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SYNTHETIC STUDIES WITH 2,5-DIMETHOXYTETRA=-
HYDROFURAN AND RELATED COMPOUNDS

)

ABSTRACT

RS
.
“4 .

.

.- -The reactions. oilz,5-dimethoxytgj:;a_hydrofura§, and
2,6~dimethoxytetrahydropyran with halotrimethylsilanes

have unexpectedly given 1,4-dihalo-i,4-djmethoxybutane

and 1, 5-dihalo-1l,5-dimethoxypentane, respectively. Some

features of this reaction were investigated 'and a mechanism

1

was proposed.
It was shown that 1,4-dichloro-1,4-dimethoxybutane

'was'a mild reag’ent' for the conversion of primary amine and
amide to the corresponding”N-alkyl and N-acyl pyrroles,
respectively. As part of these applications, (2-*(2-formyl—
pyrrol—l-yl)—4-méthylpg.ntamic\ acid,- a compound isolated'
from flue-cured tobacco, was synthesized.

The use of acylpyrroles as ac;:ive acylating agents
was investigated. The f:reparatii.on of a-substituted
derivatives from ethyl 2- (i-pyrrdly;;acetate was achieved

, by using lithium hexamethyldisilazide as base.

As part of a synthetic,’étudy directed toward

Nonactin-, the bicyclic enol form 152 and keto form 153 ‘

were obtained by the reaction
. /

siloxy) ~1,3-pentadiene with 2, 5~dimethoxytetrahydrofuran.

¥

of l-methoxy—-1,3-bis(trimethyl-
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' The configurations at C-4 were detérmined with the aid of , '1
L .
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200 MHiz “H nmr decoupled spectra.
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( - A new rearrangément of a-acyloxy esters into‘ Z‘I-hydroxy-

4=
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3-keto esters was observed.
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ETUDES S&NTHE‘;‘IQUES DU DIMETHOXY-Z 5 'TETRA~

K

HYDROFd\*?ANNE ET DES COMPOS@S APPARENTES

- :
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)
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RESUME - R
. Y \ -
Cette thase décrit én g;rémier lieu la réaction du 5 ;
‘ - . dim&thoxy-2, g trahydrofuranné et’ du dimSthoxy-2,6 tétra- ) ;
%-' .o - hydropyranne sur' divers halotrméthyls:.lanes pour fournir ‘
les dihalo-1,4 diméthoxy-1,4 butane et dihalo-1,5 dimé&thoxy--
l 5 penfane respectivem.ent. Quelgues points caractérz.sthues
a cette r&action ont donc &t& &tudiés et un mécanlsme est
P propogé.

£ ' . L'utilisation du dichlogpo-~l,4-~diméthoxy~1l,4 butane
/-, . . R o
pour -la transformation d'amines et d'amides primaires en

.

- composés h-—alkyl et N-acyl pyrroles cox,z/res:}:onda'nts est C .

ensuite démontrée. Cetté méthodologie est appliciuée ala ,

. ¢

. synthése de l'acide- (,fpnnylpyrrol- yyl=1) =2 méthyl-4 pen- -

o3 -

tanolque, un composé 1soylé des feulllges,,de tabac.

-4

De méme, quelques applications syhthé;;;;gﬁ:«es\a ces

noyaux pyi’ro'les ont &té& développés, soit l'emploi d'atyl-

*

pyrroles comme agents acylants ainsi que la préparation de
-dérivés a—substituds d'acides aminés a partir du (pyrrolyl-

" R 1)-2 acétate d'&thyle en utilisant le bis—(trimé,thylsilyl) -

amidure de lithium comme base. AU
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‘ . Ayant aussi comme autre projet une approche I la.’ ,
synthése de la nonactin, les composés bicycliques 152 et 153 ’
ont &té obtenus & partir de la réaction du mé&thoxy-1l, bis— ;
% ” :
(triméthylsilyloxy)-1, 3 pentadi&ne-1,3 sur le diméthoxy-2,5. :
tétrahydrofuranne. Les configurations en C-4 de ces composés »
ont &té détermin&s par une &tude rmn 1y 200 MHz des dpectres 'i
~ : S o
découplés. . . © L8
e Finalement, un nouveau ré&arrangement- d'a—-acyloxy
esters en hydroxy-2 B-cétoesters a &té "observé,. 7 : B '
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Ac

' Bn
Bu
Bz
DMSO
Et

Limgns'
mCPBA

' Me
MsOH
Pyr
Ra-Ni
TFA
T£OH

' Liet of Abbreviations

acetyl

benzox}

butyl

benzyl

dimethylsulfoxide gmeth;}lsulfoxide)

ethyl = -
lithium aluminum hydride
lithium diisopropylamide A

71ithium hexamethyldisilazide \

-~ "m=chloroperoxybenzoic acid ’

methyl
methaneau.}fonic acid
pyridine
Raney-nickel
trifluo;'oacetic ariad

trif;uoromethanesulfo;lic ‘acid

tetrahydrofuran” - ,

tetrahydropyra'n
tetramethylethylenediamine

standard in nmr)
toluenesulfonic acid

thin layer chromatography
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N INTRODUCTION

~,

A. Synthesis'and Chemistry of 2,5~Dimethoxytetrahydrofuran

A

~ -

Since Clauson-Kaas® and his coworkers first

prepared 2,5-dimethoxytetrahydrofuran (1) from furan\in 1950,

\
compound 1 was used as a valuable intermediate in the

synthesis of numerous types of heterocyclic compounds . o,

. . T s o2 I
~including those of the tropinone series™. They obtalne? 1

L e e e e s 4»4:3«‘:.\35‘.‘;__ &‘mi*‘uﬁ&fhm‘nmmq:‘»

.

- Me0" ™ g Me

2,5-dimethoxytetrahydrofuran (1)

~

bi the reaction of furan with bromine in methanol and then
%

followed by catalytic hydrogenationl'?.‘ The product of the -

3
. o

first step, 2,5-dimethoxy-2,5-dihydrofuran (2), was often .

D e O ot .|
o~ O ’ 0~ OMe " J
. _ -2- -

»
kS

. . contaminited by a small amount Sf halogen-containing
- * ‘

s . . N s
impurities which may cause the formation of hydrogen halide

Q '
L f R -
' o
"
»
B s FIEN -
¢ > . .
.
)
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and therefore greatly pfluence the Stablllty of. the acid-

sensitive dxmethoxydlhydrofuran. This dlsadvantage was

" overcome by Clauéon~Kaas"discovery of 'the electrolytic

4

alkdxylation method " in an alcoholic solution of ammonium

bromide. . This reaction gave halogen-free, stable product 2

which could be stored for several years without deterioration.

IS E -
On the other hand, furan undergoes addition

reaétions with radicals. When treated with dibenzoyl
perox1de., furan afforded 2,5- dlhydro-z 5-dibenzoyloxy
furan and further hydrogenatlon gave the 2,5-disubstituted

tetrahydrofuran 3.

“*

)

@ (PHO% W’O PhCQ‘ 8n0 OBn

~ Similarly, Jain et aZ.6 reported thet hﬁéfé-
genation of 2,5-dimethoxyfuran, obtained from agricultura1°
wastes, over Ra-Ni at room temperature gave directiy
2, 5-dimethoxytetrahydrofuran.

These 2,5-dialkoxytetrahydrofurans were usually
obtained as a mixture of cis- and trans-isomers. In 1969,
Kankaanpera et alfz\reported that the anomeric effect exists
not only in 6-member§@ heterocyclic compounds, but‘also‘iq

5-membered rings. However, in the case of 2,5-dimethoxy-
\\\ B

“tetrahydrofuran, the stabilities of the isomers are so much

»

-
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1‘ L‘\- alike€ that the equilibrium ratios in different solvents

" were between 40 and 60% and pure isomers could not be
[

isolated. : : {

Riddell8 has concluded that the anomeric effect

LY

is a resudlt of dipole-dipole interactions, which should be

r

-
weaker in polar solvents as a result of increagsed solvation

-

of the 1nd1v1dual dlpol7s Even though the equilibrium

i ST

composition in several éolvents in Kankaanpera's work was

not very different between two isomers, it indicated that {

the trans isomer of 2,5-dimethoxytetrahydrofuran was a
1 little more stable than the cis isomer in the non-polar
solvent benzene (the ratio of trans- to eis~ is about 63:37).

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

tip of the flap, one of the methoxy\ngups must be in a-

nearly axial position in order for t ether dipoles to be

nearly anti-parallel. On thé contrary, the methoxy dipole

&

in the nearly equatorial position is perpendicular to the

endocyclic oxygen dipolé andf%hus the dipolar effect is

~
’

negligible. . '
gLlg &

X B .
/M' R , P
B* .

O - N
|- X
Me

(wﬁ . transe-iscmer . . etg-isomer

- ‘ - *
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On the other hand, one might also explain this

- R
aspect in terms of the‘gauche77

effect. The gauche effect
&
is a tendency to adopt that structure which has the maximum

number of gauche interactions between, adjacent electron

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

(ol

SRy NG ERCRITE T K0 Ty W BT IRRR ‘*,'ﬂs:v.‘w%‘

electron attractive forces between the groups and unshared

W Ay

electron 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 cig-isomer, the methoxy group in
Ehe nearly equatorial position is eclipsed to one electron

pair of the ring oxygen and thus the cis—isomei might be °

B

Gy

less stable than the trans-isomer.

‘\\fﬂuth - { OMe
Z;;;,\\;\\ oclipsed
o2 | OMe =

¢ ‘ OM‘ o ..' e
i = LK) N
trans-isomer ’ eis~isomer .

-

A well recognized property8 of the ether linkage,

a in general, 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 2,5-dimethoxytetrahydrofuran, are more reactive

’
&
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i‘ than dialkyl ethers.. The cyclic acetals serve therefore

(Y

additionai purposes in organic synthesis.

»

B. The Synthetic Applications with 2,5-Dimethoxy THF

. 2,S—Dialkoxytetrahydrofurans are normally stable

A
under alkaline and neutral conditions. On acid hydrolysis ,

the ring is opened and 1,4-dicarbonyl compounds are formedz.

Although Fakstorp et al. could isolate succinic aldehyde (i)q)

- . from 2,5~diethoxytetrahydrofuran in 30% yieldls, the o
aqueous solutions containing the 1, 4-dicarbonyl compounds

were, in general, used directly for further reactions

(E ' without isolation. This 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, 2,5-dimethoxy THF (1) can be regarded as a stable

"depot compound" for the labile 1,4-dicarbonyl compound 4.

-d
té

- /’

In the same way, malealdehyde (5) could also be

obtained from the acid hydrolysis of 2,5-dimethoxy-2,5-
: (73 - dihydrofuran (3)16- ' '

i ¢
i ]
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It is.clear that dialdehydé compounds as well as

the precursoggcyclic acetals should have potential for the

synthesis of heterocyclic 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), repxesents a, convenient' synthesis of

pyridazineg(é). (1ii) The synthesis of tropinone (7) bf the

-«

RO TR SRS

. H* =\ NHNH; RN
M.OQWMO H0 H~0o °/~H \N /
2 5 8

method of Robinson10 and Sch&iphll involved the condensation

mams A

of succinic aldehyde(i)withacetonediéérboxilic acid and
methylamine hydrochloride to form the tropane skeleton.

As shown in Scheme 1, a series of tropinone-type alkaloids

— Ho R 20
M-OL;B‘OM. H=o o=H ” » 0

NH,Me-HCI

H +
H.0
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were synthesized
<

12j14 from a variety of 2,5-dialkoxytetra-

hydrofurans and acetonedicarboxylic acid/methylamine hydro-

‘chloride. ‘(iii) The conversion of primary amines toﬁgyiroles

has been achieved by their reaction with 2,5-dimethoxy-
15—17. The

tetrahydrofuran (1) under refluxing acetic acid

reaction is useful for the synthesis of a number of

N-substituted pyrroles.

-

o «
L N+ mwwo Smcoow Y
MeO™\ o~ OMe ] ‘ a N
. d ] R .
. 1. ; g

Simi{ar}y, furans2 with sui}able subst2tuents
}Q the Z—pééition might be transformed into other cyclic
systems by alkoxylation to &yclic acetals of 1,4-dicarbonyl
compounds, followed px inﬁfé@qlecular condensation, in 4
acid solution. Applications of this reaction had led to

the transformation of furahs into such substances as

pyridine derivativesls and benzenoid compouqulg, as shown "

>
i
“@ J
\

in™Scheme 2.’

Some of these compounds are quite|uséful. For /
iy |

example, it was well established that py;fdoxfne-s-thior ,
was effective in facilitating the removal of mercdéy' p /;
from the central nervoﬁs sf§$em and across the blood- . | ‘ i
brain barriefzo. The success21 of the polyaminocarboxylic )

B o

/ ,

9

S o3 cradieliion': B dindn U autatg -

T iy M S R D, sl
A 5




."35-_

oot

L,

* Ay
e L4 RPN Sqper 3 PRV R S g TS i e o R e
L
i
- .
. g{
" ,§
. 7 -
» F
1
R -
o *
——————

O INH ) H*
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OCH,
CH 0~ COCH,)CH,

Hy,
Ra-=Ni

.
f

- -

HY ' .
- ik oo
., |NHOH . 2

. o) N H3 )
. o o
v - .OH | OH .
1,8-Dihydroxy-6«
=Y methyl«2-pyridone OH

2 OH o
”’, Catechol‘9 '
D, OH, _ ' \

18 B P
2.3-Pyridjnediol " T
. A

v

Scheme 2:

r

Intramolecular condensations of cyclic acetals

“

derivatives
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acids (e.g. EDTA) suggests that analogous compounds which
were polythio-carboxylic acids might prove very interesting

in this respect as well.

¥,

Jones?2? rep;a}:ted that (butanediylidenetet‘réthio)--,'
tetraagetic ac)id (8) could be prepared by the reaction of
mercaptoacetic acid with 2, S—Qimg:hO);ytetraﬁydréfu;:an (1) in’
hydrochloric acid solution. Compound 8 is po—tentially a

good chelating agent. In the following year, they prepared

: HQCCH,S H,CO,H
+ HSCH,COOH ’ __l_‘i_(_:_l_’ >(C H2)2~< ‘
% ) A : N
Me HQCCH,S | Hzcx)?H
8 ,

+
*

1 - : _ NH/CH
| 9

v

L)

’butanediylidenetetrathiotetrakis(ethylamine)23 (9) as a new

>

potentially octadent:ate chelating agent. 5 \*\

- It is obvious from these investigations, that ®
2,S-dimefho:éytéti'ahydrofuran can be considered as a
precursor of succinic aldehyc’ie,‘ which is a gobd, dielectrophile,

and thus has great potential fer organic synthesis, -

. OMe - ey NHACH CHONH,
. + HSCH CHNH,: HCI —'—-A——I (CHz)z - ‘
— ’ 2)15 (CH‘)zNHz "

. ﬁﬁr}ﬁ;‘”}"‘ G

n ¥
4 sttt en v A .
e B e A S o el bis bl By Py
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«¢ - ‘ ' CHAPTER II

-

ATTEMPTED SYNTHESIS OF CANTHARIDIN

»

- - B 4 -’
1 . . . A. Previous Syntheses of Cantharidin in the Literature

-

Cantharidin (10), the potent vesicant pgyinciple

>

. found in various” species of cantharides beetles, was first
” 24

: C ‘ obtained in c¢rystalline form by Robigquet

in 1810.

~ iR ~ - - \

é;.\,pt
L3
4

et cantharidin (10)

~
L4

-

f Notwithstanding its notoriety as the putative aphrodisiac .

in "Spanish fly", cantharidin has found commercial appli-

25

. cation in the removal of benign'epitheliai'growfhs (wérts ).

] ..
‘. ‘Cantharidin is optically ‘inactive and non—resplvablezs. Its
L. . 1,

{

anhydride ring is therefore c¢is fused and is cis to the

hY

oxi@e,bridge. " ' : -~
AR ‘ Co0 A number of attempts to synthesize cantharidin
' - s \ . -

%

. hgve,been reported in the liYerature since theé early

: experiments of von-Bruchhausen and Bergch27 and of Diels

‘ anmd Alder28 who sought to build up the, molecule via a

(u) R 3 '
. . v . < . . .

R O L T I

an b
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diene synthesis between dimethylmaleic anhydride-and.furan. -.

:.ﬂ"*

This straightforward approach, which could well have:led to ;
the correct stereochemistfyzg, .was not successful.” During
30 32 of Dlels-Alder: ' .

) the following 20 years, a varlety
reactions for the,canthariain synthesis whs'atteméted but - -
’ stereospec1f1c synthesms of cantharldln was Stlll ‘ ' '

o unsuccessful. As a matfer.of fact, these attempts would CE

not be in accord with the Alder ru1e33, name;y "maX1mpm { : f

R i At 8 At By i

accumulation of double bonds". - Fog instance, in the : c

reaction of maleic anhydride with a cYClic.diepe, such_as ' .
cyclopendadiene, two modes of adaitiod are theoreticaliy o

possible, leading to the formatlon of an endo“ product (A) e .

or an "exo" product (B) respectlvely. Actually, the product ) 4

4 »
(A) was produced selectlve1y33. E o T ' *

.Q'

| O‘ » exo-addition

- .
.
M « i 2
9 L " -
- i
. B - £
: . 2
- -
4 ' “ s 3
@ - - & ‘
" l - T, )
A ’ .
. . . - s Vv,
- . .
L3 .
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T In order to avoia this difficulty, Stork and his
c‘oworléers34 reported a total syntﬁesié of qpntharidinr(ég)
from the hutadiene adduct (12) of &fmethyl 3,%—ep6xy-3,4,5,6-
tetrahygrdéhthalate (11) as shown in Scheme 3."The Diels~ _
Alder reacfion‘olel with butadiene gave exo-adduct 12
predominantly because the epoxide bridge in 11 offers less:
hindrance to the approach of the butadiene molecule than

7 .

does the ethylene bridge.- Compound 12 was transformed to

0

’ Scheme 3: Cantharidin synthesis byAStork§é .
CO:Me .
/O I i A
-+
~ "W e
COMe’

i LAH
T MsCl
iii HSE

n Ra Ni
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cantbaridin (10) by a series of reactions with defined

stereochemistry.
a3

Recently, Dauben et aZ.35 suggested that the .

failureﬂof DieiévAIdef reaction between furan and dimethyl-

'maleic anhydride, investi&éféd as early as the 1920's, was
The electron-

a result of both electronic and steric/factors.
donating methyl.groups of dimethylmaleic anhydride decrease
its. dienophilicity and extra crowding in the transition -
state given by these same méthyl gréups should fufthér
reduce its reactivity. Furthermore, furan }s a poor

Diels~-Alder diene because of its aromaticity36, and the
- e

" cycloadduct is rather sensitive thermally toward revefsal

. - .
to starting materials due to the strain of the bicyclic

system37, so high temperature cannot be used. It has
already been shown that high pressures in the range of
10-20 Kbars>> greatf? facilitate Diels-=Alder reaction

of furan. Although dimethylmaleic anhydride did not add
38, Dauben et a1139,found that

L]

to furan even at 40 Kbar
reactioh'pf 2,5~-dihydrothiophene-3,4-dicarboxylic anhydride
(13) with furan at room temperature for 6 hrs under 15 Kbar

~pressure effected quantitative conversion to the cycla}

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

+

major isomer 14 was yydrogenated over Pd-C to give 16

in quantitative yield and further desulfurization over -

. N '
' a

Ra-Ni gave 10. = I,

TR e A S o i R o T e R B ety Py TR
2
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The presence of the sulfur-containing methylene

-

bridge in place of the dimethyl substituents on the maleic

M’!‘v

anhydride pucieus was anticipated to reduce the electron-
don%ting-chﬁ%acter of these two alkyl substituents, and it
was anticipated that the sulfur—conﬁaining ring would reduce
the steric demands of the’disubstiéuted malei¢ anhydride.

d s In this chapter, we are interested in the

ppssiﬁiiity of assembling the cantharidin structure in one
step by arnon-Diels-Alderlapproach. We will consider the
reaction of enol 8ilyl ethers of 2,3-dimethylsuccinic

anhydride with 2,5-dimethoxytetrahydrofuran in the presence

of a Lewis acid. ’ )
- A4
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B. Chemistry of Enol Silyl Ethers of Acid Anhydride

40a

Since 1958" "7, enol silyl ethers 17 have been

. known, when the first report of their syntbesis appeared

k40b'

in the Russian literature. Following the work of Stor

R! OSIR, , OTMS
> < R
v . O
) _ Rn Rm R S
/ OTMS
17 ; 18

t
in 1968, the chemistry of enol silyl ethers has shown them
to be very versatile toolsz‘“"43 for organic synthesis.
Among other things, a Seriescof 2,5-bis(trimethylsiloxy)™-

furans (18) have been prepared in our laboratory, and they:

44

were found to be useful intermediates for the—synéhesig

. of lignans, butenolides, hydroguinones and p-quinones.

In addition, it was also found in our laboiatqry45

»n

that ;,3-bis(trimethylsiloxy)-l-methoxybuta—l,B—diene (19)

één serve as the equivalent of the dianion of methyl aceto-

3 \
acetate (20). ’
OTMS OTMS 0 0
/\/\OM& _/\‘/‘\OM’
L 19 | 20

RSN S

.
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@ The énol silyl ether 18 with the furan ring
skeleton ‘could thus be regarded as the cyelic analogue of
19. In fdct, 2,5-bis(trimethylsiloxy)furan (21) reacted

¥ with acetone, with activation by titanium tetrachloride, to

give bis-lactone 22 directly in 72% yield46. It was
suggested that the initial reaction product\was 3,4~-di-

substituted succinic-anhydride 23 which then underwent

lactonization under® the reaction conditions to give 22.

! ' TMS ' Ti
! .
/ .
! o + 2 :ﬁ:: 210 , 0| —
—_—
TMS Ti ) o)
L 21 ' 23 ' 22.

- . . ¢

"

©

an alternative approach to cantharidin (;3)‘ could start
from the enol silyl ether of 3,4~dimethylsuccinic anhydride
- 24 as nucleophile and 2,5-dimethoxytetrahydrofuran as electro-

phile in the presence of titanium tetrachloride.

) . c
‘ Hay ™S -
~- /
, + O mmmmm—w
- \
H, N TMS .
_ §4 10

PR T
P

Based on this observation, it seems to us that .

e e ot

[
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C. Attempted Synthesis of Cantharidin (10) from

§

2,S-Dimetﬁongetrihydrofuran and Enol Silyl Ether 24

B As depicted in the above, two molecules of the
carbonyl compound reacted at the 3- and 4-positions of 21,
resulting inh the bis-lactone 22. Since it is also known
that acetals (e.g. RlRéC(OMe)z) react with enol silylﬁethers

under activation by titpnium tetrachloride47, a facile

route45 to the oxabicyclic compounds (25, 26) was developed
by the reaction of the enol silyl ether 19 with cyclic
acetals such as 1 or 27 (more detailed discussions will be

given in' Chapter 6).

