o~ .

overall yield of 87% from 146. The nmr spectrum (CDClj,)

I

~ .~ .

of 149 indicated the bresence of somé impurityt‘ Whereas

the -CO-CH,-Br protons resonate at 1t 6.25 as a sharp sing-

2

let, there was a second, small singlet at 1 6.07. The

‘chemical shift (A1=0.18) between these two values corres-

[}
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146 S o 147
o _ 0
CH"X D cmz
149: X=Br ‘148
150: X=Cl

l o . . | |
@__'\-—)—.CH7P¢;, X e 145
B o _»‘ . ' ‘ : v

ponds well with ihevchemical shift between the,;:ihylene..
protons of a-bromoacetoneaz‘(heat, T 5.86) agd'of a-chloro-
.‘acetone (neat, 1 5.68). On the assumption therefore that
the impdrity isb}ég, it was not expected that its presence
(ca. 14%) wgpld affect the final &ield o%bphosphonium

salt. Stirring a benzene<soiution'of haldmethyl ketones

149 and 150 and an equimolar amount of triphenylphosphine

L~~~ -~~~

'producedvlSIa (and(pfesumablyhlslb) as a heavy white pré;

~ o~ ~

cipitate, isolated in 65% yield after recrystallization.
|}

Treatment of the salts with aqueous poﬁassium carbonate
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generated the de51red phosphorane 145
If this sequence to.convert a carboxylic ac1d 1nto
an acylmethylenetrlphenylphosphorane is to be appllcable

in the synthe31s of 141, then certaln llmltatlons become“

._'apparent The pP-C bond in ph05phoranes and phosphonlum

salts 1is sen51t1ve to certain common organlc reagents.
Furthermore, purlflcatlon presents another problem Alﬁ‘
though both types of phosphorus compounds can be chroméi.
tographed on the standard adsorbants, thelr purlflcatlon
by this method may not be feasible. For 1nstance, the
dipole moment of the phosphorus-bromlde bond would llkely
domlnate in the. molecular dlpole moment of an organxc_.
_phosphonium bromlde and therefore would llkely be chlefly
'responsible for the behav1our of the salt on various chro-
‘matographic media. The separation by thls.means of two
phosphonium salts, one the desired product and the:other
a byfproduct,bmight then not be possible. For these two
reasons the phosphorus group would have to.be introduced
during the last steps leading to lfl. The bromcmethyl
ketone moiety is stable in neutral and mildly acidic media
~and to certain oxidation conditions but its:reactivity
towards nucleophlllc reagents suggests that this func-

tional group also mud* be generated nedt the -end of the

synthesxs. As a consequence, the conversion of 152 to

. T '2'
141- must be performed under condltlons as neutral .as pos-

~ o~ o~
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o .
¢ P
3 ,.CH3
Oramsa————
,+CH
3
152 141

~ e~y

51ble in order to- protect the stereochemical 1ntegr1ty of

the substrate-(g,g. the C6-methy1) and to prevent altera—
- -

‘tion of functional groups.

' Appropriate modifications in the experimental

N “

procedure used ln the transformatron of 146 to 145 should’

make the reaction sequence suitable*for the methynollde

preparatlon. For example, the most severe step, prepara—

tion of thepacid chloride 147, may be solved by using Lee's

~ o~ .~

'combihation of triphenylphosphine and carbon‘tetraohlor-

ide®3 in the place of thionyl chloride. Although perfectly

neutral the reaction is not always dependable. we have
promising results that this transformation may be carried s
out satisfactorily employinaloxalyl chloride. When benz-

OCOCH

!

153 x=0H, o Li* .y

~ -~ .
(PR A

S

A
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oic acid, in the presence of an equimolar amount of the
ac1d sensitive tertlary allyllc acetate l?%, was treated
wlth excess oxalyl chlorlde in benzene, oply a trace
(glpc analysis; UCW- -98) of 153 remaléid in the crude pro-

-~~~

duct. Treatment of a mixture of 153 and llthlum'benzoate

~ o~

‘with oxalyl chloride led to much improved results. Never-
ﬂ'theless,.still gg.'15—20% decompoeition of the allylic
acetate hadfoccurred Howeéer'by addiné a drop of pyri-
dine to the mixture- of l§§ and llhhlum benzoate, oxalyl
chloride praduced benzoyl chloride in quantitative yleld
with no detectable decomposxtlon of the acetate.

The aldehyde group in 141 poses 51m11ar problems.
The general iﬁstability of aldehydes necessitates masking
the group untll near the end of the synthesis of methynol-
ide. Again a neutral method to free the aldehyde is
‘needed. To gain insight into the problem, several routes
to aldehydes have been examined.

To initiate the study, x-acetoxyisobutyralde-
hyde (154) was chosen for substrate 143; Employing a
reaction developed by Corey and Seebach,84 acetone was
condensed with the lithium derlvatlve l55 of 1,3-dithiane.
.Isopropenyl acetate, in the presence of R—toluenesulphonic
.acid, smoothly converted the resulting alcohol l§§ to its

acetate (157). The least satisfactory step in the synthe-

sis was the hydrolysis of the thioacetal. Numerous meth-
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S::: 1,C 5i:>

o+ - . 3

acetone + L1 H-{\.— ‘ e ——

( | S - e s—/
v OH

155

-~

156

S
H4C H,
H,C ‘ f3 S :
OCOCH3
154 157

~ o~

od585’86'87.were available to eccomplish this process. Of
these, mercuric chloride and cadmiuﬁ-carbonate promised
exceptionally mild hydrolytic conditions. With these two
reagents, improved yields for hydrolysis have been reported
by substitutin§.gcetonit;@le or methanol for :Zetone, the
usual solvent. 87 However because we suspected that the

volatility of 154 mlght make work-up awkward, the hydroly-

sis of 157 was attempted using the lower-boiling acetone

\!
as solvent. Even so, the volatlllty of 154 compllcated

and'prolonged its 1solat10n. Nevertheless, extended
heating of a mlxture of 157, mercurlc chloride, and freshly
prepared cadmium carbonate afforded the desired product

in-ca. 40% yield. An appreciable amount of starting

material was recovered and some decomposition of the
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aldehyde had apparently oceurred during the long reaction
time and work-up. For the preparation of "an aldehyde group
in a nenvolatile methynolide precursor, this complication
may be reduced by using acetonitrile as solvent. Certainly
the work-up procedure would be much more straightforward.

A second aldehyde synthesis was next examined,
based on more traditional reactions. This work was directed

towards the more managéable aldehyde 159. The acetylation

, CHO
O_ CX
OH - OCOCH,, OCOCH,

158 : 153 ) 159

-~~~ -~~~ ~ ~

of l-vinylcyclohexahol, obtained in good yield frqm the
'Grignard reaction of cycléhexanone and vinylmagnesium chlor-
ide,88 proved troublesome. A procedgre analogous to the
acetylation.of }?9 gave the desired acetate }?3 in 50%

yield along with one major and one minor by-product (ca.
20-30% total impurity). ﬂThe nmr spectrum of the main by-
product suggested a mixture of diene isomers. Acetylation
~of the-.lithium salt of 158 with either acetyl chloride or

~ o~

acetic anhydride was incomplete and 153 Jas accompanied
by dienic products. However satisfactory results were
obtained when l—vinylcyclohexanol was added sufficiently .

slowly to a heated, dilute solution (0.002-0.003 M) of p-



“95.
u/' ’

toluenesulphonic acid in isopropenyl acetate soO as io

maintain low concentrations (0.08-0. 008 M) g%’dlcohol in

[ ISR

the reaction mixture. The produék.risolaS$‘J§*%83% ‘vield,

contained less than 5% of FFeJStartlmgrm%ﬁerm and by-
- z ol N \‘ ‘ .

products. Ozonolysis of 153, followedﬁﬁqugductlon with

-~~~

dimethylsulphide, &’ gave 13? 1n“33% y1eid.

The Wittig reaction of 145 and 159 proceeded at

~ o~ ~ o~~~

a convenient rate at 90-100°. The desired product (160)

-~ o~ -~

[ 4
was isolated in 71% yield. As expected, the nmr spectrum

160
o L 2

of 180 showed no evidence of the cis isomer. It was gra-

~ o~

tifying to find that apparently little of the aldehyde

decomposed during the reaction.

.

With this initial encouragement, we next wished
t§ assess the practicality of using an intramolecular
Wittig reaction to generate medium rings. The simplest
test reaction is shown below. The generation of lel wduld
have to be carried out at high dilution to minimize intef-
molecular processes. Two independent syntheses of }é% are

reported here. The prime difference between the two

~rfoutes is the manner in which the aldehyde moiety was
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O
0O
"
OHC (CH?) 9CCH —P(ﬁ3 —lp
161 162
formed. Both reactions, reduction of a thiol ester with

4 .
deactivated Raney nickel and Collins' oxidation of a pri-

mary alcohol, are essentially neutral.

Route 1
' .90 o«
In 1946 Wolfrom and Karabinos’ reforted that
thiol esters could be reduced successfully to aldehydes
by refluxing the ester in aqueous ethanol in the presence

of W-2 Raney nickel (prepared by Mozingo's proceduregl).

l .
RCSR' + Ra-Ni (H2) ————3 RCHO + R'H

Wolfrom develope: the reaction with the intent to provide
an alternative method for preparing aldehydo carbohydrates,
normallf synthesized by the hydrolysis of the correspond-
ing thioacetais. Although only modest yields of aldehydo

sugars were obtained, the reduction gave good results with

92

simpler substrates. Later work by Spero et al. showed

that Wolfrom's procedure often led to only trace amounts

~



» 97.

of aldehydes because of over-reduction to alcohols. They
were able to circumvent this problem by fifst deactivating
the catalyst in boiling acstone. With this modification a
good conversion of 163 to diformoxycpolané} (}gf) was real-

R

ized. Very little use has since been made of this reac-
tion.

H3C

HCOO ey

HCOO
163 164

~~ o~ ~ -~

of ;nterest to us howéver was a report by
Bestmann and coworkers93 in 1966, in which they announced
a new bishomologation sequence. When S-ethyl'dodecane—
thioate (}9?) was reduced with W-1 Raney nickel fnot pre-
viously deactivated) in the presence of carbomethoxymethyl-
enetriphenylphosphorane (}gg), the generated aldehyde was
trapped as ;§Z by a Wittig condensation.*' Subsegquent
hydrogenation and saponification gave a 65% overall yield

of tetrqdecanoic acid. By analogy, 168 was chosen as the

starting materialrfor the model cyclization experiment.

*partial hyd:ogenation of the new double bond also

occurred.
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-

O -

0
- . ' A , T } . .
VLH3(CH2)1°CSC2H5 + ¢3P-CHCOCH3 ———)-CH3(CH2)10CHICHQ%FH3

-

165 . ' 166 - " 167
0 0 ' i
L« . . " 3 le ‘A ‘t e
‘ _ 6 ;P = CHC (CH,) gCSC, H .
' 168 - '

> ) ~~~

Before attempting the synthesxs of 168, some

-~~~

/’ 51mple experiments were performed to establlsh reactlon

»

condltlons and to ga1n experlence w1th Raney nickel cata--

lysts. We founa that. S-ethyl heptanethloate (16;}\}n 20%

~ o~

aqueous dioxane at 60° wis smoothlx'and cleanly converted~¢

k]

to heptana%,(75% yield) by ﬁartialiy"déactivated W-1 Raney

nickel. Extended reaction times gave lower yields of the

‘aldehyde and small amounts of heptanol. In anhydrqus sol— mw“

vent the yield of heptanal dramatlcalyy dropped to 35%.
At a reaction temperature of 90$,goV¢rfreductlon begame j

a problem. We also observed that the rate of reduction.

was not reproducible from one batch of catalyst to anothe#.
However the yield of heptanal was. | o we T

It was likely that .the acylmethylenet:iphenYI-

phosphorane group of 168 would be stable to warm (60°) .

-~ o~

aqueous dioxane. To hydrolyse such a phosphdrané normally

G- v ‘4 . . R . . ’ >
)

3
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)

' ' CHO
CH3(CH2)5CSC2H5 :f————4> CH3(CH2)5
| - 169 1 ' 170 .
- . }N'"«' . O
boiling.aqueous.alkali is needed. Nevertheless,'the pos-

Slblllty was examined by heatlng at 60° a 20%”aqueous

5dloxane solution contalnlng acetylmethylenetrlphenylphos-

-phorane (171) and an excess of heptanal The low: initial

~ o~ ~ ~a

0 | SR . 0
i | | e W
‘ ®-3P.+CHCCH3 + CH3 (CHZ) SCHO —'——-'» CH3 (CHZ) SCH“"‘-CHCCHB‘
171 S R N £

c0ncentrat10ns of reactants caused the complete reactlon

_of 171 to requlre approxlmately 20 hours. Glpc analysrs -

A o~

(UCW-98) lndlcated that trans -2-0x0~3~-decene (172) was

~ o~

‘formed in 90% yleld The trans conflguratlon of the

double bond was concluded on the ‘basis of the nmr Spectrum

/

of the preduct. The preparatlon of 171 had been reported

preV1ously 94‘ As a folloWﬁup eXperlment an aqUEOUS‘leXf

ane solution,of equimolar quantities of 171 and the. tthl

~ o~ -~

ester 169 was treated w1th partlally deactlvated W~ 1 Raney

-~~~

nickellat 60°. After-flve hours the solution was flltered‘
‘ \ ) . -
'from~theACatalyst and then heated to reflux. lThe yleld

- -~

of 172 was ca. 50%. Not' all of the heptanal formed‘reacted,

&
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*
£
; , o} ‘ A\
l )

~ o~

169 171

~ ~ o~~~

even after extended heating. .This can be explained if_the

' surface of the nickel catalyst had been somewhat basic

(i.e. basic enough to have caused partia1~hydroiysis of

171). Onhthe whole though, we Werelencouraged by these

o~~~

flndlngs to proceed with the synthe51s of 168.

~ o~ o~

The sequence of chemical reac ons, whlch is
9

L 4

: summarized in Scheme 6, led to the desxred compound with-

- out dlfflculty. Ethyi hydrogen adipate (173), prepared:

L e~

,from adlplc ac1d, was converted to its acid chleride 174

-~

whlch ‘was ln ‘turh transformed follow1ng reported proced—*-

ures,g,5 into undecanedroxc ac1d (175) : Treatment of the."

~ o~ o~

d1a01d chloride 176 with one mole equlvalent of ethane—

~

g tthl gave, after agueous work-up and chromatography,.177
in 32%-y1eld- By the . same sequence of reactlons used pre—

v1ously for the synthe51s of 145, the carboxy group of

~ i~

177 was transformed via the acid chlorlde and the dlazo—’

~ o~

'ketone into 180 The nmr spectrum of 180 suggested the

L~~~ ~ o~

‘presence. of approxxmately 6% of the- a-chloromethyl ketone

- 181. Reactlon of the bromo ketone w1th trlphenylphosphlne

C e A

in benzene and chromatography of the crude product on:
M
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C,Hg0C (CTip) (COH ——>  C,HgOC (CH,) 4CCl
173 118
\
o . O o . o
S o o N
1 (CH,) (CC1  .<—— . HOCI(CH,)4COH
176 s
0 : ' o) o)
PR .|| : N - ] o
C,HSC (CHy) o COH —_— -CZHSSC(CH2)9'CC.1'
a7 178
. o - . ol o
o 0 | | NI DS
| CoHgSC (CHy) CCH X | C,HgSC (CH,) gCCHN,
180: x=Br " 179 v
181: x=Cl | |
o - 0
g shcn) acu.pe.t, BrT ——> 168
CoHSC (CH,) CCHPO ™, BT _ — 168

182

~ o~ o~
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silicic ac1d gave pure phosphonium bromide 182. The over-

~ o~~~

'all yleld from 177 to 182 was 66%. A small amount of a

~ o~ o~ L~

second compound was 1solated ‘during the chromatography of

182. On, the basis of 1ts nmr and ir spectra, structure

~ o~

~ o~

0]

| ]
.QZHSSC(CH2)9CCH3

183

POV

shows the absence of aromatic protons, the presence of the
‘—ethyl thioate group, ‘and a 51nglet at 1t 7.87. Integra—

tion is consistent with 183.- The ir 5pectrum (CHCl ) con-

talns two carbonyl stretchlng absorptlons at ‘1707 cm l'and

1678 cm l, attrlbutable to the methyl ketone and to the

/
'thlol ester respectively. In addltlon there 1s a medium

~

absorption at 1355 cm™t ‘which is absent in both 180 and

~ o~

182. - The wavenumber agrees well with that expected for

~ o~

the characteristic CH3 deformatlon band of methyl ketones.

‘Since 183 was present in the crude phosphonlum bromide’

-~ -~

before chromatography, 1t is not clear to us how 183 was g

~

-‘formed Removal of the ac1d1c proton in 182 was accom-.

P

plished by addlng one equlvalent of n—butylllthlum to a

benzene solutlon of 182 A mercaptan smell was detected’

~ o~

‘_durlng the reactlon, suggestlng that the thlol ester group,

' ehad been partlallyudestroyed by.loca;, hlgh concentratlons

LS

183 1is assrgned to the by-product. . The hmr spectrum (CDCl )
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’of n-butyllithium formed during the addition of the base.

The nmr spectrum’ (CDCl ) of the crude phosphorane 168

-~

showed a small, distorted and poorly defined triplet in
the region 1 9.0-9.2. This region was clear in the nmr

spectra of 180 and 182. The maximum amount of n-butyl-

-~~~ ~

containing lmpurlty in 168 was estlmated as 20%. Crystal-v

~ o~

lization of 168 could not be 1nduced further attempts

~ o~ o~

>‘ to purify the compound were not pursued.

The cyclization experiment was carried out in
the following manner. The activity of a fresh'batch of -
W-1 Raney nlckel was standardlzedsusrng S—ethyl heptane-

thioate (169). Thus a 0. 0l M solutlon of 169 in 20%

-~~~ ~ o~

aqueous dioxane was reduced with partially deactlvated
Raney nlckel to heptanal in 75% yield after five hours
stirring at-60°.4 A 0. 0067 M solut10n of 1mpure l§§ in 20%
adueous dioxane, contalnlng cyclododecane as an internal .
.glpc’ standard, was then srmllarly treated with partially’
deactivated catalyst at 60° for five hours. The reduced
:solutlon was cooled, the catalyst was removed by filtra-

: tlon, -and the filtrate was dxluted with roughly an equal
_Avolume of heptane. The solutlon (ca. 0. 0028 M in phosphorus
-jcompounds) was - drred brlefly w1th anhydrous sodlum sul-
 phate and heated at reflux for several days. Aft?T’WOrk-

.up'the glpc”tracex(Ucw-Qa)‘of the reaction mikture'cone ‘

[y
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- tained five main peaks with retention times equal to or’
longer than that ofbcyclododecane, By gipc-mass epectfal
| ahaleis one of the peaks corresppnded to a compound hav-
ing an"apparent parent.ion at m/e 180. - Authentic trans-2-
cyciodedecehone has an.evident parent ion fP) et m/e 180

(vide infra).

0 | \

162

-~~~

Although.admittedlyﬂthis represents very tenuous
'vevidehCe-qf_cyCleodecenbne;.we'decided hot to extend this
: Qerk for several teasons. Firstly, the yield 6f the pre-
sumed cyclododecehdne»waé-only Ca.~3-$% we felt that the
- low yleld mlght be largely due to the nature of the Raney

nlckel reductlon Under the best c1rcumstances, the yields

~ A\
of aldehydes are’ only 75%. Because it is impossible to

: follow‘the‘progress of the reductlon of 168 . it 1is neces-

o~ i~

E

- sary to assﬁ¢e3that 168 and the simple thlol ester 169

~ o~ o~ ~ o~

behave-identically. Thls,may not be,sQ;- In_addltlon,
" the nickel eatalyst»may be'pértialiy'hydrolySihg the phos-
phorane groUp ' The synthe51s of 161 was consequently

approached from another dlrectlon.' By the second ‘route
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¢
)

encouraging yields of cxclododécenene were realized.

Route 2 =

It is obv1ously desirable to produce 161 from

its lmmedlate precursor in guaranteed hlgh yleld To
avoid unnecessary 1ntermolecular condensatlons of %f}r
such a reaction should be'practlcal 1n highly dllute solu-.
tions.' These conditions are fulfllled by generatlng the
aldehyde at an earlier stage in. the synthe51s and by then‘
relying upon the tltraylon of }gf with one equ1valent of
base to set up the molecule for an 1ntramolecular W1tt1g '
reaction. |

3 0
OHC (CH,,) oCCH P9, ¥, Br~
HC (CH,) yCCH,P$ ", Br

184

-~

'Scheme 7 outlines the tranéformations that were

~ o~ o~

performed in order to ‘accomplish the synthe51s of 184
o o 0
dicn,) & ' - on, & '
&H S 2 5COH - = CH_3C(CH2)3OH
185 _ . 186

~ o~ o~ - ~ o~

’jbyad observed that a snlutLOn of borane

in tetrahydrofir‘. selectlvely reduced the carboxy group .

Rao and Thakar
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of 185. VTheylisolated-S—hydroxy—Z-pentanone in 64% yield.

~ o~ o~

We observed a similar preferenceffor borane to reduce the
. 1)

carboxy group of 177.. A 73% yield of pure S-ethyl 11-

L -

hydroxyundecane hiocate (187) was obtalned‘ Saponification

T e a

and acetylatlon converted 187 into a mlxture of 189 and

~ o~ ~

the correspondlng mlxed anhydrlde. Hydroly51s of the-mlx—
ture in hot aqueous tetrahydrofuran, followed by chroma-

. tography on silicic a01d afforded pure lgb (82% yield from

~ o~

187). The- bromomethyl ketone gg-was prepared by the usual

~ o~ o~

series of reactions. Again a smallxamount (ca. 10%) of
"the chloro derivative was also formed. Removal of the

acetyl protectlng group was accompllshed by refluxlng 192

L e~

in dry methanol contalnlng a trace of gftoluenesulphonlc

acid. Chromlum trloxlde-pyridlne complex, dissolved in

917

,methylene chlorlde, cleanly ox1dlzed 193 to the desired

~ o~

“aldehyde l9g in less than two ?1nutes and in greater than
'90% yield. Longer reactlon tlmes had a deleterlous effect
on the bromo ketone.m01ety- Although the nmr;spectrum of
the aldehyde was excellent, tlc analysis (silica gel)
_1nd1cated a small amount of lmpurlty Chromatography of
l9§ on silicic acid, elutlng with a mixture of chloroform
and carbon tetrachlorlde, removed the orlglnal lmpurlty

but tlc of the eluted product showed that a small amount

of a new substance had formed, presumably the diethyl
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—~ o~
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CH3CQ(CH2)10CC1

190

~ o~~~

0]
"

HO (CH,) ; ,CCH,Br

193

~ o~ o~

: N
OHC(CH2)9C¢H2

194

~ o~

Br ..
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0
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.5\

~ o~~~
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acetal of 194 (vide infra). With benzene--ethyl acetate

~ ~~

as eluent in the chromatography of }?f' no complication
arose. Finally, the phosphonium salt 184 was prepared by
refluxing }?f and a small excess of triphenylphosphine in
benzene. To remove the unreacted phosphine, the crude
salt Qas applied to a silicicvacid column and eluted with
chloroform containing 3% methanol. Greater than 50% of
184 was transformed into a new substance(s), which moved

-~~~

on tlc (silica gel) with a larger Rf value. The nmr Spéc-

trumj(CDCl3) gave strong evidence for the presence of 184,

195, and 196. A sharp singlet at Tt 6.68, characteristic
| -
o
" . -
(RO)ZCH(CH2)9CCH2P¢3 , Br

195: RecH

$o6:  R=C,H,

~

of a methyl ether, and an ill;defined‘absorption at 5.60,
consistent with thé.methine p:bton of an écetal;‘were
observéd. vIn addition, an absorpfion with complex splif—
ting was seen at 1 6.2—6;6. Both the chemical shift and
the coﬁplexity.ofwthevsplitting #uggested tha£ the diethyl

196 was also present. The‘aldehyde'could be'regen—

~ o~

~ acetal
erated by heating the mixture in agueous mineral acid. In
later preparations'of.184, the crude phosphonium bromide

~ e

was used diréctly to prepare the phosphorane. We felt that
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the presence of unreacted triphenylphosphiﬁe would not
likely interfere with the Wittig condensation.

The cyclization experiﬁeqt‘was conducted in the
following way. To generate the desired phosphorane 161,

~ o~

a dilute meﬁhanolic\toluene solution of 184 (approximately
0.002 M) was treated at -78° with 0.8 mole equivalent -
(based on 194) of methanolic sbdium methoxide. After warm-
ing to room temperature, the mixture was further diluted
with toluene. The majority of the methanol’ was theﬁ
removed by distilling a small portion of the solvent through
a spinning-band column. In Experiment 1, the reaction mix-
ture was refluxed under‘nitrogen for 100 hours. The approx-’
imate concentration of the phosphorane was 0;0013 M. Exper-
iment 2 was conducted unrder somewhat different conditions.
After removal of.the methanol, the solutioﬁ'waS'degassed
énd sealed in a Cariﬁs tube, which was then heated at 200°
for 100 hours.. In this reaction the phésphorane éoncentra—
tion was about 0.00029 M. Following the heating period,
each solution was COncentrated'cafefully by spinning-band
distillation during which éonStant glpc monitoring of the’
;—diseillate.Showed'no_eVidence of products. A known quan-
‘tity of tetradeéane was then added to the concentrates to
serve as an internal glpc.standard, |

For the purpose of analytical evaluation of the

reaction products, authentic trans-2-cyclododecencne (162)

~ o~
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was prepared, starting from an isomeric mixture of cyclo-

dodecenes (197). The conversion of the epoxides 198a, b

~ ~ -~ ~

into cis- and trans-2-cyclododecenone and the isolation

of the latter had been reported previously.98

' OH
0o
PRI ————e
197 198a (trans) }'ggg (trans)
+198b (cisj‘///// + }ggy (cis)

162

-~ o~

+ cis-2-cyclododecenone

A gipc—mass spectral analy51s (Carbowax 20m) of
the cycllzatlon concentrates revealed three dlffereﬁéjcom-
pounds, é,_g, and g, with likely parent ions (P) at g/g‘
180. All three epectra were very similar, differing only
slightly in the relaﬁive intensities of fragment ions.
Furthermore, }§g and C, the isomer with the longest glpc
retention time, had 1dentlcal mass spectra and identical

retention times on various glpc systems (UCW-98, Carbowax

20m, and Reoplex). On the basis that Q}-g, and C are
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isomeric cyclododecenodes*,rthe yiélds of the cyclized
products are summarized in Table 2. For quantitaﬁive ana-
lysis it was assumed that isomers A and B exhibit the same
glpc response relative to tetradecane as does 162. Evi-

~ o~

dence cited abqve suggests that 9 and }?2 are one and the
same.

Two resuf%é of the cycliiation experiments de-
serve comment. Most important are the relatively good
total yields of cyclododecenones. Secondly, in.Experiment
1 (conductéd at 100°), 35335-2—cyclododecénone, the expected
isomer from the Wittig reacfion, was the major Qroduct. |
In contrast, at the higher temperature employed in Expeﬁi—

ment 2, the results indicate that the initially formed.

162 isomerized extensively. At the expense of 162 the

~ o~ -~ ~ o~ o~

yield of A tripled and that of B increased about nine fold.
The relative amounts of ring strain in the various cyclo-
dodecenone isomers ﬁndoubtedly play; an important role in
determining thé proportion of each i;omer under equilibra-
ting conditiohs.at.a pértiéular temperature. | )
_.Furthef evidence was necessary that A, B, and C

" are isomeric cyclododecenones. Since the total amounts

of cyclododecenones in the reaction concentrates were very

*The isomeric purity of each of the three glpc peaks is ”

not known.
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‘small (ca. 1.8 mg'forfExperiment'l'and 0.84,mg-for Experi—
‘ment é), direct isolation‘of the products was not possible.
As a second best solutlon, each concentrate was hydrogen-
ated over a. palladlum-carbon catalyst under one atmosphere
of'hydrogen. The: glpc traces of the reduced solutions
showed no ev1dence of compoundt A, B, or C In, thelr place
a new substance had appeared.f The new-: product and authen—
th cyclododecanone had 1dentrcal mass spectra and identi-
cal retentlon times on. varlous glpc systems (Ucw-98,'
Carbowax 20m, and Re0plex) ' The calculated ylelds of cyclo-
dodecanone account for about 65% of the totJl ylelds of
cyclododecenonest The results are tabulated‘as Experiment
(1,H ) and Experlment (2,H, ) 1n Table 2. Thencorrelation

| between the ylelds of the enones and the. yrelds of the

saturated ketone 1s strong enough to: conclude that A ‘and

< (162) are 1ndeed 1somers.

~
~

N In another serles of.experlments the thermal
stabllrty of trans 2 cyclododecenone was examrned . Coné'
_{cernlng thls subject,vlt had been notlced earller in thlS Ao"
work that the purlty of . lfg‘deterlorated at room tempera—>
%ture. ban\lmpurlty appeared hav1ng the same glpc retentlon ‘
‘-characterliflcs (Carbowax 20m) as A. The mass spectrum

' (llkely P at m/e 180) of the lmpurlty strongly resembled

»those of A, B, and 162 (There were some dlfferences in’

~ o~
-

the relatlve 1nten51t1es of. correspondlng iofis in the
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IR

'speCtra of the impurity and A,_suggesting either'that they
may b&)lsomerlc or that one of them may be a mixture of
1somers. For 51mpllclty of argument the two will be con-
sldered as 1dent1cal ) Two 1dent1cal toluene solutions
of 162, containing some trlphenylphosphine and triphenyl-

~~

~-phosphon1um ox1de, were heated at llO° and -210°. After 80

“t hours the solutlons ‘were analysed by glpc. The results

5are summarlzed as Experlments 4 and 5 ln Table 2, Th-

. sample of 162 used in these runs contalned some isomer A.

e~

'The comp051tlon of the 1mpure 162 is recorded as Experl-

'

._ment 3 in Table 2. . ) _'l~-*'hi‘f: . R
. .\:. Qualltatlvely the results of Experlments 4 and
-Slare in llne wlth those of LXperlments l and 2. At 100- -
110°’ the reactlon products of both Experlments 1 and 4
contalned only traces of B. Howeves at 210° sxgnlflcant
;1somer1zatlon of lgg to a substance w1th a similar glpc
retentlon tlme as B,.ls observed (Experlment 5). A para—
llel change ls'seen when Experlments l and 2 are compared
: These flndlngs constltute further support that l§2 and B
il.are lsomerlc.' Surprlslngly, the content of A remalned
"unchanged in Experlments 4 and 5: Thls may result from
:dlfferences in the reactlon condltions between the cycll-

. zatlon runs and the lsomerlzatlon runs.,

The results of Experlments 4 and 5 were repro-
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duced when 162 was'isomerized in the abse$¢e_df7pho§ph0rus’
compognds._ | |

It should be meptioned that in these»studiés_ﬁoiu-
ene proved to be a poor choice'pf.solvent. Alr\reactiqh
. mixtures were contaminated by varying émounts of benzyl
alcohol, benzaldehyde, and 1,2-diphenylethane.

Based on the experiméntél findings presented in

this chapter, ée concluded that Type B ring closure deserﬁes
_serious consideration in our synthesis bf methyno}ide.

) , - .

N
h
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CHAPTER 7

A SYNTHESIS OF RACEMIC DJERASSI—PRELOG

LACTONIC ACID

An effective'syntHESis of the Djerassi-Prelog

lactonic acid (%)-32 necessitates that the four asymmetric

centres be 1ntroduced in a relatlvely high:stereoseiective
manner. Otherwlse, the overall yleld may be lmpractlcally
.‘loﬁ and experimental dlfflcultles may arise concernlng the
separatlon and 1dent1f1cat10n of dlgstere01somers.-'1n
Athe preparatlon of. thehfour lactonlc ac1ds }}Eaed, men-

‘tioned earlier in Chapter 4, the Russran wonkers had to-

.contend with these problems.

The art of stereoSeiective generation of asym-
'metrlc centres in a flexlble ‘acyclic carbon chain is st;ll
in infancy. It was reasonable then to simplify our task
" as much’ as possrble by 1ntroduc1ng the asymmetry into

cyclic structures. Later cleavage of the, ring(s) would

dgive suitable precursors,of (t)-32. ‘Accordingly, the
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trlmethylcycloheptenol derlvatlve 200 was selected as the

-~ o~

key synthetic intermediate. Oxldatlve cleavage of the

double bond, followed by removal of the hydroxy—protecting

—_—  (+)-32

200

~ o~

‘group, should then lead directlyjto (¢)-32.
The starting material for the synthesxs of 200

~ o~ -~

was 3,5,7- cycloheptatrlene -1 3—d1carboxy11c acid (201)

~ -~

The compound had been previously prepared by two research
‘éroups.gg The more recent route of Vogel and coworkers99b
,held dlstlnct advantages and was adopted by us. The speci-
. fic steps are illustrated in Scheme 8 to help point out =,
some,dlsadvantages.of_thls method for large-scale prepar-
ations. 1In the first place, additionfof diaeomethane to
the Dleis—Alder product 392 to glve 393 is not very effi-
c1ent.v In ‘order to obtaln hlgh*converSLOnS'(>80%) to the
pyrazoline in-large-scale reactions,.it Qas found neces-
'sary to work-upﬂthe.mixture at four- to sixedayvintervale
and then add ff%sh‘diazomethane solution. At‘leastdthree

treatments with dzazomethane were requlred  Often the

solutlons contalned as much as one mole of dlazomethane.
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. Scheme 8

204 -

~ o~ o~

COOH

COOH
- 201

-~~~

The second serious’ llmltatlon 1nvolves the photolytlc

decomposxtlon of the pyrazollne to 204 The photolysis

~ o~ o~

proceeded in hfgh yleld, only however when relatively
‘small amounts (<5 g) of pyrazoline,ﬁere-used.v With lar—'
dger portlons of 393, s19n1f1cant amounts of by-products
- formed., The 1mpur1t1es were troublesome to remove.
N We planned the ultlmate fate of the carboxy
groups of ggl to be the two methyl groups at, Cq and Ce in
(+)—32 Consequently a cis orlentatlog of the carboxy |
._groups had to be developed from ggl
: It has been known for some. time that amalgamated
metals of high oxidation poténtiallcan reduce a conjugated

‘=~~\\\\Eglyene chain, which contains unreactive, electron-
-. N ] T \ 8 : .



