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~ ABSTRACT
| -Thisf-.di_sse'rtétion is divided info two separats and unrelated sections.

~ Part A déscribo_s_ the _aftemptéd synthesis of & number of hetérocyo'iio_ systems

~analogous to isoquinoline and B-carboline, but contalring P-N- bonds, and wih

| phosphorus in place of C-1.. Reaction _ of 'B-"pheriylemylémine [15] with
| (drchloro)phenylphosphme sulphrde [16] or (dichloro)phenyiphosphine oxide [39]'_

‘gaverisetoa number of compounds with acyciic rather than cyclic P-N bonds. Cis- '
"-and: trans-‘l 3-dr(phenethyi)-2 4~diphenyl-1 3- dlaza-23.5 4l5-d|phosphet|dme-2 4.
dlt'aiohe [19], a eyelic compound contamrng a four-membered ring of alternating
- phosphorus and hitrogan atoms was the exceptlon, indscatmg that irtermoiectar

o reaotlorl was preferred over oycllsatton A series of modifaoatlons was mads to the
stariing ‘amine [15] in. an attempt to promots cyclisation, This approach was

- unsuc_oessful. Inthereact_ionofhomoveratrylamnne[ﬂ].or N_-methyl.z-(s,_4-dime‘t_!10xy~" :
. phenyljethylamine [44] with (dichioro)phenylphosphine sulphide {161, a side reaction
 predominated, yislding -dimethyi ph'eny&ﬁmiophoSphcnata" [48] exclusively. To

'_oonoiude the synthetic route chosen was found to be use!ess for pre:parmg P—N .
- hetercoycles, | - | |

_In part B a novel synthetlc approach tothe a ’7-|ndoI|Zidina .akaleton as found in the-
alkaloids ipalbidine and septicine, is presanted An outline of reportecl synthetic routes -

to the alkaloids ipalbidine and septlome Is described in Chapter 1, with the emphasis B

~.on the cyciisatlon step This is followed by a. presenﬁatron of our strategy for the
synthesis of the 48 mdollzid:ne skeleton. Three routes are proposed each Ltilising

a wnylogous urethane or vmylogous amide intermedlate preparod by the sulphlde' |
'oontract:on reaction. | o | o

Each route oomprISeé' four common steps: conjugate 'od_dition_ of a s_uitébiB'aooEptor __ !
~ {phenyl vinyl sulphone or dimethyl vinylphosphonate); salt formation with either o
bromoacstophenone or sthyl kromoacstete followed by sulphide contraction;

: r'oduoti'on;_ and oyclis"atioh.' In this way,-- 2-benzoylmethyl-1-(2-phenylsulphonyl: . '_



'ethyljpyrfoi'i'dihe- [102]. énd" 2~eﬂ‘|oxycarbony1metl’iyi“1-(2—pheny‘sul§hbhylé"tﬁy'!) o

- pyrroiidine [101] were prepared However, reductlon of the vmylogous am[de (E/Z) )

2 benzoyl-methylene-1 (2 dlmathoxyphosphoryiethyl)pyrrol|d|ne [1131 wab o

_ unsucoessfut

- 'Tha base—nnduced cychsatuon stepfarmed the fccus of each route. Smce the precursor_ k
_ 2—benzoylmethy&-1 [2~phenylsulphonylethyl)pyrrohdm\ [114] could not be prepared "

: _only two of the cycl:satlon steps were exammed Thisse é::aser—rnd‘uced sulphur-
'mét!nated cyclisatlons w‘qre msuccessful Further mves*i;:,iztimn i3 necessary to

determine whether the three routes cons:dered in partacular the cyc%&atlon steps, offer

a v;able synthems for the preparatlon of the a™ «lndohz:dine skeletan

N
. i- .'(-.
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| SYNTHESIS OF HETEROCYCLIC SYSTEMS
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CHAPTER 1: INTRODUCTION, BACKGROUND AND AIMS
| 1'._1'_1.N'fr-ﬂ0bumlm
| Alkaioids are mtrogenous bases wh:ch occur naturally |n plants andfoa !lmnted extént |

. m ammals, fungi and bacteria. They nearly always ccntaln their nitrogen as. part ofa’
' __heterocychc sys*aem and are oﬂen qurte cnmpiex in structure A partlcaiar alkalmd is

' - 'usuaily res*tncted to cartaﬁn genara and famllles of ihe plant kingdom, rarely being
presenit in large groups of plants in addman, the alkaloids usuglly show Spacrﬁc S

_ pharmacnioglcal activity. However thers is 1o very sharp distinction batwaen alka!ouds

and mary other naturally oocumng mtrogenous compounds, ‘Over ﬂve thousand

a!kalatds have been lsc:iated and the structures of most of them are known __’2

" No systematlc nomemlamre or structura] classmcatlon for alkaimds ex:stsa The o

alkaionds are gmuped esserrtially accordmg to thelr structure rathar than accordmg
to thasr botanlcal origin*«3. B .

"E BASiC ALKALOID HING svsmmsa o

Pyrroﬂd!ne o Pyﬂdine - Pl_pur!din_e .
- Ilsoquinoline  Quinoling - .. o
OR -

o Tetrahydroisoquinoline '('_!_lo;rbh:na Group)



~ Indole

. The exploration af the plant klngdom for chemlcal compnunds of medic:nai value has | _
been go:ng on for thousands of years, and herballsm and folk mecilcme, anclant and- | 3

modern. have been the soume of much useful therapy Theie is stlll pleniy of scopa; -

- for fmdmg rew and useful drugs ‘gither by searching for alkalou:ls in ﬁiant species not - _
 previougly invesugated or by studylng synthettc ana!ogues of known alkalmds The -
o aim dfthls project was o synthesise new phosphorus-containir:g heterocyclic systems,
_ baesed on the isoquinoliheia-'fand. B—-carbdléina-(l-iannaia Alkaloids) ﬁng systerns, by
- substituting phosphbms in place of C-1. The' -mmivéﬁoﬁ' for the. praparation of these
. compounds lies in the fact that they are chemtcaﬂy lnterestmg structures, aan they i
- may have useful blologtcai ’actlwty | :

1.2 BACKGROUND - .

This project derives its ihépiration from pub!ications describ'ing hetertir‘yclit’* analogs _ =
of the phenantirene nrtg system contaimng nitrogen and phosphiorus in the 9— and 10- o
pns:tions The idea of generatmg heteroaramatnc phosphorus compounds |soconjugate |

- with phenanthrene was devised by Dewar et al.? by analogy with a series of
- hetei*oaromatlc boron Gampaumis mads by his group 8 in which c:arbons 9- and 10- __
- were replaced by nitrcgem and borcn ra&‘pectwely Some of the hete\roaromatic boron -

- compoundq synthaa:sed by Dewar et a!, are shown below. L

 Rmdl

R mPh

. R =M
a'-'-__Et

Chetnyshev et al.” and Bhaﬂa ot al, %10 introduced oxygen and phasphorus in place |
of C-9 and C-10 in ph@nanthrene, and Bhatia ef AL extended this idea to the 3, 4-

'3



| 'dahyc!rophenamthrene fing syshern in which C-1 and C2: are replared by oxygen and .

: phosphorus The properties cf these systems have been studmd in details“" owmg .
to the possrblhty of their bemg blqlogically achvsa - SR o

"_i "

| -GhemyShev e.‘n! a_!." .'synt_he_Sised c_:'c':mpourad?s ofth?_a type -S_t{i'bwn beim_._ o

- Bnpheny}‘a and z-hs}n'»iroxyblphenyi“‘ are impartant 1ungm:des for enms fruits. To'_'__--
“explore fungioidal acﬂyny further, Bhatia et al.® 9 prepared several phosphorus-

. contalntngblphenyis imludlngs chloro-SH-dnbenz[e ell 1, 2]0xaphosphgnn.s.9ulph,da o

[1) end s ﬁ-memoxy [2], 6-ethoxy [3] and 6-diethylamino [4] derivatives. o
 Fungitoxicity of the sever kmembered nng ana!oguos [b] and [G] had prawousiy been
rza;:n::ri:ecl‘s""5 o o - S




B T

' Dewar :14 a! A c::ns;derad it possrble to prepare a serles af aromatac phosphorus -

_compounds anafogous 10 the;r horon compounds, by replacmg a carbon atominan - o

 aromatic system by P". The phenanthrene system was chosen since a number of
_' analogaus borazarophenanmmnas were already avallabie o pmwde spectra for’ -
companson and fow synti'letit* dsfficultles werg em;;tt—)cted5 | '

For "ths series of heteroaromsmc phosphorus compounds synﬂ'lesnsed by Dswar et _'

al. “, each is derwed from a oarbocychc aromatic q.ompaund by replaoement of one P '_
3 carhon by P and a sacond by MY gwmg a neutnal molecuie |socon§ugate w:th ﬂ1e R

aromatlc hydrccarbnn The relatu:m of cumpaunds Df type [8] ta ﬂ*ioée of type [?’] is.
indlcated by the dlpcslar resonjaince structuras e.0. [9]

__Ifﬂf? R BEE
Schemes 1 2 & 3 show three af the. derivatwes of 9 10—dihydro~9,'io-azaphospha-
phananﬁ'irana [s} synthaszsed by Bewar ot al A

Moy

E Phklﬂﬁr. oot
R i —
NG - 220° L CHLCle
the B o I .
Reflux Bhrs
" ‘Scheme 1



(a) ueﬂga
eHgoly

I. (b) Ho!
L F_E_eﬂ:_,m_ B{;m

% Scheme 2

Dy benzena -
* Reflux 6hre

. Scherﬁe 3

| _' Oampbell and \!\«'ay17 attempted the synthesns of 10 -aryl-9,10- dahydro-g-aza 10— -
' phosphaphenanthranes [11] by the metnod shown in Scheme 4. Interaction of

- 'Phosphorus trichloride with 2-amlnob1phenyl and with zwamino—tl—meﬂ’lytb;ohenyt and-__' o
treatment of the products with aiurninium chloride gave cyclic chiorophosphines {10} -

which were t00 sens:twe te monstura to be readily isolated in a purs state. The crude

compaunds were therefora ary[ated dtrectly by means of an aryl- llthlum or Grignard

" reagent and the azaphﬁsphaphenanthrenes 1] were obtalned in yields ranging frsm

. B to 25% Like s:mple aromat:c phosph:nes, the members of the group were stabla in

B alr but were readlly oxidlsed by hyc!* ogen paroxnda in ethanoi at reom temperature :




() R=R'=H
() RwMe, R =H
B (c) 'RHH.R = My
(d) R-H.R = Br

@) R=HR= Nlhz

| Schéme 4

Bhatia et al. i claamed to have prepared the sev&n-memhered rmg system [12]_
'accordlr,g io the reaction sequence shown in Scheme 5. -

o
_ : Bmzana

Reﬂux?hra | CI?P\S

| -Sche_me 5

This is an unusual reactlon, and we suspect that the product may actually have the:'" -
E .alternatwe structure shown beinw . . L

| P
5 N
'-0!>‘N
: |



o _A number of nO\(al heterocychc campounds have been descniaed above. The
ultraviolet spectra of thsse cornpounds were compared with those of the anaiogousa... )
_boron compounds. it was conchided that the close resembiarice indicates that both' o
-types of compnunds ha\re slmilar electmmc structures Since the boron compounds | |
are known to be aromatic l.e. they obey the Hiickel number of 4n+2 where ni = 0,
1, 2., this su.gests that the phosphorus analogues mély be aromatic too. The above .
N discuss:on describes a prehmlnary study and further wom is needed to clarrry the B |
_ electronlc structures anci chemical propartles o :

' The main s’_'yntl*netic rduta to be 'considéred during this project is hased on the reported

 formation of 4—c_hloro-1.',2.3,étetmhydronaphm[3,4-3(::]{1,_2]azabhosph6rine-4-
 sulphide [13), 2 new ring system in which n'itmgan and phosphorus replace G-8 and

. C-4-vespactively in the Phenarthrene ring. The synthes:s was achreved as md:cated
i 1emes1a | T - S

: 'Dry benzene |
; g -
Reflux 15hs — meghat

| Séhéme 6

~itshould be noted thet thiophosphoryl ester linkages and dialkylamine groups attached
to phosphmué ars sttdctural features thougfhf to increase bid_lbgica_% at::tivitygf1 9, Inthis
project, these two featﬁres are'cor'hbined to iné a thibphosph'chryi amide finkags [14] -
. shown below, Qur work, described in this dzssar*ation :nvolvad attemp’tsto synthestsa_ |
a senes of compounds contaming thls group.

e

£14]
8



1.3 AIMS OF __'m.s; PROJEGT SR
'_.Phosphorus emsts |n both the P(lll) and P(V) state. In the P(V) state, the- phosphorus

5 atom may be bonded to oxygen or sulphur’ Phosphorus analogues hnherto unknawn
B ant:i of mi:erest in this prolect are as follows ' . L

N AR CONANNR T

-A_“ th e8 siru ctures maV have- .sut;.stmnts'attachedtd fhé_ arpmétic .ring... o

Proposed routes to thesa ccmpounds are shown in Schemas 7 10 beiow

R __9__* /'L M - |

' Scheme 7 '_ |

Lﬁwia acid -




-cz—-——an-'

o Schfem_e 10 o

Al reactions are likely to oceur in two steps. In the first step a phosphorus-nitrogen

- bond is established and the second step involves cyciisetion catalysed by a Lewis
'acid. A_vari'ety' of Lewié. acids to eﬁect' cyclisati'on'we_re: to be testéd. ':'Th'ose. to be |
" considered were aluminium chloride"(AlCISJ stannic ch!oridé (SnCl,) and boron -
. irifluoride (BFg). T he effect of activatlng groups on cyclisation was atso to be
exammed

10



B GHA-PT-E-R 2: HESU LTS'_ANB' 'D-lSG'US'S:ION'

A the begmmng of this pro;eot, we set out w:th a number of symhetlo targets in. mlnd

 The alm was to synthesme heterooychc sysiems oontammg phosphorus-nftrogen_ -
bonds The project was unsuccessful in terms of the targots we chosar, but a number o

of few compounds conta:nmg P~N bonds waro prepared
o 2.‘_1; .PF}EPARAT’!OM OF _CYCLOPHOSPHAZA_NEU of

Our obiective w_as'to_preo_ara the heteracyclic system {18] through the reaction of -
(dichioro)phenyiphosphine suiphide [16] with B—pheriyleﬂ'lyi'amine [151, followed by
'cychsatlon of the intermedlate [17] in the presenoe of anhydrous aiummium ch!ondo -

- (Sohema11) - T .
i [i6]
o g\:m

__-.[!5] |

[iaj .

Compound [18] was not obtasned instead, compound [19] was tsolated readlly on
a number of oocasuons - '

n



. Mlcroanalys;s resuits agreed wm-n both structures [13] and [19]. Careful 5.:rutm? of

~ the 'Hand ‘30 NMR ‘spectra showed that structure | 18] could not aocomodate the
spectrai pattern. The 'H NMR spectrum Iackad the signal onie would expect 1o see for o

the NH proton in [18] inacditiors, there was a hlgh field tnplet at 36. 5°upm in the ‘30 .
- NMB spectrum that could not be accounted for by strucmra [18]

[m -

| Equwalent mathylana caroons (b) would coupie to two phosphorus atoms resultmg _
m a tnplet in contrast, carbon (a) WQLlld g've only a doublet. Thls gliminates 18] as
‘a possible structure. “The 130 NMR data thus support structure [19] for the reaotion |

'_'produot o

: Gompound [18} belongs to the class of compounds known as phosphazanes which.
may be acyclic ar cyclic campournds. The cyciophosphazanes, for exampie compound

[ 19], constitute a diverse group wh_lch have the common characterlstlc_ ofaformally

 saturated P-N ring bond. Seversi different types of phosphazane compounds are

~ known including the cyciotnphosphazanes or tnrnetaphosphsmates depictad in [20]

" andthe oyclic di imeric derivatives of the types shown In [21] and [22]%°. Afthoughthe
six-memberad cyclophosphazanes are known, the fow—membered ‘cyclic structure is

- more prevalent.

O 9%
CMNT SNH - ClgPeNR RP—NR'
RO -/:'(.0:..--_ RN—PCly Ri!l—-l!'R
o/ “"E TR 07 A )

o
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L

- Phpsphazanes are easlly prepared from amines and varucus phosphorus halides. For )
B example, tha cyclohexyl ester of dtchlorpphosphonc acid reacts witt cyciohexylamma -
“toyielda cyclophosphazane with structure [23]2. Similariy, th.ophosphoryt phlonde

o Izrsacts with aniline hydrochlorlde to yneld |[24]22
uc __ H  ROP—NR'
m" 12 "' B """‘“”". _ R'lll-—lLaR o
R "'°6“11 o R
| ' s}

A AT T PhNHu-NPh SR
| 4 [th_la}.l. ofF . zs.pms ......._......._...g. © . ph —éNHPh ._ +. 10 -

:[24] Y _

‘Stokes reported - the pyrolytic _-condensaﬁpﬁ of _QI_-zP(Q)NHPh' tp the

. cyclodiphosphazane [25] in 189323, Further reaction of this product with amine
~ hydrachloride resulted in tha repiacement of the halogen atoms and the formation of
| spamas such as [H‘NH(O)P NPh] 2425 | i

'0[ '
[ am ..f_.
Ph e -—0
e T

The thermal decomppsmpn of organophosphprus tnamidas also resutts m the'
formation: of cyclophosphazane d:mg,-szs 26 o

$=

Qﬂ

RN



| '.__'Nna_-_"' o g_ . |
_zos-'lg(m_-t_n)z' N m:&__:fgﬂa 3 .-!-_-__'-“z*_g.",ua___ |

'- Examp!es of phosphorus compouncis whlch show muitlpls boncimg lnm!vmg p—orbftals” | E
are rare, A number of compounds which were origlnally thought fo pbssess muttiple

" bonds have since been shown to be dlmers or higher polymers” Any cornpanson :
of compounds of nrtrogen and phosphorus reveals the reluctance of phosphorus o |

- form multlple bonds, for examp!a the totally different struotures ofthe nrtrmes and their -

phosphorus analogues. R- O-N=Oisa monomer, while attompts to prepare R-O-P= =0
lead to polymerlc material [26] "Phosphpbenzene" (PhP)n was thought to have the
sticture PhP=PPh, but has since been shown to comprise mainly the cyclic
| compound [27] The analogous ni'h'ogen oompound is azobenzene Ph-N=N- Ph. it
s importarit to reahse that w-bonding which involves d-orbitals may well have a wuda

existence Iin phospharus compounds, but 7-bonding invewiido & : orbitals plays va*q‘y

little part m the bondlng of stable phosphorus compounds“ i g -\_.‘-__

o For the reaction under cohsideraﬁon wo poSSibie routes are envisaged (Sohemeé 12
& 13) The prlmary step involves the reactlon of (dlchloro)phenylphosphzne smphtde -
e [16] on B—pheny!ethyiamlne [15] to give the intermediate [17]. .

P [‘1‘5]'
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| [25]

Scheme 13

n Svheme- 13, loss of CI" ocours in the first step of the reaction éequence, while in. -
Scheme 12 it occurs in the second step. If route '12' is the meckaniém by which tha
reaction takes place, then one would expsct to detect product [19] in the' resction
mixiure - at ':hnn end of the first step. When the reaction mixture was anaiyaed for
product by 'n_C none was found thereby mdiwtmg that the Lewis acid is indesd
raquira_d to complete the_ reaction. Both routes have [28] as a common intermediate. |
The dimerisation of intermediate [28] is consistent with- the known tendency of -
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: 'phosphorus_to ovoid- mulﬁpla_ bond.formation.

A sacond produot was |solated fromthe reaction rmxture which gave oompound [19]

B Thls product has baen assmgned structure [17] on tho basus of spectral data

 The 1% NMR spectrum of [47] showed a doublet arising *om the coupling of carbon
(c) to one phasphorus atom. Further evidence was obtainod froma companson of the
. non-aromatlc regions of the relevant W NMR spectra For. [19] signals are present

| arising from four protons in the non-aromatlc region. In moving from the speotrum of

[19] to that of [17], an adlitional proton was observed upfield in the non-aromatic |
-reglon A .J20 exchange experiment shawed this ta be an exchangaable proton

 Structure [18] also appeared to be able to sccammodate the Hand BCNMR

speotral data but was ruled out as a possible structure since the aromatic ring of the
phenethyl group did not exhibit coupling to phoshorus as expected for the blcyolsc -
compound Compound [17] was found to decompose readlly

| Flefei'enc:e (18) describes the synthetic route _whioh this pro]eot has as s basis (see

section 1.2), but the catalytio amount of aluminium chloride used for the cyolisatio'n o

‘step was not aotually quantified. For the specific reaction in which the four-membered
ring compound was prepared, it was found that the startmg amine had to be present
in an amount four times greater than the aluminium ohlonde before produc't was .
isolated. '

We nows have to consider why cyclisation to the four-membered ring compound is
prefered over cyclisation o the desired bicyclic compound, We have already shown
that the catalyst is essential for reaction to take place. it seems reasonable to suppose
that the catalyst functions to facilitate removal of chioride from phosphorus to praducs



| . phdspherus to avoid multiple bond formation.

