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SYNTBETIC STODIES WITB 2,5-DlMETROXY~­

HYDROFURAN AND RELATEO COMPOUNDS 

ABSTRACT 

--~~ reactionB-. aL 2 ,5-dimethoxyte~ahydrofuran. _anCl __ _ 

,2,6-dimethoxytetrahydropyran wi th halotrimethy1silanes 

have .une;xpectedly gi ven 1, 4-dihalo-l ,4-dimethoxybutane 

and 1,5-dihalo-l,5'-!=1imethoxypentane, respectively. Some 

features of tIlis reaction were investigated 'and a mechanism 

was proposed. 

It was shawn that 1,4-dichloro-l,4-dimethoxybutane 

\ was 'a mild reagent' for the conversion of primary amine and 

amide, to the corresponding N-alkyl and N-acyl pyrroles, 

respecti vely • As part of these applicationa, 2- (2-formy1-. . 
, " 

, r 

pyrrol-l-y1) -4-methylpentanoic acid, a compound isolated 

The preparation of a-substituted 
( 

derivatives from ethy1 2- (i-pyrro1yl) acetate was achie,ved 

/ by. using lithium hexamethy1dis-ilazide as base. 

As part of a synthetic ,study directed toward 

Nonactin, the bicyclic enol fOrlU 152 and keto. form 153 

were obtained by the reaction, of 1-methoxy-).,3-bis (trimethyl.-
1 

siloxy) -l,3-pentadiene with 2,S-dimethoxytetrahydrofuran. . " 
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The configurations' at C-4 w.ere detéÏiÎiined witb... the aid of 

200 MHz lu nmr cÎècoup~ed spectra. 
• 

A nev rearrangement of a-acyloxy esters into ,-hYdroxy-

3-keto esters vas observed. 
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E'roDBS Sb~QUES' ~ DI1Œ'l'BOXY-2.5 'TETRA­

HYOROF~~ ET 'DES COMPOS~S' APPARENTES 

• 

\ ' 1 • 
RESUME 

, " 
, , 

Cette ~se dêcri t èn premier lieu la rêaction du 

diméthoxy- 2 ~ 1trabl'drOI~ann~ et'. du di~tl>Qxy-2, 6 _ 1:~tra- • 

hYdfopyranne sur divers halotrim~hl1YlSiîanes pour fournir 
. () 

les dihalo-l, 4 diœthoxy-l, 4 butane et dihalo-l, 5 diméthoxy-. 

1,5 pen-cane respectivement. Quelques points caIact~ristiques 

a cette 'réaction ont donc été étudi~s et un œcanisme est 

proposé . ., 

L'utilisation dq dichlo~o~l,4-dim~thoxy-l,4 butane 
,r' . , 

pour -la tr~sfortnation d'ami!1es et d'amides primaires en 
<1, ç ..... j , -. 

co.mposés N-alkyl et N-acy1 pyrroles co/respondcints est ... 
ensui te d~ontrée. Cette œthodol.ogie est appliquée à la 

, . 
synthèse de l'acide, (Jprmy,lpyrrol-2 ,yl-1) -2 méthyl-4 pen-

.: 9. c3 0 ~ ... 

tarl.,?ique, un composé iso,lé des feuill~s",de tabac'. 

De mêpl~, quelques applications syht~~~ à ces 

noyaux pyrrdles ont été développés, soit l' emp~~'i d' '*Yl­

pyrroles, comme agents acylants ainsi que la prépara.;tiQn de 

,d~ri v~s cx-substi tu~s d' c\Cides aminés a partir du (pyrrolyl.-

1)-2 ac~tate d'éthyle en ut.ilisant le bi8-(trim~thylsilY!J_-

amidure de li:thi um comme base. 
,,-
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Ayant' aussi comme autre projet une B;pproche '! la 

q, 

" 

synth~se de la nonactin, les composês bicycliques '!2l et .ill. 

ont '6tê obtenus a partir de la rêaction du mêthoxy-l, bfs­, . 

(tri.mêthylsilylo)q") -l, 3 ,pentadi~ne-l, 3 sur. le diÉthoxy-2,,5. 
\ ' 

têtrahydrofuranne. !,es .,configurations en C-4 de ces composês 

ont 6tê d6tezmin6~ par ~e 6tude rmn "la ~oo MB1'dèS' ~Pec,tres 
dêcoupl.ês. /' {" \) "-

r 

" 
Finalement, un nouveau r~a.t:rangementd d'a-acYloxy 

~-_. ------ -- -------- -

esters' en hydroxy-2 B-cêtoesters a ~tl! observ~. . ., 
,~ 
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CHAPTER l 

LINTRODU.CTION 

.' 
A. Synthesis' and Chemistry of 2,5-0imethoxytetrahydrofuran 

Since C1auson-Kaas1 and his coworkers first 

prepared 2r5-dimethoxytetrahydrofur~n (!) from furan\in 1950, 
\ 

compound 1 was used as a valuable intermediate in the, 
• - < \ 

synthesis of numerous types .of heterocyclic compounds , 
. . 2 

~uding those of tne tropinone ser~es. They obtaine? l 

2,5-dimethoxytetrahydrofuran (1) 

by the reaction of furan with bromine in methano~ and'then 
~ 

followeq by catalytic hydrogenationl,~ .. The product of ~e 

first step, 2, 5-dimethoXY-2, 5-dihydrofuran ,(~), was often 

.. ~ 

0 1 Br2 ~Me Hi! • 1 1 • 
CH~H Ra-NI. 

0 

2 
'""l 

... 

contamin~ted by a small amount of halogen-containing 
J l '1,. " .,.. . 

imp~ities ,wh±ch:may ca,use ~.~ formation of hydroge~ halide 

, . 

-
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'~and therefore greatly ~fluence the stability of. the acid-

.. 1 

• 
sensitive P dime'thoxydihydro.furan. This disadvantage was 

, 

overcame by Clauson-Kaas' disc~very of 'the electrolytic 

alkoxylation method4 , in an alcoholic solution of'ammonium 

bromide. ,This reaction ~ave halo~en-free, stable' product 2 
,. . 

which could be stored for several years without deterioration. . ~ , 

On the othe~ hand, furan unqergoes addition 

reaétions with radicals. When treated with dibenzoyl 
, S, -

peroxida 1 fq+an afforded ?,S-dihydro-2,S-dibenzoyloxy 
( 

fur~ and f~rther hydrogenation gave the 2,S-disubstituted 
, 

tet~ahydro~~ran 3. 

{ph~ .J) ..... 
..... _............. e •• 

~, 0 

Ha JI" n 
8nO~OBn 

Ph <A: 

3 

Simil~rly, Jain et aZ. 6 reported that hy,d,rô-
genation of 2,S-dùüethoxyfuran, obtained from agricultural 

wastes, over Ra-Ni at room temperature gave directly 

2,S-dimetho~tetrahYdrOfUran. 
\ 

Thesè\2,S-dialkoxytetrahYdrofurans were usually 

obtained as a mi~ture of cis- and trans-isomers. In 19~9, 
\ 

\7 . 
Kankaanpera et a Z. \ reported that the anomeric effect exists 

not only iri 6-membe~d heterocyclic ~mpounds, but also'in 
\ 

~-membered rings. Howèyer, in the case of 2,S-dimethoxy­
\ 

"tetrahydrofuran, the stabilities of the isomers are 50 much 

,­
,r 

" 

1 
1 
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î 
J 
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l, 

i l, 
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3 

alïkl that '!:he equilibrium ratios in diUerent .c>lvent • .. 
were between 41} and 60% and pure isomers could not he 

isolated. 

Riddel1 8 has concluded that ~he anomeric effect 
" \ 

is a restllt of dipole-dipole interactions, which should be 
.. f 

weaker in polar solvents as a resul~ of increa~ed solvation 

of the individual diPOlr~ . Even thOu'~h the eq,uilibrium 

composi tion in several ~olve'nts in Kankaanper~.s work 7 was 

not very different between two isomers, i~'indicated that 

the t~ans isomer ot 2,S-dimethoxytetrahydrofuran was a 

li ttle l1X)re stable' than the ci.s isomer in the non-polar 
'. C) 

solvent benzene (the ratio of i~ans- to ais- is about 63: 37).. 

In the envelope structure in which the ring oxygen is at the 

tip of the flap, one of the 1methoxy groups must he in a­

nearly axial Po~ition in orae~,fo~ ~ether dipoles to be 

ne~rly anti-parallel. On thé contrary, the methoxy dipole 
, . 

in the nearly equatoria~ position is perpendicular to the 
" . 

endocyclic oxygen dipole and, thus the dipolar'effèct is 

negligible. 

Me 

.' 
tl"an8-isomer 

• 1 ~ • 

o-z..S-:Lsomer 

" 
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~ 

On the ott~r hand, one might 
"\ 

terms of the' gauche 77 affect. 

1 
also explain this 

The gauc~e effect 
p 

is a tendency to adop't that structure which has the maximum. 

number of gauche interactions between.adjacent electron 

pairs and polar bonds. This effect.is ascribed to nuclear-
. 

e1ectron a t'tracti ve forces between the groups and unshared 

e1ectron pairs. In the trans-isomer, one of the methoxy 

groups must be in a gauche position to one electron-pair of 

the ring oxygen. In the ais-isomer, the methoxy group in 

the nearly equatorial position lS eclipsed to one electron 

pair of the ring oxygen and thus the ais-isomer might be 

1ess stable than the trans-isomer. 

trans-isomer ais-isomer 

A well recognized property8 of the ether linkage, 

in g~neral, is its unreactivity. This leads to the 

extensive use of ethers as solvents or as protecting groups 

for Many organic reactions. However, cyclic acetals, for 

example 2,S-dimethpxytetrahydrofuran, are more reactive 

. , 

• 
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than dialkyl ethers., The cyclic acetalsserve therefore . . 

additionai purposes in organic synthesis. 

B. The Synthetic Applications with 2,S-Dimeth0xy THF 

2,S-Oialkoxytetrahydrofurans are normally stable 

" under alkaline and nèutral conditions. On acid hydrQlysis 
2 the ring is opened and 1,4-dica;bonyl compounds are formed • 

Although Fakstorp et al. could isolate succinic aldehyde (!) ) 

fram 2,S-diethoxytetrahydrofuran in 30% yieldl6 , the 

aqueous solutions containing the 1,4-dicarbonyl compounds 

were, in geheral, used directly for further reactions 

without isolation. rhis is because it is difficult to 

obtain .the 1,4-dicarbonyl compounds resulting from the 

hydrolysis of dialkoxy THF in a monomeric, water-free state. 

Therefore, 2,S-dimethoxy THF (1) can be regarded as a stable 

n depot compound" for the labile l, 4-dicarbo~yl compound !. 

M.aOoMe H-.O~H' o 1 

[JI . . 
1 4 

'v ' 

'~, / t , 1 

In the same way, malealdehyde (2.) could also be 

obtained fram the acid hydrolysis of '2,S-dim~thoxy-2,S­

dihydrofuran (!)16. 

\o. • 

1 

\ 

! 

1 
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It iscclear that dialdehyde compounds as weIl as 

the precurso~ cyclic acetals shourd have potential for' the 

synthe sis of heterocy~lic compounds via intermolecular and 

intramolecular condensations. 
, -

For examples of intermolecular condensations, we 

can cite the following: (i) The reaction of hydrazine with 

malealdehyde (5), obtained by deketalization of 2,5-dimethoxy-

2,5-dihydrofuran (2), repJ:e.aent.s al c0l1:venient· synthesis of 

pyridaz'ine9 (6). (ii) The synthesis of tropinone <1>' by the 

.. 

M~. H+ 

H-'{, ~~H NthNtb .. 0 • 
~o 

N-

2 5 .6 - -
method of Robinson 10 and Schophll involved the condensation 

~-'~~ 

of succinic aldeh,yde (i> with acetonedidàrboxylic acid and' 

methylamine hydrochloridé to form th~ tropane skeleton. 

As shown in Scheme l, a series of tropinone-type alkaloids 
/' 

~M. H~.~Ô 
NH:zMe· HC1 ~ 

7. 1 4 --

y . 

" 
l 
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, ,12-14 were synthes~zed • from a variety of 2, 5-dia1koxytetra-
l 'V 

hydrofurans and âcetonedicarboxy1ic acidïmethylamine hydro-

6cploride. '(iii) The conversion of primary amines to~~yrro1es 

has bee~ achieved by their reaction with 2,S-dirnethoxy­

tetrahydrofuran (!) under reflwdn~ acetic acid1S- 17 • T?~ 

reaction is usefùl for the synthests of a number of 

,N-substitu~ed pyrroles. 

o N 
R 

1 . 

Sirnilarly, furan~2 with suibab1e substÎtuents 
J 

in the 2-P9sition might be transfprrned into other cyclic ., . 

systems'by a1koxylation to eyclic acetals of 1,4-dlcarbonyl 
.. ,'f '<") • 

compounds, followed ~X intr~QleCU1ar condensation, in 

acid, solution. APPlicat'j:ns of fuis reaction had led to 

the transformation of fur s into such substances as 

. di d' ,,18 b . d d 19 h' pyr~ ne er1 va tl. ves an enzeno~ compo~ S , as s own . 

in ~Scheme' 2. 

Some of' these compounds are qui te· uS,eful. For 
, 

-

example, i t was weIl established that py~idox±ne-S-thiol 
. v'.! ' 

was effective in faci1itati,ng the removal of rnercliry ) 1 _ 

from the cen tral nervous sYf\tem and across the blood- ,.~-
, '20 21 brain barrl.er • The success of the polyaminocarboxyl'c 
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acids (e.g: EDTA) suggeats that analogous compèunds which 

, were polythio-carboxy~ic acids might prove ve~y interesting 

in this respect as weIl. 
22 "-

Jones reported that (butanediylidenetetr~thio)-. , 

tetraapetic acid '(8) cou,lèl he prepared by the rea~ti?n of 

mercaptoacetic acid wi th 2, 5-q.im~hoxytetratlydrOfu~an <.1) in,' 

hydrochloric acid solution. Compound ~ is potentially a 

good che~~ting agent. In the following year, they prepared 

~ 

ô· 
" OM. 

1 

+ 

+ 

HSCH2COOH 

HSCH:zCH~H2' HCI 

HCI 
A 

, 
'butanediylidenetetrathiotetrakis(ethylamine)23 (9) ~s a new 

" 

potentially octadent~te chelating agent. 

_ It is obvious from these,investigat~ons, that ~ 

2,5-dimethoxytetrahydrofuran can be considered as a 

precursor of succinic aldehyde" which is a good, dielectrophile; 

and thus has great potential fer organic synthesi~~ 
.. , 

-', 
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CHAPTER II 

ATTEMP~ED SYNTHESIS OF CANTHARIDIN 

-A. Previous Syntheses ,of Cantharidin in the Literature , 
~ 

Cantharidin (10), the pote nt vesicant Ptinciple 

found in variou!)" species of cantharides beetles, was first 

obtained in érystalline ,forro by Robiquet24 in 1810. 
• r ' 

'" . can:tharidin (10) 

Notwithstanding its notoriety as the putâtive aphrodisiac 
" . 

in "Spanish fly", cantharidin has tound commercial appli-
• .. ' , . 25 

~catibB in the removal of benign 'epithelial'growths (warts ). 

'can.tha, ridin is optically 'inactive and non-;~solvable26. Its 
\ \ 

anhydr ide ring is therefore cis fused and is cis' to the 
\ 

ox:ide .br idge. ... 
" A number of attempts to synthe~,l.ze cantharidin .. 

have. been reported in the l~erature sinee thé early . . . 

exper:imënts of von-Bruchha~s~ and Ber~c~27 and of Diels 

and Alder28 who ~ouqht to build up the, mole cule via a 
• 

. , 

r 

, , 

, , 

, , 

1 
l' 
1 

: -1 
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diene synthesis between' dimetnyl~leic anhydri4e'and.furan. 
, . , , . 

This straightforward approaéh, which cotild weli have-led to , 

the correct stereochemistry29 , ,~as not succe,ssful.' Dur ing, 
, . - ' 

.' 30-32·' . ' : the fol.lowing 20 years, a variety. ,of D~els-Alder' 

reactions for the, canthari'din lJtynthesi's 'lias a,ttempteq bu-t 

stereospecific synthes~s'9f can~hariqin was still 
~ 

unsuccessful. As a matter.ef fact, ~hese attempts would 
" 33: , 

not be in accord wi th the Aldèr rule , name'ly i'maxim,uin 

accwnulation of double bonds". ' For'inst~ce, in the . . 
r~action of maleic anhydride with a dyclic,die~e, euch,~s 

cyclopendadiene, two modes of addition are t~ebret~ca+ly " 
, ... - . ' 

possible, leading t9 the formation of an "e~dQ" 'produc~ ,(1\) 

J •• Il 

or an "exo" product (B) respect~ve~y. 
, 

Actually;-the.prQduct 
, , 

~ ~ 
(A) was produced selectively 3. " ' 

, ' , 

endo-additiop 

.. H 
. ' .. 

. -
'. 

. 
, 'V •• 

~. 

,', 

, 1 

" 

(A) , " 

axo-addition 

• 

J ' ... ' 
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In order to avoid this difficulty, S~ork and his 

c'oworJ(ers34 reported a total syntliesi~ of cantharidin' (10) o _ 

\ -. 
from the but~diene adduct (12) of dime~y1 3,6-epoxy-3,4~5,6-

g -

'Il ' 
tetrahydrophtha1ate (11) as shown ~n Scheme 3. The Oie1s-

A1der reaction'of 11 with.butadiene'gave exo-addùct 12 

predominant1y because the epoxide bri~ge in !! offers 1ess' 

hindrance to the approach,of the but~iene mo1ecu1e than 

does the ethylene bridge.- Compound 12 was transformed to 

... 

Scheme 3: .Cantharidin synthesis b~, s'~ork,~~ 
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oantharidin (!Q) by a series of reactio~s with defined 

stereochemistry. 

Recent~y( Dauben et aZ. 35 suggest~d that the 

fai1ure .. of oieià-.Aider reaction between furcan and dimethY1-

ma1eic anhydride, investigated as ear1y as the 1920's, was 

a r'esu1t of both electronic and steric factors. The e1ectron-

donating methyl ,groups of dimethy1maleic anhydride decrease 

its,dienàphi1icity and extra crowding in the transition 

state given by these ~ame methy1 groups shou1d further 

reduce its reactivity. Furthermore, fur~ _is a poor 

D o 1 A1d dO b f ' t' 't 36 d th 1e s- er 1ene eeause 0 ~t~roma ~C1 y , an e 
,f 

cyc10adduct is ra~er sensitive therma11y toward reversaI 
-..~ , 

to starting materials due to the strain of the bicyclic 

system37 , so high temperature cannot be used. It has 

a1ready been shown that high pressures in the range of 

10~2a Kba~s35 greatli faci1itate Oie1s~lder reaction 

of furan; A1though dimethy1maleic anhydride did not add 
, 

Q , 38 39 
to furan even at 40 Kbar , Oauben et a Z,o ,found that 

reaction of 2,S-dihydrothiophene-3,4-dicarbqxy1ic anhydride 

(13') with fur an at room temperature for 6 hrs under 15 Kbar - -<'. 

-pressure effected quantitative conv~rsion to the cyc1~. 

adducts 14 and 15 as an 85:15 mixture of isomers. The 

major isomer 14 was hydrogenated over Pd-C to give 16 - '. 
in quantitative yie,ld and further desulfurization over . (, 

Ra-Ni gave !.Q.. d 
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+ s8 '15Kbar + 

13 
14 85 '15 15 -

10 -
The pre,sence 'of the SUlfur-containing methylene 

bridge in place of the dimethyl substitu,~nts on the mal'eic 

anhydride nucleus was anticipated to reduce the electron­

don~ting'ch~acter of these two alkyl substituents, and it 

was antieipate~ that the sUlfur-containing ring would reduce 

the sterie demands of the disubstituted maleic anhydride. 

In this chapter, we are ~nterested in the 

possibility of as~embling th~ canthariàin structure in one 
, 

step by a' non-~iels-Alder approach. We will consider the 
. -

reaction of enol silyl ethers of 2,3-dimethylsuccinic 

anhydride with 2,5-dimethoxytetrahydrofuran in the presence 
", 

of a Lewis a,cid • 

. ' 

j .. . 
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B. èhemistr~ of Enol Si1y1 Ethers of Acid Anhydride 

Sinde -1958 40a , enol si1y1 ethers 17 have been 

known, when the first report of their synt~esis ap~eared 

in the Russian 1iterature. Fo11owing the work of Stork40b 

RXSIRo Rt)MS 
~ .. , 0 

R" R'" . ::::---.. 
R 

J OTMS 
17 18 

1 

in 1968, the chemistry of ena1 8ily1 ethers has shawn them 

to be very, versatile taals 41- 43 for organic synthesis. 

Among other things, a Series of 2, 5-bis (trimethyls"i1oxy)'-, 
, 

furans (18) have been prepared in our labor-atory" and they.~ 

were found to be useful intermediates44 for 'the.s;ntnesis 

of lignans, butenolides, hydroquinones ~nd p-quinones. 

J' In addition, it was also found in our laborat~ry45 

that 1,3-bi8(trimethylsiloxy)-1-methoxybuta-l,3-diene (19) 

can serve as the egui va1en t of the dianion of methyl aceta-

acetate (20).' 

, . 
; 

-

oms 'OTMS 

~ 
19 -

~,' :: .. . 
• ", f ~ :" , ~ 

',,~~J~ _~ ..... ~, 

o 0 

~Me -
20 -

-; , 
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The èno1 si1y1 ether 18 with the f'uran ring 

skeleton "cou1d thus be regarded as the. ~yc1ic analogue of 

!!. In fâct, 2,5-bis(tri~ethylsi1oxy)furan (21) reacted 

, with acetone, with activation by titanium tet~achloride, 

give bis-lactone 22 direct1y in 72% yield46 • It was 
, 

suggested that the initial reaction product wa-s 3, 4-di-
1 

substituted succinic'anhydride 23 which then underwent 
, 

lactonization under the reaction conditions to give 22. 

to 

2 TiOI .. .. a o 
21 23 ~. 

~ 

Based on this observation, it seems to us that 

an alternative apprcach to cantharidin (lO) could start 

from the enol si1y1 ether of 3,4-dimethy1succinic anhydride 

.. ,ll as nuc1eophile and 2, 5-dimethoxytetrahydrofuran as electro­

phi1e in the presence of titanium tetrachloride. 
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.24 10 -
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c. ~ttempted Synthesis of Cantharidin (10) from 

2,S-Dimethoxytetrahydrofuran and Eno1 Silyl Ether li 

As depicted in the above, two molecules of the 

carbonyl compound reacted at the 3- and 4-positions of rh, 
resulting in the bis-lactone'22. Since it is a1so known 

that acetals (e.g. Rl R2C(OMe)2) react with enol silyl ethers 

under activation by titanium tetrachloride47 , a facile . 
route45 to the oxabicyclic compounds (25, ~) was developed 

by the reaction of the enol silyl ether!! with cyclic 

aceta1s such as 1 or 27 (more detailed discussions will be 

gi ven in""l Chapter 6) • 

q • c» 
0Me 25 

~ 
-1 
.-

9" TMS 
+ TiCI4 

19-

cl c»~ 
• ' 0 

26 
. 27 

-----

From the above two considerations, it was decided 

to attempt a one-step synthesis of cantharidin using 

f, 

1 ... 
1 

1 

[ . 



" 

o 

O· 

19 

3, 4-dimethyl,-2, 5-bis (trimethylsiloxy) furan Cll> and 2,5-

dimethoxytet+~hydrofuran (1) in the presence of titanium 

tetrach1oride. 3,4-Dimethy1succinic anhydride (~), 

obtained from the dehydration 48 of 3, 4-dimethylsuccinic 

acid, 'was simp1y treCed44 with trietn,yl amine, zinc 
o 

chloride and trimethy1ch1orosilane in dry acetonitri1e to 

give ~he corr~sponding eno1 si1y1 ether 1! (1amr (CDCl
3

) ô: 

1.8 (s, 6H), 0.26 (s, 18H, SiMe
3
» together with about 20% 

1 . . . 
of 29 (,Hmr (CDC1 3) ô: 1.65 (s, 6H), 0.2 (s, l~H, S:LMe3» 

'as ~purity according tQ nmr. 

TMSCI 

24 \ - 29 -~-

~ 
The reaction of 24 wi:th 2, 5-dimethoxy THF (1) has - -

'not, unfort~ately, given us any satisfactory results. As 

a matter of fact, enol si1y1 ether 24 ia so unstable that it 

was converted into compound 30 (lHmr (CDC13 ) ô: 2.1 ppDL 

c 

+ + (s, CH3); ms, m/z (intensity), 126 (M , 80.9),82 (M -C02 , 100); 

mp, 91'ù 93° (1it. 49 93° 'ù96°» within one hour in CDC13 

via air oxidation44 •. 
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On repeating this reaction with 3-methyl-2, 5-• 
bis(trimethylsiloxy)furan (31) as the nucleophile; the 

product appeared' to be the monosUbstituted compound g. 

OTMS 

+ ~:s • 

32 -1 31 -

Product II has three asymmetric centers and thus 

four possible diastereoisomers (!-d), ea:ch existing as a 

pair of enantiomers as depicted. Actual1y, four diastereomers 

, . 
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Me 0 

'. 
o 

c d 

appeared on TLC and they were separat~d by flash co1umn 

chromatography50 on. si1ica gel. Although their stereo~ 
, 

chemistries were not assigned, the structure of 32 was 

confirmed by spectral datai Àmax = 217 ~ 220 nm (95% EtOH) 

for a,8-unsaturated y-Iactone, v~x = 1775 ~ 1755 cm-1 for 

carbony1 stretching and vmax = 1648 'ù 1659 cm -1 for 'olefinic 

stretching of CL, 8-unsatura ted Y-lactone. Nmr data showed 

unreacted anomeric proton peaks of the tetrahydrofuran 

moiety a t 4. 9 ~ 5.1 ppm, whereas proton peaks in substi tuted 

positions showe8- upfield shifts to 4. 0 ~ 4.2 ppm. Viny1ic 

• 

( -

1 

\ 
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protons appeared. at S. 77 ppm, .methoxy peaks at 3.16'" 3 • 3 ppm, 

vinylic methyl peaks at 2.04 '" 2.17 ppm, Methylene peaks 

at 1. 5 '" 2.05 ppm, and TMS peaks at 0.11 '" 0.13 ppm, 

tively. 