119,

delocalizing groups at each end For‘instance both sodium
\
amalgam and alumlnum amalgam reduce the l 6—d1phenylhexa-«

trlene 207 in 60% yleld to the 1, 6- -dihydro product 208. 100

~ o~ ~ o~

.In‘a_51mllar‘example, phthalic aCld_lS reduced by.sodlum

’ ' 6CHaCH-CH=CH=-CH=CHO —— ¢CH,CH=CH=CH=CHCH,, ¢

207 , _ 208

0; This

amalgam to trans-1,2- dihydrophthalic acid (209).

¥ :‘ reactlon proceeds in ylelds up to 85%. 102

w0 : ' - '~ .COOH
T s . ‘ .IE!lI

COOH

209 ',-j

.~

\

‘When an'adueous, buffered solution of the disod-.

.ium Salt of 201 was treated with-an excess of 3%:sodium

~ o~

amalgam,vreductlon took. place exc1u51ve1y at C1 and C3

4 By carefully controlllng the pH of the reactxon at ga..S.O,
3}9 was obtained in quantltatlve yield. :Analysis of the
nmr spectrum (100.1 MHz, CDCl,) of ‘the dimethyl ester
(211) of 210 prepared usrng drazomethane, permltted an

~ o~ ~ o~

accurate evaluatlon of the relatrve amounts of cis and .

trans products present.

In the trans dlester 212 the exiStence of.a

~
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201

~ o~~~

H)’(,COOCH :

212 . ’ - 213

~ o~ . ~ o~ o~

two fold rotatlon axis (ﬁz) through the methylene group
ﬁnece551tates the chemlcal equlvalence of the geminal pro—‘
-'tons on Cz. The methylene protons may be analysed_as the
AA' part of an AA'XX' nuclear sp1n system This is only

sO because the chemical Shlft of the oleflnlc protons is.

well separated from the reg1on of 1nterest In»the gen- -
eral case, the AA' half of‘an'AA'XX' spectrumhcohsists

of twelve lines.%3 For 212 it is reasonable to expect

~ o~

,=0 Hz. Then the AA' pattern of the spectrum
X, X P

reduces to six llnes. The exper1menta1 observatlon is a

- that J

triplet (t1°7.75, J=6- Hz) which further demands that the

cis and the trans coupling constants are equal (l'i'
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I, x7a,x =6 Hz).

In contrast to 2}3 the c1s diester 3}3 hras. a
mirror.plane (m) through c, and no two—fold rotation axls.v
| ConseQuently the two geminal protoos on C2 are not chemi-

' oally'equivalent. The'two protons'that are labelled Hy and.
Hg in 213 may be treated as the AB part of an ABX2 spin_
s&stem. The nmr spectrum of the second diester isomer

.exhibits a;nethylene pattern consisting of 12 lines. This
is ioxliae with\what Qoold be expected for an ABX, sys-em
‘but'is5in¢ompatib1e.with the AA'XXfﬁndclear system. There-
fore this diester must-be‘the cis isomer. The 12 lines
appear as four, off centre trlplets (see Flgure 7). The

»1ndlcated values for ‘the coupllng constants JA X and Ia x
: ’

are only approxlmate 51nce the spectrum is not flrst

: Flgure 7
>‘=.‘..4 ' H A
T'HA 7.47 » ! ‘ :- | ',
e ) " i
T H = 7.82 "".JA,BI"— : —"JA B
: , T ot
. = ) 1
pp s l3sEz
e e
JB‘,X. = 11.0 Hz | | L1
' Ha ' B

order.* Assignment of the two separated, low-field trip-

-fFrompthe chemical shifts and J values for protons HA, HB

- and Hx listed in Figure 7,fcomputer calculations based on

»
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lets to Hy is based on two pieces of evidences Molecular

-

. .
By COOCH,

L

213-A

models suggest that 213- A, in which the carbomethoxy groups-
are "equatorlally" disposed, is the favoured conformatlon
of the cis diester. In this conformation the dihedral
angles between Hp and Hy and between H, aud H, are roughly
©170° and 80° respectively; Therefore according to the |
. Karplus relation, JB X shoula'be larger than'JA X Sec—
ondly, the sPectral representatlon in Flgure 7 is really
'an over- 51mp11f1catlon Each of the six low-field llnes

is in fact further split into a doublet (J 1 Hz). The

SO~ called zig- zag or W conflguratlon of Hy and the oleflnlc
protons at C4 and C7 supports the 1nvolvement of H rather
then Hy in this’ long range effect.* . |

The product (210) from the sodlum amalgam reduc-

tion surprisingly contalned 79%'of the cis isomer 214.

~ o~

a:general four spin syStem reproduce the observed methylr
ene splittlng pattern.
.*Irradlatlon of the oleflnlc protons in the nmr spectrum

of 213 removes thlS 1 Hz coupling.

~ o~

\
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Under epimerizing conditions, 213 is transformed (>95%)

into 212. 1In contrast, the reduction of phthalic acid

~ o~~~

leads exclusively to thermodynamically more stable\trans—

l 2- dlhydrophthallc acid (209).

~ o~ o~

Only the cis- cycloheptadiene dicarboxylic'acid

~ o~

was of use, When the wixture 210 was heated brlefly ln
acetic anhydride, either alone or in the presence of pyri-

dine, the cyclic anhydride 215 was formed in 80% yield.

i~

From 215 it was a simple matter to obtain 214.

~ o~ ~ o~

OOH

' T o ‘ COOH

215 214

~ o~ ~ -~~~

A critical stage had been reached towards the

synthesis of 200. Specifically one of the double bohds

~ o

i~ .
" in 214 had to be difunctionalized. The most direct route

-~~~

to the trans- related hydroxyl and methyl grOUps (see 200)

is to open the monoepox1de of 214 (or a derivative thereof)

~ o~ o~

w1th a methylatrﬁg reagent.' Only the epoxide that has the

all-cis configuration (i.e. 216) is useful in this approach

Dlrectlng effects, in epoxldatlon reactlons are

well known, Since 1957 when Henbest and Wllson104 first '

announced that a cyclic olefln containing an allyllc
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" HO
216 _ 219

~ o~ ~ o~

hydroxyl may be convefted by organic peracids predominantly
to the cis epoxide, the French research group léd~by
Mousseron ﬁas demoﬁstréted the generality:of Henbest's
findings for the preparations of a wide range of cyclic:
epoxides. In a dramatic exaﬁple,los monoperphthalic acid
converted 3-epicholesterol (218) élmos£ exclusively into

~ o~

the o-epoxide. Only 5% of the product was the g-isomer.

~

In contrast, the reagent attacked the acetate of 218

-HO*?

solely from the g-side. We were hopeful that a derivative

of 214, such as 220, might alsc undergo mainly cis epoxi-

L~~~ -~ o~ -

dation. One advantage of 220 is its symmetry.. Only two.

~ o~

monbepoxides are possible. This should help simplify the

;n;erpretation of experiméntal results. As in 218, the

~ .~

A3
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OH

OH
220

-~~~

-

OH groups in 220 are homoallyllc, however the latter have

~ o~

greater orlentatlonal freedom. The p0551ble 1mportance

of this difference to the reaction mechanism was appreCL*

N,

ated.

_ The alkylation of allyllc epox1des has caught

_little*attentlon - Recently however.workers106 ‘have shown

’ that both methylmagnesxum chloride and dlmethylmagnesium

cleave the oxlrane ring of 221 primarily by 1, 2—add1tlon.

7~ it [Cu(CH3)2]

Appeallng to us was llthlum dlmethylcuprate (222) 's a

~ o~ e~

methylatlng reagent._ Its low basxc1ty would be advantage-

ous if the R groups in 216 were susceptlble to eplmerlza-

~ o~

.tion.. The cuprate reagent is known to ppen ox1ranes in
good yleld, with inversion at thevnewly‘alkylated.r:arbon};o8
Unfortunately when 221 is the substrate, 94% of the crudei

o i
product is derlved from 1, 4—add1tlon.106-'ﬂowever to.as-,

PO U



'{
sume on thlS 1nformat10n that 216 ‘would also form the 1,4-

~ o~

product}seemed.to‘usuun)ustlfled. The accessrblllty of

" the terminal carbon of the double'bond'in'zél would be

S . — ‘ S R )
expected to~fav0ur l 44addition.
In order to aSSess more conflaently the applica-

Dlllty of 222 to thL reactlon 2l6+217 ‘we. examined the

~ o~ N e 2

products obtalned when 3,4~ epoxy 1 cyclohexene (223) is

~

treated W1th 222, The alcohols 224 and 225 are obtained

~ o~ ~ ~ .~ ~ o~ o~

in ropghly'equal proportxons thh an overall yield of 85-
QQ%} ‘This study was performed by br. c. Klm., bhortly

/.( B ' . o . |
&5 e 109

after the completion of thisfw0rk,,twovresearch“groupsv.

«

233 1 224 225 226

o~ o~ . .~~~ ~~

reported‘resultS'in agreement with ours. 'The only impur-

1ty in the product is 3- cyclohexen -l-one - (220), occurring

~ ~ ~

in’ varlable amounts (0-23%). Starosc1k and Rickborn also

~~

.found that alkylatlon u51ng dlmethylmagne51um gives” 224"
as the sole product in- 95% yleld 1093 ‘
With knowledge of the behavioeur of various: methyi—

atlng reagents on 223, We next dlrected efforts towards

-~~~

the synthe51s of 216 The lel 220 prepare&'by the reduc—
g -~~~ vy _

"tlon of 215 wrth 11th1um aluminum hydrlde, was- treated

~ o~
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with one mole equivalent of m-chloropegbenZOLC acid. The.
reaction product(s) proved to be dlfflcult to analyse,
Chromatography of the crude product.and_certain of its
derlvatlves did not afford any 1dentif1able compounds.‘
leely one factor contrlbutlng to the problem was the

nature of .the product. Monoepoxides ofvconjugated dienes

are knowﬁlto‘be'sensitive compounds,  particularly towards

110

“ac1ds.

" The dlrect epoxldatlon of the cycloheptadlene

o dlcarboxyllc acid 214 was then examlned. One mole equl—

@v‘

~ o~

valent of m—chloroperben201c ac1d reaéted rather slowly

‘wlth 214 At room temperature, approx1mately 24 hours
)

~ o~ o~

were, requlred for the dlsappearance of 90% of the start—

_1ng materlal " To ald in the 1nterpretat10n of the nmr

'spectrum, the crude mlxture was esterlfled using dlazo-

methane; The nmr spectrum (CCl ) of the esterlfled pro—,‘
. -

" COoH:

- ‘epoxy

‘diacids

- duc¢t was too complicated to‘analyse. ‘Nevertheless the -

E"gross features are very 1nformat1ve. ‘Besides the'ebsorp-

e . .

: tlons dué to methyl m-chlorobenzoate, the'spectrum con-
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'tains a two—protOx multiplet centred at Tt 4.07, methylester

_ peaks (31x protons) at. 1 6. 15 6.34, a broad four-proton
absorptlon at T 6.30-7.20, and a’ two-proton multlplet
centred at T 7.80, The general appearance is therefore e
'con51stent with the structure of a monoepoxlde. ‘in factl'
both pOSSlble monoepox1des, 227 and 228, are formed in

nearly equal amounts. Thls.concluslon was reached’by
examining-anpeXpansion of the region containing7thevmethyl'
Singlets‘(Figure 8). 'The large singlet at 381.d Hz is due to
‘the methyl group of the benzoatevester.sbht higher field
‘there are two palrs‘of sfhglets in a ca;.60;40 ratio.

-~

' The'small'amount of . 213 present shows as a sllght lnten51-

'flcatlon of the peak at 359.5 Hz. T

‘ Q A mlxture of methylene chlorlde and tetrahydro-
furan was the solvent medlum for the epoxldatlon. Attempts'
,to 1ncrease the stereoselect1v1ty of - the reactlon, either
'towards epox1de A or epox1de B, by varylng the solvent sys-

¢ v .

.ltem met with llttle success. - With pure tetrahydrofuran
. the lsomer ratio changes to l 1. Although the epoxldes

. were not further characterlzed we fe&%féuite confident.

~~

that 227. was present in the product and we dec1ded to con-
i'tlnue w1th the synthe51s. o
When the crude epox1de mlxture (227 and 228)

o~ o~ -~~~

- was chromatographed oh . 5111c1c ac1d to remove the methyl
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E—chlorobenioate, approximately 25% of the productﬂwas.'
transformed into a more poiar substance. The ir spectrum
of the new compounds exhlblts a hydroxyl band (3640-3200

l).f Coupled with.

) and a broad carbonyl band (1749 cm
an nmr analy51s, the llkely structure of the substance is

shown below:

The assxgnment of the chemlcal shlfts in the nmr spectrum "

of 229 is summarlzed in Table 3.. Of partlcular meortance

—~

in support of structure 229 are the\;solated absorptlons .

-~ o~ o~

at 1 5. 04 and t 5.94. ' The posmtlon o%\the loweg-field

multlplet is qulte SLmllar to the c5 proton of 233 (1 5. 22,

~ o~

. see Table 4). There is no doubt about the structure of

233. The half—helght ‘'width (60 an) of the two methine

-~~~

protons are also similar, 9 Hz in 229 and 7 Hz in 233. The

uhalf-helght w1dth of the broad doublet of doublets at 1
5. 94 in 229 is 14 Hz. Furthermore, a. chem1ca1 Shlft of

T 5 94 is characteristlc of a methxne proton geminal to

the hydroxyl group in allyllc alcohols. ‘For 1nstance, in

~ o~~~
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- Table. 3: Nmr Analysis'(GO MHz, CDCl3)‘of 229

Chemical Shlft (t) and MultlpliCth (Hz)

Hy 3 Hg o Hg CH3 g He 7a,7B
3.57 | 5.04  5.94 6.25 .60 7.10-8.30
m omo 'bd,9 | s bﬁ . bm

| - a,2 |

a) For an explanatlon of the multlpllcity abbre- oy

vxations,_see page 204, Chapter 10.
» AN .
: absorptlon at T 5 96. "Also from a mechanlstlc VLewp01nt,
- there 1s Support for structure ggg. Presumably the path—'
way to the 1actone lnvolves part1a1 hydrolysxs of the
unstable allyllc epox1de durlng the chromatography on
SlllClC ac1d, followed by an’ lnternal transesterzfzcatlo

. give 230 Laconlzatlon leads directly to 22§g'tInVc0n—-‘~

o~

_ Hydrolysxs of. the c1s epoxxde 227 would begexpected to

-~~~

trast, 228 would be expected to glve 231 or 232

~ .~ -~ B

' Although 1actone 332 was of n0'use to us,-we:;'
._were‘encouraged slmply by its formation.‘ The'reeult’suga»v}
“gested that 1f, in. the place of water as the nucleophlle p;p"
attacking the ox1rane rxng, a methylatlng reagent were

:Substituted, then perhaps an analogous alkylated lactone
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229

-~ o~

227

-~~~

Acould‘be isolated' We found this to be the case. To
mlnlmlze the pOSSlbillty of concurrent eplmerlzatxon of
one of the carbomethoxy groups, llthlum dimethylcuprate
was chosen for the methyl source. Thus as descrlbed

< ;\ .
. above, the d1ac1d 214 was converted to a mlxture of 227,

~ -

ggg, and methyl m*chlorobenzoate.: Wlthout further puri-
fxcatlon the mlxture was added. to‘a cold solutlon of
'llthlum dlmethylcuprate. Reactlon appeared to proceed
1mmed1ately, w1th the formatlon of a heavy yellow precx-

: pltate.. Hydrolysrs in- aqueous ammonlum chlorlde solutlon ’
. followed by careful chromatography on smlic1c acid gave

a 35% yleld of a colourless oil whlch solidifled slowly.

Recrystalllzatlon of the solid afforded an. analytzcally
. o . _“3‘
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pure alkylated lactone (mp'é4 0-65. 0°);in an overall yield
of 27- 30% from the cycloheptadiene dlcarboxyllc ac1d.

Transformatlon of the monoepoxlde dlesters Lnto
the_methylated ‘lactone was to be a key step: ln-the syn-
thesis of (t)-32. Much of the credit.for the developﬁent
of this reaction belongs to Dr. Kim. Later Drs. Davis ahd
Yamanotokintroduced significant'improvements in the exper-
lmental procedure, '

Several isomeric. structures for the lactone were‘
eramined These are shown as 233 236. Only one - isomer, .

~ e~ e

namely 233, was of use to us in further work. It was 

~

therefore 1mportant to establlsh the structure of our lac-

"~ tone w1th as much certalnty as pOSSlble. T >‘: .

‘, D _"_VCHB
0 o cooca3_ '

'COO¢H3

~COOCH3

233 T 423 236

: On the basis of the known course of the methyla-
[}

tion ofl the model substrate 223, structures 234 and 235

-~~~ ~~~ ~~ o~

were consxdered hlghly unllkely , Analysxs-of the-1r and
"nmr spectra of the lactone prov1ded strong evxdence for §
_structure 233. The ir spectrum (CHCl ) exhlblts a broad

'maximum at 1741 cm‘l; 'Thzs value falls within the expected
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range for a G-lactone and thus provides the first piece'

of evidence ruling out. the y lactone g%? (normal C=0 str.,

~1780-1760 cm.l).. All lsomers with a f-lactone m01ety (not
'hown above). can be confldently excluded. The assxgnment
of the nmx Spectrum to: %33 is shown in Table 4, he'inter—.
pretatlon of ‘the' decoupllng results is compllcated by the
corncxdence of the chemical shifts of H4 and H6 and by the-

'presence of - long—range coupllngs 1nvolv1ng the oleflnlc

| 'protons. The position of CH -CH4 (1 ca. 7. 03) is. located

.by 1rrad1at1ng the hlgh fleld methyl group. Decoupllng

the low-field oleflnlc proton (t 4. 19) strongly affects

.the CHCOO- (ester ‘or. lactone) signal at T ca. 6 .86. There |
lS no accompanylng change in the nearby two-proton absorp—
tion at T ca. 7. 03 (CH-CHy and the oéﬂer CHCOO- ). Back-

.-lrradlatlon at T 6 86 removes\an 8 S Hz coupllng in the

low-field oleflnlc proto ‘ T& refore the first CHCOO—

. must be adjacent to the double bond (partlal structuﬁi A),

—CO0

Partial Structure A

thereby ellmlnatlng pOSSlblllty 236. Irradiation at 1 7. 03' K

~ -~ o~

reveals a long—range coupllng (2 2 Hz) between H%\and CH-
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-~

Table 4: Nmr Analysis (100.1 MHz, CDCl } of Lactone 233

Chemical Shift ?}) and Multiglicitya (Hz)

Proton b. e ' b i _ .
3 LIV R ’ ) -
Irrad‘d’  H, . Hy Hg COOCH; H; Hy o Hy ,, C,-CH,
4.19°.  4.48  5.22 6.25 6.86 7.03 7.51 8.87
4,10.5  4,10.5° 4,3.7 s - o m m - 4,7.3
| . | o

a4, 8.5 d, 0.9 d,1.0
d, 2.2 t, 1.5 ‘

H, . d,10.5 4,10.5 d,1.0 : o S 8
S 4,6 | ' 203 1.0 ; - .
d, 6.0 d, 1.5
.H'S L= ‘ d.lO.S o C - ‘?5.' -
4, 2.2
'52, . - . - \ *x - -;.
H . d4,10.5 _ 4,10.5 o . L a

d, 1.2 ¢, 1.5 .

. o) ‘ : :
‘a) For an explanation of the multiplicity abbrev1ations see page 204,

_ Chapter 10.
b)» The splitting patﬁern is not first order. However for comparison’
_of the effects of double resOnance studies, a: visual interpretation
.of the multiplicity and the coupling constants has been included
c) _The partial collapse of coupling constants in. the Hz absorption,'
A observdd during irradiation at H4 6 °F Hl, probably results from j
the unavoxdable perturbation of the overlapping signals of" Hl ar
4 6 respectively.' °
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CH3._ The 51ze of the ‘coupling constant can be ratlonallzed

only Af the methyl group. 15 attached to C4. The conclu510n

is reached that 233 is the correct structure.

~ o~

Although the constltutlon of the lactone had been

’ established as 233,‘there was a small, but distinct pos—.

~ o~

sibility, that the lactone dld not have the stereochemlstry

implied in. structure 233, The other conflguratlonal pos-

g .
sibility 237 was the\C6 eplmer of 233. The ‘reason for

~ o~

-~~~

~ o~

237

.suggestlng that~the lactone mlght be g%z was based on an
'experlment to. examlne the stabxllty of dlmethyl cis- 4 6-
.:cycloheptadlene l 3- dlcarboxylate (313) towards llthlum
'dlmethylcuprate. After treatlng 3}3 w1th the cuprate in
'fa manner similar to‘the lactone reactlon, the mlxture-was
decomposed at. low temperature w1th ‘a solution of acetic f
acid 1n ether.‘,(Equlmolar amounts of methylllthlum, used
to generate the cuprate salt,_and of acetic acid were
'employed.), Final hydrolyszs thh water gave a reactlon

-mixture uith“a»pn of 5.5-6.0. After 1solat10n, the

‘diméthYl ester Qas’analysed by nmxr sﬁectroScopy. ‘Approxi-
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mately 18% of 213 had eplmerlzed (Epimerization during

~

work up is unllkely since it had been shown in another_

study that both the cis dlcarboxyllc acid 214 and its

~ o~

diester 3%3 are stable towards a methylene chlorlde solu—
tion of m—chloroben201c acid. *) Compound 237 mlght arlse
therefore 1f the allylic carbomethoxy group of the 25335
allyllc epox1de epimerizes- when treated w1th the cuprate,

ACOOC§3 - ' COOCH3'

~~ o~

coocH,

w2
‘elther before or after the cleavage of the ox1rane.: Never-
_theless, we dld not consider gzz 11ke1y to be the structure
of ‘the lactone.' Only 18% eplmerlzatlon occurred durlng
extended stlrrlng (5 hr) of 213 w1th the llthlum cuprate
whereas, startlng from a 1:1 mlxture of c1s ‘and’ Erggg'
allylic epox1des, the lactone is isolated in 27-30% yleld ‘
after a reactlon tlme of only 30- 45 mlnutes. " In conclu-
sion we felt quxte confldent the structure 233 represented 4'

L e~

.our lactone.

*The purpose of this work was to convince us that the chances
of epimerization during the epoxidation reaction were

bslight.
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The lactone was an important intermediate. All
of the stereochemistry contained in 200 had now been ‘intro-

~ o~

duced. The next stage in the synthesis was the reduction

A ]

of the carbomethoxy groups to methyl groups.
\A number of methods ﬁo.reduée an ester to a
methyl gfoup are known. The two most common routes are
indicatéd below."Various-reagents are aﬁailable for carry-

ing out the final step in both routes. Unfortunately most

Route 1:

'RCOOR' " ——3» RCH,OH —— RCH,X ——= RCHj

o X=sulphunate, hélide, SR"
Route 2: ' : . : »

RCOOR' ——P= RCHO ——p= RCH=Y — RCH,
Y=R"N' (R"S)z

IOf these‘reageﬁts (e.g. 1i£hiﬁm aluminum hydride, sodium

lborqhydride, catélytic hydrqgenation,.actiye metals) have
 -rather.broad‘spebtraiof reéctiVity tpWards‘varidﬁs func-
tiénal groups. Therefdre'uﬁdesirable iransforﬁétions at
5othgr locations on the subStraté;may océﬁr”quring the"n

’treduction.
111

-In 1971 Hutchins and coworkers ** reported that
'sodium cyanoborohydride (NaBH,CN) dissolved in hexamethyl- .
phosphoramide (HMPA) is capable of reducing, under very

mild conditions, tosylates, bromides,fand_iodideS'tc.thevv,,
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corresponding hydrocarbons. The reported yields are exoei—

lent——many fields Qefe greater‘than'96%——and.the reagent |
. 1s inert to most of the other common functlonal groups |

(e g aldehyde, epox1de, ketone, nltrlle,and ester) _The

ease of the reductlon follows the order

I Brf> oTs.

In an 1mpress1ve example, the authors reported the conver-;~'

¢
‘ ~ -~ -~ -~

"\51on of the neopentyl alcohol 239 to 241, via the 1od1de

~.

240. The overall yleld is 58%.

«.QH N - o — I R ,'..VCH3

OC— OC — O

NS FcHy fery -/ TcH o
33 20 24 .:-,‘A*

If the lactone were converted to 242, sodium‘cyanoboro-‘

~ e~ L

.l.hydrlde,appeared_to be anlldeal reagent to,getvto égg,"

233

-~

242: X=I, Br, or OTs

~

Dr. G. Spessard in our laboretory tested'the plan On.the :

model compound 247, The synthes;s of 247 was stralght—

~ o~ ~ e~ -
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forward (Scheme 9). ‘The known substance I,4—cyclohexane- ‘
«carbolactone (24{) prepared from ethyl E;—hydroxybenzoate,112
was reduced by llthlum alumlnum hydrlde to the cis dlol

245 Whlch was then converted 1n 73% yleld to ‘the prlmary

3 aaa TS
248 ] g4§
’é~:;
_ _ S ‘ w o
tosylate 246. Subsequent treatment of 246 wxﬁh anhydrous,

“sodium iodide. 1n refluxlng acetone d1d g1ve 2#7 but the

[

-reactlon was’ slow and ‘the’ yleld was only.SQ%i when a solu~;§,‘f§

'.V_tlon of the 1od1de 247 and commerc;al sédlum ayanoboro-{da[f;iiﬁ

~ o~ o~

. hydrlde 1n dry hexamethylphosphoramlde was stzrred at room 1fi

PO
NEACREIE O
RN
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temperature, no reaction occurred. AHoweber’byﬂsimplv
Warmingrthe.solUtiOn}to ?O°, reduction proceededfsmoothlyr
"After heating overnight, & product was rsolated. iLiving ‘p
hp to untchins' clalms, the'crude-product; isolated in 89% .
yleld proved to be c1s—methylcyclohexanol (g??), contam—3
.1nated with only traces of 1mpur1t1es
During the reductlon "the hydroxyl group of 247

.1had been left unprotected 'That only a trace @t most of" .

~ ~ -

‘the blcycllc ether 249 was - formed attests to the very mlld o

C

:uhature of the cyanoborohydrlde reagent

- The analogous reduction o% the tosylate 246 did’

-~
.

not proceed,well. Forc1ng-cond1t10ns (extended'heatlnguat“

>~1209)wwere neCeSSary, 248 was formed 1n only 30% yleld

-~~~

’ ana no startlng materlal was recovered

N The preparatlons of. 245- 248 are. 1ncluded in the

~ N e~

é

'J”experlmental sectlon (Chapter 10).

: The general sequence of Scheme 9 ‘was then applled

fto lactone 233, , Reductlon of 233 w1th llthlum alumlnum

-~~~ -~ o~

' hydrlde gave a v1scous, 01ly trlol (250) After scrupul—

~ o~ o~

'%ous drylng, a pyrldlne solutlon of the trlol was treated
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p@% with two mole equivalehts"of.-_p—toluenesulphonyl chloride.
‘Standard work—up and rapid Chromatography on silicic acid

afforded a pure dltosylate (251) in 75% yield from 233.

The nmr spect:um of the dltosy;ate,showed that, as expected,
© 233 - S iil'} —_—
‘ ~ : : { - He7

~0Ts

OTs

-0Ts

252

,:..{__ B _ o . .
both tosyloxy groups are prlmary.i The OH stretching band

vln the 1: spectrum (0 1 em NaCl CHCl ) of 251 appears as

q....«.~

-1

:.ta trlangular peak at 3570 cm . Apparently the hydroxyl

115 strongly hydrogen—bonded w1th a tosyloxy group or with

the double bond
L

~h Compound 247 had been successfully reduced to -

T~y o~

248 without prlor protection of the'alcohol functlon. ‘Ih
the tlnal cleavage of the double bond of the cycloheptene
system [200+(+) 32], we thought that protectlon of the

-

)



N l—4r3l 7
hydroxyl group would'likely be necessar§}“'By introducing .

the mask at the present stage in the synthesis, it would

then serve also as insurance against complications in the

" cyanoborohydride reaction. In dry pyrldine at 0° the

reaction of 251 and benzoyl chlorlde was remarkably slow.

o~

Twenty-fOur hours were requlred fOr the complete dlsap—‘

pearance of startlng materlal The crude product, after‘”

5the customary work up procedure, was freed of benzoic

-

nhydrlde and small amounts of lmpurltres by chromatography
On~SlllClC ac1d. Pure 252 was obtalned as a colourless_.
oil in 90% yield. Noteworthy about the nmr spectrumw

(cbcl,) of‘352 is the upfield shift'of'one of the

aryl methyl singlets. While the. two aryl methyl peaks

are coincident (7t 7.55) ln_the nmr spectrum (CDC13) of ?§l,,

the two signals are well separated in the spectrum of the

: benioate (t 7.55 and 1 7‘66)'»'Presumably'the p-methyl

substituent of the tosyloxymethyl group v101nal to the~ ‘AJ:'”

benzoate experlences anisotrop1c shleldlng from the ' ‘ R %

'nelghbourlng aromatlc nucleus;

Both 251 and 252 decompose to a greater or less

~ o~ o~ ~

extent if thelr chromatographlc purlflcatlon is prolonged

unnecessarlly. The hydroxy.dltosylate is transformed 1nto : TL,"T

S a substance (253) having -.a larger Rf value on sxllca gel

~ o~ o~

. and 8111c1c acid. The structure remalns obscure but nmr -

results (CDCl ) suggest that two tosyloxy groups are pre-

L
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cent. ‘A high-field methyl doublet (v 9.06, J=7.3 Hz) is
" also evident. The fate of the beénzoyloxy ditosylate upon
‘decomp051t10n ls the hydrolytic product 254. Comparfson