- A'second preduct was isolated from the reaction mixture which gave cohipeund [19].- |
~ This product has been assigned structure [17] on the basis of spectral data,

The 3¢ NMH spectrum of [1-7]' showed a doublet arising from the ceupling of carbon -
(c) to one phosphorus atom. Further evidence was obtained froma comparison of the
 non-aromatic regions of the relevant H NMR spsctra. For [19] signals are present
| arising from four protons i in the non-aromatic reglon in moving from the spectrum of -

- [19] to that of [171, an additional prcten was observed upfield in the non-aromatic -
~ region. A 020 exchange experlment showed this to be an exchangeable proton.
Structure [18] also appeared io be abie to ‘accommodate the 'H and B NMR
~ spectral data, but was ruled out as a possible structurs since the aromatic rlng of the
phenethyl group did not exhibit couplsng to phashorus, as expected for the blcycilc' -
compound Compound [17} was found to decompose readily. B

~ Reference (18) describes the synthetlc route whmh ﬂ'lls pro]ect has as ﬂs basis (see ’ |
“section 1.2), but the catalytic amount of aluminium chioride used for the cyclisation
| step was not actually quantified. For the speclflc reaction in which the four-membered

_ nng compound was prepared, :t was feund that the sterting amine had to be present'_'

~in an amount four tlmes greater than the aluminium- chioride befere preduct was_ a
isolated | ' '

We now have to 'consider_w'hy cyclisatieh_to the four-membered ring compound s
preferred over cyclisation to the desired bicyclic compound. We have already shown
that the catalyst is essenttial for reaction to take placs. It seems reasonable to suppose
that the catalyst functions to facfiitate removal of chioride from phosphorus to produce -
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|  Two subsedquent paths are envisaged for intermediate [171 In Sicheme 14, cyclisation |
 takes place to the desired bicyclic compound. Once the eléctrophiiic species (28] has
been generated, it und..-:rgoes electrophilic attack on the aromatu, nng, with hydrogen
'chtonda and alumznlum chioride being Ilberated. The key ferature of this mechanizm.

i ~ involves temporan!y destroymg the aromatlcrty of the ring to generate the intermediats

| - {30]. This is an unfavourable process Aromatlcny is rastored arfter cyclisation is
_cnmpleted ' S : '

The secand option is Indicated in Scheme 15. Present in Intermedliate [28] isa double

bon‘d involving phosphorus. We have aiready seen ihat phosphorus is reluctant to be

. invalved in muttiple bonding, By dvmensing, intermediate [28] can lose the unwanted
double bond and form a four-t'* <. ving 'eumpound which is a favoured
structural feature with prosphor .. '

After o' lack of suc;céss at isolating the desired compound I_‘IB], a new approach |
was taken in which the aim was 13 isolats and purify the intermediate [1 7] before
attempting the cycllsatlon step (Sshame 18). (Inthe prewous reactaon compound [17]
was lsolated at the end of tha reacyd .1 ssquence) ' '

\ | . I
Ph . : - ok -
‘/\\ O gyt EgNHC
Bt N LR :
3 _ PO - { [31]
[15} - Dry benzene a yATE o
_Reftux 15hre  Ph7 - '
Scheme 16

There was no doubt that the intermediate was irdeed being formed, Tristhylamine
hydrochtoride [3 1] precipitated out of solution in large q'ua'ntities, merely upon addition
of the two starting reagents to each another. Removal of this solid and congentration

of the resulting solution /n vacuo gave crude [17]. This n_'datarial was extremely sticky

18



and -difficult to work -with,' making- puritication by column chro'matography aimost |
- impossible. To try to overcome this problem,' sttempts were made-1o replace the

~ remaining chiorine atom by a hydroxy or eﬂ'loxy group, and ISOIEIiQ-‘ [32] or [33]
~instead. S :

Agam, the matenat naoovored was difficult to work with. This approaoh was
abandoned and we retumad to exeoutmg both steps bafore proceedmg wrth the work-
up and puriftcatnon procedures. - |

. The réaction shown in Scheme 11 employed aluminium chioride as the catalyst. The

 reaction was repeated using stannic chloride-in place of the aluminium chioride.
Comparison of the roachon mlxture by TLC with an authentic sample of the four-
- membered ring compound indicated that compound [ 18] had again been prapared.
Howavar the fonnatlon of tin by-produots during work—up made the reaotlon
impractioa! o

Repeﬁtiori of the roaoﬂon of (diohloro)ph‘e_nylphoSphi_ne - sulphide "_'[-16] with 8-
phe'nytathyiamine [15], followed by attempted cyclisation of the intermediate [17] with
aluminium'chloride 1o pr_epare the bicyciic compound {18}, led to the isolatior: of a

third product. Accurate mass determination gave m/z = 518,1120 as the molecular |

ion, thereby Indicating the presence of the four-membered ring compound. Since the
R value was not. (dentical to thet of the first cyclic compound :solated it was '_
conoludeo that. a seoond isomer- had been prepared. . '

The cyclophosphazane [PhGH 2GH2N-P(S)PI'I]2 comprlses a symrnatricaily substltuted _
* four-membered ring system, Thera are two geomeirical isomers in which the wo
pheny! groups attached to phosphorus are respectively on the same side and opposite

sides of the planar four-membered ring. The first isomer [19] isolated has been

19



asmgned tha geometry inducaﬁed fn [34] Th;s is tho Iowor energy conflgurat:on, wrth-

~ the two bulky phenyl groups. ‘being trans to one another This assignment is in

accordance with the ease of preparation and stability observed for the compound. A
E crystal structure determination was attempted in order- to astabhsh the actual
geometry However, resolution of the data was ot possmlo due 1o mloro-twmmng of
the oryst_als The ather isomer is assumed to have the o:s—geometry indicated in{as},

cnzcazs‘m s

26

CHaCHgPh

Pl

These dimers are stabilised by resonance as in [36]. These ‘cyclobutadiens’
structures [36] have been postulated to be of importance in the resonance picture of

sueh ring systems’ 26.28,29 The one pairs of electrons on the nitrogen are readily
'avallabie for':lonatlon into the vacant phosphorus d-orbitais. The phosphorus in turn
stabilises the' negatuo oharge by passing it on to suiphur

. | " PhCH,CH
_PhCstﬂgy——HPh ey 2 2£E=P

2.2 PREPARATION OF REFERENCE COMPOUNDS
After oompoond £19] had beeh isolated, we decided to prepare struct.uraliy similar
: model oompounds for Speotral oompansons The compounds chosen were [37] and

' [38] shown below. Although preparad primarily to afford spectral data, they also
happen to be new compourds oontalmng_ P-N bonds, albeit open-chain compoun_ds_

20



o Cbmdends'_ [37] and [38] were prepared by reacting two equivalents of 8-
B -ph_enylemyiamine [15} with one .equi9alant of the thiophasphoryl [16] or phosphoryl

- [89] reagent (Scheme 17). Bath compounds were obtained as sofids, although the

 sulphur compound was initially isolated as an ol thet crystallised very siowly.

c .
| 18] Xw=S

| 18] D:y benzane
Reflux 15hrs

- Scheme 17

Microanalysié._results were consistent with the structures for compo‘unds_ [871 and
[38]. The '3C NMR specira of compounds [37] and [38] were of particular interest,
~ The important feature was the signal arising from coupling of methylena carbpns (d)_: '
_ to the single phosphorus atom. This gave a doubiet as expected, contrasting with the
triplet .absarved for a similar carbon atom in-cdmpound [19] which couples 1o two
-phosphorus atoms. A doublet was also observed for the corresponding carbon in the
 oxygen analogue [as). | | | | o
The preparation of the oxygen_cbmmund was not as __straighl_fomard as that of the
 sulphur analogue. The first two attempts gave compound [40] exclusively. It was only
- onrthe third attemnpt that compound [38], as well as compound [40), was isolated.
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. [40]-

_- Struoturally, compound [40] corresponds to {38] to wh:oh an addltlonel
B (dlchtoro)phenytphosphlne oxide and B-phenylethylamine residue have been added |
| (Scheme 18). The presenoe of the GO!‘I’ESpOﬂdlng suiphur compound of [37] was ot

detected, ' - -

g

O--IL-- NHGHZCHzPh o
n(m - 03LFO
| "Ph \Ph

' [40]"

- Scheme 18 |

A high field triplet was observed at 38.4 1ppm in the '3C NMR spectrum of compound
{40}, This ‘indicated the presence of two equivalent phosphorus atoms in the

. - molscule. However, one odd feature about the 13C NMR spectrum was the lack of a -

doublet expected for coupling of methylene carbons (f) to phosphorus it may be

possible that coupling for this structure is zero. Duplication of all signals in the 'H NMR

spectrum (particulariy evident in the region 2. 5-3, Sppm) indicated similar groups in

distinct chemical envnronments One set of agnats mtegratao for tmoe as many

~ protons as the other. On the basis of this Information, the compound wes assngned
structure [401. Addition of D 20 conftrmed the presence of the exchangeable pratons.
The CH- correlated spectrum proved to be of no use in assigning the htgh field signals
" in the 13C NMR spectrum. There are four signals, with two being of much grester
intensity. These sighals were assigned on the basis of their relative intensities and

P



_. epectroscfapie : cemperisen with simpler 'cbmpoun'ds':in the series. In the mass
_ spectrum an accurate mase determination of the metecmar ion gave m/z =
807.2518, correspendmg to Cae“ae”aoz e :

~ Forall réectieh'e 'coneidered 50 f'efr ytelds were'fouﬁd to be lew':(? 2’0%) and therefore |
~ hot of preparetwe uee Reesons suggested to account for theee ebservatxons werez ' '_
hydroly'als of the: phoepheryt and mlophosphory! reagente, or loss of the amine ssa 3

. hydrochtonde complex ajong. ‘with trlemy!amine hydrochlonde To test the lattar R

poeelb:llty, the hydrochlorlde complex was fi kered off and besrﬁed (4M NaOH] o

release ergamc: material frapped in this manner The resultzng soiution was extracted : -

~ and any organic material recovered. The loss of etartlng materlai in this manner |
| _corresponded to only 10%. - . :

| "2.3 _OTHERTATTEMPT‘S, ATGYCLISATION RN

N ) Since cyolisation .of ;compo,y..ud 171 did not 'eppea_t' to taks plece readily, a new'_
approach was developed. Methoxy groups were included on the aromatic ring in an
attempt to promote reactivity towards nng ctesure Homoveretrylamme [41] was the

- _'substrate employed - S _
' 0N,
SRR © 5 & I
'Hdmmmtwtqmine '
There 'afe two sites; (g) & (h), _eh_ the rtn‘g et.whieh eyc_li'eatien can take .place'(sehe'me |
(G)

o | A!cl:s
mo:‘(“)

Ph-_




| In pnnolp{e. cyclcsatlon at both sites is possible In praotioe oyoiisation will occur Iargely .
- at one 31}9 Site (h) is proforred to site (g) due to steric faotors but an. ‘vcturo of_
- produots ls oxpectod | -

e _'_As w;th B—phenyloﬂqylamme, there is stlll a pnmary amlne group preoent Thls therofore_ .
~ affords tho opportunity of fonnatson ofa four-membered nng compound a8 wail as

. the cyclised compounds

| These 1deas were tested through the reaotlon of (dlchloro)phenylphosphme sulphide .

Ea [16] with homoveratrylamlno [41], followed by e catalytlo amount of aluminium

_ | chioride o lrduoo cyoilsation of the resultmg mtermedlate to the desired bicychc
_ 'compound [42]. However, neither the boyohc compounds §42] or [43], nor a four-_ .
) mombored nng compound was iso!atod or detected. - T |

To oxo'lu_;do' the pos’sibiilty of fonﬁaﬁoﬁ ofa four-mamberéd- fing structire, N-m_e;hyl-.z- |
(B, Mimomoxyphonyi)emylamihe [44] was usad, in which the N-methyl group blocks
_ four~memberod ring formatlon (Dichloro)phanylphosphmo sulphide [16] was reacted

with compound [44], foltowed by atternpted cyclisation of the resulting ir:« - u::hate:_'-

* with aluminium chloride, to- prepare compound [45] Despite the prese: we of &
. olooksng group on nltrogon, oyclisatlon was still not achioved S

| e
e N“Mﬂthlﬂ-z-_(-‘-.%dlméthoxyphenyi)othqumiﬁo

Y Attomptsweré made 'to prepars compound [48] by reaction of (diohioro)phonyt- | -
~ phosphine oxidewith N—methyl—E-(a 4 dlmethoxyphenyl)othylamino Thestartmg aming -
~ was recovered as the hydrochlonde [47] (36%).
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' "A problem assamated wnth worklng with aiumimum chlonde is that it can bnng about_ o
the demethylation of methoxy groups, with concomitant conversion into the hydraxyl |
N gi'oup We observad that, for the reaction of the thsophosphoryl reagent [16] 6n [41]

__ _'and [44] the major reactlon taking place was a demeihylatlon reactlon, with the

L (dichioro)phenyiphosphme sulphlde picking up the methvl groups The prnductf |

_ ' isolated has been assigned structure [48] Mzcroanalyas resuits and 1H and 1:’G NMR_'
data concur wnth thls structure I - -

PR “sie

SMe -
e
- From this _resuit we can see that it s rot simply a case of a niethyl graup réplacing a
| chloriné_ atom. The formation of compound [48] is ﬁoi'extréord_inary,. as both
| elemental and bound phosphorus are known to react readily with sulphur and Wi_th_ B

sulphur compounds. i Hosphoru's compounds frequently abstract sulphur atoms from
suiphur-containing  substrates to yisld the. desuiphurised substrates and a

" thlophosphoryl cc:’mpouncl30 Sc:heme 20 bPIcw ouﬂmes a plausuble mechanism for the o

' formation of [48]
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" Further mettiirlation 'of[49] followed by attack by ahoﬁer"rholet:ule-of[1ij6uld yield
~ the isclated compound [48]. This mechamsm is lent further credtbllrty, since . '
intermediate [49] was zsolated and characterised That it was 1so!ated only once is
'mdlcativa of its transient nature. In the case of N—methyl-z-(s 4-dimethoxyphenyt)- .

sthylamine, the N-Me group can also be dernethylat_ed. This will yield MeCl which -
would be incorporated in the second step of the reaction sequerice. We did notisolate

any material starting matarlal or cycllsed produot - in which the methoxy groups had'_' )
undergc;ne conversion fo the alcohol The only ev:dence we have for demethylatlon
- oceuring s the lsolatlon of [48] | | |

_In the casa of the oxygen analogue demathylatian is mnl possible but formation of |
B [50] was not expected, The P= o] bond is & strong une andsoa reaction analogous'
o that in Step 2 of Scheme 20 is uniikely, Demethylatson will gwe MeGI whrch canbe -

readily lost. Again dememy!_ate_d star_ting material Or p:o_clu_cts were naot obs_e_rved___. .

OMe
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Actlva’ang groups dld not assist in the cycllsatlon process. Consaquarﬂ' we turnad
- our attention to two new substrates namaly, _2-(2-€;n|noethyl)pyndme and 2-
: plcolyamma S S 4 L

1S I o
- Istl _
2—(2—Amiaoethyl)p;ﬁdlm

| The logic bahrnd thzs was, that with mtrogan in the nng, wrth an ava:!able Ione palr of

electrons, cychsatlon may be nromoted since the aromaticity of tha nng dld not need : |

' tobe d:sturbed Compounds with phospr'orus present inas- or S-memberad ring are
known. Compound [51] will Jead to a structure with: phosphorus in a 6-membered
ring, while compound [52] will yle!d the 5-membered analogue We w;shad to som -
whether, for our type of compounds one ring size was preferréd to anothar This |
approaoh was unsuccessful

" in our discussion so far no mentton hag baan mada of the preparatlon of compounda -
of ‘the typo beiow '

In ordar 0 mvestngate the propwauon of tha above compounds, one equivalent of

tryptamma and one equivalent of the th:ophoaphoryl [ 18} or phosphoryl {38] reagent o

were combined under "standard“ conditions, Approximately 70% of tha starting amine
was recovered each time, The problam was attributed to tha soh'ent used, namely, -

| benzene. The starting material did not dissolve raad:ly in this madiurn, consaquanﬂy, .

.~ varying the soivent f‘a-ads further investigation. This was not dona howavar, bacause
of time pressure. o |

- From the above discussion, it is -ola_ar that the project was unsuccessful in the -



| pre’paratidn "of"ﬂ'l_e ‘desired -bicyciic ‘and 'tricyclliic_ _cq'mpcunds,' ccnsaquently it was
 abandaned. A nuriber of the reactions considared warrant further investigation, but
~ since they did not further the main aims of the project, they were not followed up.

L

28



CHAPTER 3: CONCLUSION

The aim of the projc } was to synthesisa analogues of isoginolines and s-carbolines
~ containing P-N borids, and with phosphorus inplace of C-”1 We set out with & number |
s -;' of spocrfrc synthstlo targsts in view, but were unsuocsssful in their prsparation .
~ However, & number of ather oompounds stil encompassed by ths project descnptlon

‘were obtainad, Thess are shown below. With the exception of compound [19], the =

- compounds prsoarsd had scyoho rather than cycl:o P-N bonds

Fai‘s“/‘-' <P o =P
A . 2/

Cls— & Trane~{18]

[37]3( s

[38] X=o0 | [‘“’]

The fallowing products were isclated as by-products: -

Ne Ph’l;\'sun
~ SMo . Side
o] 48}

' Yields of the compounds with P-N bonds were low (20%) snd the reactlons were
tharefore not of prspsratwe use, N
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- Modrfrcationc. were matle to the starhng amme—contammg material-in an attempt to

| promota cyclisation. Further actwatmg the aromatic rmg wrth eiectron—reieasmg -

methoxy groups did not promote cychsatlon Bloukmg the mtrogen with a methyl group

.- prevented four-membered ring formation but did not promote the cyc!tsatlon step. No __ |

i prcduct whatsnevar was obtamed usmg M|numeﬂ1yi-pyndme delmarataly chosen so
~ as not to destroy aromatrc character in the presumed cyclisation intermediate. The
| |rrfuenca of the size of ring arising frorn cyclisation was also examinad by carnparlng' _'

fofmation of a 5-memberad versus a 6-membered ring; howsver, this approach was

unsuccessful. In some cases side reacttons pradominated, as lndlcated by tha

- 'excluar.wefonnauonﬂf[ﬁ'], [48] and [49]

' Fromthess investigations, e have found that the route chosen is nota gosdonefor

the preparation of P-N bonds, and quite useless for preparing P-N heteracycies, -



* CHAPTER 4: EXPERIMENTAL

4.1 GENERAL DETAILS

4.1.1 Solvents, Reagents and General _Prpcedures |
" All solvertts used for reactions and for preparative chromatography were distlied
. before use, THF was dried and puriﬂed by dlsnllataon under natrogen from sodium- -
) benzophenone DMSO was dIStlﬂed from calcium hydride and stored over melewlar

sieves (44). Benzene was dried azeoh'opic,ahy usinga Dean-Stark apparatus, and then R
distilled from calcium hydride. Chlorofor_m for infrared _(lFl_) sp_ectroscepy was dried by.

passage through a coluinn of baslc alumina (Merck, aciivity grade 1) immediately prior - -

to use, Water used as the aqueous phase in extraction procedtires was also dlsﬂlled .
_' Alumlmum chlortde was freshly eubhmed prior to use.

Aqueeus mix;_tures’- wer_e ext_ra'eted 'yvith an orga’ni’c- solvent ant the organic phase after
~ separation was dried over anhydrous magnesium 'sulphate or anhydrous sodiuml
~ sulphate before removal of ths solvent. Evaporatnon of solvent in vacuo refers to the
remaval of the solvent under reduced pressure ona retargt evaporator followed by
 further drylng on an ofl pump at below Amm Hg _:

4.1.2 GhromatOQraph-ic_ Separations.

Products wer separated and purifisd by means of column chromatography. Merck
Kieselgel 60 (perticle size 0.063 - 0.200mm) was used as the adsorbert for
preparative column chromatography All solverits used as eiuents were purifie by.' -
distiliation, except for AR methano! The progress of the column chromatography
separat:on as wgll as the reactions, was monitorad _by thin_ Iayer chromatogr_aphy_
(TLC). The Rg values quoted are for TLC on pre-coated Msrck DC-Plastikfolien
Kieselge! 60 Fasq plates, pre-coated Whatman Sflica Gel 60 F254 glass plates or pre-
coated Merck DC—Aiufolien Kieselgel 60 F254 plates |
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4.1 3 S'p'ecti‘ésco_pi'c' and Physical Data

- Al maitihg pomts were obtalned on a Reichert hot stage apparatus and are |
. uncorrectad - -

- 'F'roton nUeléé. magnetic fesbnanCEi ('H NMR) and carbon nuclear -mégnetic
resonance (‘30 NMR) spectra were recorded with a Bruker AC-200 spectrometer in

o deuteriochloroform (untess atherwise Specmed)at 200 13and 50. 82MHz, respectwely
g 'A few 'H NMR Spectra_ were recorded with a Varian EM—SBOA spectrometer (80MHz).
- Ph'QSphorus nuclear magnetic resanance (%' NMR) spectra were recorded at 8 1MHz.

) Chemical shifts are reported on & § scale (ppm) reiative to tetramethylsuane (TMS) for
'H and Y%C NMR spectra, and relative 1o phosphoric acid for 3'P NMR spectra. DEPT,

‘CH-correlated spectra and decoupling technigues were routinely used for the complste -

: assighment of NMR signals. The chemical shifts are reported as follbws vaiue
_(nuna er of protons, description of absorption, coupimg canstant(s) in Hz whera_'
~ applicable, assignment). Abbreviations used s = singlet, a = doublet, t = triplet, q=
quartet qu = qumtat and m = multlplet - |

infrared spectra were tecorded with a Pya-‘Unicam'PU9?512 or an IR Report-100
infrared spectrophotometer as 10% sciutions in chiorcform using a cell Wlth & path
length of 0.1mm and sodium chioride windows. A few spectra were recorded with
samp!es as dasp_arsmns in potassium bromide. In some cases, mfrared_specn'a of neat
compounds were recorded between sodii.lrn c_hlbr-_ide plates. Abbreviatia'ns used: VAH
very, w = waak, m = medium, 5 = 'strdng, sh = sharp and br = broad.

Microanalyses were carri_ed out_'by Energy Technology, CSIR, Pretoria. Elément'al.
analyses were performed on solid samples wherever possible. The microanalytical'

sepvice avaiiable o us provided unrelisble results for. liquid samples. For these, high -

resolution mass spectrometry was used for accurats mass determination on the
molecular ion if it was presert, or otherwise on tha hcghest significant figure. One of
the oiis was sent for microanalysis to the Analytical Laboratérias, Gummersbach 1

Elbach, West Germary. Mass spectra were recorded on an AElI MS5 (Cape



| Technlkon] high resolutlon mass spectrometer. Data are quoted as follows m / z value
| (a59|gnment if known, relative % abundance), Peaks in the mass spectra below 20%'
- abundance have not been quoted exoept in'the case of the' molecular on. -

. "4..1.4 Othér'GEneral Procfe_dures
- AII deta:ls dlscussed above are applicable to Part B also In Part A, yiefds are
calcuiated from the mass of the relevant starting matersai while in Part B, yialds are.

- _ caiculated from the mass of the sntermediate synthetlc precursor used

a2 EXPERIMENTAL DETAILS

A .Trfan's_-ﬂ,3‘-ni(phenet_hy|)-2,4-dipheny'|-1,3-diaza-2;.5,415-'qiphospheﬁdine_--_

2,4- dithiohe [19], N—phenethyl-P-(chIoro)phenylphosphonothioic amide17]
- and cis-1 Sdl(phenethyl)-z 4-dxphenyl- a-d:aza-zxs 415—d|phosphetldlne-
2 4—d|th|one [19]

Sypr - cl-—- _

a NS |

11 10 -
Cls- % Truna-[1 9] | _' f*'__71

To a mixture of B-phenyléthylamiha (6.09g; 50.2mmol) and tristhylamine (5.23g;

51.7mmol) in dry benzene (200mi), a solution of {dichlora)phenyiphasphine sul_phida' o

(10.63g; 50.4mmol} In dry be'nzene -(200mi) was added. During _'a'dc_l'rti_on of_"'the '

) (diCthfO)Phéwlphﬁsphinésulphide{benzenesolmion triethylaminehydrochloridewas :
cbserved. separatlng out. The reaction mixture was then refiuxed for 15hrs and

protected from extraneous moisture by means of a calcnum chlorlde drying tube The
mixture was allowed to cool, the solid triethylariine hydrochioride was ﬂtered off and
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excess sotvent was removed m vacuo to yleid a cream-colcured syrupy materlal
'contalmng the lntermedlate [17] (16 189) This. intermedlate was heated in the
presence of anhydrous a!umlnlum chloride {1 64g; 12. 3mmol) at 165"’0 for ghrs in
order to effect cyclisation. The resultmg hard brown residue was dtssalved with
difficulty in a dichloromethanie/water mixture (300rmi; CH2012-H20 2:1). Water was
- added to dastroy any excess aluminium chlonde The orgarnc extracts were dried with

anhydrous magnesium sulphate, fitered and solvent removed in vacuo to yield a S

~ darkbrown oll {11.37g). columnchromatographyoftms ol with benzene-hexane (1:1)
" as solvent gave two products: trans-1 3—d:(phenothyl)—2 4adiphenyi-1 3-diaza- |
| 2}.5,415-d|phospheﬁdme-2 s-dithione [18] (2.15g; 4.15mmok;16.5%) and N-

| _phenemyi-P~(chIoro)phenyiphmphanomlom amide [17] (0.583g; 198mmoi

3. 95%) ‘Compound {19] was obtained as a ‘powdery whlte solid. This was -

o recrystallised from cyciohexane to give aimost transparent cubes mp 126~129°C Re -
(benzene) 0. 93 FIF (benzene-hexane 1 1) 0.66. - S |

| Found: G, 65;10 H, 551 N, 541% -
'0215l zsNszsz requwes G, 64.84; H, 5. 45 N, 5. 40%

T4 NMR | o - o

| 6,8.20- 8.32 (4H, m, H~9),743 7.60 (em m, H10 + H-11); 7,02 - 7.12 (8H. m,
H-6 + H-7); 6.90 - 6.9 (4H, m, H-5); 3.17 - 3.48 (2H m, H-2a); 2.68 - 3.08 (2,

| H-2b) 2.51 - 268 (4:-1 m, H3). - S

3G NMR L . |
§¢ 187.90 (s, C-4); 133.37 (d c-g, JCP = 14 27Hz); 182.93 (8, 0-1 1), 132,30 (d
c-8, 1ugp = 108. OTHz) 128.55 (d, G-10, 3Jsp = 15.48Hz); 128.48 (s, 0-5), 128,17
(s, C-8); 126.27 (5, C-7); 41.85 (s, C-3); 36.52 (¢, C-2, 2Jgp = 2.85Hz).