-]
: ' OMe
oOTMS Me
P\
7 T™S
.19—1,
Me
21

From the above two considerations, it was decided

to attempt a one-step synthesis of cantharidin using

s T b siaduiils o 5 e Tt i BESRE  aR s vt
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3;4—dimet§y1,—2,5~bis(trimethyisiloxy)furan (24) and 2,5-
dimethoxytetrahydrofuran (1) in the presence of titanium
tetrachloride.
obtained from the dehydratimx48 of 3,4-dimethylsuccinic
acid, .was simply t:remged44 with triethyl amine, zinc
chloride and trinethylchlorosilane in dry acetonitrile to
give the corresponding enol silyl ether 24 (ler (CDC13) §:
1.8 (s, 6H), 0.26 (s, 18H, SiMe3)) tog"ether with about 20%

of 29 (lmmr (cpCl;) 6: 1.65 (s, 6H), 0.2 (s, 18H, SiMe,))

‘ag impurity according to nmr. ) ‘

e,

ZnClL,/ Et,N
TMSCI ~
28 29
;'5' -—
14

The reaction of _2_’_5_ with 2,5-dimethoxy THF (1) has
“not, unfortunately, given us any satisfactory results. As
a matter of fact, enol silyl ether 24 is so unstable that it

was converted into compound 30 (1Hmr (CDC13) §: 2.1 ppm_ _

AW YN AT S TR TR g £

3,4-Dimethylsuccinic anhydride (28), 4

(s, CH,); ms, m/z (intensity), 126 ", 80.9), 82 (M+—C02, 100) ;

mp, 91 v 93° (1it.4? 930 v 96°)) within one hour in cDC1,

via air oxidation“. - o

e
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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 32.

"" . F Y TiCl, 2
p T™MSO
Me ™S =~ - — o
o e
1 31 ‘ - 32

Product 32 has three asymmetric centers and thus
four possible diastereoisomers (a=-d) , each existing as a

- pair of enantiomers as depicted. Actually, four diastereomers
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1o

appeared on TLC and they were separat&d by flash column

c:ln'omatography50 on silica gel. Although their stereor

chemistries were not assigned, the structure of 32 was

confirmed by spectral data; )‘max = 217 ~ 220 nm {(95% EtOH)

for o,R—unsaturated y-lactone, Voax © 1775 ~ 1755 cm"'1 for

carbonyl stretching and v__ = 1648 ~ 1659 em ! for olefinic
stretching of o,B-unsaturated Y-lactone. _bimr data showed
unreacted anomeric proton peaks of the tetrahydrofuran

moiety at 4.9 v 5.1 ppm, whereas proton peaks in substituted

positions showed upfield shifts to 4.0 v 4.2 ppm. Vinylic

*

P v
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. protons appeared- at 5.77 ppm, methoxy peaks at 3.16+ 3.3 ppm,
/" winylic methyl peaks at 2.04 ~ 2.17 ppm, methylene peaks |,
at 1.95 v 2.05 ppm, and TMS peaks at 0.11 v 0.13 ppn,

4

. [

respectively.
This result seems to suggest t13at the methyl group
of 31 is sufficiently electron~donating to completely control

the regioselectivity of the reaction, since none of the

alternative 5-substituted product is producedSJ‘. Such -

52

- regioselection was previously observed in the reaction of

- 31 with benzaldehyde to give Y-hydroxybutenolide 33.

A possible approach to overcome the problem of
‘'regioselection is to use a more reactive electrophile
R I . ‘than 2,5-dimethoxy THF. Some possible candidates are
53=~54 that

2

the 2,5-dihalo THF 34. It has been reported

2

' photochemical reaction of tetrahydrofuran with chlorine

O in carbontetrachloride gave compound 34 together with

DR -V 3 R

- O
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2=chloro—- and 2,3-dichlorotetrahydrofuran. The reaction
- was however very sensitive\??o“temperature and pure 34
could not be obtained. Therefore, we attempted to
1

synthesize compound 3_1 by the reaction of 2,5Ldimethoxy-

e s I ~ "

Eetrahydrofuran with protonic acids (HX) in chloroform

.. but the ::'?eaction was not succesgsful. An alternative

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

! .

i using halotrimethirlsilanes . ) :
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z CHAPTER III
REACTION OF 2,5-DIMETHOXYTETRAHYDROFURAN AND
RELATED COMPOUNDS WITH HALOSILANES

A. Historical Background; halosilanes in the cleavage of

AY

ethers and related compounds

Since cleavage of ethers with iodotrimethylsilane

was reported by Jung et al.>> in 1977 and Olah et al.

in 1976, numerous synthetic trapsformatiohs have

56

been carried out‘using iodottrimethylsilane. Many alkyl

ethers have found extensive use in organic chemistry

3
(” protecting groups for alcohol§57.

as

A

Foremost among these are

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

removed und@g relatively mild conditions, namely non-agueous

acid, mild aqueous acid and hydrogenatlon, respectxvely

1) \

58

T ' However, cleavages of methyl ethers are more difficult,

usually requiring rather\wvigorous ?c;d:.c cond:.tlons. Althcugh(

the method of dealkylation of ethers using io@dtrigethyl-

silane appears to be straightforward, the handling and

the storage of TMSI pose considérable'difficultf due

to

i'its‘hydroly'cic:' suscepfibility and instability. -In view

of this, several alternative in situ iodétrimethylsilade

L}

reagents or their equivalents have recently been reported.

These include allyltrimethylsilane/iodine59

silane/iodineso, trlchloromethylSLlane/sodlum iodide

’ chlorotrlmethyl-

61, etcg.
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i : In contrast with that, it is known that cyclic %
" ethers such as Qxiranessz, oxetanes63 and tetrahydrbfurans64 %
react with bromotrimethylsilarie, while non-cyclic ethers are g
) not cleaved. We fog.md65 that propylene oxide (35) reacted g
-t even with chlorotrimethylsilane to give ring opened chloro g

~ compounds 36 (4:1 mixture). Similarly, oxetaneﬁ§21) reacte %
\ bith'TMsc; to give the chloro compound 38 in good yield. §

( ’ g
kd - Jg

i

|

§

H

\ E LY ~ \ f
0, - \ - CHCl3 ' /k/
: _/_ 5 + TMSCl ——tiem OTMS + ‘ ;

- * Y /
' o, 38 L 36a 1': 4 36b
F ( '
- ‘ . he . \
A . . . ) - *
[N+ TMser. R oT™MS
. 0 . St , NN :
‘ 7 N o " 38

- A . N ,
. ﬁb B

on the other hand, the Feaction of tetrahydrofuran or tetra-

.ﬁydrOpyran even with excess TMSCl for several days was not

. su¢cessful. Whereas the reaction of tetrahydrofuran with
\ i § .
1

TMSBt gave'ring—opening prgduct, that 'of tefrahydropyran with

' TMSBr did not take place. | .
Recently, E.C. Friedrich et aZ.GGQ.haVe reported
I 4 J A M

(:} . interhalogen-catalyzed cleavage§ of tetrahydropyran and
\ 1l

I

~ ,‘
C i \
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of trlmethyls:.loxytha.oacetal 41 with TMSI. In the area

\
. , 3
o

26 . 4 , N

| %?
- - n , l’: . é

even acyclic ethers by using TMSBr and IBr (catalyst) in the

" ) L4 -
absence of solvent in good yi_e.’l.d". This fact was antic'ipated g
: ) . .o "

~

O —TMSBr . Br(CHp)sOTMS —ot—

38 © 40. o

Br(CHzhBr + TMSOTMS.

i LN " »
from literature ;'Lnformation67 which was available ' ¢oT

? - f «
concerning trihalide formation constants in an equilibrium
/

process. T . R

63,68,69

In addition to these reports , we have

v v

done further investigation concerning the effects ?f ring .
size and halides on this reaction. Discussion will be . ~
given in the next section of this chapter.

~«

£y
i

LN ) ‘

B. Unexpected site Selectivity in the Reagtion of \*} ~

Z,S-i)imetﬁoxy'THF and 2,6~Dimethoxy THP with TMSX::

Recently, it has beén found in our laboratory

=, -

that a—iodosulfides70r (42) can be preparqd by the reaction

of carbohydrates, J.t was reported that bramotrunethyls:.lané
Q

is a m:.ld, stereoseledtive anomeric brominating agent.

.
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RCHSR'  « | . ¥ RCHSR' + TMSOTMS ‘
| 3 l o -
- OSiMe, MeSil —— oo '
41 C 42 4
s i ‘ ‘ ) C
e ) ' ‘
1 stereoselective bromlnatlom of anomerlc -

For example .
5
glycqayl acetate (A) was achieved with TMSBr under mild

condJ.tJ.on which showed inversion (B) of conf:.guratxon as

Me ) O 0Ac
) ’ . TMSBr 4-—-) WS
\ . CDCI;
§ RNH .

-

_In a number of furanosides and pyranosides,

- dgpz.cted.
e #
- e ) - . .

. = - Y

- v x .

A . e
"

- * v ¥

\ .

RNH .OR
a0 .' B

- a n e “ )
I i ’ ,

€ eaction: w:.th TMSBr led to J.IltI’Od‘L‘[Cthn of bromine at
tl‘i_'e anomeric f:arborg with the ring intact.
_ Lo In agreement with this, we observed’? that
2-methoxy THF (ﬁ_f or 2-methoxy THP (44) reacted with TMSBr
,towglimve the corresponding 2-bromo derivative 45 or 46.

- \ | ‘ E ‘

; S -

- v
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CHolpy- - A R & . ACH,).
- + TMSBr ——

Py
R TR

>3
e
; o~ o
43 n=0 45 .
a4 L

In the reaction with TMSC1l, 2-methoxy THF gave the cor-

responding 2-chloro compound in 25% yield, while 2-methoxy

-

'THP gave no product.

In -view of these results, we were therefore

-

"y

was reacted with TMSBr, the product of reaction was not

quite surprised to find that when 2,5-dimethoxy THF

2,5-dibromo THF (§_§_) but 1,4-dibromo-l,4-dimethoxybutane' 4

o

(47). -The reaction of 1 with TMSI gave similarly °

. . . ¢
' Meo Qom.+ CTMSX o
‘ , o © MeO”X X"OMe
- . X = Br 47
a 49

A

. . .
I - “ N »

’ '1,4—-di:iodo—l,4-d:i.me£hoxybx_1tane (48). 'The structure of 47

or 48 was guite evident from its spectroscopic data . 1

-

N - - -
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+

(Table 1) and also from its. chemical transformatlon to

1,1,4, 4—tetramethoxybutane (50a) on reaction with methanol.

| o,[(cml Mook | ‘c'f”“]h
© MeO™X X”“OMe - - YoM,

n=0 - 30a
=1 sub

This unexpected result led us to examine this reaction in
~ * )
greater detail.

@

' Purthermore, when 2,6-diméthoxy THP (52) was
reacted with TMSX, 1,5-dihalo-1,5-dimethoxypentane (53-55)
(Table 1) was obtained likewise, again with no evidence.

for the formation of 2,6-dihalo THP (51).

L s , X‘=:Br ’ 5 |
152 _ | |
- ‘.. . ‘ l . ) — . _ﬂgg—" o B
IR A 5
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Table 1: Yielps~and nmr data of 47-49 and 53-55
by ————————— . \ —— y— —— a———

|
t

1

ST T e

RTINS LTI IR TR UETTEIO T T cee . s

compound ' § yield 1y nmr data ‘(CDC13), ppm . 13¢ nmr data (CD¢13), ppm
49 X =2C1 86 5.50 (m, 2H), 3.45 (s, 6H), 99.27, 57.47 (OMe), 34.54
. 2.25 (m, 4H) :
“@ . 1' . T
47 X = Br quant. - 5,92 (m, 2H), 3.45 (s, 6H), 97.88, 59.38 (OMe), 36.81
v' 2.4 (m, 4H)
5\ E @
48 X =1 guant. 6.22 (m, 2H), 3.43 (s, 6H), = =—mece-
_— ©2.38 (m} 4H) —
22 X=20C1 84 -5.48 (t, 2H), 3.43 (s, 6H), 100.57, 57.63 (OMe) ,
: k.97 (m, 6H) 38.75, 20.46
22 X = Br quant.- 5.85 (t, 2H), 3.40 (s, 6H), 99.10, 59.39 (OMe),
+ . 2.10 (m, 4u), 1.70 (m, 2H) 39:97,\22.44
54 X =1 quant.. 6.10 (t, 2H), 3.25 (s, 6H), = —mem——-
, 2.10 (m, 4H), 1.80 (m, 2H)

s
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More iﬁterestingly, the conversion of 1 or 52 to
the corresponding di-halo compounds occurred»not only by
TMSBr or ?MSI, but also with TMSCl, but 5 times the normal

" amount was required (10 equiv. of TMSCl instead of the usual
2 equiv.). The structures of the dichloro products 49 and
55 were confirmed from their spectroscopic as well as
chemical evidence. This result is in contrast to the reaction

of TMSC1l with the monomethoxy compound 43 (see p. 28).

: }
f
07 OMe = £o>*c1

+  TMSCl ——f
44 - 64 '

Another interesting aspect of the reaction is .,
the stereochemical course of the transformation. In the

agsignment of stereochemistry for the compounds 1l and 52

from its lH and 13C nmr spectra, 1 was found to be an

equal mixture of the cis- and trans-isomers. Compound 52

wag however a mixture of 9:1 of trans- to eis-isomer. ' -
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74

Aso et al. have proposed that the methoxy protons of the
cig~isomer of 1 are expected to. resonate at a lower field
than those of the trans-isomer because the probability of
methoxy protons approaching the other methoxy oxygen is much
larger in the cig~configuration than in the trans-~
configuration. For compound 52 which was prepared by acid-
catalyzed methanolysgis of 2-methoxy-3,4-dihydro-2H-pyran,
the assignment of stereochemistry was based on the upfield
shift of 13c nmr and on the downf;;IEhéhift of 1
75

H nmr for the
trangs-igsomer of 2,6-dihydroxy-1,4-dioxane (Table 2).

- 'In the transformation of 1 to 47-49 and §g to-§§-_§,
the relativé stereochemistry of the t&o methoxy groups was
however lost, because either 47 or 53 is one single isomer

' 13

according to its C nmx spectrum (Table 1).

3

As inVéétigatéd above, several important 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’thé corresponding
terminal-~dihalo, dimethoxy alkanes. ‘

{2) The change in site selectivity is-somewhat
independent of the halosilane used. Thus, TMSCl

is also effective in transforming ] or 52-to

dichloro compound (49 or 55) as is TMSBr or TMSI. -

»,
This is in contrast to the monomethoxy situation

!

!
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} .
i{ S Table 2: Spectral data of anomeric protons and carbons of ..
75

52 and related 2,6~dihydroxy-l1,4-dioxane
- 1 13 :
stereochemistry* "H nmr, ppm C nmr, ppm

o

: OMe ' r
Gis-52 . 4.46 100.52-
| . 3 5.04. . 103.5 |
. ‘ m ' . ’ ‘i' . .
‘ ) ' ) i
. trans-52 . 4.76 \ . 98.09 S
L \ Ho A |
. , ", 5.30 101.7
.. o} '

*

. o , :
__The ratio of trans-52 to cig=-52 was about 9:1 by g nmr

k)
spectrum

where TMSCl did not react with'gi even after
longer heating and reacted sluggishly with gg‘
to give 2-chloro THF.

(3) The transformation of 1 to 49 cannot be effected
by the protonic acid (HX). The change in site

-

selectivity could not have been due to traces of

: 1 . - ‘HX, which might be present in TMSX.
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a

s

(4) Although 2,5~dimethoxy THF was an equal mixture
' of the c¢is- and trans-isomers and 2,6-dimethoxy
. THP was a 9:1 mixture of trans-52 to cis-52, the

relative stereochemistry of the two meéhoxy

groups was lost in these chemical transformations. “.

4

THe cleavage reactions of a variety of O-hetero=-

cyclic compounds with TMSX are summarized in Table 3.

-
¢

<

C. Mechanistic Rationale . )
‘ H

_# h

Even though the mechanism of acetal cleavage

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

has Sy2 type character in its critical step in the mono-

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

(1) The nature of halide has a

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

inversion of stereochemistry observed at the anomeric

carbon71 (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) focus%ng their interest on (i) regio=-
selectivity of the cleavage of epoxides, (i}) influence of
ring size on the reactivity, and (iii) reactivity of
sterically different ethers. It was observed that the

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

P e 5 N -
o LRl ! w.a&%ﬁ&?ﬁb&;ﬂmwﬂimﬁgts, wok
PR

°

&t v

]
3
i
!
!
!
g




.
B A I N T R £y U o TP e T AT WLty 07 BGATTg? et i SR g
’

- . . 35
4
L o ~ : 7
Me O~ 0Ac ve O, G’c\\0+ ve O
TMSBr ‘ ) rvs
ANH OR . RNH OR N RNH OR *
A B
&
F 3 - 14
Me .
Me +OTms X *
. TMSX AX . )
Q ety (o] ———— 0 ‘
-MeOTMS
. ) SNz-Type
&

N . . \
selectively primary bromide compound 56 and the reaction of
cyclohexene oxide (57) gave the trans product with two

y equatorial substituents 58 by a trans-opening.
Therefore, they suggested that the carbénium ion
3 (C) as intermediate is unlikely because of the anti-
Markownikow course of the reaction andistereoselecb!bvely
- .« Iy +
O " clean reaction of 57 to the trans-productl58.
- . /
> ’ .
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. " 1
+ . . '
. \® B Br'.\‘:é').o
- /1N
' 1 (C) . R
§07 + TMSBr —if . .

3 - | - 'z

| :;;E')\‘,Br a——f 1
8 OTMS 'Br
/|\ 1
56 : §
¢
i W
Br-Si.
' —
+ ‘TMSBr &7 — 2 ™S
r‘
51 ]
-0

LY

Ou¥ observations are in agreement with this. Y

The primary bromide 60 was obtained exclusively from the
reaction of 2-methyl THF (59) with TMSBr. Tetrahydro-

furfuryl acetate (61) also gav«a63 the primary bromide 62.

»
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TMSBr . o ’ .
LA CEY
TMS -
59, 50
{ 5 TMSBr B oA
’ r <
0~ “CH:0Ac "\\’,\1;;;;
61 62

Q

In the dimethoxy substituted systems, it seems that, -
from the facts outlined on p. 32-34, the reaction is more
likely to have SNl-type chéracter in one of its critical
steps,

A scheme which éccounts‘reasonably for the site

selectivity is proposed as follows (Scheme 4).

Scheme 4-
LAt
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Table 3: Cleavage products of O-heterocyclic compounds by ™SX ’
]
s\ibstrate . reaction condition product $ yield (1it:)
#
' mssr/cuc13. 0°C =+ r.t. . Br(CH,) ,0M™S 69 (63)
! :
f ! a N g
] msm/cuc13, 0°C — r.t. Cl/\/ oms/c1’\/o'ms 82 * : ]
- . R
- \ . (4:1) . _ :
_;& _ 'msar/cuc13. o°Cc % o Br/\/OTMS 61. (63) o J
- MSI/hex., =-10°C I ‘(\,oms/r\,o\ms .. (76)
‘e . . s o (7:3) - :
5 ) - : ‘ R ’ g i . ' %
' - 5 eq. TMSC1/CHCl,, r.t./2 days Cl(CH,) 0TS 92  *
TMSBr/CHCl,, 100°C/2 hrs . ' .Br(CH,),oms . 73 (63)
4 s , - - N R .:

¥
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Table 3:: (cont'd)

3

’

£

Substrate - ‘reaction condition b . product

! A +

\

~ -

! TMSCl/CHC13, r.t./3 days no reaction
TMSBr/CHCl,, r.t./3 days

Br(CH2)4OTMS
TMSBr, reflux/40 hrs ;

Py ’ )
[ 5 " . TMéBr/CHCl3. r.t./1 day : ~bBr(Cﬂz)3CH(CH3)OTMS
ro

~

Y

-

. : ) * R w
5 eq. TMSCl/CHCla. r.t./3 days 4;)*3
H, -
g 2 eq. TMSBr/CHC13. rft./4 hrs ZOS Br
."
{ ‘ o MeO_ . . ,OMe
10 eq. TMSCl/CHCl3, r.t./2 days cn(cuz)zcﬂ
- Cll el .
— . . MeO_ _OMe : . -
CH CH, . 2-2 ea. TSBr/CHGl;, 0°C/2 hrs JCH(CH,) 5CHT quant. * _
Br Br . 1
~ : o  MeO_ , _OMe : a
2.2 eq. TMSI/CHC13, 0°C/1 hr ,CH(CH2)2CH\ quant. * ‘
I I -~ ;

Lo doji R St ol S S i i .-,‘g N



Table 3: (cont'd)

substrate reaction condition - o prodnct % yield (1lit.)
' T ' ‘TMSCl/CHC13, r.t./3 days no reaction l - *
Lo [f?t] TMSBiiCHC13, r.t./3 days no reaction : .
B O IBr/™SBr reflux/2 hrs ) Br(CH,) gBr - 71 (&6)
) _‘~ . . .5 eq. TMSCl/CHCl3, r.t./3 days ° no reaction ) *
ot . Q‘OCH:; 2 eg. 'IMSBr/CHC13, r.t./4 hrs Q’Br ‘ ) 60 *
: o MeO_ ,OMe
- 10 eq. iMSCl/CHCl3, r.t./3 days -Cl‘/CH(CHZ)3CH\C1 ‘ \84 *
)
' L . MeO_ © _OMe
. 2.2 egq. msa:—/cnc13, 0°c/2 hrs CH(CH,) ,CH . quant. *
CH;,0"~\ o~ OCH, - Br’ SBr \
: " MeO_ , _OMe ©
2.2 eq. TMSI/CHC}.3. 0°Cc/1.5 hr 1CH(CH2)3CH'\ ‘quant. *
o ‘ I ) I

* . -
carried out in our -laboratory
@ the ratio estimated by nmr
one isomer was -shown in nmr ' , . ?

I o=s = - RSN - ot e et
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‘ An important aspect of this mechanism is the ° }

Ed ,

formation of the hexacoordinated silicon intermediate- -

r

o “'involving both the ring'oxygen and one of the methoxy
y i 78

‘% oxygens. The formation of pentacoordinated’° as well as

79a silicon tomplexes is well established.

hexacoordinated
It is based on the availability of the silicoh‘d—orbitals,'

thus expanding its octet to accommodate mbre than eight

electrons Qy using the 3d-orbitals. Some examples are = .
ah o= . 79b ’ . . 4 792 : K
the octahedral 51F6 ion ' °7 and the complex SLC14-2pyr4 '
as well as [Si(OMe)z(bipy)21C12%0.~ ' ‘ -
. L
In the monomethoxy system, cleavage of the S o
. - wSp
methoxy group requires an external nucleophile X in an ) "

SNZ process leading to overall inversion of configuration.

In the a,a'-dimethoxy system, the other methoxy oxygeh

serves as the "nucleophile" leading to cleavagd of the

ring system in an essentially SNI process. - Addigion\of ' /j
_the external nuclecphile X~ gives then the terminal -

halides. ’ ‘ T .