This result seems te suggest that the methyl group 

of 31 s sufficiently eleetron-donating to completely control 

the regioseleetivity of the reaetion, sinee.none of 'the 

alternative 'S-substituted produet is producedS1 • Such 

.regioselection was pre:viously observedS2 in the reaction of 

, li with benzaldehyde to g:i.ve Y-hydroxybutenolide 21. 

A possible approach te overeome the problem of 

'regioselection is to use ~ more reactive electrophile 

than 2, 5-dimethoxy THF. 

the 2, 5-dihalo THF li. 

Some possible candidates are 
~ 

It has beep reportedSJ- 54 that 

photochemical,reaction of tetrahydrofuran with ~hlorine 

in carbontetrachloride gave compound 34 together with 

" , 
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... 

ci 
34 -

2-chloro- and 2, 3-dichloroteuahydrofuran. The reaction , , 

was however very sensitiv~emperature and pure 34 

could not be obtained. Therefore, we attemp~ed to 
\ , 

synthesize compound 34 by the reaction of 2, 5-,dimethoxy-

tetrah~rofuran with protonic acids (HX) in chloroform 
", 

.' but the reaction was not successful. An alternative 

, 

approach .to 2,5-dihalotetrahydrofuran was therefore sought, 

using halotrimethylsilanes . 
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CHAPTER III 

. .. 

REACTION OF 2,S-DlMETHOXYTETRAHYDROFURAN AND 

RELATED COMPOUNDS WITH HALOSlLANES 

. 
Historical Background; halosilanes in the cleavage 

ethers and related compounds 

of 

Since cleavage of ethers with iOdotrimethylsilane 

was reported by Jung et al: 55 in 1977 and Olah et al, 56 

in 1976, numerous synthetic tr~sfo:rmations have 

been carried out ~ing iodot.:timethylsilane. Many alkyl 

ethers have found extensive use in organic chemistry as \ 

protectinq groups for alcohol,s57. Foremost among these are 

t-butyl, trityl and benzyl ethers, all'of which can be 

remov~d un~ relatively mild c~~ditions, namely non-aqueous 

acid, mild aqueous acid and hydrogenation,. respectively58. 

However. c~~avages of m~- .. ~ers are ~re d~ffiCUlt. , 

usually requiring rather (v~gorous ,~CidiC conditions., Al thOUgf 

the method of dealkylation of ethers using io~otr~ethyl-

silane appears ,to be straightforward, the handling and 
.. \ -

the storage of TMSI pose considèrable-d~fficulty d~e to 

its'hydrolytic susceptibility and instability. -~n v~ew 

of this, several' alternative ~n situ iodotrimethyisilane 

reaqents or. tbeir equivalents have rece~t~y been, ~eported. 

These include allyltrimethylsilane/iodine59 , 'chl~rotrimethyl-
. , 

silane/iodine60 , t;ichIoromethylsilane/sodium'!Odide61 , etc_ 

-.' .. . ... 

', . 

1 
1 . 
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In côntrast with that, it is known that 'cyc~lic 
. 62 '63 '64 athers such as Qxiranes , oxetanes and tetrahydrofurans 

, , 

react with bromotrimethylsilane, while non-cyclic ethers are 
65 ' not cleaved. We fo~d that propylene oxide (35) reacted 

even with chlorotrimethylsilane t? give ring opened chlora 
.~ . 

co~pounds 36, (4: 1 mixture). Similarly, oxetane'(37) reacte ..-
wit~'TMSCl to give the chloro compound 38 in good yield. - , 

" 

r' 

" + TMSCI 
~ 

CIe ' 
. 1 OrMS + ",-pTMS 
CI~ CI ~ • 

" 

35 -

, ( 

+ TMsel', 

·37 -
'\ \ 

CHCI3' .. 
, 'r. t. 

368 l' 4 36b -

, \ 

CJ~OTMS·. 

38 -
-,\ 

On the other hand,'the teaction of tetrahydrofuran or tetra-

.hydropyran éven with exc~ss TMSCI for several days was not 
\ 

J 

successful. Whereas,the reaction of tetrahydrofuran witp 
l , 1 

'DIS Br gave' ring-opening prdduct, that "of tetrahYdropyran with , , .... 
, TMSBr did not take place. 1 ~ , , ' 

Recently, E.C. Friedrich et aL.66~, have reported 
'( 

interhalogen-catalyzed CleaVag~. Qf tetrah~dropyran and 
\ 

\ ' . 
"f r ' 

" 
," 
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even acyclic ethers by using TMSBr and IBr (catalys~) in the 
.. 

absende of solvent in good yield". This fa ct was . anticiipéllted 
" , 

o , 1 

TMSBr . 
tBr • Br(CHz>SBr +. tMSOTMS· 

TMSBr • IBr 
Br(CHz),OTMS 

39 - ~, 

.. 
, , . 

from -literature in.formation67 whièh was available 

concerning 'trihalide formation constants in an equilibrium 

proce~s. 
In addition to these reports 63 ,68,69, we have", 

done .further investigation concerning the effects ~f ring·_, . , 
size and halides on this reaction. Discussion will be " 

9 i ven in the next section of this chapter • 

.. 

B. 
," 

unexpecte~ Site Srlectivity in the ReaQtion of \} 
• >,' " \ 

2,S-Dimethoxy'THF and 2,6,:"Oimethoxy THP with TMfiX:," 

'. 

Recently, it has beèn found in our laboratory 
~ ~ 

that a-iodosulfides 70, (g> can be prepared by the reaction 
i 

of trimethylsiloxythioacetal 41' with TMSI~ In the area 

of carbohydrates, it was reported that bromotrimethylsilané, 
, ~ ,'" 

anomeric brominating agent. i8' a mild, 
Q 
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RCHSR' 1~ RCHSR· + TMSO'l'MS 

l " r , • + 
OSi.Me 3 

41 42 - . ' . ' 
1 

~ ... .. . ". 

" 

" 
>, 

J j', 

, t 

~ , .... 

.J' '.­
'~l ". ' 

'f 

. " 

\ " 

" . " 

r r 

", 
" "'~/ .,' ...... 

. ",' 'Fo~' ~ample 71 , 
p 

stereoselective bromin~tion\of aIlomeric D 

~ ~. 

acetate (A) was achieved with TMSBr unde:r mild _ D 

, . . , 
·:·.~ohdition which showed inversion (~) of configuration aS 

" .. .-
.- .,:' d~i~i:ed. 

"!. ... . 
, 9 . 

'" 

-r J 

,In a minber of furanosides and pyranosides, 

.,., 

;~.~> _. Mg": 0 ~.k 
... 

- ~ 'i ' .. 

. . A~H oOR 

...... . . 

_ .. "';. . , 

,'< 
\. 

... "' . 

,,"0 .. reaction? wi th 
\ ' 

~: 'St 
" 

',- the anomeric carbo~ with the ring intact. 

-.. In agreem~nt wi th this, we observed 72 that 
, 

(43) or 2-methoxy THP '(44) reacted with TMSBr - . -
to .... give the corresponding 2-brQmo derivati\ile 45 or 46. 

, " 
" , 

" 

.. , ~. 
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" " (:la. '4 
(Hl ~ .... TMSBr J • 

o Br ~e ----'" 
43 n:o 45 - -
44 n=1 48 -, <b -

xn the reaetion with TMSC1, 2~ethoxy T~ gave the eor­

respond~ng 2-chlpro compound in 25% yield, while 2-methoxy 

THP gave no product. 

In 'view of these r~sults, we were therefore 
"- -

qui te surprised to find that w~en: 2, 5"4iimethoxy THF 7 3 ~ (!.) 
o ' 

was reacted with TMSBr, the produet of reaetion was not .. 
2~S-dibromo TSF (34) but 1,4-dibromo-l,4-dlmethoxybutane . 

, ., ~ ~ .. 

(!Z). -The reaction of 1 with TMSI gave similarly 

i 
.~ 

.a-f;)..OMe • ,TMSX • 
MeOOoMe 

X = Br il 
1 J 

48 -
CI 49 ," -

.. 
'1,4-driodo-l,4-dimethoxyb~tane (48). The structure of i2 

. or 48 was qui~e evident from îts spectroscopie data 

f " - !-,' 

.. 
• ,rk' ,\ 

l ~ '/'1' l ~, 
• '" J " ~'.~J' " 

\' ~. -~ 

•• ' •• t.(, " 

. 

j 
t 
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(Table 1) and also from its ohemical tranSfdrmation eo 
\ 

1,1,4 t 4-tetramethoxybutane (~) on reaction ~ith methanol. 

__ M_e_O_H ___ • . r~~J1 
(~ '~M.~ 

-' n=O :. 508 

n=1 50b -
. 

This unexpecte~ result led us to examine this reaction in 
i-

qreater detail. " 0 

" , turthermore, when 2, 6-diméthoxy THP (g) was 

reacted with TMSX, 1,S-dihalo-l,S-dimethoxypentane (53-55) 

(Table 1) was obtained likewise, again witq no evidence. 

foi' t~e ,formation of 2, 6-dihalo THP <g>. 

~OOMe 
,. 

+ TMSX 
" 

,X = Br 53 -.. - 1 54 --' ,........--
----~ _______ --T'~- ... - -_...---

_., _: - 42.. ";" -~,';---'-"'" - - ~_., CI~- - ---- ---
55 -

• ,0 

. , "'--
" 

, ,. 

" 
° ., 

.~. , , 
" 

i 
1 
'~,. 

1 , 

( 
! 
1 

Of 
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Table, 1: 
. \ ' 

Y~e1~s and nmt data of !!-~ and ~-55 
~ 

compound 

49 X.. Cl 

47 X = Br 

\J 
\ 

48 ~ = 1 

'55 X = Cl 

53 X = Br 
{: 

54' X = 1 

t , ~yie1Çl 

86 

\ ' quan1:.. 
\ . 
\ ' 

\ , 
1 
\ 

quant. 

" i 

84 

quant.,> 
.. 

quant.~ 

lH nmt data "( CDCI
3
), ppm 

5.50 (m, 2HL 3.45 (s, 6R), 
2. 25 (m, 4H) 

5.92 (m, 2H), 3.45 ('s, 6H) 1 

2.4 (m, 4H) 

6. 22 (m" 2H), 3. 43 (s, 6H), 
, 2. 38 (rn~ 411) 

, 5. 48 (t, 2H), 3.43 (s 1 6H), 
~ 97 ( rn • 6U) 

1 5.85 (t , 2H), 3.40 (s,-6H), 
2.10 (m, 4U),. 1.70 (m, 2H) 

6.10 (t, 2H), 3 • 25 (s, 6H), 
2.10 (m, 4H), 1.80 (m, 2H) 

13 
C nmr data (CD~13)' p,pm 

. 

99.27, 57.47· (OMe), 34.54 

1 ' 
97.88, 59.38 (OMe), 36.81 

C'-

100.57, 57.63 (OMe), 
38.75, 20.46 

99.10, 59.39 (OHe), 
39;97, 22.44 

'or 

" - 5 

.1 

, 
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1 
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t 
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f 
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More interestingly, the conversion of ! or 52 to 

the corresponding di-halo compounds occurred not only by 

TMSBr or TMSI, but also with TMSCl, but 5 times the normal 

amount was required (10 equiv. of TMSCI instead of the usual 

2 equi v. );/ The structures of the dichloro products ~ and 

55 were confirmed fram their spectroscopie as weIl as 

chemieal evidenee. This result is in'contrast to the reaction 

oÎ TMSCI with the monomethoxy compound 43 (see p. 28). 

1 

QOMe 
( 

+ TMSCI • OCI "'-

43 63 - -

OoMe + TMSCI # • OCI 
44 64 - -

Another interesting as~ec~ of the reaction i~ ~ 

the stereochemieal course of the transÎormation. In the 

assignmènt of stereochemistry Îor the compounds 1 and 52 
1 13 . Îrom its H and C nmr spectra, ! was found to be an 

mixture of the ais- and trana-isomers. Compound 52 

was however a mixture of 9:1 of trans- to ais-isomer. 

1 
\ 

f' 
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., 74 . th Aso et a ". have propos-ed that the me oxy protons of the 

cis-isomer of lare expected to. resonate at a lower field 

than those of the tran~-isomer because the probability of 

methoxy protons approaching the other methoxy oxygen is much 

larger in the cis-configuration than in the tpans-

configuration. For compound ~ which was prepared by acid­

cataIyzed methanolysis of 2-methoxy-3,4-dihydro-2H-pyran, 

the assignment of stereochemdstry was based on the upfield ----shift of I3c nmr and on the downfield shift of lH nmr for the 

trans-isamer of 2,6-dihydroxy-l,4-dioxane75 (Table 2)~ 

In the transforll'lation of ! to 47-49 and 52 to 53-55, 

the relative stereochemistry of the two methoxy groups was 

however lost, because either il or ~ is one single isomer 

according to its I3c nmr spectrum (Table 1). 
\ 
\ 

As investigated .above, severai impor~nt features 

of this unexpected site selectivity were revealed as follows: 

(1) The change in site selection not only takes place 

in the tetrahydrofuran system but also in the 

tetrahydropyran system to give 'the corresponding 

terminal-dihalo, dimethoxy alkanes. 

(2) The change in site selectivity is~s?mewhat 

independent of the halosilane used. Thus, TMSCI 

is also effective in transforming l or 52-ta 

dichloro compound (~or 55) as is TMSBr or TMSI. 
"-

This is in contra st to the monomethoxy situation 

(, 

f 
J 
f 

1 
! 
i 

t • 
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• Table 2: Spectral data o~ anomeric protons and carbons of 

52 and related 2,6-dihydroxy-l,4-diaxane75 

stereochemistry* 

4.46 100.52, 

~OH 
5.04, 103'.5 

Me 

<P 

tpans-g 4.76 98.09 

H 

, 5.30 101. 7 

• *The ratio of trans-52 te ~i8-52 was about 9:1 b~ IH nmr 

spectrum 

where TMSCl did not react with 44 even after 

longer heating and reacted sluggishly with 43 

to give 2-chloro TUF. 

(3) The transformation of ~ ta 49 cannet be effected 

by the protonic acid (HX). The change in site 
....... 

selectivity could net have been due to traces of 

'HX, which might be present in T~X. 

.. 
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Although 2,5-dimethoxy THF was an equal mi~ture 

of the ois- and tpans-isomers and 2,6-dimethoxy 

THP was a 9:1 mixture of tpans-52 to ois-~, the 

relative'stereochemistry of the two methoxy 

groups was lost in these chemical transformations ... 

T~e dleavage reactions of a variety of O~hetero-. 
cyclic compounds ~ith TMSX are summarized in Table 3. 

c. Mechanistic Rationale 

Even though the mechanism of acetal cleavage -~ 
o ' 

by TMSX has not been delineated, one can assume that it 

has SN2 type character in its critical step in the mono­

methoxy substituted system (43 + 45). This is baseà on 

the following arguments: (1) The nature of halide has a 

dramatic effect on the reaction. (2) There is predominant 

inversion of stereochemistry observed at the anomeric 

carbon7l (A + B) as mentioned before. (3) The regio­

selection in the opening of unsymmetrical systems was 

observed as follows: Kricheldorf et aZ. 63 have investigated 

the cleavage of ethers, focusing their interest on (i) regio-
• 

selectivity of the cleavage of epoxides, (ii) influence of 
; 

ring size on'the reactivity, and (iii) reactivityof 

sterically different ethers. It was observed that the 

reaction of propylene oxide (35) with TMSBr gave regio-

( 

! 
. 1 

i , 

-t , 
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o 

o 

~ 35 

.. 
," . 

" / 

~0'1Ac 
.~' 

TMSBr 
COC!3 

p 
........., ... ~

o, ~_C~+ 
. B~ TMS 

Rr-JH OR 

MgO 

.. 
Br 

R H R .. 

A B -

x 

-M.OTMS o TMSX .. 

SNZ- Type 

. \ 
selectively primary brom~de compound 56'and the reaction of - . 
cyclohexene oxide (57) gave the tpans product wi th two 

, 
equatorial substituents ~ by a tpans-opening. 

l, • 

Therefore, they suggested that the carbèn~um ion , 
(C) as intermediate is unlikely be,cause of the anti-

Markownikow course of the reaction and"stereoselec~vely 
. - \ 

c,lean reaction of 57 to the tPa~s-produc~58. 
/ 



. C-

0 

" 

+ TMSBr 

35 -

, 
1 ( 

li' 

\11 

'~ft~ 

Br::':~:';; 0 
11\ 

(C) 

~Br 
56 -

() + TMSBr ----+ ~ -~MS 
57 58 - -

-~_._-

our observations are in agreement with this. 

The pr~ary bromide !Q was obtained exclusively from the 

reaction of 2-methyl THF (~) with TMSBr. Tetrahydro-
63 furfUryl acetate (~) also gave the primary bromide 62. 
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., 

'1 
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,0 

Q 

o 

oP 37 
, " ", 

-OMe TMSBr 
Br~ 

6TMS 

" 
.!!.. 60 -

OCHoOAc TMSBr .. Br~OAc 
bTMS 

61 62 -
In the dimethaxy substituted systems, it seems ~hak' 

fram the facts outlined on p. 32-34, the reaction is more 

likely te have SNI-type character in one of its critical 

stepst 

A scheme which àccounts reasonably for the'site 

selectivity is proposed as follows (Scheme 4): 

. X 
OM. 

1" -Si-·-OM. 
TMSX ~/6 R=H" ~ 

Scheme 4-
) 

-----.. . , X-

R=~ - SN2-type 

- \ 1/ ' ' 

Me +~ X tJMe ~ M<tOrs M.oyX "fMe 
-h.../ - V-V· 

SN1- type 

, . , 

4 



!;; 

O' o f!t .. 
., 

'\ 

o 

Table 3: Cleavage products of O-heterocyclic compounds by 1MSX 

.,., 
" 

substrate . reaction condition product % yield (lit .. ) 

'1 
~ 

1MSBr/CHCI 3 , ·O·C - r.t. Br( CH 2 ) 20'lMS 69 (63) 

.'~~ 
THSI/hex. , ,-IO·C l (CH 2) 20'lMB (76) 

1 ., 

III 
, . 

THSc;l/CHCl3, O·C - r.t. aCl"'y' OTMS/Cl-\"'01MS 82 *' 1 '1 . (4:1) 

~ 
t· 

TMSBrl CHCl 3 , O·C Bry-oTMS 61. (63) '1 
, l 't/"'-- .. j \ ;'~ 1--,r , .. 

1MSljhex. , -lO·C t l ~ O'n'iS/ I~ O,'lHS (76) 1 ' . 
, . . (7:3)· 

q> i, .. ~,. . 
~, 

1 
;< 

• J 

5 eq. '!MSCl/CllCl 3 , r.t./2,days Cl (CU 2 ) ~30TMS 92 * .~ 

D'· 1 ~ , 
~ 

. , 
TMsBr/cHC13' loo·c/a hrs . Br (CH2 ) 3.0'!MS ?3 (63) 

3 
.; 
" . 

, Q, . ' - l ) , 
l - ! 

r 

J . -i 
~ , J l . 
,,. 
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Table 3; : ('con't Id) ,~ ~ 

§ubstrate 'reaction condition product 

o TMSC1/CHC1 3, r.t./3 days 
. ' 

TMSBr/C~C13' r.t./l days 

TMSBr, reflux/40 h~s 

no réaction 

Br(CH2 ) 4°'lMS 

0-' TM~Br/~HCll' r~t.Î~ day 
b 

- Br(~H2)3CH(Ca3)OTM~ 

OocH3 . 

~ 

Ç)-c. 5 eq. TMSC1/CHC1 3 , r.t.!'3 d~ys 

2 eq. THSBrjCRC13 , r.t./4 hrs O-~r p 

". , 
.," 

10 eq. THSC1/CHC13 , r~t./2 ~ays 
MeO, . . ,OMs 

CH'C CH2 ) 2CH 
Cl"" 'Cl 

CH~H3'" 
t-1eO . OHe 

:CH{CH2 ) 2CH "" . 
Br 'Br 

2.~ eq. TMSBr/caçl3' ô·c/2 .hrs 
'" 

MeO ,OMe 
, 'CH(CH2 )2CH 

l' 'I 

,:. 

2.2 eq. TMsr/CHC13 • Ô·C/l hr 
û 

.. 

J' 

, yî.eld (lit.) 

* 
85 • 
82 ,(63) 

84 " * 

--
25. '. 

75 . * 

\ 

·86 
~ 
* 

quant. * 

quant'. * 

j 

./' 

1 
~ 1 

.. ! j , 
1,/ 

~, :4 
.>,0 '1 ' 

.. 

j 

r 
1:-
i 
'( 

t 
~ 
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Table 3:' (cont'd) 

l' 

substrate reaction condition 

. TMSC1/CHC1 3 , r.t./3 days 

0 TMSS!CHC13 • r.t.'!3 days .. 
a IBr/ SBr reflux/2 hrs 

OOCH3 

.5 eq. 'lMSCl/C~Cl3' r.'t.l3 days 

2 .e~ 'lMSBr/CHCl3 , r.t./4 hrs 

10 eq. TMSCl/CHC13 , r.t./3 days 

CH~H3 2~2 eq. ~SBr/CHCl3' O·C/2 hrs 

2.2 eq. TMSI/CHC13 , O·C/l.5 hr 
f" 

* carried out in our ~aboratory 
a the ratio estimated by nror 
b one isomer was -shown in nmr 

product 

~ 

no reac1;.ion 

no reaction 

~r(CH2) 5Br 

no reaction 

Osr 
MeO /OMe 

'!--. CH(CH2 )JCH 
cl...... 'Cl 

MeO, . ~OMe 
CH(CH 2) leH . 

. Br~ ~ 'Br 

MeO, . ~OMe 
,CH(CH2 ) 3 eH . 

l . ..... l 

~ 

ft 

, yield (lit.) 

* 

* 
71 (66) 

.-
* 

60 * 

84 * 

quant. * 
t} 

'quant. * 

.JO 

.. 
~ 

j 

. 1 
4 , 
i 
i 

t 
t 

~ ft , . 
,1 
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An important aspect of this mechaniSItt :LS the 0 

~ . . 
formation of th~ hexacoordinated silicon intermediate~ , 

"1nvolving both, the ring oxygen and one of the methoxy 

'.4' oxygens. The formation of pentacoordi~ated 7~ as weIl as 

hex~coordinated79a si~con co~plexes is weIl e~tabli~heà • 

, ..I:~, 

b 

. 
It 1s based on the availabiiity of the silicon d-orbitals, 

. " 

thus expanding it~· octet to'accommodate mbre than eight 

electrons by using the 3d-orbitaIs. 

~e oc~a~edral SiF
6
= ion79~ and 'the 

~ 80 
as weIl as [Si(OMe)2(bipY)2]C12 •. ' 

Some 'examples are. 

complex SiCI .2P~rL9a 4 ' 

, . 
In the monomethoxy system, cleavage of the 

methoxy group requires an eXternal nucleophile X in an 

SN2 process leading to ov~~a11 inversion of configuration. 

In the a,a'-dimethoxy system, the ~ther m~thoxy oxygen 

seryes as the "nucleophile" leading ta c1eavagé of thé 

ring system in an essentially S 1: process •. Addi ~ioI\ of \ 
< N , - gives-then 't 1 

. the external nucle<1phile X the terminal. 
" 

halides. 
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CHAPTERto IV 
~ 

1,4-DrCHLORO-l,4-DlMETHOxYBUTANE AS A M7LD REAGENT FO~ 

THE CONVERSION OF PRIMARY AMINES TQ PYRROLES 

A. General Considera€ions; syPthetic methods leading to 

'pyt;role 

~he discovery .that tpe pyrrole ring was an integral 
, 

part of haemin-·artd ~f chlorophyll molecules8l ,82 not only" 

created intense interest in the chemistry of pyrrole and 

its deriva~ives, but also ±es~~ted in the majority of the 
. 

investigations conducted during the latter part oË the 

nineteenth cent~ and the ea~ly ye~rs of the twentiéth 

century be~g dominated by this relationship of pyrrole 
" with naturally occurring compounds. Pyrrole 65 May be 

prepared in the laboratory by the classical method83 . of 

heatjng the ammo~ium salt of mucic acid 66. On an industrial 

scale, pyrrole ls manufactured by the catalytic reaction84 

of furan 67 with ammOnia over·a molybdenum oi vanadium 

oxide catalyst °at 350 0 
'" 400 0

• 

In addition to these reactions, one can classify the·'" 
r~ _ 

preparative procedures for '-the pyrrole sy~thesis arbitrarily . 

according to the number of carbon atoms furnished to the 

pyrrole ring by the original reactants. For example, a 

variety of .substituted pyrroles can be prepared accordin~ to 

, ' 

----~. 

.. 
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o N • 
H 

65 

• 1 

• ü o , . 

67 -

the 2C + 2C mode by the condensa1:j1on of a-~inoketones wi th 
\ '-. " 

carbonyl compound, having a higp}y reac~ive methylene group 

adjacent to the carbonyl group. A good example is the 

$''''-\ procedure developed by Knorr for the synthesis o.f diester 

'-

, ~ 

substii'uted pyrroles, which are frequently referz:ed to a,s " 

Knorr pyrroles 85 ,86 &!.' An example87 of the 1 + 3 carbon 

I1Dde is the condensation of ethyl' glycinate with 6-keto, . 

esters 69 to produce ethyl 3-hydroxypyrrole-2-carboxylate ~. 