3p NMRF Singlet at 78.95ppm. |

gy (CHClp) 3070 (w, sh); 3040 (w, sh); 2970 (w, sh); 2825 (shoulder), 2902 (w,

34



_ sh), 2850 (w, sh), 1615 (w sh) 1600 (w, sh) 1510 {w,sh], ‘1500 (shouider) 1470
(m, sh); 1450 (s, sh); 1365 (w, sh), 1325 (w,sh), 1300 (w, br); 1155 (s, sh); 1120 (s, '
' sh), 1100 (m, sh); ‘1040 (s, sh), 880 (s, sh),. 845 (shoulder), 700 (s, sh_),_ 660 (s,, sh)._' :

N m/z 518 (M"' [PhCHchzN-Ii"(S)Ph}Z ,33%), a27 ([M PhCHz]"“, 100%), 309
(PhCHzCHgN[P{S)Ph]a*, 20%); 398 (20%); 204 ([PhP(S)]zN +,37%); 168 (35%); 136

- (27%); 105 (PhCH,CH,*, 30%); 81 (PhCH,*, 50%). | B
HRMS (Found M+ 518.1168. 028H23N2P282 requires 518. 1170)

| _N»Phaneﬂwyl-P (chlora)phenylphos;:honothlmc amide [17] was obtamed asapala _ |
| '_yellow oll which decomposed readiiy HF (benzene-hexane 1) 027, |

1 NMR . o
814 7.84 - 79?(21—1 m, H-9); 741 762(3H m, H-10 + H- 11) 7.22- ?38(3H m,
- H-6 + H-7); 7.14 - 7.20 (2H, m, H-B); 8.30 - 8,57 (1H, m, H- 1),315 3.44(2H, m,
H-2); 2.25 (2H, 1, H-3, 3y, = 6.78Hz).

o D,0 exchange: multiplet et 3.30 - 3.37ppm disappears and the HOD peak appears' :

- L 4. .87ppm. Decouple at 2. 84ppm, mult:plet at 8.15 - 3.44ppm simplifies. Decoup!a _
at 3.30ppm, triplet at 2.85ppm collapses intoa sin|let Decouple at 3. 50ppm, multiplet
. at 3. 15 3. 44ppm smplrhes - '

| ‘30 NMR o - | |
&g 137.88 (s, C-4); 135.69 (d, C-8, UCP = 129, est), 132,56 (d c-11 Yep =
8,55rz); 130.11 (d, C-8, 2Ugp = 12.62Hz); 128.82 (s, C-5); 128.76 (s, C-6); 128.73
(@, ¢-10, 3JGP = 16. OTHz) 126.79 (s, 0-7) 43.95 (d C-3, GJG,_., = 431Hz) 36.82
(d, C-2, JGF. = 8. 42Hz) - | =

_3‘_P-NMH: sing_éet' at 7s.s1ppr_ri.
R o __ S | .
Omax (CHClg) 8040 (s, vibr); 2875 (s, v.br); 2300 (w, br); 1817 (s, sh), 1610

(shoulder); 1520 (shouider), 1510 (s, sh); 1480 (m, sh); 1485 (m, sh); 1450 (s, sh);
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1395 (w, sh); 1325 (w, sh); 1245 (w, sh); 1170 (shoulder), 1150 (s, sh); 1 135 (s, 'sh); -
1075 (w, sh); 960 (s, br); 925 (’s, sh); 700 (s, 'sh); 645 (m, é’h’}; 525 (w_,' sh).- o
i a similar preparatnon, (dlchloro)phenylphos;ahlne and one equwalent of sulphur weore '
reﬂuxed in dry benzene for 2hrs to generate the | ﬂhlora)phenylphOSphme sulphlde,

- which was then used insitu. Trans-1 a-Dl(phenethyI)—z 4-diphenyl-1, 3-diaza-

-8 43.5'~dsphosphetldme-2 4-dithione [ 19] (0.192g; 0.370mmol; 1.75%)and cis- -
1,3-di{phenethyl)-2, 4-diphenyl-1, s-d;aza-:z;ﬁ 43,5-d1phosphetidlne-2 4-dithione
. [19] ©. 038g; 0. 073mmol; 0. 35%) were isolated, The cfs-onmpound was recoverad
as a dirty-white solid. Mp 100-105"0 {there was insufficient for recrystalllsatlcn), Re .
. (benzene-hexam 1: 1) 0.44. ' ' - : -

_1H NMH . . .
sH752-767(6H m,H 10 + H-11),729 . 7.38 (4H, m, H9J,70'I - 7. 18(6H m .
- H6 + H-7); 6.72 - 6.78 (4H m, H-5); 358 (4H, tt, H 2 JHH = 7.31Hz, JHP
15 85Hz), 2,72 (4H t, H -3, '-’HH = 7.25Hz).

B Decoup!e at 2 72ppm, trlplet of tnpiets at 3. ssppm collapses to a trlplet

__-130NMR - _ e S

5¢ 138.40 (s, C-4); 136.96 (d C8, ‘JGP 90.'8'1{-!2)_; 181.54 (d, C-10, 3Jgp =
18.51Hz); 131.54 (s, C-11); 128.55 (s, C-5); 128.42 (d, C-9, %o = B.57Hz); 128.34
(s, C-B); 126.30 (s, C-7); 42.14 (s, C-8); 85.95 (t, C-2, 2y = 3.75Hz).

- 31p NMR: Singlet at 82.45ppm.

1R . _ o _ . o .
bimax (KBr disc) 3045 (m, sh); 3015 (m, sh); 8040 (m, sh); 2850 (m, sh); 1725 (w,
' br); 1605 (w, sh); 1585 (w, sh); 1495 (m, sh); 1483 (w, sh); 145 (m, sh); 1435 (s,
| sh) 1365 (m, sh); 1310 {m; sh); 1290 (w, sh), 1280 (w, sh); 1265 (w, sh); 1215 (w,
br), 1200 (shoulder), 1'%90 (w, sh); 1180 (w, sh);, 1125 (s, sh); 1105 (s sh); 1085 (m,
sh); 1080 (m, sh); 1010 (w, sh); 1000 (w, sh); 965 (w, br); 820 (m, sh); 905 (m, sh); 3

885 (m, br); 855 (m, br), 785 (s, sh); 755 (shoulder), 745 (s, sh); 725 (s, sh); 695 o
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o ('shdulder), 687 (s, sh; 677 (w, sh), 655 (v sh); 645 (w’, ) 61d w,sh).

| m/z 519 (22%) 518 (M* [PhCHacHzN P(S)Ph]2+, _67%], 485 (a:;l%), 434 (24%),
428 (27%); 427 ([M - PhCH,]*, 100%) 414 (22%); 399 (PhCHacHgN[P(S)Ph]Z ,
 56%); 398 (33%); 294 ([PhR(S)] N ¥, 54%); 226 (26%); 217 (PhP(S)}N-P(S)*, 23%),
167 (27%); 136 (26%); 105 (PhGH,CH,*, 81%); 91 (PhCH, ™, 46%); 30 (55%).
| -HFIMS (Found: M+ 518.1120. (325,‘|—|%1s121='zs2 requires 518.1170).

B N_,'_N'-Di(pnanemyl)-P-phenylphos_phonothioic diar‘_nide‘ [_3_7'] s

To a mixture of B-phenylethylamine (2.78g; 22.9mmol) and trethylamine (2.58g; -
25, Smmol) in dry benzene (200m), was edded a solution of (dichloro)phenyl-
_ phosphine sulphide (2.12g; 10. 1mmo|) in- dry benzene ~Solid  triethylamine B
hydrnchlonde separated out upon addition of the thiophosphoryl reagent, furning the
Initially colourless reaction mixture milky. The reaction mixture was then refluxed for
15hrs, and protéctéd from extransous moisture by means of a calcium chloride drying | |
“tube. At the end of this ‘ime, the mixture was feft to cool The solid tr:ethylamine-_'
hydrochloride was filtered off and excess solvent removed in vacuo to yield a thick -

- dark yellow oil &s crude product (4.19¢). ‘Column chromatography with benzene as

- solventgave N,N -d[(phenethyl)-P«-phenylphosphonothnmc diamide [37] (0. 597g,
1.57mmol; 15. 5%) as a pale yellow ol which crystalhsed very slowly to & cream-
| coloured solid. This was recrystalhsed from cyciohaxane tc. give cream coloured rods,
 mp 4748, 5°c RF {benzene) 028 -

Found: o} 69.54; H; 6.72; N, 7._35%.
CooHosNoPS requires G, 68.45; H, 6.62; N, 7.36%.
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_.  1H NMH o - | B

. Ey 778+ 790 (2H m, H-Q), 737 746 (3H m, H-10 + H-11), 7. 18 - 734 {6H, m,
H-8 + H-?}, 7.08-7.16 (4H, m, H-5); 3.13 (4H, broad slnglet. H- 2) 2. 70 (4H t, H-a

: JHH = BBth 2 35 (2H broad smglet H-1). ' C .
20 exchange‘ peak at 2. 35ppm dlsappaars, the HOD paak appears at 4. 82pprn ancl .

" ‘the broad sungiet at 3, 13ppm becomes a complex multlplet ' : .

CtgnwR . | .
6 138.76 (s, 0-4), 13401 (d, C-8, Jc,,'- 120, 68H2); 181, 46 (d, 011 Jc',,
© 8,18H2Z); 130.75 (d, C-9, JC,, = 11.05Hz); 128.77 (s, C-5); 128.43 (s, C-6); 128.14
(d, C-10, 3Jgp = 15. 25Hz) 123 34 (5, C-7); 42,40 , C-3, .;c,, = 105Hz); 37.86
(d, c~2 JC,, = ?ZﬁHz) | S -

) ’.3_1P'wn_; Singlet at '64.7'5:ppm. |

w

"B

Y max (CHClg) 3420 (m, sh); 3100 (m, sh); 3080 (m, sh); 2990 (s, sh); 2950 (s, sh);
2900 (shoulder), 2880 (m, sh); 1960 (w, br); 1785 (m, sh); 1710 (m, sh); 1680 (m,
sh); 1685 (m, sh); 1675 (m, sh); 1610 (m, sh); 1600 (m, sh); 1590 (m, sh), 1580

(shoulder); 1555 (w, sh); 1500 (m, sh); 1480 (m, sh); 1460 (s, 'sn); 1445 (s, sh);
1400 (s, sh), 1380 (shoulder); 1310 (w, sh); 1277 (w, sh); 1263 (w, sh); 1260 (w,
sh); 1180 (w, sh); 1160 (w, sh); 1140 (m, sh); 1120 (s, sh); 1090 (s, sh); 1030 (m,
sh); 1005 (vw, sh); 980 (vw, sh); 945 (vw, sh); 210 (w, sh); §70 (vw, sh); 835 (vw,
- sh); 825 (vw, sh); 700 (s, sh); 650 (m, sh), 645 (shouldar), 619 (w, sh), 607

(shoulder) :

) _m/zas_O(M*_'[Phcl-lzGH-zNH]zP(S)Ph“‘, 18%), _289(PhCHECHéNH-P(S)Ph-NHCHi+_,-- .

41%); 260 (PhCH,CH,NH-P(S)Ph*, 88%); 228 (PhCH,CH NH- -PPh*, 22%); 1565“ |

(2=%) 120 (PhCH,_,GHzNH* 100%); 105 (PhCH20H2+, 't2%); 91 (Phcl-i2+, 44%)
HRMS (Found: w 380, 1467 GzzHa,ﬂNzPS requ:reg aB{)“iﬂ-?B) |



c N N "D, "lenethyl}-P—phenylphosRhomc diarhide [38] and 2-phenethyl—1 3
diphenyl- 3~b|s{phenethyiammo) daphnsphazane- S—dlone [40] |

A solution of -(di_c":hlbfo)phe‘hylpﬁosph‘ine oxide (4.9'19;_7_25.2'mrho'l) in dry benzens

~ {100ml) was added to a mixture of B-phenylethylamine (6.13g; 50.6mmol) and

“triethylamine (5.08g; 50.3mmoal) in dry benzene (200mi). Addiion of the
~{(dichloro)phenylphosphine axide/benzene sclution caused the reaction mixture to turn
~milky as solid triethylamine hydrochioride separated oiit. The reaction mixture wes then
' reffmxed for 15hrs-,- and protected frgm'extlfa_neous'moisﬁJre by means of & calcium -
chloride drying tube. By the_ end of this time, the reaction mixiure had tumé_d-_dark
- yellow. The mixture was a!lowed'tabool the hydrochlnride salt mixture was filtered off,
and solvent was removed in vacuo from the fi lirates to yield & viscous oran'ge oil
(i1. Qg) Column chromatography with ethyl acetate- hexane (20%)assolvent ggve two
“products: N, N'-di{phenethyl)-P-phenyiphosphonic diamide [3_8] (0.764g;
. 2.10mmol; 8.32%) and 2-phaneti1yi-1,3-diphenyl-1,_3~bis(phenethylamino)_-
* diphosphazane-1,3-dione [40] (0.445g; 0. 732mmol; 5.81%). Compound [38] was -

. ‘recovered as a pale ye:low solid. This was recrystallised from ethyi acetate to gwe a

white solid, mp 85-86°C, Re (ethyl acetate-hexane {20%}) 0.1,

- Found: G, 71.13; H, 688 N, ?55%
sz“zsNzop requnres O, 72, 51 H, 691 N 7. 69%

HNMR | . | S
6y 7.64- 775(2H m, »9),?33 752 (SH m, H 10 + H-11) 7.18 - 73G(BH m,'_' -
H-8 + H-7); 7.08 - 7.17 (4H, m, H-5); 8.07 - 8.22 (4H, m, H-2); 2.70 (4H, t, H-3,
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JHH = 683sz 235 -2.46 (2H, m, H 1) |
- DO exchange multlpiet at 2, 35 2.48 dlsappears and the HOD peak appears at :
4.84ppm. " - - - > -

_“"CNMR o - -
8¢ 138,72 (s, C-4);7134,80. (d c-e, Jcp = 12028Hz} 131.38 (a c-11, Jcpi =
 3.08Ha); 180.68 (d C9, Zgp = 10.96Hz); 128.71 (s, C-5); 128.35 (s, C-6); 128.07
(d 0-10 JC,, = 14. 14Hz), 126 26 s, C7); 4234 (s oue), 37.49 (d, c2, Jc,,--_-'___

- '__.319 'NMH: Singiet at 21.09ppm..

umax (‘(Br d;sc) 3260 (s, sh); 3060 (w, sh), 3025 (w sh), 2955 (shoulder), 2940 (w
- -sh), 2935 (shoulder); 2875 (w, sh); 2860 {w, sh); 1600 (w, sh); 1580 {w, br); 1490
(m, sh), 1470 (w, sh); 1445 (s, sh); 1435 (s, sh), 1420 _(should_er), 1360 (w sh)_ 1270

~ {w, sh); 1180 (s, sh); 1160 (s, sh); 1120 (m, sh); 1105 (m, sh); 1085 (shoulder),

1080 (s, sh), 1060 (shouider); 1020 (m, sh); 902 (m, sh); 885 (m, sh) 800 (w, br);
875 (w, br); 742 (s, sh), 690 (s, sh). - -

| m/zee4 (M+ [PhCH20H2NH]2P(0)Ph+ 0.02%); 273 (PhCH,CH,NH-P(O)Ph-CH, *,
100%); 244 (PhCHchzNH -P(O)Ph*, 98%); 105 (PhCH20H2+, 20%). |
"HRMS (Found: M+ 364.1721. czszsmzoP requ'a 65 364.1704). .

| _'2-.Phenethyi'-1,3~diphenyl—'_l,S-bis(phe_neﬂ'lylamino)-diphosphazené-‘-I,3»-diene [40]
was recovered as a pale yellow solid. This was recrystaliised from ethyl acetate to give
a white solid, mp 166-167°0 R (ethyl ac:etete) 0.64, HF (ethyl ecetate-hexane' '
{20%})0 54. - S

An NMR sample recovered efter exchange with Dzo was also purlfled and eubmltted
for elementa! araysis. ' E
* Found C, 70.18; H 647 N 681%



CagHagNg0,P, requires G, 71.16; H, 6.47; N, s.s?'%.
Found G, 70.65, (H+D), 6.39; N, 6.85%. |
036H3.,D NSOZP2 reqwresC 7’0 92 (H+D) 6.12; N, 689%

| ‘H NMR : :
& 7.83-7.94 (4H, m, H-g), 7.39 - 7.55 (eH m, H-10 + H-11),? 14 7.29 (sH m,
H-6 + H7 + H-16 + F-17); 7.05 - 7.0 (4H, m, H-5); 6.87 - 6.91 (2H, m, H-15);
878~ 384(2H m, H-1j; 3.21 - 342(2H m, H-12); 2,83 - 3.18 (4H, m, -2) 272 |
'(4H 1, H-3, JHH = B.75Hz); 253 2.62 (2H, rn, H-13). : . |
D0 axchanga multlplet at 378 - 3, 84 d:sappaars and the HOD peak appears at.

4. 82pprn : S : : o

. *30 NMR - - -
6 138.76 (s, 0-4), 133,05 (d, C- s, Jcp = 157. 96Hz), 131.86 (s, C-14); 181 au (s, -

C-11); 131.84 (d, C-9, JCP = 4.82Hz); 128.80 (s, C-5); 128.73 (s, C-15); 128.49

| (s, C-6); 12847 (d, C-10, *Jgp = 7.27Hz); 128.35 (s, C-16); 126.39 (s, C-7); 126. 29

(s, C-17); 47.38 (s, C-18); 41.42 (s, C-3); 38.41 (t 6-12 2Jc,, = 3, 17Hz), 37.34 (s,

c~2) |

"”P NMR: Singlet at 28.74ppm.

IR

Ymex (CHCla) 3665 (s, br) 3375 (m, vbr) 3075 (m, sh), 3060 (m, sh) 3025 {m, sh),
2995 (s, sh), 2925 (m. shy, 2865 (m, br); 2480 (m, br); 1955 (w, br), 1815 (w, br);
1680 (w, sh); 1600 {m, sh); 1590 (m, sh); 15566 (w, br); 1485 (s, sh); 1450 (s, sh);
1435 (s, sh); 1400 (s, sh); 1865 (w, sh); 1310 (w, sh); 1230 (s, sh); :1220 (s, sh);,
1210 (s, sh');_ 1200 (s, sh); 1120 (s, Sh);-_ 1090 (s, sh); 1070 {s, sh); 1080 (m, sh); 810
{s, sh); 830 (w, sh)-: 725 -(rn,_ sh); 700 (s, sh); 667 (s,_sh). . | -

m/z 607 M+ [PhGHZCHzNHP(O)Ph],-NCHQGHzPH"'_ 0.03%); 516
(IPHCH,GHNHP(OJPH],-NCH,*, 23%); 488 (32%); 487 (PhCH,GH,NHP(OP-
N[CH,CH,PRIP(O)Ph]*, 100%); 395 (23%); 383 (26%); 244 (PhCH,CHNH-
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| P(O)Ph"' 36%}, 105 (Pthchz | 25%); o1 (Phon“, 20%) |
" HRMS (Found: M+ 607.2516. 036H39N302P2 requires 607. 2517) B

D Methyl (chIoro)phenylduthwohosphonate [49] and dlmethyl -

phenyltrrmlophosphonate [48]
s s o
_- _‘-. 3 2 \CI 1"“”SCH
--5_ 9‘?“3. ‘mna >
B . B

Tc a mixture of homoveratrylamine (4 629, 25, Smmolj and tnethylamlne (2 549,
25, 1mmoi) in dry banzene (200ml), a solution of (dtchioro)phenylphosphine sulphlde
(5.30g; 25.4mmol) in dry benz_ene (100ml) was added. Addition of the
' (dich'om]phenYlphOSphine suiphide/benzene solution caused the reaction mbctura'to
turn milly as solid trlemylamina hydrochloride separated out. The reaction mixture was
~then. reﬂuxed for 15hrs and protected fmm exiraneous . moisture by means of a
- caloium chlonda drying tube. By the end of thIS time, the reaction mixture had turned
* bright yellow, The mixture was allowed to cool before the hydrochloride compilex was
fittered off. Excess solvent was removed in vacuo to yleld a dark yellaw-bmwn oil,

o This intermediate was heated in the presence of anhydrous aluminium chlorlda (3.33g;

25.0mmol) &t 110°C for ghrs. The resulting material was a black glassy material,
which dissolved with difficuity in a dichioromethane/water mixture (400ml; CHyGly-
H,0 2:1). Water was added to destroy axcess aluminium chinride. The combined
organic extracts were washed with a saturated sodium chloride solution, dried with
anhydrous sodiurn sulphate, filtered and excess solvent removed in va cuo to yield
& dark brown. oll (8.23g, Column chromatography with benzene-hexane (1:1) as
‘solventgavetwo products: methyl (chloro)phenyldithiophosphonate [49](0.0375g;
0.168mmol; 1. 34%) and- dimethyl phenyltrithiophosphonata {48] (0.277g;"
1,18mimol; 14.1%). Compound [49] was abtained as a pale ye!lcw oil, Rg (banzene-
hexane 1:1) 0 72. : -
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TH NMR | | |
.aHsm a 18 (2H, m, H- 3) 743 7,66 (aH m, H-4 +. H—5), 252 (SH d H—‘! S
= 18, ssz) S - -

g NMR - -
8 186,03 (d, G2, "Jcp 98. 96Hz), 133,23 (d, C-5, 4JGP = 364Hz), 130.48 (d,
G, 2JCP = 12.68Hz); 12872 (d, C4, 3Jcp = 15.86H2); 16.48 (d, C-1, Mgp =

| 406Hz) " - - |

1R _ . o o )
umfax' (GHCl5) 8050 (w, sh); 2980 (m, sh); 2920 (w, sh); 1685 (w, br); 1597 (w, br);
1495 (w, sh); 1450 (s, sh); 1350 {w, sh); 1330 {w, sh); 1320 (w, sh); 1110(5 sh) .

1010 {w, sh) 980 (w, sh), 820 (w, br) 900 (w, br) : '

m/.'z 22‘4 (25%), 222 (M* PhClP(S)SMe sz%), 176 (34%); 175 (PhP(S)CL*, 39%);
145 (CIP(S)SMe ¥, 28%); 148 (PhPCI*, 78%); 189 (66%); 107 (419%); 78 (23%); 77
(Ph*, 86%); 63 (P=s+ 100%); 51 (96%); 50 (3196); 45 (21%). E
HRMS (Found: M™ 221,9490. CHgCIPS, requires 221.9494).

Dimethyl phen‘yltrithichhosphonaté [48] was recoveréd as a pale yellow oll. This
was distilled under recuced pressure to give a colourless ofl, which solidified very |

slowly to a white solld mp 30- 32°C, Rp (benzena) 0.90, Rg (benzene-hexane 1i1)
0.58. Dimsthyl _phenyltrithlophosphon_ate (‘_b.?%) was again recovered when
~ aftempting the sane reaction on the substrate N-methyl-2-(3,4-dimethoxy-
-:phenyl)ethylamine. lri- additlbn, the 'reéction temperaturs was 168°C.

Found G, 40, 83; H, 4.68; P, 13.38%
CaH“PSa recuires C, 4100' H, 4.78; P, 1. 22%,

HNMR
aHaoo . 8. 13(2H m, -3),745 -7.58 (BH m, Hed + H~5) 2.35 (SH d, H-1, JHP_
= 18 DOHz) -

43



| 13(_; NMR IR _ _ |

8 13471 (d, G2, JCP = 86. OOHz), 132.39 (d, G5, *Jep = 354Hz), 130. 62 (cl .

G, Agp = 1. 33Hz), 128,57 (d c4, Jcp = 18.95Hz); 14.94 (d, C-1, *Jgp =
3.57Hz). - .

3P NMR: Singlet at 84.45ppm.

moe s ) N

D (CHCIa] 3050 (W, sh), 3025 (m. sh); 2950 (s, sh); 2895 (s, sh); 2795 (w, sh);
1670 (w, br} 1890 {w, br) 1480 {m, sh); 1435 (s, sh), 1420 (8 sh), 1320 (m, sh);
1810 (m, sh); 1235 (w, br), 1220 (shoulder); 1185 (w, sh); 1105 (s, sh); 1075 (w,
“ sh); 1030 {w, sh); j005 {w, sh], 870 (m, sh); 680 (s,_sh), 880 (shoulder), 870 (;s, sh). o

m/z 234 (M* PhP(S)SMe),*, 42%); 187 (PhP(S)SMe*, 88%); 155 (PhPSMe*,

. 34%); 140 (PhP(S)*, 22%), 139 (52%), 109 (22%); 107 (24%), 77 (Ph” 52%); 63 |

. (P=S", 100%); 51 (39%). | .
HRMS (Found: M* 233, 9736. 08H1 ,PSs reqwras 233 9761)
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* PHOSPHORUS- AND SULPHUR-MEDIATED ROUTES

o ';‘ﬂﬁ{l’“ﬁouz_lmNE' RlNG |



- _-_CHAPT-ER 1.:-.iﬁTRODUGTION,-BAcK_G-Rgm_D AND A"MS' o

© 1.1 INTRODUGTION

The focus of this project is to devise new synthetic routes to the %7-indolizidine ring
system shown in [1} l_ﬁLimbering scheme shQWn).‘By- extension the routes .devélo'ped -
~ should also be applicabls to the closely related a”®-quinolizidine system [2].

8 '_Bq | 1

mo o
 interest in thess ring systems derives fror their _c:cc':_u'rr'ehc:'ex_ in a number of alkaloids
typified by Ipalbidine [3], sapticine [4] and julandine {5]. T he‘bic'yclic'system' mayaiso
~ be embedded in a fused pnlycychc rng, as found in the phenaﬁthroindolizidine [6]
~ and phenamhroqunnolnzzdme alkaloids [7]. - -

. IPALBIDINE

o

e SEPTICINE

- JULANDINE
18]
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- The fol!owing SBGt!O!‘IS contain a brief aocount of the natural occurenoe of [3] [5], .
| - and their relatlcanshlp 10 the more complex phenanthro analogues Aspects of some
reported synthetic approaches to the systems of interest will be outlined. The project -
~ will then be put into perspective by a general discussion of the "Wits Alkalosds"
programme Fmaliy, the specnﬂc aims and strategies of this projec:t will be outlined.