~

~QOTSs

- . "2§4‘ o

- of the nmr spectra (CDCl ) of 252 a;s 254 reveals that the:

~~~ ~

four-proton multlplet at T 6. 06 1& 252 has been replaced )

"~~~

by a two—proton doublet (r 5. 98, Jﬁﬁ 5 Hz). A new, com—'
plex, two-proton doublet (J 8.5 Hz)‘ﬁas appeared at ¢t 6.60, .

.a value characteristlc of —CH OH . In addltlon, the hlghj'

f

fleld aryl methyl srnglet (1 7 66) id 252 has vanlshed,

~ o~

belng replaced by a hydroxyl proton -‘;n all other aspects

the spectra of" 252 and 254 are very SLmrlar.

~ o~ oS

Sodium 1od1de-acetone had afgg;ded only a 59% o

yleld of 1od1de 247 In an effort to lmprove the dls-

~ o~ o~

placement reactlon, both from a standpoxnt of reactlon rate_'“

"and of yleld other experlmental condltlons were - 1nvesti-
gated We have found that by refluxlng an acetonltrlle v'
solutlon contalnxng an organlc tosylate and anhydrous

lithium bromlde, the corresponding bromlde 1s produced in-

excellent yield. In an analogous manner, a solutlonlgf
T 5 : 3 . 2
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3?3 and anhydrous lithium 1od1de in dry acetonltrlle Was
heated under nitrogen. - Uponlreachlng reflux temperature,
the-solution had become orange (the presence of 12) and

a white preclpitate,lpresumably lithium tosylate,-had,
%ormed. After 3.5 hr, tlc (silica gel) shoved.that no
'starting material remained. A 51ngle new- spot exhlbltlng
a large Rf value had appeared The crude product was 1so-:
.lated as’'a pale yellow oil. Nmr analys1s showed the pro-‘
duct to consist mostly of ‘the desxred dllodlde 255, . Howj

~ o~

ever a 51gn1f1cant ‘amount of 1mpur1ty was also present

A A \!’;56-
. - The impurity appears 1n the “nmr. spectrum (100 1 MHz, CDCl )
as at least eight sharp 31nglets, dlstrlbuted from high
to low field, the strongest smnglets occurrlng at T 4. 64

'_'and T 7.68. These extraneous peaks undoubtedly reflect

',reactlon compllcatlons arxsxng from the solvent, aceto-

.

nitrile. Chromatography of the crude dllodlde on srllclc_ -

,ﬂ does not part:.tion the impurity. and the desired pro- -
" duct,’ In addltlon to the 1ntegral behaviour of the lmpur—

’ 1ty and the product on chromatography, the nmr spectrum
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s reveals that only 75% of the product that contalns a ben-'

zoyloxy group also contalns a dlsubstltuted double bond

.

These results would infer that the s1de reactlons which

.lnvolve acetonltrlle also, to at least ‘some extent, lmpll- :

'cate the double bond of the cycloheptene system. As the

srmpleit explanation,.the presence of the iodine, which

is responSLble for the-orange reactioen colour, and/or an
[ 4

unnecessarlly long reaction time mlght‘be to blame for
e '
the compllcatlons. The experlment was therefore repeated.
%4‘ . ‘ : . _
The reactlon was carrled out_in~the presence of

113

. mercury to remove. the lodlne formed and‘the disappear-_

ance of the startlng dltosylate was carefully monitored.
Under these condltlons, the refluxlng reactlon mlxture'
remalned completely colourless and no startlng materlal
was detected after only 18 mlnutes. Durlng work—up,
mercury salts were.. removed by washlng a benzene--pentane'
solutﬁon of the crude dllodlde w1th aqueous sodlum thlo-

sulphate solutlon. The product then needed only flltra—

- tian- through a small column of sxliclc ac1d., The dllodlde

255 was obtalned as a colourless oil 1n excellent purlty

R N

'Ln 92% yield. Ana1y51s of the nmr spectrum of 255, Sum—

-~

marlzed below in Table 5, fully supports the assigned
structure. ‘ '

' The chemical shift of H, is revealed by irradla—v

' ting the methyl doublet. The methine protons Hg and Hi
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are identifiedfby;the'decreaSeﬁin the half;height width of .
the two-proton multiplet at'1‘7.50‘when'the'symmetrical

absorptlon, attrlbuted to the Ce-methylene group, is lrra-.

dlated When ‘the’ spectrum lS decoupled from CH CH3, there o

1s a marked collapse of both the CH—O and the oleflnlc
51gnals.- Thus CH CH3 must be straddled by an oleflnlc
‘proton* and by the methlne proton gemlnal to the benzoyl—
oxy group.. (The chemlcal shifts of-Hz'anduHS.are suff1c1-"
l ently dlfferent not to cause. any amblgulty in the inter-
pretatlon of the results ) The appearance of H7,A and-A
Ho, B (note. < Table'S) suggests that the chemlcal shlfts.
of the two protons are qulte dlfferent.’ The spectrum'
’obtalned when H5 and H7 are sxmultaneously 1rrad1ated hints
| that the chemlcal shlfts of H?'A and H7 "B are roughly r
,p6 77 and T 6. 90 respettlvely The a531gnment of HS'A 5'B nr

‘-h and H. is based on the assumptlon that lt is more

7'A, 7'B
reasonable to expect the 1odomethyl protons adjacent to
“the- benzoyloxy group to show greater chemlcal non—equlval—v
Spec~

1 S

trum (CDCl ) of 256" whldh also shows the 1odomethyl pro-

‘ence.' Thls assumptlon is strengthened ‘by the nmr

L -

L *The<COI1apselof the‘olefinic absorption'seems too exten-

sive to be due to the removal of a. small coupllng con-

| stant (Jsz Hz), whlch could be attrlbuted to a long-rangef'

coupllng between =CH- anﬂ —CHCH3. R i’ ‘

LGy
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- .tons as-a broad serles of sharp 51gnals (1 6.40-6.75).

An attempt to prepare the dllodlde 255 by heat-

~ o~ o~

lng for l 0 hr at 55¢ and 1.0 hr at 90° a solutlon of 252

and sodlum 1od1de in wet hexamethylphosphoramldel14 gave

fexclusxvely a srngle, new compound’ Whlch almost certalnly

¥

must be 256. Strong ev1dence for thls structure is derlved

-~~~

-tvfrom 1ts nmr Spectrum (CDCl ) whlch lndlcates the presence

'of a benzoyloxy group, an allphatlc methyl doublet (r 8. 85,
J=7.0 hz),vand a. four-proton oleflnlc pattern character-

‘1st1c of the dlene moiety in 256,.,(The_olef1n1c absorp- -

-~~~

tion is very s;mllar to that observed for 260.) The two~-

-~~~

‘proton "doublet" (see note b, Table g) observed for the

‘allylic 1odombthyl group (H5 ‘A, 5. of 255) 1s not present

-~~~

although, as noted above, the complex spllttlng_pattern
ﬁof the. C7. protOns is very ev1dent Mechanlstlc arguments

also support 256 srnce the homoallyllc tosylate and 1od1de

S~~~

portlons of 252 and 255 should be. prone to elimination

' under basxc condltlons. The reactlon solvent, HMPA, is

115

well known to posseés basic propertles.- vaclohexene

xls formed in 62% y;eld by heatlng cyclohexyl tosylate in

'HMPA at 100° for 6 hr.ll6 Dehydr01od1natlon of 255 and/

~ -

or 257 has also ‘been observed (v1de 1nfra)

: The dllodlde, now obtaxnable in a fast, hlgh—
-yleld reactlon, was next subjected to Hutchlns' reactlon.

~ e~ ~ o~

g;Jthe flrst attempt to reduce 255 to 258, the reactlon

Pogly
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condltlons that had successfully redUCed 247 were employed

R
¥

'.The reactlon was worked-up after 17 hr heating at 70-75°.

' No 1odomethy1 protons were seen in the nmr spectrum of the -
‘crude product. -ﬁowever the spectrum showed the product to
be‘a‘mixture of ¢ e‘nnds. -By glpc (UCW—98) two major.
-substances were present ln approxxmately al:1 ratlo. To
‘separate the mixture, the benzoyloxy group was flrst
‘removed ;n refluxing methanolic sodium methoxide and the

‘resulting alcohols were effectively Separatedsby.cnromato—

,',graphy‘on silicic acid. Gratifyingly, the first alcohol

to be eluted exhibited an nmr spectrum (100 1 MHz, CDCl )
entlrely consxstent w1th the de81red trlmethylcycloheptenol
259. Most 1mportant of the features are a two-proton ole-
finic multiplet at ¢ 4.48, a one-proton doublet of doub-
lets at T 6.45, and‘three methyi doublets'at T é.90—9r05.

Furthermore the mass spectrum of the alcohol has én,éppa—

rent parent ion at m/e 154 (P for 259) Theesecoaé-a%ce-~~mu-~

~ e~

hol shows an apparent molecular 10n at m/e 152 (P for 260).

~
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\ CH

3
255 e +
» HBC-_ H3c.?‘ |
H CH
H 3 HO 3
259 260
- ‘
. &
Evidence: forx is provided by its nmr spectrum
(ccl, ).;'The?' N Vﬁihtterilis consistent with the struc-

ture of the dlene mé ety-ln 260. There are multiplets at

~ o~

T 4.1 (13), 4.85 (1H), and 5.24 (2n) A doublet of doubf

lets (1H, J=8 Hz and 3 Hz) is ev1dent at 1 6.63 as well

o

as two well separated methyl doublets {1 8. 92, J=7.5 Hz
and 't 9.10, J=7. 3 Hz) at hlgher fleld. A broad flve—_
protonwmultrplet at 1 7 4 8.4 completes the spectrum., .
_ From the results of the reductlon experlment it
was obvious that dehydroiodination presented a problem. ‘l
Houever it was not at all clear whether it was the bas;c
nature of the cyanoborohydrlde ion (or of slmllar tetra-
valent boron species) or of HMPA that had been respons;ble
for the ellmlnatlon. A third poesibility was thatfthe _
commerc1al sodium cyanoborohydrlde contained borlc ac:.d117
as an impurity which mlght have catalysed the ellmlnatlon,

'“"--———‘ﬂxLl§m933~ggz_bor1c acid and/or sodlum boro- .

-

hydride,lll the reducln;_;;;;t_;;;h;eez§gtillliéd‘twlge .
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- from tetrahydrofuran—~methylene chloride.}!” 1If HMPA were

1nvolved in the elimination mechanism, then presumably the
proportion of ellmlnatlon product should be decreased by

"maklng the oxygen atom of HMPA less basrc. To accompllsh
this, one approach was to reduce the amount of. HMPA used -
‘p the reactlon to the p01ht that the mole ratlo HMPA: |
.NaBH3CNsl.0. ‘The reasonlng behlnd this was that moat, 1f
not all, of the phosphoramlde oxygen atoms would then be
1nvolved 1n the strong solvatlon of the sodium catrons. |
In thrsuway,.HMPA should»become less efficient at promo-t‘

'\ting elimination but still serve its prime roie of supply-
ing cyanoborohydrlde anlons -0f high nucleoph111c1ty )

v The reductlon was repeated. Dlmethoxyethane was:

used as solvent; thepmole;ratio of reagents was S

- 255: NaBH3CN .EMPA = 1:10:9.

~ o~ o~

The reductlon at.75° proceeded slowly, requiring 30- 40 hr.
The glpc trace (UCW 98) of the crude product showed four

.icompounds. One of ‘the two main benzoates that had been

_*HMPA in benzene solublllzes llthlum bromxde. The'equilib-

rlum constant for the complexatlon process

HMPA + LiBr -—=" [HMPA,..LiBr]

%is known to be significantly greater than uni;ty.ll'8
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obtained in the previous experiment now composed ca. 8l%
of the mixture. . The other benzoate.represented only 4% of
the crude productQ No sighais attributable to.the'diene
moxety in the benzoate of 260 could be seen 1n the nmr

~ o~

spectrum  The spectrum was in full accord with structure

~ o~ ~ e

258, The absolute yxeld of 258 was ca..72%.‘ (When com-

259,

~ e~ -~

258

. merc1al sodlum cyanoborohydrlde, which had not'been:preﬁ:

'v1ously purlfled was used, the proﬂbrtlon of. diene in

roduct rose to only 8%. ) Crude 258 was purl—

~ e

:the crude

fied in the same manner as before, namely by transesterl—'

.flcatlon to 259‘and chromatography. Surprlslngly strenu-

A

'ous conditions were necessary to effect the transesterl—

flcatlonrb- able 6 summarlzes the nmr data of 259

L ..~

The OH stretchlng reglon in the 1r_spectrum of

259 reveals strOng 1ntramolecular hydrogen—bonding (3581

~ T~ o~

) at normal sample concentratxons.

"~ now been'reached. Cleavage of the double bond |in 200 -

-~~~

aCcomplishédggﬁﬁlemieux—voﬁ Rudloff oxidation (s0d4
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ST S L1
""" 19 Aithough it’may

be p0551b1e to carry out “the oxidatxon dlrectly on 259,

~ o~ o~

\'

‘prudence conv1nced us to flrst replace the hydroxyl-pro—x~‘

tecting group. Pyridlne and acetlc anhydride c&hverted 359

. into- tbe acetate 261. nhe acetate, obtalned in 94% yleld

~
-

. after dlstlllatlon, was at least 95% pure by glpc analy31s

)

759
¥
£
. (+)-32: R=H |
. ‘ o (t)-37: >R=.CH3 = - : .
(Reoplex) Oxldatlon of 261 in an aqueous tert butanol
Tt 9

splutlon of sodlum perlodate and potasekym permanganate,

......

ad;usted to p@,B 5. with potassium cargpnate,'afforded the‘.

L~~~

aqetoxy dlcarboxyllc ac1d 262 as a hlte crystafllne

o R
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-

.SOlld in 98% yleld This was the first solid compound

whlch had been lsolated since the lactone 233.. A single

-

recrystalllzatlon gave analytlcally pure 262 (mp 110.1-

111.0°) xhe hlgh resolution mass spectrum of the dlcar- o
boxyllc ac1d exhlblts x;parent ion at m/e 260 1255, cor-

ke
reSpond}ngito theﬂrequlred molecularﬂ%ormula C12 20%
Tbefﬁ;r q!i'ir'spectra of the product are also ;n complete

-thﬂ262. e ‘ . }
.. _',3‘_.,‘ L,k .v'_ a 2 e, 4yt : . o, s R : |
'FjJ;J:': L As’had been prevxously observed for 258, the

¥ NP
remov§1 of the hydroxyl«protectlng group in 262'was dlf—'

~ o~

ﬁacuﬂt Only by refluxlnéfthe dcetate for 4 hr 1n 0.5 M

n methanollc sodlum methoxlde was .the acetyl moxety suc-

y
'

cessfully spllt off After ac1d1fy1ng to pH 1 and stlr—

- ring for 30 mln, a white, crystalllne lactonlc ac1d was

1solated 13 86% yleld after chromatography on sxlicxc'
§c1d An analytltally pure speCLmen (mp 112 0 113 0°) was .

obtalned after one. recrystalIﬁzatlon The nmr and solu-

‘ tlon ir spectra of the lactonlc ac1d are ldentlcal in all

respects to those of the nataral DjeraBSL-Prelog lactonlc
3 _

ac1d (+) 32¢ [Samples of, (+)~45 were . klndly provided by
A
Professors V. Prelog and C. Djerassl ] Furthermore, the

,correspondlng $ethyl esters, () =37, and (+) 37, prepared

ausn.ng ethereal dlazome&lane" exhlh.m:f-td-e%tlcal nmr and ir

l

spectra. Because the lactone ring lmposes conformatlonal,

constraints on 32 and 37, we. feel that the varlous pos-
-~
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-eible diastereoisomers should dispiay very different pat-

terns for the three methyl doublets. Indeed this isfthe .
.t 4

v
2
:

" case for the four dxastereoxsomers 113a d, prepared by %

,. ' 1" e e
’ﬁ!ergel'son and Batrako~ b “The six methyl lines in th v
(£)-32, (+)-37; and (£)-37 were. cafﬂ?ﬂkf

o ° _brated. Agreement 1n chemical shlfts between the palr of !

. Spectra of (+)-32

. acids and the-palr of esters was excellent  For example,
Table 7 lists the data for the methyl esters. " The resultsﬂ‘q T

: L8 a7 .
~of an nmr study of (t)-32 are summarized in Table~8,
o ' ~~ : N o

4

- Table 7: Cbﬁﬁi¢al Shifts (100.1 MHz, CCl,) of the Methgl

‘ — o - — — P
. . Signals in (%)-37 and (+)-37 ‘ . ‘g
: . — — —~— . ' S .

T A
o

MethYll _Chemical Shift (Hz) from TMS

: Signal - L (t) 37 5 w(+) 37‘
. - - ,
11286 ‘ﬁgrlzs 9- A
- T2 ;;19 9 V_Ar ‘1rg?s~:f¢452
3 1Yo, & E 1%y
R L YOS o P -3
J s . 02,4 1023 7
6 963 96.0

" -

On the evxdence presented in thls chapter, we

‘.feel confident that our synthetlc lactonlc ac;d 15 the

‘
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AR

racemic . form of the Djerassi- Prelog degradatlon product.

Moreover, 1t is now apparent that nzt one of the four .

nmr spectra (60 MHz, CDCl ) of the diastereoisomﬁrLC‘

lactonlc acids 113a~d matches the spectrum (60 MHz, CDC13)

of 33- ' oo s

The synthe51s of +)-32 from the lntermedlate
e

lactone 233 has been achlev 1n an overall yleld of 23%

[V

4



'-descrlbed in the preceedlng chapter has two practlcal '

ents. .

R o
;603

AN IMPROVED SYNTHESIS OF

-

‘CIS 4, 6 CYCLOHEPTADIENE- l 3-DICARBOXYLIC ACID -

L]

AND |
AND N

THE FEASIBILITY OF. INTRAMOLECULAR EPOXIDATION  , |

The synthe51b of racqplc lactonic ac1d (+) 32

' drawbacks. . The 1nconven1ence £ the 1arge—scale prepara?

‘ tlon of 3/5 7= cycloheptatrlene -1, 3-d1carboxy11c acid (201) -

~ o~

has been dlscussed prev10usly. The second crltlcal weak-_

fness is the non?stereospecific oxldation of 214 Although

~~~

. the subsequent methylated lact e 233 can be 1solated

L~ e B ,n'z

» without much dlfflculty, the low yield (ca. 30%) makes 1ts

'preparatlon not!very economlcal both rn‘t;me and_ln reag-

.z : L - ) e

A potentlal method to solve both problems was
suggested by some work published by Cannell in . 1966 120.?

He reported that bicyclo[4 z.l]nona-2 4 7- trlene (263)

-~~~

is @ormed durlng the pyrolysis of the [v st n ].dimers

of norboradlene. If the - isolated double bond of 263

~ o~

could be selectlvily oxidized then a means to oxidatlvely

-%cleave the C -C bqid should be possible, thereby leadlng
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_ »
directly to the lactonic ac1d lntermedlate 214 (Scheme 10).

* : s t Rlialiad . ‘

Scheme 10

~COOH

QOH

264

~ o~

214

-~~~

ot 2

Alternatlvely, the lntroductlon of an endo C. -hydroxyl in
'the blcycllc system would produce a substrate that may -
undergo predomlnantly endo epoxidatlon. The»endo epoxlde

- 266 (and/or the other p0531b1e endo epoxide) could then

—~

¥
be directed to the lactone 233 or its equlvalent.

~ o~

>

n'\

-An Improved Synthes;s of charboxyllc Acid 214

-~~~ * . *

Cannell prepared the dlmerxc startlng materials
-~ by heatxhg norboradlene with metal carbonyls (Fe, Co, .and .

Ni) as catalysts. It had been knownlzl éhat thlS pro-j
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cedure produces exclnsively the anti—fused_[nzs + TTZs]

~ o ~ o~ -~ ~

dimers (see 267, 268 and 269). The relative propeortions

-.exo-anti-exo exo-anti-endo . endo—anti¥endq

.61 | 268 . = 269
of 267, 268, and 269 depend upon the metal catalyst used

~ o~~~ ~~ ~~~

. An added advantage in the synthe31s of 393 is that a mlx—
‘. ture of norboradlene dlmers has recently become commer-
cxally avallable at modest cost from Aldrich Chemical
Company, Inc Although the origin of the . commerc1al dimers’
is not known, the nmr- spectrum-ls easily 1nterpreted as a
mixture of 267 (19%), ggg (74%), and 269 (7%).~ omparlson’
was. made with the spectra of . the pure dlmers, reproduced

in reference 121 Glpc analy51s (UCW-98) 1nd1cated three
bcompounds 1n appronlmately the above proport;ons.

Ci%nell mentioned that 268 and 269 are converted

o~ o oy ~ o~

| readlly to 263 at 450° in a flow system. The exo-anti-exo

-~~~

isomer (267) however 1s much less reactlve. _Theee observaF

~ o~ o~

tlons are,consxstent with our own. Pyrolys;s at 450° and

fractional digtillation'of the crude pyrolysate gives 263

~ o~

in 42% yield. The pot residue after the distillation contains

LR



A

}juqsted diene protons }r 3.68- -4.51). After 263 had been

163, .

unreacted dlmer which can be purifled by recrystalllzation.
The nmr spectrum of the recovered dlmer is identical to

that reported for exo- trans—exo dimer 267. 121 When the

~

dlmer mixture is pyrolysed at lower temperatures (e.g.
400°), a small amount of exo—tricyelo[4.2.1.02’5gnona-3,7F

diene (270) is isolated during the distillation. 'Compound
' 120

270 was identified by its reported nmr spectrum. Again
270 '

~ o~

'thls observatlon is in 11ne with Cannell's results. The

pyroly51s experlments were performed by Dr. H. Davis. Pre-

: sumably the formatlon of 263 involves a retro-Dlels Alder'

~

reactlon of the dlmers to give 270, ThermOIYSlS,Qf the

~ o~

-cYclobu#EQe ring leads to 263. o ' o ﬁ@"

-~

.. The oxldatlon of 263 with m-chloroperbenzocc acid

~ o~

was first 1nvest1gated, Hydrolysxs of the desired-? 8-

epoxybicyclo [4. 2. l]nona-2 4-diene would glve hopefully a

>compound useful as an intermediate to both 214 and 233.

-~ B

- The nmr spectrum of 263 exhlblts a narrow multlplet for

-~ o
-

the two protons of the lsolated double bond at hlgher

;fleld (r 4 87) than the broad complex multlplet of the con-

L wew

.
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[

treated for one hour at 0° with one mole equivalent of m-

chloroperbenzoxc acid in methylene chlorlde, the multlplet
at T 4.87 had disappeared. However glpc (Reoplex) showed

the oroduct.to be approximately a 1l:1 mixture of two sub-

stances, 271 and 272. . | |

~ ~ o~y

Compound 271, whlch has the shorter retention

~ o~

time, was successfully isolated by chromatography on
silﬁtic acid. On the basis of the uv and nmr spectra (see
-'Table 9), we concluded that 271 is the desired 7,8-epoxy-'

-~~~

blcyclo[4 2 l)nona-2,4-diene. The exo isomer is favoured,

‘because of the 1nertness of the epoxide to refluxing meth--

anolic sodlum methoxide. 1In contrast ‘to 271, compound .. 272

JM ~ o~ o~ ~ o~ o~

is decomposed by both silicic acid and methanolic sodium

)

methoxide. Although.272 has not bqen isolated 1n a pure

-~

form, it was concluded that ‘272 does not contain a conju-

~ o~ o~

gated diene chromo hore. This follows from the fact that
the quantitative,féatures of the uv spectrum of the mix-
ture can be explained completely in terms of the spectrum

of 271, assumlng that 271 constltutes 40% of the mixture.

~ -~ o~

The exact structure of 272 remalns uncertain. Since per-

~ o~

acid oxldatlon of 263 does not produce cleanly the desrred

~ o~

’product, this approach was abandoned.

@

‘The monohydroboratlon of 263 was next examlned

~ o~ e~

An qdvagtage of. thls method of functlonallzlng a double

bond i

-~

e hlgh lmprobabllxty of skeletal rearrangements.
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Table 9: Nmr and Uv Dbata of Compound_Z?i

~ o~

Uv Spectrum (methanol)

xmax 278 nm (e= 4600), 267 nm (s=ca 7100),

256 nm (e=6600), 248 nm (e= 4500)

Nmr Spectrum (100 1 MHz, CDCl )

Chemical Shift’(r).and Multiplicitia (Hzf‘L

1\ Hys. Hyg.  H g Hoy i):
"4.15  6.56  © 7.04 @ 7.97 °  8.50,
m% s bt,“_c__a_.G - 4,12.1. 4,12.1
. t, 6.0

La) For an eXplanatlon of the multlplrclty
“!Z ’ L
CE abbrev1atlons, see page 204, Chapter 10.

v\{‘ U

o+ 272 7

~ o o~

-~~~

. The alcoholic prOducts, obtalned after ox1dat1ve work-up,
"were expected to be less prone to rearrangements than ‘the

epoxy products. However we could not predlct how selec—

. T e
3

7
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tive the hjdroboration‘would be and, in fact, even wﬁgt
the major product would likely be. TheureaSOn for the
uncertalnty arlses because of opp031ng factors. | Cyclo-
,heptene is hydroborated by dl(lsoamyl)borane five times
faster than cyclopentene 122 However in gg%,_the rate of

:‘_hydroboratlon of the sevenumembered rlng should be reduced

_somewhat because of the conjugatlon of the double bonds.

¥

273

~ o~

In addltlon, a molecular model of gg% lndlcates that the
methylene brldge is more lncllned to the dlene plane than
to the plane of the lsolated double bond. Consequently,
the diene m01ety'1s‘more effectxvely "shielded from exo
attack by the borane. " Both theseAfactors favour attack
on the cyclopentene system.c |

We found that hydroboratlon primarily occurs

at the cyclopentene double bond. " Thus the reaction of
”»

“¥§ . 2§3 w1th one mole equlvalent of 9 borab1cyclo[3 3.1)non-

.\~~~

!

*Both 271 and 272 underwent isomerization durlng an at-

~ o~ i~ -~ o~

tempted separatlon of the mixture. by preparatlve glpc

(Dllsodecyl Phthalate);
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»

_ane 123 afforded the exo alcohol 274 in an absolute yield

~ o~

of 75%. Lompound 274 however was contaminated by two

A~ e

other products (ca. 20%), whlch«exhlblted retentlon times

on glpc (Reoplex) very sxmllar to that of 274. These_

~ o~

.1mpur1t1es could not be satlsfactorlly removed. Evidence‘

,that the main product has in fact the structure 274 was

-~~~

I

4derived from its nmr spectrum (see Chapter 10) and its uv

spectrum fA__ (CH,OH) 254 nm, e=ca. 4700]. Molecular

max

‘o models indicate that the exo side of the cyclopentene ring
'is the more'exposed to the lncoming borane. ‘Accordingly,
~ the hydroxyl group was tentatively asSigned the exo con-

" figuration, The correctness of this assxgnment is demon-‘

strated at a later poxnt in this chapter. 1In subsequent

experlments, we found‘that.by substituting di (isoamyl)-

.borane124 for 9—borabicyclo[3;3.l]nonane, 225.is obtained

‘with improved purity (ca. 90%)

Oxldatlve cleavage of the C7-C8 bond flrst

requlred the introduction of functlonallty at C8 To

~

“activate the C8-methylene group, 274 was oxldlzed to 275

by the Oppenauer method using alumxnum tert-butoxxde and
a
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p—quinone After filtration through silicic aoid:,the

ketone 275 was obtalned 98% pure (glpc; UCW-98, Reoplex.

-~~~

Carbowax 20m) and in 80% yield. Spectral data fully sup—-“h

port the structure. The uv spectrum* is in accord with a

diene chromophore and the ir spectrum cOntalns the expecte&\;

XY
cyclopentanone band at 1743 cm 1; The nmr data for 275,

-y-d-.. .

276, and 277 are presented in Table 10. (Compopnds 276 and

-~ -~~~ ~ .

277 were prepared from 275 by the controlled.stepwisevinoor—v

~ -~~~

‘poration of deuterium from a soiution of’sodium'in“perdeu% ,

~

{ .
terlomethanol Based on mechanlstic consrderatxons, the. .

_deuterlum in 276 was a851gned the exo orlentatxon ) The |

-~~~
o

absorptlon at T 8.24 is asslgned to HgA on the gvidence

v of a long-range coupllng (0=2, 6 Hz) w1th H (endo) Thls

o

observatxon also sd’ﬁorts the suspected exo conilguratlon

of the deuterlum atom in 276. '.;?.' | -

-~

From ketone 275, the hydroxymethykenj derrﬂatlve‘

~ e~ N
Y y

278 was prepared in almost quantltative yleld us;ng con- |

;’.&- }4 ot .
%entlonal methods. Oxldatxve cleaxage.of.a-gxdroxymethyl-:

ene ketones w!th sodlum perxodate Qas f;rstkﬁeported by

‘ ‘Cornforth Cornforth, and Ponak. i’“ ‘With. certaln changes».

~~~

"in the orlgxnal procedure, treatment of 278 with sodlum

R4

- - . . : g
*'I‘he sample of 275 used to obtain the uv “pectrum was

R N ]

somewhat lmpure. A maxlmum was present at 255 nm (e= .

4200). . O - .

-



@

169. . g

31,?” ‘: . T ’ , ) ‘

Table‘ 1ow Nmr Analylll (1oo 1 MHz, CDyOD) of Compounds 275, 276,

and. 277 . o
—=== T e - o e

R
. 5 Y » M
. B . »
&+ - *
PR
e :

T — chemicﬁ Shift® (v) and Multiplicity” (z) R 3
Y o uclev.'n — ‘ -y : .
. “Cmpa -Irrad'd.- H& B,exo Hgq Hg,endo - 393\

275, '"‘”‘6".68 7.06_1 «—‘—,57‘.‘2,6_-7.89'—,——%' 3 24 7»
. ﬂ ’ c . e ) cd123

bt m . SLoo.mo

’

4, 2.6

276 o . -~ bt . S T 9060 7092 . e-

¢ . T cd, 12, v ce B . "

; S 6.0 v/ . 4

1 T RO S éc,--s.-'l" e ew . c,diwiz.a..: ;
: 59'8 o " T B / . SR Lo

ST ; 4 HG' St &"cé,lz;.‘; ‘ W L ‘.
L ;u" ;‘ R P UREE

S T > S R .-. - -

t

o a')' 'rh,e olefmic pfotons ap;ﬁat“ as a mult;ple?‘at T 3 67 4 33». 0 oo

b) , For an explanaf;:.on y multdpl%city pbbreviatmr% aee
w page 204, Chapter‘ 10.' } “ ' L 4 '
o <) 'I‘he gross shape of * multxp;,t is a ql{prtet. - L
«
o~ t'

275: Ry=R,=H

gZ§ Rl:.D.' R2=H

277 Ry=R,=D )
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a

T “is much shorter. o '. 2 o_

RO UYL I

“::y‘

perlodate at pH @5 S 0 in aqueous dloxane afforded after

W . @
¢work-—up,£145m 96% yleld " The nmr spectrum of the dl—-

,‘ P

coon -’

COOH

- : e ‘
, methyl est% gf ~t1‘ie product show i Jng evideg_we of »the trans ;
WE e A 0 e v

'e‘ .
lsomer. The Very Successful hydr

,,us

, The sygthesls from ‘&boradiene d‘lmers has . - |
,mcreased greatly the ava:.labiﬁty of the %ig""diyq.rboxyllc

ac:.d Compared Wlth the f%rst synthesms (seegmapter 7) '

a P

d’leavage rea.ct:.ons ‘#ere due to the effoxgzs«ofy.g&pﬁpessard

,,’

IL' - "‘ . ..f
¥ P ey

’. The Feasrblllty of Intramolecu.lar Epoxldatlﬁ

Our attempts to effec; a’ stereoselectlve' Jendo e

“EL

B epoxidatlon in the bxcyclo[4 2. J.]nonane system will now
* be described - 1}_ S .}_.@».ﬁ*’_ ; L . |
S | Wlth 275 ava:.lab‘le, é\obviﬁous éubstrate for e

v . TEE N S

‘the epoxidation s;udy is the endo alcohol 279 A study

~~~ -
Y

of molecular models po.mted out that the relative pos;- e

tlonlng of the hydroxyl ggoup and the double '§?nd in the

' homoallylic alcohol 280 ia guqte similar i_ he geometry" N
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i:;;- ‘ m‘ . . A ‘. ‘.: * N . . ‘, | N . | 4 .,,Vo
N . _' . »*v. . X . . _ !
B L
o .ﬁeg‘ &
o (\ ! N ) ‘ , - . “&4 I
. . '280: R=H .
: . 2Bl:e R=COCH,
A K ' T 7
. “ * i 1 I3 T
- 7 in 279, Marshaa,ll \and Greﬁne‘- entlx shown that, '

i 'z: uﬁgbr gertain i@nditions,:;i;@-{__ ;h' the - cis and ‘trans’ Q:ﬁ' o
poxide‘s of 289 pfepared uaing m-chloropeibenzoxc Qid, %ﬁ

’ ,Q;amw be ‘6‘ high as §5 15 de eimilar conditionsj.ﬁ ;He | )

céu%hopoﬁging acetate 254 ;eads to Qs;evé’qal of t@?

N .~a.~, .
2
;{’ ° "Sr‘;

B epoxiae ratio» (3‘% 70), Not to distort thi.,qener l' y ‘of

y _f’ SE L LT L Sae AR - o w e )
tion of ':’gg with ‘an ethegeal solution of. perbenzoic acxd '
y gave tha exo epoxide in 9§% yield 127. Not enough {a: known R
: “about how an organic peracid approaches a ouble bond to T
b penn‘it reliab;e predictions concerning product stereochem- ) ’ o
. istry.. Nevertheleu, the epoxidation of gzg was studied X _ g ._~

Lo e Reduction of 275 with .'Lithium alumimnn hydridp
P TR i



. .are conSistent With structur-gf;"

“gg; €.59 &) lS worthy of comment. In addition to. a strong,

. ’

e

".4

V.fcharcoal in ethyl acetate, greater than a 50% yield of g% é,t S

Jbetweén the hydroxyl grqup and the n-electron systém of

"was confirméﬁ by hydrogenation experiments. Lo f-€’~v

v .r‘ R ' i - .!g ‘l
L e o — _ . l72.g

. N e - M .

gave exclusively the deSired endo alqohol 279 as a white

‘-~

crystal’ine sqlid 1 The uv andaedt sﬁeotra of the product

Al ".,‘

The “ir epectﬁﬁm/(ECl4,

-1

broad polymeric OH stretching band at 3440 cm. and a-weak

-1

free OH absorption at 3630 cm T, there is a very distinct,

third peak at 3582 cm l Evzdently a hydrogen bond exists

the congugated diene. Sudh occurrénces are qui;e common.lzan_ ’;f
At mgb dilution (CC14,' ca. 0 0}1.5 {1‘, th: spectrum Of. %.7.2 —; _:#:4
contai%s only bands at .‘5630 cﬁi—J’ rﬁmi 3582 cm™t 'thé la B
being‘somewhat stronger.“ That‘the 358%-Sm1 absorp:ion is: 1ﬁ1#l
due\to‘hxgrogenhbonding wn;ch involves the diéné mOietye{f .
W g

-"v . ‘e iy

‘\isgfr ;¥1 cataiytic hydrogenation of 279 did not- proceed f o ;i

- \4* ~~~
"v ‘e, L S
}“smogthly At atmospheric pressure, uSing 5% palladiﬁﬁ\bn'=~

&64 resﬁlted with platinum oxide in methanol, the pro-zf ;.

>-~~~ . . ‘

portion Qf 284 was~much less, however it still comprised R

~ o~

R 4
‘?gt 5% dl)the produot.’ The structure o§ 284 has not been

spect}um (C-O- 1736 cm

-proven rigorgusly, Nevertheless, ‘on tie baSis of thelir 4. ,;'»
N ‘_ *a -
l, strong) and a consistent nmr :

“
- -

spectrum, the assigned structure seems reasonable.;’Cope gilfﬁgiég

and coworkers12 observed a similar abnormal product from

i . RN .
: e e e e e
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279 -

~ o~

284

~ay e~

~ o~ -

- . adl A\ '3' N . P .
. o g et

_'wff'f the catalytlc deie nati n of trans-s-cyclodecenol (287)
LR SR ' .
L P,e,dx:lctlorf of 287 j.n methanol, Esing ‘a palladium cata_lys'

- A
',aU hd

gave both t’%e alcohol 288 and the kgtong ggg. The clean -

,‘. : - . ".~u~,

-,_‘

reduct:.on of 279" to 283 ‘was ‘successfu},’\.y accomplished, J.f
‘ . -~~~. 4 ~§~ ‘ o
I e not somewha, laboriously, by“ first acetylating the hy-'

Nl

;lroxyl group to 93.ve 285. »J.I(Jg;enation and transester:.- ( .f,‘_?,:f’;‘]
f:.c;tlon in methano!ic sodium mechcxide led to pure 283. i

3 LN ~s [; Y
S sﬁifm&cted‘, tné i&WWH of, ggg gt high dilu- { ’ f
. tion axhibita only a eingle OH stretching ba.nd (3630 cm l)

T . .
bee - _‘A, . .. ‘ ! - e o .-
- . . .

e
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,
’

- Additional eVidence for the 2 do versus exo

relationship of 279 and,274 was obﬁaihed from an nmr study
of the effect of- lanthanide shif; reagent._?oé tris _] f":“sl
2 A ‘1 .l ’ o ) g
14 6-octanedi o) -
a ﬂ‘*

(1,1, l 2 2 3 3 heptafluoro—? 7 dimethyl
europium (III) or more simply Eu(fod)s, on both compounds. A\
'Zifﬁ

Displacement of proton chemical shn;ts indué&ﬁg@y paramagr

_ ;m; ;
AR

netic rare earth metal complexes pas recently been ‘reé-
i,b7 -

?
13°b Carbon tetrachloride sclutions of 274;(cé

v1ewed o
dﬁggarning various‘gmounts Bf*ﬁp(fodw3~4from 0!0

¥

0. 28 M),
/
50 mole equival%ntb), were ekained by nmr (100 1 MHz)
.,

By,

ctra was possibge..‘plotting of the
_41; ve?:eus the number Of

assignmeﬁt in t'
tesulting proton emical shi
AL

. \mole equivalents of Shlft reagéht‘(c) gave good linear

For higher values of C, the chemical 2 |

graphs for C<0 3
oy .
A similar experiment _

shifts slowly approached saturation.
Table ll lists the slopes of :

was carried out with 279
the linear plots (OsCGO 3) of the two bridging protons,"

T -

and H9B' in the two-compounds.* "

H9A A

hepes of the nmr sbsotptionzvf
9 are very similar. o

-~ o w

R

o ;,onsin 263, 27}, 274, 275,
L L
’h-field proton isgseeh as A«doublet; the low-fieid

let bf tr!‘&d\an There are only small

or the bridging pro-l .

‘nto
With the aid of decoépling experiments, complete proton
. -
@" :.':

N

.

coupling cqnstents among the compounds.
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4 Table ll uEffectidf'Eu(fod)3 on'the'Chemical'

!".;': ' i ‘i
“ _m‘ShlftS'Of the Bridging Protons-.in 274 and 279

~ o~ ~

/'}.',;; I{
...,."