L XY
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CHAPTER IV #
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A
1, 4=-DICHLORO-1,4-DIMETHOXYBUTANE AS A MILD REAGENT FOR

THE CONVERSION OF PRIMARY AMINES TQ PYRROLES

B

~

o

A. General Considerations; synthetic methods leading to

-

Y

‘Pyzrole
[ The dlscovery that the pyrrole ring was an integral
81,82

part of haemin and of chlorophyll molecules not only

7

created intense interest in the chemistry of pyrrole and

its derivatiives, but also resylted in the majority of the

4

invéstigations conducted during the latter part of the

n

.(3; nineteenth centu?& and the early years of the twentieth

; : centuiy being dominated by this relationship of pyrrole

with naturaliy occurring compounds. Pyrrole §5 may be

83.

prepared 1n the laboratory by the classical method of

.

- heating the ammodium salt of mucic acid 66. On an industrial

~8cale, pyrrole is manufactured by the catalytic reaction84

of furan 67 with ammonia over.a molybdenunm or vanadium

oxide catalyst at 350° ~ 400°.
In addition to these reactions, one can classify the.’
- . preparative procedures for “the pyrrole‘QYnthesis arbitrarily .
according to the number of carbon atoms furnished to the B -
pyrrole ring by the original reactants. For example, a |

. variety of ssubstituted pyrroles can be prepared a°°°rdiné o -
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A}

-

-

COONH,
66 c 65 . 67

n

~. the 2C + 2C mode by the condensatfion of a-aminoketones with

AN
LT

N
carbonyl compounds having a highly reactive methylene group

adjacent to the carbonyl group. A good example is the

]

procedure developed by Knorr for the éynthesis of diester
. .
substituted pyrroles, which are frequently referred to as

85,86 87 of the 1 + 3 carbon

Knorr pyrroles 68. An example
mode is the condensation of ethyi’ glycinate with B-keto |,

esters 69 to produce ethyl 3-hydroxypyrrole-2-carboxylate 10.

i
<

3 : R,__ (R
.+ RC=0 +  CHA Mt A
R'CH NH, O=CR' : RN R
H
R'= K= COOEt '
| , . 68
. * R= R'zalkyl - e
;7“,' v

. T . . : 4
COONH, ' * .
oo A, ) A )
grom, - —=—= 2w &0
H i

..,‘j‘

\
N
{}#
A
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. : H OH
CH,CHCOOEt  CH,COOEt s I\
. U ' ——
CH,C=0 . NH : CH7\ ~~COOEt
H
69 7
’ 88

In particular,  the Paar-Knorr condensation® of y-diketornes,
. ] p N
a 4~carbon unit, with primary amines, provides a convenient

' synthesis of pyrroles 7l.
|

N

.' - ' ' . . 3 . .
TR " R°NH, A
RCOCH-CHCOR" N N ne

I3

As mentioned earlier, the vapour phase reaction

-of furan and its derivatives with amines has 'been extensively

studied' by Yurevsg. In this way, pyrrole, l-methylpyrrole

. 2
and l-arylpyrrole are commercially producedgo. The reaction

. N
probably involves an acid-catalyzed ring-opening of the
9

furan ring followed by amination and subsequent ring-

closure to the pyrrole 72. Similarly, the conversion of

°
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‘primary amines to pyrroles has been achieved by reaction
with 2,5-dimethoxytetrahyd£6furan under refluxing acetic
acidls-17 as mentioned in Chapter I. This reaction is

useful for the synthesis of a number of N-substituted

pyrroles,

AY

This latter reaction is obviously not applicable

to compounds which are acid or heat sensitive.

+
N

N

D ’ , ‘_/ﬁaco'onm_ {/ \E
+ H, A >
CHO0™\ o~ "OCH; g -

1

o1 S =

"—. °'B.’ Syntheses of Pyrroles

As mentioned in Chapter II,.1l,4-dichloro-l,4-di~
methoxybutane (49) was prepared by the reaction of 2,5-di-

methoxytetrahydrofuran (1) with TMSCl via ring opening.

R
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:
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Compound 49 can ‘be considered as a more reactive

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

should be capable of converting primary amines to pyrroles.
b ‘ . 3 .

It was found-that when benzylamine 73 reacted with 49 in

the presence of a tertiary base such as triethylamine or ‘
diisopropyléthylamine, l-benzylpyrrole 74 was indeed obtained
‘but in poor yield (5 ~ 30%). When sodium methoxide in

methanol was used as a neutralizing agent, the predominant

product was 1,1,4,4-tetramethoxybutane (75) with l-benzyl-

pyrrole in about 30% yield.

B . ’ _NaOMe '
. ci *
: . Me ‘

+ H2NCHzph —

cl ' 0%  30% |
Me E ' rQSin - i \ g
: CH,Cl, |- NCH,Ph :
49 ' .
- 95 . ‘
74 ]

.
ﬁweakly basic resin Amberlyst A-21.

4
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We were thus pleased to find that when the weakly

basic ion-exchange resin Amberlyst A-2173 was used for

neutralization, the reaction gave l-benzylpyrrole in néarly .

quahtitative yield. The reaction conditions wére very mild
and were applied to the con)version of a-aminocesters

(é.g. 76-78) to the corresponding p'y,i'role cémpounds

(e.g. 80-82). By using a more polar solvent, even amino

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

derivatives (e.g. 83).

7 CH-0
. r S~
R-NH, + °C esin_, R-N
Cl —
) CH,0
16 - R =CH,CO.Et 80
I CH(CH,Ph)CO,Et 81
8 CH(CH,)CO:Et 82
pi] CH,COOH 8

The utility of this reaction can be illustrated |

by the following example. Nudelman et aZ.92 prepared

7= (l-pyrrolyl)-cephalosporanic acid (84) in two steps by

.
‘|
¢
v
¥
@ .
-
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reacting t-butyl-7-aminocephalosporanate (85) with 86 in
refluxing acid, followed by hydrolysis in an overall yield o

of 7+ 8 %. We were however able to prepare 84 directly | §

/ N §

Gl P R

NH: [ ] OEt B \N .
/ \ 0 i AcOH 3
L CH,OAc ii TMSI -
(o) co,gut £t O)r—N /. HQOAC §
COOH :
{
] g6 i 84 |
, i
' !
' 3

from 7-aminocephalosporanic acid (87) and _4_9_ in 65% isolated
yield. Furthermore, using. our conditions, the much more
labile 6-(l-pyrrolyl) -penicillanic acid (88) was also
prepared directly from 6-aminopenicillanic acid (89) in 67%

isolated yield. The acids 84 and 88 showed very weak

antibacterial activit.ies with MIC of > 63 ug/mL against
‘ 92,93

streptococcus aureus and E.Coli

-

PR,
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C. Synthesis of 2-(2-Formylpyrrol-l-yl)-4-metByl

pentanoic Acid (90) from Tobacco >

Since prim‘ary amines \are easily converted to the
corresponding pyrroles by the reaction with 49 in the
" presence of resin, we have ai:piied the reaction to the
synthesis of the 2-formylpyrrole derivative 30, a compound
which has been found in flue—cured tobacco and may have

desirable flavour propérties. This compound was first

’

s e
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isolated by Lloyd et aZ.94. ‘The suggestion was made that J.t

might be formed in the tobacco leaf by the reaction of
94,95 3

{
Accordingly, a synthesis of 2~(2-formylpyrrol=-l-yl)-.

amino acid with sugar

4-nmethylpentanoic acid (90) from L~leucine methyl ester (93)

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

. e !
" realized this synthesis in the laboratory.

92
99 i T
- NH,-HCI
Scheme 5:. Synthesis of 90 from 93 ’ ]
o = = /d\cozm
‘ 93

In the first step, the pyrrole compound 32 was
obtained from leucine methyl ester hydrochloride (33) using

the procedure developed in 71% isolated yield.

The regioselective formylation at the 2-position

i

of the pyrroleé 92 in lieu of the 3-position turned out to

be a difficult problen,
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For the formylatién of pyrroles, several methods

are usually employed. They are:

.(l) Vilsmeier-Haack reaction which takes place in
dimethylformamide and phosphorus oxychloride96-97.

(2) Reimer-Tiemann conditions with ﬁaloform in the
presence of strong base, and

(3) ‘Friedel-Crafts fonuylation101

with dichloromethyl
methyl ether in the presénce of a Lewis acid

catalyst (e.g. AlClB). !

0f these, method (2), the Reimer-Tiemann conditions,
is known to give not only very poor yield of formylpyrrole

but also ring expansion pz:oc?iuctl02 94.

-

0Ny <. 73\ . 2
N OH™ N~ CHO ~
~ H H

N

IR 2

The most generally applicable method fc/>r’ the prepa-
ration o;f formylpyrroles is the Vilsmeier-Haack reaction,
in which the pyrrole is allowed to react with the electrophile,
generally formulated as 95 or 96, formed from the reaction

of dgi.mei:hylfonnamide with phosphorus oxychloride (Scheme 6).

A T S

BT,

1A S

Py
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, 0 > ci™
~n-8H + _B_ — | “=cH-0-B-Cl ——= N-CH-OPCI
7 C[’|\C| ’ -CH P s C, 2
c' . . ' o
% . 8

. ‘h , - ' -~ * \ - L R g
' 4 ;N:CH-CI @—n N=-CH=C} i

I - !

Scheme 6: vilameier-Haack_rf;ction with pyrrole

_
EX ]

¥
i
A%

Formylation of pyrrole and its l-alkyl and

l-aryl derivatives using the procedure outlined above
.l

(Scpeme 6) gives good yields of the»monoformilated pro_ductslo4

(Table 4).
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2_103

("J - The investigation of Jones et a 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
"

2-formyl isomer. -

/

.Table 4: Formylation of l-substituted’pyrroles by fhe

é Vilsmeier-Haack reactiou104 \ o
| .
i 1-substituent . ratio %E%%ggg% . 'yield (%)
B : T L ,
| Me . a ’ 89
| O | Et | : 11.5 . 85
‘ i-pr | 1.9 - 79 -
' t-Bu . « Y 0.07 _ 69 :
CH,Ph - 6.2 89
o Ph : 9.0 ' 93
P-MeOC H, 7.0 93 -
‘P-MeC.H, 11.0 92

3Exclusive formylation at 2—positiop

bcited from ref. 105
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Since the predominance of 3-isomers in théﬁielecﬁro-
philic substitution of sterically hindered N-substituted
pyi'roles is a general phenomenon, it was therefore expected
that the Vilsmeier-Haack reaction would not give us the

desired 2~-formyl pyrrole 91.

In 1960, Rieche et aZ.101 reported that dichloro‘—' ‘
methyl methyl ether can formylate aromatic rings with

Friedel-Crafts catalysts. Since pyrroles behave in the

'
i -

C S . CHO .
.o i AICk, - L gy i
+ ClL,CH-OCH, - Hzo“ + HCl + CH,0H

’ ’ A
g , y

o ;

same way as benzene in the Friedel-Crafts acylation, it would
be interesting to see how they ‘react under these conditions

(method (3)). Dichloromethyl methyl ether (97) could be

106

prepared by stirring methyl formate and phosphorus

pentachloride without solvent. Distillation gave a color-

less liquid, dichloromethyl methyl ether (37), b.p. 87-89°C,

Y nmr at 6 = 7.1 (s), 3.6 (s).

3




: | (o]
‘ c ,
' __MCO.CH, + PCl; ——= HC-OCH; + POCI, ,
s o e % he ¢ { o ) N « FN T
g - Cl : S
97"
\ .

¢

o'

-

Indeed, the reaction of pyrrole 80 with ether 97

in the presence of AlCL; gave a mixture of 2- and 3-formyl

_pyrrole, 398 and 99 in less i:hgn 30% yield. By using TiCl4

as the catalyst at room temperature, the formylpyrrole was °

obtained in 84'%‘yie1d with the ratio of 2= to 3-isomer at

o
aboyt 5:d.-

- o HO
AN+ cyem-ocH, T‘Ch /A S
. N ‘n

A S

)
CH,CO.Et

B

Et CH2CO,Et
5 ¢ 1 99

g 9%

N |

.

.However, when the formylation reaction of
éi(rrole 92 was carried out in the same way as above

(97/TicCl 4)_, the formylpyrroles were. indeed obtained but the

-predominant product was the 3-formyl isomer 100 (the ratio

of 2- to 3-isomer was about 1:5).

E
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HO.
0 ,. 0. o
+  CLCH-OMe —I'.c.;.'ﬁ..._. E ~N N
Me , r\LOzMe -
92 | . | '“", - 2_ 1 . 5

R*

101l were easily convert

Rééently, it has been reported that 2-acylbyrroles

R

q§l°7 (108 to 3-acylpyrroles 102. by

refluxing in the presence of acid (e.g. TFA, TsOH, MsOH or

109 110 llO

TfOH). Migration of sulfinyl , chloro ; bromo

sulfenyllll and sulfonyllll groups has also been demonstrated

in the same way. Carson et aZ.l°7 proposed that the
mechanism for this reaction is the 1,2-acyl shift of the

C-protonated species 103. ‘

/ . COR OR
CH3 '

C 3 3 dH:,
101 103 - 102

o
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Accordingly, the reaction for the 2-formy1ation of
92 was carried out at a lower temperature to prevent the
2 formyl group from migrating to the 3-position of pyrrole.
As expected,‘lt gave exclus1ve 2-formylation with, however{

-a considerable amount of unreacted 92. ‘Fortunately, we

. qEFe able to overcome this problem effectively by using

2

trimethyl orthoformate/titanium tetrachloride as a more

reactive formylating agent.

' 112 ) : .
H. Gross et al. , have developed the formylation

of phenol by using triethyl orthoformate/aluminum chloride
or dichloromethyl methyl ethe€f¥/titanium teﬁ;achloride. a

Indeéé, when pyrrole 92 was formylated with trimethyl

+orthoformate/titanium tetrachloride at -40°, the 2-isomer

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

. 3-isomer 100, which could be separated by column chromato--’

LS

graphy (the ratio of 31°to 100 was about 8:1)"
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The spectral data of 2-formyl 91 and 3-formyl 100
showed significant differences between the two isomers. The
1H nmr peak of the methine proton at C-l'.in sl appeéfs at
6.1 ppm (t) and that in 100 at 4.65 ppm (). The downfield
shift of the proton peak at C-l1' in 2-formyl isomer gi can be,
due to the anisotropic effectﬁo; the formyl group and is’
‘consistent with the structure (Figs. 1 and 2).;;5¥‘

_ Another imporéant difference is theggééé s;ectral
fragmentation of the two isomers. The relative abundance
at m/z = 194 (M:f -CHO) in the 3-formyl 100 was nearly
negligible in contrast with the 70% abundance for the same
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

a=-cleavages in the mass spectra of nitrogen containing

compounds.
= -+
0, 0,
N7 CHO - CHO- N
et .
/(Lco,Me ” COMe
-7 _
m/z =223 m/z=i94
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hydroxide.

e’

-~

giving 104 with optical rotation of [u]D =

(Fig. 4).

racemization at the chiral center had occurred.

3
A g Fiad e won ~ e, T e e
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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 actiwvity, indicating that

The problem

can be overcome by hydrolysis with 1 equivalent of sodium

Alternatively, cleavage of the methyl ester

moiety with trimethyliodosilanell3

\

¥ ot

NaOH

randl cho

or
T™MSI rcoou

) 10

-v—

proved equally satisfactory,
~16.4° (cnc13)
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A . D. The Preparation of a-Substituted Pyrrole Derivatives
from the Pyrroles of Amino Acid Esters

The amino group readily undergoes oxidation,
‘ fn

D i

alkylation, acylation and a variety of other reactions, so

~i

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

e

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. Carbaméltes]‘14 can be used as protective groups }
¥ ’
for amino acids to minimize racemization in peptide

i e W 3o

synthesis, while amides permit racemization during the base- .

cataiyzed coupling reaction of an N—protectedé carboxyl-
115

(3" activated amino acid. However, monoacylation of a primary
amine often affords, sufficient protection, 7.e., against
oxidation, alkylation, ete., and more complete protection

is obtained by forming cyclic diacyl derivatives.
) . ~

The other special derivativeslls used to ﬁrotect an

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

derivatives; imines from carbonyl compounds and enamines
from g-dicarbonyl compounds; 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 amino acids and nucleosides, they have been used
3 ’ f

more to protect isolated primary and secondary amines. ;
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The pyrroles of amino acid esters camw be de-
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 potentialrés a protecting g;oup for
nitrogen.

‘ When the glycine ethyl ester pyrrole (80) was
treated with lithium diisoéropylamide (LbA) 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:

LDA
PhCH,CI

‘v—-—
———g

-
Q—cn—:coﬁt + PhCHCI
~/ © 5

-
S N-zHcozEt

80 o (1)

- .
O—cn,coza + PhCHCI
. @

(m) |

—PhCHCL PhGH ~CH,Ph
. cl

105

* . L A )
‘ 2 PhCH,CI DAZTHF
- -78°— 0°

i e e e
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Assuming that the anion (I) was first generated at the

a—-position of 80, proton exchange with benzyl ch&oride could

i
give the benzylic anion (II). Alternatively, the anion (I)

was never formed, and LDA simply abstracted a proton

\

directly from benzyl chloride. Subseguently, reaction with

another benzyl chloride gave compound 105: lH nmr (CDC13)

§: 7.3 (m, 10H), 5.1 (t, 1H), 3.4 (4, 2H); ms, m/z (intensity),

218 (M¥ +2, 32.6), 216 (M', 64.3).

fhis latter possibility appears more likely’since
the same product 105 could be obtained from the reaction of
benzyl chloride itself by LDA in THF as depictgd.

When t-BuLi instead of LDA was used as the base
with 80, a-substitution was still not observed. Instead,
in the nmr spectrum of the product, a clear single peak was

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

-ethoxy peaks of the ester. It seems that the produ¢t has

the structure 106, derived from the conversion pf tbe ester

to the t-butyl ketone. . .
¥
- L " o
t‘BULI - ,
N-CH,CO,Et - et
Q ? THF ‘:/\N CHCBU ?
LI 106

~
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When lithium hexamethyldisilazide (LiHMDS) was

used as a more sterically hindered strong base, reaction

with 80, followed by addition of alkylbromide or iodide

compounds 107-109, gave the desired a-substituted pyrrole

derivatives (110-112). Compounds 110 and lll werxe

o

7 ~

LIHMDS/THF _ [~ -
—— Q'?CO’EL

/
O-cn,co,st + RX
— .

:780
;8_9 107 R=CH, X= | 110
\ 108  CH,Ph Br 11
: 109  CH,PhCHz0 Br 112 N\

identical to compounds 82 and 81 obtained previously (p. 47).

Furthermore, dialkylation is posgible.
>

imethylated compound 113.

Thus, 110 reacted
with LiHMDS/CHBI to give the

Compound 113 could also be obtained by the

—

reaction of 80 with 2 equivalents of CH,I in the presence

of 2 equivalents of LiHMDS.,

-

a
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&l 4 . CH - CH !
o @-én COEt .+ CHy L:HMDS/THP’ Q_ | P

. C*B ‘
mw i . om
) ' ’ ) 1 , ) - I
< ‘ @’CHzcozEf + 2, 2EAMODSZTHR )
, o - . -78 ‘
.. 80 :
| . . o . . a
117

. After completion of this work, a report

' appeared in the llteratux%, which employed the use of

f 2, S-dlmethylpyrrole as the protecting group for amines.
They lL@reported that N-pyrroles of a primary amine could

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

thus acting as a protecting group for the amine, which
could subsequéntly be regenerated by treatment with

- hydroxylamine hydrochloride. AtZ?pd example s depicted - -

i:e'lﬂow H

2

,.HO [:O AR

’C S NH,OH.HCI ﬁ \
</ :N Bt  EtOH/a NH7 N\ g/ Et




Since the idea of our work is essentially the

. same, we chose not to continue ‘with this aspect of our

.
. investigation. .
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i - - N~-ACYLPYRROLE SYNTHESIS AND ITS APPLICATION - L

: ‘ “ ‘ IN ORGANIC SYNTHESIS ‘

o .-
. ' . B
.
N * ‘
v
. ’ .
~ .
s .
°
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»

+ ~ A. N-Acylpyrroles from Primary Amides

Q

N-Acylpyrroles (1l14) were first obtained in 1904118 «

-
by the reaction of acid chlorides with the potassium salt of

pyrrole. Afterwards, several investigat;onb of N-acylpyrrole

2

'
{
3
f
%
|
i
i

+ K

| 4y . R@c.__.Q-
-y _N
‘ L - ‘ 114
é ' synthesis were reported. As described iﬁ3Chapter 4, in.a /_
: *\\ y  2C + 2C mode for the pyrrole synthesis, the o—amide ketone

(115) undergoes a base—catalyzed;self-condensationllg.to

give the corresponding N-acylpyrrole 116 together with \

'N-unsubstituted pyr¥ole 117. Similarly, the Paar-Knorr .

o

_ NHAC N”AC NHA“

a

(O SR g /0
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" ,coﬂdenqation of y-diketones, a 4-carbon unit with primary

‘amides, provides N-acylpyrroleslzo.

®  ‘Alternatively, it was reportedl?!”123

that -the . x
thermal rearrangement of oxazepines“pbﬁained from the i 3

photolysis of pyridine-N-oxides yields N-acylpyrroles. . §

ii (:éq ‘ They were however obtained in poor yielé together with

other isomers as depicted.
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Tk Nevertheless, N-acylpyrrole synthesis from "
primary amides and 1,4-dichloro-l,4-dimethoxybutane is not

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

72

dimethoxybutane 49, a compound obtained from 2,5-dimethoxy-
! )

tetrahydrofuran 1 and trimethylchlorosilane, reacts with

primary amides (118~121) to give N-acylpyrroles (122-125).

»

ci Ambertyst =\ %
‘ R-@-NH, * fyst N-&-R i
C A-21 = _ .
|
118 “R=Ph ‘ . 122
'11-9- . C"’zC"‘zCHg 1-_2-3- n/
120 CH, 124 B
21 CH,(CH,),,CH;, 125

This reaction is somewhat more difficult to
pefform in comparison with the reaction of 49 with primary
amines. The nucleophilicity.of the amide nitrogen is

o,
expected to be considerably reduced due to resonance effects.

Using the same procedure, the reaétion of amides with 43

%ave poor yielés (20 ~ 40%). In trying to overcome the ST e
. - - (

¥

-




problem by raising the reaction temperature to over 70°C, a-
black polymér.was obtained. it seems that cbnmmund 49
polymerized at moderately high temperature. We found that
by carrying out the reaction at the optimum temperature

124

between 45° v 65°C (Table 5), using weakly basic ion-

exchange resin Amberlyst A-21 for neutralization, a good

a

vield of acylpyrrole could be obtained.
! .