,_1 2 AB 74 INDOLIZIDINE AND J 8. Qumouzmme ALKALOIDS _' :

1.2 'Gccurrenc‘e(

w (4) - IPALBINE [s] R p-n-sa.vcosvz.

o (+) - IPALBIDENE [l Rmd.

Simple Indaliad'na alkaloids have been Isolated from two spocles of Ipomoea (famrly__ E
- Gonvolvulaceae) From the basic extracts of the crushed seels of Ipomaea alba

~ L.; the common moontiower, were |soiated Ipalbidine [3], (+)—ipa|bine [8], and a | |

minor unidentified base (+)~»lpa!b idine [9] is the agtycone of natural (+)>ipalbine [B] .

The crushed seeds of !pomoea muricata. Jacq. gave ipalbidine [3] as- the minor

- product and a hew alkaloid, (+)-ipomine, as the majc:r2 Natural |palbid|ne [3] is
: racemic but both enantiomers have been synthesxsed by Dolphin and co-workers
- (+)-a!palb|dine [9] has been shown o have the (S)-ﬁanﬂguratlon S

'bua'_ EE A

¥ 111 R R oo, B 8
R [12] Rl= R OMe, %= H
[15] Rlm 83 H, R Mo
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R _(~) Septlc:ns [10] is the first simple lndalmdme alkalond to have been dlscovered The'
: alkalo:d isa close relative of the phenanthrolndclmdlna aikalo:ds (see below). it was
isotated ._alon_g with (-)-ylophorine [ 11} and (+)-tylocrabine { 12, from the free Fi eus
‘septica Forsk. (family Moraceas)®. The structure was cc.firmed by a synthesis from
L-prollnol 8 synthaﬂls that established (-)- saptlcme as being of the S-conﬂgura’aon as-
) showni in [10]7 A !atar group of workers I“SII’WBStIgath the root and leaves of F:cus
septica, but failed to mnfirm the previous findings. (- -)-Septicine. has also been
|solated from Tyl 0phora crebrifiora S.T.Blake, an Austrahan vine belongmg to the
| famﬂy Asclepiadaceae (taxonomlcally quate remote from the family Maraceae) in which -

itoceurs alongmde lylocreblne [12] and five smlar phenanthrclndolmdme akalotdsa’g

. '(+)aSept|cme has been nbtamed from- ancther speclas. Tylophora asthmatica
" Wright et Arn [syn. 7. Indica (Burm) Mami]m A third species, T. hirsuta, contains.
2 rolated alkaloid, (+}-Ba~hydrnxysepﬂcsne [131'%. The orientation of the hydroxy_
- group In this compound has not besn datermined though the ring junction is probabty '
. cis. A demethoxy derivative of septicine, named h:spldlne[14] has been rsclated from
the leaves of Ficis hispida'2 The compound is @ seco version of ()'_
: deoxypergulanna {15], with which it occurs. - '

OMe.
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- are l:kewtse conmdered rruch less advanced than the Asclepldacsaa

- Julandine {5]: is a minor alkaioid. from Eoehmeria p!atyphyua Don (famlly _
' Urtlcaceae)13 Julandlne hasaclsar structural srmitantytoﬁe phenanmmqunnoi:z:dlna .

alkaloids e.g. ufyptopleunne {“6] whlch have excited interest as an’amlcrobiai and
antltumour agents The naturai product may be Iargely racemlc '

.._'The phenanﬂiroindolizidiheandphenanthroqﬂincliz'idine'groupsofaikaloidsafrecios'ely o
refated to the alkaloids under considsranon in this project. These two groups of

alkaloids have baen the subject of detaﬂed studles in- recent years, partlculariy by

’ lndlan chemnsts Various aspects of thelr chemistry and pharmacology yigive been __
a reviewed by Govindachari'*18 and by Wiegrebs '". Short reports of progress in the
- chemistry'® and biosynthesis'? of the .phenanﬂjromdcimdme alkaloids, and onthe

synthesiszu of the phenanmrqquinpiizidinas have also been published. Interest in the - -

 phenanthroindolizidine alkaloids has centered in particular around reports of their
antitumour activity®!-24. At the same time, their extreme!y toxic and ves:cant nature

has been noted by several investigators®5-28, However the toxtcnty appears to be

. variable

- The narne Tyloph ora alkaloids is often: appiied to the phenanthro:ndohzudlnas from
: the frequarucywithwhnch they occur inthis genus. They are also found in other genera

of the Asclepldaceae, as well as in the Moraceae and Urticasae, which are

~ phylogenetically remote from the iatter family but related to one another. The

Lauraceae, which pra iuce both phenanthroindaliz‘idinésand phenanmroquinoliz_idmas, g
29
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Looknng at the structures o tylophurme [1 1] and its seca-analogue septlclne [4]"_'
“shown above cme can readily |mag|ne a blosynthetac reiatlonshlp between them. By

- forming a b_c!nd pQSItIU_an along the dotted line, [4] can. be_con\ggr.te_d to [.‘H]. A

| 'simila'r'__ re_l,atinnship can be envisaged for julandine (5] and its secb—a_n_alo_g't._le, o

 cryptopleurine [16]. In nature, a central role s allocated fo compound {171 in the

biosynthesis of these alkaloids, because oxidative phenahc couplmg is: pnstu!ated to o

lead to the fused pentacychc alkalmds

In the {aboratory, this kind of coupiing has been accomplished with thallium(il)
riftuoroacetate?®2!, One 'equiva’l’entof'ﬂ'iis reagent very afficiently converted septicine
[43 lnto tylaphorlne [11}; none of the isomeric, more sterlcaily hindered aikaloids eg
'tylocrebrlne [12] or isotylocrebrine [18], was obtamed When two equivalents of
tha!llum(m) tnﬂuoroacetate were used, a drfferent rr duct {19} was obtalnad |

Oils
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__ 1_.-2.2_'Beﬁbrted:synthe’tic Approaches

" Ipalbidine [3], septicine {4] and, to a lesser extent, 'jul'atrfdi_l_'le (5}, _h'a'v'e” ali been -

_ _papuiair targeté for total synthesis. In view of the structural simiia:ities"'bema'en_ these

compoaunds, several cartinon approaChes to their synthesis have bsen developed.

- The documented syntheses of these compounds have been classified on the bams' o
: '_ of the mode of ring closure of the. aryl-subs ltuted ring.. Scheme 1 shows the .

" disconnections involved. The scheme follows the classuﬁcahon method emplnyed by '

" Howard and Michael®, with the acidition of a new route (dlsronnectlon G}, Wthh has
N appearad since the earlier classrﬁcatzon was pubiished | o

| _ We wilk not gb into great detali on the various synthe"ss of these alkaloids. Rather, our

. atten'hnn will be foc:ussed on the central ring closure step. Only a few select examples
wili be__iilustratad. for each mod_e of ring closure. For full details on the tota! synthesis
 of the three alkaloids, reviews are available by Hc'wi?a’r‘:i and Michasl®2, and l-'ltariaiar'“33

In view gt the strategy chosen for this prujact (see seqhon 1 4) dlsconnectlon Bis tha _

o most lmportant iDI‘ OUI‘ QUFPDSBS _ O/\x

o y % @

Scheme 1 Disccsr'nechons for. reported syntheses of lpalbldlne septicine, ancl
ju!andme '
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Dlsconnecﬂon A

- This route IS iarge}y hlstoric belng tha f-rst by ‘which saptlczne [4] was made In. -
- addition, it i$ the only route to have led to the optically active alkaloid”. L—Pro!inol was

'nevertheless still be partly racemlr

Ar

B .. used In the’ synthems In order o confer opttcal acttvny on the preduct which rnay o

-::E;ﬁz o Seepe . :::]L;“;£::>>Q —

Scheme 2 Synthesis of sepicine by Russel and Hunzker”.

'_ 'Dlsconnectlon B

 Govindachari and co—workers accomphshed ring ¢ closure 16 the Indolizidine fngsystem

by means of a D:eckmann condensatlon This provided a generafised route o both |
' {¢)palbidine {3]34 and (i)-sept:cine [4]:35 The condensations were carrzed outon =
the diesters [20a]} and [20b). The ketones [2 a] and [21b] that were prepared in E
this ‘manner are very important intsrmediatss, since a number of other formal-
synmeses converge to these compounds The perdemethoxy anaiogue of septlclne_

has also been syntheS|Sed by tl’us route®>

3 stepe

Oble

o _54. .

o EtochD
0

[20d]
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Sotopr  geonone 4]

() Ph_scka Et,0=THF |
| or 4 stops . OR PALBIDINE [3]

(b) 24 HCl, A

. [21a] 42%
[218] esx

- :Sc'}seme. 3; Synthesisofipalbidihe -andsepticine.by Govindach_ari andco_-w':xrkers%aﬁ. o

nakter formal synﬂ'nems of (i)alpalbldine [3} by Howard, Gerrans and l\.d!lcl'lz-ael36 the
' object was the preparation of the ketone [21a].In thls synthesns, Kng closure depands _
on the enamine-liike _nucleo_phlhcrty of the vinylogous urethans [22]. '

| ool
(o) NaOH, H20 A LA A
.
i (b) cloozue, Bu4l~il(cat). B S
oW TE

' Sohame 4: Fnrfna! sy_nt_hasis of ipa_lbiolin_e' by Howard, Gerfans and Michaelss. '

This synthesus forms part of the "Wlts Aikalolds project. The approach employed by
Howard st a/.%® complements my proposed consiruction of the indolizidine ring in the
preparatton of |palbid:no Gonsequently this synthes:s will be d!SCUSSEd in more detall
n section 1.3,3, where jt wili a!so be soen in context wath the rest ofthe W:ts approach _'
1o alkaloid synthes_ls '

Disconnection G

Herbertand co-workers have designed biogsnstically-patterned syntheses of ipalbidine
[3], septicine [4] and Julandine [5]37-42 (Schemes 5 & 6). When the compounds
[23], '[_24.]; [25] are treated with appropriat_ely substituted arylacetaldehydes,
enamines [26], [27] and [28] result. It is not necassary o isolate these compounds,
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these compcunds, as mey undergc: cyclrsamn and dehydratlon upon belng left to

o | stand in methanolic solutlon‘m These crucle praducts can then be transformed info
a the deswed blcycllc alkaloids. Cycllsatlon of the enamlne—ketone (and subsequent- o
dehydration) can aiso be achieved using selectsd Levws acid catalysts, notably' s

't;tan:um(N) chlonde and SlllCOﬂ(lV) chlorlda in benzane and magneswm lodlda in

: etherﬂ? 39, 42

”zD

PUTRESCINE

() MaGH
(6 NoBH,, PrloH

PHCH,0 K :
. 208 o o --[5] aes

Scheme 5: Bzogenettcaliy patterned synthascs of (+)-1patbldme by Hedges and
Hen‘l::erta9
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iy meomener
(2] RmHon=2

 MeOH, (fornm1) -

" or SnCly, Cgg (for nm2)

R OMe, =1
R'H-n"_ﬁ o

Scheme 6: Synthesis of septicine and julandine by Herbért‘”-.
m@"z)n | \(\,\(CHZ)
—_ L

[30]

Very similar approaches have been ‘devised which rely on the intramolecular
‘cyclisation of keto amides [30] msteacl of enammes [29] Gychsa‘aon is now base

induced, e.g. with sodzum ethoxids, potassmm t-Lutoxide or alcoholic aikall. The
lactams [31] pre_pared by means of this condensation ca_n subsequently be reduced -
to the alkaicids ~spticine [4]*3*7 and julandine [5'.]4_7'49,' as well as to several

&



unnatyral - analogs®® 51:. They can’ alse serve &s . precursors 1o the_.
| Phenanthroxndohzudlne and phenenthroqumelmdine alkelcuds“s"‘? 49,52

__ : ._The ebeve dseeueelen isa ehort summary of some of the many’ approaches that fit -
 into this disconnection echeme, andthe followmg references should also b consu!ted |

 synthesis of septicine and julandine, by Kihayashi et a/.*847:49; ipalbidine, by Doiphm _' -'

 etal®andLiu et al. &3, juzandlne and analogues by Truge ot al.®t aﬁd Paton et_'.

| _Dleconnectmns D & E | - o
Two syntheses employmg d:scennechons D and E are mastrated Both exhlblt -:

'_mterestlnq features in the sarly stages of the synthese as well as in the cycllsatlons

| Nitrone methodology is empl_oye_d_ fo introduce a carbon chein_ into the 2 posmpn._ of -
 apyrroliding 'rin'g Scherme 7 outiines a recent formal synthesis of (+)-ipalbidine [3] by

* lida et 81.5455, The N-formyl intermediate [82] undergoes base-inliated cyclisation
to the vmylegeus amide. [33] The olefinic bond is then reduced selec‘wely toyieldthe |
much synthesised ketone [2 1a] '

K a.tepe.' '

N, _ i
VLENE, & A o o
B s sk
~ Scheme 7: Fo‘_rnial synthesis of ipalbidine by lida, Watanaba and Kibayashis‘?i55. _'
 “The synthesis of (}-septicine [4] by Iwashia ot a1.% also uses ”it_fm methodoiogy.
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- This 'synthesis dewates from the "oondersat:on" feature observed m rnany of. the

o _syntheses descnbed SO far, by employrng a dusconnection-E annulataon prdoedurea_ _‘

The major* isoxazaiad:ne [34] undergoses brominaﬂan with mtramo!ecular parhclpatlon_
- by nﬁrogen 10 set up the - mdolmdme system i [35]. Gomptsund [35]). lS then' _
| -_'canvertad it three steps to (+)-septlcme [4] (Scheme B) o |

): )D GGHSCH“" ” '

3 _'arié,¢*3‘¢nc"i_3 Istepr. ¥ m -

Scheme 8: Synthesis of septicine by iwashita et al.%%,

| Grieco sirzd Parker®’ have synthesised julandine [5], employing discannecﬂdn D
' (Scheme 9). The central fransformation involves an lntramalecular Dsels-AIder
cycloadd:tion of a transient lmlmum mtermedtahe [36] ' '

1

Ar 7

- Ar-4 Meoc3H4
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~*37% aq HyGO, EtOH,

Hel, 110%

[51 awr .
Scherne 9 Synthes:s of julandma by Grleco and Parker57
| -'_'Dlsconnectlon F

Stevens has applied the. cyclopropyiimme-n -pyrmhne rearrangem&ntw successiully -
to the synthesis of bath (x)-ipabicine {3] and (+)-septicine 141%8(stheme 10).

Formation of the b:cyci:c systams was  subssquently . accompilshed by an

| intramolecuiar Manmch reaction, Ketones [21a} and [21b] are aga:n key
-mtermedlates R

[/)t/ B ouc/sg;

a Arm 4= MsOCGH,

DR -"..om__'- bl
HCt, MsOH. - MeQ |
| maoascu L aeSNAY
e 918 __ | 0 [216]
‘b 88% - o _ . [218]

' scheme 10: Syrthesis of ipalbidine and septicine by Stevens and Luh®®,
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Danishefsky 'a'nc_i.-'VogetB“ have showr that silyl ketene acetal {37] _dhdfér'gdes acid-
catalySed cyclocondensation with an imine to give the ind_otizid_in'e;}['aa] {Schema 11).

T Me L el
~M¢ (o) DA, THF, HMPA MO
NCOEt (b) BuMegSICt - Ar”

BF& 'EtzOl

2eee
[

CH2C12 at -7a°c o

[ Ar = p~OMaCgHy=1

e

Scheme 11: Synthesis of ipalbidine by Danishefsky and Vagel®.

- Jefford et al.8" carried out a synthesis of (:t)-ipalbidine by an intramolscular carbene
"cycltsation of dlazu ketone [39] {Scheme 12). The cyclisation [39] to [46] Was -
catalysed by rhcdlum(ll} acetate and the product was convertad in four staps to
' ipalbidine [3]. These workers also mvesugated the mﬂuence of ather aryl groups on
the sase of sycli.ation of [39] to [40]. '

4 stepn
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[401

" [ A'f - P—qemmhéﬁyl 1
~ Scheme 12: For'maﬂ_ syrithesis of ipaloidine by Jefford and co-workersS!.
. Disconnecticn G

_'Gomms and Lawrence have been usmg N—acyldlhydmpyndones as synthetic |
. intermediates. They now report thie conversion of N—acyld_lhydmpyndone [41_1 tothe

. indoliziding aikaleid (+)-septicine {4]. This disconnection approach differs fromther - |

- others in that we are looking at. ring ciosure 1o the S-membered indolizidine ring.

o CdiB; GRIGNARD REAGENT
oW w0 | EEo(cH,)Nger [43] |

COzPh

]

Their iniial approach was to prepare (<)-septicine via dihydropyridone {42]. The aryl -
- group at C-3 was not sufficlently large to prevent aitack by the Grignard reagent
(43182 at C-2, with the result that a mixture of dihydrapyridanes was obtained.

Although the approach was successful they were !onklng for & shorter and mare_ o

regloselactwe route

 Previous work from their iaborstories showed that a 3-triisopropylsiiyl (TIPS} groupcan -
effectively block the C-2 position of a 1-acylpyridinium salt against attack by Gngnard o
 reagents®. Treatment of [44] with Grignard reagent [43] gave alcohol [45] in naarly o
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+ quantitative yield. (+)-Septisine wes generated fror the crude product [46] in4 steps.

(b) PhOCOGI, THF. —23°c

- (c) 10% Hot
= --23"’0 to R‘l‘
: ' o L '. 'SIG“Pf)a :
NaOMs/Wie0H, A, 1hr . 4 steps

| _[451_' oex
Scheme 13.1‘ Syn_thae'ii.s of_sepﬁdne _by'.'co_niihslana_Law;gnce-ez_ | -'
13 fi}:é »wrrsf APFRQACH- Td..ALdelb S_YNTH.E;S[s._.
A Ioﬁg-térrn gaal in this department has been the develgpm ent o ﬁave_l memodomgy

for the syntheszs of akaloids balongung to spacific classes. indolizidines and
_ qunnoliztdmes have featured pre-domunantiy 8s targeﬂs In most cases. the perfech:m

e

—- [



of methodology has been the chief objective, and the preparation of akaioids has

been a subsndsary object:ve m be ach:eved once suitable methodology has been L
-_explored ' - '

© 1.3.1 Overview

' Research in alkaloid synthesis using the "Wits approach® dates back about twa
 decades, during which time eight Ph.D. theses®, three M.Sc. disseriations® and

‘numerous: ‘honolrs projeots have been completed and several papers have been' L

]:zulalzsl'wx:t33 6778 This work is characterised by the exploitations of the properties of
_exooyci:o vinylogous amldes urethanes and related compounde ln the synthems of
-_vanous alkaloids. These systems [47] are illustrated beiow

' ’n _.
.
|«

. [47]
| where n.i- 1002
Z= cd.‘;ﬁ-‘_ ! vioyiegeue ur.thm y
or 2= con' | (_wiﬁ:dogpea émﬁo )
| .o_r- ZmoN | '. '__(._viny.ibeéua éyeouﬁsiq.) R
- R.-QW- T

The chermst:y of \nnylogous armdee and urett'tanes, colhechvely aiso known as .
enarmnonee has been reviewed by Greenhill”®. The versatility of exocycllc extended
_enammae warrants their use as synthetic :ntermedta:tes. It is unrealistic to think of
enaminones as enamines or conjugeted carbonyi eompounds as their extended o~

'system |mperte to them a reaotMty that though at tlmes resembhng that of thBSB
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. functional groups, is very oﬂen quite drﬁerent79 The enamanone systems {48]
'possass ambsdant nucieophlllcaly and eiectrophﬂicrty They have potentzalty six reaction
sites, four of which (g, ¢, e aﬂd ) are n..{cleophiiic in nature and the other two sites (b
d} are electmphlhc in natura e SRR
X = dlltyl
or X= m'yl '

or x-alhmty o
'R-aikyi

B

"'-_'Extended deloca!:sation and tautomensm renders the axygen and the v-car#aan

o competmve nucleoph:lic sites (Scheme 14) i is as a result ofthls ambldent oet s:wiour- o
~ that they are en\ﬂsaged as very versatiie mtermadlates in orgamc synthasm Tﬁeaa

| chemlstﬂes have been studled falrly exhenswely in ’these laboramnes ancl also by othar
: workers '
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 Scheme 14

Ouf group is interested in searching fc;r New or improved meth'o'ds' fdr synthesising -
: vmylagous amides and- urethanes as we have recognised them as potential
intarmediates for nyrrolmdma65b, indoiizidine®6:65468  quinalizidine, and more
recently, pemydrolndo_iss_se'ao alkaloid ring systems .Slmple pyrrolidine and piperidine

- alkalolds are also readily accessible through various vinylogous urethanes and =

amides”". Slightiy moré complex p‘yﬁ'olidinﬁ alkaloids such as -peripentadenine [49]
and d:norperipentadenlne [50] have bhm aynthesised recentiy in these Iaboratones_
via these mtermedlates '

NCO(CH, ) CHy.

[40] n = 4

For the most part, we have explvited the ambident nucleophilicity of en_arhinones at
two selected sites in Cyciisatsﬂns with bifunctionai el'actrophiies These inta‘rm&diétee
structures based upon an appropnate choice af ring size of the exocycllc enamine
system and chain lerigth of the substinxant on the nitrogen amm '
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Rings can ‘be constructed around a pyrrom. e (n 1)or pzpendlne (n 2) nucleus as -
_ shown- below This, in theory, allows the syﬂthesns of pyrrohzudme [51 n= m—‘i]
B mdoilzldme [51 n= 1, m= 2], quinohz:dlna [51 n= mma] an\':l hydromdole [52] ﬂng'

| systems

'7_'[51_]-”_ B 5 '_[_52]

The brfunct:onahsed electrophile may be employed to bridge betwsen any two of the
- nucleophilic smes present in the exocychc extended enaming intarmadiate In the -
_ 'synmams of functlonalzsed indoiizidine and qu:nohzldme systems the nuc:lecephliic
'propertxes of the mtrogen atom and the e-carhon are exploited. Scheme 15 shows
- how aikylatwe and acylative cyclzsatlans may he achtaved dapzandmg onthe oxldatlon
lovsi of the electrophlllc carbnn (el '
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N

[54]

:_ now i or2 .
= c"z“' COR, CN

Scheme 15

Bicyclic system [54] is the product of intramolecuar alkylative ring closure, while {59]
and [55] reprasent :ntrarno!ecular acylative nng closures. The question of tlmlng now
becomes all—important in ail three cases, one has the choice of formtng the bond to
mtrogen before that to the ae—carbon, ar \nce versa, o '

_Ba_'



‘The "W;ts approach can further be used in the ccnstruction of bicychc systems in o |

~ which the nrtrogen is a to the brldgehead position. Here, the nuclaophzuc;ty of. the | -
~ &nion formed at tha vucarban position ancl the a~carbon is used :

- The pr:nclplas dnscussed ahuve have baen apptied successfully in the synthesus of
. compounds such as [56] and (571, whlch are precursors of Lupm and
Ei’a*earz-ar‘c:u.a'se"‘cJ alkaloads respectively o a N

- Hy exp'lloiting the above characteris_ﬁﬁ:é of vinylegous urethanes and/or amideé_, formal

total syntheses have been developed for the following bi- and tricyclic nitrogen -
br:dgehead alkaloid systems: the quinolizidine alkaioid ()- jupinine {58195067, the |
indolizidirte alkaloids ipaibidine [37%°, elasokanines [59a], {Ssb] and [59c}, arid
 elaeocarpine {59d]%°%%, and the hexanhydrojuiolidine derivative {60]??,_whtch is

derived from the intermediate endacyclic enamine [6‘!-]. __ | "

. .;f

[595']__!.

o e :



~The pyrrol:zldzne aikaiond denvatwes ware shown nct to be acces:.subie wa surtabla
vinylogous urethanes or amidesSSC. However, isoretranecancl {62] was Iater -

: sythesised from a vunyiagous urethane by Plnn:ck and co—workers31 2.

el

To date, a number of systems have been invéstigated by us. Afew of our approaches
are discussed below, but this discussion will be preceded by a cnns:deraﬂon of the
pnnclpal route that we have usad in the preparatzon of enaminones. - '

1.3.2The Es(sngnmoser 'Suipmde COntra_ct_ioﬁ.neaction* |

Desmte the ‘exigtance of other mathocs®1/8%- %, the sulphide contraction reaction
developed by Eschenmoser and co-workers for maklng secandary wny!ogous
. urethanes and amides (Scheme 19)25-88 stil remains an excellent synthetic route to
exocyclic extended enamines. Although'this reaction was initially uéed as purtof his
vitamin B,, work®, its potential has been recognised by us®66578 ang other
workers® in the preparation of valuable intermediates for alkaloids and medically
ussful compounds. Two reactions represantatlve of Eschenrmoser’s original work®® are
lllustraned in Schemes 16 & 17. Condensatnon of the a-halocompounds [641 or {701 3
- with the thiclactam [63] {in whnch the nitragen is sacondary) generated the
th:o:mmuemers [66] or {72], respectwaly, via the a—thiolmlmum saits [65] or [71],
" reSpectively Extrusion of sulphur was achieved using a strong base [68], a suiphur
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" scavenger [87], and heating urider refiux in a suitable solvent

Pms"‘s)a [57'] -
t-BuOK [sa] |
24-hr _ _

e

Rw= {By

 Scheme 16

ar\/‘k [70] - :..3,"'_..

| CH2c12,m '

4
i

[e3]
_P(e,j:-ls)s [51]
t~BulK [sa]

5/\“/ hanme, mﬂux o

- [72] 9%

| Knco3 |

Scheme 17

"



o phosphorus-base [7’5]""Ei

B ; _ Eschenmosar et al. alsn used 2—bromo-1 3-d’rcarbonyl corn;:nc:undsaf"l o prepare'

compounds such - as [74]. Anotr"er varlation was the use of the CDF’IbIﬂBd

GOl '"2“/S:/1,I,pa s

The propcsad mechamsm of the suiphlde contractlon reaction is shown in Scheme 18.