H e
g A . V

R " ".‘r ““‘ : |\ c
“f” D ~274§ R -g, ﬁ —OH CE L Ty,
: 1 & X ¢
O 7 *l*“‘_ i Do

,)-n A ‘q’g'Q79 ‘.“R "Oﬁ R2‘=H ' IV ‘N -

> .9“"'.-7'." I . .
I W *.'~ e Sel i, -
B . Yo EEN N4 .
pr vba L, e Qy,» Y ~ ‘o LI 2 :
e L e I X S
N N h . e P . 0 - LS '. 1:4 .
v- T W e T . h o ;
“em MDY N P . )
G N At/C.0 ¢ e
~9A - v 9B

o

'-‘*;ci"'~~~'.'°i S T R B T 3
bieeo 27900 UM USBL6 £ 00 o ! on;??;‘

278 v meE L g € e
; * - 5 y ) L., . . . . y&
- v

i' %} The 1arger error a390c1ated w1th the slope

! ' Zor H "ln 274 arises from some uncertalnty

. ' 98 £l
e "_ 1n the: ék’ct chemigel Shlft “of H9 xn the

9

varlous sp ctra. - .. ’ -
* e o -

] \ N ° : =l - -
Th& doublet in’275. bas been attributed to ‘the proton x

tf the diene moiety evide Era) ' Extendlng this conclu-
’1smon, we alcribed the doublet in the spectra of 274’and

279 to H, e

¢ 9A° .

v
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Whereas the slopeq for the bridging protons in

K 2N

‘\279 are- approximately the same, this»id not the ‘case in

~ o~

274, One of the. bridging protonsg“rvels downfidﬂd twice

~

ag fast as the other This behaviour ie just the expected

for the endo alcohol -and the exo alcohol respectively

As discusle? earLier in Chapter 7, allyllc . ‘Q,'
epoxides are often Eggtable substances ‘to work with To, T
‘avoid this added’ cdhplication in the epoxidation study
of gzg, we chose to reduce direptly the crude epoxide mix-.';
ture With lithium aluminum hyd&ide and then to analyee the
"resulting diole .i‘r',thylene chloride solution, equ&mplel§# co
in; endo’ alcohol m-chloroperbenzoic ecid, waeﬁﬁ’ﬂf-f-mfg.
stirred at 0° for 5 7’hr and eeterified with ethereal { 1f_‘é¥i
‘adi&zomethane.' The ally&id epdxides ‘were reduced Wlth | l :
IVf_lithium aluminum hydride. After work-up, glpc (Cerbowax xf;.

. 20m) of " the crude’ﬂlols indiceted the presence of com-

rpossyble are shown !

g A'and B, in approximately a. 60 40 ratio, in addi-

I
. L 14

--diols that we considered

- Structuregs

lebelled 291-300. <Compounds zgg-

~ -~ ~~-\,

298 would result from a 1, 4-addition of hydride to the

‘N - L= - . . A~~~
' "'1“: N '}~' _— ' AR . et : \

'integpediate allylicUepoxidea. COmpounds 299 and 300 werd
) Ry



279-';———;—,;

-~ o -

-

1ncluded as the products erising from aspogfible intremol-

: ecular reduction step (see 301). Although the oxirene would

-':ﬁba opened by addition of hydride to the electronicelly less

_faVOured carbon, the steric eaee of euch en intramolecuiar‘;

tr

.process may override electronic eSpect? ' Lithium aluminum-.tif

j \/-/

fhydride reduction of the‘g epgﬂide of 282 gave 302 in :.

N 127 - , o . : Ry _
_good yield.; S . ,-‘. T . - : .

On thevevidence provided by spectroscopic and

\tchemical studies, the diols heve been eseigned the struc- .

' _tures 291 and 292, The diol with the. ehorter glpc (Carbo-'

T . ~~~ -

'lwex 20m) retention time (i e._diol A) correeponds ‘to the ';

~~~ 3

1 4-diol, 291, These atudies are vacribed throughout p;

ifthe remainder of this chepter."
R @ \.,- R
EE



"of the chemicai?ﬁhifts (CDCl ) and multlplxcitzes of: H7 in

‘f_dloi A strongly suggested that this absorption belongr to - .

R4l
. o

7
" OH.
9L exe) 292 (exo)
J'293 (endo) C - 294“(endo)3e

AP . R . A - ————

295

~ A~

296

~

- : ‘ o . )
Table 12 summarlzes ‘some decoupllng experiments

performed on diol A,(ca. 93% pure)

~ e~

LE

The close slmilarity

'-L7;tf

' 279 and 283 and of the déublet of trlplets at T 5. 70 in-

& T

”

A

3
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Table 12:' Nmr Analysis (100.1 MHz, CUCL,) of Diol A..(291)

proton .e Chemical %olft (1) ‘and Multlp}xcitx (Hz)
-Irrad'd . . Ho Y H, - H -_.H and/or H
. 1 Y 6 . 33A )

.4,5

4,26 "s'.'.',vo- 604, 7 19 car 7.50
m . 'd;8:7. d,5. s ‘gq‘,f, * (obscured)

)

S R : . L. A
IR,

“a) f’er .an: explanata.on of the multlplacn‘.y a;bre\rlatlons, N

“ ‘Y *see page 204, Chapter 0. . .'f' M o
. S ' A L e ey
, l-.b)_;f'H3A and HBB are Ltwo protons of aabroad fa.ve-proton

S abSOrptlon. q‘hé change in the T 7. 50 regiOn is caused .
s by the presence of Hg N and-/o% . 4_ -

E c) ] Irradlatlon at ‘l’ 7. 50 causes part:.al déconplmg of HBA |

o o ag:i/or. A decrease in. the coupling constants of
4 ol B

tﬁe H sfgnal J.S abserved L&

N . . . . . . . .
i - . N . . ! . cN . . . 5, T
. - . . . . . - . : L R 4 i
. . - . . : -0 BN . ’ . ) : N ' ) A) R

o
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' - Compound 279 - Compound 283 _ L
H, ~ s.60 - 5.70 | g
. : . .."‘ d
d,8.7 Hz ~.cd,ca.9 Hz : ’
t, 6.5 Hz ,.' t,ca.7 Hz .

o a small up-fleld shlft of Hi . There is no reason to sus—v
. pect that a much larger shift to 1 6. 04 shoeid occur ln '_1.
.the diol. \Irradlation of the olefiﬁfc protons or of the >
' hts;gnal at 1t 5. 70 collapses th;‘zso ateewone-proton absorp—7"
ftloh at rﬂ? 19 to a broad triplet. ﬁThe latter signal is x
{ltherefore attrlbuted to sn allylic‘bridggh \d pxeton adja-

cent to CHOH (cyclopentane ring), thus rulxng ou diot

'.p0531b111t1es éxcepq 291»;%93, and 300 A In addltlon,_"

. i

1rrad1atlon of the oleflnlc protqns has .ho effect on. the
. ”» )

Amethlne absorptlon at T 6. 04 (CH-OH 1n the cycloheptane L
‘ring) - but\strongly affects the reglon near T, 74 50, charac*,f_tlg;'
terlStlc for an allylic methYIene Qroup. Finally, c‘lec:':;‘ii’:"m |
llng the smgnals a1 7. 50 coll&pses ‘the eeven-membered | |
3 Krlng CH-OH to -an‘ Lll-defined sing;bt. The data are con-c o p :

jsxstent only Ulth the C2 epimers 291 and’ 293 lf,g,;

o~ ~~-..-

'The nmr spectrum of diol B (ca. 80% pure) 18 o 5 ;n'
. . H / R
'much less informative, ma}nly because neither of the two o
: R
”<bridgeﬂb!l protons appearh es an isolated signal. To L.

B S e kY

- ‘; " ?._l.:.“: . .4'. I_". ._:.._'-,.:‘



\only end absorption (A ,:<21° nm) and the carbonyl grOup

.for further study (vide infra) n

,.t';.",\ . s oo .‘ 18‘1.

, ascertain whether the hydroxyl group in the aeven—membered
Yring was allyliq or not, .a sample of the diol (ca. 75%

‘pure, contamineted with diol A and ca. 10% of other pro—}

_ducts) was oxidized at 0° with two. equivalents of Jones'

reagent.v The ir quq'-um (CCl ) of the crude dione con» -

tein§~only two handé In ‘the carbonyl region, at 1745 cm lj

(strong) artd at 1707 cm > (st!ong) The uv apectrum (cycloﬁ-

hexahe) provxdez futth‘r evidenoe for the qbsence of an

' a B unsaturated ketone., The olefin chromarhareaappears asl;

w303 B

o~

292 diol ﬁ

-~

"-exhibits a meximum at 299 nm (e-qa 20) The reaction pro—f'

~ o~

'petible with el].diol structures but 291, 291 293 and" Joa.

~~~ -~ o o

;That the two diols were not epimere (i e.,29l and 293) was

-~ . L

ihfproved’by the conversion of the diols into two different

eaturated diketonea, 307 and 311.‘ A second purpose for -"

~~~

'7_wal to obtain samples of the saturated.dibls 306 and 310

~ . R ]

l' .

"v.,ag'

. dubte ﬁere not further cheracterized.; The diﬁa se:ps incom-.-<l

- performing the séﬁuence of reactions outlined in Scheme 11 ;i'”'
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291, a

i~~~

3

L

iol A

CH.CO0 S

Al

g2,

wgé, diol' B

-~
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Because of the complications that arose in the

hydrogenation of 279, the diols A and B were first conver-

-~ o~

ted to their diacetates 304 and 308, using-acetic anhy-

-~~~ ~ o~

dride and pyridine. Hydrogenation (PtO2 catalyst) of the
diacetates in ethyl acetate and subsequent removal (hot
methanolic sodium methoxide) of the gcetyl groups led to

306 and 310. Jones' oxidation converted each smoothly
L 3

-~~~ ~ o~~~

—-~ ~ o~

into the corteSponding diketones 307 and 311, All reac-, PR
tions proceeded cleanly in high yield and spectral data
(ir and nmr) are consistent with each of the compounds.

Glpc analysis (UCW-98) demonstrated that the saturated

diketones are different. To summarize then, diol A is

either 291 or 293 and diol B is likely 292 or 294.

~ o~ -~ ~— i~ ~

At low concentrations (0.0019'§), the ir spec-

trum (CC14)”of diol A shows an intramoleéularly bonded

1 1

OH band -at 3568 cm — as qgll as a free*OH band at 3626 cm .

The former absdrption is presumably due to the-pfesencé of

e~ o~

the double bond since the high dilution ir spectrum of 306

shows oﬁly a free OH peak.
The high dilution (0.0033 M) ir spectrum (CCl,)

of diol B does not contain an intramolecular OH band.
Because of its geometry we believed that compound 294
would possess strong intramolecﬁlar bohding. Accordingly,

we strongly favoured structure 292 for diol B.

-~~~
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[ For additional information concerning the orien-
tation of the hydroxy group in the seven-membered rings of
v

diols A and B, the epoxidation of the endo acetate 285 was
examined. With the acetoxy group, only steric factors
should control the direction of peracid attack. One mole

equivalent of m-chloroperbenzoic acid and 285, dissolved
. — ~— . g —

L.
poma——

0

285 ———p

~ o~ o~

B

312a

~ e~~~

©

291 + 292 ————p 304 + 308

~ ~ - ~ o~ i A

in methylene chloride, was stirred at 0° for 8 hr and gs-
terified with etheréal diazomethane. Reductiohvof the
crude epoxy acetates with lithium aluminum hydiide'éaVe,'
~after workéup, a mixture of chiefly two diols (élpc,-
Carbowax 20&). A pﬁfe saﬁple of the diacetate éf'each pro-
duct‘was.obtained by two methods, Conversioﬁ of the crude
diol mixture to the corresponding diacetates foliowed by
preparative glpc (Reoplex) yielded each diacetate As a
solid compound. After two recrystallizqtions'bOth diace-
tates were énalYtically pure. The 1;4-derivative melted

at 76.3-77.2°, the 1,3-derivative at 56.2-57.2°. The
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alternative method involved first column chromatodraphy
of the diols on silicic acid. Appropriate fractious were
combined and acetylated. At least three recrystalliza-
tions were required.to purify cempletely the crude diace-
tates. The second method was the less efficient.

similarly, pure specimens of the 1,4-diacetate

304 (mp 76.0-76.5°) and the 1,3~ diacetate 308 (mp 56.0-

~ o~ o~ ~ o~

57.0°) were prepared. from the diols derived from the epoxi-

< ‘

 Each pair of diatetates are identical in spectral

dation of 279.

propertles and glpc pehaviour (UCW 98, Reoplex, Carbowax
20m). There is no depression of the mixture meltlng pOlntS.

Thus both the endo aTtohol 279 and the endo acetate 285

~ o~ -~~~

lead to mlxtures contalnlng the same proportlons of the "
same two diols. .Thls result lends_addltlonal support for
the proposed stereochemistry of the 1,3-diol B and suégestS'

that diol A also likely has an endo, exo configuration.

With samples of pure diol B now accessible from
the’ hydroly515 of the pure 1 3- dlacetate, a reexamlnatlon
of the nmr spectrum of the diol was undertaken, uSLng a 1'
different apprpach. It WaS'mentioned above that thetnmr
of diolbs'is not‘very informative becaUSe the signals for
the two bridgehead protone are .buried in the absorptions

of other protons (see Figure 9). In our experiments with
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: _sﬁeétrum is possible. Only structures 292 and 294 are ’

compatible with the decoupling experiment.

. _ 186.

RS
the europium shift-reagent and compounds gzs and 279, we
vhad observed’very impressive differentiatlon of chemical
shrfts, everni when the shift reageht was present only in a
few percent of a mole equivalent Just as 1mpressxve Was
the excellent resolutlon of  the signaas throughout the
experiments. With respect to diol B, 1tﬂseemed to us quite
Sposgible that the bridgehead broton Hl' ie the presence'of
the shift reagent, wbulé be pulled out of the eoeglomerate

.
-

absorption at T 7;4-7.8.

) . In the presence of only 0.05 mole equlvalent of

Eu(fod)3- 307 ‘a spectrum (CDCl ) of diol B is obtalned
from which it is possible to prove unamblguously ‘the

homoallylic 1, 3-dlol constltutlon of the d101 (See Flgure '

10). | W

OH
292, diol B

Cm— o~ -~

In the shifted spectrum (Figure 10), thevH1 absorp-

ticn is now visible as a broad quartet. From results of a

uecoupiing study (Table 13), extensive assiQnment of the

»
.

-~~~ ~ o~

1 :

AL

LN
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The exo configuration at C2 of diol B was estab-
lished béyond all doubt in later experiments with the C,
epimer of dididg (vide infra). Therefore approximAtely
50% of the g—chloroperbénzoic acid attacks the A4 double
bond of 229 from the exo side. It seems impossible to
imagine that the two double bonds of the diene system in
g?g differ in charécter enough to cause the other half ol
the peracid»to attack the Az double bond from the endo
side. Although we have no direct evidence for the config-
uration of the C,-hydroxyl in diol A, we believe that diol
A must also have an endo, exo stereochemistry.

The products from the simple epoxidation of gzg

" have now been identified. Althéugh the yieldé of.allylic
epoxides are very good, neither major product has the
required endo orientation of the oxirane ring. A mgthod
to force an epoxidation toythe undersidef;f the bicyclic’
system is to build a pertarboxylic acid unit on to the
endo hydroxyl of 279. Then with a proper choice of the

~ o~ o~

added unit and with the proper experimental conditions,
the peracid might epoxidize the diene moiety fréﬁ under-
neath in an intramolecular process. We are not aware of
ény reported example of an intramolecular epoxidation.

The peracid unit must be attached to the hy-
droxylbqf 279 by a linkage that can be easily broken lgter

-~~~

on. This would seem to limit the linkage to an ester.
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Because of its reactivity the peracid moiety can only be
generated after the linkage to 279 has been formed. The
Broblem then becomes to find a high-yield procedure to
prepare peracids in the presence of an ester,.

There are two general me;hods known that produce
good yields of aromatic and aliphatic peracids. The syn-~
’ 131

thesis of Silbert et al relies upon the acid-catalysed

exchange equilibrium indicated below:
ut

0
U ——
0, === RHOOH + H,0.

RCOOH + H
The workers used the strong, non-oxidizing acid, methane -
sulphoﬁic acid, as both catalyst and solvent. The reaé-

tion requires from 1-3 hr and the yields are generally

'80-100%.

The second method132 involves the perhydro%ysis
of acid chlorides. Perhydrolysis is a classic method to
prepareé?rganic peracids but yields were not good until

the Japanese chemists found that an excess of base must

i
H + NaOH —pp- RCOONa + NaCl + H?O'

RCOC1 + Na07

0 ' 0o 0 0
i - . _H y . g
RCOONa + RCOC1l =3 RCOOCR =~ 2 RCOONa
be used to prevent spontaneous decomposition of the per-

acid and its anion. Reaction times at 20° are very short

1
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L
"/

(ca. 15 min). The solvent medium is aqueous alpohol or

N

N\
aqueous dioxane and a small amOUnt ofjmaqnealum sulphate

BT

¢ .‘:_-_x _‘,
is added to inhibit the catalytac "’_ 4§1t10n of the

\

products by traces of mgkdls. xM e T
g o
The use of met nesulﬁ\n§f§¢ncid as solvent is
OR
prohibited for our p&fpoge, On @he other hand, the low
temperature and the speed of the reaction made the per-
hydrolysis reaction attractive. Under these conditions
: .
little saponification of an ester should occur. Since

aromatic peracids are more stable than their aliphatic

counterparts, the preparation of 313 was attempted.

-~~~

0 : : O0OH

oc | COOC JHg

313 314

-~~~ -~~~

To test the perhydrolysis method, n-butyl hydro-

gen phthalate (314) was converted to its acid chloride

(315). Essentially following Ogata and Sawaki's proced;y
< é,
CoCl1 OOH
e
conC ,Hg ‘ COOC  Hgq

315 ' 316

~ e~~~ ~ .~



193.

ure,132 the acid chloride was then added dropwise to a
]

cold (5°), agqueous dioxane solution containing three mole
equivalents of sodium hydroperoxide and a small amount of
magnesium sulphate. After 12 min stirring at 7-10°, the
reaction was worked up. Analysis of a chloroform solu-
tion of the product showed that the peracid %%9 had been
formed in 84% yield. NoO evidence of hydrolysis of the
ester was observed by glpc (ucw-98) and nmr spectroscopy
" of tgz esterified (diazoheth ) crude product.

Although the yield of 3%9 is excellent, the
experimental procedure is not well suited for the prepara<
tion of-%}}. The main drawback is tﬂe high concentrations
of reagents that are employed. Forlrxample, the acid
chloride is added neat to the/JQueous solutidn. When the
reaction %%?‘3}9 was repeated but using mo@ified proced-
ures that we considered applicable to the synthesis of 3%%,
the yields of %}9 dropped only to 70-75%.

Compound §}§ was‘prepared in the following way.

In the presence of phthalic anhydride and pyridine the

endo aicohol 279 was converted quantitatively to the half

~ o~

phthalate ester 3}2., The required acid chloride 318 was
made via the potassium salt of 317. Thus 317 was neutral-
ized with one equivalent of potassium EEEEfbutoxide‘in
tetrahydrofuran. Reaction then wikh oxalyl chloride led

cleanly to 318,
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COOH oCl1
0oc,. - ' 00C :

317 318

~ -~ -~ o~

-
To date the preparations of 313 from 318 have

~ o~ ~ e o

produced products derived mainly from inter%glecular

rather than intramolecular époxidations. The productSIQeré
analysed by reducing the esterified (diazomethane) mixture
of allylic epqxides with lithium aluminum hydride. After\
removal of o-dihydroxymethylbenzene by chromatography,

the crude product con;isted mainly of two diols. These
diols were shown to be the previouély isolated diols 291 and

~ A

292, The diols were purified as their diacetates in the
manner described before. In mixture, the pure diacetates
(mp 76.2-77.0°, 56.0-56.8°) did not depress the melting

points of 291 and 252.

~ o~ ~ o~ -

Although we have not yet succeeded Eo force the
formation of the endo epoxides by this method, we are
optimistic and believe that it is at present solely a
technical problem. With the development of a practical
method to effect intramolecular epoxidations, some very

interesting synthetic and mechanistic studies will be
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“

possible. X

-«

t

To help simplify future investigations‘on-this.

\

proolem, the synthe51s of the authentic endo endo diols

319. and 320 has been started. With the‘four diols, 306

A '

Nl

319

310, 319, and 320 on hand a quantltatlve analysxs of thcy
epoxidation mixtures becomea posslble using glpc (A
capillary column would probably be necessary tor thxs WOILK- )

In this way the laborious separation ahQ\pu;lflqatron of

- - . . AR

tiie isomers would be avoided . . <

s

GaY

Ly - o

The synthesis of, 320 has been completed Z?Thgv.

~ A
R

réaction of equimolar quantities og_gpre 310, (prepared

~ o~

from purlfxed 308) and p—toluenesulphonyL chloxlde 1n ]

the presence of pyr;dlne gave a mzxture of the,two-pos-h

sible monotosylates in which 321.predom1nated. Chroma- .

i s

310 —_—

-~~~

TsN

tography of the mixture on silicic acid gave a sample ot

/ :

.
o
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321 that was ca. 90% pure by nmr spectroscopy. CompOunds '

~ o~

321 and 322 were easily distinguished by their nmr spec-

~ o~ -~ ~ o~

tra. A proton gem1nal to a hydroxyl group in the mono-

tosylate believed to be 321 had a chemical shift and mGhti-

-~

p11c1ty essentlally the same as the protons geminal to

the cyclopentyl hydroxyl groups in 279, 291, 292, and 306.

-~~~ ~ o~ -~~~ o~

'Furthermore, Jones' oxidat;on of the monotosylate gave a

product that exhibited a single cerbonyl stretching band

in the ir spectrum at 1738 em™L,

Corey and‘Terashimal33 recently reported that

tetrabutylammoniumAformate ie an excellent reagent to
ise for S N2 displacement reactions of tOsyloxy~groups.
Tetrabutylammonlum formate was prepared by us from the
correspondlng ‘ammonium 1od1de.,'Passing an_aqueous solu- .
tion of the iodide through.an_anion exchange column (Dowex

1-X8 in the hydroxlde form) ylelded tetrabutylammonluml
hydroxide which was ‘then neutrallzed with one equlvalent p
of formic acid. Tnevbulk of the water was removed under

¥ _ | ‘ 3 - E 134

‘reduced pressure at 30° and the product was dried™” " by

azeotropic_distillation oeing‘bcnzene. A crystelline so;id

remained which was then recryStallized three times frOm'

- dry, purified ACetone. Reaction of the purlfled ammonium

' salt wlth 321 at room temperature was complete in 2 hr. Anf

~ o~

excellent yleld (>90%) of the cycllc carbonate 323 was-

~ o~

obtalned ‘ | C o - 5
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373

0

The structure of 323 is flrmly establlshed by

~ e~

che combined evidence of ir and nmr spectroscopy and

chemical ionization mass spectrometry. No formate proton

is present in the nmr spectrum but the ir spectrum (CHC13)'
'contalns a strong carbonyl band at 1738 cm. ;;c The,chemi—

cal 1onlzat10n mass spectrum, recorded u51ng methane as

" the reactant gas, dlsplays a (P+l) peak at m/e 183 "With
.. ammonra as the reactant gas, the spectrum exhlblts peaks
‘hat m/e 200 (P+18) and at m/e 183 (P+1). - T

The probable explanatlon for the ox1datlon pro-.

duct 323 is that the tetrabutylammonlum formate was oxi- -

~ o~

'dlzed to tetrabutylammonlum blcarbonate durlng the azeo—

’trOplc drylng The benzene had not been dlstllled under

‘a nltrogen atmosphere

1 ST The unexpected carbonate proved that the mole-
IV

'cuLe now possessed endo substltuents at both C2 ‘and C8

Treatment of the carbonate w1th methanollc sodlum methox—

-~

ide gave the desrred lel 320, Spectral data are con51s- :

!
\

\
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doublet of tripleﬁs for the methine proton geminal to the
cyclopentane hydroxyl is seen at t 5.52. The ir spectrum

(ccl,) of a dilate solution (ca. 0.003 M) of 320 exhibits

‘medium OH bands at 3636 cm 1

1

and 3624 cm © and a strong
band at 3548 cm .

Further work on this project must be left in

"the hands of othéers.
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thesxs, mention has been made to contrlbutlons by Drs.’ \

fThe Left Side of Methynollde

199.
CHAPTER 9

METHYNOLIDE-~THE PRESENT STAGE OF ITS SYNTHESIS

.....

\
In the discussion of results reported in this
\

A

Kim, SPessard, Davis and Yamamoto. Thls chapter descrrbés

'additional work performed by Drs. Spessard, Yamamoto, and\g

. \
Rossy. . - , : o - \

At the end of Chapter 5 compound 140 was proposed

-~~~

as a potentlal predursor to methynollde.' From 140, com-

~ o~ o~

_pletlon of the synthe31s 1nvolves the 1ntramolecular
Aopenlng of the ClO,Cll-ox1rane by the carboxy group, fol-~

'lowed by the removal of any protectlng groups that may be

present. Dr. Spessard carrled out a serles of model experl—

ments de51gned to assess the fea81b111ty of thls approach

' The test compound for this study was the y,é—epoxy-a,s-'7

ansaturated ketone 326, a o o ‘, o B

-~ -~

The . syntheSLS of - 326 started from 2—methyl 2—

~ o~

» pentenal (324), the aldol self-condensatlon product of :

~ o~ o~

propanal Although thls aldol product has been known for

almost one hundred years, 1t was not untll recently that

the stereochemistry of the double bond was concluslvely

'
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establlshed as 1nd1cated in structure 324. 1353 Acetyl-

-~ o~

methylenetrlphenylphosphorane (171) was condensed with

. 324, prepared by the method of Evans et al.,l35b to give

-~~~

the dienone 325. Treatment of 325 with m-chloroperben201c

-~~~ ~ o~

_acmd resulted‘ln epoxldatlon excluslvely at the y,§-double

pbond. | |
’\ ' When the epoxlde 326 was stlrred in hot acetic

\ }
aczd the oxlrane was clegved in the manner de81red - Com-

-~

: v
pound 327 contains all the. stereochemical features present

L~ e~

'ln‘thE_C -fragment ofrmethynollde.

7‘, 13
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.Further Work with the Légtonic Acid»(i)—32

T

(i) By mbdifying'slithly the previously out-
lined reaction scheme (see Chapter 7) for the conversion

of the lactone 233 to the trimethylcycloheptenyl acetate

~ oy~

-

261, Dr. Yamamoto has been able to improve the overallA“ -

‘yield of (%)-32. ‘Oné advantage of the modified prbcedpré

original Route . =~ - Modified PRoute

' lactoneé 233

s o triol. 250

~

hydroxy ditosylate 251

~ o~ -~~~

benzoyloxy ditosylate 252 . acetoxy ditosylate'328a
benzoyloxy diiodide 255 ~ - acetoxy diiodide 328b

trimethyl éénzoaté 258

~ o~

trimethyl alcohol 259- — > trimethyl acetate 261

¢ '(£)432A(overéll yield)v'
Oriqihai:Route;v; s 23% ’ )

: Modifigd”RoQte:'ﬂ . 30%

BN 4 ) '
is that the acetoxy ditosylate 328a is obtained as-a crystal-
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& 1'

line substance. The crude 3?8a 1s lsolated Ln‘94% overall

~ o~~~

Ch ’\)‘ L]

yield from lactore 233 One recrystall;zatlon affords

~~~
" -
7,

analytlcally pure-materlal.

(ii) If the. results of br. Spessard's study of

326 are to be applled 1n the synthe51s of methynolide, then

~ o~ o~

the preparatlon of the stablllzed phosphorane 329 becomes

o

necessary.

~329

~ o~

) The synthe51s of thlS compound is presently be—.
-ing developed Encouraglng prellmlnary results have been
obtalned prs. Yamamoto and Rossy have shown that in theb
presence of one equlvalent of aqueous sodlum hydrox1de, ;.v”
the lactone mozety of (+) 32 is quantltatxvely saponlfled
The gathyl ester remains unaltered If thls select1v1ty

is appllcable to other nucleophlllc reactlons on ( )32

then a aip-step synthe81s of 329 appea posslble by u51ng
i |

~ o~

-~ o -

methyle%gggtphenylphosphorane (330) Reactlons of 330



330

-~~~

.

with simple esters are‘known.136 Dr. Rossy has,shown'that
‘the above reaction'proceedé'in a test case with valerolac- 44

" tone. Condensation of the crude pfoduCt with benzakdehyée

_‘gives the expected olefin 331.
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CHAPTER 10

EXPERIMENTAL

All melting and boiling points‘are uncorrected.

The ir spectra were obtalned on Perkin-Elmer
model 21 and 257 infrared spectrometers.‘ In reported lr'.
spectral data the following abbreviatggns 3re used: s,
‘'strong absorption; m, medium absorption: w, weak absorp-
tion; b, broad absorption; sh, shoulder absorption.

The ﬂmss_spectra were obtained on AQE.i, MS-2,
MS-9, and MS-12 spectrometers. - | |
| | The nmrﬁspeotra were recorded on‘Varian Associ-
ateé-A#GO and HA-lOO spectrometers. In reporting nmr data
the follow1ng abbrev1at10ns are used. 'm; multiplet; s,
's;nglet d doublet t, trlplet, q, quartet The abbre-

}v1at10n b (broad) may preflx one of the above mu1t1Sl1c1ty

'abbrevlatlons, in whlch case the specifled multlpll

~1s just 1ntended to glve a v18ual plcture of the ab;Frpi
‘ltlon w1th no strong suggestlon as to the true natur. £

'the Spllttlng pattern. The abbrev1atlon c (complex) may
'preflx a mu1t1p11c1ty abbreviation. Thls preflx 1ﬁ used
to 1nd1cate the preSence of one or more small coupﬂlng

' constants (J<2Hz) In reportlng the results of decoupllng

experlments Ain the precedlng chapters, the symbol nkAn
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indicates that the appearance of an absorption has been
strongly altered. The symbol "*" is used for describing
absorptions that undergo only small changes in shape.

Analytical glpc were performed“on a F&M model
5750 research chromatograph, equipped with 6 ft x 3/16 in
columns and a flame ionizations detector. Preparative
glpc were carried out on a F&M.mOQel 700lchromatograph,
equipped with 10 ft x 1/4 in. columns.

All reactions were conducted under a dry nit-

rogen atmosphere unless otherwise stated.

4- Phenylbutanoyl Chloride (147) -5

~ o~ o~

To a cold (5°), stirred'mixtﬁre.of_4?phenylbu—
tanoic acid (7.50 g; 45 7 mM) and fresh1§'distillea~thionYi»’
chloride (6 50 % 54.6 mM) was added W, N-—dlmethyvlformamlde |
(15 mg; 0.20 mM) The‘reactlon was protected from atmos-
pherlc m01sture ‘with a Drlerlte drylng tube After the
: v1gorous evolutlon of: gases had sub51ded, the solutlon was
_ heated‘at 90° for 15 min.- Excess thlonyl chlorlde.and the
small amount of W, - dlmethylformamlde were then removed by
dlstlllatlon unaer reduced pressure. Flnal distillation
of the dark re31due gave }SZ as a colourless llquld {(bp .
110-111°. at 7 corr; 1i6.337 1190 at 9 torm).

vield: . 7.32 g; 88%.
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ir (CHCl;): 1800 cm * (s); 1730. (m); 1605 (m); 1497 (m);

1457 (m); 1404 (m).

1-Bromo-5-phenyl-2-pentanone (149)

~ o~

A solution of }SZ (6.98‘g; 38.2 mM) in dry ether
(100 ml) was added dropwise over 1.5 hr to a cold (0°),
stirred ethereal solution (240 ml;.O.So,g; 120 mM) of
diazomethane'uuder nitroden. rAfter stirring for 30 min
at 10°, the yellow solution was stirred‘an-additional 3.5
hr at room temperature, The yellow diazoketone 148 re-

~ o~ o~

malned as an oil in the flask after the solvent and excess

dlazomethane had been removed under reduced pressure at
‘room temperature.‘s

The dlazoketone was the dlluted with dry tetra--
_hydrofuran (50 ml),'cooled to 0°, and decomposed by~the |
dropwise addltlon of 48% aqueous hydrobromlc acid- (ca
5.5 ml; 42,mM HBr). Nltrogen evolution ceased before
" 'addition was complete.r After addltlon, the solutlon tested
ac;dlc. - The yellow solutlon was stirred 1. 0 hr at room~
temperature, poured lnto water (400 ml), and extracted
 with ether (4 x 100 ml). 'Thevcombined extract was.washed
tovneutraiity with.water'(Z‘x 100 ml),.concentrated to an

0il, diluted with methylene chloride (150 ml), dried

) -
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(anhydr. Nazso ), and reconcentrated to a yellow-orange

0il (ca. 86% 149 and 14% 150).

~ o~

vield: 8.06 g; 88%. ‘
ir (film): 1732 and 1717 em~l (s); 1601 (m); 1494 (m);
1453 (m); 747 ks); 697 (s). ‘
nmr (CbCly): 1 2.79 (bs, SH); 6.25 (s, 2H); 7.17-7.76
(m, 4H); 7.80-8.40 (m, 2H); 6.07 (5, COCH,Cl).

mass spectrum: calcd. mass for C11H13798;0: 240.0149.

kmeas; m/e: "240.0153.

2-0xo-5-phenylpentyltriphenylphosphonium Bromide (}5})'

A solution of triphenylphOSphine (9.26 g; 35.4

mM) in benzene (30 ml) and a solutlon of 149 (7.80 g con-

~ o~

taining 14% 150; 32.4 mM) in benzene (20 ml) were mlxed

~ e~ -~

under nitrogen at room temperature. After 30 sec, a

white preéipitate formed. The mixture, after stlrruAg

overnight, was filtered and the precipitate was trlturated
witn hot benzene (2 % 150 ml) and freed of solvent. (foom

. temperature, 0 1 torr). The crude phosphonlum bromlde

(gg, ll g) was flnally recrystalllzed from ethyl acetate-—

. methanol (mp-210;0—211,0’).
vield: 10.64 g; 65%.
ir (CHCly): 2905 em~Y (s); 1712 (s); 1441 (s); 1108 (s).