+ 
CH R~ 
• 2 

O=CR" 

Rt
: Fi: COOEt 

r ~= ft: alkyl 

t 
1 

t-;J 

. 
l 

f·. 
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69 -

CH3 OH 37j1-
CH3..«N>COOEt 

H 

70 -

In particular,'the/p~ar-Knorr co~d~nsation88 of y-diketones, 
l , 

a 4-carbon, uni~, with primary amines, provides a çonvenient 

synthesis ,of pyrroles 71. 
1 

R! R3 

~ R3--
RS,NH2 ·~UR' R~OCH~CHCOFt • 

,N 
Is 
A 

\ , 
71 

el 

As mentioned earlier, the vapour phase reaction 
" , 

'pf ~uran and its derivatives with ,amines has'been extensively 
, 89 

studied by Yurev • In this way, pyrrole, I-methylpyrrole 
. 90~ 

and l-a~lpyrrole are commercially produced • The reaction 
\.. 

probably involves an acid-catalyzed ring-opening of the 

fu~an ring followed by amination and subsequent ring­

closure to -éhe pyrrole 72. Similarly, the conversion of 

-' 

1 

. , 
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f[) H+ ' !1H ,n 10 RNA: 
~ " " to ii ~CH rH 0 1 1 N 

OH -NHA NHA - R' 

72 

'primary amines to pyrroles has been achieved by reaction 

. ' with 2,5-d~ethoxytetrahydrofuran under refluxing acetic 

acid1S- l7 as mentioned in Chapter 1. This reaction is 

useful for the synt,hesis of a number of N-substituted 

pyrroles. 

This latter"reaction is obviously not app~icable 

to compounds which are acid or heat sensitive. 

10 N 
+ 

~ 

-
"0 

" 

'B." ,SyPth~ses of Pyrr~lesgl . 
As'mentioned in Chapter II,.1,4-dichloro-l,4-di-, 

methoxybutane (i!) was prepared by the reaction of 2,S-di­

me~oxytetrahydrofuran (!) with TMSCl via rin~ opening. 

, 

1 , 
: ' 
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49 -
Compound 49 can be considered as a mo;e reactive 

functional equivalent of 1 as weIl as a 4-carbon unit and 

should be capable of converting primary amines to pyrroles. 

It was found -that when benzylamine 21 reacted wi th !2. in 

the presence of a tertiary base' such as triethylamine or 

diisopropylethylamine, l.-benzylpyrrole 2! was indeed obtained 

but in poor yield (5 '" 30%). When sodiwn methoxide in 

methanol was used as a neutralizing agent, the predominant 

product was l,1,4,4-tetramethoxybutane (11) with I-benzyl­

pyrrole in about 30%,~ield. 

r~ 

NaOMe [~)CH:!Ph MeOH 
CI 

+ H2NCHZPh Me '. 
70% 30% 

73 r esin-

OC~Ph CHzCIz 
49 

95% -
74 -

* f' weakly basic resin Amberlyst A-2l. 
f . 

1 

9 

, 
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We were thus ~leased to find that when the weakly 

basic ion-exchange resin Amberlyst A_2173 was used for 

neutralization, the reaction gave I-benzylpyrrole in nearly 

quantitative yield. The reaction conditions wére very mild 
) 

and'were applied to the conversion of a-aminoesters 
• 

(e.g. 76-~) to the corresponding py~role compounds 

(e'-g. 80-E). By using a more polar solvent, even amine 

~cids (e.g. 79) were converted directly to the pyrrole 

derivatives (e. g. 83). , 

R-NH2 
CH~tJ resin R-O + • 

CI 

CH:P 

76 R = CH2 CÜ:2Et 80 - -
77 CH(CH2Ph)C~Et 81 - -
l! CH (CH3)C02Et 82 -
79 CH2 COOH 83 ,-. -

The utili ty of this reaction can be illustra ted 

by the following example. Nudel.man et aL 92 prepared 

7-(1-pyrrolyl)-cephalosporanic acid (!!) in, two steps by 

'; 

f 
s 

1 
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reacting t-butyl-7-aminocephalosporanate (85) with 86 in 

refluxing acid, followed by hydrolysis in an overall yield ~ 

of 7 'ù 8 %. We were however able to prepare ~ directly 

ii TMSI • +- AcOH 

85 86 7% 84 - -
• 

... 

from 7-aminocephalosporanic aci~ (!!) and 49 in 65% isolated 

yield. Furthermore, uSing our conditions, the much more 

labile 6-(1-pyrrolyl)-penicillanic acid (~) was aIse 

prepared directly from 6-aminopenicillanic acid (89) in 67% ' 

isolated yield. The acids 84 and .!!l!. showed very weak 

antibacterial activities with MIe of > 63 ~g/mL against 
, 

.92 93' ,streptococcus aureus 'and E. Coll. ' • 

, . , 

, ~~===::~~" ...... _-_-,-" :'---"':-.d_-"'_~-::-~::;_:",,;o,..,. :-.. :~:~~~r-~:~'":~.:---:'~~s~";:;; ....... ~< =--".-:---........ ,~_"'.-.... tA'T:ffo~~; ;.,t,j;_r_\r~: } ..... ,.~ ... ' •. .'" .:;t' • 
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c- ,0):t) C. 

+N~OAc DMSO 
CI r •• ln N ~ CHpAc 

OM. COOH 1 day CGOH 

87 85%,84_ - -

~. " 

~ D'M50 
resin ~ CJ)OH 
3 da,lys COOH 

89 ·67 %,88 ... - -

c. Synthesis aÏ 2-(2-FOrmylpyrrol-1-yl)-4-met~yl 

pentanoic Acid (90) from Tobacco 

Since primary amines lare easily converted to the 

corresponding pyrroles by the reaction with 49 in the 
1- r ..... \ 

presence of resin, we have appl~ed the reaction to tpe 

synthe sis of the 2-formylpyrrole derivative 90, a compound 

which has been found in flue-cured tobacco and May have 

desirable Ïlavour properties. This compound was first 

1 
1 
1 

. i 

: 
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isolated by Lloyd et a"l. 94 •. 'l'he suggestion was made thàt it­

might be formed in the tobacco leaf by the reaction of 

amdno acid with sugar94 ,95. 
( 

Accordingly, a synthesis oÎ 2- (2-formylpyrrol-1,;"yl) - . 

4-methylpentanoic acid (90) from L,:"leucine methyl ester (93) 

could he designed according to Scheme 5 ,and we have, in fact, 

realized this synthesis in the laboratory. 

Oc O-cHO , N HO 
\' , ~ N 

fCOOH • 

J'c~Me 
f(J 

• N . 
• .ic 0. Me 

~ 
90 91 - - i 

NH2'HCI 

J'CO'Me 
Scheme 5,. Synthesis of !Q. from 93 

93 -

In .the first step, the pyrrole compound 92 was 

obtained froE leucine .methyl ester hydrochloride (El using 

the procedure developed in 71% isola ted yield. 

The regioselective formylation at the 2-position 

of the pyrrolé 92 in lieu of the 3-position turned out ta 

be a di.fficul t problem. 

1 

f 
1 , 

Î 1, 
1 
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For the formylatiôn of pyrroles, several methods 

are usually employed. They are: 

(1) Vilsmeier-Haack reaction which takes place in 

dimethylformamide and phosphorus oxychloride96- 97 • 

(2) Reimer-Tiemann conditions with halofoxm in the 

presence of'strong base, and 

(3) ~Fried~l-crafts for.mylation101 with dichloromethy1 

methy1 ether in the presence of a Lewis acid 

catalyst (e.g. Ale13). 

Of these, method (2), the Reimer-Tiemann conditions, 

is known to give not only very paor yield of .formylpyrrole 

but also ring expansion product102 li. 

o N ._ 
H 

n + 
~N~CHO 

H 
O CI 

. 1 
~ 

N 

94 -.~ 

The most generally applicable method for the prepa­
/ 

ration of formy1pyrroles is the Vi1smeier-Haack reaction, 

in which the pyrrole ia allowed to react wi th the e1ectrophile, 

generally formu1ated as 95 or 96, formed from the reaction 

of dimethy1formamide with phosphorus oxychloride (Scheme 6). , 
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Sch.eme 6: 

+ 95 or 96 - ~ 
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.u 
11 

... + + 
. N=CH-CI ..-- "'N-CH- CI 

• 

1 
1 

/ 
/ 

" " 

96 -

Vil ame1er-Ha ack. rfaction with pyr~ole 

Formylàtion of pyrrole and its l-alkyl and 

l-aryl derivatives using the procedure out11ned abève 
·.1 104 

(Scheme 6) gives good yields of the·monoformylated prqducts 
! 

(Table 4). 

't 

, . 
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The investiga~ion of Jones et ~Z.103 showed that, 

·as the size of the N-substituted alkyl group increased, so' 

did the relative proportion of the 3-formyl isomer to the 

2-fqrmyl isomer. 

.. 
. Table 4: Formylation of l-substituted pyrroles by the 

Vilsmeier-Haack . 104 reactl.on . 
t 

l-substituent ratio 2-isomer yield (%) 3-1somer 

H a 8gb 

Me a 89 

Et 11.5 85 
.. 

i-pr 1.9 79 
), 

.t-Bu . 0.07' 69 
/ 

CH2Ph 6.2 89 

Ph 9.0 93 

p-MeOÇ6H4 7.0 ·93 

(1. p-Mec6H~ Il. a 92 

al' Exc USl.ve fonnyla ti.on at 2-positio:t;l 

bCited from ref. 105 
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Since the predominance of 3-isomers in th~~lectro-

phil±c substitution of sterical1y hindered N-sUbstituted 

pyrroles is a general phenomenon, i t was therefore expected 

that the Vilsmeier-Haack reaction would not give us 'the 

desired 2-formyl' pyrrole 21. 
In 1960,. Rieche et aZ. 10l reported that dichloro"­

methyl lIIethyl ether can formylate aromatic rings wi th ' 

Friedel-Crafts catalysts. Since pyrroles behave in the 

97 -

sa.me way as benzene in the Friedel-Crafts --acy1ation, it would 

be interesting to see how they react under, these conditions 

(method (3)). Dichloromethy1 methyl ether (97) cou1d be 

preparedl06 by stirring methyl formate and phosphorus 

pentachloride without solvent. Distillation gave' a color-

less 1iquid, dichloromethyl methy1 ether (97), b.p. 87-89°C, 

IH nmr at ô = 7.1 (s)" 3.6 (s). 

,p 

, ' 

l , 

! 
i 

1 

l' 
1 
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CI 

.. -.... 

. 1 . 
, - -HC02CH3 ' + PCI, --... HC-OCH3 

~. . CI " . . \ 
" 

97 -: -~" 

Indeed, the reaction of pyrrol~ 80 with ether 97 ...,... -, 
in the presence of Alel3 gav,e a mixture of 2- and 3-fonnyl 

_pyrrole, 2! and 99 in less t~n 30%" yield. By using TiCl • 
. , 

as the catal.yst~at roem temperature, the formylpyrrole was 
, 

_obtained in 84% yield with the ratio of Z- to 3-isomer â1; 

,- -

·0 . N 

![J~O 
N 
1 
CH2~Et 

TI CI .. • n '+ ~N~HO 
1 

CH:zCOzEt 

97 98 5 1 99 - -

• 
" aowevar, when the formylation reaction Of 

pYrrol.e !! was carried out in the same way as above 

(97/TiC14)., the formylpyrroles were· ind~ed obtained but the 

-predominant product was the 3-formyl isomer!.Q.Q. (the ratio" 

of 2- to 3-isomer was about l: 5) . 

, . 

• P 

" 
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. , 

o N 

~Me·+ 
n 
CZN))--CHO 

~e 
+ 

'Ir 

92 - < • 

91 1 -
. 

~é:ntly, it has been'rep?rted that 2-acylpyrroles 

101 were easiIy convert~dl07,108 to 3-acy1pyrro1es 102. by 

refluxing in the presence of' acid 

Tf 0 ) . t' f lf' 1109 H. M~gra ~on 0 su ~ny , 

(e.g. TFA, TsOH, MsOH or 

ch1orol10 , bromo110 , 

suIfenyIII1 and su1fony1111 groups has also been demonstrated 

in the same way. Carson et al,. 107 proposed that the 
/' 

mechanism for this reaction is the 1:2-acy1 shift of the 

C'-protonated species 103. 

z-~ 
H deR ROCOR .(,;)COR H+' 

R' ï~h R' ï \. • Rf ~'+" COR , •• A 

~ , N ~ N 
CH3 

101 -

, 
o 

t 

CH3 

103 -
CH3 

l ' 
CH3 

102' '-

" 
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, . 
Accordingly, the reaction f~r the 2-formylation of 

92 was carried out at a lowerctempe~ature to prevent the 

2-for.myl group from migrating to the 3-position of pyrrole. 

As expected, it gave exclusive 2-formylation with, however, 

-a considerable amount of unreacted~. 'Fortunately, we 

'iêre able to overcome this problem effecti vely by using 

trimethyl orthoformate/titanium tetrachloride as a more 

reactive formylating agent. 
t./) " 

H. Gross et aZ. 112 , have developed the forrnylation 

oÏ phenol by using triethyl orthoformate/aluminum chloride 

or dichloromethyl methyl ethe.r1titanium tet~achloride. 0 

Indeed, when pyrrole 92 was formylated with tr~methyl 

"orthoformate/titanium tetrachloride at -40 0
, the 2-iso~er 

91 was obtained in high yield to the near exclusion of the - :: 

_3-isomer 100, which could be separated Dy co1urnn chrornato-' 

graphy (the ratio of 9l'to 100 was about 8:1)". 

o ,&Me + 

---92 --

. OMe 
HC~Me 

'OMe 

, ' 

Q 

n 
<ZN~CHO 

j'CO>Me 
91 8 

.: 
\ 

, 
, . 

. -
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The spectral data of 2'-.formyl 91 and 3-formyl 100 

showed significant differences between the two isomers. The 

lH nmr peak of the methine 'proton at C-l' in 21 appears at 

6.1 ppm tt) and' that in 100 at 4.65 ppm (dd). The downfield 

shift of the proton peak at C-l' in 2-formy,1 isomer 91 can be, 

due to the anisotropie effec~of the formyl group and is 
\ . 

, consistent with the structure (F!gs. l 

Another important difference 

and 2) • _ .:'r:.., , " 
~ /~ ..,{ t ... ·, / .J ! 

'~,-,!', <.' 1 

is the ~,!:; ,spectral 

fragmentation of the two isomers. The relative abunâance 
-+ 

at m/z = 194 (Mo -CHO) in the 3-formyl 100 was nearly 

negligible in contra st with the 70% abundance for the sarne 

ion in the 2-formyl pyrrole 91 (Fig. 3). This is attributed 

to the relative ease of the following fragmentation procéss . -

in the 2-formyl pyrrole 91. This is "similar to most 

~-cleavages in the mass spectra of nitrogen containing 

eompounds. 

+ 

O. 0 N CHO 
-CHO· N 

L~~ • 
Lco.~ 

l'n/z =223 m/z=194 , 

f 
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, 
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Hydrolysis of 91 with sodium hydroxide in methanol 

gave acid 104. When excess hydroxide was used, the compound 

~91 was ~evoid of optical activity, indicating that 

rac~ization at the chiral center had occurred. The problem 

can be overcome by hydrolysis with 1 equivalent of sodium 

hydroxide. Alternatively, cleavage of the methyl ester 

l',. 

$ , • , 

f'-' 
\1 ' , . 

f!J>.c . NaOH 
N HO MeOH 

j'~e or 
TMSI 

0-N CHO 

J'COOH 
91 104 

il" -
, .. 

.. 
"'. 

moiety with trimethyliodosilane113 proved equal1y satisfactory, 

giv1ng 104 with optical rotation, of [a]o = -16.4° (CDCI 3) 

(Fig. 4). 
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D. The Preparation of a-Substituted Pyrrole Derivative$ 

from'the Pyrroles of Amino Acid Esters 

The amino group readily undergoes oxidation, 
fl 

alkylation, acylation and a variety of other reactions, so 

there is a need to protect it while other parts of the 

molecule are undergoing chemical changes. For example, 

carbamates are formed by reaction of an amine with chloro­

formate or with a carbonate~ amides are formed from acid 

chloride. carbamates l14 can be used as protective groups 
i' 

for amino acids to minimize racemization in peptide 

synthesis, while amides permit racemization during the base­

catalyzed coupling reaction of an N-protected, carboxyl-
(J 

t · d' . dl' 115 f ," ac ~vate am~no ac~. However, monoacy at~on 0 a pr~mary 

amine often affords, sufficient protection, i.e., against 

( oxidation, alkylation, ete., and more complete'protection 

1s obtained by forming cyclic diacy1 derivatives. 
d" , "" 

h h ' Id' . 116 d T e ot er spec~a er~vat~ves use to protect an 

-NH group belong to one of three classes: N-alkyl or N-aryl 

derivatives] imines from carbony1 compounds and enamines 

from S-dicarbo~yl compoundsi or N-hetero atom derivatives. 

These derivatives must be easily and selectively formed, 

stable during the synthetic sequence, and readily removed. 

Even though they, like carbamates and amides, have been used 

to protect amine acids and nucleosides, they have been used 

more to protect isolated primary and secondary amines. J' 
i 

f 

f 
, 1 
1 
f 
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The pyrroles of amino acid esters c~ be dé­

protonated at the a-carbon and the pyrrole ring can withstand 

the strong-base conditions (e.g. LDA or LiHMDS). Such a 
~ 

pyrrole may offer potential as a 'protecting group for 

nitrogen. 

When the glycine ethyl ester pyrrole (~) was 

treated with lithium diisopropylamide (LDA) and followed by ) 

quenching with benzyl chloride, the product was the compound 

105 without any a-substituted pyrrole derivative. An 

explanation for the formation of 105 is given below: 

. [~}-CHco.,et LDA W-CHcb,EI + .. 
=--- 1 PhCH2CI ::---- e 

H 

~ (1) 

W-CH,co,Et + PhCHCI 
e 

" 

( :0:) 

LOA/THF " 

PhCHCI 
A 

PhCH-CH2 Ph 
1 
CI 

~ 

1 

..c:: 
> 

1 ... ' 

, 

l 
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Assumipg that the anion (I) was first generated at the 

a-position of ~, proton exchange with benzyl ch~oride could 
1 

give the benzy1ic anion (II). A1ternative1y, the anion (I) 

was never formed, and LDA simply abstracted a proton 

directly from benzy1 ch,loride. Subsequently, reaction with 

another benzyl chloride gave compound 105: IH nrnr (CDCI 3) 

ê: 7.3 (m, lOH), 5.1 (t, IH), 3.4 (d, 2H)i ms, m/z (intensity), 

ir + 218 (M +2, :32.6), 216 (M , 64.3). 

This latter possibility ~ppears more likely since 

the same product 105 cou1Q be obtained from the reaction of 

benzyl cbloride itself by LDA in THF as depict~d. 

When t-BuLi instead of LDA was used as the base 

/ with~, a-substitution was still not observed. Instead, 

in the nmr spectrum of the product, a clear single peak was 

J 

observed for the t-butyl group at 1.2 ppm without the 

'ethoxy peaks of the ester. It seems that the product has 

the structure 106, derived from the conversion of the ester 

te the t-butyl ketene. 
~ 

~, . 

t- Bu Li 
~ 

::;..- Il 
? 

-~,J 
W-CH,co.el 

THF 
ljO ~ N-CH2CBut 

80 106 -

f 

L 
! 

1 
! 
1. 
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.' 

When lithium hexamethy1disi1azide (LiHMDS) was 
1'" 

used as a more sterically hindered strong base, reaction 

with 80, fo11owed by addition of a1ky1bromide or iodide 

co~oUnds 107-109, gave the desired a-substituted pyrrole 

derivatives (110-~). Compounds 110 and ill we~e 

. . 

O-CH.,Co.et + R X 
LiHMOSlTHF 0 . 

- ... ~---.~ N-CHC~Et :'78 0 ~ l ' 
R 

80 107 R="CH3 x= lli - -
108 CH2Ph Br 111 - -
109 CH2PhCH3"o Br 112 ,'\ 

-

identica1 to compounds g and II obtained previQus1y (p. 47 ) .• 

Furthermore, dia1kylation is Pos);ibie. Thu~J '110 reacted 

with LiHMDS/CH31 to give the ~thYlated compound 113. 

Compound 113 cou Id a1so be obtained by the 

react10n of 80 with 2 equivalents of CH31 in the' presence 

of 2 equiva1ents of LiHMDS. 

J~ 
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~ CH, Li HMOS/THi=' W CH, ~ N-CHC~f .+ CHai 
-7ft? 

.. N~C-C~Et 
~ 1 

CH~ 

110 113 - -
.ç 

J . O::H.co.El + 2 CH3 , 
2 LiHMOS/THF 

-780 

" 

80 
.. 

1 

~ 

After completion of this work, a r'eportl17 

appeared in the literatu~, which employed the use of 
" 

2,5~dimethylpyrrole as the protecting group for amines. 

Theyll~reported that N-pyrFolés of a primary amine could 

withstand strong basic conditions (e.g., n-BuLi or KOH), 

tbus acting as a protecting group for the amine, which 
'< 

co~ld. subsequently be regenerated' by treatment with 

hydroxylamine hydrochlorid~_ A ?;:Od exarnple .,ts depipted 
..:1 . . 

below: 

AcOH • n-8uLi 
li Et 1 

NHpH·HCI • EtOHI Â 

/Ir 

r ........ 
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Since the idea of our work fa essentially the 

" same, we chose not to continue °with this aspect of our 

,investigation. 
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CHAPTER' V 
( . 

N-ACYLPYRROLE SYNTHESIS AND ITS APPLICATION 

IN ORGANIC SYNTHESIS 
o 

'\' " 
r A. N-Acy1pyrroles from Primary Amides 

N-Acylpyrroles (114) were first obtained in 1904118 

(' 

by the reaction of acid chlorides with the potassium salt of 

pyrrole. Afterwards, several investigation's of N":acylpyrrole 
1 

+ 1 O~-R 
114 j 

, ~ynthesis were repor~ed. 
<;> 

As described in Chapter 4, in a 

2C + 2C mode for tpe pyrrole synthesis, the a-amide ketone 

(lIS) undergoes a base-cata1yzedJse1f~condensationl19, to 
, 

give tne corresponding N-~cy1pyrrole 116 together witn 

,N-unsubstituted py~fb1e 117. Similarly, the Paar-Knorr 

lNH + J)HAc • U' + n Y' 
"Lo ~ NHAc ~ .'NHAc 

Ac H 

111' 
-, 

111 !li r 
." 

\ 

~ 

. , , 

1 

, 

1 
~I 

\ ,"\ 

~ , 
1 

1 
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. , . 
. condensation of y-diketones, a 4-carbon unit with primary 

'amides, p;ovides N-acylpyrroles120 • 

, 
\ 

+ • 

, i 

Alternatively, it was reported121-123 that·the 
"-

t.l!ermal rearrangement of oxazepines \pbtained from the 

photolysis of pyridine-N-oxides yields N-acylpyrro1es. 

They were however obtained in poor yield together with 

other isomers as depicted. 

~ ~)lR 
,6 

---.. ~ 0 
H R ~ 

. 0 R 

.. 

, . 

f 

1 
1 

1 
f 
i 
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Nevertheless, N-acylpyrrole synthesis from .... 

primarr am~des .and 1,4-dichloro-l,4-dimethoxybutane is not 

known up to this time. We found that 1,4-dichloro-l,4-

dimethoxybutane 49, a compound72 obtained from 2,S-dimethoxy-
\ 

tetrahydrofuran 1 and trimethylchlorosilane, reacts with 

primaryamides (!!!-121) to give N-acylpyrroles (~-125)~ 
" 

R-g-NH2 
Amber!!!t ~O + • ::::--... N-~ - R . A-21 

.-

~ 118 "R=Ph -
119 C~C~CH3 ~ /-~ -
!gQ CH3 124 

121 CH2(CH2),sCH3 
,125 - -
~"'-

'\ 

This reaction ls somewhat more difficult to 

perform in compa+ison with the reaction of 49 with primary 

amines. The nucleophilicity.,of the amide nitrogen is 
'. , 

:~ j 

expected ta be conside!r,ably -reduced due to resonance effects. 

Us~g the same procedure, the readtion of amides wIth i! 

~Slve poor yie16s (20 '" 40%). In trying to overcome the 

.. ~----

. 
, 
! 
1 , 
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problem by raising the reaction temperature to over 70_oC~ a­

black polymer .was obtained. It seems that compound 49 

polyme~ized at mod~rately high temperature. We found that 

by carrying out the reaction at the optimwn temperature 

between 45° ~ 65°Cl24 (Table 5), using weakly basiè ion-

exchange resin ~rlyst A-2l for neutralization, a good 

yield of acylp~rrole could be obtained. 
\ 

Table 5: Conversion of primary amides into N-acylpyrroles 

primary-amide pyrrole 

122 

reacti'bn 
tempera ture % yield (ref) 

85 (I27) • 

73 (118) 

55 ( 128) 

-. 

118 

119 

120 

121 

123 

124 

125 72, mp = 62 'V 64°C 

Even though N-acy1pyt;ro1e can be considered as a 

tertiary amide, the carbonyl stretching frequencies observed 

for N-acy1pyrroles (123-125) was at 1715 ~ 1725 cm-l compared 

. " with the frequency of 1630 ~ 1670 cm -1 normaliy observed for 

t~rtiaryCamides125. The higher carbony1 frequency in acyl-. " 
pyrroles is attributed to the aromatic character of the 

-' pyrrole rinq and there is 1!herefore lese resonance inter-
\ 
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. . 
action between ni trogen and the carbonyl group., The same 

phenomenon i8 observed for N-acylimidazole and similar 

compoundà126 • , 

Finally, the reaction of p-toluenesulfon~dé (~) 

with 49 under the sarne reaction conditions aiso gave 

f-(p-toluenesulfonyl) pyrrole 0·27) in good yield. 

:;J 0° CI CH~;-}So.-CJ CH ~ !J l-NH2 
r •• ln 

+ • 
,CI r. t. 

ft 127 ..." 
l " , -r-

Q , ' 0 

f 

,1 
.. . 