Table 5: Conversion of primary amides into N-acylpyrroles i
primary -amide pyrrole reaction % ieid (ref) §
¥ temperature Y .
i (}’ 118 122 60° v 65°C 85 , (127)
119 . 123 50° v~ 55°C 73 (118)
120 124 45° ~ 50°C - 55  (128) y
k © 131 125 " 48° v 53°C . 72, mp=62~64°C

©

Even though N-acylpyrrole can be considered as a

tertiary amide, the carbonyl stretching frequéncies observed

[ L o = e o S
i

for N—acyléyrroles (123-125) was at 1715 ~ 1725 cm°1 compare&

1

with the frequency of 1630 ~ 1670 cm normaliy observed for

i . tertiary“amideslzs. The higher carbonyl freqguency in acyl-
' .

pyrroles is attributed to the aromatic character of the '

(} ' - pyrrole ring and there is therefore less resonance inter-

b . ®

14
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action between nitrogen and the carbényl'groqpm The Qéme |

phenomenon is observed for N-acylimidazole and similar

compoundélZG.h ‘ N ‘ , - -

e Fiﬁally, the reaction of p-toluenesulfonamide (;gg)
with 49 under the same reaction conditions also gavé o

1-(p-toluenesulfonyl) pyrrole (127) in good yield.

' ' MeQ 1 :
o) Cl —
L ~ CH g'NH . l ——Eﬂg—.—. CH -GSO~ ™~
A r<<:::>-6 S T rt. \_7 AN

CLA 127 - <
. Sy, —

r o

. - B, The Reduction of Primary Amides via Acylpyrroles'

123 found that the reduction of

Nystrom and Brown
tertiary amides by lithium aluminum hydride under ordinary
conditions, Z.e., with an excess of the reducing agent

. . Pbresent, usually produces the corresponding tertiary .

!

130

amines with the same number of carbon atoms., This work
ller . On the other hand,

was extended by Uffer and Schlit
- the carbonyl group in amides is resistant to reduction by

I sodium borohydridel3l

&

, although the reduction occurs in

132,133 134
[ 4

the presence of CocCl, or

,‘I_’OCl3 or PC15
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135 such as acetic or trifluoroacetic acid.

131

;::arngylic acids
With lithium aluminum hydride , primary amides are normally
reduced to primary amines, with the carbon-nitrogen ll,-ond
intact. In some cases, reductive cleavage to an alcohol

or to a secondary amine has been obs"ervedl36. The antrolIed
reduction of selected tertiary amides by lithium aluminum
hydride, followed by hydrolysis, has been utilized for the

synthesis of aldehydes®3’. For example, Brown et a1, t4L,

reported the reduction of N-acyléziridines, N,N'-dialkyl-
amides, etc., to aldehydes. This supplements the reduction
of acid chlorides by lithium tri-t-butoxyaluminohydride

as a method for th.e synthesis of -aldehyde5138'139.

It has been suggested that the reduction of
tertiary amides proceeds to its various ‘products through
a common intermedi,ateluf'lfm. In this mechanism, the first
Step is postulated to be the nucleophilic attack of the

metal hydride, M+H'_ . on the carbonyl group to form the

this complex to an aldehyde and a secondary amine.

o

Alternatively, it can be reduced further to the amine

via an imine intermediate. " : ‘ 2 -

M0, RCHO + R'R'NH

Q R” M ?M ”

[} Vs H /R 4
R=-C~- ;, ~———ilee ReC - —

E-N{_ R-G =N,

H -
ﬂ, RCH.NRR"

[

\ '
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‘In order to maximize the yield of aldehyde, one

can try to reduce the pathway leading to the imine. This

was achieved by using acylaziridinesl4l. "Because of the

ring size of aziridine, formation to the intermediate imine

1

X is prohibited.

, - \ ?M
lC=Nj o—% ._c' -Nj
H H
X

4
w

Another approach which was examined by Brown

et al.l4l, was 'to use acylpyrroles. Becau.?e of the .

¥

aromatic character of pyrroles, the corresponding imix?

intermediate W should similarly be inhibited.

L4

.
Y
. g

However, the reduction ©f N-butanoylpyrrole' (123)

with lithium aluminum hydride studied by Brown and his

1

coworke;:]‘41 was found to give diséppointing results in

A b TN

[P TUL ey
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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 synthesis of 5cylpyrro]1es, we
decided to reinvestigate this re:action. We foundl24 that
|r;':duc'tion of N-butanoylpyrrole with LAH g;ave_indeec‘i oz;ly

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

was the pyrrole hemiacetal compound 129 in 40% yield.

Furthermore, if the reduction of 123 was carried out with

t
. o {
s

sodium borohydride in metharlol, the pyrrole hemiacetal 129

‘

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

methanol as solvent is important in this case, since
/

(u} reductioﬁ with NaBH‘«1 did not occur in ether.
B ‘
4 LAH
‘ CH.CH,L,CHO + 129 40%
E ’ ether (CHz); - :

3 ‘ 128, 30% -

. CHa(CHz)zC-NQ e CHa(CHz):CH(OH)-@ \ '
' . 129  85%

. o128 ,
3 g NaBH4

\ W N.‘R. ' )

i
¢
>
T T s A AR R 5 s P ek WLk e
Lo

(¢ Y ,

: - The structure of 129 was assigned on the basis of

e v

1 its lH'nmr spectrum'. The hydroxyl peak (2.45 ppm) of 129

(’ ciisappeared upon shaking the sample with Dzo in the nmr tube. ) /
” ()
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benzyl alcohol (130) in 75% -yield.

.
W R
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Reduction of benzoylpyrrole (122) with LAH gave

The reaction with

n

sodium borohydride ;fn methanol, on the other hand, gave

i benzaldehyde

(131) in good yield.

The same reduction with

sodium borohydride in ether gave the hemiacetal 132 instead.

) The OH peaks of 132 (2.95 ppm) also disappeared in the

leﬁr

spectrum when the sample was shaken with DZO in the nmr tube.

LAH

\

—e't'h'é'r'._' PhCH,OH - 75%
130
NaBH, - oocHo 85 % _
MeOH 131
LNaBH.,  phcHOH -N\/j] 62 %
ether 1(;2( ) —_

It is clear that the carbonyl group in acylpyrroles can

easily be reduced by hydrides

expected activation.

in agreement with their

|

.
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C. Substitution Reactions of N-Acylpyrroles with a -1
il

variety of Nucleophiles ' .

Because of resonance interaction, the carbon-

nitrogen bond of amides possesses partial double bond

e e -

character. Chemically, this is manifested in the

2

diffic:u].ty]'4 by which amides underg® hydrolysis,

alcoholysis and a.mi’h:olysis. There are reports of many

investigations seeking to overcome this problem. Staablz6

had reported that the imidazolides 133, which were simply
143

prepared by the reaction of N,N’'-carbonyldiimidazole (134)

‘and carboxylic acids in equimolar proportions at room .

it ok e e

=\'0 /N .
@N-(":-N + RCOOH
N/ \% ,
X _ 134
. Q /N
R-C-N
/
133
1 RONa
NHRR lLAH )
) 6 ‘;R, ’ i - ’ *
&N, mlw  RCOR %

- ~ o
. .
- *> " l :
. # - :
* .
e R e
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, acylhalides and acid anhydrides. He also compared

N
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8

temperature, are particularly easy to hydrolyze because of
the high degree of reactivity of azolides in nucleophilic
reactions. He places these compounds on the same level as

126 the

react:.v:.tles between N-acetylpyrrole (124) and N-acetyl~
imidazole (133) in water at pH 7. Whereas N-acetylpyrrole

(124) was not hydrolyzed atra measurable rate in neutral

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

-imidazole (133) at 25°C was 41 min.

me

7 r
In agreement with this fact, we found that .

N-acylpyrroles (122, 123) reacted w;,th NaOMe under: reflux
overnight in methanol to give the correspondlng esters
(135, 136), while N—acylimidazoles 133 reactedl44’l45 with
NaOEt at room temperature within-a few minutes to give
the esters 137.

It is clea‘% that even though acylpyrroles are
less reactive than acyldimi‘dazboles, they can nevertheless

\

be readily transformed into esters.
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N g . i -
! AV \ a0 .
- B - - i -

N - \ . ~ . "
: ..R-E-N NaCMe (/
T g reflux, 1anr - "CO:Me .
. 133 | R= Ph : 135 i

R-8~N NaOQEt o
\9' r.t. ~5min ,RCO,E_t T

133 ‘ =alkyl or aryl 137 :
- ———— - ) .x " ‘ u)’

£

-

Similar to the reactions of N-acylimidazoles,

o

reaction of acylpyrroles (122, 123, 125) with primary

amines (e.g. benzylam%ne) in refluxing tetrahydrofuran
gave secondary amigies (138-140) 1in good yields. On the
other hand, when methylene chloride '(b.p. = 40 ~ 4];°C) was -
used as solvent, the r)gaction was not complete even after
prolonged (3 days) heating. Likewise, the reaction of
acylpyrrole 122 with a secondary amine (piperidine) .

gave the corresponding tertiary amide 141.
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-R-E—N 4+ NH,CH THE o _X_
_ g ' LH PN e Ten R 8 NHCH;Ph
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122 R=ph ‘ 138
123 B q = 2CH2CH3 133
b_l_gg_»_ = CHZ(CHZ) 15CH; 140

141

. »

Finally, acylpyrroles (122, 125) react with
either organolithium or Grignard reaéents to give the
corresponding tertiary alcohols (142 v 144) with

cleavage of the carbon-nitrogen bond as illustrated by
the following reactions. \\

o
Ph-g- + > THF > G-
:] "N reflux, 2 day Ph=C—N
S 122 : -
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o o~ J
Ph- -Ng + n-Buli __gt_l_'I_g[__, Ph~C=n-Bu), )
122 . ’ 142
p n-Bu Li . on
* n-Bu Li o
—her ﬁ:Hg(CHz),;C'(n’Bu),
T v 143
9~ ]
CHy(CHY~C-N _| — f
. 125 OH i
- LeaMgel, CH{CHa}~C4Ph), . |
» | Q 144 |
M ) N .

D. Conclusion

o

Usually, it is difficult for primary amides to

. undergo hydrolysis, alcoholysis and amix}xolysis as well as

p :
to be transformed to the corresponding aldepydes or alcohols.

~ In this. chapter, we have shown that. 1,4-.dic,hlo‘ro-
1,4;di1netho:iybutane (49) is very useful for making N-ac”:yJ.L—
pyrroles from primary amides. This permits the facile - N
transformation of primary amides into esters, secondary
and .tertiary amides as well as aldehydes and alcohols.’ ‘

These reactions are summarized in Scheme 7 and Table 6.
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Table 6: Reactions of acylpyrroles with various nuecleophiles L.
- R . N = - ' -
'. - [} 5 L. - \ . * « t
’ 4 ' . _ : ‘ .
. ’ acyl pyrrole . ., hucleophile ' reaction conditions pro&uct:s % yield (1it.) -
, ) ‘ . )
. R * R . .- . [
0 ; o ' o . J
R . ’ " c
"Ph=C=N — MeONa MeOH/reflux, 14 hrs Ph-C-OMe ) 85% .
h] . , . - ‘ - -
o . . ” o - B ) 3
. w — * “ &4 . , " c LB
CHj(CH?)z-C-N 3 34e0Na - MeO'H/reflux,‘ 14 hrs, ’ CH2 (,CH2)2-C-OMe ‘ 89% . 4
. . ;
" o ' » * ’ * 0 ) h
oo w /3 - . . i " v . °
C83(0H2116 C Ng ) HZN-CHZPh THF/refluJ::, 16-hrs ‘ CH3 (CH2)16-C-NHCHZPh - 87%, mp"= 85-88
|
- - ]
o ) R N /0 i 3
con . * L
‘Ph-C-@ HZN-CHZPh THF /reflux, 16 hrs " Ph-C-NHCHzPh 85%, mp = 104-106°
[ . ‘ : . ]
. (e} . ' ' (0] {
. ”n — +* ’ . . " - v
Cljla (CHZ)Z-C-NQ HzN-ClizPh zTHE‘/reflux, 16 hrs . ! CH3(CH2) 2-C-NHCH2Ph T 80% i
LN E
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* Table 6: (cont'd)

hY » -
N 4
o s ‘ E
acyl pyrrole nucleophile reaction conditions ; products % yield (lit.) ;
_ \ 1
] o . .
" I ) . " - a E
Ph~C-N __ HN THF/reflux, 2 days- Ph-C-N 55% ;
LiAlH 4b ether, 0¢°/1 hr+r.t./14 hrs PhCH, OH - 75% (75) 3
-
0 ’ j
» - L PN - b3
Phe c"{j NaBH . MeOH, -20°/5. hrs ‘ ¢~ PhCHO. 85% ‘ ;
’ l S A < : a
NaBH 4 ether, r.t./14 hrs ° Ph=CH-N _ 62%
M I3 - t
OH F
L.'Ll\lH4 ether, 0°/1 hr*r.t./14 hrs 4 CH3CH2CHZCHO ‘ 30% (80) ;
. !
"» -~ N -~ a ki i
CH,(CH,) 2-C—Ng ) . cnacazcaz-c':ﬂ—lg 40% i
OH - 3
NaBH MeOH, =-20°/5 h CH_CH_CH_CH-N _ 8532 :
4 f xs 372720 \= :
OH :
£ b
: i
- z :
’ .+
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Table 6: (cont'd) -

~
acyl pyrrole nucleophile reaction congitions products % yield (1lit.)
f ¥
OH )
-Buri’® ther, 0°/2 hrs CH. (CH.). -C~(n-Bu) 6582
n ether, 382016 2
OH
. ) *
PhMgc1? THF, r.t./4 hrs CH, (CH,) , ~C~(Ph), 5532, mp = 40-43°
o ] . OH - ,
» [ b ° ) ! a
Ph-C—N" n-BuLi ether, 0°/2 hrs ,Ph—C-(n-Bu)Z 72%

e

a isolated yield by column chromatography

>~ more than 2 equivalents of amount were used
¢ by distillation

_/f

-

P,

o S Bok e it o i e it Ak

P aeves



¥ \'z-’
’ 0o
; R-C-NH,
g R-c-R’
R-8-NHR' ¢
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Py
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]
Ph

OH
[ R-C-OMe RCHO, RCH,OH, RCH-N

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

ATTEMPTED SYNTHESIS OF NONACTIN

A. General Considerations

t

P

!

IR AN

(g

T e an PP i

Enol silyl ethers have come to play an important

42,43

part in organic synthesis .

introduced
subsequentliy have been used as such in numerous reactions

with electrophiles.

»

preparation, clean reactions and the mildness of desilyl-

146,147

ation processes.

1,3- bts(trlmethylslloxy) l-methoxybuta-l 3-diene (19) can

serve as the equivalent of the dianion of methylaceto-

It was recéntly found

acetate (20).

Q

OTMS OTMS
Me
19

They were first

149

in our laboratory that k

i

~

&

as precursors of specific enolates and

Their usefulness now surpasses that

of all other enol derivatives“s, because of their ease of

/

v
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p

Py

é ."0 ) It is‘wknown‘s\'that the reactivity of 19 differs _

from that of 20 in two iinportant respects: i) ’ 19 Feacts

with electrophiles under neutral or acidic conditions

' whereas 20 is only formed under strongly basic conditions;
ii) 20 reacts typically as a "hard" nucleophile in giving

1,2~adducts with conjugated carbonyl compounds whereas 19

TR

reacts to give Michael adducts.’
Furtherm.c?re, 19 can be considered as a three-

carbon unit wi‘th two nucleophilic sites. It can therefore
. react with other fragments cbntaining twq electrophilic

sites to give cyclic products. Thus, nov;l regiocontrolled
f cycloaromatization reactions have been developed on the basis
i x (3 of this concepj:lso’151. A good example for this reaction was
ro shown by the preparation of methyl olivetolate (145) as a

: precursor in the synthesis of lA-tetrahydrocannabinoilsz.

2 | ot 63

o+ = 6~

145
) /
. Similarly, 19 condenses with bicyclic acetals

"‘Q _‘ _such as 2,5~dimethoxytetrahydrofuran and 2,6-dimethoxyte’tra—/"
; ) /

. i
7
¥ ,
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hyfiropyran in the presence of titanium tetrachloride to give
\ t@ bicyeclic products“agg and 26 respectively, as mentioned
in Chipter 2. , That reacti;r{ seems to have considerable
potential for the synthesis of natural products.
Accordingly, as part of the attempted synthesis

of the antibiotic macrotetrolide nonactinl>>

(N) , we have
tried to prepare the bicyclic lactone 146 as an intermediate,

the monomeric unit of the macrotetrolide M. The synthesis

of this is discussed more fully at the end of this chapter.

®

.

;
i
i
}

: ‘ Macrotetrolide (M)

.@ N
A

. Tentative pathways to 146 could be considered" as -

L4

shown in Scheme 8. . .

,
)
) - ‘ 1
. .
v
. . .
.
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N O,Me
' OOH
QMe OMe OMe
=>
. Lt H
© ) 153 159 152
Scheme 8
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B. Determination of Configuration at C—-4 in Bic¢yclic

L3

System (152,153) ‘and Related Reactions

The bis-enol silyl ether 150 was prepared by the

following scheme. First, compound- 148 was prepared according

153

to Weiler's method'”> by the alkylation of the dianion 20.
: : ‘

CQItipound 148 was converted to the mono-enol silyl ether

54 ind then to the bis~enol silyl ether 150%°°

1491 using

LDA/Me3SiCl.

N
@ )
i

= . {
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" When 150 was condensed with 1 in the presence of

1 equiv. of TiCl,, compound 151 was obtairned.

data of 151 showed peaks at 3.7 ppm (s,
ester and at 3:28 ppm (s, 3H) for OCH3

-1 (Co,Me) and 1715 em t

1750 cm
199 (M‘-‘-ocny 14.8) in ms.

When 2 equiv. of TiCl,

in its

Spectral

3H) for the methyl

lH nmr;

(C=0) in ir; m/z (rel. int.)

f

were used, a mixture of

152 and 153 was obtained in the ratio of 2:1 in an overall

‘yield of 57%.

1 TiClg

: " osiz ove
-+ PP |
7N joo.
. ‘ ot ) .
- ‘ ‘ il
1 «-180 , 2 TiClq
- N v —-"——"
L Y
. .
182

[N

OMe
.S .

151 25%

OxMe

T e

e

—
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Interestingly, 152 and 153 could be separated by

TLC~-Mesh Column Chromatographylss. This indicates that 152

"and 153 are not simply keto-enol tautomers but have different

configurations at the C-4 positions. The dlstlnctlons
between 152 and 153 were quite apparent in their spectroscopic
data. The 1H nmr peak of the enolic proton of 152 appeared

at 11.68 ppm [Fig. 5); 1In the ir spectrum, enolic O-H, C=C
and C=0 (ester) stretching frequencies appeared at 3600 ~

-1 -r -1

(br), 1615 cm and 1660 cm ~, respectively. On

3300 cm
the other hand, compound 153 seems to be two isomers (2 spots
on TLC) which could not be separated in our hands (Fig. 6).

Its.lH nmr spectrum clearlir showed gignals at 3.76, 3.73 ppm
(s, each OMe) for the methoxy groups and at 1.01, 0.98 ppm“‘

(d, each CH3, J= 6.8 Hz) for the methyl groups, resgective;y;
carbony}’ stretching frequencies for i:etone and ester appeared

"l in the ir spectrum. |

at 1715 and 1740 cm
Since a knowledge of the stereochemistry at C-4 in

the bicyclic .compounds 152 and 153 is very important for the

eventual synthesis of the macrotetrolide (M), the confi;gurai;’a:.cn

at C~4 should be assigned. Since the corifigurations at C-1

and C-5 were already fixed, four stereoisomers (A-D) in the

keto-form are expected from the reaction of 150 with 1.

Actually, only three products appeared on TLC, one of which

was 152, which, being the enol form, must have either .

structure (E) or (E) resulting.from the loss of chirality

at C-2 (Scheme 9).
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Ox:Me H
N *CO:Me
-H CH: v C"‘:
(A) (B) (G’ ‘(D)

Me

Scheme 9

lH nmr Spectra of 152 and 153 (Figs. 5 and 6) were

sufficiently complicated so that confirmation concerning

the stereochemistry at C-4 was not readily apparent.
Their O-Qilylation-and O-acylation, etec.,

derivatives were examined wi;:h a view to siinp.lifyi,ng the

? \ -

interpretation of the :spectra. O-Silylation product 154

-

was obtained in quantitative yield by the reaction of 132 &

and TMSCl in the presence of §£3N. Similarly, O-acylation
product 155 was obtained by the'reaction of 152 and acetyl
chloride in the preéence of pyridine. C-Methylated products . -

L

(“; 156 and 157 were obtained in geood yield by the reaction of-
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) spécﬁra pf 154 and 155 showed clearly that the configuration
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152 and iodomethane in .the presence of sedium hydride. H nmr

-

PRSI REE I, T S TR BT

&
at C=4 could be deduced easily. As shown in Fig. 7, one

¢ould see a clear quartet for H-4 at ~ 1.8 ppm - é
® §
:
. i
. i
A -
CO:Me i
/. . {
- . H §
%
A - B2 é
s / 1 , . -
\ ‘ . .
* EGN ) AcCl 1 NaH \ 2 NaH ’
TMsCl Pyr 1 Mel] . 2 Mel| . _
* Cone ozm )
MS ‘ j
154 155 . 156 57 - - .- b
* ’ - ‘!
; 3
L) - ’ ’ -
\ . ' ;
\ . -
s ' - N - R , .
. Decoupling experiments with 154 and 1535 (Figs, 7
" and §) show.the results of irradiating'the.méthyl doublets v
Co. . ’ — . ’ ) ' ) )
at 1.28 ppm and at 1.23 ppm, respectively. For 154 (Fig: 7);

the quartet at 1.80 ppm collapsed to a broad singlet. This
suggests that the coupling constant between Hf4‘and H—S‘is

“ .
close to zero and using the Karplus equatiqnlss,’the T




-

' ) Jas <1 Hz

T g ) 1 - I . I
3 .
Fig. 7:.‘200 Miz “H nmr and related decoupled spectra of 154

(a). expanded spectrum betweeh 2.2 and 1.5 ppm
© - (b) ' decoupled spectrum onirradiation of methyl group at C-4
. .
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o 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
douylet a@ 1.23 ppm redgééd the quartet at 2.06 ppm to a
singlet (Fig. 8). Therefore, with the aid sf a molecular
model, we can conclude that the methyl group at C-4 in 154

or 155 should be dirkcted to the exo-site.

Karplus Equation: J = 8.5 c052¢-—0.28, ¢ = dihedral angle

COMe ___ O,Me
~—“OAc ~"“OH
HCH3 H ‘ cﬁa"H
155 152

On the other hand, enol silyl ether 158 (Fig. 9)
was obtained from 153 by Danishefsky's method154. Compound -
158 is distinct from 154. This suggests that the two

isomers of 153 are isomeric at C-2. As a matter of fact,.

£
C .
O:Me  et.N/ zncl,
o TMSCI
CH, :
153
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Fig. 8: 200 Miz lH nnr and -related decoufaled spectra of 155=w=ry
(a) expanded spectrum between 2.2 and 1.7 ppm

(b) decoupled spectrum on irradiation of methyl group at C-4
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the lH nmr spectrum of 158 shows a singlet for methoxy and
a doublet for the methyl group at 3.63 ppm and 0.93 ppm,
regpectively. Carbon-carbon double bond stretching was

evident at 1615 cm"l

in the ir spectrum of 158.