.. ~, 208.
: D I A
nmr (CDC13): r 1.80~2.62 (m, 15H); 2.84 (bs, SH); 4.09
(bd, J=12Hz); 6.76-7.23 (m, 2H); 7.25-7.70
(m, 2H); 7.83-8.50 (m, 2H).

mass spectrum: meas. m/e 423 (P-Br).
)

-~~~

2 -0x0-5~- phenylpentylldenetriphenylphospnorane (145)

The phosphonlum bromide 151 (9.40 g; 18.7 mM)

~ o~

was added in portions over 30 min to a v;gorously stiried
mixture of agueous potassmum carbonate (10% by wt; 400 m;)
'and benzene (Lpo ml). The mixture was stirred overnight,‘
_the benzene layer was decanted,_and the aqueous ‘layer

was’ extracted w1th benzene (3 x 100 ml). The Eomb;ned
benzene solutlons were’ washed with water (3 x 100 ml) and..
w1th saturated aqueous sodlum chlorxde solution (100 ml)

and drled (anhydr. NaZSO ). o Removal of the solvent gave

}f? as a yellow 011 All @ttempts to crystallize the 011
.falled Durlng these attempts, the oil darkened apprec1— '
dably. Tbe bulk of the coloured 1mpur1t1es were ” success-'v
»fully removed by fllterlng a methylene chlorlde solutlon

A'of }f? through a cclumn of neutral alumxna (act;VLty I1I;

500 g).~_Aqain remoyal of tbejSolventiafforded a yellow\.'

»§11,’ . |

Yield: ca. 6.5 g szs.d

r-(cuc13) 1524 e’ -1 (s), 1439 (s), 1400 (s)5 1104 (s);
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! 874 (s).
nmr (cbc13» 1 2.00-3,15 (m, 20H); 6.35 (bs, 1H)} 7.10- ¥
8.50 (m. ®6H). o |
mass spectrum: calc. mass for C29H27OP 422.1800.
meas. m/e: 422.1815.

-

Preparation of Benzoyl Chloride in the, Presence of 1-

‘Vﬁpylcyclohexyl Acetate (%53)

| A solution of bénzoic acid (0.110 g; 0,90 m4)

ln dry benzene (3 ml), maintalned under a dry nltrOgen

atmosphere, was treated at 5° w1th a hexane solution’ of
-butylllthrum (1 30 M; 0. 69 ml; 0.90 mM). 1- Vlnylc;clo-

‘hexyl acetate (105 mg; 0.624 mM) and dry pyrldlna (ca. .
7 mg; 0.09 mM) were then added. - To the V1gorously stlrred,
cold (5°) mlxture was added, by syrlnge over ca. 3 min,

distilled oxalyl chloride (0.30 m;, 3{5 mM) . Durlng the" ﬁmb
addition the'tig“bf the syringe needle was submerged in ié
the mixtdre After stirring 2 hr, the mixture'was‘diiuted ' ]
w1th carbon tetrachlorlde (3 ml) and centrlfuged .Tce~r

lear centrlfugate was concentrated to an . Oll The nmr

spectrum and glpc (UCW -98) showad the product to con51st

~—= . A}
t

~

.solely -of benzoyl chlorrde and 153
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o~
s

.

2-(1,3- Dlthlan 2 yl) 2-propanol (156)
7}

~ -~

A hexane solutlon of n- butylllthlum (72 ml; 1.60
:_g; llS mM) was added via syrlnge, at a rate of ca. 5 ml/
min, to a cold ( 30°), strrred solutlon of" 1,3 dlthlane
1(15 0 g, 125 mM) 1n dry tetrahydrofuran (400 ml) under
-nltrogen. After 2 hr stlrrrng, the clear solutlon of 2—‘
'llthlo 1, 3—d1th1ane, marntalned at -30¢°, was treated drop-
'7 w1se W1th dry acetone (8. 57 mL, 116 MM). Stirringdwas. .
lcontlnued for 6 hr at 15°' then fOr 20 hr ﬂt 0° Q‘Followé'
ilng concentratlon to ca. 100 ml, the reactlon mlxture was'
_dlluted w1th water (100 ml), neutralrzed to pH 7. S w1th |
aqueous hydrochlorlc ac1d (1 0 M), and extracted w1th
ether (4 x 80 ml) , The combrned extract was washed with -
’saturated sodlum chlorrde solutlon,.concentrated to an
“oily resrdde diluted Wlth methylene chlorlde (150 ml),
and drled (anhydr Nazso-) ' Evaporatlon of the solvent
gave crude 156 as a yellow 011 ‘ Fractlonal dlstrllatlon :hy,:fl

~ -~

removed the small amount (ca. l -0 g) of l 3o dlthlane con—':;

talned in the crude product The dlStllled 156 (bp 83°»'

R

R

at 0 03 torr) crystalllzed readily at room temperature.;lﬁ”’"b”
-:5mP 39.6- 40.0°r recrystalllzed from pentane..lff |

Yield: 15.6 g; 76% ‘ R o - .
ir (CHCl )~ 13500 cm” (bm);h13sai;naf1;75t(g);i1335'@§;{~;
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1152*(5); 917'(5); 899 (m). | |
" nmr <coc13);. T5. 84 (s, 1H), 6.95-7. 25 (m,'4H), 7.63 (s,
| 1H); 7.80-8.40 (m, 25 8. 64 (s,.v H) .

—~

12 (l 3 Dlthlan 2—yl) 2-propyl Acetate (157)

i~

“The hydroxy dlthlane 156 (14 50 g,-81 4 mM) was.'"'

dlssolved 1n freshly dlstllled 1sopropeny1 ac9tate (100 '

ml) whlch contalned pftoluenesulphonlc ac1d monohydrate

'(l Q- g, 5. 25 md) and the solutlon was ‘heated under nltro—'
P ,

;gen at 60° for 24 hr. The cooled dark llqu1d whlch con- -

'_talned an 1mmlsc1ble 011, was neutrallzed with pyrldlne,

"1str1pped of 1sopropenyl acetate ‘under reduced pressure, g

r‘dlluted w1th benzene (300 ml), and agaln concentrated to

'an o&l luhe re51due, dlSSOlVed in methylene chlorlde

;“(150 ml), was washed w1th aqueous sodlum blcarbonate (5%

fﬂ:by wt 4 X 50 ml), water (100 ml),,aqueous hydrochlorlc
’[ac1d (l 0 M 4 X 50 ml), and w1th water (100 ml) and fln—
'3gally was dried (anhydr; Na SO4) Removal of solvent left

‘ an orange product whlch was dlstllled to glve 157 as a

-~ o~

white SOlld bp 78° at 0 25 térr.h mp 68.4- 69 7°, recrys;‘-
. ' talllzed from pentane. ~J' o
'..yreld: 17.21 g; 96% ”‘ _ R

ir (Gcly: 1733 ™} (s); 1388 (m); 1372 (s); 1253 (bs),

909 (m).
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Came (€DCLy): T 4.97 (s, 1H); 6.92-7.50 (m, 4H); 7.99 (s,

3H); 7.70-8.34 (m, 2H); 8.43 (s, 6H'.

~ i~

—Acetoxylsobutyraldehyde (154)

A solution of mercurlc chloride (4.1 g; 15 mM)
in acetone (10 ml) was introduced dropwise into a vigor- -
ously stlrred mlxture of léz (2 65 g; 12.0 mM) and freshly
prepared cadmlum carbonate (4.1 g; 24 mM) in acetone (80
ml and water (10 ml), malntalned at room temperature and
: under nltrogen. After  the mixture had been stlrred for.~
6 hr at room temperature and for 6 hr at 40° the mixture
was treated w1th addltlonal cadmium carbonate (2 5 g,_l4 mM):
and mercuric chlorlde (2. 5 g; 9.2 mi; dlssolved in lO ml N
. acetone). Stlrrlng ‘'was contlnued at 40° for 20 hr and
finally at reflux for 30 hr. ‘"he cooled mixtureYWas.file'
‘tercd and the solids were waghed with acetone. The com-
“bined filtrate and washlngs was concentrated, 1n the pfe;’

'_sence of fresh cadmiun carbonate, to 10 15 ml by spinning—

band dlstlllatlon The pot re51due was centrlfuged and

" the clear centrlfugate was dlluted w1th chloroform (15 ml).
After removal of the prec1p1tated solids by centrlfugatlon,
the solutlon was flash—distmlled under reduced pressure ;
from the remalnlng dissolved mercury salts. By glpc ana—

ly51s (Ucw 98), the main product in the dlstlllate was 154.

~ o~
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However, at 1east five minor products as well as a ‘signi-

flcant amount of 157 were also present Fractlonal dis-

-~~~

tlllatlon under reduced pressure afforded 154 (ca.p90%
'purity) For spectral characterlzatlon, a sample of pure

154 was obtalned by preparatlve glpc (SE-30, 118 )

~ o~

yield: ca. 620 mg; 40%. o
ir (film): 1739 cm 1 (s); 1390 (m); 1372 (s); 1256 (bs):
1143 (s). .

v

- nmx (CDC13): 1 0.48 (s, 1H); 7.9) (s, 3H): 8.60 (s, 6H).

1- Vlnylcyclohexanol (158)

-~

The preparation of l§§vwas similar- to ‘that des-
_ crlbed in reference 138. Thus a three-necked flask (500
.ml), equlpped w1th an overhead stirrer and a dry 1ce—- :
'acetone condenser, was charged wrth pulverlzed magnesrun :
‘turnlngs (8. 02 g 330 mﬂ) The system was thoroughly

_ rled and malntaxned under an atmosphere of nltrogen for
the duratlon of the reactlon. Dry tetrahydrofuran (16 ml)
fhand v1nyl chloride (ca.A4 ml).were lntroduced. The - |
-;stlrred_mrxture was heated to ca. 40° and two drops of
":l 2-d1brom0ethane was added. The reactlon had been 1n1—r-‘
Jtlated when the solvent became llght browu. Stlrrlng and'*

. perlodlc heatlng to 40° were" contlnued untll the colour

"~ had become dark brown. More vinyl chloride (ca. 10 ml)
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.was: tondensed into the flask. Dry tetrahydrofuran (120
ml) was added in portlons over 2 hry The presence of

vinyl chlorlde in the mixture was always malntalned.

‘ Stlrrlng at 30-45¢° was contxnued untll only  traces of mag-
. ne51um remalned " The dry’ 1ce~—acetone condenser was |
”replaced by a water-cooled condenser. " The deep brown solu-

*Ltlon was heated to 65° and the excess vinyl chlorlde was

- ventea to the fume hood. To the Grlgnard solution, cooled

'and malntarned at -10- to —5° was added dropw;se over 2 5
‘:hr a solutlon of dlstllled cyclohexanone (27.0 g, 275 mM )
“-ln dry tetrahydrofuran (40 ml) After stlrrlng 10 hr at
| room temperature, the mlxture ‘was cooled to 0° and hydro-

; lysed by the slow addltlon of cold, saturated aqueous.‘_
",ammonlum chlorlde (35 ml) The pIEClpltate was’ allowed

: to settle, the clear yellow1sh solutlon was decanted and
»lthe solld re51due was washed w1th ether (4 x 100 ml).. -

-~

. The comblned organlc solutlon was concentrated to an 011,

~e?

'T”dlluted with methylene chlorlde (200 ml) and drled (anhydr.

2SO ) After removal of: solvent, the reSLdue was dls—‘

tllled to alve 158 as a colourless llquld (bp 70 7l°:at .

-12.torr;'11t.. bp 65° at 13 torr)
yield: 29.6 g; 85%. o

Cir (CHC1,): _3585wcm _;(m);”34;o.(bmjgfsdesixm);'1637 (m) ;
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P 1451 (s): 990 (s); 951 (s); 920 (s); 900 (s) .

(s, 1H); 8.46 (bs, 10H). - | |

'lvV1ny1cyclohexyl Acetate (153)

~

l Vxnylcyclohexanol (158; 19 9 g; O 157 M) was
dissolved in cyclohexane (100 ml) An allquot (10 ml) " of
thlS sblutlon was added over 5 mln to a stlrred, heated

(70°) solutlon of E—toluenesulphonlc ac1d monohydrate :

(100 mg, 0. 52 mM) 1n dlstilled 1sopropenyl acetate (180 ml

.prev1ously drled over 4A,molecular sxeve), malntalned

under nltrogen._ After 90% of 158 had reacted (ca. 2-3 hr:; o

~ A

determlned by glpc, UCW 98), a second alxquot (10 ml) of

the cyclohexane solutlon of 158 was added Thls procedure o

~

was contlnued untll all of 158 had been added ) The‘pale-=

~ o~

yellow solutlon‘was heated for'anvaddltlon 14 hr.and then :

cooled. Removal of solvents left an 011 whlch was taken

<

up in- ether (300 ml), washed with aqueous sodxum blcarbon-.

;ate (5% by wt,_lOO ml) and w1th water (100 ml), concen-'w

trated to an oil, dlluted wlth methylene chlorlde (200 ml),

~'and drled (anhydr. Na SO ).- Evaporatlon of the solvent

»gave crude 153. A glpc analysls showed the presence of

o~

_only trace amounts of 158 (2-3%) and of the dlene by—

~ o~

products (2= 3%) ' DlBtlll&thh of the crude product ylelded



216,

153 as- a colourless ligquid (bp 77° at 7 torry l1t 139 bp

~ o~ -~

- 65° at 1l torr). . Unfortunately durlng the dlstlllatlon

approx1mately 10% of 154 decomposed to the dlene 1mpur1-
' tles. . | '
.;Yield- 21, 7 9; 82%.

ir (CHCl ): 1725 .cm -1 (s); 1642m(w)} 1370 (s); 1239 (s).

» t”nmr (e, ) T 3.55-4. 10 (m, 1H); 4.66-5.07 (m, 2H);

‘“"h;‘ l—Acetoxycyclohexanecarboxaldehyde (159)

_ 7 99 . (s[ 3H); 7.57- 8 92 (m, lOH)
mass spectrum v calc. for C10H1602 168.1L50;
f ;meas.._/g: 16B.1146. =

~

‘ A stream of Ozonated oxygen (0 33 cu’ ft/mln-
l 95 mM ozone/mln) was passed through a 51ntered glass
delsc»lnto~a stlrred, cold (d60°) solutxon of the allyllc
| acetate l§§ (10 0 g, 90% pure, 53 5 mM) 1n methanol (200
'ml);- Monltorlng the dlsappearance of . 153 by glpc (UCW 98)
‘-showed the reactlon to be complete after about 1. 5 hr ‘
.(equlvalent to l75 .mM. O ) : After purglng onne from the
’clear solutxon ( 60°) w1th dry nltrogen for l hr, dlmethyl—,
'sulphlde (5 58 g{ 90 mM) was then lntroduced v1a syrlnge.
iThe solutzon was\stlrred for 1. 0 hr at —60°¢ l 5 hr at -5°

dand ‘5 hr at room: temperature.- Removal of solvent left an’

“oil whzch was poured into water (500 ml) and_ extracted wlthe



S e . 217.

Skelly B (4 x 80 ml) The combined extract was washed with

. aqueous sodlum blcarbonate solutlon (5% ‘by wt,‘so ml) and -

I'w1th water (50 ml) and was strlpped of solvent The_res1~b

-(95% pure by glpc, UCW-98),

ir (CHCly): - 1730 cm

fl—(l—AcetQXycyclohekvl) 6—pheny1hex—l—en 3-one (160)

due was taken up 'in methylene'chlorxde_(so ml) and dried

(anhydr.jNazéo')'_ Concentration of'the'solution'and»flash‘

T e~

‘dlstlllatlon of ‘the. re51due gave 159 as a’ colourless lquld

 Yield: 3.36g; 338, -

1 (s); 1371 (m); 1266 and 1240 (bs).

nme (CDCly): T 0.49 (s, 1H); 7.88 (s, 3H); 7.60-9.00 (m,

 10H).

~ e~

A solutlon of the phosphorane 145 (1. 51 g, ca.

~ o~

3.5 mM) and 159 (ca. 95%-pure; 0 SOOYg, 2 78 mM) in dry -

~ o~ o~

,toluene (2 ml) under dry nltrogen was- heated at 90 100°,»
- for two-days. The cooled, ‘dark red product was strlpped

of solvent undex reduced pressure, and diluted with cyclo- -

hexane.' The trlphenylphosphonlum oxlde was removed by o

rfiltration. More phosphonlum oxlde was removed by repeat—

1ng the above procedure. The crude product was purlfled

by chromatography on’ SlllClC ac1d (30 g, chloroform eluent)

and by short—path dlstlllatlon (0.05 torr,.170—200° bath

temperature), The deszred compound (160) was obtalned as

~ e~ e~
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a colouriess'oil "Anaiysistby tlc (siiica gel),showed that
a small amount of decompositlon had occurred during the .
edlstlllatlon.. |

;eld:d 0f620 g} 7l§.‘ | }
ir (CHCly): 1730 om” 1 (s); 1668 (s); 1634 (m); 1234 (s).
: nmgj(chIj)x i.g.ap,(ps, sn), 3 08" d, J=17Hz, 1H); 3.94
ol _ (a ‘J=i7ai, 15;;.7.17—8,93 a, 19h) .

- to(cH, c00) 7. 98 . |

”-mass‘spectrum:n calo. for C20 26 3% 314.1882.
| " meas.__/e-' 314. 1879. B

jS-Ethyl Heptanethloate (169)

~ v~

T

| | A solutlon of heptanorc acrd (4 01 g 3018”mM)
and N N-almethylformamlde (ca. 7 mg, 0 Ol mM) 1n freshly

fdlstllled thlonyl chlorlde (3 6 ml; 50 0 mM) was stlrred

. at room temperature for 2 hr,: protected from atmospherlc

-morsture by a Drlerlte dryrng tube. Excess thronyl chlor-'

'Ilde was removed under reduced pressure. Remalnlng traces»v
;of thlony1 chlorlde were remoVed by dllutlng the resrdue

j'wrth dry benzene (15 ml) and then reconcentratrng to an

'joil;' Thls procedure was repeated tWLcea " A ‘solution of

'the resultlng heptanoyl chlorlde in dry benzene (40 ml)

n~was added over 10 mln to - a cooled (10°), stlrred suSpen-
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sion of lithlum ethanethiolate in benzene, previouely
prepared by:addind a hexane 501ution of n;butyllithium

(40.0 ml; 1,52 g; 6l.mM) to a,« cooled (12;), ‘stirred solu-.
‘tlon of ethanethiol (5. 0 g,'Sl mM) in’ dry benzene (100 ml).

' After stlrrlng overnlght at room. temperature, the mlxture,
was heated br1efly.(30 mln)hat reflux-»cooled poured Lnto
dilute aqueous'hydrOChlorlc’ac1d (70 ml H 0. and 30 ml 1.0 M _

_ aqueOus HCl),'and'extracted W1th benzene (2 x 50 ml) The'

comblned extract was washed Wlth water (50 ml), concentrated s

to. ca. 6 ml, dlluted with methylene chlorlde (50 ml),v

.drled (anhydr. Nazso ), and strlpped of solvent.;~The'

v_”resultlng 011 was flltered through a column of srllc1c"‘”
: aCLd (100 g; carbon tetrachlorlde eluent) and dlstllled
.:(bp l12°'at.23 torr) to'glveflgg.as a colourless ‘olil.

f}gield:-'4;52 g; 86%. . o

{r (film): 1694 cm™ (8.

_nmr (coc1 ): 17.16 (q, J—7Hz, 2H); 7.49. (bt, 2H); 7.9~

Heptanal (170) W-1 Raney Nickel Reduction of 169-

R

9 4 (m, 14H)._

e Bated

w-1 Raney n1ckel was’ prepared accordlng to thel

fprocedure of Covert and Adkln8.149' The Raney nlckel was»
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stored under methanol in a tlgntly sealed~bott1e;

'W-1 Raney nickel (2.0 ml as.methanol~moist cataf
lyst; ca. 1.4 g dry wt) was washed three'tines with ace-
tone (8 ml) to_remoue the methanol. The catalyst was then
refluxed infacetone4(3 ml) forfz'hr under nitrogen; After
coollng, the agetone was decanted and the catalyst was
washed four tlmes with 20% aqueous dloxane (8 ml). A
solutlon of l§§ (20, 4 mg,_O ll7 mM) and cyclododecane
v(15 0 mg,,lnternal standard for glpc analy51s) in 20%
’i'aqueous dloxane (11 7 ml) was 1ntroduced 1nto the flaSk

'contalnlng the moxst catalyst : Under nltrogen, the mix-
_ uture was heated at 60° and the progress of the reactlon |
| iwas followed by glpc (UCW-98) By referrlng to the glpc
: traces: of standard solutlons of heptanal and cyclododec—-
'4'ane and of 169 and cyclododecane, the amounts of heptanal .

-~ o~

"and the th101 ester were calculated. The results are sum-‘

marlzed_ln Table 14._

-trans 3—Decen 2-one (172)

~ -

x s‘olution of -'nep'tanal (0.268 g; 1.99 mM) and -

acety1methylenetrlphenylphOSphorane94‘ (17X; 0.734 g; 2}301

m&) in- benzene (5 ml) was refluxed for 15 hr,'cooled,
;concentrated to ca. 1.0 ml under reduced pressure, and
dlluted.wlth pentane}(6~ml), After filtration to remove
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the precipitate, ﬁhé filtrate was again conceﬁtrated,

diluted with pentane.andffiltefed, Finalireﬁoval of sol-

vent and flash distillation afforded pure 172.

Cyield: 0.300 g; 928, | o

ir (éu¢13);~,;§9o.ch41 (shoulder); 1670 (s); 1637 {shoul-"
K ~ der); 1625 (s); 980 (s)’ o -

d

nmr (CDCl;): T 3.17 (dt, J4=16 Hz, J =6.5 Hz, 1H); 3.95
- (dt, J4=16 Hz, 3,=1.2 Hz, 1H); 7.53-8.01

d

" (m, 5H); 8.70-9.35 (m, llH).

 Table 14: Reduction .of S-Ethyl Heptanethioate with.

’ Ranef.Nickg;,,-

Reaction Time - Thiol Ester -  Heptanal
_f(hx) - - . mg (%) . mg (%)

._..;25_.v- o f 9;0 (44)'A17 .5;5 {4l) '
125 3,819 L 7.8 (38)

5.7 ¢ trace T 10 (75)

e

trans-3-Decen-2-one (172) from 169 and 171 .

~ o~ ! e g - . ~ o~

. W-1 Raney nickél.(4;0,m1,as m¢iSt_cataijét}‘93: ;
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2 8 g dry wt) was partlally deactlvated and washed

.wlth aqueous dioxane as descrxbed prevxously on page 2%0
To the washed catalyst was added a solution of S ethyl
heptanethioate (169; 50.1 mg; 0. 288 mM), acetylmethylenef

~ o~~~

triphenylphosphorane (171; 92. 0 mg, 2. 89 nM), and cyclo-
dodecane (28 7 mg, lnternal glpc standard) in 20% aqueous
dioxane (7 ml), The mixture was stlrred under nltrogen for
4,25 hr at 60°‘.cooled “and frltered.d The flltrate was
then heated at reflux for 11 hr. -Glpc analysis (UCW-98)
of the reactzoh mlxture and of a standard solution of lzg
and cyclododecane 1ndlcated a yleld of 52% for4172 ;Al—
though heptanal was . Stlll present in the crude product,

*extended heating at reflux dld not - lmprove the yleld

Ethyl Hydrogen Ad;pate (l73)

‘ The procedure reported for the preparatlon of
ethyl’ hydrogen sebacate was used with llttle modiflca—
'tlon.;41" | - | |
A mlxture of adiplc ac1d (201 g, 1, 38 mole),_

» dlethyl adlpate (100 g, 0. 472 mole), absolute ethanol
":(36 ml 0 6.2 mole) and concentrated aqueous hydrochlorlc :
'_ac1d (28 ml) ln dry dl-n-butylether (dlstllled from cals
‘cium hydrlde;~75 ml) was heated ‘at reflux. unt11 the mix-h_'
ture became homogeneous. The temperature of the pot wasid.
?lowered_to 125°, bsolute ethanol (43 ml, 2 0 mole)iwas

~"\
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added, and the solution was-refluxed lllhr. Additional
absolffte ethanol (20 ml, 0.82 mole) ;as added. After 5
“hr teflux, the solutlon was cooled to 75° and the solvents
r'were removed under reduced pressureg(zo torr) .The pot
'ytemperature was slowly raised to l25° at 20. torr. When

no further solvent dlstllled the resldue was cooled,

| tested as neutral to m01st pH paper, and fracthonally dis-
.tllled using a Splnning-band column. The ‘crude ethyl
.hydrogen adipate (bp 105 110° at 6 torr) was redxstilled
to afford pure lzg as a colourless 011. (bp 105 108° at

6 torr; a0, 14287 155-6° at 7 torr). |
Yield:, 123 g; 44% (based on adlplc ac1d)

‘ir (CHC13): +3630- 2410 cm (bm) 1713 (s)

amr (cDCly): T -1.26 (s, )3 5. g6’ (q, 3=7.5 Hz, 2H);

” ©7.35-7.90" (m, 4u),_7 9o -850 (m 4n), 8.76
'(;t,‘ J—-'7.4-5'»',Hi',_ 3H)..

~ o~

S-Ethoxycaroonylpentanoyl Chlorlde (174)

Ethyl hydrogen adipate (110 g, 0 633 mole) and
: dlstilled th1onyl chldride (150 g, 1 26 mole) were mlxed-
in a flask protected from atmospherxc moisture by a Drier-

ite drying tube. N, N-Dlmethylformamxde (50 mg; 0.68 m) ‘
c.was then added and the solution was stlrred for 8 hr at

okroom temperature.- The solution was warmed to ca. 40° and

P | S
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- Yield- 119 g, 98%

L_Undecanedloyl Chlorlde (176)L“

oil.

224.

,the excess thlonyl chlorlde was- strrpped from the product_

[}

at . sllghtly reduced pressure.f The remalnlng trace of

'thlonyl chlorlde was removed by coavaporatlon with dry

benzene. The dark orl was drstllled (bp 115° at 10 torr,

l 142a bp 114 115° at 1 torr) to glve pure 174

~~~

TN,

N

ir (fllm) 1804 cm (s), 1731 (s), Lleo (bs)
- nmr (GCl )i 5. 92 (q, J=5 Hz, ZH), 7 06 (m, 2H), 7 72
(m, 25):-8‘0-3-5-(mi aH); 8.77 (t, a=7. 5 Hz,;'y-”'

.- 3RH).

~ A, T

'T

1st111ed oxalyl chlorlde (60 g.,o a7 mole) was Ll
‘ added to a: mrxture of undecanediolc acld (25 o g, o. 115

' mole, prepared from 174 as descrlbed ‘in reference 142) lni'

e

'.dry benzene (30 ml) at 0°' The feactlon was warmed to
room temperature and stlrred OVernrght, protected from ,-Jf“

"!mdlsture by a Drlerlte drylng tube. Benzene and excess ﬂ;ﬁ'“

oxalyl chlorrde were strrpped off at room temperatuxe

';under reduced pressure (20 torr) The remarnlng trace
2% 'of oxalyl chloride was removed by coevaporatlon wlth dry R

._:ben?ene. Undecanedroyl chlorlde was obtaxned as a )(e.‘l.lo“,‘,'::‘.j
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N e e

' s- Ethyl lO—Carboxydecanethloate (177)

o The reactlon of -an ac1d chlorlde Wlth ethaneth101
.‘has been prev1ously reported to proceed in high ymeld 143
o An allquot (15 ml) of a solutlon of ethanethlolp
E (9 50 ml- 7 90 g, 0. 127 mole) 1n dry benzene (100 ml) wasj'p
added dropw1se into stlrred undecanedloyl chlorlde (pre-
tpared from 0, 115 mole 175) under nltrogen at 30 35°. ’ﬁfﬁe

’ solutzon was stlrred at thlS temperature for 3~ 4 hr. ‘A

second allquot (15 ml) of the ethaneth101 solutlon was

'.‘ added drOPWlSe and agaln the solut;on was stlrred for 3*4'{,[i;;

B

1ﬁ£;; ThlS procedure was contlnued untll all of the ethane-;fii'

N th101 had been added After additlonal stlrrlng at 30-35°‘

"v‘”for 12 hr, the solutlon was heated to 100° to remove the

(fj;excess ethanethlol and much of the benzene._ After cool-
fflng, remalnlng ac1d chlorxde was hydrolysed by the SlOW

miaddltion of aqueous potass;um hydroxide solutlon (7% by

7fgwt) untxl the pH tested between 6= -7. | After 3 hr stlrrlng,‘

Mdthe pH of the mlxture was readjusted to 6 7 w1th more}“};d{if,_l'

B aqueous base.i Two hours stirring produced llttle change -

'jﬁ;ln the aCldlty of the mlxture. The pH of the mlxture was

fQﬂdthen adjusted to ca.-l 5 w1th dlluted aqueous hydrochlorlcif”

-ifa01d (3% by wt),‘durlng whlch an off-whlte precxpltate f”:f"

/

'.formed" The mixture was extracted w1th methylene chlorldei'h
; o

"5(4 X 100 ml) and the comblned'extract was washed w1th
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water'(loo ml), dried (anhydr.'Nast45, and conéentrated
‘to a yellow—orange s01id. The solid was dissolved in the

emxnlmum volume of dry tetrahydrofuran and diluted with

N pentane (300 ml). The preclpltate (malnly undecanedioic

v’ .ac1d) was removed by flltratlon and was washed w1th \‘_

"72"a3§1Y5}5°' Calcd for c13524o3s C, 59 96 H, 9'?9;'§1y;”'

"llttle benzene. The benzene washlng and flltrate were
-comblned and concentrated to an oil. Slllca gel chroma-
i~Jtography (430 g, 5% ethyl acetate——benzene eluent) gave .
}zz as a pale yellow solld (mp 48 ?- 49 5°, recrystalllzed;_
:from ether—-pentane) |
vield: '9.66 g; 328. o - | )
ef~;g (cuc;S){* jsozubm (w), jsbofzvob7(b@);';7d4f(sy;'
e | | »"~ 1678 (s) R . ”' . .: : '1 |
B qﬁ;;(csc15;, | 1-0. oa (bs, 13),_7 12 (q, 3=7 Hz, 23), 7. 32—
T 88 S, aH);- 7, .88-8. 95 (m; 173) T (cn3cnzsc0)

',_ 8.77 (t, -g=7 Hz) .

, . - 12.31. ft‘ |
- . Pound:i’ 7ﬁ551685~ﬁ,~9'24~fti 1701,
:~”maesfepeet:nm calcd for . CI3H24038.v 26@,1447;t5
o meas. m/e-' 260.1442, 7 .

—Ethyl Chlorocarbonyldecanethloate (178)

~

)

' A solutlon of 177 (1. 12 g, 4 31, mM) and freshly

~ o .

";dlstllled oxalyl chlorlde (2 5 m1 3 7 g; 29 mM) 1n benz--
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ene (2.0 ml), protected'from atmoephericpnoisturenija[f.
Drierite dririn_g_'tubef was stirred atfroomltenperatureffor”
r 6 nr.. Benzene and excess Oxalyl chloride“were remoued at
. room temperature under reduced pressure 'The remaininc
Jtrace of oxalyl chlorlde was removed by coevaporatlon
With'dry benzene. Compoundv}zg was obtalned as a yellow"'
}6i1;‘ ' B o
ir (cc1 )e 1300 cm‘l\(s), i735i(w)§f1693v(sf*' |
'nmr (cc1 ) T16. 90 7. 33 (m, 4H), 7.33-7.83 m; 23), 8%66
9.00 (nt117u) T (CHy ca s o) 7. 13 (q, J=7 Hz) f

tv(cg H,S~- ) 8.75 (t, I=7 Hz)

8= Ethyl 12-Bromo-1l-oxoundecanethioate (180)

To a stlrred, cold ( 10%§kethereal solution of

~d1azomethane (27 ml 0 49 M, 13 mM) under nltrogen was

V~added over 15 mln a solutlon of 178 (prepared from- 4. 3 mM

~~~

o 177) 1n dry ether (15 ml)._ After stlrring 6 hr between R

'~~~’

‘dei' -5 and 0° the yellow solutlon was evaporated at room tem—“

-'perature to a yellow oxl. The crude diazoketone 179 was

_-..-..»...

dlluted w1th dry tetrahydrofuran (10 ml) and reconcentrated

AqueouSehydrobrOmzc acid solutlon (48 2%, 0. 75 g,

'3f'4 5 mM HBr) was’ added, over 3 min, to a cold (- 20°),

"}Zstlrred solutlon of 179 1n dry tetrahydrofuran (10 ml)

R

"After addltlon was’ completed the yellow solution was
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- stirred for 15 min at.oe;'poured into'nater fsd mi)y,andi
extracted With methylene chloride (4 b4 40 ml). nThe'COme
- bined extract was washed w1th water (2 x 40 ml), concen-
trated to ca 2 ml, diluted thh methylene chloride, dried
(anhydr. Nazso ), and reconcentrated at room temperature
’t_‘to a. light brown solid Removal of minor impurities by -

'-3111c1c,ac1d chromatography (28 é}fchioroform eluent)’

.,.,afforded 180 as a pale yellow solid

s

;“!ield:-'l.3l g: 90% from 177, »
. i (CH,Cly): .1720 em™d (s),. 1683 (s)
" nmr (cc1y)s v 6 22 (s, 23), 6.94- 7.72 (m, 6H) ; 8. 1o -8.96

( 17H)

ll-Ethylthiocarbonyl 2-oxoundecy1triphenyl hoephonium _f'

.(‘Bromide (182)

~ - ny

A solution of triphgnylphOSphine (1.02 g; 3 89

-Td» mM) in dry benzene (5 ml) and dry heptane (4.5 m‘.ﬁgas

| added with stirring at room temperature to’ a solution of.
}99 (1 196 g9; 3 55 . mM) in dry benzene (5 ml) and. dry hep-
.tane (4 5 mol) under nitrogen. The pale yellow solution,.-

~deepened in colour and after lS min a small amount of

[

f orange 011 separated from the turbid solution._ After 45'.
- min heating at 65‘, approximately 1—2 g of oil had separ-'

'ated from solution. The mixture was stirred and heated
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?an addltlonal l 25 hr at 65° and” then cooled. The*solventé

-~

were removed t 35° by rotary evaporatloq and the resultlng“‘

"«oxl was chromatographed on 3111C1c acid (93 .9g) Unreacted a

' trlphenylphosphlne, 180, and the by—product 183 were
eluted readlly with chloroform. The desxred phosphonium
bromlde (182) was eluted with 1% methanol~-chloroform as a o
vyellow-orange 011 | |
Yield: ca l '58 gs 74%. .
ir ‘C“¢13’= 3310-cm 4 (w); 1710 (s), 1679 (s), 1437 (s),
o 1104 (s). . | A
nmrIKCDCIS):Q.t 1 93-2.80 (m, 153), 4.15 (d, J=11. 5 Hz;

) 2u), 6.88-7.70 (m, 6H) ; 8. 10-9%27 (m, 17H).