. , 

• c' 
' , . 

'B. The Reduction of Primar:L Amides via ACl12:Lrroles 

Nystro~ and Brown129 found that the reduction of 

tertiary amides by lithium afuminum hydride under ordinary 

conditions, i.e. 1 with an excess of the reducing agent 

present, usually produces the corresponding tertiary '" , 
1 

amines with the same number of cirbon atoms. This work 

was extendèd,by Uffer and SChlit~ler130. On the other hand, 

the carbonyl group in amides is resistant to reduction by 

sodium borohydride131 , aithough the 

the presence of COC12
132 ,133, ~OC13 

' .. 

.. 
reduction occurs in 

or PCls
134 , or 

, ' 

- . 

, 
. ! 
l' 
1 
1 

1 
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~arb~xYlic acids135 such as ~cetic or trifluoroacetic acid~ 

W'th l'th' l' h d 'd 131 , ' 'd Il 1. ~ ~wn a um~num y r~ e , pr~mary am~ es are norma y 

re~uced to primary amines, with the carbon-nitrogen bond 

intact." In sorne -'cases, reductive cleavage to an alcoho1 • 
- q 136 or to a secondary amine has been observed • The controlled 

reduction of selected tertiary amides by lithium aluminum 

hydride, fo1lowed by hydrolysi!, has been utilized for the 

synthesis of aldehydes137 .' For example, Brown et aZ. 141 , 

reported the reduction of N-acylaziridines, N,N'-dialky1-

~ides, ete.,. to aldehydes. This supplements the reduction 

of acid chlorides by lithium tri-t-butoxyal~nohydride . 
as a method for th~ synthesis of 'aldehydes138 ,l39 

It has been suggested that the reduction of 

tertiary amides proceeds to its various 'products through 
, , 

a common intermediatel36 ,l40. In this mechanism, the first 

step is post\Îlated to be the nucleophilic attack of the 

+ -metai ~ydride, M H' , on the carb9ny1 group to form the 

, intermediate comp1ex I. TreatInent with water trans-forms 

this complex to an a1dehyde and a secondary amine. 

Alternatively, it can be reduced further to the amine 

via an'imine intermediate. 

o R" 
ë ~ R- -N 

'R' 

RCHO + R'R"NH 

( 1) 

-

JJ 

, 
--""", ....... "'->- ~~-~-_;~.a!~~~K~?-~ _ ... -/~ .. ~. ~~ .. ~ ........ -r:.-".!?J.:'~r---"'" 

'. 

, , 
J 

1 
"" j -, 
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, In arder to maximize the yield of aldehyde, one 

can try to reduce the pathway 1eading to .the imine. This 

was achieved by using acy1aziridine~141. Because of the 

ring size of aziridine, formation to the intermediate imine 

X is prohibited. 

x -
.. 

~M 
-y-N~ 

H 

• 

Another approach -which was examined by Brown 

141 ' et al. ,was to use acylpyrroles. Because of the 

aromatic character of pyrroles, the corresponding im~) 

i.ntermediate W shou1d similarly be inhibi ted. 

, +~ 
"C=N~ 

H . 

OM 

'~ -C-N 
l ,"'" 

• H 

w -
However, the reduction 'Çf N-butanoylpyrrole' (123) 

with 11 thium aluminum hydride studied by Brown and his 

coworker141 was 'found to give disappointing results in 

1 
j 

• 
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1 
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that only 30% butanal was obtained as the reduction product. 

In contrast, 88% butanal was obtained from N-butanoyl-

aziridine. 

With our facile synthe sis of e,cylpyrrolies, we 

decided ~to reinvestigate this re~ction. We found124 that 

reduction of N-butanoylpyrrole with LAH gave.indee~ only 

·30% yield of butanal (128). The major product of the reaction 

was the pyrrole hemiacetal compou~d ~ in 40% yield. 

Furthermore, if the reduction of 123 was carried out with 

sodium borohydride in'methattol, the pyrrole hemiacetal 129 

was obtained as the sole product in 85% yield. The use of 

methanol as sol vent is important in this case, sinee 
,1 

reduction with NaBH4 did not occur in ethe-r. 

LAH CH3(CH2~CHO + ,!!!,40% 
ether 

~. 

128 30% r 

-' . 

CH,(CH,l,CH(OH>-© 

, 

NaSH. 
, 
\ 

MeO 
129 85% -, 

NaSH .. N. R. 
e her ) 

. Th,e structure of 129 was assigned on the basls of 
1 . 

its H. nmr spectrum. The hydroxyl peak (2.45 ppm) of g.2, 

disappeared upon shaking the sample with 020 in the nmr tUbe. 
.' . 

.", ,~r , __ , ..14 
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Reduction of benzo~lpyrro1e (122) with LAH'gave 

benzy1 a1coho1 (130) in 75% 'yie1d. The reaction wi th 

sodium borohydride ;in l!lethanol, on the other hand, gave 
f 

benz a1dehyde (131) in good yield. The same reduction wi th - ' 

sodium borohydride in ether gave the hemiaceta1 132 instead. 

The OH peaks of 132 (2.95 ppm) a1so disappeared in the lH rui1r 

spectrum when the sample was shaken with 020 ;n the nmr tube. 

LAH 
PhCHaOH ' 75% 

ether, 
130 -

NaSH. 
PhCHO 85% 

Me OH 131 

PhCH(OH)-Q NaSH. 62% 
ether 

132 -\ 
It is clear that the carbonyl group in acylpyrroles can 

easi-ly be reduced by hydrides in agreement wi th thei-r 

expected activation. 
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C. Substitution Re~ctions of N-Acylpyrroles with a - .., 

variety of Nucleophiles \ 

Because of resonance interaction, the carbon-

nitroqen bond of amides possesses ~artial double bond 

character. Ch~ic~lly, this is manifested in the 

difficulty142 by which amides underg6 hydrolysis, 

alcoholysis and amfnplysis. There are reports of rnany 

investigations seeking to overcome this prob~em. staab126 

had reported that the imidazolides 133, which were silnply 

prepared143 by the reaction of N,N r -carbonyrdiimidazole (134) 

'and carboxylic acids in eq~bnolar proportions at room 

, 

+ RCOOH 

1 
. a ./-::'N 
~-ë-~ _1 
.~ 

133 -rH ~a 
- 0. Rcn-R' 
R-e-H ""2 

, \ 

, . 

1 

t . 
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temperature, are particu1arly easy to hydrolyze because of 

the high degree of reactivity of azo1ides in nuc1eophi1i9 

reactions. He places these compounds on the sarne leve1 as 

acylhalides and acid anhydrides. He also compared126 the 

reactivities between N-acetylpyrrole (124) and N-acety1-

imidazole (133) in water at pH 7. Whereas N-acetylpyrrole 

(124) was not hydrolyzed atla measurable rate in neutral 

aqueous media, the half-life of the hydrolysis of N-acetyl-

" "imidazole (133) at 25°C was 41 min. 
., 

) 

CH3-~-© 
\ 

124 

In agreement with this fact, we found that , 

N-acy1pyrro1es (122, ~) reacted wtth N~OMe under· reflux 
. '" ' 

overnight in Methanol to give the corresponding esters 

(135, 136), while N-acylimidazoles !ll reacted144 ,145 with 

NaOEt at room tempe rature within,a few minutes to give 

the esters 137. 

It is c1ear that even though acy1pyrro1es are 
\Do 

less reactive than acyl,imi~aio1es, they can neverthe1ess 

be readily transformed into esters. 

. . ( 

• 
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.R-8-N~ NaOMe 
RCP2Me 

.; .."" reflux. 14 hr • 
122- R= Ph 1!2 
123 -c.H2CH2CH3 136 - - .. 

..g A-N . 
R -~ 

NaOEt 
. RC~et • r. t. -Smin 

R=alkyl or aryl ,137 
,~ •• , ,'!, 

:-~ 

S~i1ar to the reactions of N~acylimidazo1es, 

reaction of acy1pyrro1es (l~, 123, 125) with pr~ary 

amines (e.g. benzylamine) ln ref1uxing tetrahydrofuran 
, 

gave secondary amides (138-140) in good yields. On the 
~ ~ ---- ~ ... 

1 

, , 
, 

other hand, when methylene chloride (b. p. = 40 '" 41°C) was' 

used as solvènt, the ~~action was not complete even after 

pro1onged (3 days) heating. Likewise, the reaction of 

acy1pyrro1e 122 with a secondary amine (piperidine) ~ -
gave the corre'sponding tertiary amide lli· 

\ 
1 

"( 

' , 
• ~ 0 ~ 

, , 

, , 
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, , 82 

+ NH2CH, .. Ph THF R 0 
& ref lux, 16 ht -e-NHC~Ph 

.J 

" 122 R = ph 138 -
123 = ':H2CH2CH3 139 - -
Yi = CH2 (CH2) 15CH 3 ill 

Ph-g-g HNJ THF 0 

"D + ~ Ph-C-N 
reflux, 2 day 

.< -122 141 -
' . 

Fina11y, acylpyrrol'es (122, 125) react with 

either organolithium or Grignard reagents to give the 

corresponding tertiary a1coh01s <ill 'V 144) with 

cle~vage of the carbon-n;i.trogen bond as illustrated by 
.. 

the following reactions. : 

/' , 

l
, 

-" . 
Il ~ 

.. 

' ' 

.' 
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Il '. 

+ n-BuLI 

122 -

. 'Q' 
C~(C~-C~~ 

125 -

1 

D. Conclusion 

o 

• 

, 

'QH 
ether • Ph-6~n.Buh· 

v il.Bu Li 
ether 

PhM CI 
THF 

142 

143 -
OH 

CH3(C~~e-ê-fPh~ 
'" 

144 - ., 

Usually, it is di:fficul t for prirnary amides to 

, undergo hydrolysi~, alcoholysis and arnil}l0lysis a~ well as 
( 
to he transformed to the corresponding aldepydes or alcohols. . 

'- In this chapter l we have shown that.l,4-.dichloro-
. . -

1,4-dimethoxybutane (49) is very useful for rnaking N-acyl-

.pyrroles from primary amides. This permi ts the ·facile 

transfomat.ion of primary amides into esters, secondary 
" . 

and . tertiary amides as well a~ aldehydes and alcohols." 

These reactions are swmnarized in Scheme 7 and Table 6. 
o 

o 
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"Table 6: 

~ 

Reactions of acylpyrroles with vqrious nueleophiles 

,( 

acyl pyrr~le 

o , . .. !===l 
'Ph-C-N~ 

o 
. .~ !==l 

CHj (CH~) 2 -C-N~". 

o 
H .~ 

CH3(CH2~16-C-~ 

o 
• fi f::::l 

"Ph-C-N~ .. 
.. 0 

CH3(CH2)2-ë-N~ 

.. 

. " 

t • 
nucleophile reaction conditions 

MeONa MeOH/reflux, 14 hrs 

, ' 

MeONa Q MeOH/reflux, 14 hrs, . ., 

H2N-CHiPh THF/reflux, l6·hrs 

' .. , 

H
2

N-CH
2

Ph THF/reflux, 16 hrs 
" 

H
2

N-CH2Ph l THF/reflux, 16 hrs 

o 

.. 
4 .. -

/~ 

products , yield (lit.) . 1 
o .. 

Ph-C-OMe 

.. 
J 

o . 
" 

CH
2 

(CH
2 

) 2 -C-OMe 

o 
n 

CH3(CH2)16-C-NHCH2Ph 

,r(E-~IlCH2 Ph . 

o 
~ ~ If 

j CH3(CH2)2-C-NHCH2Ph 

, 

• 

85'c 

89\C ) 
1 

1 

1· 

87', mp"= 85-88° 

85\, mp = 104-106° 

80% 

t 
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ï 
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~ 
~ 

\ 
1 

'_Mrntcf1#&.,eetr·f'§!ÎÎf~ ... Weitw.,_'1iécrtJ..€ÛtH,.~ ........ tîffè'@«tti)!i*f2fH':((<+*ro ... ~9tI:!,Itrs+s+1W4MMf b*9S;dJr±N'ilrli~","&~h,~~~~~"~,-;""".,,~=~.tw,;It~r-..u..:.!\.>,,,1k.. ,,~,.~.:.e.~~W-l".::... .. ,':t~~~;g~~~..(;'Jf~ .... ~,,< .. ,!.:Jï.f~~~:i 



t 

,. ..5 '1 $'1$ ....... I!ioeQej!; .. " ... h+::!O?:n'aY r........... ~----- ---",-- '-""~~"--~~4: .. t{~"~l~~:.i~.,ot.2!.t1t~~~_~~i...\:if~,. " ~.'t .... ~ 



\ 

t::; 
.~ 

,. 
Tablé 6: (cont 'd) 

aeyl pyrrole 

o 

CH3 (1~ 2) 16 -~-© 
~ , 

, 

~~ 
Ph-C-N~ 

nucleophile 

""-

.­! 

reaction conditions 
r ______ _ 

, 'b 
n-BuLi ether, 0°/2 hrs 

PhMgClb TUF, r.t.j4 hrs 

n-BuLib 
ether, 0°/2 hrs 

~~ 

a i801atè~yield bf column chromatography 
~ more than 2 ~va1ents of amount were used 
C br dist!llation 

o. 

products - % yield (lit.)-

OH 
1 

CH3 (CH2 )16-C-(n-BU)2 65,a 

OH , 
CH3 (CH2 )16-C-(Ph)2 

OH 
1 

Ph-C-(n-Bu) , 2 

a' 
55% , mp = 40-43° 

". 

72,a 

f ,~ 

1 
l' 
1 , 
I-
I 
I.~ 
! 
1 -

i . 
1 

1 
i 
, 
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OH l~ 
R-g-NHR' ~ 9. CJ 

R-e-~ 
.' 1)" 

~ . ~"'oCI QH 

-~ 
1 , 

R-C-R 

" R 

o . ,.R' 
R-~-N'Rn 

~~ ~. ~ ~ R-C-Ph ~ ,LAH, t 
~ or NaBH. Ph 
~ • D 

. 9H 
R-~-OMe RCHO, RCH,OH, RCH-r{;] 

Scheme 7: The reactions of N-acylpyrroles with various nucleophiles 
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CHAPTER VI 

ATTEMPTEO SYNTHÊSIS OF NONACTIN 

A. Genera~ Considerations 

Enol sill"l ethers have come to play an important 

~art in organic synthesis42 ,43. They were first 

int~oduced~46,147 as precursors of specif-ic enolate~ and 

subsequent.ay hâve been used as such in numerous reactions 

with electrophiles. Theit usefu1ness,now surpasses that 
~~ 

of aIl other enol-' derivativesl48 , because of their ease of 
\ 

preparation, clean reactions and the mildness of desilyl-

ation processes. 

It was rec~t1y foundl49 in our laboratory that / 

1,j-bia(trimethylsiloxy)-1-methoxybuta-l,3-diene (19) can 
r , 

Serve as the equivalent of the :dianion of methy1aceto-

acetate (20). 

OTMS OTMS o 0 

~M. -
19 

20 

-
li ;,-. 

" 

, 
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J:t iS' known4S' that the reactivity of 19 differa 
o 

fr01ll that of ~ in two important respects: i} II reacta 

vith electrophi1es under neutral or, acidip conditions 

whereas .!!!. is on1y, formed under atrongly baaic conditio~8; 

ii) 20 reacts typically as a "hard" nucleophi1e in giving -
1,2-adducts with conjugated carbonyl compounds wher,as !! 

reacta to give Michael adducts.· 

Purtherlllëre, 19 can be considered aa a three-
1 -

carbon unit with two nucleophili:c sites. ' It can therefore 

react with other fragmenta containing two electrophil.ic 

sites to qï ve cyclic products. Thus 1 novel reqiocontrolled 

cycloaromatization reactions ha"{e' been developed on the basis 

of this conceptlSO , 151. A qood example for this reaction vas 

shawn by the pre~ràtion of methy1 ~li vetolate (145) as a 
1 . ·152 

precur~or in the synthesia of Ll-tetrahydrocannabl.nol 

<8+ + 
8::;) 

• 0 ô+ ô-

OH 
1 

+ ~' TiCI. , 
1 Sl~ , .... H 

• ' 1 

11 / .. 145 Il 
~ -

Similar1y,' !! condense~! with bicyc1ic Acetals ! 

such as 2, S-dimethoxytètrahydro~an and 2, 6-dimethOxyte'tra-i' 
1 

-. f 
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o 

hydropyran in the presence of titanium tetrachloride to give 

'\ ~ bi,cyelie products
45 

_ 25 _ ~d .ll respeetively, as II1f;!ntioned 

, in Chapter 2. l '1'hat reaction seems to have' considerable 

potential for the synthesis of natural. produets. 

Aecordingly, as part of the attempted synthesis 

?f the antibiotic maèrotetrolide nonactin153 eN), we have 

tried to prepare the bicyclic lactone 146 as an intermeqiate, 
\ : --

the' monomerie unit of the macrotetrolide M. The sy~thesis 

of this ia discussed more fully at the end of this chaptèr .. .. 

146 ---
Macrotet roI ide ( M) 

\ 

o \ \ 
Tentative pathways to lli could be considered' as 

shown in Scheme 8. 

; 

.' 

\ 

i'". 
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1 ,1 ,. 

.. (} ... .... 

1 . 
, 

'" 
'~<:= 

~ <=; 
~ ~M. 

!) 

~~. CId. d;Jr:~e > c:Z 
"4 

" ) ·153 159 1B. - -
'. c 

Schéme 8 
() 

, g. 

B. Determination of Configuration at C-4 in B,ieyc1ic , 

System (152,153) 'and :Related Reactions 

• 
The b -l8 -enal si1y1 etller 150 was prepared by the 

fal10wing schaIne. First, compound' 148 was prepared accardinq 
l' -

'ta Weiler' s ~thod153 by the alkylation of the dianion 20. , 
~ \ ~-

Compound 148 was converted to the mono-enol 9i1y1 ether . ~ ~ . 
149154 and then to thé bis-enol si1yl ether' 150150 usin'g 

o 
LDA/Mel.SiCl. 
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AAo. NaH~II .. _ .. 9 9 
Mel. ~,.. --... ---. ~

:Me 
~'/ ,II' ., 1-

.. 

- \ 

147 - 148 - 150 

) 
. ' 

. When !2.Q. was condensed wi th 1 in tlle presence of 

1 equi~~ of 'l'iC1 4 , compound 151 was obtained. Spectral 

data of 151 showed peaks at 3.7 ppm (s, 3H) for the methy1 -
ester ancÎ at 3.28 ppm .<s, 3H) for OCH

3 
in its 1H nmri 

1750 cm-l (C0
2
Me) and 1715 cm -1 (C=O) in ir; m/z (rel. int.) 

.' + 
199 (M'-OCH3 , 14.8) in 'ms. t 

When 2 equiv. ~f TiC14 were used, a mixture of 

152 and 153 was obtained in the ratio of' 2: 1. in an overa11 

'yi~1d of 57%. . , 

, , 

1 TiCI4 

151 25% -. ( 
\. 

.. 

1 
.'< -150 - '~.+~ 

152 2 :' 1 ·153 -
' .. 
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Interestinq1y, 152 and 153 cou1d be sèparate~ by 
, --

TLC-Mesh Co1umn Chromatography155. This indicates that 152 

, and 153 are not simp1y keto-eno1 tautomers but have different -
configurations at the C-4 positions. The distinctions 

between 152 and, 153 were quite apparent in their spectroscopie -' -
data. The la nmr peak of the eno1ic proton of ill ~ppeared 

at 1i.68 "ppm (Fig. 5); In the ir spectrum, eno1ic O-H, C=C 

and C-O (ester) stretchinq frequencies appeared at 3600 ~ 

3300 cm -1 (br), 1615 cm -t and 1660 cm -l, respective1y. On 

the other hand, compound 153 seems to be two isomers (2 spots 

on TLC) which cou1d not be separated in our hands (Fiq. 6). 

Its. 1H nmr spectrum c1ear1y showed signaIs at 3.76, 3.73 ppm 

(s, each OHe) 'for the methoxy q~oups and at 1.01, 0.98 ppm",c 

(d, each ca3 , J= 6.8 Hz) for the -methy1 groups, resp'ecti've~y; 

carbony1 stretching frequencies for ketone and ester appeared 
.. ~-- " 

a:t: 1715 and 1740 cm -1 in the ir spectrum. 1 
\ 

Since a know1edqe of the stereochemistry at C-4 in 

the bicyclic .compounds ill and 153 is very important for the 

eventua1 synthesis of the macrotetro1ide (M), the confiquratj.-on 

at C-4 ~hou1d be assiqned. Since the configurations ~t C-1 

and C-S were a1ready f~ed, four stereoisomers (A-Q) in the 

keto-farm are expected from the reaction of lli with 1,. 

Actua11y, on1~ three products appeared on TLC, one of which 

was 152, which" beinq the eno1 form, must have either , 

structure (E) or (E) resu1tinq.fram the 10ss of chira1ity 

at C-2 (Scheme ~') • 

\ ' 

.' 
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CA' (B) (e) , CO) 

4:x: 1 Me 

crI3 'H H 

(E) ( F) 

Soheme 9 

1H nmr Spectra of 152 and ~ (Figs. 5 and 6) were 

sufficient1y complicated so that confirmation concerning 

the stereochemistry at C-4 was no t' readi1y apparent. 
\-

Their O-silylation and O-acylation, eta., 

derivatives were examined with a view to simp,lifyi,ng the 
\ 

interpretation of the spectra. O-Si1ylation product 154 

was obtained in quantitative yie1d by ~the reaction of ~ J..,. 

-
and TMSC1 in the presence of Et3N. Simi1ar1y, O-acy1ation 

product 155- was obtained by 'Cilie \ reaction of 152 and acetyl' 

chloride in the presence of pyridine. C-Methy1ated products 

lli. and 157 were obtained in good yield by the reac.tion of' 
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ill and iodometitane in _the presenée of sodium hydride. 1H nmr 

spëctra of 154 and 155- showed c1ear1y that the configuration 
'----:'" -. ~ 

~ 1 

• • + . 

." .. 

, 

\ 
\ 

at C-4 oould.be deduoed easi1y. AS shown in Fig. 7, one 

çou1~ see a c1ear quartet for H-4 at ~ 1.8 ppm 

, ' 

EtlN 
TMSCl' 

2 NaH 
2 Mel 

" . 

. ~~Me,~~~~~~~ 
~AC .­. 

~~. 

1!! ' . 154 - 156 -.. 

Decoupling expe:t:imènt;s with .154 and ~2: .{Figs; 7 

and ~~ show.the resu1ts o~ ~rradiating'the methy1 doub1e~s_ 
. ~ 

\- ~ 

.. 

, at 1.28 ppm and at 1.23 ppm, respectively. Fo+, 154 -(Fig~ 7); 
~ -, . 

the quartet at 1.·80 ppm collapsed te;> a 'broad sing1et •. This 

suggests that the coupling constant between a-4 and H-5 i8 .. ' 

close to zero and using t~e Karplus equati~~156, 'the 

. ' '-. . " 

.. 

~--

, 
\, -

" 

-l 
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1 . H nmr and re1ated decoup1ed spectra of 154 '. ---
expanded spectrum between 2.2,and 1.5 ppm 
decoupled spectrum onirradiation of methyl group at C-4 
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• dihedral angle-between H-4 and H-5, should be approximately 

80°. This conclusion is consistent with that of the de-

coupled spectrum of 155, since irradiation of 'the methyl 
-

doublet at 1.23 ppm red~ced the quartet at 2.06 ppm to a 
. 

singlet (Fig. 8). Therefore, with the aid of a molecular 

model, we can conclude that the methyl group at C-4 in 154 

or ~ should be di~cted to the exo-site. 
, 

• ~,"" r 

Karplus Equation; 2 J = 8.5. cos cp ... 0.28, cp=dihedral angle 

1 C~M. 
~-r ..... 4 

HCH:, Ft OTMS 

154--

C~Me::=> 
OAc " .. CH3 ·H 

152 

On the other hand, enol silyl ether 158 (Fi$. 9) 

~Me 

H 

, . 154 
was obtained from 153 by Danishefsky' s method • Compound '\ 

!2! is distinct from 154. This suggests that the two 

isomers of ~ are isomeric at C-2. As a matter of faqt, . 

C~Me . 
, . Et3 N/ ZnCI2 

,0 TMSCI 

c~, 

153 .158 
~ -
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l the H nmr spectrum of 158 shows a sing1et for methoxy and 

a doublet for the methyl group at 3~63 ppm and 0.93 ppm, 

respectively. Carbon-carbon double bond stretching was 

evident at 1615 cm-l in the ir spectrum of ~. 

The decoupled spectrum (Fig. 9) for compound 158 

shows the results of double irradiation. The mul~iplet at 
1 

2.76 ppm, assigned to C-4, was simplified to a quartet 

when H-S at 4.31 ppm waS.irradiated. The methyl doublet at 

0.93 ppm collapsed to a singlet when H-4 was irradiated. 

Inversely, the methine multiplet at 2.76 ppm changed to a 

doublet, on irradiation of the methyl group at C-4. Finally, 

when both Methylene groups at 1.83 ppm were irradiated, the 

bridgehead proton (H-l) peak at 4.9 ppm collapsed to a 

singlet and another bridgehead proton (H-S) peak at 4.31 ppm 
. 

to a doublet. 

From these experiments, the coup1ing constant 

for H-4 and H-S, J 4 ,S = 4.8 Hz, could be easily deduced. 

Again, using the Karpius equation, the dihedral angle156 

li 

between H-4 and H-5 would be about 40°, which means that 

the methyl group at c-4 in 158 should be directed to the 

endo-site. 

The fact that only 154 was obtained from ~ 

and only ~ was obtàined from 153 suggests that in ~i1yl­

ation reaction conditions, stereochemistry at C74 remains / 

intact. We can therefore conclude that 152 has the methyl 

at-C-4 axo, whereas 153 has the methy1 at C-4 endo. 