The decoupled spegtrum (Fig. 9) for compound 158
shows the results of double irradiation. The multiplet at
2.76 ppm, assigned to C-4, was simplified to a gquartet
when H~5 at 4.31 ppm was .irradiated. The methyihdoublet 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~1l) peak at 4.9 ppm collapsed to a
singlét and another bridgehead proton (H=-5) peak at 4.31 ppm
to a doublet. X

From these experiments, the coupling constant

= 4.8 Hz, could be easily deduced.
156

for H-4 and H-5, J4,5

Again, using the Karplus equation, the dihedral angle
&

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 onl§ 154 was obtained from 152
and only 158 was obtained from 153 suggests that in gilyl-\
ation reaction conditions, stereochemistry at C-4 remains /
intact. We can therefore conclude that 152 has the methyl

at:c-4 exo, whereas 153 has the methyl at C-4 endo.

dhw 2 r hestdotabv,

e N




lagsa.8 g
1 2]

(a)

Ja,sz a8 M2
"

(b) ()

Fig. 9: 200 MHz

(a)
(b)
(c)
(d)

on irradiation of H-6 andg H-7,

on irradiation of methyl ;7group at Cc-4

on irradiation of H-5

on j‘rradiation of H-4 |
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Furthermore, 156 and 157 obtained from the
methylation of 152 are found to be probably the same C-2
isomer according to the lH nmr spectra and TLC (Rf = 0.33

and 0.44 in ethylacetate: hexane (3:7), respectively). The

configuration at C~2 can probably be considered as the exo- -

methgl form due to the less hindered exo-site. Carbonyl
stretching frequencies of ester énd ketone in 156 and 157
appeared at 1735 em™t and 1715 ~ 1710 em” T, respectively,
while we could not find any C=C stretching frequency

l)_ .

The next step in our synthetic study is to

(1620 ~ 1680 cm~

attempt cleavage of the C-2 and C-3 bond.

ot
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C. Attempted Synthesis of Bicyclic Lactone, 159

e

from 1 and 150
e e S

)

L

The macrotetrolides (N, O, P, Q, R) are ionophore
ar;tibiotics produced by several strains of' streptcmyceslS7.
The macrocyclic 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
a (=) (+) (=) (+) fashion with the result tha;t nonactin is

an achiral molecule possessing S4 symmetry, d thus is

optically inactive.

160
! 4 — B

/. f

‘ ’ , |

(N) Nonactin: rRl=r?=r3=gl=nme f

(0)  Monmactin: ‘Rl=p?=R=Me, R%=5t

(g) Dinactin: R'l = R3 = Me, R2 = R4 = Et

(Q)  Trinactin: Rl=me, R2=r’=r%=Et

O - I N S ~
: (R} Tetranactin: R =R =R"=R =Et R



a

‘Therefore, nonactic, acid 160 can be considered as '
the monomer of nonactin (N). H. Gerlach and ﬁ.\Huber158 “
rep?rt.ed that 8-dec3xynonactic acid_(161), a degradation W
product of the antibiotic nonactin, had begn synthesized
as depicted below. Rhodium catalyzed hydrogenation of furan

derivative 162 gave only cis~tetrahydrofuran derivatives 163.
This method was, in faét, quite useful for the nonactin

synthesis because of its stereoselectivity.

o R
A -~y (N

. i KOH
i sepn.

LR e R BN e e (D T A o e

S

POV

%

Bkt
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159 reported

Several years later, Schmidt et al.
that methyl-(-)-(2R,3R,6S,8S)-nonactate (ester of 160a) was

prepared by using optically active propylene oxide and furan

‘as depicted. The mixtufe of 1l60a and 1l60b was sgparated

Sy chromatography and the ratio of 160a to 160b was about 4:l.

¥

T\ .. . . T\ . AcCl -
QL! * CHg = 0O H N Vilsmeier

t ‘ !
/I \ : Wittig ‘ / \ : Rh- PPh;
OHC N o "N 0Ae Ac  CO, H,
I \\ (0) I_Rh-A
o OAc . AgO OH -1 sepn.
' . CHO, '
/_ -—
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. Subsequently, these epimers (160a ~ 160d) were

usédleo for the synthesis of nonactin. The inéermolecular
condensaﬁion between the potassium salt of (-)-nonactic acid
(;gggi and the 8-tosylate of 8-epi-(+)=-nonactic acid benzyl
esterv (164c) de;iveg.from 8-epi-(+)-nonactic acid (160c)
gave 8-epi-(-)-nonactinyl-(+)-nonactic benzyl ester (1l64) as

dimer, involving the inversion at the position of tosyl

group.

[

-

In the same way, dimerization of 164c and' the
benzyl-ester of 8-epi- (~)-nonactic aéid potassium salt
. | \(;g;g) derived from 8-epi-nonactic acid (ano&hér énantiomer
of 160d) gave 8~epi=(-)~-nonactinyl-(+)-nonactic acid benzyl

(:) N ester (165).
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- 165
165d

The potassium salt (;ﬁg) of hydrolysed acid
obtained from 164 and the 8-tosylate (167) of 165 combined
to give (-)-nonactinyl—(+);nonagtinyl-(-)-nonactinyl-(+)-
nqpactic acid bénzyi ester (168) as depicted.

Finally, in 6rdef’to retain theos-configuration

at n, treatment161

of the hydrogenolysis product of 168
with 2,2'-dipyridyl disulfide and triphenyl phosphine in
benzene afforded the tetramer, nonactin (169).

As investigated above, whatever the configuration
at C~2 in nonactic acid 160 is, it can alterhately be
8pplied to the nonactin synthesis. We have:already .
obtained the exo-meithylated enolic cempound 152 and the
endo-methylated keto compouné 153. The methylgroups’a tq-
the ester groups in nonactin are alternately arranged and

configuration at C-8 in nonactic acid can be readjusted

with reaction conditions.
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!E ' Accofdingly, we decided to carry out the ozonelysis.
of 152 and the Baeyer-vllllger reactlon of 153 to see 1f the
;‘ lactone 159 can be obtained as shown in .Scheme 8. .
162 ‘

Heathcock et al. have found that siloxy-
alkenes 170 and 171 were ozonized to give'h§droxyacid 172
—— —— — T ==

and ketoacid 173 and when the enol silyi ether 174 of camphor’

. was ozonized, it however yielded the silylated a-hydroxy- ‘
-~ ~ ‘0
ketone 175 rather than a cleavage product. .
. MS ’ .
. . - l . ‘ S L
. e . ' | ’03 o O/M
. ‘ ii'NaBH, . -HO” ™. OOH-
, ; coo ‘ . .
! 170 o R 172
G S RIS | Lo
- »
»j . : S
- Moy * >
; 174 . ) 175 oLt e
- R ———— N - - om—— - N N =~ -
Rt " * “q ’ ' : - -
- N ‘,—" - M N L % -
o
L . - v .
- - - “ - ‘.» ’.“
) ~ * - » e = * R .
O ! L i © & "
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. - In the same vay, ozonolysls of 154 or ‘155 was"
T

——

carried out in CHZCIZ-MeOH solution at =-40°C and then '

worked up with NaBH or Mezs to glve a compllcated mlxﬁure

4 .

of products.‘ Unfortunately, we could not purify and

identify any structure. Moreover, this reaction was carried

out under a variety of conditions such as room temperature,
0°C or -78°C ahd‘alsd'in.several solvents such as methylene

-chloride, methanol or THF. The reactions were still

unsuccessful. # -

OOH

54 = RZ=TMS ¢ - g ;
’ T . 176
. 15~5 ~ ) Ac “v ) . I Fmaumed . -

-t

Alternatxvely, since it was recently'feporte 63

that the oxldatlon product 177 of 176 was obtalned in good

3 .

yleld the Baeyer—leLiger oxidation of 153 was also ' ,
- .

It d;dn t howeve;—glve any of the lactone 178."

attempted.




, lactone 180 according to the follow:.ng scheme;

N A g TS NGSISE » 71 ooy 5 B Wi s . s o o T Ao eg i 17
: R lll
v
CO.CH
» . mCPBA 0 ,
0 ' N ) - .
/- CoH, CO,CH,
, CoHyo
176 © 177

183 . L T

This led us to consider a different, ‘and perhaps

Jshorter approach for the construction of the bicyclic

gimilar to

' the reaction of enol silyl ether 150 w:.th l, vig, the

reaction of 179 ;w:.th 1.

CH, ’ ,
S 0 XY mem——— .
.C,HB i -~ : . ‘
1 79 ’ 180

W e e ek

v et

N A 2.

-
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CHAPTER VII
A NEW REARRANGEMENT OF o-ACYLOXY ACETATE

" INTO 2-HYDROXY-3-KETO ESTER

- °
-

In order to test the above approach (p. 1Il), a

number of a-acyloxy esters have been prepared. Those

compounds (189-195) were prepared by the treatment of

carboxylic acids (182-188) with ethyl bromoacetate 181 and

x +
anhydr%us potassium carbonate in refluxing acetone164'165 .

*r ) K CO‘ >x0 . OEt
RXOH " Br\)\OEt uzref;‘ux M

¥

L

182 R = Et 189 '
- .183 = Me 190
184 ’ = CHZ*(CHZ) 3CH, 191
183 = (CH,)¢ 192
/4
186 = Ph 193 '
187 = CHéPh 194
188 = CH(CH,) CH,CH,CH, 195

. . .

]
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When ester 189 was treated with 2 equiv. of LDA
and then quenched with TMSCl at -78°C, the big—enol silyl
ether 179 was qbtained. Its 1H nmr spectrum showed a single
isomer about C 4-5, and a roughly 3:1 (E/Z) mixture of
isamers about C 1-2; & (cpcly) 5.67% and 5.33E (18, each s,
~0-CH=) , 4.23 (m, 1H, CH,CH=) , 3.76 (m, OCH,CH,), 1.56 (m,
C§_3CH=). 1.3 (m, -OCHzg_I-_I_3), 0.18 (s, —OSiMe3). The ir
‘sSpectrun showed‘ olgfi_ni‘c absorption at 1685 cm"l without
carbonyl stretching frequencies. ’

In contrast with this, when the reaction was
performed at 0°C, unexpectedly, the disiioxy vinyl ester

+ 196 was obtained in 87% yield. Spectral data of 196 are as
(} . .' follows: in lH nmr, § (CDC13) , 4.22 (q, o-iggz-cii:;), 2.63

(ql _CEZ-CH3) I~‘1-3l (tl O-CHZ-_QE3) 4 l-l (tl -CHZ—QB) 14 0023

1

(s, -osme3)’, 0.17 (s, -OSiMej); in ir (neat), 1710 cm ' for

1

C=0 stretching, and 1620 cm ~ for olefinic stretching

frequency; in ms, m/z = 304 (M+) and 259 (M+-0Et). It is

7 : -
‘ . -78°

LDA/TMSCI \//O\Sg N Et
Siz
9

\XWOEt ‘ ) r_’_ . ’

LDA/TMsci
| 189 o° 9
T S OEt
~ OSiz

€ o ey s o

BN Ty PP

B R s o ol B st DT e b,

.
o e s
. b D
.

s,

It A RN i
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1
clear from the ‘H nmr spectrum t]:':at both the ethyl ‘and the \
éthoi:y groups are.intact as triplets and quartets without
adjacent vinylic proton peaks.

As mentioned in the previous chapter, bis—-enol
8ilyl ether 179 was deemed suitable for the formation of the
bicyclic ‘compound 180.

Based on this idea, the reaction of 179 with 1 was
attempted&irﬁ the presence of 2 equiv« of titanium tetra- ‘
chloride at -78‘\’2){,\3\13 desired product 180 was obtained.
Variation of reaction c.:onditions, e.g. when 1 equiv. of
;riCl 4 ¥as used, did not lead to any meaningful or identifiable
products. -
Accordingly, the, reaction was suspended at this
stage and further investiéations into the a-acyloxy ester
reaerangement process were performed. First, we had to
establis-:h the éenerality of t13e rearrangement process.

. Indéed, several disiloxy vinyl esters (197-199) were

obtained in the same way.

" SEt LDA/TMSCI iz Q
o Ny ° —— XY o
.0 ) . . 0SiZ .

191 R = CH, (CH,) ;CHy 197

102 R = (CHp)g 198

pE L LRI RN AP e e PRRIERLMAP TR~ PNIDI A oo v A WA SOERGLY o UL VPR IR P

R SRR AT b RIS AR e




115

When the reaction was quenched withﬁo.lN HC1l
ingtead of TMSCl, the corresponding 2-hydroxy-1,3-diketo
esters (200-203) were obtained. 2-Hydroxy-Y,3-diketo ester
200 was also identice;l to the desilylated product of di- -
siloxy vinyl ester 196 by treatment with dilute HC1l solution

in THF. . ‘ '

. : ‘ 0 )
A /Ht
R}\OA(OEt LD O b&R/'\%OEI

g \ OH
. R.= Et .20
= CH,(CHp) gCH; ™~ 201 ¢ . .
T, '
—
= (CHyg S 22 T
| S orecnemcl,
,
: ?
- a‘
. OSiz H* 0 0 o
\MOB i  THF W\OEY
osi= OH
198 200
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When quenched with acetic anhydride, the cor-
responding 2-acetoxy-i,3-diketo esters, (204-207) or
diacetoxy wvinyl esters (208,209) were obtained, depending

on the amount of acetic anhydride used.

0
R/&o/\a(oa

LDA ) 0° - LDA
1 AC:O 2 2 AC;O
Ao, ~
o . OAc 0
RMOE{, N RMOEt »
OAC - OAcC ’
- @ v
R = Et 204 R = (CH,) ¢ 208
= CH2(CH2)3CH3 - 295 , = cn(c§13)cn.2crg201{3 . 209
- L= (CHZ)G 20_6,_,

Qo
~

-

<= CH(CH3)CHZCH"iGH?__ 2

|

In the examples of 203 and 207, the 200 MH=z lH nmr
spectra indicated that they are mixtures of the diastereomers
due to the presence of two chiral centers in the molecule as

depicted. For example, in compound 203 (Fig. 10), two singlet

'
PP 2 PR . pepny i st P T S g RSO
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peaks are dbserved for the methine protons at C-2 and two

203

207

doublets for the methyl peaks at C~4.

_From the above investigations, the reaction seems

to be similar to the Darzens

166,167

e Leladrad o) RISARTTIT

¥~ NOEt,
R

R=H

Ac

glycidic ester

condensation. The Darzens reaction is an intermolecular

o

condensation of an a-~halo ester with an aldehyde (or ketone)

in the pres_encé of sodium alkoxide or sodium amide to give.

glycidic ester G as depicted. The glycidic esters are of

o
‘?H’“\OEt

R\T/
- -Gl

ol

M
b

R

c),Na o
\\ Qéy

Ca
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G . : interest primarily because they can be further converted -
into *ald’ehydes\ and ketones (B) having a higher content

than the original aldehydes or ketones (A). This

RAT CO,Et ___H;_Q__, - (23:(‘\'05

; (G) | (E)

-CO,

R-CH,~CHO R-CH=CH-OH
(B)

/ \
/ )
/

transformation occurs after hydrolysis to ’the'epoxy
acids (E) , followed by decarboxylation. -

In comparison with this, the present rearrangement

i

seems to be an intramolecular aldol-type reaction via -~
the a,f-epoxy ester intermediate (Y). One might postulate

i . that the mechanism of the rearrangement process is as

"follows:

o

~ - -
L iy N , r -5
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iO/\KOEt T — Q o
R 3 R/Y‘\oa

A

- This new rearrangement reaction of a-acyloxy-
acetates seems to be quite interesting because it offers
- 3 . <
a new apprqqgh to the synthesis of 2-functionalized 1,3-

diketo esters.

H

: %

.
.
.
] L
.
,
.
-
.
E)
&
. .
. .
o -
L
. .
- tl
‘
. . .
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. CHAPTER VIII

. CONTRIBUTIONS TO KNOWLEDGE

T

——

‘L. Unexpected site selectivity in the reactions of 2,5-
dimethoxy THF and 2,6-dimethoxy THP with halotrimethyl- N
silanes was observed, thereby producing 1l,4-dihalo~l,4- N

dimethoxybutane and 1, 5-?934:0(1 ,5-dimethoxypentane.

The reactions of related/cyclic ethers were also examined.

2. It was shown that 1,4-dichloro-1,4-dimethoxybutane was
a inild reagent for the conversion of primary amines to

! pyrroles.

)

3. The synthesis of* 2-(2-formylpyrrol-l-yl)-4-methyl
pentanoic acid, a compound isolated from flue-cured
tébacco, was described. A selective formylation

reaction at the 2-position of pyrrole was also developed.

4. The preparation of a-substituted derivati\}eé from the

pyrroles of amino acid esters was achieved by using '

LiHMDS as base.

5. Synthesis of N—acylpy%l?s from primary amides was

:‘_ ) L ( developed. The use of acylpyrroles as §qti_v_e acylating

S

agents was investigated.

e . -
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o ) , ) .

The configurations at C-4 in bicyclic enol form 152 and

+keto form 153 were determined with the aid of 200 MHz

‘ 14 nmr decoupled spectra. The potential of this < ‘

7 : . ' '
approach to the synthesis of nonactin was investigated. .

%

7. A new rearrangement of a-acyloxy esters into 2-hydroxy-

e

3-keto esters was found. ‘ '
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Melting pélnt$ (mp) were determmed on a Gallen-
kamp block and are uncorrected. Likewise, boxllng points

obtained were uncorrected. . A

N [y

Mass spectra (ms) were obtained on a DuPont

21-492B mass spectrometer, by the direct insertion probe S

-~ .

or the batch inlet.

£

Gas chromatograms were performed on 'a Hewlett-
Packard 5730 A Gas Chromatograph: 10' x 1/8" l stan.nless

’stee.l column was used; 6% OV-101, chromosorb W 80/100 mesh. -

*

Proton magnetic resonance (lH nmr) spectra were

v
t

recorded on Varian T-60, T-60a,. and XL-200 spectrometers,
using‘ltetramethylsi'iane k'I‘MS) or- chloroform as‘ dn internal -
‘standard.' Chemical shifts were given in the § s¢ale in '
‘-parts per million (ppm) Doublet;}), tr-:.plet (t) .,

quartet (q) and mult:l.plet (m) were recorded at the center

of the peaks; other abbi'e\uatlons used are singlet (s) and

broad (b) . 13C nmr spectra were recorded on XL-200 oﬂr
B . Br,ulger WH-90 spectrometers. - v * N
. S Infrared spectra (1r) were obtalned on a Perk:.n .

Elmer 297- Spectr{ophotome'ter. Spectra were calibrated wrth L

e the 1601 g:m"l “l pand .of polystyrene film. o .

v N -
.

or. 1028 cm
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U}traviolet~visible (uv-vis) spectra were
. recorded on a Unicam SP. 800 -Ultraviolet Spectrophotometer.

‘Aﬁalytical thin layer'chromatographf (tlc) was

performed on Merck Silica Gel~60 F 954 aluminum-backed plates

and was viéualized by dippiﬁg into a soluéﬁon of ammonium
- moiyba;te (2.5 g) and cerié sulfate (1 g) in C-H,SO,/H,0
(10 mL/90 mL) and -heating on a hot plate. Merck Silica
- (Kieselgel 60, 40f631n was used for flash column-chrggg—

tographyso and Kieselgel 60 HF254 for ;I‘Lc-m.esh155 cﬁ?éma-

-toéraphy. a7 ’ . .
Solvents were reagent grade unless otherwise

specified. THF was dried over Na:and benzophenone, benzene

over Na, CHBCN, diisopropyiamine and t:iethylam{ne over CaH2,
CHZCIZ, CHC13 and "hexane Bver Pﬁos, methanol over Mg, DMSO

over NaOH, and distilled prior to use. All evaporations.

-

were carried out ‘under reduced pressure (water aspirator

EY

with a bath temperature of 25°n 40°C. o
-'Optical rotations were measured on a Perkin-Elmer

141 -polarimeter.

f -

Elemental analyses were performed by Guelph !

.Chemical Lab. Ltd., Guelph, Ontario, Canada. ) .

-

Q@ n
e
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2,5-Bis(trimeth&lsiloxy)furan derivatives44 24 and 31
AN

Dry triethylamine (0.16 mol, 16 g) aﬁd zinc
chloride (0.5 g) wére.stirred_vigorously under N2 atmosphere
for 1 hr, giving a fine suspension. Succinic anhydride
(50 mmol) in dry acetonitrile (40 mL) was added, followed
after 5 mins by excess chlorotrimethyléilane (iB mL). After ‘

" the mixture was stirred overnight, 200 mL of dry ether was
-added. The ndxtu£e¢was filtered and concentrated. Thé
Tesidue was diluted with dry hexane (300 mL) and cooled to | -,
precipitate any remaining solid. It was filtéred and the
filtrate was concentrated to give a product, as a slightly
yellowish o?l. )

Compound 24: Yield 95%; 'y nmr (CpCly), §: 1.8 (s, 6H),

_70.26 (s, 18H, SiMe).
_ Compound 31: Yield 97%; 'H nmr (CDC1,), &: 0.23 (s, 18H),
1.73 (s, 3H), 4.80 (s, 1H).

The reaction of 3-methyl-2,5-b7is(trimethylsiloxy)furan (31)

with 2;S-dimethokytetrahydrofuran (1) to give 32.

To a’solution of the acetﬁl (5 mmol, 0.66 g) in dry
methylene thloride (15 mL) at -78°C under N, atmosphere was
added titanium tetrachloride (5 mmol, 0.55 mL). A solution
of encl silyl ether (5 mmol, 1.29 g) in Cg C12 (25 mL) was

added dropwise over 20 mins and stirring at -78°C continued

-\
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for 3 hrs. The reaction mixture was queﬁéhed 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 reduceq pressure and the

regidue was separated by flash column chromatography using

ethylacetate~petroleum ether (1l:4) as eluent to give the

products as four diastereomers f{denoted as I, II, III, 1

and 1V). )

Isomers I and II: (Rf = 0.5 0.51, yield 31.2%);.1H nmr

(CDCl4), 6: 5.77 (m, vinylic 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), ?.25 and 3.3 (s, OCH3 each),
2.04 and 2.12 (4, J = 1.8 and 1.4 Hz, vinylic CH,

" each), 2.05 (m, 4H each), 0.12 and 0.1} (s, OSiMe,
each); 3¢ nmr (cpcl,), 6: 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
(mT-oMe, 3.7), 186 (35.8), 183 (5.3), 101 (100),

169 (68.3), 59 (19.9), 41 (21.0); ir (£film), vmax:.