~.T‘§C33QE;S-?:7’18 ‘q,,Jm\\g‘.;,

‘11—Ethylthlocarbonyl 2-oxoundecy11denetriphenylphosphorane

- (168) ,5 S f*ﬂ*.ﬂﬁé'a_:,
o o , S e R :

ammethylene chloride solutxon of phosphonlum‘

~ bromide }gg»(o aoz g, '1.34 mM) was drled 15 hr over .
llmolecular sieve." The sOIVent was replaced by dry benzenei
-(20 ml) Thé- cooled (5°) solution was treated w1th a.' S

A‘T hexane solutlon of n-butyllithium (l 54 M; 0 845 ml,.l 30'

‘mM). The smell of mercaptan was detected during the reac—‘;jﬂ'

;txon. (n-Butyllithlum was ‘a poor ch01ce of base.u‘qu”"r

ocomment see page 1024 ) After stlrring . for 15 mln, the'f:i”»
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'solutlon, vhlchrcontalned a fine preclpltate, was poured
into water (60 ml) and shaken. The mixture was extracted
1w1th benzene (3 x 40 ml) and the comblned extract was con-
centrated to a heavy 011 diluted with methylene chlorlde
(30 ml), and dried (anhydr. Na,S0,) . Removal of solvent ‘
'gave crude’ lfg as a pale yellow 011 | R
‘Yield: ca. 0.605 g; 87s. ‘ . ‘ _
. ,"_i'r‘,"(.ccl“i):" 168’7 cm‘l (s),.‘15.30 (s); 1434 (s); 1ilo (s). s
T{adnmr.(CDCl3); T 2. 0-2. 83 (m, 15H)7;5 9-6. 7 (ill deflned,:_‘“
| | 'lH), 7.15 (q, J=7.2. ‘Hz, ZH), 7. 35 7. 97 (m,

- 4H): 7. 97 .8.98 (m, 17H), 8 98 9 22 (m, f
‘ «llmpurlty)

\

~ o~

'Raney Nlckel Reductlon of 168

The actxvxty of a. batch of w—1 Raney nlckel was

dstandardlzed u51ng S-ethyl heptanethloate as a test sub-

' .'strate. The methanol-m01st W-l Raney nickel (28 ml, ca.z

'19 5 g dry wt) was washed thoroughly w1th freshly dxstllled,«f,-ﬂi

. '_‘purlfled acetone (3 x 40 ml) to. remove the methan01 he\a e

v',catalyst, in- purlfled acetone (50 ml), was stirred at
‘ reflux under nitrogen for 2 hr. After coollng, the ace-‘“
”tone was decanted and the catalyst was . thoroughly wasned

: )
wlth 20% aqueoua dloxane (5 X 40 ml). To the catalyst
.

”Iuwas then ‘added a solution of crude. 168 (ca. 80%.pure,

S~~~



0.55 g; 0.85 mM; .0067 M) and cyclododecane (18.7 mg;
~ internal glpc standard) in 20% aqueous dioxane (lSOhml).

The mlxture was stirred at 60° under nltroqen for 5 hr,- a

cooled and filtered. The catalyst was washed with dlox— -

~ane (2 x 25° ml) ‘The comblned washlngs and- flltrate was

dlluted w1th heptane (50 ml) and washed w1th saﬁurated .

blned aqueous washlngs was back-extracted w1th heptanez
(2 x 50- ml) ' All organlc solutlons were comblned (ca.
360 ml 0 0024 M 1n phosphorane), drled briefly (anhydr.

Na 804), and heated at reflux (90~95°) under nltrogen.

2

”'98), Thefe appeared to be no further reactlon after 52 )

'hhr, After % days, the solu€$on was concentrated to °a°.7”-

4 ml by careful splnnxn ban;.distxllatlon.; The resmdue

5 was dlluted ‘with, pentan ‘ cdéwed to -15° flltered to"
remove trlphenylphosphon1;n/ox1de, and strla'ed of sol—
vent The procedure was' repeated tw1ce.. From the clear
concentrate (ca. 2 ml) a small amount of yellow 011 sep—'

‘uf“arated to ‘the’ bottom of the flask The 011 showed no. ;i”

peaks on glpc (UCW 98) On the other hand, glpc analysxsva. )

(UCW-98) of the solutlon 1nd1cated the presence of cyclo-’

dodecane as well as flve maln products (ylelds roughly _
r~ .

3 5% based on 168) wrth retentlons equal to or longer

~~~

e, e than that of cyclododecane.‘ Ana1y31s of the mlkture by

aqueous sodxum chloride solutlon (2 x 100 ml) The com-

The progress of the reaction was mOnltored by glpc (UCW-
I
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'glpc—mass spectrometry showed the product Wlth the second

shortest retentlon time (retentlon tlme. +4 0 mln relatlve
to cyclododecane, Vft UCW—98, temperature programmed from
1 90° to . 200°pat 10 /mln) 6 have an apparent molecular ion

 at m/g 180. 'lﬁ '

d
S-Ethyl ll-Hydroxyundecinethloate (187)

~ o~

A solutlon of borane in tetrahydrofuran (l 0. M"

14 5 ml; 14 5 mM) was 1ntroduced, OVer 30 min, 1nto a

."_stlrred, cold (- ~18°) solutlon 0f-177 (3. 20 g: 12. 3 mM) ln] o

~

dry tetrahydrofuran (20 ml), malntalned under nltrogen.
",The solutlon was then stlrred OVernlght at-—18° hydrolysed
-w1th aqueous hydrochlorlc ac1d (7 5% by wt; .5 ml; 12 mM),

- and saturated w1th sodlum chlorlde.r The upper organlc .
._.layer was decanted and the aqueous layer was extracted f
with ether (3 x 6 ml) All organlc solutlons were com~v'ﬁ
f'bined strlpped of solvent, diluted w1th methylene chlor-
‘”1de (30 ml), drled (anhydr. Na2804), and recOncentrated

‘to’ an 01;. Chromatography of the 011 on- sxllca gel (62 grz_

Vf‘

Radadd

.3% ethyl acetate—-benzene eluent) afforded pure 187 (‘mp_'“~
29 0—29 8°; recrystalllzed from ether——pentane) '

- vield: 2. 21 g; 73%..
-1 S
nmr (CDCI3): "1,6.41 (bt, 2H); 7.03 (s, 1H); 7.14 {q, J=

- ir (c014): 3620 ap~l (m); 360043100 (m); 1691 (s).
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7.5 Hz, 2H); 7.47 (bt, 2H); 8.07-9.00 (m,
19H). SR | |
mass spectrum: calcd for . C13H2602325:' 246.1654. - ~¢'v

meas. m/e-; 246. 1658.

analysis: caﬁcd.for C13H26028 C, 63.37; K, 10.64; S,

s

found: C, 63.11; H, 10.82; S, 12.85.

711 Hydroxyundecan01c Ac1d (188)

~ o~ o~

\

. A solutlon of hydroxy tthl ester lgz (l 017 g,_‘e.
. 4,13 mM) 1n 20% aqueous ethanol (3 ml) Was treated w1th a
solutxon (0 924 M;.4‘93 ml 4, 55 mM) of pota851um hydrox—
ide in 20% aqueous ethanol. -After heatlng for 1.5 br at
‘7'7$°, the solutlon was. cooled neutrallzed to pH 6 w1th
‘_aqueous hydrochlorlc acld (10% by wt) and strlpped of -

“solvent at 30° The resultlng whlte SOlld was. mlxed w1th

,water (30 ml) and: ‘the pH of the mlxture was adjusted to

_l 0 with concentrated aqueous hydrochlorlc ac1d.; After one .

‘extractlon w1th ether (20 m1), the aqueous layer (pH 1-2)
was saturated w1th sodlum chlorlde and further extracted.
leth ether (4 X 20 ml) The combined extract was concen—'
trated to a solld dlluted w1th methylene chlorlde (50 ml),i
:'tand drled (anhydr Na,S0, ). Removal of solvent afforded B

’;188 as a white solid (mp 67,7-68.5°; recrystallized from .

~ o~ o~
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“water; lit.'%% mp 68-69°).
© yield:  0.850 g; 100%.

-1 (m) ; l709~(s); 1229 (bs).

ir-(CHCl3): 3600-2400 cm
'nmf ICDC13):h\r~2.81 (bs, 2H); 6.36 (bt, 2H); 7.67.(bt,

2H); 8.14-9.05 (m, 16H).

ll—Acetoxyundecan01c Acid  (189) .

~ o~ ~

“a solutlon of ll—hydroxyundecanoxc acid (188)

~ -~

(0. 830 g, 4 10 mM) and: acetlc anhydrlde (0. 410 gi 40.6 mM)

. in dry pyrldlne (10 ml) was heated under nltrogen at 70¢° -

.for,6_hours, cooled .strlpped of pyrldlne and acetlc anhy-
: dride.(30°' 0. 01 torr), diluted with dry xylene (10 mi), |
and reconcentrated to an oil. The 011 (malnly the ace-'
::toxy anhydrlde) was stlrred in aqueous tetrahydrofuran |
(1:1 by vol; 15 ml) at 750 for 1.5 hr. The pH of the
| cooled mikture was’ adJusted to. l 0 with concentrated
daqueous hydrochlorlc acrd .-The’ mixture was saturated wlth
sodlum chlorlde and extracted with ether (5 x 7 ml) v\hﬁfs.
combined extract was. concentrated to ‘ca. 2 ml dlluted
'w1th methylene chlorlde (20 ml), washed to pH 3- 4 w1th
sodlum ‘chloride solutlon (50% saturated), and dried” (anhydr.
Nazso ). Removal of solvent and . chromatography on 5111c1c
acid. (14 g 30-50% chloroform--carbonmtetrachlorlde elu- -

~ o~

ent) gave 189 ‘ -
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‘yield: 0.828 g; 83%. |
ir (CHClg): 350092460 cm‘l-(n);‘17zo (2 pegks,es): 1365
O m 1237 s, e
nmr (CDC,) : 1-1.37 (s, 1H); 5.98 (bt, 2H) 1 7;65 (bt, 2H);

7.94 (s, 3H); 8.04-8.92 (16H).

‘.ll Acetoxyundecanoyl Chlorlde (190)

~ T~

A solutlon of ll—acetoxyundecan01c acid (189,
0.767 g; 3.14 mM) and freshly distllled oxalyl chlorlde.-
_(3 ml' 4, 5 g,_35 mM) 1n dry benzene (3 ml) was stlrred ‘at
room temperature for 4 hr. Under reduced pressure and at
- room temperature,ftne solutlon was concentrated to ‘ca.
0.6- l 0 ml The remalnlng trace of oxalyl chlorlde was

| removed by coevaporatlon w1th dry benzene (3 x5 ml) The:

_res;due was a pale yellow o;l . -

'12—Acetoxy—l*bromo 2 dodecanOne (192)

L 4 To a stlrred ethereal solutlon of dlazomethane L
(0 42 M, 22 5 ml~ 9 45 mM) at 0° under nltrogen was addeu,

ks slowly over 10 mln, a solutlon of 190 (3 14 mM 189) 1n

~ o~ -~

H:dry ether (10 ml) After stlrrlng ‘5 hr’ at 0°' the mlxture ’
‘ was allowed to stlr 4 hr at room temperature The yellow |

' solutlon was strlpped of solvent and excess dlazomethane.

A .
1

"-The yellow re51due was dllutea wlth dry tetrahydrofuran
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‘(lS.hi)_and again concentrated to give.crude diazoketone
LI |
| ‘The diazoketone in dry tetrahydrofuran (10 ml)
at —20° under nitrogen was decomposed rather slowly by
slowly addlng over 3 min. aqueous hydrobromlc ac1d (48%~
| 0. 53 g;_3 44 mM) . The solutlon was then stlrred 20 min
at 0° 20 min at room temperature, poured into water (30 ml),
saturated with sodlum chlorlde, and - extracted w1th methyl-
ene chlorlde (4 X 15 ml) " The comblned extract was washed
w1th water and drled (anhydr. Nazso ). B Removal of solvent
 -and chromatography of the yellow 011 on’ 8111c1c acid (40 g;
Zuchloroform—~carbon tetrachlorlde eluent) gave }91 as a 'a; :
o whlte SOlld (mp 38 5 39 5°, recrystalllzed from pentane) |
4Y1eld.._0 751 g; 75% from }gg. o e
ir (cc1 ): 1740 em -1 (s), 1720 (s), 1368 (m),” (5.
'ﬁnmr (cpCly )t 1 6.02 (bt, 2n), 6. 24 (s, 2n), 7.38 (bt, 2H);
”’; 8.02 (s, 3H): 8. 18 8. 91 (m, em.

Lt (c1cu2co 10%) 6. 07 (s).

11— Bromo lz-hydroxy 2—dodecanone (193)

-~

J:TV”' A stlrred solutlon of_192 (o 338 g,_l os mM) and

-~~~

vpftoluenesulphonlc ac1d monohydrate (10 mg, 0. 052 mM) ln_ p

g dry methanol (10 m1) was refluxed under nltrogen for ll nr. .. .

7Remova1 of solvent and chromatography of the SOlld res;due Ny
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on 8111c1c ac1d (ll g;: chloroform eluent) afforded 193 as ‘

-~

a whlte SOlld (mp 77.0- 77 2°; _recrystalllzed from carbon .
‘tetrachloride). R |

yield: 0.255 g; B7%.
' | -1

rd

Cir (CHCl): . 3612 cm™ (m); 3600-3100 (m); 1715 (s).

nme (CDCLy i~ T 6.12 (s, 2H); 6.36 (bé, 28); 7,34 (bt, 2u),

8.20-9.10 (m, 17H). (clcuzco, 10%) 5 94

u (). T, (CHZOH) 3.32 (s)
R 79 oo
maSS-SPeCtTPm=_’C31°d for C12 23 Ber. 278°0§f;7"
meas. m/e: 278. 0882, |

[

4 -

v12—Bromo ll oxododecanal (194)

~ o

Chrdmium trioxide—-pyridine~oomplek\waS'preFf-'

pared by the method of Dauben and coworkers.l45a_

Methylene chlorlde (10 ml drled over 4A molec-

[

ular s1eve) ‘was’ treated w1th chromium tr;oxide--pyrldlne

3

complex (20 mg; 0 078 ™wi) under nltrqgen, stlrred 20 mln,jiﬁ;f

and- centrlfuged The clear centrifugate was decanted
onto chromlum trlOdee-—perdlne complex (351 mq, l 36 mn)
; After stlrrlng the’ deep burgundy soluﬁmon for lS mln at

_ room temperature, a solution of the %tomo alcohol}lgg
l(recrystalllzed from carbon tetrachlbride, mp 77 0 77 2°-
62.3 mg; 0. 223 mM) in dry methylene‘chlorxde (l 5 ml) was

qu;ckly added‘_-. The solutlon :unmedlaﬁtely turned brown-"

v
‘ a

v



C Cl .":h R R - 238.
- black. After stlrrlng l S mln at ron temperature, eth-,
Aanol (ca '0 7 ml) was added and the mrxture was stlrred |
for an add1t10na1 30 sec. The solutlon ‘was decanted into
‘cold (0°), stlrred ether (20 ml) and the black tar remaln-
lng in the flask was washed w1th ether (3 x 5 ml) The
'dlcombigedrether solutlons was flltered to remove the brown '
’ prec1p1tate.h_ The lAght brown flltrate was qulckly washed
with dllute aqueous hydrochlorlc acxﬁ (1. 0 M, 2 x'8 ml)
d w1th aqueous sodlum chlorlde solutlon (50% saturated,
d‘2 x5 ml) The solvents were evaporated and the resxdue
B was dlssolved 1n methylene chlorlde (lO ml) and- drled
(anhydr.,Na2$O4) Removal of solvent and flltratlon of
the resultlng llght brown solld on sxlca gel (1 0 gi 5%
ethyl acetate--benzene eluent) afforded pure }25 as. a'h :
-hﬁ,whlte SOlld ) | | |
Yield: 57. " mg,v e
lt'(CCl y: 2710 cm ;‘(m){ 17é7°(s),-\ |
o tee1 ) : 'r 0.38 (¢, J—l 5 Hz, 13)} 6:20 (s, 2H); 7.21-°
7.0 (m) 4w); 8.10- 8:96.(m, L4H). . T (C1CH,CO;
Y ‘d» 108) 6.03 (). o |

~

ll—Formyl 2-oxoundecyltrlphenylphosphonlum Bromlde (184)

3

To lz-bromo-ll-oxodecanal (183- ca),SO-mg; 0‘18,

~ ~

‘f mh) disSOlved-ln dry benzene (l.O»ml) and dryaheptane"



~

239, o

(0.6 ml), was added a solutlon of trrphenylphosphlne (57 8
mg,‘o 220 mM) in dry benzene (0.6 ml) and, dry heptane (0.5

ml). Durlng the reactlon a heavy colourless 011 settled

- out of the solution. The. solution, malntalned under nltro-Lff

gen, was stlrred at 62° for 2. 5 hr, cooled, concentrated at

'room temperature to a viscous- 011, and pumped out (2 days, ‘"

0.01 torr). The crude phosphonlum bromrde remalned as’ a .
colourless 011. As expected, the nmr Spectrum showed the

presence of some: benzene and heptane. ‘:

hmr (CDCly): . T 0.27 (&, 3=1.6 Hz, 15),_ 1.80-2. 70 (m, >13@),

4. 04 (d J=11. 5 Hz, 23), 7 01 (m, 2u), R 58

(m 2H), 810910 (m,’>14).-_ ,
S : . o T

Cyclododecenones'andAcyclodOdecanoneffron;Phosphohiumﬁ--f

Salt 184

-~~~

-

*'a) hxperlment 1 “,i: _l‘:‘ '[:ﬁfy{".27>JN“

A solutlon of the phosphonlum salt 184 - (prepared

~~~,

from ca.,ll mg of bromo aldehyde 194, 0 040 mM) 1n dry

Loty

_Ymethanol (2 ml) was dlluted w1th dry toluene (20 ml),_--»

cooled under n1trogen to_-78° and treated wlth methanollcf“f'

" sodium methox1de solutlon (o 0100 M, 3.17 ml, i 03;7 m) .

After slowly warmlng to room temperature, the solutlon,was .
further dlrﬁted with dry toluene (18 ml) The solutlon

was slowly dlstllled through a splnnlng-band COlumn untll

(3
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18 il of dlstlllate ‘had been collected (The'purpésé of

‘1the dlstlllatlon was to remove the small amount of methanol o

'present ) The remalnlng solutlon (25 ml, ca. 1-3 x 10 3 M
. 'L

S in. 'phosphorane") was - heated at reflux under nltrogen for 'ﬁ -

t ‘100 hr., Followxng concentratlon to 3 ml by careful splnnlng-

band dlstlllatlon (1 atmosphere), the reactlon solutlon -
jewas dlluted.wlth pentane,_;ooled to 0°, flltered,.and
’_reconcentrated Glpc—mass spectral analysxs (Carbowax
t20m) of the crude product showed the presence of three

"_cyclododecenones A, B, and C, each exhlbltlng a molecular

"ifgxon at /e 180, ‘Benzyl alcohol, s&nzaldehyde, and 1,2-

:dlphenylethane contamlnated the cycllzatlon products.‘

lf]tThese by products were 1dent1f1ed irom thelr mass spectra.

For a quantltatlve analysls of the three cyclo-

Art-dodecenones, tetradecane (0 307 mg) was . added to the con-

o centrate., Authentlc trans~2 cyclododecenone was synthe—“
98

: Nisxzed by the method of Nozakl and coworkérs., The: cyclo-

"A“]pdoaecenone 1somer ¢ and’ trans—z-cyclododecenone exh;hiﬁed

"'1dent1cal mass spectra and 1dent1cal retentlon tlmes on
i*glpc (Carbowax 20m, UCW~98, Reoplex) : The results are

summarlzed 1n Table 2.

"fb) hxperlment 2
. The procedure employed ‘was largely the same as.

:;that descr;bed for Experlment 1 After removal’ of the
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'lmethanol by spinning-hand dietlllatlon, the toluene soln—
‘tion (2.9 x'lO‘-4 M) contained aoproximatel§.6.011 M of
"phosphorane The . solution wae'then degassed (3x),
sealed in a 100-ml Carlus tube, and heated at 200° for
‘loovhr. WOrk-up -and product ana1y515 were by the same
methods as outlined for'hxperxment 1. The results are

- summarized in Table 2.

'c) Experlments (l H, ) and (2 H, )

v -',A_ Each reactlon concentrate, contalnlng tetrade-_--"'

cane, was hydrogenated ﬁi atm H ) 1n ethyl acetate (4 5
ml) over 5% palladlum on. charcoal (20 25 mg) ' After 24
| hr, each mlxture was flltered and the catalyst was washed.t
_Wlth ether (4 X l ml) | The comblned flltrate and washlngsh'
;was concentrated to 2 ml by spinnlng-band distlllatlon.‘
4Glpc analysis 1nd1cated that the cyclododecenone 1somers c

'fA, B, and c were not present.; In thelr place was cyclo-'}_‘

»\

e 'dodecanone (ldentlcal to autheg;xc cyclododecanone based

.. on mass spectrometry and. glpc) “The overall ylelds of

.

- cyclodecanone from the cyclizatxon (Experlments 1l and 2)

:and the hydrogenatlon {Bxperiments (1 Hy). and (2 H )]h

Vsteps are summarlzed in Table 2,

.\-- .
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4 6—Cycloheptad1ene-1 3 dlcarboxyllc Acrd (210)

etk

Sodium amalgam (3%8) was prepared accordxng to:
" the procedure in reference 101b.. . |

| | -3, 5, 7- Cycloheptatr1ene-1 3—d1carboxy11c ac1d
(201 10 53 g; 58.6 mM), prepared by the method of Vogel

andlcoworkers,ggb was dlssolved 1n aqueous sodlum hydrox* '

~ o~

ide~eolution'(0 970 AE 121 ml~ 117 mM) ‘Into the homo—
geneous solutlon was leEd an aqueous: sodium acetate solu-’ o
-tlon (15 5 g sodlum acetate, 35 ml H 0) Sodlum amalgam
(3% Na by t‘ small pxeces,.220 g, 288 mH) was slowly

i 1ntroduced, in small portlons (lO g; 13 mM)«oVer ca. 2 hr, :Cf
._1nto the v1gorously stlrred cold (0=5° ) solutxon of.the |
dlcarboxylate salt.; Immedlately after the additlon of
lfeach 10 g portlon suffic1ent aqueous acetxc ac1d (50% by o
'.vol) was added to maintaln the ph of tﬁe mlxture at 8.
fp[Durlng the lnitlal stages o‘"the reactxon, the theoretl-f-l
-i cal amount (ca. l S ml) ‘of aqb'ous acetlc ac1d was requlred

The pH of the solutio: could 'ot be held constant at 8 0

but rather it varled between 7 5 and 9 As the reactron :
_proceeded though, gradually less acetlc acld was necessary}
and the . pH could be more easrly malntained near 8 ] 'Au'
dxtional quantzty of amalgam (60 g, 78 mM) was added all
at one tlme. The mixture was strrred 1 0 hr durxng which

the ‘PH was controlled at 8 by the occas;onal addxtron of :



one or two drops of aqueous~acetichacid The 11qu1d was. d_f57w

then decanted washed with pentane (2 X 60 ml), and ac1d1-:’”
'fled to pH 1.0 Wlth cold aqueous sulphurlc acld (20% by .

-7:Wt‘ ca. 35 ml). After standxng for several hours, the

S white Preclpltate (210) was collected by f;ltratlon and :i:.

~ o~ e~

, 'washed Wlth cold (5°) water untll the washings tested at

”iﬂ;pﬂ 3 " The frltrate and washxngs were combined,'saturated
;d‘thh sodlum chlorlde, and extracted w1th ether (6 x 80 ml)
*%The comblned ethereal extract was washed w1th cold (5°)'

- aiter (3 x 60 ml), drled (anhydr MgSO ), and strlpped of

.7.SOIVent to glve more 216 as a wh1te SOlld The two lots

"~~~

”:iof 210 were comblned ’ The product was pulverlzed and drled h

__]under reduced pressure (g Ol torr,?4oo) e

}Yleld 10.44 9 98% | - B
Llr (KBr) , 3600-2000 cm” (bs), 1680 (bs), 1232 (bs);

1250 (bs)

_,d-nh The sample was prepared by suspendlng 210 Ln DZO el

(0% 5 ml) and adding the mznimum amount of a Dzo

: solutlon of NaOD to effect camplete dlssolutlon Of'j:?u’ﬂir

fthe dxcarboxyllc acid._ The pH of the solutlon wast:'
'165 An external standard of tetramethylsxlane was 4; )
.used. T 4.00-d, w0 (m, 4m); 5 50-6.95 (m, 23),.f_;fw E

7.44-8,33 (m, 2H) ., .

f .- '



i
L

244,

'"~4 6—Cycloheptad1ene l 3 dlcarboxyllc Anhydrlde (215)
) hn_

) t[ A mlxture of c13—, and trans-4 6-cycloheptad1ene- ’
",1 3-d1carboxy11c acxd (210, 4. 40 g; 24. 7.mM) ‘was added in

:]"one portlon to a stlrred hot (lOO 105 ) mxxture of acetlc 7

~:anhydr1de (20 ml) and pyrldlne (2 ml)., After stlrrlng

'7:for 20 ‘min at 100 105° the solution ‘was cooled and the

”solvents were removed at room temperature under reduced

'fpressure (ca. 0 02 torr) The brown SOlld re51due was

pulverlzed to a coarse powder.; Dry xylene (15 ml). was

'hadded and after brlef stlrrlng was removed at 30° under

treduced prﬁssure.~ To ensure complete removal of acetlc'
C e

‘ranhydrlde and pyrldlne, trlturatlon w1th xylene and eva-

-7poratron were repeated.; The powder was, then washed w1th ';‘»

;“pentane (3 x lO ml) and subllmed (60 65°'at 0. 02 torr) on fl

‘{tO a COld flnger (- 10°) tO glve gl§ as a whlte crystalllne?ﬂiff
solrd (mp 84 8 86 0°~ recrystalllzed from ether) '
ZYLeld 3.24 g 808, _'_ o |

ir (cac13);. 1807 em” (s)}:ibsé ksi;71603 (m), 1023 (s).
o xébt135} T 3. 80 (bs, 4H), 6.07 (m, 25),A3 5( (m, 10); .

2 23 (m, 1H)

'c18-4 6-Cycloheptad1ene—l 3-d1carboxyllc Ac;d (214)

el

A solutlon of the anhydride 215 (0. 330 g; 2.01

o

: mM) in purlfled tetrahydrofuran (5. 0 ml) and water (1.0

[

-



- ml) was heated for 8 hr at 65°, COoled'Vand concentrated
at 30°: under - reduced pressure to al whlte solld which was

.dried for 3 days at reduced pressure (0 0l torr at room

temperature). mp 285-290° (decomp051t10n), recrystalllzed,
from éther—-he#ane, | | )

© yield: 0.366 g 100%. g
analysls:. calcd for 09 lo04: .C, 59.33; H; 5.54}
| found-' c, 59.39; H, 5.62. '

g

Dlmethyl ClS 4 6- Cycloheptadlene-l 3-d1carboxylate (213)

~ .~

To the dlcarboxyllc acxd 214 (0.100 g, 0.550 mM),

--pat‘

suspended in‘cold (5°) ether (2 ml), was added (dropwxse)

}methanol untll all 214 had dlssolved. After rapld treat-

T~~~

ment w1tn an excess of ethereal dxazopethane, the solutlon
- was strlpped of solvents and of excess dlazomethane. ' The

011 was dlluted in methylene ch10ride (2 ml) and drled
L
(anhydr.~Na2504).g Reﬁﬁval of. solvent afforded 213 as a.

"~ o~

o

_colourless 011 A
';Xleldﬂ 0. 116 g: lO&é.- ' ‘
“iftccnc13)r 1740 cm -1 (s)j 1437 (m) . |
nmr (100.1 MHj, cpcl3):A T 3.80- -4 36 (m, 4H); 6. zé'(s,»sﬁ);

o | o 6.50 (cd, J=ca. 10. Hz, 2H); 7.47
.(cdt Jd=l3 5Hz, Jt 3 6 Hz, lH). A
7.82 (dt,< dgla.s Hz, J,=11. 0 Hz,

).



‘Dlmethyl 4,5~-Epoxy- 6—cycloheptene -1, 3—drcarboxy1ate (227

‘Na

246.

~ o~ o~

: and 228)

~ o~

A solutlon of 214 (2.00° g; 11.0 mM) in methylene

~ o~

wchlorlde (100 ml) and dry tetrahydrofuran (20 ml) was.
,jtreated at room temperature under nltrogen w1th m-chloro-

;perbenzolc ac1d-(85 0%, 2, 63 g, 12.9 mM) After stlrrlng

[

for 24 hr, the solutlon was cooled to 0° and esterified

‘using an excess of dry ethereal drazomethane . The sol-
: vents were removed (20°- 20 torr) and the resrdue was :

‘ dlluted w;th methylene chlorlde (30 ml) and drled (anhydr.‘

2SO ). Removal of solvent then afforded a mlxture of

©227, 228, and methyl m-chlorobenzoate as a colourless 011

. ~ -~~~

'nmrséloq.l,unz,,cc;4),.ir 2.10- 2 90 (m), 3 95 4.55. (m, ca. .

tflzﬂ),_s 19 (s), 6.32-6.44. (a5 6H);
. 6.44-7. 25 (m, 4H), 7.50- 8 31 (m,

'2H). 1t (CH,O C,;epoxide A) 6.35;

. (S) and6.41 (S) .. T (CH3 20
3 f*epoxide,a) 6.36}(S)A33d-6-42'(8)‘

2t (cHgeo,, 213) 6.41 (s).

Methyl 4-Methy1- ~OXO-6-oxab1cyclo[3 2. ZJnon 2-ene 9—‘

carboxylate (233) ,

~ -~

) Thls experiment was: performed by Dr. H Yamamoto.

Lo . In preparatlon for the reactron, all traces of

A
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water were removed from the monoepox1des 227 and 228 by

~ ~ o~

: coevaporation thh dry xylene under reduced pressure at

‘ 305, . » ' / |

To a stlrred suspenSLon of drled (80° at 20 torrx

. for 15 hr) cuprous 1od1de (4. 18 g, 2200 mM) in dry ether
(200 ml) at-—30° under nltrogen was added a hexane solu-

_tlon of methylllthium (1. 66 i; 26'5 ml;.44 mM) over 10.

mln.' Durlng the addltxon the ether mlxture flrst devel~.