The reaction occurs In two stages: sait formatinn between the thiclactam and an a-.

halo-carbonyt cpmpcund~ anct sulphur extrusion (sulphide _contractlpn) induced by a
base in the. r"""*fance of a sulphur 'acceptor The sulphide contraction reaction

'assumes the pdeUCthn of an eplsulphlde mtem':echate [78] formed by an

intramolecular attack at the imine carbon of the base-catalysed enol form [77] of the_

thlolm:noether [76] In both the vinylogous urethane [69] and the wnyiogeus amide - -
_ [73] the geometry around the carbnn—carbnn double bond is Z. The forrnatmn of the
 cis-s- -cis structure is favoured by the B-membered hydragen—bondad rmg

t—BuOK

e

X = CHy or t~BuO | o
 scheme 18
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Cin these Izatmr;a'a.'mas"'1 the scope of Eschenmaser S pracedure has beea extendad o

- tQ include tertiary vmylogous uremanes and- amides in greatiy 1mpraved ynalds (40- o

. 80%) under. milder- reaction condltlons by using acetonmle in the presence’ of a
'thanphlia and & weaker base such as tnattwiamme at room temperature Harsher __

condruons are requ:red for the secondary nrtrogen anaiagues. s:nce when R= H, the

" base wil remcve this proton first, ‘and sul:mequent deprotonatnnn ato the carbonyl N
y "‘group becnmes a more dnfficult process to ach:e\re ' -

_ o R

. n - 1or2 - | o
| - Sche_me_ 19

It has been rc:z;:'cartsxd71 that in some cases (e a. where R= GHa], sulphur extrusmn is
' accomphshed in the presence of either a thiophile or base, but a drarnatlc increase in

. ylelds i-achieved by utilisation of both entatles The geometry of a suiphlde contracted

o product beanng a tertiary mtrogen has been found to be E, e.g. [79] This feature
- prevails in such systems to avoid intramolecular congestion.




s steric hindrance to mesomerism. Wilson

1t'was, however, qb_'sarved that this extension of-ti'lia-'s't-_zl'ph'idé contraction reaction |
~could ot be well utiised for the preparation of N-aryl vinylogous urethanes and.

_ _amldessﬁa, ps'm_aps because' conjugation between the thicamide and the ardmaﬁc_ring :
 decreases the nucleophilicity of sulphur. Howaver with an o-bromo substituent, there -
B80 prepared a series of N-{o-bromoaryl)
B vunylogous amldes and ura'manes by the sulphlde contractlon method the lowest yiald _

 obtained being 86%. - - B

1.3.3 Mustrations of the Sulphide Contraction

- As aiready mentioned in section 1.3. 1, we have made use'of Eschenmoser’'s sUiphide" .
' ccntractxon over the years to prepare numerous anammones. A full dts(:ussmn of the

"Wits Akaloids* project is too extensive to be included here. Section 1. 3.1 is essentially -

_' a summary of the work to da_te, consequent_ly | have chosen to review only three -
) examples The first two are represeniat'ive of the most recent work co'mpieted hereat
Wits, The third example glves a detalled dISCUSSIOI'l of the synthesis of :palbldme by '
Howard et al. %,

| Jungmann used the su!phide cortraction in her preparation of (t) }amprolohlne -
- [81]%and ()-epilamprolobine [82]°". She used an electran-withdrawing group  to
the halogen that is not a carbionyl functionality, and her results show the flexibility

 possible with the sulphide contraction in introducing different elements into an akaloid

backbane. The procedurs for the formation of the quunoliz:dlna nucleus initially

invalved chemoselective reductton of the ester carbony! group. This was done using

lithium atuminium hydnc_le to form a primary aicohal, leaving the vinylogous c:yanarnlda"
- system unperturbed. Conversion of the .aicd_hn_l- o a beﬂ:ér leaving group and
- subsequent cyclisation was achieved by addition of sodium hydride and 'p-- :

toluenesulphonyi chioride and heatlng under refiux in- acatonitrlle Reductiort of the
carbon-carbon doubie bond of the product {80] couid be carried out in high yieid
using either hydrogen aver Adams catatyst or sodium cyanoborohydrida The hydride
reagent provided the cis-and trans-duhydro isomers in aimost equal amounts, while |
the trans isomer was strongly favoured by the catalytic hydrogenation procedure. The
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o rutnle functlons werg reduced in good yletd usmg mckel-aiummzum a!loy Tha rssuﬁmg
- amine was acylated with glutarlc anhydrtde 1o glve the des:red ~a|l<alords in reasonabia |

y.elds(smemeze) o e T e

PN cozat /Nah @,

iy

N . (b) BrGHRCN ™ _ N (b) Nqﬁ /Tscl

1

 MoBHyCN
43+ B
Cer
Hp /P10y |
g%+ 6% |

W Ni=Alallby

| -
“NNHy  NaOH / EtOH

14

| (b) Mzo/ Naﬂéb
T e

8y

Scheme 20
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“In her M.S Sc. pro;ect thsonﬁf’m prepared a series of dlffarently substntuted N~aryi-
: vunyiogous urethanes and then used the Heek-type pailaduum cataiysed nng closure
- reaction . developed by GhamgEisf in his Ph.D. study to prepare a range of
= yrrolo[1 2-a]|ndo}es [83] (Scheme 21). The interest in thls work stems from the fact
that cqmpqunds [83] serve as precursors to the mrtomycms .

R-—CN

o _n - cozEt o | Pd(OAc)z 'H%S'
'._.-n_cm‘, ' : i
= =NOy o o

| _Scheme. 21

Howard et al. %€ employed disconnection B in the design of_a'formal synthesis of (+)-
'ipaibidin'a {3]. T;ha objective was the synthesis of the populér' target, ketone [21al.
" The reaction sequence (Scheme 22) begins with Michael reaction of a 2-aryl ester
~ onto the nitrogen atom of the pyrrol:dlne-z-thlnne The rasuitsng thlolactam [84] was
alkylated on’ sulphur using methyi bromoacetats; following whach the salt was
subjected to the suiphide contraction procedure fo generate the vmyl_ogous ursthane
'[22}. Ring closure is dependent on the enamine-iike nucleophilicity of this vinyiogous
urethane [22]; and takes place only when the saturated ester group has been
converted to the mixed anhydride. The vinylogous amide [86] was prepared by
- hydrolysis and decarbaxylation of the cyclised product {85]. Reduction of {86] under
controlied conditions: gives the tnrget ketone [21a). This intermediate can then be
taken through a series of reactions o afford ipalbtdme [3] This route is significant in
that it cornplements my route to :palbudane as proposed in the next sectlan '

g



L Ar= 4 - MeOCGH,

[22] 74: [88] 77%
H
Ar o o |
e8] s - et TR

~ Scheme 22: Farmal synthesis of ipalbidine by Howard, Gerrans and Michael®®.
'Heagents (a) NaOH(cat) THF; (b) BrCHchEMe, THF; (¢} PhyP, NEt,, MeCN; (d)

 NaOH, H,0, A; (s) CICO,Me, BuNi(cat), THF; () KOH, HZ0, A:{(g) HOI,
a0, A (h) LIAIM ,, THF. - -

‘The use of vinylogous amides and uretharies as interniediates in aikaloid éym:hésiS [
not unique to the *"Wits approach”. As many as fifty papers have been published by o
other research groups emf:e Eschenmoser’s first report. Principal warkers in the fieid

Include Hart and Rapoport, Hait used the methad to prepare the Lythraceae alkaloids .

(+)-ythrancepine I 187] and il [88]°2, and gephyrotoxin-223AB%3, a biologically
active alkaloid from Dendrcbatid frogs. Examples by Rapoport®® inciude his
chirospecific and enartiodivergent synthesis of anatoxin-a [89], a potent neurotexm _': :
and neurotransmitter, along with its eneloguesgsm He has alse used vinyiogaus |
urethanesin medel studies tnwarde the synheensefantlmmour en'abrotlce mrtomycme_ -
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{801P%%, and in the synthesis of trans-5-buty-heptylpyrrolidine’®?, an actve and
..majOr component of the repelient venom of the ant So!enopéis fugax. .This "Ibﬁef
~ survey by no means covers the full usa of the sulphlde contractlon by other woricars
A comprehenswe rewew by Shlosakl is avallable Lot CF

(s0) 'mm. B

1.4 THE ORIGINS AND AIMS OF THIS PROJECT

| wil begin this section with a presentation, in summary, of some relevart detais from
the Ph.D. study by Andrew Parsons. This will he followed by a discussion of'lha aims -
of this project T - S

In 1987, Parsons carried out in these isboratories an Honours project!?’ concemed
with -the con;ugate addition reactions of pyrrohdlne-a-mlone with veveral Michae!
acceptors, viz. 2-mtropropene phenyl vmyl suiphaxade phanyl wnyi sulphone andﬁ
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~ acrylonitrile (Scheme 23). The use of these Michael acceptors extended the scape cf
: previous .e_ffoﬁs by workers here, which have _centred i'hainly on "acfylawsas'ﬁ?'ﬁg.
‘Exceptforthe 2-nitroprapens adduct, which was formed in very low yield, the rei.ulting
thiolactams were subjected to suiphide contraction after salt formation with phenacyl

: bromide (Scheme 24) | N

L N — ANe = =SG,Ph 1008
NSNS NaoW W S T ._.2 o T
H o o S k__z . = CN S52%

- Scheme 23

E:j\ (a)ph/u\/Br
' L (b) phsp

Z = SOPh - 6%
= CN 48% [o1]

" [e2)

In further reactiun of [81,2=CN], it was found that basic conditions could induce a
retro-Michael reaction, yielding [92}. This result has & bearing on the present project
{see page 110); Sulphlde contractlan reactions with tertlary thiolactams generally ke
place in higher yields and require milder conditions. Consequently a suitable Proteciing |
group far nitrogen has been sought in these |aboratories for many years. Parsons
recognised that the cyanoethyl group was acting as just such a protecting group,
Conditions ware optimised, so when écjm'pqund [93] was stirred at room t_en'iperaﬁ.lra-
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in THF ‘with two equwaients of t—BuOK a yreid of 93% of 2—b9nzoylmethylene-- |
yrrohdlne [92] was obtamed (Schema 25). - - :

'- Schem_e_i 25

'Parsons was also interested in the synthesis of compound [94]. His approach_ |
compnsed reduction aof the carbon-carbon dauble bond of compound [93] to
generate [95], foilowed by removal of the cyanoaﬂ'ly! group in & retro- Mlchael
. "reacﬂﬂn . . . . . .

. -
W\m
| "[9.41

When remova! of the cyanoethyl group from aminoketone [95] was attempted using h -
~ the conditions that worked best with the corrospondlng vmylogous amide (2 eq -
' BuCﬂ(/THF,(25°G/40min), a new product was formed. Analysis of its NMR spectra
showed that it had structure [98]; the yield was 75% (Scheme 26). Obviously, though
depr_otonation had occurred « to the nitrile, retro-Michaei reaction did not rosult.. but
rather intramolecuiar sttack of the carbonyi group to give the indolizidine product, Ir.
‘anather attempt, compound [95] was stirred at room temperature with twoequivalents
‘of t-BuOK for one hour, but instead of being worked up, the mixture was heated
‘under reflux for three hours. Base-induced elimination from [96] took place, but
instead) of compound [9?] being the produot, its Isomer [98] was formed in 66% yield
(Scheme 26). For the observed isomer to be formed, there must be better w—orbml |

a0



 overiap wan in the altamative isomer. This is because the two-electron-rich groups
B conjugated thmugh the doubie band are c.. sntated in& trans, as npposed tn acis,
- geometry In addition, nltrogen is more electron-nch than the pheny! gruup. and
~ therefore a better sr-donar . -

'ze-q't—huo'x /HE

~N 25“0/40mln '_
o o
THF / A o
T .
86% overall
on el

Scheme 26

We are extremely interested in the cyclisation step [95}-[96), as it is this reaction .

upon which the current project is based. The prodction of the desired compound

~from [95] was abandoned at this paint because it seemed uniikely that mild base |
conditions would cause retro-Michael reaction rather than intramolecular condensation,
These resulls are in agreement with earlier fesults of Parsons®sh that vinylogous
. amides with CH,-CH o EWG {(EWG = electron withdré'wing group) aftﬁchfed to'nih'oge'n I

arg more prone to retro- Mlchaal reactions than are amines wn‘h the same group | " '_
attached to nitrogen. In the presence of a base, such armnes are more likely to

undergo an intemet candensation reaction (if possible) than a retro-Michasl reaction.
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. “The preparation of indolizidine compounds [96] sid [98] was not intended, though

- not unexpectad. The substituent at the 7-posiion could be altered simply by carrying

:"""'out ﬂwe initial sulphlde contraction with a diffarent a-hromocarbonyi cnmpnund o
Furthermore, if compnund [99] can be prepared it shoulcl aliow tha synthesns of 6

_' cyanu-octahydroindohzm-?-nne [100] (Scheme 27), which can utsatf he manipulated '
further, ' T

LU

)

| o r100]
. Scheme 27 o

T_he'm'airi abiactive of the p’rasént .pmj'ect is to transfer thé rhethodolog'y developed by

- Parsons®", relating to intramolecular cyclisations, 1o new systsms. This will allow us

access 1o the indolizidine skeleton as found in the alkeloids ipalbidine {3} and
sapticine [4). The synthesis of these spicific alkaloids Is not intended; rather, we hope
to develope general mefhcjclology for 'gaihing access to the unsaturated bicyclic
parents, In addition we will extend the range of Michael acceptors that can add to
pyrrohdine-a-thiana at- nitrogen. Agaun the synthesis and reactions of viny!o.ous

~ urethanes and/or amides form the care of the approach to the desired alkaloids. |

Three approgches are'enVISagep The first, rauts A, ls an extension 'of ma"'w'crk
carried out by Parsons'®" In his hanours project. It involves the synthesis of sulphone
[101] fram the vinylogous amide precursor prepared before by him. A cycllsatlon a

a ':slrnrl_ar _to that seen in his Ph.D. study wili be attempted (Scheme 28).
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~ Route A

H

Ml {gcac)a

" Sap—cirn:
RMyCl

HF aat

Scheme 28

~ The second route is a variation of the f'lrst and employs the idea of chahgihg the

_ substiment at the 7-positian, If ct,mpound [102] can be prepared, it would then allow

the synthesisof6-suIphonyloctahydroindoliznn-?-ona {103] (Scheme 28), Manipulation |

" of the carbonyl group of {103] should give one control over the substituent at the 7-
position. For example, after reductlon of the carbonyl group, route B(1) converges with

- routeA
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~ Route B

-

| - /‘“’sozph __

D

0 uAH,

e (®) Rhgﬂr_

S0P

- RMg8r _

R
ROUTE B(1) '

-' Schame 29
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In both routes A and B we see that after formatlon of the double band the suiphonyi .
| ‘group remaing tha molecuia An alternative exists whereby the sulphonyi and
- hYdroxy g'rou_p.-._ 3 ssmuitanequaly eﬁmlnated to create the double bond. Julia and
Paris 02 reported this new olsfin synthesis based on the reductive efimination of 8-
substituted sulphones The reaction is known as the Julia reaction and is outllnad in
_general form.in Scheme 30. . -

S0,Ph

" R‘-7l\ﬁﬂa R
| 4 . OH
o S | [108)
0P ymse A T
)\R1 (b) RZGOR:’ "R .
. oM
[104)
o | | $04Ph
= Buld or LDA (M = U) - . e o3
= RMgBr (M = Mg) - 1,

Scheme 30

A suiphone carbanion is treated with an aldehyde 6r ketone to give the metal alkoxide
adduct {104]. This intermediate is then usually derivatised in situ to give [106],
- where R* s COMe, COPh, 80,Me or p-toluenesulphonyl Treatment of danvatnm
[106] with sodium amalgam yields the alkens product [107] In & few cases dlract_
reductive elimination of the e-hydroxy sulphone [105] !_s effetitive (yfde infra),
however the methad is rarely as efficient as elimination from the derivative [106].
The Julia reaction resemblrs the Witlig reaction in that an a-hetero substituted
carbanion and a carbonyl compound are combined, followed by vicinal elimination of -

two functional groups to give a double bond. The two reactions are therefore both
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" connective and regiospecific, but broduce cdmp!erﬁehtanf steréoéhemical results T'h'a. _

" main difference between the two reactians is the subsequent mampulatlons needed . -
~in the Julia pracedure, wheraas the Wlttlg ehmmaﬂon ocours in - situ. This

| dasadvantage of the two stage Julia olefination is somewhat offset by the ready
preparatson of the 8-alkoxy suiphones and the relative ease of removal of ehm:natuon _
. by products durlng work- up ' ' -

- _Of key importance is the overali stereochemscal outcome of the reaction Tha Julia

olefination procedure has neen shown to give essentially trans-nlefzns1°3 This high :
_ trans—stereoseiectlvﬂy was unexpected and investigated further. A - pair c\f
- diastereomeric sulphones were separated into the pure threo and erythro isomers -
. and individually treated with sodiurm amalgam Only the trans-oleﬂn ‘was obtained
- from both |somers‘°3*‘, thereby indicating the averall stareachemsstry of the reaction :
s independent of the ste'reochemistry of the sulphone precursor. |

' The Julia reaction is a possible alternative that car be empioyed in routes A and B.
In addition it assists in making the connection betwéz__en routes A & B and C clearer.
| Note; however, that if the Julia reaction is applied as an alternative in foutes A and B,
then the substitusnt is lost 'from C-7 of the indolizidine, and thers is no easy way of
introducing the ary! group requtred for the targat alialoids other than by startzng with |
an a-arylated vinylsulphone such as {108]. | ' - |

. S
- f108]

Route C aliows us to meet the second aim of the project, namely to extend the range
of Michael acceptors that add to pyrro!idine-z—_thibn'e.-'-rhe Michael acceptor under
“consideration is dimethyl vinyiphosphonete. This route differs from the other two in
that cychsatlon takes plaoe by a. W:ttig ~type reaction, in contrast to snmp!e hase o
induced cyciisation, Routa C does not allow for modlflcation of substltuents onthe |
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 indolizicine ring at a late stage in the synthesis. Al changes have o be made to the.

starting matertais themselves. This contrasts markedly with routes A and B, where the

~ nature of the secand substituent is decided in the ﬁnal step of the synthems, but
' comp{ements the Julia. procedurei S - .

.'__Hoiitéic--_': - I
B . S
o o, ¥ \J\pn Rk

IR L mc S
UAH, - - REACTION S
K-—-Pi:)(c:»‘hn:p,!

h

inroutes A, B & C shown _ébove, | have outlihed the total synthesis of a number of

' atalaids. It is essential to remember that the synthesis of the alkaloid itseff is nota
. 'mam objective, rather the cycllsatlon step leading to the. blcyclle skeleton | have
- _|nc|udad the full syntheSls for the sake of clanty and completenass

The aims of this project may be summarised as follows _

. To extend the range of Michael acceptors which react with pyrrolldlnanz-thlone .

S+ To demonstrate further the synthetlc utilnty of tha sulphide contraction reactlon in.
alkaioid synthesus -

- To develop a new route to the synthesis of the mdolnz:dlne skeleton as found in the
alkaloids ipalbidine and septicine. ' ' ' '
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' CHAPTER 2: RESULTS AND DISCUSSION

' The main aim of this project was to synthesise the a57-indolizidine skeleton ss found
in the alkaloids ipalbidine and septicine. Three different routes (Scheme 31) waie'_

_enwsaged for achlewng this goal. Each route compnsed four comrnon steps. inthe :
sectzons that follow (2.1 - 2.4), each of the four reactsonst con]ugate addition, suiphnde .

: ccntrac:tlon, reductxcn and cychsatmn, wdl be discussed in tum

s ok oo,
| tin1) B N 1
' lwuH‘ ' _' lumn‘ : 1 B
e e e
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. _'2 1 CONJUGATE MDETION WITH PYHHOLIDINE~2-TH!ONE AS

NULLEOPHILE

| 2. ‘i 1 Preparatlon of i-(z-phenylsulphonylethyl)pyrrohdme-z-

thione [1 091

_ Pyrrohdlne-z-thlone was selectlvely alkylated at nltrogen by using an activated oleﬂn- _
in a Michael reaction. Specnficaily, pyrrolldme-z-thiona {63] was ireated wéth phenyl

vinyt suiphone in tetrahiydrofuran in the presence of a caialyt;c quantrty of sodium _

hydrox:de to aﬁord 1- (2-phenylsu|phonylethyl)pvrrolzdlne-2—thione {1081 in nearly

quantltauve yleld (96%) Preparatlon of thls material compnsed the ﬂrst step of buth-

-_rcutesA&B

The appaaranca- of aromatic signals at 7.55 - 7.74ppm a'nd 7.90-7.96ppminths H

NMR spectrum of the product indicated the presence of the phenylsulphonyl group.

“The data afforded by the '3C NMR spectrum corroborate those of the 'H NMR

spectrurn Further evidence of the Michael product was prowdad by the IR spec’a'um

The prominent N-H stretch observed at 31?‘5(:m'1 for the secondary thlalactam
_precursor [63] was absent in the tertiary Michael product. Mlcroanaiysis results o

.- confirmed these findings. S-alkylation of pyrrolidzne~2-th|ona by the Michael acceptor
- toforma th;o:mmoester was not observed -

-2, 1 2 Preparatlon of 1- (2-dlmethoxyphosphorylethyl)pyrrolldme-z-

thlone [110]

In preparing this compound, a _s_econdary-ahﬁ of the project was fulfilled: namely, o -
extend the range of Michael acceptors reacting with pyrrolidine-2-thionie at nitrogen.

Dimethyl wnyiphnsphnnate was chosen as the acceptor Th:s reaction pravad zo be |

extremoly challengmg
Initlal attempts at this raaction employed the corid_itions described above for _tha |
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 preparation of 1-(2-phenylsuiphanylethyl)pyrrolicine-2-thione { 108} On.all occasions,
fairly substantiat quantities of both starting materials were recovered, in addition to a
__th:rd compaund- isolated as a pale yellow oil. From H NMH data this matenal )
" contained traces of the desired product. When dlstxllataon of the product was

attempted, the distillate yielded dlmethyl wnylphos;:honate The residue, Whlt‘h had -
changed to a dark arange-brctwn gum, was discovered tc be 1-(2 dlmethoxy-f B

- phosphorylethyl)pyrroiidlne-z-ﬁ‘llone [110] (19%)

Smca "heat" appaarecl to be necessary for the reactlcn, the next attemp s lnvclved o

o saaied tube reactions. Dimethylfarmamide was used as. ‘salvent for the first attempt
~The reactlon mixture was heated to 130°C for Shrs but only the thioiactam precursor

S [63] (44%) was_reco_vered Forthe secqndattem_pt, exqess.d_nmeﬂnyivlnyl_phpsphonate-

‘was used as solvent, and the mixture was heated to 170°C for 6hrs. Dimsthyi
“vinylphosphonete -(39%) was recovered, but product {110] was not is'bl_a'ted.'
Formation of the éésii‘ed product {110] was aéa'dmpliéhed by changing the base to~
. butyulthium TABLE 1 summarises the ccndmons used. and the nutccms, 2.

- D|methoxyphospharylethyl)pyrml|dsne-2-thione [110]wasnso!ated in all cases axcept _
the flrst '

o _TABLE 1: Fleactlon detalls for the preparatmn of [1 ‘!0] usung n- BuLi

et | Eq. | [110] |
No." | nBubi | g |
| e |- ] 28 88 | 185
2 1 97 | 411 - 24
3 | o4 | @2 | 19 | tae | 23
o 032 | 639 | =28 | - | 55
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~ TABLE 1. Continued.