3040.~ 2800, 1780 (lactone), 1650 (olefin),

l - -
g)i av, A___: 220" 222 nm (95% EtOH,

€ = 10200); glc (10 ft, 5% OV-10l column (o.d. 1/8"),

845 cm — (OSiMe

column temp. 100-250°C), ret. time 8.28 mins and

8.49 mins.
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Isomer III: (Rf = 0.43, yiéld 11.2%);

1y nmr (CDCl,) , &:

Isomer IV: (Rf = 0.35, yield 10.6%);

5.77 (g, J = 1.6 Hz, 1H), 4.95 (bd, 1H), 4.0 (dd,
J = 6 Hz, 1H), 3.26 (s, OCH5), 2.17 (d, J = 1.5 Hz, ,
vinylic CH3), 1.95 (m, 4H), 0.13 (s, OSiMe3);

B¢ nmr (cociy), 6: 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.:inteﬁsity),~183 (7.2), 101 (109),

69 (75.2), 59 (16.4), 41 (21.4); ir (film), v__ : ‘
3000 v~ 2800, 1775 (lactone), 1648 (olefin), 845
(0SiMej); uv, A .. : 216 nm (95% EtOH); glc (10 ft,

5% OV-101 column (o.d. 1/8"), columh temp. 100-250°C)
ret. time, 8.79 mins. | |
4 nmr (ope1y), 6:
'5.79 (q, J = 1.7 Hz, 1H),.4.9 (bd, 1H), 4.17 (dd,
'3 = 6 Hz, 1H), 3.16 (s, OCH;), 2.05 (d, J-= 1.7 Hz,
vinylic CHj), 2.0l (m, 4H), 0.11 (s, OSiMe,);

13¢ nnr (cpcly), 8: 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), 183 (7.9),

101 (100), 69 (59.3), 59 (12.3), 41 (11.3);

ir (£film), Vhnax® 3020 ~ 2800, 1780 (lactone), 1659

(olefin), 850 (OSiMej); uv, Ay, : 214 nm (95% EOH);

glc (10 ft, 5% OV-101 column (o.d. 1/8"), temp.

100~250°C) , ret. time, 8.30 mins.,
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'The reaction of 24 with 1 was not successful. The

resultant compound was, however, maleic anhydride (30), air

oxidation product of 24.

1

Compound 30: H nmr (cnc13), §: 2.1 ppm (s, CH3): ns, m/z

(rel. intensity), 126 (M', 80.9), 82 (M'-co,, 100);

4
mp = 91~ 93°C-(lit. 2 93 96°C) . -

2’

A

The reaction of propylene oxide with TMSCl to give

1-(2-chloro) propyl and 2-(l-chloro)propyl trimethxlsilzl!

" ethers (36a and 3¢b)

To a solution of p;opylene oxide (lo-mmol, 0.58 g)\
in dry chloroform (10 mL) was added TMSCL (15 mmol, 1.9 mL)
dropwise at 0°C under Nz\atmosphere. After the reaction
mixture was stirred at room temperature for 30 ﬁrs, the

solution was concentrated in vacuo to give a colorless

ligquid as product in 82% yield. The ratio of 36a to 36b
' 1

was anut 1l:4 according to "H nmr spectrum and the mixture

1

was not separated. H nmr (CDC13), 6: 3.9 (m, 1H),.3.35

"(d, 2H), 1.25 and 1.45 (4, 3H), .0.8 (s, 9H); Wms, m/z (rel.

intensity), 153 (28.9), 151 (M+—CH3, 66.4), 130 (M -HC1,

27.6), 95 (52.9), 93 (M'-TMS, 100).
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The reaction of oxetane with TMSCl to give 3-chloropropyl

N

trimethylsilyl éther (38)

The same pﬁbcedure as above except that 5 equiv.
of TMSCl was used aﬁd the reaction time was 2 days. Yield
92%; 'H nmr (CDC1,),%6: 3.72 (t, 2H), 3.6l (£, 2H), 1.95

(m, 2H), 0.13 (s, 9H).

i 4

PP N e D

4) ahd 2,6-di-

8

45

Preparation of 2-méthoxytetrahydropyran (

metpoxytetrahydropyraé,(é&)

»
:
%

To a solgtioniof dihydropyran (0.1 mol) in 50 mL

of CHzcl2 waéwgéded a cgtalytid gﬁount of p-tolueﬁesulfonic
5

o

acid4 and 0.11 mol (3.52g) of agbolute methanol. After

,refluxing‘for 4 hrs, 0.5'% of KZCOS was added. The mixture
was allowed to cool to roc;%bn temperature and the solution was
then concentrated. The re%i.due was diluted with ether,
washea'with water, dried ové? anhydtoﬁs potassium carbonate
and then evaporated im vacuo %to give a pfoduct.
Compound 44: Yield 95%: 1y né; (CDClBY, §: 4.46 (m, 1H),
3.73 (m; 2H), 3.37 (¢, 3H), 1.63 (m, 6H); ms, m/z
(rel. intemsity), 116 (M", 1.3), 85 (27.9).
Compound 52: Yield 87%; bp = 81'v 83°C/12 mm. The ratio of

eis to trans was about 1:9 by lH nmr spectrum. .
1

P d

H nmr (CDCl3) , 8: (for eis and trans) 4.46 and-

g 4.76 (m, 2H), 3.51 and 3.45 (s, 6H), 1.72 (m, 4H),
¥ ‘ «
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1.52 (m, 2H): C nmr (CDC13), §: (for eis and

trans) 100.52 and 98.09, 55;26 and 54.72, 29.85
and 29.63, 17.77 and 16.96; nms, m/z (rel. intensity).

115 (MT-ocH

30 4:1), 71 (41.3), 58 (100).

.
.

4 . -
” - .

Preparation of 2—halotetrahzgrofurans (45, 63) and

S —

2-bromotetrahydropyran (46)

To a solution of 2-methoxytetrahydrofuran or

pyran (10 mmol) in dry chloroform (10 mL) under N, atmosphere

2
at 0°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 cdqcent;ate the solution and

finally in vacuo (0.5 mm) to give a pale yéllowish liquid

as product.

Compound 46: vield 60%; 'H nmr (CDCl,), §: 6.8 (b, 1H),
13

3.9 (m, 2H), 2.0 (m, 6H); C nmr (CDC13), §:

95.22, 63.87, 35.98, 24.76, 18.02.

1

Compound 45: Yield 75%; "H nmr (cpcly), 8: 6.75 (m, 1H),

4.15 (m, 20), 2.20 (m, 4H);

C nmr (CDC13), 82
95.59, 70.13, 40.08, 21.63.

Compound 63: The same procedure except that thHe reaction

time was 3 days and 5 equiv. of chlorotrimethyl-
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1

silane was uséd. Yield 25%; “H nmr (CDél3), &3
]

6.30 (b, 1H), 3.80 (m, 2H), 2.30 (m, 4H).

‘ The reaction of 44 with TMSCL did not .take place.

Preparation .of 1,4-dihalo-1,4-dimethoxybutanes (47-49)

and '1l, 5-dihalo~1l,5~dimethoxypentanes (53-55) :

The solutioﬁ’of 2,5-dimethoxy THF (or 2,6—dinmthoxy
THP) (10 mmol) in dry cﬂloroform (20 mL) was cooled to -78;C.
To the solution was added TMSX (22 mmol) dropwise under N2
atmosphére. The reaction mixture was stirred at 0°C for
2 hrs. The solvent was removed in vauco to give a pale
yellowish oil as ?foduct in quantitative yield.

1

1l,4-dibromo~1,4~-dimethoxybutane (47): H nmr (CDC13), 5

13

5.92 (m, 2H), 3.45 (s, 6H), 2.40 (m, 4H): Y3C nmr

(CDC13), §: 97.88, 59.38, 36.81.

1

1,4-diiodo-1,4~dimethoxybutane (ég): H nmr (CDCl3), §:

6.22 (m, 2H), 3.43 (s, 6H), 2.38 (m, 4H). C\\

1l,4-dichloro-1,4~-dimethoxybutane (49): The same procedure

except that the reaction time was 2 days and 10 equiv.

of TMSCl was used. Yield 86%; bp = 71~ 74°C/0.8 mm;
J];

ly nmr (CDC1,), 6: 5.50 (m, 2H), 3.45 (s, 6H),

2.25 (m, 4H); T3¢ nmr (CDC1,), 8: 99487, 57.47,

34.54. -
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1,5-dibromo-1,5-dimethoxypentane (53): 'H nmr (CDCl,), &

5.85 (t, 2H), 3.40 (s, 6H), 2.10 (m, 4H), 1.70
(m, 2H); L3¢ nmr (cpcly), 6: 99.10, 59.39, 39.97,
22.44. )

g nmr (CDC1,) , §:

1l,5~diido-1,5~dimethoxypentane (gé):
6.10 (t, 2H), 3.25 (s, 6H), 2.10 (m, 4H), 1.80

(m, 2H).

l,5—dichloro—i,S-dimethokypenténe (gg): The same procedufe

except that the regction time was 3 days and
10 equiv. of TMSCL was used. Yield 84%;

bp = 81~ 83°C/0.8 mm; 'H nmr (CDC1,), 6: 5.48
(k, 2H), 3.43 (s, 6H), 1.97 (m, 6H); L3¢ nmr

CDC13), §: 100.57, 57.63, 38.75, 20.46.

-

Preparation of 1,1,5,5-tetramethoxypentane (50b) from

3,4~dihydro~2-methoxy-2H-pyran

To a sélution of 3,4—dihydro—z-methoxj-2H—pyraﬁ
in 30 mL of absolute ﬁéthanol was added a catalytic amount
of p-toluenesulfonic acid. After refluxing SQernight, 0.5 g
of potassium carbonate was added and allowed to cool to
room temperature. The solution was concentrated, diluted
with €ther, washed with water, dried over anhydrous potassium
carﬁonate, and then evaporated in vacuo to give product .

1

in 86% yield; bp = 101%102°C/12 mm; “H nmr (CDCl,), 6:



(rel. intensity), 128 (M'-2MeOH, 79), 127 (41.5), 97 (83

4.3 (t, 2H), 3.26 (s, 12H), 1.54 (m, 4H), 1.35 (m, .2H);

3¢ nmr (cpcl,), 6: 104.22, 52.44, 32.10, 19.65; ms, m/z
: 43,

]

Preparation of a,a,w,w~tetramethoxyalkanes 50a and 50b from

‘the corresponding dichloro-dimethoxy compounds 49 and 55

A solution of dichloro-dimethoxy compound 49 or

" 55 (10 mmol) in 30 mL of dry methanol was stirred at 0°C

-

for 1 hr under N2 atmosphere. ‘After the reaction mfkture wa§
refluxed overnight, the solvent was removed under reduced
pressure. The residue was partitioned between ether and
water. The organic layer was dried over anhydrous potassium
carbonate, filtered and then concentrated in vacuo to dive
the corresponding tetramethoxy compound as product in

quantitative yield. ’

1,1,4,4-tetramethoxybutane (50a) : ;H nmr (CDC13), 6: 4.3

(m, 2H), 3.23 (s, 12H), 1.57 (m, 4H); -3¢ nmr

{

(CDC13), §: 104.1, 52.5, 27.4.

i)l,5,5—tetramethogzgentane (50b) : The spectroscopic data

for this compound were identical with those
obtained by diacetalization of 3,4-dihydro-2-~

methoxy-2H-pyran (p. 132).
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The reaction of 2-methyl THF with TMSBr to give 2-(5-bromo) -

pentyl trimethylsilyl ether (60)

The same procedure as that in the case of propylene
1

. oxide (p. 128). Yield 84%; "H nmr (cpelg), 6: 3.75 (m, 1H),

,3-35 (£, 2H), 1.7 (m, 48H), 1.14 (d, 3H), 0.15 (s, 9H).

A typical procedure for the conversion of primary amines

o

to N-substituted pyrroles (74, 80-82)

To a solution of primary amine (5 mmol) iﬂ dry
methylenechloride (30 mL) was added the dichloro compound
49 (6 mmol: 1.13 g) dropwise at 0°C under Nz.atmosphere.
To the mixture, 3 é of Amberlyst A-21 resin73 was added.

The reaction mixture was allowed to warm to room temperature.
- : ™~

After stirring overnight, the mixture was filtered on a

\

fine-sintered glass filter and the filtrate evaporaégd*k

in‘vacuo. The product was purified by flash column chro-

@

matography using hexane—ethylaéetate as eluent.

N-benzyl pyrrole g;g)168= Yield 90%; lH‘nmr (CDC13), §:

7.5 (m, SH), 6.9 (t, 2H), 6.3 (t, 2H), 5.3 (8, 2H);
ms, m/z (rel. intensity), 157 (MT, 50.8), 91 (100).

ethyl 2=(l-pyrrolyl)acetate (@170: Yield 92%; 1

6.65 (t, 2H), 6.2 (t, 2B, 4.6 (s, 2H), 4.2 (g, 2H),

1.25 (t, 3H); ms, m/z (rel. intensity), 153

R

H nmr (CDCl,), &:

‘
T (e S W 1 I R P i s SRR APY PFR 0 ] 1 PRI 1 N0
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ig’a o (M*, 88.5), 80-(100). Anal. calcd: C sz.sgwa 7.2, °

N 9.2; found: C 62.8, H 7.3, N 9.2.

4 .
ethyl 2-(1-pyrrolyl) -2-benzylacetate (8l): Yield 94%;. lH nmx

(cDCl,), §: 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 (£, 3H); .
ms, m/z (rel. intensity), 243 (M', 93.2), 170 (100),

152 (99.3), 91 (70). Anal. caled: C 74.1, H 7.0,

! ’ N 5.8; found: C 7400, H 7.1’ N 507.

ethygu}4l-§Yrrolyl)propanoate (82) : Yield 91%; lH nmr

4.0 "(q’ 2H)' 105 (dl 3H)Ifllo (ﬁ[ 3H); mS, m/z

(rel. intensity), 167 (M', 60.5), 94 (100). Anal.
‘:§ - : calcd: C 94.67, H 7.78, N 8.38; found: C 64.69,

H 7.76, N 8.48. , "
b .
When primary amine hydrochloride salt as a starting5

material was used, another 1.5 g of weakly basic

. . Amberlyst A-21 ion-exchange resin was added..

*

-Preparation of 2-(l-pyrrolyl)acetic acid (83)

Glycine (1 mmol, 75 mg) and 0.5 g of resin were
stirred in dimethylsulfoxide (10 mL) for 1 day. Under N,
atmosphere, the dichloro compound 49 (1.2 mmol, 0.236 g) was

added dropwise and followed by another 0.5 g of resin. The

(:} R reaction mixture was stirred overnight and then. filtered
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i

and concentrated under reduced pressure (0.5 mm) to remove

DMSO. The residue was purified by flash column chr®matography

using methanol-ethylacetate (3:2) as eluent to give 83 in

60% yield. T

H nmr (DMSO + CDC13), §: 6.65 (t, 2H), 6.1 (t, 2H),

4.55 (s, 2H), 8.9 (b, 1H). The same compound was obtained

by hydrolysis of 80 in the presence of aqueous NaOH in

refluxing ethanol.

Preparation of 7-(l-pyrrolyl) -cephalosporanic acid'(gi)gz .

4

A quantity of 0.27 g (1 mmol) of 7-aminocephalos;

poranic acid (85) was stirred in 10 mL of DMSO for 20 mins

and then.l g of resin was added. After 1 day, the dichloro

compound 49 (0.236 g, 1.2 mmol) was added dropwise.

reaction mixture was stirred overnight.

The

The mixture was

- filtered and the filtrate was concentrated under reduced

pressure (0.5 mm) to remove DMSO. The residue was pd&ified.

by flash column chromatography using methanol-ethylacetate

(1:1) as eluent to give the product 84 in 65% yield.
- T

o

1

1760 cm ~ (B-lactam). = i _

1

H nmr ’

"(DMSO), 6: 6.72 (t, 2H), 6.23 (d, 1H), 6.07 (t, 2H), 5.2
(a4, 1), 4.9 (q, 2H), 3.5 (q, 2H), 2.0 (s, 3H); ir (KBr)>2:

~
RS
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Preparation of 6—(i—pyrrolyli—penicillanic‘acid (88) .- . -

-

st

Ies

4

3

<

o'

-

-

o

ac1d (83) was stlrred overnlght 1n 10 mL of DMSO and then -

G

0.5 g of resin' was added.

After 1 day,

the dichloro cqmpound

49 (0.236 g, 1.2 mmolfﬁwas added dropwise ‘and ‘followed by

another 0.5 'g of resin. The~reaction mixture-was stirred

overnlght., The mlxture was flltered and the flltrFte was

©

concentratedaunder reduced pressure (0 5 mm) to remofe DMSG.

-

The residue was purified by flash column chromatography

using methanol-ethylacetate (2:3) ds eluent to give the °

product 88 in 67% yield. 1

6.03 (t, 2H), 5.21 (d, 1H),

1.58 (s, 3H), 1.23 (s, 3H):

Preparation of pyrrole 6fLL—leucine'methyl;gster, 92 | \;

H nmr (CDBOD) ’ 6:' 6-78 (t, QZH) ’

4.69 (d, 1H), 3.44 (s, 1H),-

-

-

-1

i¥ (XBr): 1735.cm T (a-lactam).

f

’

-

LN

L~Leucine méthxl ester hydrochloride (93) (1.82 g,

10 mmol) in dry CH Cl2

(50 mL) was stirred for 10 mins.

Amberlyst A-21 resin (2.5 g) was 1ntroduced and then the

dlchloro compound 49 (2.26 g, 12 mmol) was added dropwise

at 09C under Nz‘

added 5 g of the resin again.

allowed to warm to room temperature.

After 30™ymins,

The reaction mixture was-g»

to, the mixtgre was

After stirring

overnight, the mixture was filtered on fine-sintered glass-

filter and the filtrate evaporated in vacuc. The crude

“ - -

A quantlty of 0.216 g (1 mmol) -of 6-am1nopen1clllan1c



found: C 67.7, H 8.7, N 7.3.

from methyl formate-

2 7 138

i

product was purified by TLC+mesh chromatography using héxane-
: . - : .

ethylacetgté (7:3) as eluent; Rf = 0.487 [a]D’= ~3.8°

(c = 0.0034, CDC1,); yield 71%; 'H nmr (CDCly), 6:-6.75 (&, 2H),
6.17 (t, 2H), 4,65 (t, 1H), 3.70 (s, 3H), 1.95 (m, 28), 1.40
(m, 1H), 0.95 (d, 3H), 0.83 (d, 3H); ms, m/z (rel. intensity),

195 (M7, 50.9), 139 (100).- Anal. caled: C 67.7, H 8.7, N 7.2;

a3

-

!

Preparation of dichloromethyl methyl ether (97)

. v - . )
This compound was obtained by the method of Rieche . .

and GrosleG. -

‘To 20.8 ¢ (0.1 mol) of BCl, was added 6.2 mL
(0.1 mol) of methyl formate slow;y withoutxsolvent unde{ N2
atmosphere. After the reaction mixture was stirred at room
témperature for-l=hr, distillaéion gavé a colorless liquié as

101,106 85 » 87°C);

product in 85% yield. Bp =87~ 89°C (lit.

lH nmxr (CDC13), §: 7.1 (s, 1H), 3.6 (s, 3H).

o
. -

S
>
. »

ek L

AT
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2-Formyl pyrrole 98 and 3-formyl pyrrole 99 from

A
A

pyrrole 80

To a solution of dichloromethyl methyl ether
(0.125 g, 1.1 mmol) in dry methylene chloride (5 mL) was

added TiCl4 (0.21 g, 1.1 mmol) dropwise at -20°C under N,

atmosphere and then followed by pyrrole 80 (0.153 g, 1 mmol) .

- The reaction mixture was stirred for 4 hrs at -20°C and

gquenched with saturated agqueous ammonium chloride solution

and extracted with ether. The organic layer was washed with

"10% aqueous sodium bicarbonate and finally with water.

After drying over anhydrous magnesium sulfate, the solution

was concentrated. The residue was separated by flash

L

c@?omatography using éthqucetate—hexang (2{3) as eluent to
give 2-fofﬁyl pyrrole 98 in 70% yield and 3-formyl pyrrole

99 in 14% yield.

T

4 nmr (cbcly), 6: 9.6 (s, 1H), 6.93

Z-formyl pyrrole 98:

(m, 2H), 6.3 (m, 1H), 5.05 (s, 2H), 4.23 (g, 2H),
———

1.27 (t, 3H); ms, m/z (rel. intensity), 181

t, 69.5), 153 (Mt-co, 39.8), 108 (100).

1

3-formyl pyrrole 99: H nmr (CDCl,;), 6: 9.8 (s, 1H), 7.25

(m, 1H), 6.65 (m, 2H), 4.65 (s, 2H), 4.25 (gq, 2H),

1.3 (t, 3H); ms, m/z (rel. intensity), 181

(vt, 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 yield (<30%).

b o R Aot e et
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Formylationr of pyrrole 92 to give 2-formyl pyrrole 91

and 3-for1t{yl pyrrole 100

(a) Using dichloromethyl methyl ether

°

To a solution of dichloromethyl methyl ethér

(0.125 g, 1,1 mmol) in dry methylepe chloride (5 mL) was |\
added titanium tetrachloride (0.21 g, 1.1 mmol) dropwise at\r
-20°C under N, atmosphere. 'It\fter iO mins, pyrrole 92 ' ,
(0.195 g, 1 mmol) in dry methylene chloride (2 mL) was added ~
dropwisé over 5 miis. The reaction mixture was stirred for
5 hrs at -20°C and allowed to warm to room temperature. After
overnight, the mixture .was gquenched with saturated aqueous
ammonium chloride solution and extracted with ether. The
organic layer was washed with 10% aquequs sodium bIcarbonate
éolution and then with water. After drying over anhydrous
magnesiur;l sulfate, the solvent was removed .under reduced N\
pressure. The residue was gepara*&:ed by TLC~mesh column i
chromatography using hexane;ethylaqgtate (7:3) as eluent to
give 2-formyl pyrrole 91 in 10% yield and 3-formyl pyrrole
100 in 50% yield. : v

" When the reaction was carried out for .6 hrs at

-40°C, it gave 2-formyl p&rrole 91 in 10% yield together with

the unreacted starting material 92.

i A A o
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(b) Using trimethyl orthgformate -

';'o a solution of trimethyl orthoformate (0.127 g,
1.2 mmol) in dry methylene chloride (5 mL) was added
titanium tetrachloride (0.21 g, 1.2 mmol) dropwise at -40°C
under N, atmosphere. —Pyrrole 92 (0.195 g, 1 mmol) in dry
methylene chloride (2 mL) was then added dropwise over
5 mins. After the reaction mixture was stirred at -40°C for
1.5 hr, the mixture was allbwed to warm to room temperature.
The solution was quenched with 1 mlL of water and extracted
with ether. The organic layer was dried over anhydrous
magnesium sulfate, and evaporated ¢n vacuo. The crude
product was separated by TLC-mesh columh chromatography
using l'iexane—ethylacetate (7:3) as eluent to give 2-formyl

pyrrole \9__1 in 81% yield and 3-formyl pyrrole 100 in 10%

yield. ~ o
//

2-formyl pyrrole 91: lH ngm//LeDCIg)/, §: 9.53 (s, 1H), 7.2

- (b, lH)};6.97 (dd, 1H), 6.33 (ad, 1H), 6.1 (t, 1H),
3.72 (s, 3H), 1.98 (m, 2H), 1.4 (m, 1H), 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),
1. . 108 (100), 94 (97.2), 80 (72.7); ir (CDCly), v :
1745, 1668 cm *; [a], = -6.5° (c = 0.005, CDCl,).

Anal. caled: C 64.5, H 7.7; found: C 64.6, H 7.7.