4o§ed'a yellow colour, whgch dlsappeared in the end to _.fA -

afford a pale grey (or tan) solutlon The solutlon of

R llthlum dlmethylcuprate was stlrred at —30° for an. addl—»t

tlonal 30 mln.{ Then a solutlon of the crude monoepox1des'

227 and 228 (prepared from 11 0 mM of 214) in dry ether

~~~ . ~ o~ ~ oy~

7(30 ml) was 1ntroduced over ca. 5 min. The resultlng yel-

" low suspen51on was stlrred at . —20° for 1.25 hr before

o quenchlng with saturated aqueous ammonlum chlorlde solu—

’t;on-(lzs ml).: The reactlon mlxturevwas-stlrred for 10
.mih'at 10—206 'the ether ‘layer was decanted -and the .‘§§\\

- -agueous layer was extracted w1th ether (4 X 75 ml) {The

L colourless aqueous layer rapldly became deep blue when‘

_exposed-to air. ) The comblned ethereal solutlon ‘was

- washed with saturated aqueous sodlum chlorlde solutlon

(2 x 50 ml), stripped of solvent ~diluted w1th methylene

chlorlde (30 ml), and dried (anhydr. NaZSOA). Evapora—'
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tlon of the solvent, followed by chromatography\of the yel-
low resxdue on 5111cic acid (125 g; 1l4% ether in benzene
eluent), afforded the desired lactone (ca. 0.80 .g; 37%) as

a whlte solid. Pure 233 was obtalned by recrystallization

~ o~ o~

from cyclohexene (mp- 64~ -~65° )

1 4. 19 (ddd, J=10.5, 8.5, 2.2 Hz,
1H); 4.48 (ddt 3g=10.5, 0.9 Hz,
. Jt=1.5 Hz, 1H); 5.22 (cdd, J=3.7,
1.0 Hz, 1H); 6.25 (s, 3H); 6.73- %

7.20 (m, 3H); 7.51 (m, .2H); 8.87

(da, J=7 '-,30 3H) .

A

-anelysxse calcd. for C11H14°4 ‘ C,*62.84; H,.6.7;.

found: C, 62.83; H, 6.80. .

1,A-Cyclohekanecarbolactohev(244)

~ o~

This compound was’ prepared by Dr. G O Spessard ‘
accordlng to reported methods. Thus catalytic hydrogenav |
tion (35~ 57 psi Hyi 95% ethanol 5% rodlum on alumlna) of
ethyl E—hydroxybenzoate,llza followed by saponlflcatlon,

afforded a mixture of cis- and trans 4-hydroxy l—cyclohex-

~ anecarboxylic acid. Lactonizatzon under the influence of

" hot acetic anhydride and pyrldxne-and subllmatlon of the



cis- -4- Hydroxymethy1cyclohexanol (245)

249,

crude product gave 244 (mp 125 6°; recrystallizéd from
hexane; llt_.lle c_mp l26f128°, 128°§,] "v” -

[}

~ Ao

A cold (5°) solutlon of lactone 244 (0.176 g;

~ e~

'1.40 mM) in dry tetrahydrofuran (10 - ml) was treated under

nltrogen with a tetrahydrofuran solutlon 6% llthlum alum-*
1num hydrlde (0.67 M 3.0 ml 2.01 mM). - The mlxture was N

stlrred for 10 hr at reflux, hydrolysed thh aqueous tetra-’

| hydrofuran (5 ml, contalnlng 0. 38 ml H O), and flltered -

through Celite.’ The solid was thoroughly trlturated w1th R

]tetrahydrofuran (4~x 10 ml) The filtrate and washlngs

were comblned, concentrated to an oil, taken up in. chloro-,

form (10 ml), and drled (anhydr. gSO ). Removal_of eolr},

: vent gave 245 as a colourless llquld -’3““‘ 'iQH‘

~

L ir (CHClB): 3608 cm (m), 3460 (bm), 1019 (m), 978 (m),'

nmr (CDCl3): 1 5. 97 (bm, 1H); 6.48 (bm, 2m); 8.21 (s, zu)

8.43 (bm, 9H)..

'c15 4~ Hydroxy l*cyclohexanemethyl E—Toluenesulphonate (246)f

In preparatlon for the tosylatxon reactxon,

-

traces of water were. removed from 245 by coevaporatlon (2x)’;"

~ o~

with dry pyrldlne.

A solutlon of diol 245‘(prepared from 1.4 mM

~ o~ o~
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‘E§4) and recrystalllzed Eftoluenesulphonyl chlorlde (0 257
g; 1.35 mM) 1n dry pyrldlne (7 ml) was stored at 0e for
24 hr, concentrated (room temperature;vo-oz torr) to. Ca.
10,5 ml transferred lnto cdld (5 ) aqueous hydrochlorlc
iacrd (7% by wt,v8 ml) and extracted wrth cold (5°) methyl-‘
‘ene chlorlde (ifk 7 ml) The comblned extract was washed
vsuccessrvely wlth cold aqueous hydrochlorrc acrd (7%-
.‘3 x 6 ml), water (2 x 6 ml), and aqueous sodlum chlorrde
.bfsolutlon (50% saturated 6 ml) and then dried (anhydr.‘ J;'Ld
‘fN§550 ) Removal of solvent and chromatography On srlrcrc‘f”

1‘§é1d (21 g, chloroform eluent) afforded the pure mono~

- tosylate 246 as-a, th.te SOlld (mp 41 5- 43 0 ; recrystalg’

Lo

:llzed from ether).,.'r”‘ﬂf ‘f‘
Yleld | o 289 gr 73% from 244,

ir (cac1 )s f 3530 em™ (m), 3600~ 3250 (bw), 1375:(5),
S | 1193 and. 1184 .
‘inmr (cuc1 - 2. 11 2. 85 (m, 45),,_ 12 (m, 3u), 7 55 (s,
T “--j 35), s 32 (s, lH), 8. 47 (bm, 9n) |

-

. . . . . . o

ir;cls 4 Iodomethylcyclohexanol (247)

b

r

ThlS experlment was performed by Dr. G; Spessafa,',,J‘

"d” A mlxture of monotosylate 246 (0 160 g, 0 563

~ -~

5g}mm) and anhydrous sodlum lodlde (0. 5037g; 3 36 mM) in. dry,;‘-"

" acetone (3 ml) was refluxed for 20 hr under nltro-




I,:f;&' . .‘ .

ff¥"crs—A—Methylcyclohexanol (248)

0. 295 mM) and, sodlum cyanoborohydrlde (85 mg,

‘dry hexamethylphosphoramlde (1. 7 ml) was heated at 60- 65°»

gen., After coollng, the solvent was removed under reduced
pressure. The residue was taken up - in chloroform (20 ml), .

R
washed with aqueous sodlum chlorlde solutron (50% saturated;

10 ml), dried (anhydr. MgS0, ), and concentrated to a yel—‘e,f”'

low oil whzch crystallized upon standing The crude 1od—

ide was suff1c1ent1y pure to use for the preparatzon of

248,

—~

Yleli(.1 74 mg; 59%. ‘ ‘ '
ir (C01): 3610 cm * (m), 3460 (bm); 967 (s); 912 (s).

" nmr (CDCly): T 6.03 (bm, 1H); 6.85 (bm, 2H); 7.84 (s, 1H):

’_8,40.(bm, oH) .

v Thls experxment was performed b . G; Spessard,

A solutlon of the hydroxy lOdlde 247

, -

for 5 hr. -and at 70 75° for 14 hr ﬁlaer nltrogen. After

‘coollng, the brown solutxon Was d11uted w1th water (10 ml)
sand extracted w1th ether (4 X 10 ml) , The comblned tract
’ P
.“was washed wlth aquedus sodlum chlorlde solutlon (50%'

'saturated 2 X 10 ml), drled (anhgﬁr Mgso4), and concen-

trated to glve crude 248 as a yollow oil. The nmr spec-.

L] t3

| trum showed little o t:Lty. . 2
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vield: ca. 30 Aggjssa. |
ir (CHC1,): - 3602 cm l_(m), 3443 (bm); 988 (s);'

" nmr (CDCly): . T 6.07 (bm, 1H); 8.07 (s,‘lnn 8. PG (bm, 9H);

. 5.08 (ill-defined doublé}, 3H). = %
‘ ' . I . _ ‘

h.lv ' .
5,7€Bi§$hydroxymethyl)-2-methylcyclohept—3jen -1-ol. (250)

[

o~

A solution of the lactone 233 (0.992 g; 4. 71'mm;'

~Q~‘ L e

_ f'recrystal'llzed from cyclohexene) in dry tetrahydrofura‘n
(lo ml)', dmalntalned }c nltrogen,‘was treated at Q° with
- a tetrahydrofurpn solutlon (0. 64 M;. 25 0 ml 16 O mM)a o-ff."'
llthlum alummum hydrldef. &fter stlrrmg for 20 hr at f'

reflux, the wh1 €. mlxture was cooled to x«ﬁ,vdlluted w:.nh

. f"

‘ dry tet&ahydrofuran (15 ml) . and hydrolysed by cautlously
addlng aqueous tetrahydrofuran (13 ml; contalnlng' 35‘?) g

® - water) ,,'Bhe mlxture was then stJ.rred at room ‘r.emperature
) : ¥y

:'Vfor l 5 hr and flltered"under vacuum through cellte. "Th_e
COllected solld was . thoroughly washed wJ.th dry tetrahydro-'

furan (4 X 20 ml) " The comb:.ned organ:r,c solut:.on was
i stripped of solvent, dlssolved in n@;;anollc chloroform
'T'Tfn(ls by, vol 75 nl), and drled (anhydga MgSO4-NAZSO4, 1:1
’ '."by wt_), - Removal of solvent gaﬂ'g the triol as a, colgourless '

dir (film): 3360 cm 1 (bd’) 1055 (s), 1027» (s).,.

*
B



~

L 253.

ol

_2-Methyl?5,7-bis(g:toluenesulphonyloxymethyl)cYclohept-‘~

‘3-en-1—ol (251)

i ~ o~ . S

In. preparatlon,for the reactlon, trace amounts

éf,wateﬁbwere removed from trlol 250 by coevaporatlon w1th

~ o~

x;iry g)yrhﬁﬁef(z x lO ml) 23 solution of 250 (prepared

L

from [w7l mM 233) and p—toluenesulphonyl chlorlde (1. 811

”‘pressure to ca. 5 ml, poured lnto cold (5 10°) aqueous

hydrochlorxc actd (7% by wE; 20 ml) and extracted wlth
ether (4 x 15 ml) | The comblned extract -was successxvely
washed w1th cold (5= 10°) aqueous hydrochlorxc acld (7%,;h

2 X 15 ml),‘water (2 x 10 ml), and aqueous sodrum chlor-'7

ide solutlon (50% saturated 10 ml). The ether was then

’stflpped off and the resrdue was taken up in methylene e

chlorlde (20 ml) ang drled (anhydr. Na SO ) ' After~eva- - hﬁ o

"poratlon of the solvent the 011y re51due was qulckly chro—”

'matographed an 5111c1c acxd (120 g: chloroform--carbon f_ ;
: e S

[ tetrachlorlge eluentr'to glve pure 251 as-an 011

~ o~

. : .-
e Yreld- 1. 74 g, 75% from 233 (nmr standardrzatlon)

~

_ ir'g Cl ) 3570 cm ‘(bm), 3034 and 3012 (m}, 1599 (m),.f

if.vt‘77' 3?60 (83 1178 and 1190 (s)

nmr (CDCl ) T 2 10 2. 86 Cm, BH), 4 41-4. 64 {m, 2H),
" s.g6- 6,39 (m, 3H); 7.30—8.4or(m,-1ou);ra’7of

I ZE f'( , 2H); 7.04 (d, J=7 Hz, 3H). T (aryl cu )
o Lo i - — . ; - . . ‘% -



o w1th cold (5 lO°) aqueous hydrochloric acid (2 x lS ml),»

S 254
7.55, s. 1 (OH) 3.83.

1772

mass'spectrumﬁ caled. for C,H 2048 (251 TsOH),.322 1239.
S S /e
meas. g/g. 322.1245,

. ) IS = "
2—Methyl -5, 7—bls(p:toluenesulphonyloxymethyl)gg tlohept-3--
. en- l-yl Benzoate (252) o R .5 .-"_' 1 :j

Compound 251 (0 944 g, l 91 mM) ‘in dry pxr;dlne‘kﬂhqaﬁ

~

[y

(6 ml) at O° was treated w1th dlstllled benzoyl chlorxde‘d;;~g§
(0. 536 g, 3 82 mM) The sodutlon was stored for 24 hr atl |

--5 to 0°, poured lnto cold (5 10°) aqueous hydrochlofﬁc R :,'/w
I- acr%?(7% by wt 20 ml), and extracted with benggke—-pent‘ue

(11 by vol; 4 x: 15 ml). The combined extract was wash,d

B water (2 X 15 ml), and agueous sodium ohlorlde solutlon

‘

(50% saturated 6 ml) " The solvents wére evaporated and
the res.Ldue was - taken up - Sﬁﬁnethylene chlorlde (30 ml)
1, 1‘

‘*and dried (anhydr. Nazso 0. Rq:mqva.l*véf ;olvent and rapld '

-chromatography of the.fesultlndhoil on 5111c1c acxd (25 g,_

EQ'ichloroform--carbon tetraﬁhlorlde eluent) furnlshed the -

: de31red benzoate 252 as a colourless oil?

~ o~ ~ P

Yleld- .l 03 g; 90% (nmr standardlzatlon)

-1

©+ Aro(CClp): 3070 and 3028 eml (m); 1720 (s), 1600 (m);

) -

11292 and 1282 (. .', - .
: nmr (cnc1 )t f T 2 oo 2 92 (m, 133), 4.39- 4 66 . (m, 2H),

4. 80 (dd J=2, 0, 6. 0 Hz, lH), 6 06 (m, 4H),



6.97-7.92 (m, 9H); 8.45 (m, 2H); 8.99 (4
J=7, 3H). T"(aryl.cgjfz- 7.55, 8 and 7,66 S.

s

:2—Methyl -5,7- bls(xodomethyl)cyclohept 3-en-l-gl Benzoate

- '(255)

~ o~

To a solutlon of 252 (0 423 g;: 0. 706~mM) in dry -

) . ~ o~ o~

acetonltrlle (3 3 ml) contalnlng some mercury (tragly dls-

,tllred, ca. 1 9 g), malntalned under: nitroqen, was added o

l‘- r’\
anhydrous 1ithium 1od1de (0.495 g; 3. 70 mmk;; w&tn effipi-~g~hh

nent stlrrlng to dlsperse the mercury, ‘the

. s ) .
ture was heated to’ refluX, stlrred at reflujbﬁbg lﬂgmin,,‘f
S

: iy G
and cooled to 0°. The mlxture was?then deeante‘ﬁ X :ﬁ§ﬂ¥ *ﬂ‘j .

‘ aq,,m L %&‘%
remaining mercury lnto aqueous sodlum thlosulphate solu— ,

Atlon (10% by wt; 15, ml) and was extracted with ether (4 X -
' 8 ml) The comblned extract was J’ihed thh aqueous -

' :sodlum thlosulphate solutlon (10%; !!&'10 ml), water (2 X
- 10 ml),‘and saturated aqueous ‘sodium chlorlde solutlon )
.”(8 ml) The solvent was evaporated and .the residue was

K taken up ‘in methylene chlorlde (15 ml) and drled (anhydr._,

| 2SO ) Removal of solvent and £1ltrat1on of the result-d ‘

.'Lng pale yellow 011 through 5111c1c ac1d (20 g, 10% chlo- q!r

'u;roform in carbon tetrachlorlde eluent) gave the pure d;lo-

dlde 255 as a. pale yellow 011.: :"- N\

| -Yleld 0 332 g, 92% (ﬁhr standardlzation)

:‘lr (cc14). 1230 cm . (s)s: 1271 (s),a1122 (s)
"nmr (cuc1 ) T 1 80 2.07- (m, 2H), z 34 2. 83 (m, 33),



LR 4.30-4. 49 (m, 2n), 4 59 . (dd,,J-z s, 6. o Hz,
1u), 6. 5l~7 93 (m, 7H); 8. 12 (m, 2H), 8.89
(d~*JﬁJ 4 Hz, 3H) . .', v |

'o . R . K .’:’ . ‘: v . '

2,5,7—TriﬁethchYclohept-aéen-l-yl Benzoate (258)

-~~~

The ai§ dxde 255 (0.332 g 0. 650, mM) dissolved

]

in dry dimethoxyéthane (l 4 ml) and under nltrogen, was»

‘treated Wlth sodlum cyanoborohydrlde (not prevxously purl-
fied; 473 mg; 7.53 mM) . (Sodium cyanoborohydride was u%-
observed to be extremely-hygroscopxc o) The -brown solutloh
was stirred and dry hexamethylphosphoramlde (.12 ;ﬂ, 14 lS
g; 6.42 mM) was lntroduced via syrlnge. - fter stirrlng
for 38 hr at. 75°, the solutxon was cooled, tranaferred

‘xnto water (15 ml),; and extracted wlth ether (3 x 10 ml)

The comblned extract was concqntrated to ca.‘l ml, dlluted

WLth benzene——pentane (l 1 by vol, 15 ml), and washed w1th .

'water {2 x. 5 ml) and sodium chloride solutlon (50% satu-i

rated, 5 ml) The organxc solutxon was strlpped of sol-

'ilvent and the res;due was taken up ln methylene chloride :

(15 ml) and drled (anhydr. Na250 ) Removal of solvent
‘ gaxs the crude groduct as an o;l Glpc analysxs (UCW—98)

ﬁceted that 258 composed ca. 75% of the crude product.

"~
. Threz?bydproductgl the benzoate of 260 and two unknown‘

} ~ o

compounae,,weﬁg‘present, each with a longer retentlon tlme

' than 25‘;523 éach makxng up ca. 8% of the. crude product.



. . . . . .
B . : . L :
3 . B . . . .‘ ‘

S R N L

'Yield. 0. 625 mM of crude mxxture, 96% (nmr standard&ga-

;ion) ca. 0 47 mM as 258, 72%,

~

LA R

'_2;5;7-Trimethylcyclohept-B-en—l -0l (259)

~ o~

A solutxon of crudep258 (ca. 52 mg as pure 258,
b”O 202 mM) in dry methanol (1.5 ml) wasvtreated with a
solution of sodlum methoxlde in.dry methanol (0 840 M,
2 50. ml; 2. l mdy . The solutlon was refluxed under nltro-

X
gen for 17 hr, cooled, and poured 1nto dllute aqueous
hydrodhlorlc acid (1.0 M, 2.1 ml, 2.1 mM) . The aqueous

layer was saturated w1th sodlum chlorade and extracted

e

' with methylene chlorlde (4 x 3 ml).,rxhe combxned extract

-4

| dllutlng the’ concentra

waSrconcentrated cautio sly at 0° to ca. 0.3 ml. After ;:',
&nth methylene chlom.de (8 ml)

and drylng (anhydr. Na 25 ), the solvent waQESQQtn cau—.

v ,\"i

txously{removed at 0°. | Chromatography 6f&the‘residue on’

":',sxlxcic acid (2. 5, g, 20% chloroform——carbon tetrachlorlde

s
gl

eluent) afforded pure 259. [The composltlon of chromatog-;“
raphy fractlons was determlned by glpc analy81s (UCW-98)
.Those. fractlons containlng pure 322 were pooledjand con-
centrated by careful splnnlng-band dlstlllatlon 3| i‘p;:

1

Yleld 22 mg; 71% (nmr standardlzatlon)
-1

’

| Lf (cc14)r 3632 aml (w) ;3581 (m); 3490 (bm), 3610 (m) ;

L, 1455 (d;-S);vl376 (s); 994 (s)
» A& T g - o
. nmr (100 1 an, coc1 ): T 4.48 (m,,znx; 6.43 (dd, J=



2, 5 7~ Trlmethylcyclohept 3-en-l-yl Acetate (261)

258,

2.0, 6.0 Bz, 1); %41 (bm, 1H):
. 7,65‘(bm5rin),,7.9s‘(pg,iin);
8.16 (bs, “1H); 8,71 (m, 2H); 8.94
f(d,.J=7 2 Hz;{BH)} 8;97 (a, 3=

7.2 Hz, 3H), 8.98 (4, J=7 Hz, 3H)

‘mass- spectrum m/e 154 (P).

a N M -

.i Trlmethyl\?clghepteno& 259 (ca. 0. 102 g; 0. 66

~ o~ o~

'mM) was dlluted w1th\dry benz%ne (Z x 2 ml) and cautiously

3
(2 N

‘_concentrated‘at 109 . A solutlon of 259 and acetlc anhy—

-~~~

dride (0 2&%33,_1 97 mM)Q}n dry pyrldlne (l 5 ml) was
A
heated at 75° ‘under nltrogen for 20 hr. After coollng,

“the solutlon was transferred 1nto dllute aqueous hydro—‘ ®

{

’

chlorlc ac1d (7% by wt; 14 ml) and extracted w1th benzene—-

’.pentane (l l by vol, 3 x 10 ml) " The comblned extract

f_was washed successrvely thh dllute aqueous hydrochlorlc

ac1d (7%; 2 x 10 ml), aqueous sod;um blcarbonate solutlon -
_(50% saturated 5 ml), water (10 ml), and flnally satu—f

rated’ aqueous sodlum chlorlde solutlon (5 ml) After

“‘drylng (anhydr. Na SO ), the organib ‘solution was care- T

",

,-fully qpncentrated by splnnlng-band dlstlllatrpn to ca. _i'

.2 ml.. The concentrate was then flash-dlstllled (pot .

f'temp 60 to 100°- 0.4 torr) to afford the desired acetate

as a colourless llquid Glpc analysis (Reoplex) showed



e

"259. .

the product to be at -least 95% pure.
Yield: 0. 115 g, 89% (nmr standardlzatlon)

T -1

ir (CC%¢): 3012 cm (w); 1735 (s),.1459 (m), 1247i(s);
nmr (qui) T 4.67 (m,-ZH); 5.17 (dd, J=3.1, 6.6 Hz; lH);b
/’.;' 7. 15 8.19 (m, 6H): 8.6l (m, 2H); 8.82-9.22
S : (overlapplng doublets, 6H) . o “

mass_speCtrums‘ meas. g/g 136‘(?—CH3COOH);

g o Acetoxy—Z 4,6~ trlmethylheptanedle%c Acld (262)f ,»(”u

~ e~

A solutlon of the trlmethylheptenyl acetate gfl

(0 115 g; 0. 590 mM) Ain tert-butanol (40 ml) was lntro-
duced lnto an OdelZlng solutlon (pH 8.5) conslstxng of .
aqueous pota951um permanganate—-sodlum periodate solutlon
(0 0975 M NaIO4 0. 0025 M KMnO4, 70.0 ml 7.00 ‘mM oxldant), -
_water (140 ml),’ anhydrous pota581um carbonate (1. 24 g: "
8.97 mM), and tert-butanol (110 ml).%ﬁftlrrlng at room
temperature was lnltlated.; After 50 min reactlon, prec1-
pitate’ began to form. After stxrrxng for 20 hr, the red-
'purple solutlon was acrdlfled to pH 3.5 w1th agueous sul—
. pﬁirlc acid (10% by wt) SOlld sodium bisulphite was
‘slowly added to reduce the remalnlng oxidant. Durlng this
_]addltlon the solut10n flrst became colourless, thentdark»
brown and flnally yellow. The ac1d1ty of.the solution was(
'jpthen adjusted to pH 8.0-8. 5 with aqueoua potasszum hydrox—'

b.1de (8 5% by wt; ca{ 35 ml) -The colourless solution

'was conpentrated at 35° under reduced pressure to ca. 60



]t;

©260.

"ml.d After raising the alkallnlty to oH 9-9.¢ w1th aqueous
potasslum hydroxlde solutlon (8.5% by Wt), the now yel-'

.__IOWlSh concentrate was washed with ether (2 x 40 ml),
acldlfled to pH 1. 0 WLth aqueous sulphurlc acid (10% by
wt), carefully saturated with sodlum chlorlde (sulphur h

f_ledee from excess sodium blsulphite was evolved), and j'

extracted wlth chloroform (5 x 40 ml) (Subsequent con-'
"',tlnuous extractlon of the aqueous layer w1th ‘ether affOrded
ionly 1o mg of the desxred dlcarboxyllc acid 262 ) FTheg'

~ e~ o~

dcomblned chloroform extract was concentrated to 20. ml,:
r~iwashed w1th aqueous sodlum chlorlde sdlutlon (;0% satu-“t
| rated- 3. x 8 ml), and strlpped of SOlVent. The resrdue
- was. dlluted 1n methylene chlorlde (20 ml) and drled (an— glLl
'fhydr. Na SO )._ Evaporatlon of solvent gave pure ggg as ';
'ia crystallxne solld (mp 110 l lll 0° recrystallrzed from,_.'
"ether-—pentane) _'." ” IR | o

Yleld . 150 g 93%.“';‘( o e
Z_Qr (€He1s ) - 3600- 2400 em” -1 (bn)}jiissﬂkn);117ﬁéf(§f{fﬁ;~"
| 1240- 1210 (bm).. e
-nmr (100 1 MHz, cnc1 3 o2, 2f’(bs,.2H), 4. 86 (aa, J-'jr
17, 1100 Hz, 1u), 7.13 (qd, Jq-
f;.gz, ;&fllquz,.lﬂ)y 7342-(bm,_

'?f_1n)é"i;79as;69;(m;;su)g-8.76'(a,r7‘

3=7.0 Hz, 3H); 8.80 (d, J=7.0 Hz, .

.

':3u), 9 04 (4, J=6 6 Hz,- 3H)-- T?ef-_l‘



s

261.
¢

signal for the last>proton is pro-
bably‘buried in the absorptioh at
. 1 8.60-8.90. -
_mass speotrum: calcd mass for C12 20 6 260.1260.
| meas. m/e: 260.1255. |

127°20%*

anal&sis&'_calcd..for C H o, 'fC, 55.37; H, 7.74.
o found: C, 55.46; H, 7.61.

o Gf::fs (1- Carboxyethyl) -2, 4- dlmethylpentanollde [(t)-32]

Y—.

' A solutlon -of 262" (13 5 mg;. 0 052 mM) in methan—

C o~

vallC sodlnm methoxlde solutlon (0 5 M, 0 75 ml) was
'lrefluxed for 3 5 hr, cooled, dlluted w1th water (2 0 ml), j;;
- and ac1d1f1ed Wlth COncenggated hydrochlorlc anld (3- N
"dreps) to pH l 0 ' After stlrrlng for 30 mln, the.solu;;on
‘was saturated with sodlum chlorlde and extracted Wlth ether
-(4 X 3 ml) The comblned ethereal extract was washed wzth
._viaqueous sggaum chlorlde solutxon (50% saturated,,z x 3 ml),
>:}concentrated to ca. 0. 5 ml, dlluted w1th methylene chlorlde
-(5 ml), and dr1ed (anhydr. Na250 ).f Removal of solvent ﬁ' |
'and chromatography of the fesultlng 011 on SlllClC acxd
E | (l S g, 1% methanolxc chloroform eluent) gave the purea
_,lactonlc ac1dAAt) 32:as a crystalllne solld (mp 112 ll3°?‘
recrystalllzed from ether--hexane) o ‘
| Q_Y;eld 8 8 mg; 85% (nmr standardlzatlon)

: @i(cnc%) ¢ 3600 2400 en™ 1 (bm) ;. 1725 (s) .1460 (m),



9/ ' _;ﬁibiy' o

. .\k

262,

1382 (m); 1189 (m); 1100 (m).
nmr (100.1 Hz, CDCly): t 1.30 (bs, 1H); 5.42 (dd, J=2.4,
- 110 Hz, 1H); 7.26 (qd, J=7.1 Hz,

J4=2.4 Hz, 1H); ca. 7.51 (m, 1H);

_7{86-8.33 (m, 2H); 8.33-8.62 (m,
1H); 8.72 (4, 3=6.9 Hz, 3H); 8,81
(a4, 9=7.2 Hz, 3H); 8.99 (4, J=
| | - é;4~nz, 333. | .
‘analjsis{‘ calcd. for C10 1694% C'd59.?§; H7*§.Q5.
‘ | .found. c, 59. 56; H, 8 05. .

N

'o' Tl o

‘Blcyclo[‘t 2. l]nona-—z 4, 7 trlene (26’3)' .

-~~~

ThlS experlment was: performed by Dr. P.,Rossy.

An abbrevrated account of the preparatlon of

trrene has been reported by Canne§1 129 A more detalled

f:‘)&é‘e .

”‘»

descrlptlon~of reactlon condltlons is recorded below.
B The pyrolysrs of norpornadlene dlmer was carrled

'out in a flow*system cOnsistlng of a: column (l 0 cm i.d. )'
'packed w1th glass beads (3 mm d1ameter,.l7 cm helght) |
‘The temperature was monltored u81ng a chromel-alumel ther-
mocouple, sheathed in stalnless steel and . rnserted dlrectly
into the packed bed. A slow, constant flow of nltrogen~
(ca. 20 ml/mln) was passed downwards through the bed and

- through the rece1v1ng fla§k (- 78°)  The pyrolysrs bed

N

s was}?pated ‘to 450 't 5° and norbornadlene dimer (Aldrlch



S 263.

vthemlcal Co.; 290 g; 1. 73 mole) was: 1ntroddbed by means

"of a Hershberg droppxng funnel at a slow, constant rate

(1 drop -every. 5-8 sec; ca. 10 ml every 60 80 min) lnto

the nltrogen stream at the top of the pyrolysxs column

(The purity of the triene 263 was greatly affected if the

~ o~ o~

v rate of addition of the dimer had not been relatlvely

constant ) The condensed effluent was concentrated (20°,
20 torr) to remove cyclopentadlene and fractlonally dis~
tllled with- a splnnlng~band apparatus to afford pure gé%t
(bp 83-84° at 47-48 torr; 1it. 2% g1° at 105 torr). The
progress of the distillation‘was followed by glpc (Reo-

plex).

' yield: B85 g (42%).

amr (CCl,): T 3.68-4.51 (m, 4H); 4.87 (m, 2H); 6.93 (bt,
" 2H); 8.07 (dt, J4=I1.5"Hz, J,=6 Hz, 1H);
8.70 (d, J=11.5 Hz, 1H).

_exo—Blcyclo[4 2. l]nona-z 4-dien-7-ol (274)

-~~~

The . procedure outllned by Brown and - coworkersl46n

was followed for the preparatlon of dl(lsoamyl)borane
e

Thus a solution of 2—methyl-2-butene-(l$.79 g; 225 mM) in

dry tetrahydrofuran (30 ml) was added dropwise over ca.

.20 min to a stlrred cold-(5°) solution of borane in tet -

rahydrofuran (1. 03 M; 108 ml; 111 mM), maintained under

a nitrogen atmosphere. The sOIution-of dialkylborane . .-
. . .
‘m



was'stirredsfor 3 hr at 5°;and then was added dropwise,
‘over 35»min,nto a cold (0—5?)}vstirred solution of bicyclo-
[4.2.l]nonaf2,4,7—triene'(gfé; 12.90 d; 109 mM)' in dry
tetrahydrofuran (35'mi); The solution was stirred‘for'Z
hr at:Q—S?vand fornZO hr at rcom temperature,'_The’reae;
tion mixture was cooled to 0-5° and hydrolysed'by first |
addlng aqueous sodlum hydroxide solution (3.0 M- 43 ml
1» mM) in several portlons and tpen aqueous hydrogen per—Wl
ox1de (9 05 M~ 38 ml 3?§}mM) The hydrogen peroxlde was -
added at such a rate as to malntaln the temperature of the ;'f
reactlon mlxture ‘between 30~ 40° h The resultlng cloudy B
g mlxture was vigorously stlrred for 2 0 hr at room temper—d
- ature and then extracted wlth ether (2 x 75‘m1).} The com— o
;bxned extract was washed thh water (75, ml) and saturated
;aqueous sodlum chlorlde solutlon (75 ml), concentrated to
gg; 30 ml, dlluted w1th methylene chlorlde (200 ml), and

drled (anhydr. Na2504), Evaporatlon of»the solvent left;-

| Vf’an 011 whlch ‘was . fractlonally dlstllled to gzve 274 as a -

~

\

low—meltlng crystalllne SOlld (bp 78-81° at 0 3 torr)
'-Glpc analysxs (Reoplex, 180°) indicated 274 to be ca. 90%

N

‘pure.

Yield: 10.4 g; 90% pure; 63% as 274. ST
i s ST A :
ir (ccly): 3626 cml (m); 3348 (bm); 3025 Ym); 1597 (w);

1029 (s).
Cnmr (100 iz, ccl Jt T 3.75-4.65 (m, 4H); 5.78 (m, 1H);
| | | n - |



v,

N

datlon o?tllned by wlberg et 51.148? and by Bly and Bly

'“'mM) lnﬁdry ether (200 ml), maxntalned under nxtrogen, WAaS.

‘solution qulckly developed a deep p e co

9.21 (m, 1H); 7.38-8,78 (m, 7H).
¢ (H-Cy) 8.38 (d, J=11.6 Hz, 1H).

¢ (HO-C,) 7.53 (s).

Bicyclo (4.2, l]nona—z 4- dien-7-one (235) Lo

~ o

< ' rAlumlnum tert- butoxlde was. prepared by the pro~ ffﬂ

cedure reported ln "Organlc Syntheses .147 Commercial g—

l48b

was adopted w1th certaln modlflcatlons. o
. To a solution of the exo—afcéhol 274 (95% pur—

ot~

lty, 3.22 g; 22. 5 mM as 274) and pfquxnone (10 4 g,'96 3

~ o~

added a solutlon of alumxnum tert-butomxde (S 93 g, 24 1

.

'mM) in dry ether (100 ml). When heeted ta leflux, the

our and a

precipitate. After 40 hr r;flux, the mxxture was cooled

h

_ -chloric acid (3M, 6 x 10063944 -an us sodxum hydroxide

o

.lde solutlon (50% saturated 3 X 100 ml) The ether was .gf

removed (5° at 20 torr) and the iesld;ue was taken up J.n

methylene chlorxde and drred (anhydr. Na280 ).‘ Evapora- e

tion of the solvent at 5° and flash distlllatlon of the Z¢ ¢ /

-
A AR . -
LA . RS L X

’llzatlon from Skelly B.  The. procedure for. Oppenauer ox1—~f'“'

,solutionl(S% by wti s % 190 ml), and aquieous sodium chlor—'f*ﬁf

.qUInOne was purlfled exther by sublxmation or. by recrystal—‘;*n'

e v{:._;-av .

. to room temperature'and c‘refd}ly Wthed Wlth aqueous hydro-'yijw



;.tllled ketone indxcated thn.presence of some startxnisale v

Of 274. ) : f, _ﬂ-,,-'u'v: -

,vworth

' g, methylene chlorrde—-pentane elue t) provided 275 free
_ o@ 274 and ‘of ca., 98% purlty (glp05

:Yieid-' 2. 34 g, 98% purlty: 80% _ |
ir: (cc1 ) 3034 ‘om L (m)» 1743 (8) s 1&96 (mL. e
fnmr (100 1 an,,cc14) T 3. 67 4,62 (ma aH); 6. 73 (m, 1

PN . ~ ) . .
N P . . - PR
: . . - o ‘ . ey . :
C . - . 8 . . L . . e ,*
. s . ) . o . ) . o .

: creeultlng yellow oxl gave the desmred ketone 275 (bp ca. S

~ o~

',;hgl (274 ca. 103) Filtration through silieic- aclla (47 1

-..~~ sy m
K S

alefs) (Whenever»t :

~ .

275" was to be ultlmately converted to the cis dlcarboxylac

RN

~.~~

lacxd 214 it was not necessary to remove the small*amount

0

&

7 09 (m~ lm..,‘”’]l .00 (m, ‘35),

S e VJ-_[i e 23 (tdd, dslwﬁsk.s 2"Hz, J£=1

]

- 10

-»

4 eas. m/e-j 134 0728 “; RS

*%j

-~~~

8- Hydroxymethyleneblcyclo[4 2. 1]nona-2 4 dxen—?-one (278) ~ f;nZ

This experiment was performed by Dr. .rSpessard.p-
A procedere simllar to that descrlbed by Axns-'

v‘l49-was used Ethyl formate was drled by dlstllllng

'?..from phosphorus pentoxlde.'i_'f7'h.v'ff._1'7";. SRAELAREN

"‘;yf; g. A solutxon of 275 (88% purity, 7.29 g;. 47.8 md .

., . , VR

o o . - Ty

calcd mass fom'c H.: o ,L34;0132;3:5'f2;rg§§ o

) 60° at 0.5 torr).- Glpp ang}ySLS (Reoplex) of the d}s- . h‘ r'
N & L

D A R
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> o
) ..v é\ ’ .
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sdei) . as 27/8Y and dry ethyl formate (6.50 ml . 5.92 g, 180.0 mM)

e a o # . |
.~_'.r_;_"' ) )Q dry ether (50 ml), was added dropw:.se over 20 mln to a. .o
L L < d “(0 5°) ¥ stxrred suspens:.on of sodium hydr:.de (56\

. g ? .

yoola Y '

l‘ ﬂ R .

A;"‘\ " spers:.on in. m:.neral o:.l-v 3 0 g,- 70 nﬂ’f and etha,nol (98%, ;L
n , 9. 5 ml 8. 3 mM) .m dry ether (&00 \nl), ma:.nta:.ned under'

21 hr and the%treated w.:.th eEhar;ol (98%; 2 S*jnlf Afteh

o .,‘m,ladqitxonal L hr- st' fﬂ th%iﬂlxtug}; wa; treated thh
? waﬁer (50 m.l) Afte‘rvaﬁpwiﬁa¥eﬁy ‘Sgrmln, two hemOgegeou’ N
o ' Layers fo?{med .The. ni:.xture ‘ si“i 3 drluted with water - '
PP -(50 ma) .:. ‘I‘he orga& layer.‘ wagﬁdeceﬁted and extracted L " | .
v . '-:’.‘_'_’,m.th Wa\;er (2 x 108 M) m; cm\g:md 'aquebus solution N _L
' .".”.'.‘_was washed w:.thmeth,,er' (@ x 50 ml). @‘&oled (0 5°), mlﬁed :
.jgjfi »}:, . e f;gso ml), - and figglly acxdified to j;: :
J. a» fochlor:.c acz.d (l’Of by wt) 'I‘he -_’_-.-.‘"':'" o
& . R
P

b _}'me‘thylehe chlofi: a3 yer was decanted and the aqueous -\
S v"'j',_“"solution was extracted with methy’éne chlonde (3 X 100 ml)
The combined methylew chlotxde solution was dr:.ed (anhydr

p:.nk sol:.d (mp 112 11’5 ) The product vas- of

/ S ¥ sufficient ‘purity for dlrect use J.n the perxodate cleavage

"'V-Y,xeld‘: 7, 58 g, 98%. ,- ' f ‘ o e
Cir (cHCL): . )1 ’. £73 (8); 1600 (8).

Do
G oo

8g. o o
’ % m.trogen. : The mim:u;e wes stlrred at room temperature fomw«

s -

v‘NaZSO ) and strlpped of aolvent to glvd ctude 278 as.a:- .-.' o

..‘.v.reactiﬁn. o ’f e oo .‘ :'-.;' S .’ -



Ny e RT
N {{}““ L W‘ E v“
gt S %‘ SN
- : AT ) SN PO
.nmr} ((..(|14) : ‘-l 07 (bs, 111), 2 73< (s, l-'ﬂ)-; 3.50-4.41 ﬁ‘ oa
v (m, 4H),46 60 (b, 2H); 7.35-7.87 (m, 1H);
| '}‘f‘ | 8. 26 (d,vJ=11 6 “".*“?‘QFF§Ey,".', ; Ajr'r,a:-
O TR ~ ?_ o . S '”a?a & B
| ) ST T

~ o
Py

SET T T

RS

“_?’,{ 015—4 6= cfblggﬁptadléne -1 3-d10arboxy11c acid (214) fzomgi _—

Lo

e “ Thi‘_s.ex pergormed by Dr. Spessard -;_ S

5.

goimwmg the m ” ; 'x‘«';,_ bed by chnforth, CO,rnfbrth, and . )
Popjakg‘?is with mpoxtan‘t ?odifletions. * &) o
‘. :‘ o ’ ’ R
e, A sol&iq of sodium p§rxodat% ‘30 3 g. | 142 mM) ‘-_.-_"
.m mter (206“@1) was adw ra’rdly toyold (0 50), stirred.

' ”‘» sglu&g?n of the crude hydroxym‘;byle £ ketOne 278 (‘7 54 w - ‘tg

. ~~~’

Kﬂ',;j 3a' 4‘&5 mM,) x:m dlokane (10Q ml), u er a xntr?en Atmos- ; ,: e
L' phere. Wter eomplete addxtion of\»‘eh permd T ?
: the cold reactl_on ik

R (200' ml'). St:.rring ' ‘
‘ -14‘ durmg' whx.ch aqueous-sodinm hydroxxde solutlgn (10‘ by ‘ ,'

34 ml) waa gradually added to “ld the FH of the reac-'

: . ’ ’ ‘
: . tJ.on mlxture at 4 5"'5 0. mter appromately 30 n\in, no
further addit;.on of base was requirea ))r' The mixture .was %

-stirred 4 S hr at rpom tempera "'."re and then filteredﬂ

through Celitel 'rhe collect "‘_I_preca.pa.tate was waahed with
dioxane (100 ml‘) he combined filtrate and wa.shings m:s

concentrated (2s° at. 15 t?rr) to 400 ml,}acidified tOrpH "Ji;;;



~‘ s . ‘...‘ | : s . “ m‘ \.b.

,,‘

' &-z w:.l.h aqueou., hydro«..hl'orm: a;.id (lo& uy wt), e\tractt_d

e agurated ?uth sodium chloride, -
'.' ’ )

| 'and again ext.racted H ether (4 x 150 mL) Washinq the . - - &

: _’éombined extract with saturq):ed sodium chloride solution

* (100 ml) followed by drying (anhydr. HgSO,) and eavapora-['-
”". ~tion of solvent afforded 214 of excellent puristy.’ as a

i o tan, granular solid : (The nmr.‘ spectrum of the dixmethyl v

':?s- - L7 3 :

' eS*ter of thz.s ‘product. contauned no s:.gnals attributable ,‘«.‘.' AL
) ] “\.‘ : ; o ; .‘. !~ .

to the trans isomer ) o R L ﬂé* :

- "’3 xi-eld 8 16 g, 96%

3:

endo—BipycloM 2 l]noua-g, -dien-7~ol (279 '47. -‘ SRR -
e " ,»-', ‘ . Chea

7__..6? ' A solu'gion of ketone 275 (freegof 274; 2 15 g~. ,,:‘__;
a 16 0 mM) in ether (25 ml) ¥ maintained under nitrogen, was » ﬁ

——-rvvr

....)_

cooleLto -78" and treatquwitm‘an ethereal’\%lution of
lithium alum:mum hydride (l 64 M, 505 mly 9.0 /mM) . 'ef;-.'_'f Cn :

| /\ mixture was st.irred for 15 min at 0°, dilnted with &ther:,,,; o
(75 ml), and hydrolysed by the successive addition of ,,
‘r weter (0 33 ml) . aqueous sodium hydroxide (15% by wt;eo 3\*
" ' ml) , end water (l 00 ml) ,' Af%er work-up. in the usual
J :menner, the qxude product was ,diluted in metpyleng clﬂor-

f‘.'.'_-ide,_dried (anhydr. Na2804), stripped qf solvent, a.nd

| ﬂ:"flaeh distilled CmeO“nd 279 "‘? obtained as a ’; S
_--cr}rstalline solid (mp 36 5-3"7 2°: recrystallized fxom

.-




YR .
. : v 2o )
ireed .
e P
v
.

';-pentane)4‘ ' :
Yield-- 1 9/6 g' 90%. o S : o _' i . Y
ir (CCl )z 3630 cm l (W)f 3582 (m); 3440 (s); 1080 (s) y

amg’ (10_0,1 n_mz, cc1 ) 1 3 so 4. 60 (m, 4H)3 5173 (dt,

v e .-,Jd 8.7 Hz, 3}=6.5 Hz, 10), 718 - T

(bq, J=6 m); 7. 47 (bq, m)% 7, 64-; e

, o 8. 57 (m, sn). - PRI

>

X e ,'.endo-gicyclo[d 2 l]nona-z 4—dn.en~'l—y1 Acetpte (285)
. . ) . ’ . y ':‘ e K
o A mxxture of the endo alcohol 279 (0 304 g; 2 24

~

.v"'

m), acetio anhys?
s QEN m&was wr'@ at 7° or. 6. 9 e Afer >
.H? .';:\.}ork-up. the product\%as élaah dlstxlled toj’ag 5

3.de (0 ’37 g: 4.48 mM). a.nd pyr;.d:.ne

,;j"':285_*as a colour].ess pil.-._;_
" . b e e e '.' ‘: :-' : .
394: _g; 99%. _{; L

’QJYleléz 03

ﬂ nmr (CCI )




o The mlxture was st:.rred for 2. 5 hr, flltered, and strlpped

= of solvent The residue vfes taken up in methylene chlor-.\"’:.é_v'.:'.".~_:‘ -w

Y

ide, dr}a#.(anhydr. Na280 ),‘ and regbncentrated GI’pc ﬁ

homogeneous._ 'J:he satura‘ted ecetate 286 dissolved ,1.5 gny
HelpiallR

| methanol (1 5 ml) v was treeted wi %etalytlc emount Q; - (

analysis tucw-98, Carbowax 20m) mdicated 286 wa‘u

»~~~

sod,tum methoxide (ca.i. stmgy 0 9 mM) i heat\ed at refl,pg( for

IR P S F A

e R . PP P, ';w,'_. . . . Lo e L e R SR v L e .
. X . N L . X + . . 03 . 3 - RN PR .
L &N . . - bl -y . b 0 . . et 'h : . " o " . g SRR s
- -3 ¢ EE— e L ey " .’!". : e . N hRES “ - ) ‘R " * e '-: R . * -
v I S B . . IS : .. .t .

. ’g.ri: |- P
. o ‘ N . : : . .

manner (methylene chlora.de and anhydt Nazso ) gave purgw

4,

"E' "_{,
A¥,
r

3‘33 as. & orystailme sol;d. "
' n%n&-ﬁ 28 ngy m. o
. ir (CC14_); 3630 cfn‘
T “hmr (t:m )i, eo'<dt, Jd 9 Hz, J =7 Hz‘ .lH)a 7 so~9 10

-, 158)- G

]
3
e
~&

." KRR
& L
.