- *"Ali'react_ions}were carried out at room temperature. .

- : “[:;:lhks_
{1181

Bt | Eq. | [110] | [118]* | [63] Time -
Nt eBud | e | s | e | /s
5 | 2888 | 775 | 09 | 675
6 | tees | es7 | 22 | 11 | ers

'Experirhent 1 diff'ers from the rest in. that' the ratio of the miolact'am'precursm {63] to |

n-butyliithium is less than one. For the remalmng experiments, this ratio is one or
greatar In expenments 2 through ::, as the quanﬂty of n-butylrthlum appreaches o
catalyt:c there is a corresponding merked i increase tn the yield of the product I1 10] '
-~ However, there is a limit to this ratio as indicated by the drop in yield in going from __ )
expanmeni 510 expenment B. The conclusmn drawn was that the quantlty of -

_ butyiluthaum used must be c:atalytlc

 The r-butyllithium was used to deprotonate the pyrrolidine-2-thione [63]. The resulting

anionic spacies [119} would react with the dlmethyl vinylphosphanatf

_ cata[yt:c cycle snown in Scheme 32

R

. [e3]

[119]
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PO(OMG)Z : E‘IS] - . |
{110] o

. Sch_eme_32 |

If a ful equivalent (or more) of -butylithium was used, all the thiokctam [68] would
be deprotanated at once, thereby eliminating the possibilty ta quence the negative
N 'charge in’intermediate: [120]. Participation of [120] in unwaﬁted side reactlons_ .
- possnb{y accaunts far fallure to lso!ate [1 10]. o

© Methyt transfer from' the starting maherial dimethyl vinylphosphonate, was observed =
resuiting in preparatmn of N- methylpyrmlidlne-z-thlone [118] The htghest yzeld.ngn
'reactton gave ~4% of [118], th&i‘“fOl’B toss of thiolactam thls manner was'
consadereci negligible. - '

"~ Reaction time was Investigated. tlowever, from the data gathered, the yield of [110]
does not appear to be time-dependent. Thls is bome out by comparison of expt. 2 -
with 4, and expt. 5 with 6. In both instances, time is the constart, with the ratic [63]

. n-Buli being the variatle. A change: in this ratio is acoompamed by an inverse

change in the yield of '[1 107, Further inve_istigatien is required to confirm these ideas.

_Product {110 was characterised fully by spectroscopic techniques. The signal due
' to the methoxy protons was exiremely prominent in the TH NMR specirurn. it was spiit
into-a doublet due to c_ouplihg to phc’:sphor'u's.'-. T_he anéis fbr pratons close to the
phosphoms'atom'were quite complex as both hydrogeh-hydmgaﬁ and hydrogen-
phosphorus coupling was taking placa Some doublmg up of szgnals was absarved
in the 3¢ NMR spactrum ‘Again, this was due 1o couplmg 10 phosphorus The R
. spectrum of the product contained an absarption band for a P=0 stretch at 12¢‘D -

em, Tha N-H stretch at 3175cm" for the thiolactam precursor [ea],was absent. The
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o high resolution mass spectrum gave a mdle_culaf fon -peak__ at m/z = 23?;0587, i
| _t:orrespcndin_g to cal_-|16~oaps. | | | |

The dsﬁerenca in ease c:-f preparatlon of [110] compared w:th [109] is d!SCUSSBd _
'belqw o , _ e :

- %ﬁaﬁ‘ \—§f""°-
pzd mz]

Noe - e
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- In the example of .an.a,ls-unsatus‘ated- carbonyl compound [i21], afl orbitais are
aligned as indicated in [125]. “This allows for ready addition of the thiolactam, 'si'rice _
delocahsation of electrons to form the transient specie.s [122] is Aot hindered. This is
not the case for the phosphorus analogue In [123], the geomatry at phosphorus is |
es_se_ntially tetrahedra!, The P= O double bond is form a_d by back donation from a filled
p-orbital on 'oxygen Into an empty dfd_rbital on phosphorus, Involvement of & d-crbital
results in the brbltals no Itsngef being aligned, as shown .in. [126]. This makes -
generation of the transient species [124] more difficult. Since sulphur isalso a thlrd-
period element, it exhibits the same kind of pr-dr overlap. The diminished reactivity -
of phosphorus versus sulphur can pr_obably__ be ascribed to back clonation by _the'
métha_xy groups in the phdsphorus reagent [123]. ConseqUently harsher conditions
are required ir: the preparation of the phospiorus compound [i 'lo],"as--indicatad- by
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~ the use of n—butyltithium, Ionger reaction times and Iower yuelds compared with those .

- for the preparatlon of the sulphonyl equivalent [109]

2_,,_2 S_ULPHI.DE co-NTHAcT:oN REAGT(DNS -

'.'2 2 1 Preparataon of (E“\-z-benzoylmethylene-1 (2-phenyl-
sulphonylethyl)pyrr@lldine {111] |

2-Rsnzoy!methylene- -(a-phenylsu!phonylethyl)nyrrolldine [111] was prepared' |
' according o the sequence illustrated in Scheme 33 |

. El Bmﬂzcm‘ . P(Os"'s):s Pesds w’\ -
B sAcatbnc' H/\ﬂ/ ey Ph

Ethyl acetctc k '. ~ 50,Ph

SOzPh i} _
[10_91 3 S0Ph A (3 1)
R | ph o o
. 8chems 33

 Salt formation [127] was accomplished by the addition of ni-bromo_acetophéncne to
a solution = of 1-.(2-phenylsulphonyiethyl)pyrrolidina-z-thiohé [-109]- in acetone,
- Subsequent sulphur extrusion was effected by the consecutive addition of
triphenylphosphine and tristhylamine in ethyl acetate. The product was obtained ina
‘geod ytélc_t (93%, chromatographically pura). The TH NMR spectrum showed the
distinguishing vinyl proton singlet at 5.58ppm, while the vinyl carbon signal appeared
at 86.88ppm in the '3C NMR spectrum. No doubling up of signals in the 136 NMR
spectrum was observed, Indicating that only one ge'om'etrical isomer had béeh_ 3
prepared. The geometry around the carbon-carbcn double bond was predtctecl as
bamg E, as this would refieve intramolecular cangestion w:thxn ‘the moleculs.
| Comparis_on of the chemical shift for. H-3 (3.28ppm) with other similar compounds, |
indicated that & for the E-isomer is 0.5ppm more downfield than fort_'ﬁs Z—isdmt_ér.' The
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IR spectrum of the product contamed two absorptlon bands indlcatnle ofaC= C C=0
system ie. @ C=0 stretch at 1730cm™ and a C=C stretch at 1szocm L
M:croanaiyscs conﬂrmed the formula 02[,H21 NOSS -

2.2, 2Preparat|0n of (E) 2-eth0xycarbonylmethylene-1 (2— pheny{-
sulphonylethyl)pyrrohdine [1 1 2] |

 The ongmal idea was ta prepare 2-mamoxycarbonylmethylene~1 (2 phenyisulphonw

eﬂnyl)pyrrolidine [128], the analogous mathaxy compourld of {112]. For 1his purpose
- a solution of 1-(2- phenylsuIphony{athyi)pyrrol|d|ne-2-th|ona {1097 in acetone was
treated with r'nfeﬂ'lyl-brd:rnaacat'ate, followed by sulphur extrusion of the resultant salt

~ with triphenyiphosphine and triethylamine .The sulphide contraction reaction did not

produce the expected suiphide corrtre_icted product. Hydrolysis .p'ccurrzedf instead, -

prcducih'g the oxygen analogue of the starting material, 1 (2-phenYlsulphonylethyl) -

pyrroltdlne-e-one (129}, in 36 - 47% yields. The remaining unhydrolysed startlng ;
| rnaterlal [109} was also recovered. I
WLW. o ma' |

K__ SO,Ph | k—.sozph -

[t2¢) . Q28]
For compound [128], the carbonyt carbon peak was observed at 175.01ppm in the
13C NMRA spectrum. The C=0 stretch of the 5-ring lactam system was cbserved at
1875cm’! in the IH spactrum Conciusive evidence of the lactam product was
prowded by the high resolution mass spectrum which gave a molecular ion peak at
m/z = 253.0782, corresnondtng to 012H,5N03o Mn:roanalysns further conﬂrmed
thig structure. ' : o

| 2-Ethoxycarbnnylmeﬂ1ylené-1 (z-menwsdphmylmljnyrrolidmé [112] was eventually __

synthesisad by the addition of ethyl bromoacetate to a solution of 1-(2-phenyl- -

sulphonylethyl)pyrrolidune—2-thione [108] in acetone, followed by sulphur exirusior of
the resuitant salt with ’tr:phenylphosphsna and trremylamina The product [1 12] was

85



o 'obtai_nad in 72% yield 'afhe_r column chromatography.

The structure of 2-sthoxycarbonyimethylene-1-(2-phenyisuiphonylethylipyrrolidine

" [112] was substantiated by 'H NMR and 13C NMR data. The quartstat 4.07ppmand -
‘the triplet at 1.24ppm in the H NMR spectrum indicated the presenca of the ethoxy

- group. The ester carbonyl signal was observed at 168.81ppm in the 13 NMR
spectrum, The vinyl proton resonated at 4.33ppm and the vinyl carbon signal
| appeared at 79.23ppm, Using the same argument as for [ 1111, the geometry around
 the oarbori-:carbon double bond "in [1 12]_ was again believed to be E. -

| Further ewdence of the sulphide contracted product was provided by the IR spectrum '

- whiich showed a C=0 stretch at 1725cm! , asymmetrical G-O strefiches at 1308cm!

_ & 1280cm™ and a symmetrical C-O stretch at 1142cm™ for the ester group. The high -
resolutlon mass spectrum showed a mo!ooular ion peak at m/z 323 1174
: corraspondlng to omH21 N04S - -

The failure of the originat reaction to prepare compound [128] is myoterious asthe
conditions uged were identicai to thoso for tha successtul preparazion of oompound_
[1 12] .

2. 2 3 Preparaﬂon of (E/Z)—2—benzoylmethylene-1 (zndlmethoxy-
phosphorylethyl)pyrrolidine [1 13]

A mixtureofis‘omefs ofa-banzoylmethylenm ' (2-'dim'ethoxyphcjsphorylothyl)pyrrolidine
= [1 13] was prepared accordmg (o] the reaction saquenoe llk:stratad in Scheme 34

L—-k BI‘CH200Ph
s Acoteno

Po(oNe), 1 - |
[110] . Po(OMe), __ [mj

Scheme 34
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‘Adgdition: of m-bromaace’eophenona toa solutnon of 1 (2 dlmemﬂxyphasphondemyl)-
, pyrralldlne-a-th!ona [ 1107 in acatone, followed by sutphur extrusnon, gave the product.
) 'maxmre [ 113] m a good yne!d (74% chromatographlcally pure)

N Doubling up of the charactansﬂc vmyi proton in the 1H NMR spectrum immediately

o indrcatad the presancp nf bath the E- and Z-isomers. This doubllng up of s:gnals was

also observed in the 1°C NMR spectrum. The E-isomer wnyl proton singlet appeared
at 5. ??ppm, while that of the Z-Isomar was found at 5. 72ppm in' the 4 NMR )

' spectrum. The vitil carbon signals for the £- and Z-isormer appeared inthe 3¢ NMR N
spectrum at 85.43ppm and 84. 76ppm respactwely Companson of the H NMR
intagrals for the two vinyl praton signals indicated the £- isomer to be presant inan

ok amount four times greater than that for the Z~|somar This excess of one of the

. lsamers is not unexpectad as the E-isomer is the loss mtramolecu&aﬂy congested of
 the two mo!ecules The IR spectrum showed a P=0 stretch at 1230cm". 1

It was not possib!a to separata the two mnlecules by cotumn chrornatography_
However it was found thet the Z—lsomer was insoluble In most common organic
solvents available to us. The E-lsamer was extracted from the mixture with chioroform,.

" For a mixture nf the isomers, the high raso}utiori mass spectrum gave a molecular ion -
peak at m/z = 323.1306, carresponding to C1ﬁH22NO4P The Z-isomer alone failed
to gwe a spactrum.

lsotéted ala‘ng with tha'E / Z-iSamer rnixture' were copious quant:ha’s"'of a second
' compound of unknown structure. On the basis of the 'H NMR, '3C NMR and IR
spectral daia, [1 30] and [131] were put forward as possmle structures. The high )
 resolution mass spectrum results falisd to correspond with these proposad structures, |
- mor wers these resutts of assnstance in alucidahng the acmal structure. -

0 S - B
| ;ﬁ OMe . .‘<0u' -
|| O o
— B | _
[130] o o  pan
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" To cbnfirm ﬂwé geométry of the Z—isamer it was epime‘rised to the ther'rﬁodynamiéally '
more stable E-isomer, accorcllng to the sequenoe ilustrated m Scheme 35 be%ow
- DnSplacemen’t of the methoxy groups by ammonia o generate a phoSphonamlde
. _Whlch can be lost ciunng work-up, may account for the low yaeld observed o

(1) M HQI
10 nﬁn
i
L . (2) ODM# NH3
CoPh (3) work-up
| PO(OMe),
Scheme 35 |

| 2.3 REbUCTiON n?EfACTgQNs o

"2 3. 1Preparatlon of2-benzoylmethy!-1 (? phenylsulphonylethyl) .
pyrro!idme [1 02]

The carboh-carbon' double' band in the vg‘nylogousarnide. systen of [:1711]- Wa's'
reduced using lithium aluminium hydride. 2-Benzoylmethyl-1-(2-phenylsuiphonylethyl)-
pyrrolidine }102] was prepared in a good yiéid (85%, ctirormatographically pure) by |
treating (E);z-benzoylmethyleha-1-(2-phenyls'ulphonyiethyl)pyrrciidine 1111 with
fithium aluminium hydride in tetrahydrofuran at 0°C, The ahsence of the vinyl proton
singlet at 5,58pprt and the increased complexity of all signas in the *H NMR
spectrum indicated the presance of the desired product {102]. The IR-absorption due
to the C=0 group was observed at 1680cm The. high resoiution mass spactrum
gave a molecular ion peak at m/z = 357.1389 corresponding o GZBH%NOSS which
_ conﬂrmed the structure of the product as {102]. S
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2. 3 2 Preparatlon of 2 ethoxycarbonylmethyl -1- (2-phenyl-
| sulphonytethyl)pyrrohdme [101]

L;thIUm alminium hydnda is & well-estabhshed common reducing agent but is not

- suitable far reductmn af the carbon—carbcn duuble bond inthe vunylogous uremana .

system of [1 12] However, lt was tned out of curmsuty

- (E)-2 Emoxyc:arbonyimethytane-1 (2-phenylsulphonylethyl)pyrrclidme [1 12] and o
lithium aluminium hydride were reacted in tetrahydrofuran at 0°C. The presence of a
* vinyl protort peak at 4.54ppm in the *H NMR spectrum confirmed that the material
. 'is_:;lat_'ed ‘was not the reduced product [101]. The &y-valus of this singlet did not
~ correspend to that for the starting material [ 112}, On this basis, the new product was |
suspected fo be the Z-isomer of 2—ett10xy¢iarb_oriylmemylsn_e-14(2-ph'enylsu!phany!~ |
ethyl)pyrrolidine [112]. 'Howev*er the high resolution mass spectrum gave a molebutar
ion peak at m/z = 170. 0392 whuch did not correspond wﬂ:h the ass:gnmant of this

) 's"uc"ura

1122)

- Further investigation indicated that the H NMR spectrum corresponded to a mixture -
of (Z)-2-ethaxycarbonylmethylenepyrrolidine [132] and ethyl phenyl suiphone. A

“mechanism proposed to account for these observations is given in Scheme 36. Retro-
Michizel reaction of (E)-2-ethuxycarbonyirethyiene-1-(2-phenylsulphonylethyl)-

 pyrrolidine [ 112}, induced by lithium aluminium hydride acting as base rather then

- reducing agent, yleided (Z}-z—emoxycarbonylnwmy!enapyrroudine [132] and phenyl

- vinyl sulphone. The carbon-carbon double bond of the phenyl vinyl sulphone was then
| reduced by the hydride reagent. The prasence of [ 132] was confirmed by cornpanaon

.of the iH and 1"’(:‘. NMR data obtainad with that for an authentic samnple.
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| 4 i Gai & Pl
FE s CHgOHySO

‘Scheme 36

" A few reports describihg the use of hydride reducing reagents for th.~ converéio’n' of

 vinyl sulphones to their saturated analogues are known'%41%%, These reductions are

presumed to ocour by Michael addition of the hydride, but no detalled study of this
| ‘type of reaction of VIny{ sulphones has stppeared106 - o |

2&Eth_oxycarb‘qﬁyimethylena-1-(2~pheny_l‘suIphonyl_athyl)pyrrolidine-_ | [1.12]' was
successiully reduced with sodium cy_anobordhydride in ethanol at pH ca. 4. The
 praduct was obtained in 86% yleld after column chromatography. As observed before
for | 1102}, the absence of the vlnyl'prdt'cn singlet at 4.33ppm and the increased
comptex:ty of all sngnals inthe "H NMR spectrum indicated the presence of the desired
 product [101]. The quartet at 4.10ppm and the triplet at 1.25ppm in the ‘H NMR
spectrum indicated that the ethoxy group was still present The ester carbonyl signal
‘was observed at 171.92ppm in the '3C NMR spectrum. The IR spectrum showsd a
O -0 strete.: at 1?000!‘!‘1'1 and a C-O stretch at 12650m“1 for the ester group

2.3. 3 Attempted preparatton of 2- benzoylmethyl -1- (2 dumethoxy— .
phOSphorerthyDpyrrolldme [1 14] B S

The re'du_c_ing agents"ﬂthium'éiuminium hydride and sodium dyanoborohydride were
used in an attempt to reduce the carbon-carbion double bond In the vinylogous amide
'systam of {118). TABLE 2 contams a summary nf the condmons employed and the

. results obtained. ' o : ' S
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| TABLE 2: Reactuen detells fer t’ne ettempted preperauon of [1 14] from [1 13]

B=H=_

'Expt._' i Reducing Eq Reducing - Soi\(ent Temp I Time Flecovered
No.” Agent Agent B /°%c | s /%#
1 LiAlH4 4 | wF | o | a0 | sm 2%
R E | 25 | 185
2 | uaH, | 128 | THF | o | 10 -""sm_ez%';-
3 |NaonBH,| 182 | mOH| 5 | 13 | [1141&

* All reactions were C» ried out under an inert atmosphere of mtrogen
# SM = Starting Matenal ' '

In experiment 1, the starting meterial _comprised_ a__jmix_ﬂre of the' E/Zeisemere. :
Dissolution of this material in dichioromethane gave & heterogenous mixture, thereby
" reducing the efficiency of the reaction, The insolubllity .of the Z—teomer in suitable
'orgamc s::.lvents was & problem consequenﬂy, subsequent attempts et preparatlon .
of [1 14] mads use of the E-isomer only. |

| -'L'_\-—-'P(O)(Oue)z R

14

[ “ph
0P (oke),
[33]

Lithiura aluminium hydride was found ot to be a suitable reductant. This result
' cohtra'sts with that for a similar sy's'ter'n in [111] The sodium cyanoborohydride -
reaction appears to have yleldecl & mixture of the desired reduced product [114] and -
the cyclised product [133]. From the 'TH NMR speetrum, the C=C bond of the -
_wnylegous amide was definitely no longer intact, as indicated by the lack of _the vinyl
proton at 5.77ppm and the complexity of the signals that were observed. A broad -
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peak at 4.58ppm was assigned to the alcohol proton in [133], The G NMR

- spéctrum 'provi'ded further evident:e for the presence of more than one compound,

'- smce thers were mary psaks. The vlrxyl signal at 85. 46ppm, characteristic of the

B wnylagous amide {1 13], was absent. A carbonyl peak was observed at 198. 26ppm -

- and assigned to the reduced compound [114] The most convmcing piece of
s evfdence thatallowed us totentaﬂveiy conclude the presence of[114] and [133] was N
.-_prowded by the 1P NMR spectrum, There were three signals in the 31p NMR_ |

h spectrum, a singlet and what appeared tobea doublet. The smglet at 33. Sgpfnm was

""aSSIgnad to 2-benzoylmeﬂ1y3~1 (2-d|maﬁ10xyphosphorylemyl)pyrroﬁdine [114], whie

| the two pesks at 32. 52ppm. and 32. 71ppm were thought to arlse from the two _
| possxbIediastereomersoftlk-phenyl-a drmetl'uoxyphospharyl 1-azab|cyc!o[4 3. D]nonan-
40l [133]. |

The reduction 'sth ih"Radte G (Scheme 31), was the iaét to be considered. Time
- constraints prevented further mvesngation although from the above dlscussmn the X
approach. appears promlslng | |

2.4 ATTEMPTED CYCLISATION REACTIONS -
In éecti'c':n 1 4, three novel rout‘eé to the .A mdolmdine skelston were proposed

Routes A and B inciuded a base-induced, sulphur-med:ated cyclisatuon step, while a
_ phosphorus—medlated process was env_isage_d in Route C. S_ectlons_z 4.1 and 2.4.2

describe attsmpts to Induce cyclisntion by taking advantagé of condensation involving -

a-sulphiony! anions, while In the third case, the aim was to prepare the A%7.inddtizidine

skeleton -'pattekned on a Witt_ig reaction. In the Iatt_ér ca_ss,. attempts to prepare ﬁﬁe -
| precurs_dr; .'2-ben20ylm_e'th3/1-1—(_24dim_athoxth‘osphorylethyl)pyr_rolidine '['1 1'4], were’
unsuccessful. Conseguently this cyclisation rea'ctinn.was niot attt_a_mpted. '
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- _2 4. 1 Attempted preparatmn of 4~ph@nyl 3-phenylsulphonyl 1-. "
e azablcyclo[4 3 0]n0nan—4-@! [115] | IR

'An "ouﬂine of 'reported ihtramo;acuiér cyclisations of sulphonyi ket‘dnés precedes the
- d:scussmn for an anaiognus reactmn m our strategy for the synthes:s of the bncyclsc *
N compound [115] ' ' S '

o Fahr’ 07 described the :ntramulecular cnndénsation of s:.slphonyb ketones [134a] nr'
2 [134!:] to glve the ﬁ-l'tydroxy sulphonas [135a] or {135b] (Scheme 37)

D3ss] RmcHy - [138] ReCHy

_ e .
- ISOMERISATION "cﬂﬁw Ve

| (a) +-BUOK (1.5eq.), toluene/50°c/1hr or KOH (?eq ), toluene/1 10°C/30mxn
(b) t-BUOK (2.560.), tDIuena/HO"C/‘ihr or KOH (8.56q.), toluene. DMSO |
(2 8e.)/1 10°C/ 1 5hrs

Scheme 37

Other s-hydroxy sulphones prepared by this method are shown :bel_aw“_’-"". -

- HO s""zPh R HG_'-SQZ% - -Hq__?p'z"?‘.
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!

Ghera et al. _0‘” "9 found that bmmosul;fmone {sssg reacted with ethyl |
cyclohexanone-2-carboxylats in two Jconsecutive éteps by preferential attack of the -

' a—sulphonyl carbanion cn the carbonyl grcup to give tr:cycllc compound [137], via the '

ﬁ-hydrcxy sulphone mtermeciiate [136] (Scheme 38)

| Schéme_- 38 B

| Chass a! 110 synthesused the Spiro[4 5]decane [139] from tha fragmentatlon of
_ [138] as shown in Scheme 39.: '

Scherme 39
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 Anderson et al.""" formed the a-siiyl sulphon [140], by Michael additionito & vinyl
) aulphone Fluoride was used 1o *egenerate the e-suiphony] carbamon thereby.
-_enabhng an intramolacuiar aldol- type reacttc:n to occur (Schema 40)

| Sc':hema 40

E Takakl et al 1121 1a developeda useful methad cﬁ‘ uﬁlis;ng viny| sulphores (spsclficaily |
| methy! styryl suiphonas) for the preparartion of thiale dioxides in good yields {Scheme - |
~ 41). The ketohe enolates -idd to the vmyl sulphorie, foliowed by an mtramolecular' _

| ketona sulphony' condensatlon that Iead.: to the thiarie sulphone |

COH

P

__S_cheme 41

~ Othier thiane sulphones prepared i this manner are shovm below!*2,
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A number of these .'ex_amples. at firét app’es:f urlrelated to the 's’tratégy we employed.

‘However, all include formation of an a-stilphonyl anion foliowed by intramolecular .

nucleophlhc attack at a ketone carbohyl grnup The rnethodology empioyed is the

~ feature of intsrest rathe. than the products synthes:sead

' Attemp’m wers made to prepare our syatem, 4-phenyi—3—phenylsulphonyi -1 -azablcyclo- |
14.8.0]nonan-4-0l [115] by reactir"g 2-benzoylmethyl- 1-(2-phenylsulphonylethyl)-

pyrrolldine {102} with &t least one equivalert of base to creats an a-suiphony! anion

and thereby induce cyclisation. A number of different bases were tried'%7-114, The

- detaﬂs are sumrnarised in TABLE 3 along with the outcome of the varlous reactions.