3-formyl pyrrole 100: TH mmr (CBCly), 6: 9.8 (s, 1), 7.37

(t, 1H), 6.73 (t, 1H), 6.56 (m, 1lH), 4.65 (dd, 1lH),

i
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3.7 (s, 3H), 1.92 (m, 2H), 1.4 (m, 1H),,?.91 (d, 3H),
0.89 (d, 3H); ms, n/z (rel. intensity), 223 (M",
63.4), 167 (100), 164 (49.3), 122 (44.2), 108 (55),

AY

94 (82), 80 (60.9).

v
?

Hydrolysis of methyl 2-(2-formylpyrrol-l-yl)=-4-methyl~-

pentanoate (91) to give 2-(2-formylpyrrol-l-yl)-4-methyl-

pentanoic acid (104)

(a) Using sodium hydroxide

To a solution of 2-formyl pyrrole 91 (0.112 g,
0.5 mmol) in methanol (5 mL) was added aqueous sodium
hydroxide solution (1.2 equiv.; 24 mg of NaOH in 1 mL of
water) . After the reaction mixture was refluxed overnight,
the mixture was cooled to room temperature and then poured
into 10 mL of water. This solution was washed with ether \
and the aqueous layer was then acidified with dilute hydro-
chloric acid to pH 3, and extracted with ether. The
combined ethereal layer was dried over anhydrous ;nagnesium
sulfate, filtered, and evaporated to give quantitatively a
pale yellowish solid. Mp = 74 ~ 77°C; [al = 16.4°
(¢ = 0.0075, CDCl,); 'H amr (CDCly), 6: 11.0 (b, 1H), 9.48
(s, 1H), 7.17 (b, 1H), 6.98 (dd, 1H), 6.32 (‘dd., lH): 6‘05;}'
(t, 1), 2.0 (m, 2H), 1.4 (m, 1H), 0.91 (d, 3H), 0.88 (d, 3H); -

(

i
t
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ms, m/z (rel. intensity), 209 (M', 52.7), 180 (75.4), 138

(.63.6)', 1227(66), 108 (71.3), 94 (78.1), 80 (62.2), 41 (100);

ir (KBr), v___: 3250 ~ 2400, 1740, 1610 cm . Apal. caled: °

"C 63.1, H 7.2; found: C 63.2, H 7.3.

When an excess  of aqueous sodium hydroxide solution

was used, acid compound 104 showed no pptical‘..activity.

{b) - Using trimethyliodosilane

This reaction was carried out according to
Jung's methodllB.

To a solution of 2-formyl pyrrole 91 (0.112 g,
0.5 mmol) in 4ry chloroform (5 mL) was added trimethyliodo-
silane (0.143 mL, 1 mmol). The solution was stirred overnight
at room temperature while protected from light. The mixture
was then poured into 5% aqueous sodium bicarbonate. The
agueous layer was washed with ether, acidified with dilutg
hydrochloric acid to pH 3, and extracted with ether. The

organic layer was dried over anhydrous magnesium sulfate and

evaporated to give a yellowish solid 104 in 55% yield. The

‘physical data was identical with that obtained from method (a).

4
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Reaction of benzylchloride with LDA to give l-chloro-1,2~

-diphenylethane (105)

—

-~

To a solution of diisopropylamine (1.l mmol, 0.16 .mL)

in THF (8 mL) was added n-BuLi (1.1 mmol, 0.69 mL of_ l.6M

Ain hexane) dropwise at 0°C under N, atmosphere. After 5 mins,

the solution was cooled to -78°C and then to it was added

benzylchloride (2 mmol, 0.25 g) solution in THF (2 mL).

After stirring for 3 hrs at room temperature, the reaction

mixture was concentrated, diluted with ether, washed with

water, dried over anhydrous sodium sulfate, filtered, and
the filtrate was evaporated in vacuo. The crude product was,

purified by flash column chromatography using gthylacetate-
1

T

\
hexane (3:7) as eluent to give 105 in 61% yield. H nmr
(CDCl3), §: 7.3 (m, 10H), 5.1 (t, 1H), 3.4 (4, 2H); l3C nmr

(cbcl,), &: 140.87, 137.27, 129.47 ~ 126.88 (aromatic peaks),
64.09, 46.59; ms, m/z (rel. intensity), 218 (M' +2, 32.6),

216 (M7, 64.3).
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Preparation of &-substituted compounds (110-113) from

pyrroles of glycine ethyl ester and alanine ethyl ester

Typical Procedure:

Under N, at 0°C, to a solution of 1.2 mmol of

2
hexamethyldlsllazane (HMDS) in THF (10 mL) was added 1.2 mmol

'of n-BulLi (O. 69 mL of 1.6 M in hexane) After 10 nins, to

the mixture was added 1 mmol of pyrrole of glycine‘ethyl
ester 80. After 30 mins, the reaction mixture was cooled
tol -78°C and then the alkyl halide (1 mmol) was added
dropwise. The reaction mixture was allowed to warm to room
temp’eratufe. After 3 hrs, the soiution was evaporated,
diluted with anhydrous ether '(20 mL) , filtered " and the
filtra;te was concentrated under reduced pressure. The -
residue was purified by flash column chromatography using

hekxane—ethylacetate (4:1) as eluent. : .

{
Products 110 (85% yield) and 11l (80% yield): wWere identical to

those (82, 8l) obtained by the reactions of the
]
corresponding amino-—acid esters and dichloro- -

compound 489. -

ethyl 2-(l-pyrrolyl)-1-(0'-methylphenyl) propanocate (112):

1

‘Yield 75%; 'H mmr (CDCl,), 6: 7.10 (m, 4H), 6.7
(t, 26), 6.1 (t, 2H), 4.75 (dd, 1H), 4.15 (q,' 28) ,
3.4 (m, 2H), 2.3 (s, 3H), 1.2 (&, 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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etﬁyl 2—(1—pyrrol¥l)-2-me:thyl gz‘:'opanoate (113): Yield\ 81%;

a nmr (cpc1,), 6:6.8 (t, 2H), 6.2 (t, 2H), 4.05

(g, 2H), 1.6 (s, 6H), 1.6 (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

-LiHMpS and methyl iodide. It could also be prepared
' by the reaction of the pyrrolé of glycine ethyl .

ester 80 wj:th 2 equiv. of methyl iodide in the

presence of 2 equiv. .of LiHMDS.

™

Conversion of primary amides (118-121 and 126) into N-acyl~-

—

pyrroles (122-125 and 127)

et emm—

Typical Procedure:

To a solution of amide (i mmol) in dry acetonitrilé
at 0°C under N2 atmosphere was added 1.3 mmol of dichloro-
compound 49 dropwise. After 10 mins, 1 g of resin was
added and the reaction mixture was then allowed to warm to
room temperature. After further stirring at 45° ~ 65°C
for 14 hrs, the mixture was filt;ered, evaporated and purified
by flash or TLC-mesh column chromatography to give the
product.

127,169

N-benzoylpyrrole (122) ¢  Yield 85%; 1

H nmr (CDCl3), ]

7.55 (m, 5H), 7.2 (t, 2H), 6.25 (t, 2H); ms, m/z



147 :

N . (rel. intensity), 171 (M', 42.1), 105 (M'-66, 100);
ir (neat) : 1700 cm * (C=0). .
- 'N-butanoylpyrrole (123) 118'141: Yield 73%; lH’nmx: (CDC13), Sz
' 7.22 (t, 2H), 6.17 (t, 2H), 2.65 (t, 2H), 1.7 (m, 2H),
. 0.95 (t, 3H);Ws, m/z (rel. intensity), 137 (M', 6.3);
1 141 1

ir (neat): 1725 em — (1lit. 1755 cm —).

"+ N-acetylpyrrole (124)'%8: vieid ss3; lm nmr (cpc1,), :

228
v ——

7.35 (t, 2H), 6.36 (t, 2H), 2.6 (s, 3H); .ir (neat):

1

1725 cm — (C=0)..

. N-stearoylpyrrole (125): Yield 72%. This reaction was carried
out in chloroform. Mp = 62 v 64°C; lH nmr (CDC13), Ssu

7.2 (t, 2H), 6.1 (t, 2H), 2.63 (t, 2H), 1.1 (b, 33H);
1

ir (CHCly): 1715 cm (c=0) .

N- (p-toluenesulfonyl)pyrrole (127)169: ‘\'I_‘hehsa“me procedure as

above except that the reaction was carried out at

room temperature for 3 hrs. Yield 71%; mp = 101 ~

89 100 » 101°c); ' nmr (cpCly), §:

103°C (1it.?!
7.8 (d, 2H), 7.3 (d, 2H), 7.22 (t, 2H), 6.3 (t, 2H),
2.42 (s, 3H); ms, m/z (rel. intensity), 221 (M',

* 56.9), 155 (40.4), 91 (100).

e et A e oo et - - v e b St
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The reactions of acylpyrroles with LAH

gmical Procedure:

'

To a solution of N-acylpyrrole (1 mmol) in anhydrous

" ether (5 mL) was added lithium aluminum hydride (0.75 mmol)

at 0°C under'N:a atmosphere. After further stirring for 1 hr
at-0°C, the reaction was continued overnight at room tempera-
ture. The reaqtion mixture was quenched with a few drops of
methanol and then 20 mL of water was added dropwise. The
ssolution was extracted with ether, dried over anhydrous

magnesium sulfate, and concentrated under reduced pressure to

give the product.

benzyl alcohol (130): Yield 75%; TH nmr (eDcly), 6: 7.2

° (s, 5H), 4.53 (s, 2H), 2.05 (b, 1lH); ms, m/z (rel.

intensity), 108 (M, 100).

butanal (128) and l-(l-pyrrolyl)-l-butanol (129): The analysis
171 by

for 128 in ethereal solution was carried out
refluxing with 2,4-dinitrophenylhydrazine solution
in EtOH, giving the hydrazone solid. Mp = 119 ~ 120°C

. 7
141 1550¢); yield 30%. After this reaction,

(lit.
‘the remaining solution was concentrated under
reduced pressure and then the residue was purified
by TLC-mesh column chromatography using hexane- '
ethylacetate (7:3) as eluent to give 129 in 40%

’ . yield:; lH nmr (CDCl3), §: 6.75 (t, 2H), 6.13 (t, 2H)',
5.3 (¢, 1H), 2.45 (b, 1H), 1.4 (m, 7I-i); ms, m/z
(rel. intensity), 139 (M', 42.5), 67 (100).

B



ﬁ " _The reactions of acylpyrroles with NaBH, p

>

(a) Using methanol as a solvent

To a solution of acylpyrrole (1 mmol) in dry
" methanol (5 mL) was added sodium borohydride (1.3 mmol,
.0.052 g) at -20°C under N2 atmosphere. After further
stifring for 5 h‘rs at -20°c, tpe reaction mixture was allowed
to warm to room temperature. The solution was -concentratied
under reduced p\ressure, di]:uted with ether, wasr;ed with
water, dried over anhydrous magnesium sulfate, filtered, and
evaporated to give product. “

benzaldehyde (l31): VYield 85% (not purified):; 1

ssoseamm

H nmr (CDC13) ’

(:} §: 10.0 (s, 1H), 7.76 (m, 2H), 7.4 (m, 3H).

1-(l-pyrrolyl)-l-butanol (129): This compound was purified

by TLC-mesh column chromatography using hexane -
ethylacetate (7:3) as eluent. Yield 85%.
Spectroscopic data for this was identical with
that obtained from the reaction of 123 with LAH

(p. 148).

(b) Using ether as a solvent

" To a solution of acylpyrrole (1 mmol) in anhydrous
ether (7 mL) was added sodium borohydride (1.5 mmol, 0.06 g)

at 0°C under N, atmosphere. After further stirring for 2 hrs

2
at 0°C, the reaction mixture was allowed t0 warm to room
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témperaéurg and the stirring was continued ove;night.\ The
solution was washed with water (3 x 10 ml),. dried over

anhydrous magnesium sulfate, filtered, and concentrated in
vacuo. The residue was purified by TLC~mesh column chroma-

tography using ethylacetaté-hexane (2:3) as eluent.

(1-pyrrolyl) -benzyl alcohol (132): R, = 0.43; yield 62%; B mms

(cbcly), &: 7.3 (s, SH), 6.7 (t, 2H), 6.5 (d, 1) ;
© 6.1 (t, 2H), 2.95 (d, 1E); ms, m/z (rel. intenmsity),

173 (M, 14.9), 107 (18.4), 106 (70.7), 105 (62.9),

67 (100).

N-Butyrylpyrrole did> not react with NaBH 4 in ether.

- \

- ' .
r3 - " . 4 -
8

The reactions of acylpyrroles with NaOMe . i ~

-

Typical Procedure:

7

To a solution of acylpyrrole (0.1 mol) in <5.1:y~
methanol (30 mL) was added sodium methoxide (0.15 mol,

B.J,bg) under N2 atmosphere. The reactign mixture was refluxed-
fo; 14 hrs and then cooled to room temperature. The solution
was concentrated under reduced pressure, diluted with ether,
washed with water, drigd over anhydrous magnesium sulfa)te,

filtered, and then distilled to give product.

methyl butanoate (136): vield 85%; bp =101~ 104°C (lit.%102°C);

ly amr (CDCl,) , 8: 3.65 (s, 3H), 2.25 (£, 2H), 1.7

(m, 2H), 0.95 (t, 3H) .’

-
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methyl benzoate (135): - 'Yield 89%; bb = 196 v 198°C ‘(lit.49‘

198-9°C); 1H nmr(CDCl,), §: 8.0 (m, 28), 7.4 (m,

3H), 3.8 (s, 3H)., . . Cor
" - Pyrrole (127). of“p-’toluenesul"foﬁ_ylamide did not
react with NaOMe in :;:'"efluxing methanol. C .-
The reactions of aczlpyf;oles with benzylamine to give -
" amides (138-140) .o o : )
Y
Pypical Proceduré: ° _ ' ‘ C
_ ' v, T a solution of the acylpyrrole (1 mmol) m dry
O THF (7 mL) was added benz{rlaive {1.2 mmol, 0.13 g). After
refluxing for 16 hrs, e\;aporatiOn of the reaction mixture
’ . under reduced pressure gave’ solid residue which was washed
. with cold ether (3 x 15 mL) to éi\(e £ine crystals. .
N-benzyl benzamide (138): Yield 85%; mp = 104 ~ 106°C;
4 nmr (acetone-d.), §: 7.65 (m, 2H), 7.3 (m, ‘33), °
l”“\;»;/‘,{‘ o 7.25 (s, SH), 6.4 b, 1), 4.6 (4, 2M); ir (KBx),
C ’ - vgax; 3300 (N-H), 3060 (aryl C-H) , 1630 and
oo 1540 cm ! (amide), 1600 (aromatic); ms, m/z (rel.
k T S intensity) , 211 (M', 77.6), 210 (M*-1, 40.4), 105
(100), 77 (62.6).
E N—benzyl’ﬁiﬁﬁyramicie (139) :- which was not purified. lH nmr
B (;DCl;), §: 7.25 (s, 5H), 4.36 i(d, 2H) , 2.15 (¢t,
O S 2H) , 1.65: (m, 2H), 0.9 (t, 3H).

-~

o
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N-benzyl stearamide (140): Yield 87%; mp = 85 ~ 88°C;

4 nmr (cpcly), §: 7.25 (s, SH), 4.4 (4, 26),

2.2 (t, 2H), 1.25 (s, 3?H); ir (KBr), Vmax® 3300

(N-H) , 3080 (aryl C-H), 2980~ 2800, 1625 and

1540 cn © (amide); ms, m/z (rel. intensity), 373

-

-

+

-
L]

4

The reaction of N-benzoylpyrrole with piperidine to dive

L]

N-i)enzoylpiperidine (141)

To a solution of N-benzoylpyrrole (1 mmol) in dry
THF (5 mL) was added piperidine (1.5 mmol, 0.13 g). After
refluxing for 2 days, the reaction mixture was concentrated
under reduced préssure, which was purified b(y'TLC—mesh
colﬁmn chrbmatography using ethylacetate~hexane (3:7) as

eluent to give product in 55% yield. Rf'= 0.14; lH nmr

AJ

(CDC1'3), §: 7.3 (s, 5H), 3.5 (b, 4H), 1.64 (b, 6H); ir (CHClB),

©

1 (t-amide) ; ms, m/z (rel. intensity),

2980~ 2850, 1630 cm
189 (MY, s52.6), 188 (M'-1, 89.3), 105 (100), 84 (48.4),

77 (63.9).

mt, 37.5), ’ : :
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'ﬁ 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 Hexane, 2.5 mmol) ;

at 0°C under N, atmosphere. After 2 hrs at 0°C, the solution

s

was concentrated under reduced pressure. The residue was’

-

diluted with ether, washed with water, dried over anhydrous E
magnesium sulfate, filtered, and then evaporated in vacuo.
It was purified by TLC-mesh column chromatography on silica

gel to give a colorless oil.

©
¢ e
- “

5-pheriylnonan-5-ol (142): Yield 72%; “H nmr (CDCL,) , 83

. 7.3 (m, 5H), 1.25 (m, 18H); ir (CHq13), Vmax® 3610 K

(OH), 3050 (aryl C-H), 2990 ~ 2820 cm *; ms, m/z

N . P .
¢ _ ' (rel. intensity), 220 (M', 0.3), 202 (M'-OH, 14.6),

163 (M'-Bu, 100). X

5-n-butyldocosan-5-ol (143): Yield 65%; lH nmr (CDC13), ]

ettt

. - ¥
(OH) , 2980 ~ 2800 cm l; ms, m/z (rel. intensity),

364 (MT-oH, 8.1), 325 (MT-Bu, 43.9), 143 (78.4).
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' The Grignard reaction of stearoylpyrrole (125) to give

’in THF) dropwise at 0°C under N, atmosphere. The reaction

filtered and then evaporated in vacuo to give crude product‘

"hexane-ethylacetate (4:1) as eluent. Rf = 0.42; yield 55%;

l,l-d;phenylstefaryl alcohol (144)

To a solution of stearoylpyrrole (1 mmol, 0.33 g)

in dry THF (5 mL) was added PhMgCl (2.5 mmol, 1.25 mL of:ZM

mixture was allowed té warm to room temperature. After 4 hrs,

the mlxture was quegphed with a few drops of water, extracted

‘with 20 mL of etheéé érled over anhxdrous magneSLum sulfate,
which was purified by TLC-mesh column chromatography using

mp = 40 ~ 43°¢; YH nmr (cpely), §: 7.3 (m, 10H), 1.2 (s, 35H);

ir (KBr): 3550 (OH), 3050 (aryl C-H), 2980 % 2820 cm  ; ms, m/z

(rel. intensity), 404 (M'-oH, 2.8), 344 (M'-benzene, 8.2),

105 (68.3). ' ' 3

\

Methyl 3-oxopentancate (148) from methyl acetoacetate (147)

This reaction was carried .ocut according to

. ¥
Weiler's methodl5%."

Under N, atmosphere at 0°C, to a solution of sodium
ﬂydride GL4\§ 50% dispersion in mineral oil) in 200 mL of THF was
added methyl acetoacetate (0.1 mol, 11.6 ¢g) dropwise. The 4

green solution was stirred for 10 mins and n-BuLi (70 mL of
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-+ 1.5M in hexane, 0.11 mol) was then added to give the orange
. dianion. After 10 mins, 0.1l1 moi (7 mL) of methyl iodide
in THF (14 mL) was added and the reaction mixture was then
stirred at room temperatu{e for 15 mins. The mixture was
quenched with dilute hydr@éhloric solution (20 mL of C-HCl

_in 70 nmL of HZO) and diluted with 150 mL of ether. The

organic phase was washed with water until the aqueous
extracts were neutral pH. The organic solution was dried
over aqpydrous magnesium sulfate, filtered, and evaporated

under reduced pressure. The crude product was distilled to

yield 9.5 g (7§%) of methyl 3-oxovalerate (148). Bp = 85 . !

87°C/20 mm, (lit.>>3 70 A 71°/14 mm); YH nmr (cocly), 8
3.75 (s, 3H), 3.45 (s, 2H), 2.6 (q, 2H), 1.1 (£, 3H).

’:

Preparation of methyl 5-triméthylsiloxy—z—pentenoate (149)

This reaction was, performed by Danishefsky's

method154.

Dry triethylamine (0.11" mol, 15.5 g) and zinc
chloride (0.5 g) were stirred viéorbusly under N2 atmosphere ®
for 1 hr, giving a fine suspension. Methylvalerate (0.05 mol,
6.5 g) in dry benzene (50\3;) was added, followed after B
5 mins by TMSCl (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




o

hexane (300 mL), cooled to precipitate any remaining sblid;7~\\\\

3

filtered, and concentrated, givimg the mono-enol silyl ether

product 149 in 94% yield. 4 nmr (cbCi;) (a 4:1 mixture E
and 2 of isomers), 67 5.09% and 5.02 £ '(1H, each s), 3.65

(s, 3H), 2.75% and 2.17% (2H, each q), 1.1 (t, 3H), 0.27

/[

1,3-Bisg (trimethylsiloxy) ~l-methoxypenta-1l,3-diene (150)

(s, 9H).

This compound was prepared by Chan's methodJ*50

, without TMEDA.

Under N2 atmosphere at 0°C, to a solution of diiso-
propylamine (24 mmol( 3.4 mL) in THF (30 mL) was addéd n-BuLi
(15 mL of 1.6 M in hexane, 24 mmol). After 5 mins, the
mixture was cooled to -78°C and enol silyl ether 149 (20 mmol,
4.0é g) was then added dropwise. After 10 mins, the reaction
mixture was quenched with TMSCl (4 mL). .The mixture was )
allowed to warm to 0°C and concentrated on the rotary : %:
evaporator. The residue was triturated with dry hexane
(200 mL) with cooling to precipitate salts and filtered. The
" filtrate was concentrated (finally under high vacuum) to
give product as a pale yellowish oil”in 95% Qield. ‘lH nmr
(CDCl3), §d: 4.97 (q, 1H), 4.0 (s, 1H), 3.6 (s, 3H), 1.65
(d, 3H), 0.3 (s, 9H), 0.27 (s, 9H). '

1

From the ~H nmr spectrum, it appears to be exclusively

one isomer which is tentatively assignea to be the E-isomer.

Ny




ek e

/

The reactions of bis(enol silyl ether) 150 with 2,5~-dimethoxy

THF to give 151-153

et ety
e pe————

To a solution of 2,5-dimethoxy THF (1) (5 mmol,
0,66 g) in dry methylene chloride (15 mL) at -78°é-under Nz‘
atﬁosphere was added titanium tetrachloride (10 mmol, 1.9 gl
dropwise. A solution of bis(enol_éilyl ether) 150 (5 mmol,
1.37 g) in dry cﬂzciz (25 mL) was added over 20 mins. The
mixture was stirred at -78°C for 3 hrs and then ailowed to
warm to 0°C. To the dark red solution was then added
exceés 5% aqueous sodium bicarbonate solution (2 mL). The‘\
mixture was extracted with ether, dried over anhydrous
magnesium sulfate, and evaporated. The‘geéidue was separated
by flash column chromatography on silica gel using hexane-~
ethylagetate (7:3) as eluent to give the bicyclic eno#
compound 132 (38%) and keto compounds 153 (20%) as a mixture

of two isomers.