~~~ d|~~ e LB

, ‘.?":_V'Preparation of D:Lols 291 and 292 from mdo Alcohol ‘279 %

‘ -»:. A solution of gﬂi%alcohol 322 (0 154 ai’ l 13
.: mM) and m—chlmyerbenzoic acid (82% pure, 0 250 9. l 19
. ‘."-‘_-T_‘_L_nﬂ'l) in methylene chlorider. (5 ml) wqu atirred et 0° for ‘?‘ L
5 0 hr. 3 Enough methane’l‘.‘.t A:as added to dipsolve the Rﬁ*" \
o jif;sitated n—cmmber(zoic ec:ld end the soluti“on wa@ then v
, &Y : ;Fes!erififd witm excess of ethereal diazomethene. ,‘ Aftee l

L ’v
; va 'of solven and excees diazomethane, the crﬁde




EE allyllc epoxxdos were taken ub in methylene chlorlde, drled f_f,

Y

( hydr* Na280 }f and again freed of solvent - @,

55¢j57o‘figlf Approximately two-thxrds of the product (
‘ Xy
xfrom 0 75~mM 279) wasgdissolved 1n dry tetrahydrofuran 4

'f(S ml); treﬂigd at 0°;%pder nitrogen w1th a tetrahydrofuran

’usolution af - 11thxum alumlnum h’drzde (1 9 M, 1 6 ml 3.0 1‘-'41- “

p—l'.

-37mM); an&«stxrrea.ovnrnight at %pOmx§emperature.» The reac--’»'

.tlon mixture waa hydrtlysad andnthe product was 1sqlated
“‘ _, ,) '

_1.‘b?;fg;;chlogprdﬂylmehhamdlF 29;, ana 292”; Chromatography of | . ;5
glgj;‘ the &1££u§e o?’fiixdio>acid.13ﬁ;‘4 S g.and.2 0 Qg{l% meth— F:'iii
T:s" : : echforoform eldent) afforded a sample of d101 %g% o yfyi
:.f .gib4(90% pure, caaﬂis mgi (The total amount of diOISQESE ahd-i';,*’.
;{f. ,t;gg—zaox;ied After chromatography wa? ca.}98 mg, eouival-i" 

.3 ‘ B ;? %

wspectral data oﬂﬂ291 '5:{f?fﬁfjlﬁf.i;;flfjfeé”;. fo;’; SR

v
. L N K
A 4 s oty -

-Amr (10051 an, coc1 ),, T 4 26 (m, 2&), 5 70 (dt, sta 7
G‘ .

.' Hz,hqi-S .6 Hz,'lH), 6,04 (dt% I = ; -
\J? \\ a17‘- 5.5 Hz,_; -3 5 Hz, lH): 7 19 (bq,: o
(;f R 1n); 7,50-1 90 (m, 75);~§ 31-3 9o;f;f'?f
a S ~(xn, 23)._::_...;_ o ‘ ’

- 1: (cnc1 ) 3614 cm'




~ ‘ ._ 6 ~ . " : (;‘i‘ ) ;‘

:42;H Gﬁ’¢;'s .

S o o 873,
ﬁﬁ? 3w,

' The eaactral data for diol 292 are reported in the follow-

ing experiment * 1’] v U o | ; _ :‘{l;
. T S o T
Blcyclo[4 2 l]non-4-ene-2 8-diol (292) LT
“A solution of pure diecetete 308 (mp 56 2= 57 2°

~ o~

16 0 mg,_o 9678 qH) in dry methanol (1.5 ml)( contaiﬁﬁn%

ﬂl.)

;L a smell'dnvtnt of sodlum methoxide (ca. 4 0 mg) was heated
e at reflux for 15 min, The solutlon, maintained under nxt—a; -

- rogen, was cooled ta‘°78° and neutraliZed (pH 6 5) thh a-

"Jf stream'of*carbon dxoxlde. After warmlhg to room temper—'

ﬁd'fefure“ :dlvent was" removed under reducedﬁ%regécre (26

less o;l ;AV’]u7§ﬁdfflfl~ lﬁin;”,'*. »
Yzeld:. @, 10.0 tg; ‘1008, - "

’”5,1r (cuc13) + 3604 en l-(m),‘3426 (bm)

':K}H) r’ ‘

(100 o Mﬂz, o & ) T AL 05 ﬁn, 13). 4. so'(

e E

Eo S 5 60 (dt J -8 8 Hz, Jt,

7.".'&3“,-%, d. Vo

o mr.__;axg . 31 (bq, 1n); 7. 22_8 1o (m,ﬂfﬂ”

B ﬁ;ﬁ;_eé)} L8 42-8.76 (m, 28 o
Oxidation of Diol 292 lrifff;ﬁf??lf-:;}rfffenlﬂfifi

~~~

. A'solution of crﬁde 292 (ca. ZS% pure, oontx'in-

6. 6 Hz,f et



‘1nated Wlth 15% 291'and 10% unknown dlol products 5. 9 mg,

o~~~
-

-0, 038 \mM as-dlols) in acetone (dlstzlled from pota891um

.permanganate; 1.5 ml) at O° was ‘treated with Jones' reagel

(20 pl; 0.053. mMCfOéZ’ prepared by the method of C. Djer*.u,a

jaeei and coworkera;; 0 4 The mixture was stlrredpfor 5.5
o . wT ‘

'mln, the reaqtlon was quenched by addlng two*igfps of'

methanol and after an addltlonal 0 5 mln stirring the mlx-”

ﬂdmg) ln water (3.0 ml) The aqueous solutlon was extracted,

i n;ture ‘was, poured xnto a solutlon of" sodlum bicarbonate (ll 0 .-

.with methylen’ chlorlde (4x4 ml) ) The comhdned extract was 7}

_ washed wrth water (4 ml) and concentrated to a small amountl
of oil. The product was taken Wp. in. methylene chlorlde,‘xﬁﬂ* QX

'dr:l.ed (anhydr. NaZSO ). and ag%fn strlpped of solvent., S

K

Yleld _gé -] 4 mg. -_
1

"1r (cc1 ) 3620 and 3484 e (w); 3028 (w)i 1745 (8)i .

Vo

, , 1707 (s) : “_;Q;f.; :{ j_;;;u'.-u .
uv (cyclohexane).« ;m§§f2101nm (end absorptlon); 299 .nm

S ,"
2.

}ghe saturated diols 306 and 310 were flrst pre~.

~ _'~~~.’

:parederom impure semples of 291 and 292, When the pure -

-~ ~~~

‘vlcrystalllne diacetates 304 and 308 became avallable, the

~ -..~~ .

_fsyntheses of 306 and -310 Were repeated btartlng £¢om these

L~ o~ ey ‘e -
-~

'fpure lntermedlates. These latter egperiments are- des-



R 275 "
”y )\‘-'J_' . o . . N . .o

,ﬂl Dlacetate (305)

~ o~

Blcyclo[4 2 1]nonane -2,

——

‘ X vigorously stlrred suspensxon of platlnum ox1de
(16 mg) in ethyl acetate (l 5 ml) was reduced by hydrogen

(1 atm, room temperature) ' To the mlxture was then added

-

. ~~~

) a solutlon of dlacetate 304 (pure, 96 9 mg, 0 405 mM) lnif‘

L ethyl acetate (l 5 mi). After stlrrlnq for. 6 5 hr, the
. N \ .
mlxture ‘was - flltered and the flltrate was conoentrated to .

a colourless 011 Glpc (ucw-sa) showed 305 to be pure.

Yleld 97 mgﬁ,lOO%. -':",';*~:;."yg{;fj-'.a;;fif

-1 kg)¢A1263»anaﬁiz41*xs)}ﬁlldo%idzo ey

lr (CC14) 1736 cm

e
'ccln)

.

,ngf'(rbqirl
ST : m'g‘, 5. za (bt, m).(v..zs—a 90 (m,
L 18.3)& 3 (CH,000) 7.;99 (8) ‘and.

;3‘fff;¢rf; 8. 03 (s) ':;{;v;:g 5';~‘ f'.'ngf'
Blcyclo[4 2. l]nonahe 2 7—lel (306) ?g‘j; f}‘*li',ﬁﬂ.:;

.

descrlbed above for the preparation of pure T292. fhus from v

oy o
p

the treatment of 305 (50 0 mg, 0 qu mM) thh hot,methanol

-~~~

cootain;ng a catalytlc ahount of sodnum methoxtde, the

‘"Hesu‘sd dlol (306) was. iaolated as an 011 htjfﬁf
o Yielﬁ‘ '31, o mg, 95%..;‘,jﬁ31:5~f,' - Lx;'g;[fj;”ffg~ f-_' :1«;-‘

.‘_

1r (QHCI ) 3603 cm (RO. 3445 (m) ; 1261 (m), 1060 (m)

- L . . .. .»7
. N S PR . . R . . '. . .
I o7 . v N . . : ) . l A -, cl ’_"
- e N L s - . e ’- . s - - L, .

55 03 ﬁdth Jd-lo 4 nz,:q =7 2 Hz, ¢';;"

The transeste!lfxcgﬁibn of 305 was performed’as_fA o

,

by



4 276
p; ) ==,
y *

1H); 6.22.(bt, I1H); 7.40-8.90 (m,

Sy, b

"Bz.cyclo[ai 2 1]nonane-2 7—dlone (307)

~ o~ . . .

lr (CCl ) »: 1743 cm © (s), 1703 cnl

'_ ent

150

duced the dlketone 308 as aa:rys‘falline solid
'. .'duct was hOpogeneous on glpcl(UCW-SB Carbowax 20m)

Y:Leld 14 ng; 84d. @.» .'-* o

A cold (0°) solut.xon of 306 (prepared from 90%

.

sium permanganate, 1.5 ml) was freated Wlth Jones' reag-u

. L‘J .
(59 ul; 0.157 mM -CrQ y and stirréd f%r 6.0 min:

‘ ,tlon (50% saturated 6 ml) and saturated sodium chloride
"solution and was then dried (anhydr. Nazso ) .Evapor.atn.,on

"ll-:of the ‘solvent and flash dlst«illaw of’the res:.:i?pro—

PFQ"

--~~

AY

-1 -1

(8),’

.c |

ﬁmr (100 1 an,-cc1 ) .1 6. 92 (m, 14) ; 7. 20 8. oo (m, sn),

1

e -
." .

8. oo-a 50 (m, 3H)
&

'\

SO
In “the preparatz.on of 1 3-diketone 31} f.rom 292, .

_‘~~~‘ ~ o~~~

thg exper:.mental procedures employed were analogous 56

e £!

-nmr (100.1 MHz,  CDCly):". T 5¢71 (dt, J4=9.8 Hz, J,=7.1 pz,

",Pure 231, 17 g ;- 0 11 mM) in acetdne (distllled from potas-—.

e

g -



%

L

those used to prepare 307 For»brévity, only . the results

~ o~ o~

“of the experiments are summarized below.

| Blcyclo[4 2 1]nonane—2 8-d1yl Diacetate (309)

~ o

ruv

Hydrogenatlon of pure 292 (103 2 mg; 0 434

~ ~

gave 399, homogeneous by glpc (UCW 98), as a coldﬁrless ‘
oil. . ‘ '
Yield: 100.4 mg; 96%8. ° o o \ oot

lr_(CClz);’-l7§8:cm-l‘(;s doublet, s); 1368 (m); 12441(5} "'i.ffi

nmr (100.1 MHz, _c.clé)  f 96 (m,"zn), 7.63" (m, 3H),,7 96

\ . L
. o (30 33). 8.06 - (s, 3H) ; 8,10-9.00 PR

" fﬁi 9H751 : e

| o o
‘Blcyclo[4 2. 1]n5nane-2 8-dlol (310

’.~~

W Treatment of pure dlacetate 309'(43 2 mg, 0 LBO f”h”-;
. ey ‘ ROap
M) w:.th hot methanol contaa.m.% a sxnall quantity of sodim@

¢ I T

_methoxide led smoothly to’ daol 310 :-f3~ ?':f‘a e 7*_ ”,¥~gf

;ileld 25v5 mg; QA%-:-a{" f.‘ f‘“'{fﬁ~ ~,T ‘,f{,e;llal, SEUEIRS N 2
; - f"‘."""'-.v'_,- ST
:Lr F(CHCl ) 3610 Cm - (m) :. 3430 (bm) : 1255 (m) 1‘Uw (m), ' 4 i |

nmr (cuc13) _' T 5,36-5.94 (m,,zn), 7.18. (s, 2H); 7’,34-; T
;,-. 9 22 (m,ﬁiggy. ._,All--ﬂ,. B ;'& "“ag}j;:A:; S

L Bicyélb[4 2 l]nbnane-2 8—dxone (311) R "h.ﬂ;&f-n -

The sample of diol 310 was prepared from 1mpure R AR
. . e v

. . (: . s ) ) o et



B . - m“
RRPI 292 (ca. LD% pure, contamlnated w1th 20% 291 and 10% un-
S o hon x
-7 known lelS).¢ The crude mlxture of lelS_3lO and 306 (25

o R '0.16 mM) in acetone was oxldlzed with Jonesl reagent
o (103 ul, 0.27% mM CrO4 ). The diketones were 1solated hd-
- ! an orl Glpc analysxs (UCW 98) 1nd1cated the presence of

“mainly two-compounds. The smaller glpc peak exhlbrted

retentlon ﬂ!&es rdentical w1th those of 307 (prepared from'r

~

L o
. t"‘
vl

f'fr’rﬁ '306) on two syatems (UCW~98 Carbowax 20m).;,~ L
'; Yield$ ca. EiN mg; eb&.,_l”' f~jvﬁf. 11' o
. in ek, )€ !746 o (e viezle)y.
< } o -.v .‘ ‘,‘V N ‘_. . . ' C i o
’ .f“_ o 'Q \”' R oo ‘-.?i"'g‘~ -
B R . : ' . . g{ ‘ . , . - . .
Epox&datlon of - endo Acetate 285 and thewpurxficatlon of :
Dlacetates 304 and 308 fvjf:\ f:‘@ f'f??v{'! tffﬁ
'?.@2?;"’-”‘ Thgtepoxldatlon of the endo acetatelﬁss_wlth ‘me

e chloroper&en&orc'ac1d and’ the iﬁbsequent reduction of the_ﬂ f'
3, . » 2 .'.

allyllc epoxxdes wr;h lithium aluminum hydride was exe-"

"I.u f_cuted 1n the manner employed previously for the converSLOn )

»

' ' .of f.he, endo alcohol 279 J.ntp the dSbls ?’9:1 and 292 'I'hus ','7:

o~ .,.-y-._-

a methylene chlorlde solutlon of a&qtate_zes (0 383 g, 2 15

~

mM) was epoxxdlzed wlth m—ohloroperbenzoic ac1d (82% pure;

\ L.

0 467 g, 2. 22 mM) and the esterified (dlazomethane) pro--
ducts'were reduced wlth a- tetrahydrofuran solutlon of
nthim?almunum hydride (1.30 My 6:0 mli 7. 8 ) . -ay;._'

glpc (Carbowax 20m) it appeared that the two diola 291

~~~ St

‘v . .' ‘ '. - .. oo ‘.,. —.’ NN

A
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. b o .
and 292 were formed in about the same proportxon (ca.-60:

T
-

. 40) as observegein the experimgkts wlth 279 The crude

~—

product was flltered through silicic acid (8 0 g; 1%

: ethanol 1n chloroform eld%nt) to remove the m-chloro-s

’phenleethanol and then was acétylated (acetic anhydrzdei

jand pyrrdlne' 70° for 6.0 hr) GlpE (Reoplex) 1nd1cated-"A

2 o

g

“"that bGSIdeS the twa expected diacetates, a thxrd com—?.

pogad lpresumably also a dxacetafe) constituted abaut 15%

S .',

\'the mixture. -The: two major dlacetates were separated

;*_léggs crystallxne substances by preparatlve glpc (Reoplex). .

'- Each was recryStallxzed thce from pentane. Ipe physxcal

\"‘P reamride \9 PN

@

o PR
. o Q _. Lo , .
Dlacetats 304 R fﬁéﬁ s R
e . N PR R % g . x Y::,‘-

L mem

X,

'" ir (cc:l4 3034 cx. 1 (w), 1735 (s); 1 74 (m); 1240 (s).

b .

. nmr. (100 1 Mﬂz, CCl4) T 4 47 (m, ZH) 5. 11 (m, 2Hh;

78

mass spectrum.,.calcd fér c13H18 4 238 1205.>

Pl

...8)

.D -

oo analysls~v calcd fp} Q13319944- e, 65 53 H, 7 61. JQ{‘

®. fouhd c, 65.39; H, 7. A48

Y . . - . ,
. o . R . -’_"

R N (m‘,.w), '}.30-8 90 (m, 1~3m

~data . for thETpnre comgyunds are sumnanzed below. o

i LT meas.. m/ey 238: 1209. SR I

Diacetate 303 B I N

-~ o ]

T U RO S ST i
'va"5§-2f5?ﬁ3?" e g e ;

[
by
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ir (cor,): 3030 em™y (w); 1739 (s).
nmr (100.1 Mflz, CCl,): 1t 4.03 (m, 1H); 4.61 (m, lH); 4.91
4 ' (m, 2H); 7.14-7.75 (m, 5H); 7.75-

8.16 (m, 7H); 8.27-8.70 (m, 2H).

mass spectrum: calcd. for C13H1804: 238.1205.
meas. m/e: 238.1209.
ana¥y51s: calcd. for C13H1804: C, 65.53; H, ].61.
found: C, 65.74; H, 7.40.

L Y

yg—Butyl 00-Hydrogen Monoperoxyphthalate (316)

-~~~

132

The procedure of Ogata and Sawaki was modified

to make it more suitable for the preparation of 313. The

~ o~~~

effect of the modifications was examined on the y eld for

~ o~ o~ ~ o~ o~ ~ o~

conversion of 315 to 316. :The synthesis of 316 was car-
ried out in the presence of‘cyclododecene to determine
whether any epoxidation occurs during the addition of the
acyl chloride to the excess of hydroperoxide. ~(Epoxida-
tion under such coﬁditions could arise if the mixing of
the two. solutions was not efﬁ&Fieqt.)

To a cold (5°) mixture.&f aqueous sodium hydrox-
~ide (6.9 M; 1.96 ml; 13.5 mM), magnesium sulphate (14 mg),
and water (1.0 ml) was gdded aqueous hydrogen péroxide

.

(9.4 M; 1.44 ml; 13.5 mM) and finally purified dioxane (2.5

ml). A solution of 315 [prepared from 0.517 g (2.32 mM)
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n-butyl hydrogen phthalate (314) and oxalyl chloride] and
cyclododecene (mixture'of isomers; 0.412 g; 2.48 mM) in

purified dioxane (2.5 ml) was then slowly introduced over

* 3-4 min into the vigorously stirred, cold .4-7°) hydrb—

peroxide solution. The mixture was stir-ed fpr 1« addi-
tional 10 min and diluted with water (10 ml) an<d the
cyclododecene was extracted with ether (3 x 10 mi). {The
&mbined extract was washed with water until the Qashings
tested at pH 6.0, and was dried (anhydr. NaZSO4Y. The
solvent was evaporated and the residue was examined b?;
glpc. At most 2% cyclododecene epoxides were present.]
The diluted hydroperoxide solution was theﬁ:added dfop—v
wisé into a cold (5°), vigorously stirred mixture of ether
(10 ml) and aqueous sulphufic acid. (1.92 M; 10 ml). After
addition was complete, the mixture was immediatély neu- |
tralized to pH 3.0-3.5 with dilute aqueous sodium bicar-.
bonatg;soLution. The mixture was extracted with chloro-
form (4 x 20 ml) and tng‘combineé_extract was washed with
water (30 ml) and dried (anﬁydr. NaZSO4). Quantiﬁativé
analysis for peracid andvresidual hydrogen peroxide uéing
standard methods (see for instance reference 132) indi-
cated that 316 was formed in 70% yield. (Without modifi-
cation of the experimeﬁtal procedure of Ogata and Sawaki,

the yield of 316 was 84%.)

53]
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endo-Bicyclo[4.2.1)nona-2,4-diene-7-yl Hydrogen Phthalate ‘

(317)

-~~~

The procedure cited in reference 151 was modi-
fied womewhat for this experiment.

A solution of endo alcohol %79 (0.349 g; 2.5d mM) ,
phthalic anhydride (sublimed; 0.419 g; 2.3 mM), and pyri-
dine (0.480 mM; 6.08 mM) in dry benzene (2.5 ml) was
stirred at 70° for 14 hr, cooled, and tra‘sferred into
cold (5°) aqueous hydrochlorlc ac1d {7% by wt; 10 ml).

The mixture was extracted with chloroform (3 x 10 ml) and
the combined extract was washed wifh aqueous hydrochloric
acid (15 ml) and then water (15 ml). Evaporation of the
chloroform left a colourless oil which wae dissolved in

an aqueohs sodium carbonate solution (0.380 g Na2C03, 3.58
mM; 20 ml water) and washed with ether (2 x 20 ml). The
agueous solution was then acidified with dilute hydro-
chlorlc acid to pH 1.0 and extracted with chloroform (3x
20 ml). The comblned chloroform extract was washed with
water (§x20~ml), concentrated to a white solid, dissolved
in methylene chloride (20_ml), and dried (anhydr. Na2804).
Evaporation of the solvent and recrystallization of the
solid residue from ether--hexane afforded pure g}z (mp

118.0-119.5°).

Yield: 0.700 g; 96%.



283.

28,
+ -
ir (CHCl;): 3600-2400 cm 1 (ym); 1720-1700 (bs); 1301 and
1288 (s).
nmr (CDCL,): 1 -1.89 (s); 2.00-2.56 (m, 4H); 3.70-4.86

(m, SH): 6.84 (m, 1H); 7.04-8.30 (m, SH).
mass spectrum: calcd, mass for C17H1604: 284.1049.

found m/e: 284.1045.

Bicyclo[4.2.1}nonan-8-0l-2-yl p-Toluenesulphonate (321)

~ o~

A solution of 310 [prepared from pure 308; dried

~ o~ o~ -~

by azeotropic distillation-using dry pyridine (2x4 ml);

26.5 mg; 0.17 mM] and E—toluenesulphonyl chloride (36.2

“mgg 0.185 mM) in dry pyridine (1.0 ml) was stored at 0°

for 30 ﬁ}. The solution was diluted with cold chlofoform
(5 ml), transferred into cold (5°) aqueous hydrochlorlc
acid. (7% by wt; 8 ml), and extracted w1th chloroform (5
ml). The équeous layer was saturated with sodium chlor-
ide and again extracted with chloroform (4;5 ml). The
combined orgaﬁic extract was concentrated to 4 ml and was
washed with cold aqceous hydrochloric acid (7% by wt;
saturated with sodium chloride; 3 ml), cold aqueous sodium
bicarbopate sol;tion (50% saturated; 3 ml), and finally
cold saturated codium chloride solution (3 ml). After

drying (anhydr. Nazso4),'the solvent was evaporated.

Chromatography of the residue on silicic acid (2.0 g;
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chloroform eluent) afforded 321 (~90% pure by nmr).

Yield: gi.\ZO.Z mg; 34%.

1

ir (CHC13): 3600-3150 cm -~ (bm); 1600 (m); 1191 and 1179

(s).

nmr (100.0 MHz, CDC1l 1 2.22 (m, 2H); 2,70 (m, 2H);

3): .
5.00 (m, 1H); 5.66 (dt, J =9 Hz,

J,=7-8 Hz, 1lH); 7.42-8.00 (m, 6H) ;

8.0-9.1 (m, 10H).

Bicyclo(4.2.1)nonane-2,8-diyl Carbonate (323)

~

A solution of hydroxy tosylaté é%% (15 mg; 0.048
mM) and tetrabutylammonium hydrogen carbonate (prepared by
accident from the air oxidation of the corresbonding for-
mate; 103 mg; 0.34 mM) in purified, dry acetone (4.0 ml)
was stirred under hitrogen for 2 hr at‘room-témperature.
The solution was concentrated to 1 ml at reduced pressure
and room temperakure, transferred into water (4.0 ml), and
extracted wiﬁh\%ethylehe chloride (4x5.0 ml)./ }he com- °
bined extract was concentrated to an oil, diluted in ben-
zene (4.0 ml), washed with dilute agueous sodium bicarbon-
ate (pH 8.5; 2x3.0 ml), dried (anhydr. Nq2804), and strip-
ped of solvent. éhe residue was chromatographed on sili-
cic acid (0.75 g; 30-50% chloroform in carbon tetrachlor-

[

ide eluent). Compdﬁﬁd'BZB was obtained as a crystalline
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solid, homogenous on glpce (UCW-98).
Yield: ca. 8.0 mg;. 93%.
ir (CHCly): 1738 cm™ (s); 1396 (s). |
nmr (100.1 MHz, CDC13): T 5,03 E%, 1H); 5.41 (dt, Jd=10
Hz, Jt=5—6 Hz, 1lH); 7.16¥q, q:
8.4 Hz, J,=1.5 Hz, 1H); 7.30-
9.00 (m, 13H). \
mass -spectrum (chemical ionization): (1) CH ; m/e 183 (é+l).
- | (ii) NH,; m/e 200 (P+18).

3

endo,endo- BlCYClO[4 2.l)}nonane-2,8-diol (320)

~ o~

) The carbonate 323 (6.0 mg, 0.033 m) wad treated

-~ o o

with dry methanol which contained a small amount of sodium

methoxide. The solution was refluxed for 25 min and then

diluted with water (1.0 ml) and acidified to pH 1.5 with

concentrated hydrochloric acid, (Some gas .was evolved

durlng the acidification process—-presumably carbon diox~-

ide.) The solution was concentrated to ca. 1 ml at room

/

temperature and reduced pressure, transferred into water

Y

(2.0 ml), saturated with sodium chloride, and extracted

with methylene chloride (4x3 ml). The combined extract

was washed with saturated sodium- chloride solution and

dried (anhydr. Na2804). Removal of solvent and sublima-

tion of the product gave 320 as an oil. gf

-~~~



236,

Yield: 4.3 mg; 83%.

1

ir (CHCl;): 3625 and 3600 cm™ = (w); 3500 (bm); 1016 (m).

nmy (100.1 MHz, CDCl,): T 5.52 (dt, J4=10 Hz, J£=7 Hz, 1lH);

d
6.30 (m, lH); 6.66 (bs, 2H);

7.15-8.80 (m, 12H).
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