TABLE 8 Fteactlon dataﬁs for th attempted preparation of _[_1_15] from[102]

_Expt. | Base | Eg. | Solvent Ternp. Time | Recovered
| _'_No._*' - | Base | e | s | et
1| NeoEt] 1009 EOH | Refux | 15 | SM57%
2 | tBUOK| 201 | THF | Refux | 163
'3 |tBuok| 249 | THF | 25 | 50 | smos%
4 | tBuok| 283 | THF | 25 | 450 |[92]-519%"
1 ] Refux | 215 '-
5 | nBui | 155 | THF 25 | 55 | sMm14%
6 | nBul | 283 | THF | Refux | 1145 | SM15%

* Ali reactions were carried out under an inert atmosphere of n:trogen.
# SM = Starting Material.

w Discussed in section 2.4.3.
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* Route A In Sgheme 31 proposed formation of the desired bicyciic system via the a- -

o sulphony’l 'anfo“zio specles [141]. However, the 'moleoule contains a secong, more .
L acidic set of protons @ to the carbonyl group. Deprotonation at this ste is preferred '
giving rise to the an;onrc spaoras [142]. Since the sulphonyl group.is reiatrvely inert

- to nucleophilic attaok‘“ﬁ this specles would not unde:rgo further reactron, but rather
would exis’t in equrlsbrium with the desrrad anion [141]. :

| 'Thé' sulphoriyl g_roup. enabie_s‘ dep_rbtonatioﬁ of attachad alkyl, alkenyl and aryl groups,
- butisalsoableto allow muttiple deprotanation to fo.m a range of polyanions'28, Upon
“examination of the data in TABLE 3, we ses that In most cases, two equivalents of
‘base were employed. This would aliow formation of the dianionic species [143].
Species [143] is unable to undergo further reaction, and s iike’i'; to be involved in an
equilibrium process with both specres [141] and [142]. Formation of the oychsad
product is therefore expected made possib!e through this equilrbrrum reaction

Al no'ﬂme_ was the cyclised product [115] detect_ed_or isolated. In additon '_to_ the
above difficulties, steric effects must certainly impade the desired reaction, and may
contribute to the faflures reoorded in TABLE 8. The cyolrsed product [115] would
contzln a sulphonyl group and a phsanyl group on adjacent carbon atoms, This would
lsad to much steric congestlon within the rnoiecu!e and poesrbly accounts for
oyclisation not being observed ' '

2.4, 2 Aﬁempted preparatron of 3—phenyloulphonyl 1 azabicyclo--
~ [4.3.0]nonan-4-one [116] | .

Reported syntheses contarning an rntramolecular .,uiphonyl aoylation reaction,
'analogous ta that proposed for the synthesis of the bicyclic system [ 1 16], are outllned '
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below.

~ Ghera et al.!"® weated [144] with an excéss. of base, resulting in successive

intramolecular maionate alky!atioh and suiphtzne acylation The tricyciic pro'ducté such
as [ 145] were obiained stﬁreosalectwely, tha major. products having tra ns-nng fusacm' -
(Scheme 42) - :

oMo puok
b s THF, t~BuOK
°°2“"-_ L '

. sopm

| | scheme 42
 Bennet et al.'1 observed that cyciisation o [146] occurred In & similar fashson,

- using LDA at -78°G with warmmg to 0°C, to gNe the spirocychc product [14?] in
) good ylaid (Schema 43) S o

~ Scheme 43
~ Ghera et al. 1'“*"‘'trexaxtenj bromosulphone [148] with a series of monosubstituted

'malonate enolates m an alkylatlcn agcylation sequence (Scheme 44). B:cychc
crystalllzabla dtastereomeric mixtures [149 a—e] were obtained as products‘ |
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U R“ Mﬂ

:‘:2% B R=E
toel | (_b)_ N el . 4Rm (cuzf)zcﬂ':gl_ -
RCH(CO,Et)y T :
 Scheme 44

In an approach similar to that in section 2. 4.2, preparation of 3-phenylsuiphonyl-1-

_azablcycic[4 3. 0Jnonan-4-one [116] was attampted accord:ng to the reactlon o |
: - sequence Hlustrated in- Scheme 45, -

h . OEt . N QEL . :
| __quﬁl?h' o k__:.--__sozph'_ | )

o] o o 8se]

Scheme 45

_TABLE 4 contaihs a sumfnary of the reaction conditir:ms employed.

_ TABLE 4 Reactécn details for the athempted preparatlon of [1 16] .

Expt-_.. " Base. | Eq | Temp.
N | | Base |  /%C
1 tBUOK | 121 | Reflx
2 | nBui | o044 | 25

* All reactmns were carned out in THF and under an inert atmasphere of nltrogen
# SM = Startlng Matenal ' '
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Agaln there are two sets of amdlc protons ln the precursor [101] but in this case-_

thay are approximataly of aqual amd;ty Since a sulphonyi group was present | inthe -

molecuie, it was pcssuble to form a dianionic species similer 1o ['MS} Leas than two
equivalents of base were empiayed to. promote: cyclisation, thereby avoiding this

possible problem. Difficulties were not envisaged in the preparatinn_fof_mé anionic |

‘species {150}, but cyclisation was ot cbserved. "However’ since the reaction was

only attempted twice, it would be premature to attempt 1o draw concius:ons fromihe

sults obtamed Time constralnts prevented a more thorough lnvestlgatlon

- To econclude, the step that was to pfm’rida the main focus of tha project turned outto
be. unsuccessful The investigation undartaken warrants further study to deten'nms
: adequatety whether the wcl:satlan steps propnsed constltute partc:a usefui synthesis
to the &% & mdotizmine skelston or nat, |

- 243 P-réparationlof (Z)‘-Z-behznylmethylénepyr_rd_lid_ine [92]

 The following discussion detalls work which comprises a spin-off from the main theme
of the project. i is discussed here as it adds to snrrular matenal already mvastigr Ted

_by F'arsansesh S

[92] _ | [1 51]

Interest in compound [22] revo!ves around its use as a possuble Itgand for transutlan :
metals. Compounds of the. type [1 51] have been proposed as ligands for transition _
metalsS3h, GeoMany around the carbon-cerbon dauble bond is 2 oﬂring 0 fhé 8-
membered hydragen—bonded structure that is formed. Synthesis of compounds of this
lype by way of the sulphide- contraction reaction can be difficuit. Vzgorous reactlon'
conditions are required, and yields are generally low. On the other hand sulphlde
contraction reactions with tertiary thiolactarmns generally take place in higher yialds and
require milder conditions, Cansequently a suitable protecting group for nitrc Jen has
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" been sought inthese Iaboratones for many years Parsonsfound that baslc ccmclitlons‘ o
| (r—BUOK) could induce a retro-Michaet reactian in (E)- 2—benzoy1methylene—1 (2
cyanoethyl)pyrrclldma [91], yieldmg [92] He reoognised that the cyanoethyl group-

: was acting as ihe sought—after protecting group : x :

(Z)-Z-Benzoylmathylenepyrmhdme [92]was synthesused by aocident dunng attempted
. cychsatnon of [1021 to- 4-phenyl 3-phenylsulphonyl-1-azabmycia[4 3. 0]nonan-4~c:!
) [115]. The starting mater:al used for the cyclisat:on step was contamznated with a_ | -

“small quantity of 2—benzoylmeﬂ1ylene-1 (2«phenylsulphonyiethyi)pyrrolldlna[ 11 ‘I] The
reaction conditions used were similer to those employed by Parsons. A mixture of
compounds [102] and [111] was stirred at room temperature inTHF whth t—BuOK =
A retro-Mzchael reaction was observed i in{11 1]{0 yield: [92] thereby also establishmg
' the phanylsu!phonylethyl group asa suitable protechng group for nitrogen. To render
_the reaction of preparatwe use, further ;nvesttgatron is needed. Ophmum condmons :
-stlll need to bs determined. ' ' o
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. 'C'HAPTEFI S:SUMMARYAND_CONGLUSION N

The aims of this- pro1ect have been presented m Chapter 1 Eaeh of the three alme re:_ _
~ discussed in tum below. L

(1) To extend the range of M:chee! acceptars wmch react w:m '
pyrraﬁdfne-2 -thione at m‘trogen. o -

. The eynmetie uti!'rty of dime’thyi vinylphoephohete and phenyl viny} sulphone as Michasl
~ acosptors in adding to pyrralidine-2-thione wios investigated. Parsons®®" had already
| determmed that phenyl vinyl sulphone added i quantitative y:eid We reconfirmed this
o resuit, but found thet retro-Michael reaction occurred if the ept:murn reaction ime of

~ 24hrs was exceeded excessively. - |

. .Numereue attempte were made to attach dimethyl vmylphesphonahe to pyrmhdine-2~

~ thions. Using a catalytio quantity of sodiunt+. - 2xide as the base was unsuccessful;

 as was heating the two reactants togethe - .. sealed tube at a high temperature.
Formation of the desired pre.sct [ 110} was accomplished by changing the base to
n-butyllithium. However, 1o obtain [1 10] in good yteld a Catillytlc quantity of baee had
to be used.

(2) To demonsrrete further the synrhetrc utiiity of the eufpnide
cantractr’on reactfon in afﬁra!eid synrhesrs. _ -

The "sulph_ide contraction reaction is & wellkneWn 'prueedure, and is used frequently
in these iahoratories in the synthesis of alkaloids. It aliows the syntl'le'ei_e of ‘exocyelie i
vinylegeus amides and ursthanes, -Which "-_upen _further'meniputaﬁon cen __ be teken |
through to & number of diterent alkaloids or alkaloidal intermesiiates. fts usefulness
lies in being able to mtrouuce functionalised carbon-carbon bonds into a molecule.
The ambident electrophificity and nucleophilicity of the resulting enammeﬂee in tum -
makes them vereatile orgamc nn‘ermediatee. : | |
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- In this project we prepered'vinybgpue amides [1-'1"1'] and. '[1 13}, and the vinylpgoue
| urethane [112}; thereby prowdlng further examples of the synthetlc ut:lrty of this wel!
known reactien -

0'_" o e g

WL o 'Woai-._ N

L sozph - "\_“s_'oz'l’h = L;_Poa,}m)2
[m] b [113] |

o (3) To deve!op a new raute to the synthesis of the mderrzrdme '
~ skeleton as found in the alkaloids rparbrdme and seprrcme

~ This. prcuect was concerned with the. develepment of a riew route to the 28
indolizidine skeleton Atthe core was the development of efficient meihodolegy, rether
than the total synthesis of the alkaloids ipaibidine, septicine and sore of their

'enaloguee Three different routes were outlined for the construction of the desired

 skaleton, with emphasis placed on the cychsetmn step Stereeselecnvrty was npt- _
: conmderEd - . o .

The two routes invpl\rihg suiphur-mediated 'rin'g closure were successful up to the
cyclisation step. E)ifferant"reegepte-end_ resctions were inveetigéted, but the cyclised - |
products were rot detected nor isolated. The third routs had as its'__b_asts a -
-pheephnrus-mediated ring closure stap, and 'proved to be :extremeiy challenging.
Although the route was procesding succesefuily, progrese"wae siow and time

constrain®, prevented the cyclisation etep being attempted However, during the
_- preparetlon of cempeund [114],a by-product epperently he\nng the structure of the
desired product [133] was isolated, which gwes hope for the succ:essful completlen_'_
of this route in the fuiure.

In eummary, the first two aims of the pl‘Ocht were achieved successfully, but i w third
~ aim was not rnet From this investigation we cennpt conclude that the cyclisation step
is not a viable reaction, Rather, suitable reactior: conditions have not yet been found.
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Further work on the cyclisation step is therefors necessary. Once cyciisation has been
achievad further. man:pulatson of the cyciised product can lead to a number of
: dn‘ferent alkalalds -Some af our ideas are expressad tn seetlan 1. 4 '

To .condlude 'this chapter, & brief di_sbussion about an unexpected rée*f._t;lt follows.
Ry
L cM .

[91] . [sz]

(Z)-2- Benzayimethylenepyrrolidme [92] was first obtainad by ‘Parsons®®" us an

'unwanted side p?oduct ina basa meduahd reduction of [91]. The cyanoethyl group... -
in compound [91] was acting as a protectmg group for mtrogen, which couid be
'removad by base-induced retro-Michaei reaction to yield [92]. We actidentaily

prepared compound [92] in a similar manner from (E)~2—benzoylmamylene- (2~ -

- phenyisulphanylethylpyrrolidine [1 11] (sectron 2, 4 3.). The phenylsulphony!ethyl _
group in cqmpound [111] was aiso found to act as a protecting group for nitrogen. _' '
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" -CHAPTEH a: 'EXP_EHIIMENTAL' |

' General details partainmg 1o this prolect have been mcluded in the expenmqntai -
_ sectmn of Part A’ (pages 31~33) ' - '

A 1—(2-_Phény!5ulphor'm_yle'thyi_)pyrrpiidine-a;&miona (100}

108}

_Fyrrclrdlna-z-thlone 163] (1 38g; 13. smmol} was stin ed in dry THF (36mi) with a
catalytic amuunt of sodium hydroxxde (ca 10rmq) and phenyl wnylsulphone (2.30g;
13, ?mm_ol) After 24hrs, the reaction mixtute was washed with water (40ml). Tha

aquieous phase was extracted with dichloromethane (2x50ml) and the organic extracts

. dried (MgsSQ,) and evaporated in vacto to give a cream-coloured solid. Columf |
- chromatography with ethyl ac'eta"ﬁa as solvent Qéva 1 (2¥phenylsulph0nylet!1yl)-"' '
 pyrrolidine-2-thione [ 109] (3.53g; 13. Immol; 96.3%) as & cream-coloured solid. This
. vias recrystaliised from banzena—hexana (1 1) to give sma!l whlta needles, mp 95-
06 c Be (ethyl acetate) 0.71. - "

Found: G, 53.22; H, 5.43; N, 5.30%.
:. _-01-2H15N0282_ requires C, 53.51; H, 5.61; N, 5.20%.

‘H NMR

64 7.90-7.96 (2K, m, H-Q). 7. 55 ?74 (3H, m, 10 + H-11), 4. 11 (2H, ; JH,.l =
| 6.49Hz, H-6); 3.87 (2H, t, %Jyy, = 7.28Hz, H-5); 3.80 (2H, t, Sy = 6.48Mz, H-7);
2.94 (2H, t, 2y = 7.93Hz, H-3); 2.04 (2H, qu, %Jyy = 7.62Hz, H-4).
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o DecoUple at 2,05ppm, the triplets at 2.94ppm and 3.87ppm collapse to singlets.

"*c NMR

| 8 20241 (C-2); 133 78 (C-8); 134. o1 (0-11), 129.36 (0-10) 127 63 (c-s), 56. 17

" (c~5), 51.68 (c-v), 44.52 (c~3) 41.64 (c 6); 19, 33 (0-4) SR

R : CL o |
 Vmax (0H013) 2990 (m, sh), 2980 (m, sh); 2000 (w sh); 2880 (w sh);. 1590 (w br);
o 1500 (s, sh); 1465 (m, sh), 1445 {m, sh); 1420 (W, sh); 1410 (w, sh); 1385 (v, sh);

1360 (w, sh); 1330 (s sh), 1810 (s, sh); 1300 (s, shy; 1260 (w, shj; 1225 (w, sh),
1210(broad shoulder) 1140 (s sh), 1110(rn, sh), 1075 (m, sh), 675 (i, sh) cm .

B ‘l_-(2—Di_maﬂ-'loxyphospho‘r’ylethyl)pyrrolidine—z—mime [110]_

COMe)fz. '
I 10]

: Fyrrolsdlne-:z—theone [63] (D 5269, 5. 20mmol) was _stirred in THF (15ml) under a
| nitrogen atmosphere with a catalytic arnuunt of n-butylliﬂﬂium (0.60m; 0. 61mg, :
0.96mmol) and. dimethyl wnylphosphonate (0.801g; 5.89mmol), After 67.5hrs, the
reaction mixture was washed with water (50mi). The aqueous phase was extracted
~with_dichloromethane (2x50ml) and the organic exiracts dried (MgSO,) and
' evaporated /n vacuoto give a pale-yallow oil (1.179).' Column chromatography with -
ethyl acetate- methahbl' (B:1) " as solvé'nt ‘gave . 1~ (24 _
) dlmethoxyphosphorylemyl)pyrrohdme- -thione [ 110] (0.956g; 4. 03mmol; 77 5%)
‘asa pal&yellow oil, Re: (ethyi acetatenmethanol {20%}) 0.52, Re (ethyl acetate) 0. 09
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1HNMR B Do S .

6y 3.96 (2H, o, H-6, SJHH' =7, 79Hz Sup = 0. aer), 3.82 (2H 1 HS, JHH
7.30Hz); 3.79 (6H, d, H-8, JHP = _10 _98_Hz) 3.01(2H, t, H-3, | JHH. = 7.92Hz); 2.27
(2H, ot H7, 3y = 7.71Hz, 2Up = 18.42Hz2); 2.10 (2H, q, H4, 2y, = 7.61H2),
* Decouple at 2.08ppm, tﬁpleﬁs at 3.04ppm and 3.82ppm i‘:ollézpse to singlets,
'Decoupla at 2.27ppm, doublet of triplets at 3. 96ppm collapses to'a doublet.

| Dac:JUpIe at.3.00ppm, qumtet at 2. 1Uppm collapses to a mplat |
.: .Decouple at 3. 82ppm quintet at 2. 10ppm collapses to a tnplat .

' __Decouple at 3. Qsppm,doublet of tripiets at 2.27ppm collapses toa doubiet

185 MR ._ - o |
5o 20100 (s, 0-2), 54.97 (s, 0-5), 52.28 (d, C-8, 2Jgp = G4aHz); 4441 (s c-a). |
_41 71 (6,052 2082 @, G7, Jcp = 139, 14Hz), 19.38 (s, c-4)

3"P NMR Slnglet at 30, 49ppm

m o o
brmax (CHClg) 3665 (w, sh); 3430 (w, br); 3000 (s, sh); 2950 (s, sh); 2880 (m, sh);
2850 (m, sh); 2480 (w, br); 1710 (w; br); 1670 (w, sh); 1610 {w, br); 1510 (s, sh);
1485 (m, sh); 1450 (m, sh}; 1430 (m, sh); 1420 (m, sh); 1400 (w, sh); 1365 (m, sh);
1330 (s, sh); 1300 {s, sh); 1287 (s, sh); 1240 (s, br); 1210 (m, sh), 1185 (m, gh) .

" 1148 (m, sh); 1120 {m, sh); 1060 (s, sh); 1040 (s, sh); 1000 {m, sh); 840 (vw, sh);

- 845 (s, sh); 820 (s, sh); 785 (m, sh); 775 (s, sh); 760 (m, sh); 750 (s sh); 745 (s, ”
sh); 785 (m, sh), 730 (s sh), 700 (m, sh), 665 (s, sh). |

14 | m/z 237 (m* CBHwNOaPS*), 137 ((MeO)ZP(OJGHZCHz*', _24%), 128 (M -
H, ‘3_--5 - .P(O)(OMe).‘,]* 100%); 127 (23%), 128 (56%), 109 ((MeO)zP(O)‘* 20%), 85 (25%),
- HRMS (Found M* 237.0587. cBH.,GNoaPs requires 237, 0539)

R
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o m-Bromoacetc-phénone (0. 420g, 2.4 '!mmol) was adder’ to a soiut!on of 1 ("'-phenyl- .
- sulphonylethylpyrrolidine:2-thione [109] (0.539g; 2. 00mmol) in acetons (3mi). The '

_ acetonitrile (10mi). Tnphenylphovphlne (0.584g; 2.22mmol) was added frsllowed by'
trlethylamlne {5. ODmI 3.68g; 35.2mmol). Ethyl arstate (100ml) was ad‘ded The

- pale yeliow cubes, mp 151 151 5°C, RF (ethyl acetate) 0. 33

-Found c, 67.55; H, 5.99; N 3.82%.
020H21N033 requiresc 67.58; H, 595 N 394%

_1HNMR
H-11); 7.34 - 7.45 (3H, m. H-18 + H-17); 558 (1H, s, H-12); 878 (2H, 1, %y =

7.10Hz, H-6); 3.42 (2H, 1, %y, = 7.28Hz, H-5); 8.41 (2H, t, 3y - 705Hz H7)y

- Decouple at 3.28ppm, the quintet at 1 _inppm _potlapses o8 rinlet,

[111]

mixture was swirled and left at 3°C for 24hrs in order to faciliiate salt formatior:. The FEs |
solvert was. evaporated in vacuo and the product, a sohd wes dissolved in

reaction mixture was filtered through L.-ellte, dried {MgS0,) and evaporated in vacuo . . . |
to give a yellow oil/solid mixture (1.50g). Colmnn chromatpgraphy . tith etﬂyi acetate
as solvent gave (E)~2—benzoyimeﬂ1y!éne-'1 (2-phenyit;uIphonylethyl)é&yrrolidinfe_
[111}(0.659g; 1.85mmol; 92 7%). This was recrysta!hsed from ethiyl acetate to give

5,4 7.91- ?96(2H m, —9),775 -7.81 (2H, m, H-15], 7.58 - ?74 (aH m,H 0+

3.28 (2H, t, JHH 7.54Hz, H-3); 1.91 (2H, au,. JHP. = 7.53Hz, H- -4), |
Decouple at 1 .90ppm, the triplets at 3 28ppm and 3.42ppm cal!apse to szngiets N
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-




e e b

R

'-De_c:cjuplé at 3.?Bppm,_ the _tri'piet”‘ét 3.41ppm collapses to & singlet.