Z-Cérbomethoxy—3—hydroxy~4-methyl-B-oxabicyplo-

(3,2,1]-2-octene (152): (one isomer exo-methylated at C-4);
1

R, = 0.51; “H nmr (CDC13), §: 11.68 (s, 1H),

f
4.88 (m, 1H), 4.28 (m, 1H), 3.76 (s, 3H), 1.95 3

(m, 5H), 1.32 (4, 3H); ms, m/z (rel. intensity),
198 (M', 19.6); ir (neat): 3600~ 3300 (b, OH),

3040~ 2800, 1660, 1615 cm .
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2-ca5bometh6xy—3—oxo-4-methy;78-oxabicyclo—

{3,2,1]-octane (153): (mixture of two isomers, both with -

X

endo-methyl group at C-4); Re = 0.4 and 0.31
(without separation); "H nmr (CDCl,), 6: 5.05

and 4.84 (m, each H-~1, 1lH), 4.49 (m, 1H, H-5),
3.76 and 3.73 (s,'éach OMe, 3H), 3.0 (m, each

H-2 and H-4, 1H), 1.8 (m, 4H), 1.0l and 0.98

(d, J = 6.8 Hz, each CH; at C-4, 3H); ir (neat):y
3040 & 2820, 1740, 1715 omY; ms, m/z (rel.
intensity), 198 (M', 2.4). -
When 1 equiv. of titanium tetrachloride was used
as a Lewis acid, monosubstituted THF derivative

151 was obtained in 25% yield with traces of

bicyclic products (152 and 153).

methyl 3-oxo-4-[5-(2'-methoxytetrahydrofuranyl)]-

< pentanoate (151): lH nmr (CDC13), §: 4.95 (m, 1H), 4.08

a

O

(m, 1H), 3.7 (s, -COzMe), 3.59 (s, 2H), 3.28

(s, OMe), 2.7 (m, 1H), 1.85 (m, 4H), 1.0 (d, 3H);
ir {(neat): 3020 ~ 2800, 1750, 1715 cm{l; ms, m/z
(rel. intensity), 199 (M+-OCH3, 14.8), 198
(M"-cH,
(17.6), 101 (100).

OH, 15.4), 167 (16.3), 130 (28.4), 125

e e N pegfe ¢ CREHIEEREY M L et mS S TG 08 N
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O-Silylhtion of bicyclic enol 152 to give 2-carbomethoxy-

3-trimethylsiloxy-4-methyl-8-oxabicyclo[3,2,1]-2-octene (154)

———p——

' To a sSlution of bicyclic enol 152 (4.3 mmol, 0.85 g)
in dry ether (30 mL) was‘added by triethylamine (6 mmol,

0.84 mL) drobwise and followed by TMSCl (8 mmol, 1 mL) under
N2 atmosphere. After 1 hr, the mixture' was filtered and '
the filtrate was evaporated in vacuo to give the enol sily}
ether product 154 quantitativel&. lH nmr (CDC13), §: 4.95

(m, 1H), 4.21 (m, 1H), 3.7 (s, CO.Me), 1.93 (m, 4H), 1.80

2
(q, 1H), 1.28 (4, 3H), 0.22 (s, 9H); ir (neat): 3020 ~ 2860,
1720 and 1680 (COzMe), 1620 (olefin), 880 and 850 cm-l

(OSiMe3); ms, m/z (rel. intensity), 27q~(M+, 7.9).

O-Acylation of bicyclic enol 152 to give 2-carbomethoxy-3-

acetoxy-é—methyl—8—oxabicyclo[3;2,1]-2—octene (155)

To the mixture .of bicyclic enol 152 (2 mmol, 0.4 g)
and ace@yl‘chloridf‘(z.z mmol, 0.17 mL) was slowly added
2 mL of pyridine at 0°C. The reaction mixture was allowed
to warm«to room temperature. After 5 hrs, ice-hydrochloric
acid solution was added diopwise to the mixture until pH 5.
The mixture was extracted with ether (3 x lgrmL) and the

ether solution was dried over anhydrous magnesium sulfate,

filtered, and evaporated in vacuo. The crude product was

o
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purified by flash column chromatography using ethylacetate-

e

hexane (3:7) as eluent to give 155; Re = 0.38, in 81% yield.

lf nmr (cDC1,), 6: 4.97 (m, 1H), 4.27 (m, 1H), 3.72 (s, 3H),

2.21 (s, 3H), 2.10 ~ 1.78 (m, 5H), 1.23 (d, 3H); ir (neat):

1

3040 ~ 2820, 1765 (C=C-OCCH,), 1650-cm ~ (olefin); ms, m/z

(rel. intensity), 240 (M', 1.6).

Preparation of 3-oxo-8-oxabicyclo(3,2,1]~2-octane

derivatives 156 and 157

" Under N atmosphere at 0°C, to NaH (0.05 g, 5Q%

2
dispersion in mineral o0il) in dry THF (7 mL) was added '
bicyclic enol 152 (1 mmol, 0.2 g) in THF (2 mL) dropwis?.

After 10 mins, methyl iodide (1.1 mmol, 0.07 mL) in THF

(1 mL) was added and the mixture was stirred at room

temperature overnight. The reactign mixture was quenched

f

i

with dilute hydrochloric acid soiution, diluted with 30 mL

of ether. The organic phase was washed with saturated -
Na25203 solution until the agueous layer was neutral PH,

dried over anhydrous MgSO4, filtered and evaporated. ‘Fhe

residue was purified by flash column chromatography using
ethylacetate-hexane (3:7) as eluent to give product 156

in 52% yield. R, = 0.33; 'H nmr (cDCl), 6: 4.35 (bt, H-1

and H-5, 2H), 3.73 (s, CO,Me), 2.34 (¢, H), 2:07 (m, 4H),

1.61 (s, 3H), 1.33 (d, 3H); ir (neat): 3040 ~ 2820, 1735, .

1715 em ¥; ms, m/z (rel. intensity), 212 (M', 13.2).

B e Mo 3 3 g6
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When more than 2 equiv. each of NaBH and Mel were

used, dimethylated produét 157 was obtained in 65% yield.

R, = 0.44; 1

£ H nmr YCDClB), §: 4.36 (m, 1H), 4.15 (m, 1H),

3.75 (s, 3H), 2.0 (m, 4H), 1.66 (s, 3H), 1.36 (s, 3H),

1.1 (s, 3H); ir (neat): 3040 ~ 2820, 1735, 1710 cm 1; ms,

m/z (rel. intensity), 226 (M, 46.8).
The ozonolysis reactions of 154 or 155, carried

out according to Heathcock's162

method, gave a complicated
mixture of products; we could not purify and identify any

structure.

a
©

Preparation of 3-trimethylsiloxy-8-oxabicyclo([3,2,1]-

- 2=-octene derivative 158

gt Dry triethylamine (11 mmol, 1.55 g) and zjinc

chloride (50 mg) were stirred vigorously under N2 atmosphere
for 1 hr, giving a fine suspension. A solﬁtion of 153 ”

(5 mmol, 1 g) in dry benzene (10 mL) was added, followed

by T™™MSC1 (10 mmo}, 1.3 mL). The\ﬁixture was stirrgd overnight,
25 mL of anhydrous ether added, filtered and concentrated.

The residue was diluted with dry hexane (30 mL), cooled to
precipitate any remaihing solids, filtered and concentrated,
giving the enol silyl ether product 158 in 92% yield.

1% nmr (CDCly), §: 4.9 (bd, 1), 4.31 (m, 1H), 3.63 (s,

Co,Me), 2.76 (m, 1H), 1.83 (m, 4H), 0.93 (d, 3H), 0.16
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%<E¥ (s, 9H); ir (neat): 3020 ~ 2820, 1720 and 1690 (COZMe),
1615 cm 1 (olefin), 880 and 845 (OTMS); ms, m/z (rrl.

intensity), 270 (MY, 9.7). ' <

1

\

R

\

Esterification from carboxylic acid and a-bromoester to

'give a-acyloxy esters (1839-195)

Iypical Procedure:¥64'165 _ e

*To a solution of acid (0.15 mol)‘in 120 mL of
acetone was added anhydrous potassium carbonate (0.23 mol, -
31.5 g) followed by a-bromo ester (O.i mol) under N, |
(:} _atmosphere. After the reaéfion mixture was refluxed overn;ghﬁ,_'
it was cooled to room temperature and evaporated in vacuo.
\\ The residue was partitioned between ether and 10% agueous
~ . potassium carbonate solution. The organic layer was washed
with water until neutral pH and finally with brine solution,
dfied‘oﬁer anhydrous MgSO,, filtered and concentrated in
vacuo to givé the ester product in quantitative yield.

ethyl a-propanoyloxyacetate (189): VYield 91%; 46°~ 48°C/0.1 mm;

L4
g nmr (cDC1,), 6: 4.6 (s, 2H), 4.2 (q, J = 7.2 Hz,

2H), 2.43 (g, J = 7.2 Hz, 2H), 1.3 (t, J = 7.2 Hz,
77 3H), 172 (t, 3 = 7.2 Hz, 3H); ir (neat): 3020 ~
2865251770 and 1750 cm-l; ms, m/z (rel. intensity),

160 (M*, 11.6), 115 (24.3), 57 (93.8).

o

o e ey
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“} " ethyl a-acetoxyacetate (190): Yield 92%; lH nmr (CDClBL, 8z

4.6 (s, 2H), 4.23 (q,"J = 7.2 Hz, 2H), 2.17 (s, 3H),
1.3 (t, J = 7.2 Hz, 3H); ms, m/z (rel. intensity),
1.46 (M7, 1.3), 101 (38.2).

ethy; a-hexanoyloxyacetate (191): Yield 94%; 1H nnmar (CDC13),

5: 4.53 (s, 2H), 4.16 (q, J = 7.2 Hz, 2H), 2.36
(¢, 2H), 1.4 (m, 6H), 1.2 (t, J = 7.2 Hz, 3H),
0.85 (m, 3H); ir (neat): 3020 ~ 2840, 1770 and

, 1750 cm Y; ms, m/z (rel. intensity), 157 (M"-45,
7 - 26.2), 99 (100). |

e .

ethyl a~cyclohexanecarbonyloxyacetate (192): VYield 92%;

T 4 nmr (cpc¥y, 5: 4.5 (s, 2H), 4.1 (g, J = 7.2 Hz,
= 3
(} . 2H), 1.6 (m, 11 H), 1.15 (¢, J = 7.2 Hz, 3H);
ir (neat): 3020 ~ 2830, 1765 and 1745 cm™¥; ms,

@

m/z (rel. intensity), 214 (M+, 0.8), 169 (25.3), 111

(93.4), 83 (100). .

1

ethyl a-benzoyloxyacetate (193): Yield 95%; “H nmr (CDCl3),

6: 8.1 (m, 2H), 7.53 (m, 3H), 4.86 (s, 2H), 4.26
(q, §'= 7.2 Hz, 2H), 1.3 (¢, J = 7.2 Hz, 3H);
ms, m/z (rel. intensity), 208 (M', 29.1), 163
(15.9), 105 (100).

4 nmr (cpel,)

ethyl a-phenylacetoxyacetate (194): Yield 98%;
§: 7.26 (s, :5H), 4.58 (s, 2H), 4.16 (g, J a\7.2»Hz,
2H), 5.7 (84 2H), 1.2 (t, d = 7.2 Hz, 3H): ns, .
O m/z (rel. intensity), 222 (M', 2.5), 177 (14.6),

119 (26.4), 118 (84.8), 91 (100) .

©
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1

ethyl a—2—methylpentanofloxyacetate (195): Yield 93%; "H nmr

(cDCl;), §: 4.55 (s, 2H), 4.18 (q, J = 7.2 Hz, 2H),
2.55 (m, 1H), 1.25 (t, J = 7.2 Hz, 3H), 1.2°(d, 3H),
1.1 (m, 7H); ir (neat): 3020 ~ 2840, 1750 om™l;
ms, m/z (rel. intensity), 160 (M'-42, 40.6), 157

(M%—45, 36.9), 99 (73.7), 71 (100); 13

‘§: 171.61, 167.52, 60.82, 60.11, 38.59, 35.46, 19.87,

- 16.53, 13.67, 13.50.

4,7-Dioxa-3,6-bts(trimethylsiloxy) non-2,5-diene (179)

from ethyl a-propanoyloxy acetate (189)

Undeg N2 atmosphere at 0°C,’to'a solution of diiso-
propylamine (24 mmol, 3.4 mL) in dry/@HF (30 mL) was added
n-BulLi (15 mL of 1.6 M in pexane, Zzimmol). After 5 mins,
the mixture was cooled to -78°C and ester 189 (10 mmol) was
then added dropwise. After loumins, the reaction mixtuée
was quenched with TMSCl (4 mL). The mixture was allowed

to warm to, 0°C and concentrated on the rotary evaporator.
The residue Qas ériturated with éry,hexane (260 mL) with

cooling to precipitate salts’and filtered. The filtrate

was concentrated to give producg as a pale yellqwish oil

in 55%. Bp = 75 & 78°C/0.1 rum; 1H nmr (CDC133, § (single
isomer about C 4-5 and a ca. 3:1 (E/2z) mixture isomers

about C 1-2) 5.672% and 5.33% (1H, each s, -OCH=), 4.23

. . 8
s B .
ARSI DA S A O Eop T PSRRIy AR . ¢
,



Am, 1H, CH,CH=), 3.76 (m, 2H, OCH,CH}), 1.56 (m, CH,CH=, 3H),
1.3 (m, -OCH,CH,, 3H), 0.18 (s, OTMS); ir (neat): 1685 cm '~

(olefin), 845 cm * (OTMS); ms, m/z (rel. intensity), 304 °

(", 24.8). 187 (39.2).

\

The cyclisation of 179 &ith-l in the presence of

2 equiv. of TiCl4 was not successful. - -

s

0

. Bthyl 2,3-bis (trimethylsiloxy)-2-alkenocates (196-199)
- . — TR S

Under N2 atmosphere at Q°C, to a solution(oﬁ
diisopropylaminen(G.S mL, 48 mmol) in dry THF (%goﬂmLf:waQ
added n-Buli (30 mL of 1.6M in hexane, 4é mmol) and fol-’
Lowed by the acyloxy ester (20 mmol) in THF (20 mL). After
30 mins, the reaction mixture was cooled to ~78°C and
quenched with TMSC1l (8 mL). The mixture was allowed to
warm to room temperature and evapoféted in vach. The residue

was diluted® with cold dry hexane (200 mL) to precipitate

salts, filtered and concentrated in vactio to give a product.

ethyl 2,3-bis(trimethylsiloxy)-2~pentenoate (196): vield 87%;

82 . 84°C/0.2 mm; H nmr (cpcly), 6: 4.22 (q, J =
' 7.2 Hz, 2H),'2.63’(q, J = 7.6 Hz, 2H), 1.31 (t,
J = 7.2 Hz, 3H), 1.1 (¢, J = 7.6 Hz, 3H), 0.23
. (s, 9H), 0.17 (s, 9H); ir (neat): 1710, 1g20, 885,
850 cm '; ms, m/z (rel. intensity), 304 (M, 27.2),
63.7), 259 (15.0), 245 (51.4), 231 (28.5).,

/

289 (M+-CH3.
Ty .

4

‘.
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i;‘ ) ethyl 2,3~bis(trimethylsiloxy)-2-octenocate (197) 2 Yield 65%;
1

5
4%&w¥b5°41108°c/0.25 mm; “H nmr:(CDCl3), §: 4.16 (g, 2H),
2,57 (£, 2H), 1.1 (m, 11H), 0.22 (s, 9H), 0.16 (s,
9H); ir (neat): 1710, 1620, 840 cm-l; ms, m/z

(rei. intensity), 346 (M', 0.6), 331 (Mfian, 3.2).

" ethyl 2,3-bis(trimethylsilox¥y)-3-cyclohexyl-2-propenoate (198):
1 .

~

Yield 50%; 118°~121°C/0.2 mm; ~H nmr (cocly), 8: .

.

: 4.22 (g, 2H), 1.46 (m, 11H), 1.33 (t, 3H), 0.26

(s, 94) , 0.18 (s, 9H); ir (neat); 1710,71605, .

ﬁ_x850~cm-l§ ms, m/z (rel. intensity), 358 M, 1.9),

' E 343 (M'-cH,, 8.2). :

ethyl 2,3-bis(trimethylsiloxy)-5-methyl-2-heptenocate (199): g
1

¢ Yield 62%; 83~ 86°C/0.05 mm; lH nmr (CDCl,), 6
. 4.2 (q, 2H), 1.95 (m, 1H), 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 *; ms, m/z (rel.

- <3
intensity), 346 (M', 44.9), 331 (M+—CH3, 58.8) .

- 2=-Hydroxy-1,3-dioxo ester derivatives (200-203)

s e 3

The reacfion procedure was the same as in the
case of compounds (196-199) except that the reaction
mixture was quenched with 0.1 N hydrochloric acid instead
; of TMSC1l and diluted with ether instead of hexane. The
C} ’ product was purified by ﬁlaéh column chromatography using

ethylaﬁetate~hexane as eluent.

r R l , s - !
~ / |
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ethyl 3-oxo-2-hydroxypentanoate (200): vyield 57%; 'H nmr

(cDCly), &: 4.7 (s, 1H), 4.2 (q, 2H), 3.87 (b, 1H),
3.63 (g, 2H), 1.3 (t, 3= 7.2 Hz, 3H), 1.1 (t,
J = 7.6 Hz, 3H); ir (CHCl,): 3620 v 3250, 3060

2860, 1735 cm L; ms, m/z (rel. intensity), 160

+, 3.9), 104 (22.6). The same compound was

(M
obtained by acidic hydrolysis of 196 as follows:

To a solution of 196 (0.5 mmol) 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 ethgr solution

was concentrated to give 200. It was purified by

flash.column chromatography.

ethyl 3-oxb—2-hydroxyoctanoate (201):‘ Yield 52%; lH nmr

(cpCl,), &: 4.76 (s, 1H), 4.3 (g, J = 7.2 Hz, 2H),
4.1 (b, 1H), 3.67 (t, 2H), 1.4 (m, 6H), 1.33 (t,
J = 7.2 ﬁz, 3H), 0.92 (t, 3H); ir (neat): 36007%
3250, 3020 v 2820, 1750, 1725 cm . When DO was
added té the nmr tube, the broad peak at 4.1 ppm

disappeared.

ethyl 3-oxo-2-hydroxy-3-cyclohexylpropanocate (202): Yield 65%;

mp = 127 ~ 130°c; !

H nmr (CDC13), §: 4.8 (s, 1H),
4.25 (g, 3 = 7.2 Hz, 2H), 4.2 (b, 1H), 2.8 (m, 1H),

1.4 (n, 10H), 1.27 (t, J = 7.2 Hz, 3H); ir (KBr):

RN s




a

1

3600 ~ 3260, 3020 ~ 2820, 1740, 1690 cm —; ms, m/z

(rel. intensity), 214 (M', 0.9), 111 (41.6), 104

-

(19.4), 83 (100).

ethyl 3-oxo-2-hydroxy-4-methylheptanocate (203) : Yield 65%;

g nmr (CDCl3) (mixture of two diasteregmers; . O: -
\ .

4.89 and 4.85 (1H, each s), 4.32 (b, 1H), 4.28

(q, 2H), 3.0 (m, 1H), 1.32 (m, 4H), 1.29 (t, 3H),

1.12 and 1.06 (3H, each d), 0.89 (m, 3H); ir (neat):
3600 ~ 3300, 3020 ~ 2840, 1755, 1725 cm 1; ms, m/z

e b ot S it

(rel. intensity), 202 (M', 0.4), 104 (6.6), 99 (51.9).

2-Acetoxz—l,3-diketo ester derivatives (204-207) and

\\2,3-diacetoxy-a,B-unsaturated esters (208-209)

) ' -
(a) In order to obtain compounds (204-207), the same

reaction procedure as above was used except that the reaction

1 mixture was treated with 1 equiv. each of acetic anhydride

" and LDA.

1

ethyl 3-oxo-2-acetoxypentanoate (204): Yield 35%; “H nmr

(cDCly), 63 5.5 (s, 1H), 4.26 (g, J = 7.2 Hz, 2H),
2.66 (q, J = 7.6 Hz, 2H), 2.2 (s, 3H), 1.28 (t,
7.2 iz, 3H), 1.08 (ty J =

3020 ~ 2850, 1755, 1735 cm t;

J = 7.6 Hz, 3H) ; ir (CHC13):

ms, m/z (rel. L
. _ .
intensity), 202 (M', 1.9), 160 (35.7), 157 (18.6),

Y 146 (43.4),’104 (83.9).
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be

ﬁ ethyl 3-oxo=-2-acetoxyoctanoate (205): Yield 45%; 1H. nnr

(cpcly), 6: 5.48 (s, 1H), 4.27 (q, 2H), 2.65 (t, 2H),
2.22 (s, 3H), 1.36 (m, 6H), 1230 (t, 3H), 0.9 (t,

3H); ir (neat): 3020 ~ 2840, 1765, 1755, 1735 cm 1;
ms, m/z (rel. intensity), 244 (M", 0.5), 202 (5.8),

199 (2.9), 146 (21.3), 104 (32.4).

ethyl 3-oxo-2-acetoxy-3-cyclohexylpropanoate (206): Yield 67%;

!

11 lnmr (cDel,), 6: 5.6 (s, 1), 4.26 (q, 2H), 2.2
(s, 3H), 1.65 (m, 11H), 1.3 (t, 3H); ir (neat):
3020 ~ 2840, 1755, 1730 cm Y; ms, m/z (rel.
intensity), 256 (M', 0.9), 214 (4.1), 211 (15.3),
168 (32.0), 146 (3.9), 104 (42.6).
Q . ethyl 3-oxo-2-acetoxy-4-methylheptanoate (207) : Yield 65%;
lH nmr (CDCl3) ;6 (mixture of two isomers): 5.64
(s, 1H), 4.28 (q, 2H), 2.98 (m, 1H), 2.23 (s, 3H),.
1.7 (m, 26), 1.31 (t, 3H), 1.28 (m, 2H), 1.15 and
©1.09 (38, each d), 0.9 (m, 3H); ir (neat): 3020 ~
2840, 1755, 1735 cm '; 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~diacetoxy~3f-cyclohexyl-2-propenoate (208): Yield

—

¢ .
59%; 1 nmr (CDCly), 8: 4.26 (q, 20), 2.4 (s, 3H),
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2.26 (s, 26), 1.6 (m, 11H), 1.25 (t, 3H); ir (neat):

1

1750, 1720, 1630 cm —; ms, m/z (rel. intensity),

298 (M", 2.5), 256 (13.5), 214 (55.4).

ethyl 2,3-diacetoxy-4-methyl-2-heptencate (209): Yield 62%;

|

4 nmr (cDcly), 6: 4.25 (q, 2H), 2.41 (s, 3H),
2.3 (s, 3H), 1.3 (&, 3H), 1.05 (m, 11H); ms, m/z
(rel. intensity), 286 (MY, 0.3), 244 (4.9), 202

(42.4); ir (neat): 1760, 1725, 1635 cm I.

ke e s e e .
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(a)

(b)
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