1 
i 

i 
1 
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( 
C~M. =::=> COzMe 

158 

Furthermore, 156 and lS 7 obtained from the -
methy1ation of ~ are found to be probably the sarne C-2 

isomer accoraing to the 1~ nmr spectra an~ TtC (Rf == 0.33 

and 0.44 in ethy1acetate: hexane (3:7), respective1y). The 

configuration at C-2 can probab1y be considered as the exo­

meth~1 form due to the 1ess hindered exo-site. Carbonyl 

st~etching f~equencies of ester and ketone in 156 and 157 

appeared at 1735 cm-1 and 1715 ~ 1710 cm-l, ~espect~vely, 

whi1e we cou1d not find any C;C stretching frequency 

(1620 ~ 1680 cm-l ). 

The next step in our synthetic study is to 

'attempt c1eavage of the C-2 and C-3 bond. 

/ 

l 

\ 

1 
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c. Attempted.Synthesis of B~cyclic Lacton~, 159 
a -==-

from 1 and 150 
= 

T~e macrotetr~lides (!, Q, P, Q, R) are ionophore 

a~tibiotics produced by several strains of streptomyces157 

The macrocyc~ic ring of nonactin (N), the parent compound, . -
is, very unusual in that it is a tetramer composed of both 

enantiomers of nonactic acid (160) and these are combined in 
1 

a (-) (+) (-) (+) fashion with the resu1t that nonactin is 

an achiral mo1ecu1e possessing 54 symmetry, 

optical1y inactive. 

d thus i8 

(N) 

(0) 

CE.) 

(0) 
" , 
"'-,-

(R): 

Nonactin: 

Monactin: 

Dinactin: 

Trinactin: 

v 

Tetranactin: 

. 
o 

RI .. Me, R2, = R3 = R4 ~ Et 

Rl.:tt2 = al = "R4 = ~tl 

1 · 
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'Therefore, nonactic, acid 160 can be considered as 

the monomer of nonactin (li). H. Gerlach and E._Huber158 

reported that 8-deoxynonactic acid. (16~), a degradation .. 
(, 

product of the antibiotic nonactin, had been synthesized 

as depicted below. RhodiUm catalyzed hydrogenation of' furan 

derivative 162 gave only aiB-tet~ahydrofuran derivatives 163. 

This method was, in fact, quite useful for the nonactin 

s.ynthesis because of its stereoselectivi~y. 

" 

~ 

~/Rh 
1 ... 

i KOH 
ii'sepn. • 

.. 

+ ~ 
H+ 

0 

COl 
a .... v .. 

+ 

H 

• 

162 -,. 

~OAC .. 
a-f3 

~O'H' 
H H: 

CH3, ',. 

, : > 

, 
1 
~ 

1 
l 

1 

1 

1 
j 
1 
1 
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Severa1 years later, Schmidt et a Z • 159 rep'orted 

that methy1- (-) - (2R, 3R,'6'S, 8S) -nonactate (ester of 160a) was 
} -- if..~ 

prepared by using optically active propylene·oxide and Duran 
1 

'as depicted. The mixture of 160a and- 160b was separated - ---- -\ 

by chromatography and the ratio of' 160a to 160b was about 4: 1. 

'Il : ' 
OHC..((O~oAc 

J , 

n; 
~O~OAc 

, . CHO ' , 

Wittlg 

(Ol -
• Ag.jJ 

• 

• 

, n :­
:=:J'..~AC 

AcCi 

Il V ,Ismet er 

Rh- PPh3 • 
CO, ~ 

, Rh-A,?;! .. 
- '! sep~. 

: + : + : + : ~<'-l~~'~' 
~R .' OHco.A À 'H~ 1) • H Co,H R • OH· 

'.18 a, >.1~b· ~ - -, ~ 

• 
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. suAsequently, these epimers r160a ~ l60d) wère 

used160 for the synthesis of nonactin. The intermolecular 

condensation between the potassium salt of (-)-nonactic acid 

(~64a) and the 8-tosylate of 8-epi-(+)-noqactic acid'benzyl 

ester'" (li!f) derived .from 8-epi- (+) -nonactic acid (160c) 

gave S-epi-(-)-nonactiny1-(+)-nonactic benzy1 ester (164) as 

d~er, involvinq the inversion at the position of tosyl 

group. 

• 

J 
•.. A OH 

o . . ' 

~
OH: 

~Bz 
- . 

) 

164 -

In the same way? dimerization of ~ and' the 

benzyl ester of 8-epi-(-)-nonacti~ acid potassium salt 

(~) derived from 8-epi-nonactic acid (another enantiamer 

of l6~d) gave 8-epi-(-)-nonactinyl-(+)-nonactic acid b~nzyl 

ester <li). 

l' , 
\ 1 

.. 
-~-----_. ~ . __ . ..---.........;.-----
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• 

165 

165d 

The pbtassium salt (166) of hydro1ysed acid 

obtained from 164 and the 8-tosy1ate (167) of ~ combined 

to give (-)-nonactiny1-(+)~nonactinyl-(-)-nonactiny1-(+)-

nonactic acid benzyl ester (ill)' as depicted. 
~ . 

Fina11y, in order to retain the S-configuration 
o 

at n, treatment16l of the hydrogenolysis product·of 168 

with 2,2'-dipyridyi disulfide and tripheny1 pbosphine in 

benzene afforded the tetramer, nonactin (169). ,-

- --
As investigated above', whatever the configuration 

at C-2 in nonactic acid 160 is, it can a1ternately be 

âpp~ied to the nonactin synthesis. We have:already_ 

obtained the exo-meëhy1ated eno1ic c~mpound 152 and the . -
endo-methylated keto compouRê ill. The metl).yl groups ex to, 

the ester groups in nonactin ~re alternately arranged and 

configuration at C-8 in nonactic acid can be readjusted 

with reaction conditions. 
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H 
+ 

~~-__ K_+ _____ '_ 

166 '167. - - • 

.. 

t 
1 

o 
168~ 
- 1 

l if H2, Pd-C 

ii, eor'ey method 

~, 
<> 

( - J 

! ' 

o 
·N6nactin (169) "--

,~ ! 

' . 
• "1 .. 
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According1y, we decided to carry out the ozonG1ysis. 

of 152 and the Baeyer-Vi11iger reaction 9f' 153 to see if the _ :.1.
1

_ 

-
lactone 159 can be obtained as shown in .Scheme 8. ~ 

Heathcock et aZ. 162 have found that siloxy­

alkenes ill and 171 Jwere ozoni:ied, to give' hydroXyacid 172 ~ 
, ~ . 

and ketoacid 173 and when the eno1 si1y1 ether 174 of camphor 
-- tI, - ~ 

~ 

was ozoniz~d, it howevèr yie1ded the' si1y1ated a-hydroxy­
,0 

ketone 175 rather than a c1eavage'product. 
~ 1 _ t , 

.. 

'170 "'. 172. -
" 

'éS
MS 

7- ' 
. . 

" r .. 

>-~oo~. • 
, -

171 _. .,173 -. \ 

) " 

" 1 t • . 
OSI-8u ": , .' • Q 

174 175 - -
" . 

" . . , 
~ ... 1 

'10· 1 ~~ ~ 

~ '~.'.. : 
.. # ~ ... ~ ~ 

1> 

., 
" . 

, ..... # 
.. .....;. "" ~ 

" 'r ' 
a , 

" . . . 

, ,.." 

- .­" . - , . : ' 

. '. 
- .. 

• 'f 

.' 
.,..' . 

, . .... 

.' . ~ :. .. ~<I ~ ~ 



'f 

. o 

'1 
~ . 
Li 
1 . , 
'\ 

o 
". 

.' , 110 

.r 
J • 

. In the same way, ozono1y#!Sis of !ll or '155 was" 
\ ~--

carriëd ou~. in'éH2C12-MeOH solution at -40°C and then 
~ 

W~:ked UP, wi th NaBH 4 ,or Me2s to gi ve a comp1ica ted mix'tUre 

of products., UnfqrtunateIy, we could not; purify and 
. 

ident±fy any~tructure. l>loreover, this reaction was carried 

out under a' variety of conditions such as room temperature, 

QOC or -7SoC and also in several solvents such as methylene 
. .' 

. ch1oride, 'methanol or 'l'HF'. The reactions ~ere still 

, . 

" 

unsuccessfu1. 
.. ' 

'. 
'. ; 

. '" 

OOH 
. , 

". 

154 P' 

'-
: 155 . ~è "-" '" 176 --

-. , " 

A1ternat:LvelYi sinee it ~as re~ent1Y' tepor~ê~6'3 
that the oxidat.ion product. ~ 77 of 176 was obtained in good 

, -
yield, the Baeyer-Vil1igèr oxidation df ~ wa~ also 

• , ,JI' 

âttempted. It d.idtt· t ' howeve,r: give 'any of the lactone !1.!/ 

.. . . 

, 
, , 

'. 
::' :,~~-,.,;.:;~~;,:::i:,;-: 

" 

: 

, 

" \, 

I, 
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&o.c~, " 

mCPBA 
,,-~;. .-

178 177 -

153 - 178 -
This lad us to consider a different, 'and perhaps 

'l' , . . ' 

'shorter 'approach for the construc&1on of the bicyc~ic 

, lactone ,:!!.Q. 'aCcordinq to the fOllowing scheme1 similar to 

, the reaction o,f e~ol si1y1 ether 150 with l, vis; the 

reaction of 179 .with 1. -' 

+ 

, 
. 951:: ' T'CI' 

:~o~t -_.!_.!-.. 
• '0 bSf~ .... ' 

, , . ' , " 

- 178 --- 180 " -
" J 

, .' " . 
.,: -
~, .... . ,'" 

" , -
~. ',' 4., 

1 

1 

1 -
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CHAPTER VII 

A NEW REARRANGEMENT OF a-ACYLOXY ACETATE 

INTO 2-HYDROXY-3-KETO ESTER 

In oJ:'der to test the above approach (p. Ir1') , .a 

nwnber of a-acy1oxy esters have been prepared. Those 

compounds' (!!2.-195) were prepared by the treatment of 

carboxylic acids (182-188) with ethyl bromoacetate 181 and 
1 -- --:-

anhyd~us potassium carbonate in refluxing acetone164 ,165. 

K 2C03/ ):0 
2 • reflux 

182 R == Et - 189 - -
- 'ID. :II Me 190 

!!i == CH 2 (CH2 ) 3CH3 191 
/ _,1 

'''-
185 =, (CB2) 6 lli -
186 == Ph 193 - -
187 ' !II CH2Ph ~94 --. 

" . 
188 !II CH (CH

3
) CH2CH

2
CH

3 
"195 - - .. 

, ',' " 

\ , - ~ ,1 ~ ~ 

,";L.'l~t .. :: 

, 

~ 

" , 
" )~l< 
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When ester ~ was treated with 2 equiv. of LDA 

and then quenched with TMSCl at -78°C, the bia-enol silyl 

ether 179 was Qbtained. Its lH nmr spectrum showed a single -
i~omer about C 4-5, and a roughly 3:1 (E/Z) mixture of 

isomers about C 1-2; ô (CDC13 ), 5.6.7A and 5.33.!: (lH, each SI 

-o-ga>, 4.23 (m, lB, CH3CH=), 3.76 (m, OC.J!.2CH3)' 1.,56 (m, 

Ç!i3CH=-), 1.3" (m, -OCB2CH3 ), 0.18 (s, -OSiMe3). The ir 

-spectrum showed ol~finic absorption at 1685 cm-1 without 

carbonyl stretching frequencies. 

In contrast with this, when the' reaction was 

performed at O°C, unéxpected1y, the disi10xy vinyl ester 

lli was obtainèd in 87% yield. Spectral data of Yi are as 

follows: in 1H nmr, ô (CDe1), 4.22 (q, o~2-CH3)' 2.63 

(q, CH
2

-CH
3

) ,--1.31 (t, O-CH2-CH3), 1.1 (t, -CH2-CH3), 0.23 

(s, -OSiMe
3

) l, 0.17 (s, -OSiMe
3

); in ir (nea~), 1710 cm-1 for 

c-o stretching, and 1620 cm-1 for o1efin~c stretching 

frequency; in ms, mlz s 304 (M+) and 259 (M+ -OEt). It ia 

~<Yy"el 

188 

~- , 1 

-
_. ~ -" . ~'- .~~". , 

• 1 

, 
~ ~l ~ .. 

. : ::'}t,:;:·. 
·tI, , 

, '. 

~. , 
' " .. 

LOA/TMSCI ·~~~el 
-780 

.. 
S·-I-

179 ..... -
LDA/T!:t!C'. 

0° ~6Et 
OS;= , ... 

196 
~ 

i .. 

t 

1 

f 
~ 
1 
I 

1 
, 
1 
1 
r . 
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clear fram the la nmr spectrum that both the ethyl and the 

ethoXy groups are, intact as trip lets and quartets wi thout 

adjacent vinylic proton peaks. 

As mentioned in the previous chapter, bis-enol 

sily1 ether 179 was deemed suitable for the formation of the 

bicyc1ic 'compound ,ill.. 

Based on this idea, the reaction of 179 wi th 1 was 

attempted ~iti. the presence of 2 equiv", of ti tanium tetra-
~ 

chloride at -780·~_~.,~esired product !!Q.. was obtained. 

Variation of reaction condi tions, e. g. when 1 equi v. of 

TiCl4 was used, did not lead to any mE7aningful or identifiable 

products. 

Accordingly, ~he, reaction was suspended at this 

stage and further investigations into the a-acyloxy ester 

rearrangement process were performed. First, we had to 

establish the generality of the réarrangement process. 

Indeed, several disiloxy vinyl esters (!2.l-!2.2.) were 

obtained in the S'ame way. 

r 
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When the reaction was quenched wi th 0.1 N HCl 
~ 

instead of TMSCl, the corresponding 2-hydroxy-l,3-diketo 

esters (200-ill,> were obtained. ~2-Hydroxy-Y, 3-diketo ester 

2QO was al.so identica<l to the desil.ylated product of di- -

siloxy vinyl ester 196 by treatment with dilute HCl solution 

in TSF. 

,', 

~~OEt 
R' '0, 0 

'. -R--.=: Et 

198 -

, t 

... '-L,Jo:. .. ' 
, ,,~,~: 

T .:!':.I< ... 

THF 

. " 
, " 

. , 

." 

.. 

~R~OEt 
OH 

,200 -

203 
[ , 

o 0 
~OEt 

OH 

200 

T-:''", ' 
." •. 1 >J •• : 

,. 
" . 

... 

." 

'. 

c 
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When quenched with, acetic anhydride, the cor-
-

responding 2-acetoxy-l,3-diketo esters, (204-207) or ---- -
diacetoxy vinyl esters <.!Q!,.209) were obtained, depending 

on the amount of acetic anhydride used. 

R 

--...";" ..... --...""~ ~ 
~.., ... ''''-..''' .. 

= 

-

= 

.= 

LOA 

1- AcaO 

~~oEi-
OAc 

Et 

CH
2 (CH2) 3CH3 

,(~H2) 6 

CH (CH 3) CH 2CH'2CR:t-_ 

. ' 

Il 

lQ.! R 

205 -
206 

207 .-

OAc 0 : 

R~OEt 
OAc 

= (CH2) 6' 

= CH (C~3) CH.2Cl\2CH3 

"--

208 -
r~ 

,1 

In the examp1es of 203 and 207, the 200 MHz tH nmr 

speotra indicated that they are mixtures of the diastereomers 

due to the presence of two chiral centers in the rno1ecule as 

depicted. For ,example, in compound 203 (Fig. 10), two singlet 
o 

, 1 J. 

~ .1 _ , t __ • 
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0 
,~O~OEt 

OE~ .. . 

195 203 R= H 
',lto~_ -

207 Ac -

peaks are ~bserved for the methine protons at C-2 and two 

doublets for the .methyl peaks at C:-4 . 

. From the above investigati.ons, the reaction seems 

to he similar to the Darzens166 ,167 glycidic ester 

condensation. The Darzens reaction is an intermolecular 

condensation of an a-halo ester with an aldehyde (or ketone) 

in the presence qf sodium alkoxide or sodium amide ta gi ve. 

glyd.dic e~ter g as depicted. The .,glycidic esters are of 

J 

" 

~,,> ~~ 

~ ~~:'~ 

,o!Na 0\ 0 
R~OÈt, 

" (CI . 

(G) 
, . 

,. 
" 

, 
" 

,t. 
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\ 

interest primar i1y because they can be . further converted 
\ 

into aldehydes and ketones (~) having a higher content .,. , -
than the original a1dehydes or ketones CA). This 

RÂ-C02Et 
H;O 

H 

~ 9\<:0 
R-V~ 

( G) (E) 

·l-C
o, 

R-CH2-CHO .. R-CH=CH-OH 

(S) 

/ 
1 

1 

transformation occurs after hydrolysis to the' epoxy 

acids (~),. followed by decarboxy~ation •. 

- , 
A 1 
~ , 

In comparison wi th this, the present rearrangement 

seems to be an intramolecular aldol-type reac~ion via ~ 

the a, e-epoxy ester intermediate (Y). One l'/liqht postulate 

that the mechanism of the rearranqement process fs as 

follows: 

.~r ,." 

( 

, .' 
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+' 
Li rEl ,~Li 

(0 • 
0) ··0 

Rkv ' R-~EI 
.. 

(y) 
LOA , ! H+ 

R~EI ~, o 0 

R~OEI 

. . This new rearrangement reaction of a.-aC:9'1oxy­

acetates sef;mls to be qui te interes-çing because i t offers 

a ne~ appr~h. to the synthesis of 2-functionalized 1,3-

<iiketo esters. 

.' 

, 4,_ 

. -- ~ ( 

~. - ~-: '-
, ' 
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_ • r~ 
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CHAPTER VII l 

CONTRIBUTIONS TO KNOWLEDGE 

Unexpected sit;e selectivity in the reactions of 2, 5- r" 
dfmethoxy THF and 2, 6-dimethoxy THP .. 1 th· ha1otrimethY:\ 

silanes was observ~d, thereby producing l, 4-diha1o-1, 4- \. 

dimethoxybutane and l, 5-d~ 1 , 5-dimethoxypent'ane. 

The reactions of related(cyclic ethers were also examined. 

2. It was shown that l,4-dichloro-1,4-dimethoxybutane was 

3. 

a mild reagent for tl'!e conversion of primary amines to 
\,., 

pyrroles. 

The synthesis of' 2-(2-formylpyrrol-l-y1)-4-methyl 

pentanoic acid, a compound iso1ated from f1ue-cured 

tobacco, was described. A selective formylation ' 

reaction at the 2~position of pyrrole was al.so developed. 

4. The preparation of ~-substituted de~ivatives from the 

pyrroles of amîno acid esters was achieved by using 

LiHMDS as base. 

5. Synthesis of N-acylpy~s from primary amides was 

developed. The use of acylpyrro1es as qcti ve acylating 
j - - -

agents was investigated. 
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6. The -eonfigurations, at C-4 in bicyc~ic en01 forrlt 152 and 

~ keto torm lli. were determi~e4 wi th the aid of 200 MHz 

la nmr decoup1ed spectra~ The potential of this 
_J 

approach to the synthesis of nonactin was .investigated. 

7. A new rearrangément of a-acyloxy esters into 2-hydroxy-

3-keto esters was found. 
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EXPERIMENTAL 

obtained were uncorrected. 

:.. 

'\ 

. '. 
Mass spectra (ms) were obtai.n,ed on a DuPont 

21..,.492B ma'ss spectrometer, by the direc,!: insertion probe 

or the batch i.nlet. 

Gas chromatograms were performed on 'a Hewlett-· 

o , . 

'YO Packard 5730 A Gas Chromatograph: ~O' x 1/8" stainless 

• 

. 
steel column was usedi 6% ov-lO'l., chromosorb W 80/100 mesh. 

Proton magnetic resonance (lH runr)'" spectrà we~e 

o recorded .. on Varian T-60, T;-60A,. and XL-200 spectrometers, 

" usi.ng tetramethylsilane (TMS) o~' chlorofq..I1ll as àn internaI 

standard. Chemical shifts \Vere given i.n the ô s9al~ in 
'l 

-parts per milli.Qn (ppnl). Doublet (d), triplet (,1:) , 
/ . . 

1 

quartet (q) and multiplet (m) were recorded at the center 

of the peaks; other àbb'revi.ations u~ed arè singlet (s) and 

broad
t 

(b). ,13ç 'pmr' spectra were record'ed on XL-200 ~,~ 
Br,~er WH-90 sf'ectrometers ~ 

Infrare4i1 sp~tra (ir) were obtained on a perkin. 

Elmer'" 297· Spectr.ophotome:ter. Spe~~râ w~re calibra têq wi th 
o , 

the 1601 cm-1 or. l02~ cm -1 band ,of polys.ty~ene film .. 
\' 

. , 
~' 1 .' 

.. 

'. 

. . 
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o 

" U~traviolet-visib~e (uv-vis) spectra were 

recorded ~,a Unicam SP. 800 ~Ultraviolet Spectrophotometer. 
. . 

'Anâ~ytica~ thin layer chromatography (tlc) was 

performed on Merck Silica Ge1:'-6.O F 254 aluminum-backed plates 
o 

and was visualized by dipping into a solution of ammonium 
• 

molybdate (2.5 g) and cerie sulfate (1 g) in ~-H2S04/H20 

(la ~/90 mL) and·heatin~ on a hot plate. Merck Silica 

- (Kie~el..gel 60, 40-63}.1) was used :for flash column -chrom~-. .~ 

. 50 .' 155 t,;:-' 
tography. and .Kieselgel 60 HF 254 for TLC-mesh cnroma-

-
. tography. , . , 

Sol vents were reagent grade unless otherwise 

s~ecifie~. THF was dried over Na'and benzophenone, benzene 
o • 

over N~, CH3CN, diisopropylamine and t~iethylam~ne over CaH2 , 

CH2C12 , CHC13" ~d'hexane 'over P205' meth~ol over Mg, DMSO 

over NaOH, and distilled prior to use. A1I.evaporfttions. 

" 

) 

were carried out'under reduced pressure (w.;ter aspir~to~~-----

with a bath temperature of 2~~ 40°C. 

'OPtical rotations 'were measured on a Perkin-E~mer 

141-polarimeter. 

Elemental analysés were performed by 

Chemical Lab. Ltd., GQelph, Onta~io, Canada'. 
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2,5-Bis(trimethYlsiloxy)furan derivatives44 li and li 
\ 

Dry triethy1amine (0.16 mol, 16 g) and zinc 

chloride (0.5 g) were. stirred. vigorously under N2 atmosphere 

for 1 hr, giving a fine suspension. S~ccinic anhydride 

(50'IllIDOl) in dry acetonitrile '(40 mL) was added, followed 

~fter 5 mins by excess chlorotrimethylsilane (lB mL). After 

. the mixture was stirred overnight, 200 mL of dry ether was 

. added. The mixture.:was filtered and concentrated. Thé 

~e was. diluted with dry hexane (300 mL) and eooled to 

precipitate any remaining solide It was filtéred and the 

filtrate was concentrated to give a product, as a slightly 

" yellowish oil. 
• l' ; ., 

Compound 24: Yie1d 95%; la nmr (eDe1 3), ô: 1:8 (s, GR), 
... : 

'0.26 (s, lBH, Sil-re
3
). 

Compound li: Yie1d ,97%; lH nmr (eDel3), ô: -0.23 (a,' .l8H) , 

1. 73 ( s , 3H), 4. 80 (s, lH). 

The reaction of 3-methyl-2,5-bis(trimethylsiloxY)furan (~) 

with 2:,5-dimethoxytetrahydrofuran (1) to gi ve .ll.. 

To a solution of the acetal (5 mmol, 0.66 g) in.dry 

methyiene fhloride (15 mL) at -7BoC under N2 atmosphere was 

- p.sided ti tanium tetrachloride (5 mmol, 0.55 mL). A solution 

of enol si1yl ether (5 mmol, 1.29 g) in CH2Cl2 (25 mL) was 

added dropwise over 20 mina and stirring at -78°C continued 
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for 3 hrs. The reaction mixture was quenched with 2 mL of 

saturated sodium bicarbonate solution and stirred for 15 mins. 

The solution was extracted with ether, dried over anhydrous 

magnesium sulfate, evaporated under reduced pressure and the 

res~due was separated by flash co1umn chromatography using 

ethy1acetate-petro1eum ether (1:4) as e1uent to give the 

products as four diastereomers ((denoted as I,. II, III, 

and IV). 

Isomers l and II: (Rf =! 0.5 .'V 0.51, yie1d 31.2%);. la nmr 

(eDC13), ô: 5.77 (m" viny1ic Hs), 4.92 and 5.08 

(bd, J = 4.6 Hz, anomeric HS), 4.20 and 4.0 (dd, 

, , 

J = 4.8 Hz, quart. Hs), 7.25 and 3.3 (s, OCH 3 each)', 

2.04 and 2.12 (d, J = 1.8 and 1.4 Hz, vinyl~c CH 3 
each), 2.05 (m, 4H each), 0.12 and 0.11' (s, OSiMe3 
each); 13c nmr (eDe1

3
), ô: 170.45 and 167.38', 

118.18 and 117.80, 108.31, 106.42, 81.87, 78.42, 

55.01 and 54 .• 79, 31. 92 and' 31. 33, 24. 80 and 23.77, 

14.06 and· 12.82, 1.17; ms, m/z (rel. intensity),255 
+ . 

(M -OMe, 3.7), 186 (35.8), 183 (5:3), 101 (100), 

',69 (68.3), 59 (19.9),41 (21.0); ir (fi1m),vmax : 

3040.~ 2800,1780 (lactone), 1650 (olefin), 

-1 , 845 cm (OSiMe3); uv, À 220 'V 222 nm (95% EtOH, max 

e = 10200); glc (10 ft,5% OV-101 co1umn (o.d. 1/8") " 

co1umn tempo lOO-250°C), ret. time 8.28 mins and 

8.49 mins. 

." 

1 

1 
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Isomer III: (Rf = 0.43, yièld Il.2%); la mur (CDC1
3
), ô: 

5.77 (g, J = 1.6 Hz, 1H), 4.95 (bd, IH), 4.0 (d~, 

J SI ~ Hz, 1H), 3.26 (s, OCH
3

) , 2.17 (d, J = 1,,5 Hz, 1 

vinylic CH3 ), 1.95 (m, 4H), ~.13 (s, OSiMe3); 

13 C nmr (CDC1
3
), ô: 169.98, 118.09,105.41,87.87, 

83.78, 78.38, 54.32, 32.64', 25.54, 13.97, 1.08; 

ms, m/z (rel.' interisity), 183 (7.2),101 (100), 

69 (75.2),' 59 (16.4),.. -,:41 (21.4) ; ii (film), "max: 

3000 ~ 2800,1775 (lactone), 1648 (olefin), 845 

(OSiMe3 ); uv, Àmax: 216 nm (95% EtOH)'; glc (10 ft, 
. \ 

5% aV-lOI column (o.d. l/8"} , colunufl tempo lOO-250°C) 

ret. time, 8.79 mins. 

Isomer IV; (Rf = 0.35, yiel,d 10. 6%r; lH nmr (eDe13), ô: 
, . 

5.79 (q, J = 1.7 Hz, lH)" 4.9 (bd, IH), 4.17 (dd, 

• J = 6 Hz, IH), 3.16 (s, OCH3 ), 2.05 (d, J.= 1.7 Hz, 
'-

vinylic CH
3
), 2.01 (m, 4H), 0.11 (s, OSiMe3); 

13c nmr (CDC1
3
), ô: 167.77, 117.82, 107.46, 106.0, 

87.88, 80.54, 54.97, 32.58, 24.11, 12.62, 1.08; 

ms, m/z (rel. intensity), 186 (3.1) 1. 183 (7.9), 

101 (100), 69 (59.3), 59 (12.3), 41 (11.3); 

ir (film), vmax : 3020'" 2800,1780 (lactone), 16,59 . ' ~-
(olefin), 850 (OS~); uv, Àmax: 214 nID (95% E~OH); 

glc (la ft, 5% OV-I0l column (o.d. 1/8"), tempo 

lOO-250°C), ret. time, 8.30 mins., 

.' , 
. J"':~ ~ ~J ~ , , , ' 

;~ .:l"\. 

0' 
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The reaction of 24'with 1 was not successful. The 

resultant comp~und was, however, .maleic anhydride (lQ), air 

oxidation Ji>roduct of 24. -
Compound 30: - IH nmr (CDC13) , ô: 2.1 ppm (s, ca 3); ms, m/z 

(rel. intensity) , 126 ~M+, 80.9) , 82 + (M -C02 , 100) ; 

mp = 9l'ù 93°C ·(lit. 
49 

93 'ù 96°C) • 

The reaction of propylene oxide wi th TMSCI to gi ve 

1-(2-chloro)propyl and 2-(1-chloro)propyl trimethylsilyl 

ethers (36a and 36b) 
" 

TO a solution of propylene oxide (10 mmo1, 0.58 g) 

in dry chloroform (10 mL) was added TMSCI (15 mmo1, 1.9 mL) 

dropwise at O°C under N2 \atmosphere. After the reaction 
1 

mixture was stirred at room temperature for 30 hrs, the 

solution was concentrated in vaauo to give a colorless 

liquid as product in 82% yie1d. The ratio of 36a to 36b 

was about 1:4 according to lH nmr spectrum and the mixture 

was not separated. IH nmr (C~13)' 0: 3.9 (m, lH),. 3.35 

(d, 2H), 1.25 and 1.45 (d, 3H), .0.8 (s, 9H); ms, m/z (rel. 

+ + "" intensity) , 153 (28.9), 151 (M -CH 3, 66.j), 130 (~-HC1, 

+ 27.6)t 95 (52.9), 93 (M -:TI-iS, 100). 

.. 

'III, -, , '. \ 

------' .... ~- -- -~'.-:.j-'-- -
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The reaction of oxetaqe with TMSC1 to give 3-chloropropy1 

trimethy1silyl éther i3B) , 

The sarne p10cedure as above except that 5 equi~. 

of TMSCI was used and the reaction time was 2 days. Yie1d 
· ' 

92% i l H runr (CDC i 3) , ~ 0: 3. 72 ( t, 2H), 3. 61 ( t , 2H), 1. 95 

(.m, 2H), 0.13 ,(s, 9H}. 

.. , · ~ 
~ 

. .' 

~ ~ "'1 · ~ · ~ 
~ 

preparation45 of 2-m~thoxytetrahydropyran (44) ahd 2,-6-di-. 
~ 

me~oxytetrahydropyrad. (~) . 
\ 
~ . 

== 

To a sol~tion\of dihydropyran (O.l,mol) in 50 mL 

of CH 2C1 2 wa~,T.'~d~ed a ~~a1Yt:i.c ~ount of p-tolue~esulf~nic 
acid45 and 0;11 mol (3.5\9) of ab\olute methanor. ~fter 

... ~ . \ 

,ref1uxing for 4 hrs 1 0.5' ~ of K2CO'3 was added. The mixture 

was allowed to cool to ro~ temperature and the solution was 
'\ 

then concentrated. The re~due was diluted with ether, .. ' 
~ . 

washed with water, dried ov~~ anhyd~ous potassium carbonate 
" 

and then evaporated in vaauo\to gi~é a product. 

Compound H: Yield 95%; IH n~ (CDC13", 0: 4.46 (m, IH) 1 

~ \ . 
3.73 (m,' 2H), 3.37 (~, ,3H1, 1.63 (m, 6H): ms, z:n/z 

"- + 
(rel. intensity), 116 (M , 1. 3), 85 (27.9) • 

. 
Compound .li: Yield 87%; bp = el' ru 83°C/12 mm. The ratio of 

, 
r ais to trans was about l:~ by H nrnr spectrum •. 

lH nmr (CDC1
3
), <5: (for ais and 'tran;)- 4.46 and· 

4.76 (m, 2H), 3.51 aad 3.45 (s, 6H), 1.72 (m., 4H), 
l' 
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1.52 (m, 2H): l3C nmr ceDC13}, . ô: (for ais and 

trans) 100.52 and 98.09, 55.26 and 54.72, 29.85 

and 29.63, 17.77 and 16.96; ms, m/z (rel. intensity), 

+ 115 (M -OCH3 , 4.1), 71 (4l.3), 58 (lOO). 

Preparation of 2-halotetrahydrofurans (12, 63) and 

2-bromotetrahydropyran (46) 

To a.solution of 2-methoxytetrahydr~furan or 

pyran (10 mmol) in dry chlorofQrm (10 mL) under ~2 atmosphere 
. 

at O°C was added 20 mmol (2.6 mL) of bromotrimethylsilane. 

The reaction 'mixture was allowed to warm to room temperature. 

After 4 hrs, the solution container was directly connected 

to a water-aspirator to concentrate the solution and 

finally in vaauo (0.5 mm) togive'a pale yellowish liquid 

as product. 

l Compound 46: Yield 60%; H nrnr'(CDCl
3
), ô: 6.8 (b, lH), 

3.9 (m, 2H), 2.0 (m, 6H) i 13c nrnr (CDeI
3
), ô: 

l 

95.~2, 63.87,35.98,24.76,18.02. 

Compound ~:' Yield 75%; lH ~ (eDCI
3
), ô: 6.75 (m, IH), 

4.;t.5 (m,< 2H), 2.20 (m, 4H); l3c nmr (CD~13)' 15: 

95.59, 70.13, 40.08, 21.63. 

Compound 63: The sarne procedure except that tHe reaction 

time was 3 days and 5 equiv. of ch1orotrimethyl-
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silane was used. Yield 25%; IH nmr (CDC13), ô: 
~ 

6.30 (b, IH), 3.80 (m, 2H), 2.30 (m, 4H). 

The reaction of ii with TMSCL did not,take place. 

Preparation.of 1,4-dihalo-l,4~dimethoxybutanes (!Z-~ 

and'1,5-dihalo-l,5-dimethoxypentanes (21-~) 

,The solutiot of 2, 5-dimethoxy THF (or 2, 6-dimethoxy 

THP) (10 mmol) in dry chloroform (20 mL) was cooled to -78°C. 

To the solution was added TMSX (22 mmol) dropwise under N
2 

atmosph~re. The reaction mixture was stirred at O°C for 

2 hrs. The solvent was removed in vauao to give a pale 

yellowish oil as p'roduct in quantitative yield. 

1,4-dibromo-l,4-dimethoxybutane (il): lH nmr (CDC1
3
), ô: 

13 ' 5.92 (m, 2H), 3.45 (s, 6H), 2.40 (m, 4H); C nrnr 

(CDe 1
3
), 0: 97. 88, 59. 38 , 36. 8l. 

1,4-diiodo-l,4-dimethoxybutane (48): lH nmr (CDC1
3

) ~ ô: 

6.22 (m, 2H), 3.43, (s, 6H), 2.38 (m', 4H). 
" 

1,4-dichloro-l,4-dimethoxybutane (!i): The sarne procedure 

except that the reaction tirne was 2 days and 10 equiv. 

of T~1SCI was used. Yield 86%; bp = 71'" 74°c,lO.8 mmi 
'l' 

lH nmr (CDCI
3

) 1 ô: 5.50 (m, 2H), 3.45 (s, 6H), 
13 ' 

2.25 (m, 4H); C nmr {CDCI3), ô: 9"9'.87,57.47, 

34.54. 
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1,5-dibromo-1,5-dimethoxypentane (~): 1H nmr (CDC1
3
), ô; 

5.85 (t, 2H), 3.40 (s, 6H), 2.10 (m, 4H), 1.70 

(m, 2H); l3c nmr (CDC1
3
), ô: 99.10,59.39,39.97, 

22 "44. 

1,5-diido-l,5-dimethoxypentane (21): lH nmr (CDC1 3 )" ô; 

6.10 (t, 2H), 3.25 (s, 6H), 2.10 (m, 4H), 1.80 

(m, 2H). 

, " 

1,5-dichloro-l,5-dimethoxypentane (55): The same procedure 

except that the reaction time was 3 days and 

10 equiv. of'TMSCl was used. Yield 84%; 

1 bp = 8l'\, 83°C/0.8 mm; H nmr (CDC1
3
), ô: 5.48 

13 (t, 2H), 3.43 (s, 6H), 1.97 (m, 6H)r Cnmr 

CDC 1 3 ), ô: 100. 57, 57. 63, 38. 75, 20. 46 • 

" 

preparation of 1,1,5,5-tetramethoxypentane (50b) from 

3,4-dihydro-2-rnethoxy-2H-pyran 

To a solution of 3,4-dihydro-2-methoxy-2H-pyran 

ip 30 mL of absolute methanol was adaed a catalytic amount 

of p-toluenesulfonic acid. After refluxing overnight, O.? g 

of potassium carbonate was added and allowed to cool to 

room temperature. The so~ution was conc~ntrated, dilutep 

.~~ . 
w2th e~her, washed with water, dr1ed over anhydrous potassium 

. 
carbonate, and then evaporated in vacuo to give product 

in 86% yieldi bp = lOI'\, 102°C/l2 mmi' lH nrnr (eDCl3 ), 6: 

/ .- '" ~ 
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, 

4.3 (t, 2H), 3.26 (s, 12H), 1.5:4 (m, 4H), 1.35 (m, ,2H); 

13C nmr ,(CDe13.), ô: 104:22, 52.44, 3~.10, 19.65; ms, m/z 

(rel. inten:itY) ,128 {M+-2MeOH, 79),127 (41.5),97 (83)45. 

Preparation of a,a,w,w-tetramethoxya1kanes 50a and 50b from 

the correspo,nding dich1oro-dimethoxy compounds 12. and II 

A solution of dich1oro-dimethoxy compound ~ or 

55 (10 mmo1) in 30 mL of dry methano1 was stirred at ooe - • for 1 hr under N~ atmosphere. 'After the reaction mixture was 

ref1uxed overnight, the solvent was ~emoved under reduced 

pressure. The residue was partitioned between ether and 

water. The organic layer was dried over anhydrous potassium 

carbonate, fi1tered' and then concentrated in vaauo to give 

the corresponding tetramethoxy cornpoung as product in 

quantitative yie1d. 
1 1,1,4,4-tetramethoxybutane (50a): ,H nrnr (CDC13), ô: 4.3 

(m', 2B), 3. 23 (~, 12H).,' 1~57 (m, 4H); 13C nm,r 

{eDC13}, ô: 104,.1, 52.5, 27.4 • 

i;1,5,S-tetramethoxypentane (~): The s~ectroscopic data 

for this compound were identica1 with those 

obtained by diaceta1ization of 3,4-dihydro-2-

rnethoxy-2H-pyran (p. 132). 

". 

." 
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. . .' 
The reaction of 2-methy1 THF wi th TMSBr to 9i ve " 2-'( 5-b,romo) -

pentyl trimethylsilyl ether (!Q) 

The same procedure as that in the case of'propylene 

oxide (p. '128) • Yie1d 84% i lH nmr (CDC13 >-,' ô: 3.75 (m, lH), 
-

3.35 (t, 2H), 1.7 (m, 4H), '1.14 (d, 3H), 0.J15 (s, 9H). 
e 

A typical procedure for the conversion of primarr amines 
.: 

ta N-substituted pyrroles (li, ~-~) 

To a solution of primary amine (5 mmol) in dry 

methylenechloride (30 mL) was added the dichloro compound 

!! C6 mmol, 1.13 g) dropwise at O°C under N2 .atmosphere. 

To the mixture, 3 9 of Amberlyst A-2l resin73 was added. 

The reaction mixture was a1lowed to warm to room temperature. 
. ----

After stirring overnight, the mixture was filtered on a 
" . 

fine-sintered glass filter and the filtr~te evaporated'~ 

in vacuo. The produ~t was purified by flash column chro­

matography using hexane-ethylacetate as eluent. 

N-benzyl pyrrole (74)168: Yiei-d 90%; lH. nrnr (CDC13) , ô: 

7.5 (m, 5H), 6.9 (t, ~H) , 6.3 (t, 2H) 1 5.3 (!J, 2B); 

ms, m/z (rel. intensity) , 157 (M+, 50.8) , 91 (J.OO) . 

ethyl ~(l-pyrrolyl) acetate (~70: Yield ~2%; IH nmr (CDCI3)".<5: 

6.65 (t, 2H), 6.2 (t, 2H?, 4.6 (s, 2H), 4.2 (g, 2H)', 

1.25 (t, 3H); ms, m/z (rel. intensity), 153 

'~ 

.. " " 
, .', ~ 
~ 1 v' , "'" •• 1 " .. 
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\ 
l_t_, 

CM"'", 88.'5), 80- (100). Anal. calcd: C 62.8, H 7.2, " 
.,1 

N 9.21 found: C 62.8, H 7.3, N 9.2 • 

ethyl,2-(1-pyrrolyl) -2-benzylacetate cn>: 1 Yield 94%~. H nmr 

(CDe1
3
), ô: 7.4 (m, 5H), 6.95 (t, 2H), 6.3 (t, 2H), 

4.82 (dd, 1H), 4.22 (m, 2H), 3.4 (m, 2H), 1.2 (t, 3H); 

ms, m/z (rel. intensity), 243 (M+, 93.2), 170 (100), 

152 (99.3), 91 (70). Anal. ca1cd: C 74.1, H 7.0, 

N 5.8; found: C 74.0, H 7.1, N 5.7. 

ethyl,2-(l-pyrrolyl) propanoate (§.4): Yield 91%; lH nmr 

CCDC1
3
), ô: 6.7 (t, 2H), 6.1 (t, 2H), 4.6 (q, IH), 

4 • 0 . ( q, 2H), 1. 5 ( d, 3H), ~ 1. 0 ( t , 3H); ms 1 ml z 

+ " 1 (rel. intensity), 167 (M , 60.5),94 (100). Anal. 
Il 

calcd: C 64.67, H 7.78, N 8.38; found: C 64.69, 
"-' 

H 7.76, N 8.48. 
1-

When primary amine hydrochloride salt as a starting 

material was used, another 1.5 9 of weak1y basic 

Amberlyst A-21 ion-exchange resin was added., 

'Preparation of 2-(1-pyrrolyl) acetic acid (~ 

Glycine (1 mmo1, 75 mg) and 0.5 9 of resin were 

stirred in dimethylsulfoxide (10 mL) for 1 day. Under N2 
atmosphere, the dichloro compound 49 (1.2 mmol, 0.236 g) wa$, 

added dropwise and followed by another 0.5 g of resin. The 

reaction mixture was stirred overnight and theno filtered 

o 
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and concentrated under reduced pressure (0.5 mm) to remove 

DMSO. The residue was purifiea by flash column ch~matography 

using methanol-ethylacetate (3:2) as eluent to give 83 in 

60% yield. lH nmr (DMSO + CDCl3), ô: 6.65 (t, 2H), 6.1 (t, 2H)" 

4.55 (s, 2H), 8.9 (b, lH). The sarne compound was obtained 

by hydrolysis of 80 in the presence of aqueous NaOH in 

refl:uxing ethanol • 

Prèparation of 7- (l-pyrrolyl) -cephalosporanic ac'id' <!i) 9,2 

A quantity of 0.27 9 (1 mmol) of 7-aminocephalos-, 

poranic acid (85) was stirred in 10 mL of DMSO for 20 mins 

and then.l 9 of resin was added. After 1 day, the dichloro 

compound!! (0.236 g, 1.2 mmol) was added dropwise. The 

reaction mixture was stirred overnight. The mixture ,was 

filtered,and the filtrate was concentr~~ed under reduced 

pressure (0.5' mm) to remove DMSO. The residue was pu~ified 

by flash column chromatography using methanol-ethylacetate 

(1:1) as eluent to give the product !i in 65% yield. IH nmr 
=- \ 

(DMBO), ô: 6.72 ·(t, 2H), 6.~3 (d, IH)', 6.07 (t, 2H), 5.2 
J.~"" 

(d, lH), 4.9 (q, 2H), 3.5 (q, 2H), 2.0 (s, 3H); .ir (KBr) 92: 

1.760 cm-1 (S-lactam).. -~ ,~ 

, ., 
. " 

" -

" 

) ': '. < ~' .; • 

r •••• ". 
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Preparation of 6- Ù-pyrrolyl) -penicillanic 'acid (88)_:' 
_é • 

.. ' o .. -
A quantity of .O.21~ g (l nunol) ·of 6-aminopenicillanic 

0.5 9 of resin~ was added. After 1 day, the fli:chloro c,?mpound 
. ~ 

49 (0.236 ~, 1.2 mmol) was added dropwise'and -fo~lowed by 

anotner O.~ 'g of resin. The ~'reaction hlxture> was stirred . . . 
" . 

overnight •. The mixture ~as filte~e~.~d the filt~rte wa~ , 

concentrated ounder reduced pressure {O '.~ mm} to remo. OMS 0". 

The residue was purified by flash co1umn chromatography 

using methano~-et.a.'1yla~etate (2: 3) as el uent to gi v7 the ' 

p.roduct 88 in 67% yield. 'lH nmr (Co30D), d:' 6.78 (t, o2H) , --6.03 (t, 2H), 5.21 (d, lH), 4.69 (d, 1H) 1 3.44 (s,_ lH) "', 
- ~ 

1.58 {s, 3H.), 1.23 (s,", 3ij):, if" (KBr): 1735.9m -1 (a-1~9tam). 

1 
" 

., 

" 
.() 

.~. 

. . 

~reparation of pyrrole of L-leucine·methyl ester, 92 '\ / " 
a 1 f' 

Ç) 

L-Leucine meth~l ester hydrochloride (93) (1.82 g, 
" 

10 mmol). in dry G:H 2C12 (SP mL) was stirred for 10 mins. 
-J \, 

Ambèrlyst A-2l resin (2.5 g) was introduced and then the .. 
dichloro compound 49 (~.26 g"l2 rnmoi) was added dropwise 

,. 
added 5 9 of the resin again. The reaction mixture was·p., 

. , 

allowed to warm to room temperature. After stirring 
, 

overnight, the mixture was filtered on fine-sintered glass. 
.> 

filter and the filtrate evaporated in vaauo. The cr~de 
Il> 

." 
" 

" / 

/' . 
'li. 
~ 

.- , , 

, i 
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. . 
• J .~ 

produot was pu~ified by TLC-mesh ohromatogr~phy using hèxane-, -
- '. . 

ethylaceta. te (7: 3) as eluent; Rf =: 0.48 r [a] .~ -3.8 0 

, ,0 
, 1 

(0 - 0.0034, CnC13): yiel~ 71%; H nmr (CDCl), 0:.6.75 (t, 2H), 

6;17 (t, 2H), 4~65 (t, lH), 3.70 ;(5, 3H), i.95 (m, 2H), 1.40 
~ 

(m, lH), 0.95 (d 1 3H), 0.83 (d ~ 3H); ms, m/z (rel. intensi ty) , 

195 (M+, 50.9), 13"9, \(100).' Anal. calcd: C 67.7, H 8.7, N 7.2; 

found: C 67.7, H. 8.7/ N' 7.3. 

Preparation o'! dichlor:omethyl methyl ~ther (li) 

from methyl formate' 

\: . 
This compound was 9btained by the method of Rieqhe 

and Grossl0 6 • 
. ' 

'To 20.8 g (0.1 mol) of PC15 was added 6.2 mL 

(0.1 mol) of methyl formate slowly witho\lt solvent under N
2 

atmosphere. After the reaction, mixture'was stirred at room 

temperature for l 'hr, distillation gave a colorless liquid as 

product in 85% yield. Bp = 87 'V 89 oC (lit. 101,196 85 '" 87 OC) ; 

lH nmr (Cne1
3
), 0: 7.1 (s, lH), 3.6 (s, 3H). 

. "', 

. \ 

. , , 
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2-Formyl pyrrole 2!. and 3-formyl pyrrole 99 from 

.~ 

pyrrole 80 

To a solution of dichloromethyl methy1 ether 

(0.125 g, 1.1 nunol) in d~y methylene chloride (5 mL) was 

~dde~ TiC14 (0.21 g, 1.1 mmol) dropwise at -20 o e under N2 
atmosphere and then fo~lowed by pyrrole 80 (0.153 g, 1 mmol). 

The reaction mixture was stirred for 4 hrs at -20°C and 

quenched with saturated aqueous ammonium chloride solution 

and extracted with ether. The organic layer was washed with 

'10% aqueous sodium bicarbonate and finally with water. 

AÏter drying over anhydrous ma~esium sulfate; the solution 

was qoncentrated. The residue was separated by flash 

ch"romatography using êthylacetate-hexane (2: 3) as eluent to ... ,~ ( 

" 
l' 

give 2-formyl pyrrole 98 in 70% yield and 3-formyl pyrrole 

99 in 14% yield. -
2-formyl pyrrole ~: 1H ~ (CDC1 3), ô: 9.6 (s, IH), 6.93 

(m, 2H), 6.3 {II\.I... 1H), 5.05 (s, 2B), 4.23 (q, 2H), --1.27 (t, 3H)~ ms, m/z (rel. intensity), 181 

(M+, 69.5),153 (M+-CO, 39.8), 108 (100). 

3-formyl pyrrole ~: I H nmx (CDC13), 0: 9.8 (s, IH), 7.25 

(m, lH), 6.65 (m, 2H), 4.65 (s, 2H), 4.25 (g, 2H), 

1.3 (t, 3B) i ms, m/z (rel. intensity), 181 

(M+, 83.8),153 (M+-CO, 22.0), 152 (29.5),108 (100). 

When aluminum chloride was used as Lewis acid, the 

products were obtained in poor yie1d «30%). 

• 
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Formylation of pyrrole \ li to gi va 2-formyl pyrrole II 

and 3-formyl pyrrole 100 
: 

(a) Using dichloromethyl methy~ ether 

.. " . 

To a solution of dichlor~methyl methyl. ether 

(0.125 g, l, 1 nunol) in dry Methylene chloride (5 mL) was \ 
\ 

added titanium tetrachloride (0.21 g, 1.1 rnmol) dropwise at 

-20°C under N2 atmosphere. 'After 10 mins, pyrrole 92 

(0.195 g, l mmol) in ~ry methylene chloride (2 mL) was added • 
/ 

dropwise over 5 miftos. The reaction mixture was stirred for 

5 hrs at .-20 o C and allowed to warm to room te.tnperat.ure. After 

overnight, the mixture owas quenched with saturated aqueous 

~nium chloride solution~and extracted with ether. The 

organic layer was washed with 10% aquequs sodium blcarbonate 

solution and then with water cl After drying over anhydrous 

magnesium sulfate, the solvent was removed .under reduced \ 

pressure. The residue was ;;epara!-ed by TLC-mesh column 

chromatography using hexane-ethy1a~etate (7 :3) as eluent, to 

give 2-formyl py;:-role 91 in 10% yield and 3-formyl pyrrole 

~ in 50% yield. 

Whèn the reaction was carried out for ·6 hrs at 

-40°C" it gave 2-formyl pyrrole 91 in 10% yield together wi th 

the unreacted starting material 92. 

... 

'. 
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(h) Using trimeth;y:l ortht'formate 

tO a solution of tri.methyl orthoformate (0.127 g, 

~. 2 mmal) in dry methylene chloride TS mL) was added 

titanium tetrach10ride (0.21 g, 1. 2 mmo1) dropwise at -40°C 

under N 2 atmosphere.--pyrrole 92 (0.195 g, 1 mmol) in dry 

methylene chloride (2 mL) was then added dropwise over 

5 mins. After the réaction mixture was stirred at -40°C for 

1.5 hr, the mixture was allt:lwed to warm to room temperature. 

The so1ution was quenched with 1 mL of water and extracted 

with ether. The organic layer was dried over anhydrous 

magnesium sulfate, and evaporated in vaauo. The crude 

product was separated by TLC-mesh column chromatography 

using hexane-ethylacetate (7: 3) as eluent to gi ve 2-formyl 
-... 

pyrrol.e 'gl in 81% yie1d and 3-formyl pyrrole 100 in 10% 

yield. 
---------~ 

1 --------2-formyl pyrrole li: H _n~_-{-eDCI3)' ô: 9.53 (s, IH), 7.2 
----

. (br-lij-r,~i7 (dd, lH), 6.33 (dd, lH), 6.1' (t, IH), 

3.72 (s, 3H), 1.98 (m, 2H), 1. 4 (m, lH), 0.92 (d, 3H), 

0.89 (d, 3H): ms, m/z (rel. intensity), 223 (M+, 
, 

68.5), 194 (69.9), 164 (69), 152 (75.6),122 (67.6), 

108 (100),94 (97.2),80 (72.7): ir (eDC13), v
max 

-1 
1745, 166~ cm ; [a]D = -6.5° (c = 0.005, CDC13'. 

Anal. calcd.: C 64.5, H 7. 7; found: C 64.6, H 7. 7. 

3-formyl pyrrole 100: 1 ' H nrnr (CDC13 ), ô: 9. 8 ( s.' 1H), 7.37 

(t, lH), 6.73 (t, lH), 6.56 (m, 1H), 4.65 (dd, lH), 

1 
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3.7 (s, 3H), 1.92 (m, 2H) 1 1.4 (m, lH),. ?9l (d, 3H), 

0.89 (d, 3H); ms, m/z (rel. intensity), 223 (M+, 

63.4),167 (100),164 (49.3),122 (44.2),,108 (55), 

94 (82),80 (60.9). 

Hydrolysis of methyl 2- C2-formylpyrrol-l-yl) -4-methy1- . 

pentanoate (li) to give 2- (2-formylpyrrol-l-yl), -4-methyl-

pentanoic aeid (104) 

(a) Using sodium hydroxide 

To a solution of 2-formy1 pyr~ole 91 (0.112 g, 

O. S. mmol) in rnethano1 (5 mL) was added aqueous sodium 

hydroxide solution (1. 2 equiv.; 24 mg of NaOH in l mL of 

water). After the reaetion mixture was refluxed overnight, 

the mixture was cooled to room temperature and then poured 

into 10 mL of water. This solution was w~shed with ether 

and the aqueous layer was then acidified with dilute hydro-

chloric acid to pH 3, and extraeted wi th ether. The 

combined ethereal layer was dried over anhydrous ~agnesium 

sulfate, filtered, and evaporated to give quantitatively a " r 

pale yellowish solide Mp = 

l (e = 0.0075, CDC1
3

); H nmr 

74 ru 77°C; [a]D = 16.4° . 
(CDC 1

3
), 0: 11. 0 (~ , lH), 9.48 

, 
(s, IH); 7.17 (h, lH), 6.98 (dd, lH), 6.32 (dd, lH), 6.05 J 

Ct, IH), 2.0 (m, 2H), 1.4 (m, IH), 0.91 (d, 3H), 0.88 (d, 3H);; 

1 

, 
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+ ' 
ms, m/z (rel. intensity) " 209 (M 1 52.7), 180 (75.4), 138 

(63.6)', 122_ (66), 108 (7·l.3), 94 (78.1), 80 (62.2), 41 (100); 
',) 

ir (KBr),,, : 3250 tU 2400, 1740 , 1610 max . 
-1 cm • Anal. / ca~cd: 

C 63.1, H 7.2i found: C 63.2, H 7.3. 

When an excess' of aqueous sodium hydroxide solution 

was used, acid compound !Q.! showed no optica1 acti vi ty. , " 

{b) Using trimethy1iodosi1ane 

This reaction was carried out according to 

Jung' s methodl13 • 

To a solution of 2-formyl pyrrole 91 (0.112 g, 

0.5 nuno1) in dry ch1oroform (5 mL) was added trimethyliodo­

si,lane (0.143 mL, 1 nuno1). The solution was stirred overnight 

at room temperature while protected from light. The mixture 

was then poured into 5% aqueous sodium bicarbonate. The 

aqueous layer was washed wi th ether, acidified wi th dilute 

hydroch1oric acid to pH 3, and extracted wi th ether. The 

organic layer was dried over anhydrous magnesium sulfate and 

evaporated to give a ye110wish solid 104 in 55% yield. The 

'physical data was identical with that obtained from method (a). 
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. 
Reaction of benzylchloride with LDA to qive l-chloro-l,2-

.diphenylethane (105) 

To a solution of diisopropylamine (1.1 mmo1, 0.1'6 .mL) 

in THF (8 mL) was added n-BuLi (1.1. mmo1, 0.69 mL of 1.6M 

in hexane) dropwise at OOC under N2 atmosphere. After 5 mins, 

the solution was cooled to -78°C and then to it was added 

benzylchloride (2 riunol, 0.25 g) solution in THF (2 mLl. 

After stirring for 3 hrs at room tempera ture, the reaction 

mixture was concentrated, diluted with ether, washed with 

water, dried over anhydrous sodium sulfate, filtered, and 

the fi1trate was evaporated in vacuo. The crude product was, 

purified by flash colurnn chromatography using E1thylacetate-
~~ \ l 

hexane (3: 7) as eluent to give 105 in 61% yie1d. H nmr 

13 (eDe1
3
), cS: 7.3 (m, 10H), 5.1 (t, IH), 3.4 (d, 2H); C nrnr 

(CDC1
3
), cS: 140.87, 137.27, 129.47 'V 126.88 (aromatic peaks), 

+ ' 64.09,46.59; ms, m/z (rel. intensity), 218 (M +2, 32.6), 

+ 216 (M, 64.3). 
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Preparation of a-substi tuted compounds (!1.Q.-lli> from 

pyrroles of glycine ethyl ester and alanine ethyl ester 

Typica1 Procedure: 

Onder N2 at O°C, to a solution of 1. 2 nunol of 

hexamethy,ldisilazane (HMDS) in THF .(10 mL) was added 1.2 nunol 

'of n-BuLi (0.69 mL of 1.6 M in hexane). A.fter 10 mins,' to 
# • ·fII . 
the mixture was added 1 mmol of pyrrole of glycine eth~l 

ester 80. After 30 mins, the reaction mixture was cooled 

to -78°C and then the alkyl halide (1 mmo1) was added 

dropwise. The reaction mixture was allowed to warm to room 

temp'erature. Aft~r 3 hrs, the solution was evaporate4, 

diluted with anhydrous ether (20 mL), filtered" and the 

filtrate was concentrated under reduced pressure. The 

residue was purified by flash column chromatography using 

hexane-ethy1acetate (4:1) as e1uent. 

\ 

p'roducts 110 (85% yield) and 111 (80% yield): Were identica"1 to 

those (82, 81) obtained by the reactions of the 
- - i 

corresponding amino-acid esters and dichloro-

compound ~. 

ethy1 2- (1-pyrro1y1) -1- (0 r -methylphenyl) propanoate (~): 

Yield 75%; 1H IlI'!l!" (CDC1
3
), ô: 7.10 (m, 4H), 6.7 

~ \ 
(t, 2H), 6.1 (t, 2H) 1 4.75 (dd, lH), 4.15 (g,\ 2H) , 

3.4 (m, 2H), 2.3 (s, 3H), 1.2 (t, 3H); ms, m/z 

(rel. intentisy), 257 (M+, 93.8)_, 184 (85.7), 

152',100), 105 (98.9), 80 (93.3). 
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. 
ethyl 2- (l-py;rroly1) -2-methy1 propanoate (113): Yiel~ 8~%; 

l . . 
H ~ _-' ~DCl3 ) , ê: 6. P (t, 2H), 6. 2 ( t , 2H), 4. 05 

(g, 2H), 1.6 (s, 6R), 1.0 (t, 3H); ms, m/z (rel. 

intensity) , 181 (M+, 33.3), 108 (85.2), 94 (100). 

This compound 113 was obtained by the reaction of 

the pyrrole of alanine ethyl ester '(110) with 

LiHMDS and methyl iodide. It cou1d a1so be prepared 

, by the reaction of the pyrrole of glycine ethy1 

ester 80 with 2 equiv. of methy1 iodide in the 

presence of 2 equi v. ,.of LiHMDS. 

<> ' 

Conversion of primary amides (118-!ll and 126) into N-acy1-

pyrroles (~-~ and ~) 

Typical Procedure: 

To a solution of amide (1 mmo1) in dry acetonitrile 

at 'ooC under N2 a~osphere was added l.3 mmo1 of dich1.oro­

compound 49 dropwise. After -lO mins, 1 9 of resin was 

added and the reaction mixture was th en a110wed to warm to 

room temperature. After further stirring at 45° ~ 65°C 

for 14 hrs, the mixture was filtered, evaporated and purified 

by flash or TLC-mesh column chromatography to give the 

product. 

N-benzoy1pyrro1e (122) 127,169: Yie1d 85%; I H nmr (eDel
3
), ô: 

7.55 (m, SH), 7.2 (t, 2H), 6.25 (t, 2H); ms, m/z 
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• (re1. intensity),171 (M+, 42.1),105 (M+-66, 100); 

. ir (neat): 1700 cm-1 (C=O). .. 

N-butanoy1pyrro1e (!1l)11S,141: 1 Yield 73%; H'nmr CeDe1 3), ô: 

7.22 (t, 2H), 6.17 (t, 2H), 2.65 (t, 2H), 1.7 (m, 2R), 

0.95 (t, 3H)~s, m/z (rel. intensity), 137 (M+, 6.3); 

ir (neat): 1725 cm-1 (lit. 141 1755 cm-1 ). 

N-acetylpyrrole (124) 12S: Yie1d 55%; 1H nmr (eDC1
3
),.ô: 

7.35 (t, 2H), 6.36 (t, 2H), 2.6 (s, 3H) i .ir (neat): 

172 5 cm -1 ( C=O) •. 

N-stearoy1pyrro1e (~): Yie1d 72%. This reaction was carried 

1 out in chloroform. Mp = 62 'V 64°C; H nmr (CDe13), tS :.f 

7.2 (t, 2H), 6.1 (t, 2H), 2.63 (t, 2H), 1.1 (b, 33H); 

ir (CHe1
3
): 1715 cm-1 (C=O). 

N ... (p-toluenèsulfony1)pyrro1e (127)169: -_'l'he s~e procedure as --
above except that the reaction was carried out at 

room tempe rature for 3 hrs. Yie1d 71%; mp = 101 ru 

103°C (1it. 169 100 'Î.I 101°C); lH nmr (eDC1 3), 0: 

7.S· (d, 2H), 7.3 (d, 2H), 7.22 (t, 2H), 6.3 (t, 2H), 

2.,42 (s, 3H); ms, m/z (rel. intensi ty), 221 (M+, 

56.9), 155 (40.4), 91 (100) • 

• • 
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The reactions of acylpyrroles with LAH 

Typical Procedure: 
'J-

To a solution of N-acylpyrrole (1 mmol) in anhydrous 

ether (5 mL) was added lithium aluminum hydride (0.7S'mmol) 

at QOC under' N2 atmosphere. After further stirring for 1 hr 

at-QoC, the reaction was continued overnight at room tempera-

ture. The reaction mLxture was quendhed with a few drops of 

Methanol and then 20 mL of water was added dropwise. The 

.. solution was extracted with ether, dried over anhydrous 

Magnesium sulfate, and concentrated under reduced pressure to 

give the product. 

benzyl alcohol (1lQ): Yield 75%; IH nmr (CDC1 3), ô: 7.2 

(s, SH), 4.53 (s, 2H),.2.Q~ (b, lH)i ms, m/z (rel •. 

intensity), 108 (M+, 100). 

butanal (~) and 1-(1-pyrroly1)-1-butanol (~): The analysis 

for 128 in ethereal solution was carried out17l by 

refluxing with 2,4-dinitropheny1hydrazine solution 

in EtOH, giving th'e hydrazone solide Mp = 119 'V l200C 

(lit.1.41 122°C): yield 30%. 
? 

After this reaction, 

·~he remaining solution was concentrated .under 

reduced pressure and then the residue was purified 

by TLC-mes.h colurnn chrornatography using hexane- 1.; 

èthylaceta te (7: 3) as eluent to give 129 in 40% 

yie1d; la nmr (COC1
3

) , 0: 6.75 (t, 2H) , 6.13 (t, 2H) , 

5.3 (t 1 lR) , 2.45 (b , lH) , 1.4 (m, 7H); ms, m/z 

(rel. intensity) 1 139 (M+ , 42.5) , 67 (100). 
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.The reactions of acylpyrroles with NaBH 4 

(a) Using Methanol as a solvent 

·r 

,1\ 
'i' 

To a solution of acylpyrrole (l mmol) in dry 

. Methanol (S mL) was added sodiu,m borohydride (1.3 mmol, 

, 0.052 g) at -20°C under N2 atmosphere. After further 

. . 
, 

stirring for 5 hrs at -20°C, the reaction mixture was allowed 

to warm to room temperature. The solution was concentrafed 

under reduced p~essure, di~uted with ether, washed with 

water, dried over anhydreus Magnesium sulfate, filtered, and 

evapora~ed to give product. 

benzaldehyde (!li>: Yield 85% (net purified)i lH nmr (CDC1
3
), 

ô: lO • 0 ( s , lH), 7. 76 (m .. 2H), 7. 4 ( m, 3H). 

1- (l-pyrrolyl) -l-butanol (129): This comp0'-:IDd was purified 

by TLC-mesh cblumn chromatography using hexane-

ethylacetate (7:3) as eluent. Yield 85%. 

Spectro scopie data for this was identical with 

that obtained from the reaction of 123 with LAH -.. 
0 

(p. 148) . 

(b) Using ether as a solvent 

To a solution of acylpyrrole (1 nimol) in anhydrous 

ether (7 mL) was added sodium borohydride (1.5·~mmol, 0.06 g) 

at O°C under N2 atmosphere. After further stirring for 2 hrs 

at OOC, the .reaction mixture was allowed to warm to room 

, ' 

. . 
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temperatur~ and the stirring was continued overnight .... The 
. 

solution was washed with water (3 Xl 10 mL),. dried over 

anhydrous magnesiwn sulfate, filtered, and, concentrated in 

vacuo. The residue was purified by TLC-mesh column chroma-
, 

tography using ethy1acetate-hexane (2':3) as eluent. 

(1-pyrrolyl) -benzyl alcohol (~): Rf = 0.43; yield 62%: IH Inmr 
(eDeI

3
), ô: 7.3 (s, SH), 6.7 (t, 2H), 6.5 (d, IH); 

6.1 (t, 2H), 2.95 (d, IH); ms, m/z (rel. intensity), 

+ 173 (M, 14.9), 107 (18.4), 106 (70.7), 105 (62.9), 

67 (100) .. 

N-Butyryl.pyrrole did not react with NaB~4 in ether. 

b 

The reactions of acylpyrroles with NaOMe 

Typical Procedure: 

l' 

To a solution of acylpyrro,;l.e (0'.]. mol) in dry 

Înethanol (30 mL) was added sodium methoxlde (0.15 mol, 
~ l~'} 

8.1 g) under N 2 atmosphere. The reaction mixture was refluxed' 

for 14 hrs and then cooled to rODm ternperature. The solution 

was, concentrated under reduced pressure, diluted with ether, 

washed with water, dried over anhydrous magnesium sulfate, 

"filtered, and then distilled to give product. 

-.. 

methyl butanoate (136): Yield 85%; bp=lO~"'104°C (lit. 49 102°C); 

IH nmr (CDC1
3
), ô: 3.65 (s, 3H); 2.25 Ct, 2H), 1.7 

(m, 2H), 0.95 (t,3H).' 
, .' 

, , 

'Il 
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.thyl bem;oate {ll.2.),:". "Yield 89%; bp = 196 'ù ~98°C '(lit. 49 ~ 
• 

3H), 3.8 (s, 3~)., \ 

Pyrrole (127). of' p':'toluenesul'fonylamide did no,!:: - .. 
react with NaOMe in reflwd.nq methanol. 

The reaetions of acylpocrr:01e$ with 'benzylamine té' give 
.' . 

mical Procedure: 
. , 

.. 
", Tb a solution of the acylpyrrole (-1 mmol) in dry 

THF (7 mL) was addedben.zyl~e {l.2 mmol, 0.13 g). After. 

re~luxing for 16 hrs, evaporation of the ~eaction mixture 

under reauced pressure gave solid residue which was washed 
" 

with c.old ether (3 x 15 mL) to give fine crysta1s. 

'~-benzy1 benzamide (138): Yie1d 85%; mp = 104 ~ 106°C; 

l - 0 , 

H nmr (acetone-dG)' ô: 7.65 (m, 2H), 7.3 (m, ~H), 

7.25 (s, 5H), 6.4 '(b, IH), 4.6 (d, 2H); ir (KBr), 

v~ax; 3300 (N-H), 3060 (aryl C-H) , 1630 and 

1540 cm- l (amide), 1600 (aromatic); ms, m/z (rel. 

intensity), 211 (M+, 77.6), 210 (M+ -l, 40.4), 105 

(100), 77 (62.6). 

N-benzyJ:' butyramide (lli>:' which was not purified. IH nmr 

(~DC13)' ô: 7.25 (s, SH), 4.36 .(d, 2H), 2.15 (t, 

2H), 1.65 (m, 2H), 0.9 (t, 3H). 
" 

.' 
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N-Qenzyl stearamide (140): Yield 87%; mp = 85 ~ 88°C; 
1 ' . 

H nmr (CDC1
3
), ô: 7. 25 ( s, 5H), 4 • 4 (d, 2H), 

2.2 (t, 2H), 1.25 (s, 33H); if (KBr), vmax : 3300 

(N':"H), 3080 (aryl C-H), 2960 ru 2800, 1625 aI'.1d 
, -1 

1540 cm ,(amiae); ms, m/z (rel. intensity), 373 .. 

" 
" 

The reaction of N-benzoylpyrrolé with piperidine to {ive 

N-benzoylpiperidine (141) 

To a solution of N-benzoy1pyrro1e (1 mmo1) in dry 

~ THF (5 mL) was added i?iperidine (loS mmol, 0'.13 g). After 

refluxing for 2 days, the reaction mixture was concentrated 

under reduced préssure, which was purified by TLC-mesh 
1 

column chromatography using ethylacetate-hexane (3:7) as 

1 eluent to give product in 55% yield. Rf = 0.14; H nmr 

(CDCl), 0: 7.3 '(s, 5H) 1 3.5 (b, 4H), 1.64 (b, GH); ir (CHC13), 

2980 'V 2850, 1630 cm-1 (t-amide) i ms, m/z (rel. intensity), 

189 (M+, 52.6) 1 188 (M+-l, 89.3), 105 (100), 84 (48.4), 

77 (63.9). 

. ,-
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The reaction of acylpyrrole with n-BuLi to give 142 and 143 

To a solution of acylpyrrole (1 mmol) in dry THF 

(5 mL) was added n-BuLi (1.56 mL of 1.6 M in tiexane, 2.5 mmol) 

at OoC under N2 atmosphere. After 2 hrs at ùoc, the solution 

was concentrated under reduced pressure. The residue was ' 

diluted with ether, washed with water, dried over anhydrous 

Magnesium sulfate, filtered, and then evaporated in vaauo. 

It was purified by TLC-mesh column chromatography on silica 

gel to give a colorless oil. 

5-phenylnonan-5-ol (~): Yield 72%; -lH nmr (CDC1
3
), ô: 

7.3 (m, 5H), 1. 25 (m, 18H); ir (CHe1 3'), v : 3610 . max 
(OH), 3050 (aryl C-H) , 2990 ~ 2820 cm-li ms, m/z 

+ +. 
(rel. intensity) , 220 (M , 0.3), 202 (M -OH, 14.6.), 

163 (M+ -Bu, 100). 

5-n-buty1d~cosan-5-01 (!il): Yie1d 65%; lH nmr (~DC13)' ê: 

1.9 (m, 6H), 1. 2 (m, 47 H) ] ir (neat), \imax :' 3600 
'_]. f/ 

(OH), 2980 ~ 2800 cm ; ms, m/z (rel. intensity) , 

364 (lv1+-0a, 8.1), 325 (M+-BU, 43.9), 143 (78.4). 

J 
" 
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The Grignard ~eaction of atearoy1pyrro1e (125) to give , 

. 
1,1-aiphenylsterary1 alcohol (144) , 

To a solution of stearoylpyrrole (1 mmol, 0.33 g) 

in dry, THF (5 mL) was added PhMgCl (2.5 mmo1, 1. 25 mL of 2 M 

in THE) dropwise at O°C under N2 atmoaphere. The reaction 
,f 

mixture was allowed to warm to room temperature: After 4 hra , 

the mixture was que~ched with a few drops of water, extracted 
J,;--:'\ 

'with 20 mL of ethe.er\ -dried over anhyjlrous magnesium sulfate, 

filtered and then evaporated in vacuo to give crude product 

which was pu~ified by TLC-mesh column chromatography using 

hexane-ethylacetate (4:1) as eluent. Rf = 0.42; yield 55%; 

mp :::: 40 'V 43°C,...lH runr (CDC1 3 ), ô: 7.3 (m, 10H) , 1.2 (s, 35H); 
w -1 

ir (KBr): 3550 (OH), 305.0 (aryl C-H) , 2980 'V 2820 cm ; ms, m/z 

(rel. intensity) , 404 (M+-OH, 2.8), 344 (M+-b.enzene, 8.2), 

105 (68.3). 

Methyl 3-oxopentanoate ~148) from methyl acetoacetate (147) 

This reaction was carried ,out according to 

Wei'1er' s methodl.5~. ' .. ,-

Under N2 atmosphere at O°C, to a solut~on of sodium 
G 

hydride (S.4 g 50% dispersion in mineraI oil) in 200 mL of THF was 

added methyl acetoacetate (0.1 mol, Il.6 9) dropwise. The 

green solution was stirred for 10 mins and n-BuLi (70 mL of 

J 
, ! 

1 
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. 
L 5 M in hexane, O. 11 mol) was then added to gi ve the orange . 

. dianion. After 10 mins, 0 .. 11 mol (7 mL) of rnethyl iodide 

in THF (14 mL) was added and the reaction mixture was then 

stirred at room ternperature for 15 mins. The mixture was 
o \ 

1 

quenched with dilute hyd~qchloric solution (20 mL of C-HCl 

. in 70 mL of H20) and diluted wi th '150 mL of ether. The 

organic phase was washed with water until the aqueous 

extracts were neutral pH. The organic solution was dried 

over anhydrous magnesiurn sulfate, filtered, and evaporate8 
l , 

under reduced pressure. The crude product was distilled to 

yield 9.5 9 (73%) of rnethyl 3-oxovalerate (148). Bp = 85 ~. 

87°C/20 mm, (lit. 153 70 'V 71 0 /14 mm); IH nmr (C~C13)' <5: 

3. 75 (s, 3H), 3. 45 (s, 2H), 2. 6 (q, 2H), L l ( t, 3H). 

Preparation of methyl 5-trimethylsiloxy-2-pentenoate (~) 

This reaction was,perforrned by Danishefsky's 

IIlethod154 • 

Dry triethylarnine (0.11' mol, 15.5 g) and zinc 

chloride (0.5 g) were stirred vigorously under N2 atmosphere 

for 1 hr, giving a fine suspension. Methylvalerate (0.05 mol, 

6.5' g) in dry benzene (50~) was added, followed after 

5 mins by TMSCI (0.1 mmol, 12.7 mL). The mixture was 

stirred overnight, 200 mL of dry ether added, filtered, 

and concentrated. The residue was'diluted with dry 

1 
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~ 

hexane (300 mL), cooled to precipitate Any remaining1JolidS~ 
fi1tered, and concentrated, giving the mono-eno1 si1y1 ether 

product 149 in 94% yield. IH nmr (CDe13 ) (a 4:1 mixture ~ 

and Z of isomers), 0: 5. Q9! and 5. 02 ~. (lH, each s), 3.65 

E Z ' (s, 3H), 2.75- and 2.17- (2H, each q), 1.1 (t, 3H), 0.27 

(s, 9H). 

1 
1,3-Bis(trimethylsiloxy)-1-methoxypenta-l,3-diene (~) 

This compound was prepared by Chan's method~5Q 

without TMEDA. 

Under N2 atmosphere at OoC, to a solution of'diiso­

propylamine (24 mmol, 3.4 mL) in THF (30 mL) was added n-BuLi 

(15 mL of 1. 6 M in hexane, 24 rnmol). After 5 mins, the 

mixture was cooled to -78°C and enol silyl ether 149 (20 mmol, 

4.04 g) was then added dropwise. After 10 mins, the reaction 

mixture was quenched wi th TMSCI (4 mL). The mixture was 

allowed to warm to QOC and concentrated on the rotary 
. . 

evaporator. The residue was triturated with dry hexane 

" (200 mL) with coo1ing to precipitate sa1ts and filtered. The~ 

filtrate was concentrated (final1y under high vacuum) to 

give product as a pale yellowish oil in 95% Yield. ,1H nmr 
o 

(CDCI3 ), ô: 4. 97 (q , lH), 4. 0 (s, lH), 3. 6 (s, 3H) ,. 1. 65 

ld, 3H); 0.3 (s, 9H), 0.27 (s, 9R). 

From the lH nmr spectrum, it appears to be exclusively 
1 

one isamer which is tentativ~ly assigned to be the E-isomer. 
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. 
The reactions of bis (enol silyl ether) 150 with 2, 5-dimethoxy 

THF to give ~-!2l 

To a solution of 2, 5-dimethoxy THF (1) (S nunol, 

0~66 g) in dry methylene chloride (IS.mL) at -78°C· under N2 

atmosphere was added titanium tetrachloride (10 mmol, 1.9 g) . 
dropwise. A solution of bis(enol.silyl ether) 150 (S mmol, 

. 
1. 37 g) in dry GH

2
C1

2 
(25 mL) was added over 20 mins. The 

mixture was stirred at -78°C for 3 hrs and 'then allo~ed to 

warm to O°C. To the dark red solution was then added 

excess 5% aqueous sodium bicarbonate solution (2 mL). The 

mixture was extracted with ether, dried over anhydrous 

magnesium sulfate, and evaporated. The residue was separated 
q 

by flash column chromatography on silica gel using hexane-

ethylacetate (7:3) as eluent to give the bicyclic enol 

compound ~ (38%) and keto compounds 153 (20%) as a ~ixture 

of two isomers. 

2-carbomethoxy-3-hydroxy-4-methyl-8-oxabic~clo-

(3,2,11-2-octene (152): (one isomer exo-methylated at C-4); 

1 Rf = 0.51; H nmr (CDC13), 8: 11.68 (s, IH), 

4.88 (m, IH), 4.28 (m, IH), 3.76 (s, ,3H), 1.95 

(m, SH), 1.32 (d, 3H)i ms, mjz (rel. intensity) , 

198 (M+, 19. 6): ir (neat): 3600'V 3300 (b, OH), 

3040'V 2800, 1660, 1615 cm-1 

- , \ 
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2-carbometh0xy-3-oxo-4-methyl-8-oxabicyclo-

[3,2,1]-octane (153): 
. ------ (mixture of two isomers, both with 

endo-methyl group at C-4); Rf = 0.4 and 0.31 . 
. 1 

(without separation); H nrnr CCDC13), ô: 5.05 

and 4.84 (m, each H-1, IH), 4.49 (m, 1H, H-5) , 

3.76 and 3.73 (s, 'each OMe, 3H), 3.0 (m, each 

H-2 and H-4, 1H), 1. 8 (m, 4H), 1. al and 0.98 

(d, J = 6.8 Hz, each CH 3 at C-4, 3H); !r (neat):~ 

3040 'ù 2820,1740,1715 cm-1 : ms, rn/z. (rel. 

intensity), 198 (M+, 2.4). 

When 1 equiv. of titanium tetrach10ride was used 

as a Lewis acid, monosubstituted THF derivative 

151 was obtained in 25% yie1d with traces of 

bicyclic products (152 and 153). 

methy1 3-oxo-4- [5-(,2'-methoxytetrahydrofuranyl) ]-

pentanoate (151): 1 H nrnr ( CDC 1
3
), 0: 4. 95 (m, IH), 4 • 08 

(m, IH}, 3.7 (s, -C0
2
Me), 3.59 (s, 2H), 3.28 

(s, OMe), 2.7 (m, 1H), 1.85 (m, 4H), 1.0 (d, 3H); 

ir (neat): 3020 'ù 2800, 1750, ,1715 cm ,1; ms, m/z 

(rel. intensity), 
,. + u 

199 (M -OCH
3

, 14.8), 198 
+ . 

CM -CH30H, 15.4), 167 (16.3), 130 (28.4), 125. 

(17.6),101 (100). 

. , 

, . 
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O-Si1yl'ation of bicyc1ic eno1 ill to gi ve 2-carbomethoxy-" 

3-trimethy1si1oxy-4-methy1-a-oxabicyc1o[3,2,1]-2-octene (154) -
l , To a solution of bicyc1ic enol 152 (4.3 nuno1, 0.85 g) 

in dry ether (30 mL) was'added by triethy1amine (6 mmo1, 

0.84 mL) dropwise and fo11owed by TMSC1 (8 mmo1, 1 mL) under 

N
2 

atmosphere. After 1 hr, the mixture" was fil tered and 

the fi1trate was evaporated in vacuo to give the eno1 si1y1 

ether product 154 quantitative1~. 1H nrnr (CDe13 ), ô: 4.95 

(m, 1H), 4.21 (m, 1H), 3.7 (s, C02Me), 1.93 (m, 4H), 1.80 

(q, 1H), 1.28 (d, 3H), 0.22 (s, 9H); ir (neat): 3020"'2860, 

-1 1720 and 1680 (C0 2Me), 1620 (olefin), 880 and 850 cm 

(OSiMe
3

); ms, m/z (rel. intensity), 270 .. ' (M+, 7.9). 

O-Acy1,ation of bicyc1ic eno1 152 to give 2-carbomethoxy-3-

acetoxy-4-methy1-8-oxabicyc1o[3;2,1]-2-octene (155) 

To the mixture .of bicyc1ic eno1 152 (2 mmo1, 0.4 g) 

and acety1' ch1oride'(2.2 mmol, 0.17 mL) was s10wly added 

2 mL of pyridine at O°C. The reaction mixture was a110wed 

to warmùto room ternperature. After 5 hrs, ice-hydroch1oric 

acid solution was added diopwise to the mi~ture until pH 5 • . ' 
The mixture was extracted with e~er (3 x 15 mL) and the 

ether solution was dried over anhydrous magnesium sulfate, 

fi1tered, and evaporated in,vaauo. The crude product was 

, 
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\ --purified by flash co1umn chromatography usin~ ethy1acetate-

hexane (3:7) as eluent to give 155; Rf = 0.38, in 81% yield • 

1H nmr (CDCl
3
), ô: 4.97 (m, IH), 4.27 (m, lH), 3.72 (s, 3U), 

2.21 (s, 3H), 2.10 '\, 1.70 (m, SH), 1.23 (d, 3H); ir (neat): 
o 
Il -1 

3040 '\" 2820, 1765 .(C=C-OCCH3») 1650- cm (olefin); ms, m/z 

+ (rel. intensfty), 240 (M , 1.6). 

Preparation of 3-oxo-8-oxabicyclo(3,2,1]-2-octane 

derivatives 156 and 157 

Under N2 atmosp~ere at OOC, to NaH (0.05 g, 5q~ 
. 

dispersion in mineraI oil) in dry THF (7 mL) was added 

bicyclic enol_1S2 (1 mmol, 0.2 g) in THF (2 mL) dropwise. 
'\\ 

After 10 mins, methyl iodide (1.1 mmol, 0.07 mL) îri THF 

(1 mL) was added and the mixture was stirred at room 

temperature overnight. The r~acti9n rruxture was quenched 
(~/ 

with dilute hydroch1oric acid solution, diluted with 30 mL 

of ether. The organic phase was washed with saturated 

Na2S
2

0
3 

solution until_ the aqueous layer was neutral pH, 

dried over anhydrous MgS0
4

, filtered and evaporated. ~e 

residue was purified by flash column chromatography using 

etbylacetate-hexane (3:7) as eluent to give product 156 .. 
iIJ. 52% yield. Rf = 0.-33; IH nmr (eDe1 3), <5: 4.35 (bt, H-l 

and H-5, 2H) 1 3.73 (s, C02Me), 2.34 (q, IH), 2:07 (m, 4H), 

1.61 (s, 3H), 1.33 (d, 3H); ir (neat): 3040 tU 2820, 1735, 

1715 cm-li ms, m/z (rel. intensity), 212 (M+, 13.2) • 

• 

.. t 
1 

'. 
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/' ( 
When more than 2 equi v. each of NaH and Mel were 

used, dimethylated product 157 was obtained in 65% yield. 

Rf = 0'.44; IH nrnr '(CDCI3), ô: 4.36 (m, IH), 4.15 (m, 1H), 

3.75 (s, 3H), 2.0 (m, 4H), 1·.66 (s, 3H), 1.36 (s,'3H), . , 

-1 1.1 (s, 3H); ir (neat): 3040 'V 2820,1735, 1710 cm ; ms, 

m/z (rel.' intensity), 226 (M+, 46.8). 

The ozonolysis reactions of 154 or ~, carried 

out according to Heathcock's162 method, gave a complicated 

ndxture of productsi we could not purify a~d identify any 

structure. 

Preparation of 3-'trimethylsi1oxy-8-oxabicyclo [3,2',1]-

, 2-octene derivative 158 

l' ,r Dry triethy1am~ne (Il mmo1, 1.55 g) and zinc 
, 

chloride (50 mg) were stirred vigorous1y under N2 atmosphere 

for 1 hr, giving a fine suspension. A solution of 153 

(5 mmol, 1 g) in dry benzene (10 mL) was added, followed 

by TMSCl (la mmol·, 1.3 mL). The mixture was stirred overnight, 

25 mL of anhydrous ether added, fi1tered and concentrated. 

The residue was diluted with dry hexane (30 mL), coo1ed to 

precipitate any remai?ing solids, filtered and concentrated, 

giving the eno1 silyl ether product 158 in 92% yield. 

lH ~ (?DC13), ô: 4.9 (bd, 1H), 4.31 (m, lH); 3.63 (s, 

C02Me), 2.76 (m, IH), 1.83 (m, 4H), 0.93 <,90, 3H), 0.16' 
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162 

(s, 9R) 1 ir (neat) : 3020 'V 2820, l720
J

• and ,1690 (C02Me). ' 
-1 880 and 845 (O~MS) ; ms, m/z <rt1

• 
1615 am (olefin), 

intensi ty), 270 (M+, 9.7) • ~ 

\ 

Esterification from carbo~lic acid and a-bromoester to 

give a-acyloxy esters (189-195) 
• 

. 164,165' 
Typical Procedure: 

'To a solution of acid (0.15 mol) in 120 mL of 

acetone was added anhydrous potassium carbonate (0.23 mol, / 

31.5 g) follo~ed by a-bromo ester (0.1 mol) under N2 

atmosphere. After the reaction mixture was ref1uxed overn~ght, . 

it was cooled to rpom tempe rature and evaporated in vaauo. 

" The residue was partitioned between ether and 10% aqueous 
. , 

potassium carbonate solution. The organic layer was washed 

with water unti1 neutral pH and finally with brine solution, 

dIied over anhydrous MgS04~ filtered and concentrated in 

Vàauo to give the ester product in quantitative yield. 

ethy1 a-propanoy1oxyacetate (189): Yield 91%; 46°'V48°C/O.l DDl1; 

1 " H nmr (eDC13), ô: 4.6 (s, 2H), 4.2 (q, J = 7.2,Hz, 

2H), 2.43 (q, J l::: 7.2 Hz, 2H), 1.3 (t, J = 7.2 Hz, 

3H), 1-;2 Ct, J = 7.2 Hz, 3H) ; ir (neat) : 3020 'V 

286\"-~ 7?0 and 1750 -1 m/z (rel. intensity) , cm ; ms, 

~60 (M+, 11.6), 115 (24.3) , 57 (93.8). 

1 
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ethyl a-acetoxyacetatc;; (190): Yie1d 92%; lH mur (CDC1
3

)·, ê: 

4.6 (s, 2H), 4.23 (q,' J = 7:2 Hz, 2H), 2.17 (s.,. 3H), 
r ' 

1.3 (t, J = 7.2 Hz, 3H) i ms, m/z (rel. intensity) , 

+ 1.46 (M ,1.3),101 (38.2). 

ethYf a-hexanoyloxyacetate (191): Yield 94%; lH nmr, (CDC1
3
), 

ô: 4. 53 ( s, 2H), 4. 16 ( q , J = 7. 2 Hz; 2H), 2 • ,36 

(t, 2H), 1.4 (m, 6H), 1.2 (t, J = 7.2 Hz, 3a), 

0.85 (m, 3H); ir (neat): 3020 '" ?840, 1770 and 

-1 + 1750 cm ; ms, m/z (rel. intensity) , 157 (M -4?I 

26.2), 99 (100). 

ethy1 a-cyc1ohexanecarbonyloxyacetate (192): Yield 92%; 

1 ,.<; 
H nmr ( CDC jf 3 ~, ô: 4. 5 (s , 2H), 4. 1 ( q, J = 7. 2 Hz, 

2H), 1.6 (m, Il H), 1.15 (t, J = 7.2 Hz, 3H); 

ir (neat): 3020 '" 2830, 1765 and 1745 cm-li ms, 
CI 

+ rn/z (rel. intensity), 214 (M ,0.8),169 (25.3), III 

(93.4), 83 (100) .. 

ethy1 a-benzoy1oxyacetate (li1): 1 Yie1d 95%; H nmr (eDC1
3
), 

0: 8.1 (m, 2H), 7.53 (m, 3H), 4.86 (s, 2H), 4.26 

(q, J'= 7.2 Hz, 2H), 1.3 (t, J == 7.2 Hz, 3H); 

ms, m/z (rel. intensity), 208 (M+, 29.1), 163 

(1?9), 105 (100). 
..... 

ethyl a-pheny1acetoxyacetate (194):' Yie1d 98%; 1H nmr (CnC13), 

0: 7.26 (s, ,5H) , 4.58 (s, 2H), 4.16 (q, J =\ 7.2 -Hz, 

2H), J. 7 (s,J 2H), 1. 2 ( t, J = 7. 2 Hz, 3H); ms, 
Q 

+ m/z (rel. intensity), 222 (M , 2.5), 177 (14.6), 
• 
119 (26.4), 118 (84.8), 91 (100).' 

, .' 
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ethyl a-2-methy1pentanoy1oxyacetate (~): Yie1d 93%: la nmr 

(CDC1
3
), ê: 4.55 (s, 2H), 4.18 (q, J = 7.2 Hz, 2H), 

2.55 (m, IH), 1.25 (t, J = 7.2 Hz, 3H), 1.2' (dl- 3H)", 

" 
1.1 (m, 7H); ir (neat): 3020 '" ~840, '1750 cm -1; 

ms, ,m/z- (rel. intensity), 160 (M+-42, 40.6), 157 

(M+-45, 36.9), 99 (73.7), 71 (100) i 13C nmr (CDe13 ), 

, ô: 1 71. 61 , 16 7 • 52, 60 • 8.2, 69 . Il, 38 • 59, 35 • 46 , 19 • -a..1 , 

16.53, 13.67, 13.50. 

4,7-Dioxa-3,6-bis(trimethylsiloxy)~o~-2,5-diene (!1!) 

from ethyl a-propanoyloxy acetate (189) 

Under N2 atmosphere at OoC, to' a solution of diiso­

propy lamine ( 2 4 nuno l, 3 • 4 mL) in drY.'~HF ( 30 mL) was added 
/ 

n-BuLi (15 mL of 1. 6 M in hexane, 24 mmol). After 5 mins, , 

'. the mixture was cooled to -78 oC and ester 189 (10 nunol) was 

then added dropwise. After 10 mins, ·the reaction mixture 

was quenched with TMSCl (4 mL). The mixture was al10wed 

to warm tOi O°C ,and concentrated on the rotary evaporator. 

The residue was triturated with dry ~exane (200 mL) with 

cooling to precipitate salts and filtered. The filtrate 

was concentrated to give product as a pale yellowish oil 
, . 

in 55%. Bp = 75 '" 78°C/O.l mm; IH nmr (CDC13), 0 (single 

• isamer about C 4-5 and a ca. 3:1 (E/Z) mixture isomers 

about C 1-2) 5.67~ and 5.33E (lH, each s, -OCH=), 4.23 

.' 
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o 
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1.65 

',~ 
1 

\ -
.' 

1 • 

~(m,·-1H, .CH3Ca=), 3.76 (m, ~H! OCH291~), 1.56 (m, Q!3CH=, 3H), 
, " . , 1 

~.3 (m, -OCH2 CH3 , 3H>~ 0.18'(5, O~~; ir (neat): 1685 cm- ~ 

(olefin) " -845 cm- l (O;MS):- ms, m/z {rel. intensity), 304 

(M+, 24.8). 187 (39.2) .. 
o 

The cyclisation of 179 with·1 in the presence of 

2 equïv. of TiC14 was not successful. 
) . 

" . .' 

o . Ethyl 2,3-bis(trimethylsiloxy)-2-alkenoates (196-199) 

Under N2 atmosphere at o.°C, ,to a solution of 

diisopropylamine (6.8 mL, 4S nunol) in dry ~F (1,20 mL) 'was, 

adaed n-BuLi (30 mL of 1.6 M in hexane, 48 mmol) and fol-' 

lowed by the acy10xyester (?O mmo1) in TgF (20 mL). After 

30 mins, the reaction mixture' was cooled to -78°C and 

quenched with TMSCl (8 mL). The mixture was allowed to 
", 

warm to room temperature and evaporated in vaau.o'. The residue 
o 

was diluteàwith cold dry hexane (200 mL) ta precipitate 

salts, filtered and concentrated in vaaao to give a product. 

, " 

ethy1 2,3-bis(trimethylsiloxy)-2~pentenoate (~): Yie1d 87%; 

82 ~ 84°C/o.i mm; ~H 'nmr (CDC1
3

)., cS: 4.22' (q, J ::: 

7.2 Hz, 2H)J 2.63' (g, J = 7.6 Hz, 2H), l,dl (t, 

J = 7.2 Hz, 3H), 1.1 (t, J = 7.6 Hz, 3H), 0.23 

; (s, 9H), 0.17 (s, 9H); ir (neat): 1710, 1620, ~85, 

-1 + 850 cm ; ms, m/z (rel. intensity) , 304 (M , 27.2), 

+ 289 (M -CH3 , 63.7), 259 (15.0), 24S (51.4), 231 (28.S) •. 
/ 

.: 
, 
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ethyl 

166 

is (trimethylsi1oxy) -2-octenoate (197L: Yield 65%: _0 

~05 ° 'ù 108°C;0. 25 mm; 1H nmr: (CDC1
3
), ô: 4.16 (q, 2H), 

2 • 57 ( t , 2H), 1. 1 (m, 11H), 0 • 22 (s, 9 H), O. 16 ( s , 

-1 9H); ir (neat): 1710, 1620, 840 cm ; ms, m;z 

(rel. intensity) , 346 (M+, 0.6)" 331 (M+~CH3' 3.2). 

ethyl 2,3-bis(trimethylsi1oxy)-3-cyc1ohexyl-2-propenoate (~): 
r 

Yield 50%; 118°'ù121oC/0.2 mln~ IH" nrnr (CDC1
3
), ô

T

: 

4.22 (q, 2H), 1.46 (m, 11H), 1.33 (t, 3H), 0.26 

li (s, 9H), 0.18 (s, 9H); ir (neat); 1710, 1605, _' 

.850-cm-1 ; ms, m/z (rel. intensity) , 358 (M+', 1.9), :: ~ ... 

+ 343 (M -CH 3 ' 8 • 2) • 

ethyl 2,3-bis(trimethy1si1oxy}-5-methyl-2-heptenoate (199): 
, 

Yield 62<%; 83'ù 86°C;0.05 mm; I H nrnr (eDe1
3
), ô: 

4.2 (q, 2H), 1.95 (m, il!), 1. 33 (t, 3H'), 1. 2 (m, 

7H), 1.03 (d, 3H), 0.28 (s, 9H), 0.2 (s, 9H) i 

ir (neat): 1710, 1605, 840 cm-li ms, m/z (rel. 

+ ~+ 
int~nsity), 346 (M , 44.9),331 (M -CH

3
, 58.8). 

-2-Hydroxy-l,3-dioxo ester derivatives (200-203) 
q 4 E2S 

The reaction procedure was the sarne as in the 

case of compounds (196-199) except that the reaction 
l -1'--

mixture was quenched wi th 0.1 N hy~roch1oric acid instead 

of TMSCI and di1uted with ether instead of hexane. The 
- . 

product was purified by ~lash column chromatography using 

ethyla1etate-hexane as eluent. 
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.. 

ethyl ,3-oxo-2-hydroxypentanoate C~): Yield 57% i la nmr 

(CDC1
3
), ô: 4'.7 (s, lH), 4.2 (q, 2H), 3.87 (b, lH), 

3.63 (q, 2H), 1.3 (t, J= 7.2Hz, 3H), 1.1 (t, 

J = 7. 6 ~.z, 3H) i ir (CHC1
3
): 3620 'V 3250, 306'0 'V 

2860,1735 cm-li ms, ~/z (r~1. intensity), 160 

(M+, 3.9), 104 (2'2.6). The same compound w~s 

obtained by acidic hydrolysis of 196 as fo1lows: 

To a solution of 196 (0.5 mmo1) in THF (2 mL) was 

added 2 drops of dilute hydrochloric acid.' 

Stirring was continued overnight at room 

temperature. The reaction mixture was concentrated 

and then extracted with ether. The ether solution 

~as concentrated to give 200. It was purified by 

fIashQcolumn chromatography. 

ethyl 3-oxo-2-hydroxyoctanoate (~): Yield 52%; IH nrnr 

(CDC1
3
), ô: 4.76 (s, IH), 4.3 (q, J = 7.2 Hz, 2H), 

4.1 (h, 1H), 3.67 (t, 2H), 1.4 (m, 6H), 1.33 (t, 

J = 7.2 Hz, 3H), 0.92 (t, 3H); ir (neat): 3600 'V 

3250, 3020 'V 2820, 1750, 1725 cm-l. When D
2

0 was 

added to the nmr tube, the broad peak ~t 4.1 pp~ 

disappeared. 

ethyl 3-0xO-2-hydroxy-3-cYclohexylproganoate (202): Yield 65%; 

'1 mp = 127 rv 130°Ci H n.mr (CDC1
3
), ô: 4~. 8 (s, lH), 

4.25 (q, J = 7.2 Hz, 2H), 4.2 (b, lH), 2.8 (m, lH), 

1.4 (m, .lOH), 1.27 (t, J = 7.2 Hz, 3H); ir (KBr): 
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3600 ~ 3260, 3020 ~ 2820, 1740, 1690 cm-1 : ~, m/z 

+ (rel. inte"nsity), 214 (M , 0.9), 111 (41.6), 104 

(19.4), ~3 (100). 

ethyl 3-oxo-2-hydroxy-4-methylheptanoate (~):- Yield 65%: 

IH nmr (CDC1
3

) (mixture of. two diastereomers)i ô: 
\ 

1 

4.89 and 4.85 (1H, each s), 4.32 (b', lH), 4.28 

(q, 2H), 3.0 (m, 1H), 1.32 (m, 4H), 1.29 (t,' 3H) 1 

1.12 and 1.06 (3H, each d), 0.89 (m, 3H) ; ir (neat) : 

3600 ~ 3300, 3020 ~ 2840, 1755, 1725 
-1 cm ; ms, m/z 

(rel. intensity) , 202 (M+, 0.4) , 104 (6.6) , 99 (51. 9-) • 

2-Acetoxy-l,3-diketo ester derivatives (204-207) and 

\ 2,3-diacetoxy-a,S-unsaturated estërs (208-209) 

(a) In order ta abtain compounds (204-207), the same 

reaction procedure as above was used except that the reaction 

-;;. mixture waE? treated with 1 equiv. each of acetic anhydride 

'~ and LDA. 

ethy1 3-oxo-2-acetoxypentanoate (lQi): Yieid 35%; 1H nmr 

(CDC 1 3 ), 15: 5.5 (s, 1H), 4. 26 (q, J = 7. 2 Hz, 2H), 

2 • 66 ( q , J = 7. 6 Hz, 2H), 2 • 2 ( s, fu), 1. 28 ( t , 

J = 7.2 iIz, 3H), 1.08 (tr, J = 7.6 Hz, 3H); ir (CHC1
3
): 

3020 'V 2850, 1755 , 1735 cm -1 i ms, m/z (rel. 

intensity), 202 (M+, 1.9), ~60 (35.7), 157 (18.6) " 

146 (43.4), 104 (83.9). 
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ethy1 3~oxo-2-acetoxyoctanoate (lQ.2): Y·ield 45%: la nmr 

(CDCI
3
), ô: 5.48 (s, IH), 4.27 (g, 2H), 2.65 (t,-2a)", 

2.22 (s, 3H), 1.36 (m, 6H), 1.\30 (t, 3H), 0.9 (t, 

3H); ir (neat): 3020 ~ 2840,1765,1755, 1735 cm- l 

ms, m/z (rel. intensity), 244 (M+, 0.5), 202 (5.8), 

199 (2.9),146'(21.3),104 (32.4). 

ethy13-oxo-2-acetoxy-3-cyclohexylpropanoate (206): Yie1d 67%; 

1 H i nmr ( CDC-l
3
), 6: 5 • ~ (s, IH), 4 • 2 6 ( q , 2H), 2. 2 

(s, 3H), 1.65 (m, IlH)" 1.3 (t, 3H); ir (neat): 

-1 3020 ~ 2840, 1755, 1730 cm ; ms, m/z (rel. 

+ intensity) , 256 (M , 0.9), 214 (4.1), 211 (15.3), 

168 (32.0), 146 (3.9), 104 (42.6). 

ethyl 3-oxo-2-acetoxy-4-methylheptanoate '(207): Yield 65%; 

IH nrnr (CDC1
3

), ô (mixture of two isomers): 5.64 

( s, IH), 4. 2 8 (q , 2H), 2. 9 8 (m , IH) 1 2 • 23 ( s, 3H) 1_ 

,1.7 (m, 2H), 1.31 (t, 3H), 1.28 (m, 2H), 1.15 and 

1.09 (3H, each dl, 0.9 (m, 3H); ir (neat): 3020 ~ , 
2840, 1755, 1735 cm-1 ; ms, m/z (rel. intensity) , 

+ . 
244 (M , 1.4), 202 (18.5), 146 (6.3), 104 (32.8), 

99 (61.4), 71 (100). 

(b) For compounds 208 and 209, 2.5 equiv. each of LDA 

and acetic anhydride were used. 

ethyl 2,3-dlacetoxy-3:cyclohexyl-2-propenoate (~): Yield 

, 59%-; lH nmr ceDel
3
), 0: 4.26 (q, 2H), 2.4 (s, 3~), 

.. 
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2.26 (s, 2H), 1.6 (m, llH), 1.25 (t, 3H); ir (neat): ' 

-1 1750, 1720, 1,630 cm ; ms, m/z (rel. intensity) , 

+ 298 (M , 2.5), 256 (13.5), 214 (55.4) • 

. ethy1 2,3-diacetoxy-4-methyl-2-heptenoate (209): Yield 62% 1 

. ' 

" lu nmr (CDC1
3
), ô: 4.25 (q, 2H), 2.41 (s, '3H) 1 

2 .. 3 (s, 3B), 1.3 (t, 3B), 1.05' (m, 11H); ms, m/z 

(rel. intensi ty), 286 (M+, 0 .. 3), 244 (4.9), 202 
. -1 

(42.4), ir (neat): 1760, 1725, 1635 cm . 

.... 

'" 

1 

1 
l 

\ 
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