8¢ | NMR

. 5 187.67 (C-18); 166.05 (0-2), 141 21(0-14), 138.72 (C'8); 134. 15(0-11) 13062
(C-17); 129.49 (C-10); 128.08 (C-18); 127.71 (C-9); 127.15 (0-15), 86 88 (0-12), -
_52 69 (0-5), 51 47 (0-7), 8. 99 (C-6); 33.41 (C- 3) 20.84 (c~4)

R | N - | L
Ornax (CHG!S) 3665 (w, br), 3400 (w, br) 3060 W, sh) aoso (w sh], 8000 (m sh}, |
- 2860 (w, br); 2450 (w, br); 1980 (vw, br); 1890 (vw, br); 1810 (vw, br); 1765 (vw,
br); 1738 (vw, br); 1620 (s, sh); 1595 (m, sh); 1575 (s, sh); 1530 (s, sh); 1478 (s,
 sh); 1460 {w, sh);. 1445 (m, sh); 400 (m, sh); 1360 (m, sh); 1320 (s, sh); 1305 (s,
~sh) 1290 (s, sh); 1225 (s, sh; 1240 (m, sh); 1180 (m, sh); 1150 (s, sh); 1085 (s,
~ sh); 1085 (w, sh); 1085 (w, sh); 1010 (m, sh); 1000 (w, sh); 960 (m, sh); 930 (w, sh);
885 (w, sh); 840 (m, sh); 810 (w, br), 720 (w, sts); 705 (m, sh), 690 (s, sh); 665 (s,
sh)cm . o . _ o

B m/z 855 (M+ 020H21N038"“ oca%), 215(13%), 214([M sozph]"' 100%), 108
~ (11%); 108 (PhC(O) ¥, 86%); 77 (Ph*, 16%). o .
HRMS (Found M* 355. 1268, CzBHmNQaS rsquires 355, 1242;

D 1 (Z-Phanylsulphonylethyl)pyrrolldlne-z-one [1293

o oDee]

Methyl bromoacetate (0.571g; 3.73mmol) was addéx: o a solution of 1-{2-phenyl-




~ sulphonylethylpyrrolidine-2-thione [108] (1.01g 3. ?Smrnol) i acetone-
~ dichloromethar & (1:1) (5mi). The mixture was swirled and left at 3°C for 24hrs to
faciltate sat formation. The solvent was evapurated in vacuo and the product an
- ofl, wasdlssolved in ethyl acetate (10ml). Tnphenyiphosphme (0. 991g, 3.76mmol) was
. added, followsd by triethylamine (1.60ml; 1, 16g; 11.2mmol). Ethyl aOetat*a (1 OOmI) .
b B was added. The reaction mixturs was filtered thirough Celits, dried (MgSO,) and
o | S evaporated in vacto to give a yellow onl (2. 349) Column chromatography with ethyl
aoetateassolventgave 1-(2-phenylsulphonyleﬂ1yl)pyrrc:i:dine-2-one[129](0 442q;
© 1.74mmol; 46.5%) and starting material (0.568g; 2.11mmol; 56.2%). Compound -
- [128] was recrystall’sad from benzene-haxane (L1)to gwe small white needkas mp
95-96°C, RF (ethyl acetate) 0.71. |

~ Found: G, 56.60; H, 6.08; N, B.54%.
| G12H15N038 requ:resc 56. 8.90; H, 5.97; N, 553%

1H NMR - | o
'_s,_,?sg 7.06 (2H, m, -9), 754-7.73 (8H, m, H—‘IO + H 11), 3.66 (2H, |, H8,
3y = 6.88Hz); 341 (2H, 1, H7, 3Uyy = 8.57H2); 3.39 (2H, t, H-5, My =
6.90Hz); 2,24 (2H, 1, H-8, *Jpyy = 8.16H2); 1.01 (2H, g, H4, Sy = 7.50H2). .
Decouple st 1.89ppm, triplets at 2,.24ppm and 3.39ppm collapse 1o singlsts, . N
"Dscouple at 3.68ppm, triplet at 3.4 1ppm collapses to a: .s_lnglet.. ' o -

"ao NMB

- 65 175.01 (C-2); 138,80 (c 8); 133.63 (C-11); 120.02 (C-10); 127. 43 (0-9) 52.43
. /n%i] (C- 7), 47.14 (C-5); 36.52 (c 6) 80.19 (G- 3), 17.48 (c~4) |

Mei R

Dimay (CHCl3) 3670 (w, sh); 8450 (s, br); 3350 (s, br); 3065 (m; sh); 3025 (s, sh);

i 3010 (s, sh); 2025 (m, sh); 2875 (m, sh); 2450 (w, br); 1675 (s, sh); 1580 (w, sh);
o 1480 (m, sh); 1460 (m, sh); 1445 (s, sh); 1430 (m, sh); 1420 (m, sh); 1400 (m, sh);
0 I 1360 (m, sh); 1315 (s, sh); 1305 (s, sh); 1290 (s, sh); 1230 (s, sh); 1218 (s, sh);

1210 (m, sh); 1207 (s;_.sh); 1150 (s, sh)' 1090 (s, sh); 1065 (w, sh); 1045 {(w, sh);

0




1025 (w, sh); 1010 (w, sh); 1000 (w, sh); 670 W, sh); 928 (w, shj; 880 (w, sh); 840
(w, sh); 810 (w, sh); 780 (m, sh); 785 s, sh); 762 (s, sh); 760 (s, sl".), 738 (s sh), |

730 (m, sh), 725 (m, sh), 690 (s, sh), B?‘O (s, sh) N

 m/z253 (M+012H15N038+ 23%),112 ([M sozph] 45%), 111(100%), sa(w-
- PhSO,CH,)*, 27%); B3 (25%); 56 (20%). o o
HRMS (I-ound M* 253 0?92 012H15NOQS requures 253 0?73)

| E (E)—Emoxycarbonylmemylenew‘l (2-phenylsuIphonylethyl)pyrrohdme [112]

4 3 4] _ '
sl 12 o
TWTSIRe TS

Y

[112]

' Ethy! bromoacetate (0. 4439, 2. 65mmol) was added toa solutlon of 1- (2—phenyl— e

sulphoryletiiyl)pyrrolidine-2-thione {108] (0.522g; 1 .94mmol) In acetons (4ml). The

mixture wag swirled and left at 3°C for 24hrs in order to facilitate salt formation. The

solvent waé'i evaporated /n vacio and the prociuct, an ofl, was d ss0ived. In

acstonitriie (10m|) Triphenylphosphine (0. 7039, 2, 67mmol) was added, followed by' |
triethy!amlne (10. oml; 7. 26g; 70. 4mm01) Ethyl acetate (15Lm!) was added. The
reacticn mixture was filtered through Celite, dried (Mgso4) and evaporated /n vacuo
to give an arange-brown. gum/solid (1.71g). Column & ,:matography with ethyl
acetate as solvent gave (E)- 2-ethoxycarbony!methylene~1 (2-phenylsulphonyi-
athyl)pyrrolrdme [112] (0. 4539, 1,40mmol; 72 2%) as a yellow oil/solid RF (ethyl .

acetate) 0. 66

14 NMR

8y, 7.90 - 7.95 (2H, m,h-a),'fss 7.74 (3H, m, HA10 + H—11) 4.38 (1H s, H-12);

4.07 (2H, qt, H-14, 8y, = 7.12Hz); 3.64 {2H, 1, H-6, 3y, = 6.85Hz); 8.37 (2H, 1,

21

i g e s s et

e g e e g
S e Y . | RS



130 NMFI | n - |
5 168, 81 (G- 13) 163.79 (c:-a), 133 93 (C-8); 134.03 (C-11); 129. 43 (0-10), 127.67 |
(C:9); 79,23 (C-12); 58.40 (C-14; 52.72 (C- 5) 51.58 (C7% 30,68 (c 6); 32.17 (C- 3),
2098 (0-4), 14.58 (0-15) |

© M, JHH sgaHz), 3.34 (2H, £ H7,° JH,_, = 982!-!2), 3.04 (2H td, H-3, 2JHH =
1. OQHZ JHH = ? 81HZ), 1 35 (2” q, H"4 JHH = 7 45HZ), 1.24 (3“ t, H'15 JHH'

= 7.10Hz).

' _Dacouple at 1.85ppm, tnpiets at 3. 04ppm and 3. STppm col!apse io smglets

Decouple at 3. D4ppm, qumtet at 1 -85ppin collapses to a mplet. '

Decnupla at 3__65ppm, trlpiet at 3. a.4ppm__c_oll_apses to a s;_nglet

ﬂl

R o . _ _
" “max (GHCIS) 3025 (shouidar). 2985 (w, sh). 2950 {shouider), 2900 (w sh), 2875 [w,
. sh); 1725 (w. sh); 1675 (m, sh); 1590 (s, sh); 1475 (w, sh); 1465 (w, sh); 1440 (w,
| sh); 1420 (w, sh); 1395 (w, sh); 1875 {w, sh); 1360 {w, sh), 1320 (m, sh); 1305 (m, _
| 'sh). 1290 (m, sh) 1245 (w, br). 1200 (w, br); 1142 (s, sh), 1125 (shouider), 1080 (m, -
- sh); 1058 (m, sh). 1020 (w sh), 995 (w, sh), 710 (w, br), 680 (w sh), 565 (w, sh)

525 (w, br)

m/z 323 (M+ c:,(i;|-|21r~104s+ 21%), 278 ([M OEt] ,40%), 182 ([M SOzPh] ,

100%); 128 (58%); 110 (92%); 108 (62%); 73 ((EtC:)C(O)"' 23%)

'HHMS (Found; 523.1374. C16H21NO4S requires 323.1192).

F _(E /Z)-Banzoylmeﬁzylene—j-(z-dimethaxypho'sphoryleﬁyl}pyrmlidiné.[113-]- .
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w-Bromoacetophenone (0. 476g; 2.39mmol) was added to a solution of 2
d:methoxyphosphorylemyl)pyrrolldane-z-tl'uone [110] (. 507g; 2, 14mmoi) in acatone :
(2mi) The mixiure was swirlad and left at 3% for 24*hrs in order to facmtate salt
fermation The solvent was evaporated in vacug and tha product. a gum, was._ -

' dissolved in acetonitrle (8m). Triphenylphosphine (0.636g; 2.41mmol) was added,

' -followed by tnethylam:ne {10, oml; ? 269, 70. 4mrnol) Ethyl acetate (150ml) was
' added. The reaction ‘mixture was filtered through Calﬂ:e, diled QMQQQQ and .
evapovated in _va_c_u.o to give a yeliow_ml/sqhd_ (1 .52g}. Column chrotiatogizghy wlth

~ ethyl acetate- methanol (20%) gave (E/Z)-benzoyimethylene-1-(2-diniethoxy-

- phaSphorylethyl)pYrrOIidine [1 1'3'} '(0 5460 “1.69mmol; 78.9%) as an orange gum'
'RF (ethyl acetate) 0-0.34, Re (sthyl acetata—methanol{uo%}) 0.73; and an unknown |
'compouncl (0.144g), RF (ethyl aoetate—meﬂ‘laml{sn%})o 36, The Z-isomet: wasfound '-

to be Insoluble in most common solvents available to us. ‘i‘he E—:somer was extraﬂted..‘" .

from the isomer mixture wrth ch!orofonn, whl'e the Z-isomer wag recovered from the _' _
aqueous layer by allowmg the water to evaporate. The E-isomer was obtained as & | _

- ysliow oll, R (ethyl a_cetate-methanol {10%}) 0.47 (E~rsomer)_ The z-t_some_r wa_s.__ '.
| obtained as an orange gurn, h-F (ethyl acetats-methanol {10%}) 0.62 (Z-isomer).

) ‘H NMR (E-zsomer DMSO-dg)
6 7.82-7.88 (2H, m, H-12); 7.39 - 747 (8H, m,H 43 + - H-14); 5.77 (‘IH s, HQ)
. 867 (6H, 0, H-8, ®Jyp = 10.96Hz); 8.62 (2H, o, H-6, JHH = B.44Hz, SUp =

256Hz),350 (@H, t, H-3, JHH = 7.23Hz); 3.20 (2H, t, H-5, JHH- 7.74Hz); 219

'(2H dt, H-7, 3y = 7.48Hz, 2y = 17.95Hz); 1.92 {2H, g, H- 4, By = 7.51Hz).
| Decouple at 2. 19ppm, doubist of triplets at 3.62ppm collapses toa doublet JHP =
28.88Hz, o

) ‘30 NMR |

6 185.25 (s, C-10); 185. 79 (s, C-2); 141, 61 (s, 0-11), 130. 14(s 0-14), 127_95 (s,
' C-18); 126.76 (s, C-12); 85,46 (s, C-9); 52.10 (d, C-8, Jcp = 640Hz,. 51 70 (s, G-
5), the peak for C-8 is obscured by the DMSO-d signal; 33 41 (s, C~'-‘!) 20 48 (d G-
7, Jc,, = 136 21Hz), 20.29 (s, 0-4) -
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'_ 31P NMR; Single ot 3_7.54_pbni.‘ |

o 1H NMH (E—lsomer, CDGlL,} _

6y 787791 (2H, m, H-12),740 - 7.44 (3H, m, H-13 + H-14); 5.76 (1H, s, 1-1-9),-
| 878 (6H, d, H8, By = 10.90Hz); 3.64 (2H, dt, H6, Sy = 7.78Hz, Syp =
%0, 76Hz},350 (2H, 1, H-5, 3JHH = 7.23Hz); 3.40 (2H, t, H-8, 3JHH = 7.85Hz); 2.13
e, H7, JH,, = 18, 13Hz, 3JHH = eosﬂz}, 2.04 (2H a.H4 JHH 7. 14Hz)' -

L "30 NMH

5 187.83 (s, 0-10}, 166.23 (s, C-2); 141. 70 (s, C-11); 130.47 (s, 0-14), 128.05 (s,
| C-18); 127.20 (s, C-12); 86.78 (8, C-0); 52,59 (d, C-8, 2 = 5.84Hz); 52.58 (s, G-

| 5), 40.34 (s, c—s), 33,69 (s, 0-3), 21, 60 (d c7, "Jc,, = 139, sst), 20. 97 (s, 0-4) o

- 1H NMR (Z-isomer, DMSO d5)
5y 7.77 - 7.82 2+, m, H-12), 7.35-7.40 (SH m, H-'l" + H-14), 5.70 (1H 8, H- 9},
3.40 (6H, d, H-8, JHP 10.12Hz); the 5|gnal for H-6 is obscured by the broad
based methoxy signat; 3. 16 (2H, 1, H-5, 3y = 765Hz), 1.85 (2H, t, H3, ¥y =
~ 7.28Hz); 174 (2H g, H-4, not possible to determine the couplmg constant) the signal
* for H-7 s obscured by the qumtet at 1. 74ppm and tha triplet at 1. BSppm

‘30 NMR

§c 184.70 (s, C-10); 165.70 (s, C- 2), 141.73 (s, C-1 1); 129.89 (s, 0-14), 127.88 (s,_
G-13); 126.63 (s, C-12); 84.72 (s, G-9); 51.63 (s, C-5); 50.31 (0, C9, 2Ugp =
5.44Hz); 42. 10 (s, c.a), 33.56 (s, C-3); 22. 93 (d C-7, 1JCP = 180. 58Hz), 20.13 (s,
. C-4),

~ 31p NMR: Singlet at 33.27ppm.
R o o o o
Vimax (SMear, E/Z-isomers) 8460 (s, br); 8070, (w, sh); 2860 (s, sh); 2885 (m, sh); -
2865 (m, sh); 1670 (w, br: 1625 (s, br); 160G (s, sh); 1580 (s, sh); 1540 (s, br);

1480 (s, sh), 1475 (shouldler); 1445 (m, sh); 1420 (w, br); 1370 (s, sh); 1320 (s, sh);
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v

'- __-1305 {s sh), 1270 fshoulder) 1230 (s br), 1190 (shoulder), 1150 (w sh); 1050 (s:
~ v.br); 955 (w sh) 935 (w, sh], gag ‘m sh), 820 (m sh), 765 (m‘ sh), ?10 (m; sh);
875 (w, sh), 650 (w sh} '

R

¥ max- (Smear. .somer} 340 (m, V. br), 3025 (w, sh), 2925 (-n, shy; 2855 (m shi;

- 2825 (m, sh); 1615 (m, br); 1500 (m, sh); 1568 (s, sh), 1535 (br shoulder), 1826 (s, |
. sh); 1475 (s, sh); 1485 {m, sh); 1405 (w, br); 1360 (m, sh), 1315 (m, sh) 1295 {m,

sh); 12855 (br shoulder), 1225 (s, sh), 1475 (m sh); 1140 (s, kr); 1650 {s, br) 1025
(s, br]‘ 1010 (should:**] 963 (w, sh], 945 (w, sh); 925 {w, sh);. 535 {m, sh), 815 (m,

- sh; 760 (shoulder), 755 (m, sh), 705 (m, sh), 863 (w, sh) 643 (w sh).

._m/z- (E/z-isorﬁars) 323 (M_+ G13H22-N_04F.’ *-); 220 -(35%); 195 (_43%74.; 194 (100%); -

192 (38%); 166 (34%); 122 (75%); 120 (B2%); 44 (22%); 41 (33%).

* HRMS (Found: 323,1306. C,i1,,NO,P requires 323.1286).
Th’é Z—isomer failed to give a Spectrum. D -

”F 2-Benznylmethyl— -(2-ph@nytsulphanyéemyl)pyrrolldme [102}

11

[mz]

Lithsum aluminium’ hydride (13 1mg; 0.345mmoi) was added under nitrogen to a

sﬁrredscluuonof(E)-ZbenzoyimethyieneJ (2-phenylsulpnonyleﬂ'ayl)pyrrolldine[111] o
(0. 1089, Cl 304mmol) in dry THF (8ml) at 0°C Water was added after 50minto

quench unreacted lithiurm: aluminium hydride. The mbdure was dried (Mgs_u“} and

evaporated in vacuo ta give a brown oil, which was purified by column
chromatography using ethyl acetate as solvent to give 2-benzoylmethyl-1 (2-
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) phenylsulphonylethyi)pyrrohdme [102] (92 2mg, _0 QSBmmal, 84 6%) as a red-
brown 01I R (ethyl aoetate) 0 49. : -. L '

. "H NMR . ) S | |
 647.89- ?94 (4H, m, H-9 + H-15),757 ?63(2H m H-11 + H-17), 7.41 4 755:

* (4H, m, H-10 + H-16); 8.18 - 3.39 (4H, m; H-7 + H-Ba + H-12a); 2.82-3.07 (8H,

m, H-2 + H 5a + H-12b), 2,58 2. 7&11H m, H—Sb), _1 94 -2, 21 (2H m, -5b +. H-" L
~ 3a) 1 58 173(2H, m, H-4); 1.82 - 1.48 (1H, m, Hab) '_ TR .
Decauple at 1. 40ppm, multiplats at 1.32 - 1.48ppm, 1. 58 - 1. 73ppm and 2 82 “

~ 3.07ppm simplify. Decouple at 1.66ppm,; multipiets at 1.32- 148ppm 1.94-2. 21ppm :
'-and 2. 82 3 O?ppm simpllfy Decouple atz 65ppm, multlplet at 3 18- B 39 s!mpl’lf‘ es. B
R 130 NMR | o | | __ O
g 199.01 (C-13);. 139. 49 (0-14), 1386, a5 (0-3), 133,53 (0-11), 138.07 (0-17),_-
© 129.08(C-10); 128.51(C-16); 127.92 (C-9); 127.85 (C-15); 59.80 (0«2), 54.46(0-7), |
52.87 (c 5) 46.96 (G-S), 43.38. (c 12), 31 08 (c- 3), 22.30 (0-4) R

IR o
" Yax (GHCly) 3025 (w, sh); 3000 (w, sh); 2060 (w, br); 2675 (w, br); 2800 (w, br);
{680 (s, sh); 1610 {w sh); 1595 (w, sh); 1580 (w, sh); 1535 (vw, sh}, 1530 (vw, sh);
1445 (s, sh); 1400 (w, sh); 1870 (w, sh); 1315 (s, sh); 1305 (s, sh); 1290 (s, sh);
4235 (w, br); 1210 (w, sh); 1205 (w, sh); 1180 (w, sh); 1150 (s, sh); 1085 (m, shy;
1025 (w, br); 1000 (m, br); 785 (s, sh); 775 (s, sh); 740 (m, sh); 725 (m, sh) 720 (w f
sh); 690 (s sh) 668 (s sh), 666 (m, sh), 805 (m, br) cm" - -

- _m/zSS? (M*bon23N033+ 011%), 289 (24%); 238(100%),214(32%), 188 ([M- -
- Ph8020H20H2]+ 21%); 105 (Phc(or* 81%); 96 (46%), 77 (Ph* 31%), 70 [38%), |

. 28 (29%).

HRMS (I—ound Ly 357.1380. conzaNoas requires 357. 1399)

i -1_2'61_' :



G 2-Ethoxycarbcnylmethyl-1 (2—phanylsutphonylethyl)pyrrottdme [101]

oty

| (E}-2-Ethcxycarbonylmethylane-t (2—phenylsulphonylethy')pyrmhdlne [1 12] (0. 2129, _- |
9, 656mmol) was dissclved irn absolute ethanol (2 20mi) to make upa 0.3M solution.

Sodium - cyancbcrchydnde (0. 05719, 0.909mmol) was added, followed by -

' bromocresol green (0.5% solution in ethanol 1 drop). Ccncentrated hydrochlonc acid
was dlspensed when necessary dunng the course of the reaction to ensure a

N -permanent colour change to yellow (pH c4. 4). The reactlcn mixture was stirred at

room temperature for BOmm, under an atmosphere of nitrogen. Water (BOmI) was
added and the so!utlcm was made basu. with concentrated NH, (25%) The agueous -
phase was extracted with dlchlcromemane (2X30ml) and the organia extracts dried - '_
(MgSO4) and evaporated in vacuo to give a yellcw oit (0 184g). Column

- chromatography with ethyl acetate as ‘solvent gave 2—ethoxycarbcnylmethyl~ —(2— '
phenylsulphonylethyl)~pyrrolldnne [101] (0 1849, 0. 565mmc| 86. 4%) as a peie-
yellow o, Re (ethyl acetate) 0.60.

HNMR | |
. sHme 796(2H m,l-_l9),752 7.20 (3H, m, H-10 + H-11),410 (2H qt H-14,
- SJHH = 7.13Hz); 3.23 - 3.34 (2R, m, H-7); 810 - 8.21 (1H, m, H-6a); 2.71 - 288
(2H, m, H-5a -+ H-2); 2.64 (1H, ddd, H-8b, 2y = 11.78He, Sy = 575Hz, W
= 1.91Hz); 2.52 (1H, dd, H-12a, 24y, = 14.90Hz, 3J\y = 4.64H2); 2,17 (1H, dd,
. H-12b, 24y = 15.25Hz, 2y = 8.66H2); 2.06 - 2.15 (1H, m, H-5b); 1.87 - 2.00
(1H, o, H-3a); 158 1.70 (1H, m, —Sb) 141 157(21—1 m,H4),125 (BH t, H15
Sy = 7M. - o o
Deccuple at 1. 64ppm, rnulhplets att 41 15?ppm, .‘I 87 - 2 OOppm, 2.06-2, 15ppm

L 127



__ _and271 2,88pp!‘n simpilfy. Decoupieaﬂ 98ppm multpletsat'i 41- 157ppm, ,58 o
B 70ppm and 2.71- 2. Bsppm simplify. Decouple at 2.52ppm, doublet of doublets

a2, 17ppm collapsas 1o a doubiet and the mul’uplet at2.71- 2.88 sumplrhes Pecouple

at 3.30ppm, doublet of doublet of doublets at 2. 64ppm and the muttiplet at 3:10 - -
3. 21ppm smpllfnes L _ _ _.

130 NMR | o o _ P _
65 171.92(C-19); 139.61 (c-a), 133.58 (C-1 1), 129 09 (0—10), 127 94 (0-9), 60 32_
. (-2)60.28(C- 14); 54.65 (G-7); 63. 05 (0-5), 46.95 (c 8); 39.38 © 12), sn 64 (c-a), .
22 23 (0-4), 1. 15 (0-15) - -

IR S _
Vrnax (Smaar) 8565 (W, v.br; 3455 (w. v. br), 3040 (w sh), 2950 (s, sh), 2900 (s, sh);
2860 (s, sh), 2840 (shouider); 1700 (w, sh); 1650 (s, sh); 1565 (s, br); 1480 (m, sh;
1450 (w, sh), 1438 (m, sh); 1420 (s, -sh); 1400 (m, sh); 1375.(m, sh); 1350 (m, sh)
1340 (m, sh), 1295 {br shoulder), 1280 (s, sh}); 1265 (s, ‘,h), 1220 (m, sh) 1180 {m, |
~ shy; _1120 (s, br); 1080 (s, sh); 1040 (s, sh); 1010 (m, sh); 1000 (m, sh); 970 (m, sh);
918 (w, sh); 900 (w, sh); 850 w, br), 822 (w br) 760 (m, sh); 738 (m sh); 705 s
: sh), 660 (s, sh). - |

H 24 Benzoyimethym (2—damethaxyphosphorylethyl}pyrrolldma [ 14] and 4-
phenyl-a dlmetl'loxy phosphoryl- -azabscyclu[4 3 {)]nonan -4-ol [133] |

_ [114]
(E)—~2-Benzoylmethyiene-1~’2—dnmethoxyphosphorylemyl)pyrrohdxne [ 13] (0.115g; h
0.356mmol) was dissolved in absolute ethanoi (1.0'mi) to meke up a 0. 4M solution.
Sodium cyanoborol'“,dnde (0 0306g; O. 487mmol) was added, followed by
bromocres_ol green (0.5% solutior in ethanol, 1 drop), ancsntratsd hydrochlon_c. acid -
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; _was daspensed when necessary dunng ‘the course of the reactlon to ensure a

" permanent colour change to yeliow (bH ca. 4). The reaction mixture was stirred at R

- room temperature for 80min, tinder an atmosphere of nitrogen Water (32ml) was -
added and the sa!utian was made basic with concentratﬁd NHa (25%) The aquaous

: phase was extracted with dichioromethane (2X50mi) and the organlc extracts dﬂed |
(MgSO4) and avaporated In vacuo to give a pale-yellow oll (0 093g). Column' |

| "chromatography with ethyl asetate-methanc! {1:1) as solvent gave a mixture of 2-. - |
_-_benzcylmethyl- -(2—dmethoxyphosphoryleﬂwl)pyrrohdlne[114]and4—phenyl~3-_' '

dlmamexva-phasphoryl—1-azabicyclo[4 3.0}nonan-4-ol [133] asa colourlass oil,
- (aia 4mg), ﬂF (ethyt acetate-met!'!anol {1 1}) b 62 S :

- 1H"N'MR

+ 6} Discernible f:eaks'far compounds [14] and [133): 7.94 - 7.99 (2H, m, H-12), |
 4.54 (br.s, H-a);, 5.77 {6H, d, H-aorb. JHP = 10.91Hz), 3.75 (6h, d, H-a or b, JHP'

 ='10.63Hz) 3.74 (6H, d, H-aorb, 3JHP = 10. 95Hz),372 (6H, 4, Ha orb, JHP
- -10 84Hz), 2,20 (21-1 . H-4, JHH 854Hz) |

| ‘30 NMR . o . | o
& for compound [114]: 199. 26 (s, 010), 137.06 (s, C-11);, 133.05 (s C-14);
128.55 (5, C-13); 128.01 (s, G-12); 60.16 (s, G-2); 52.87 (s, G-5); 52,11 (d, C-8,
8Jop = B.50HZ); 47.16 (s, c~s), 4368 (s, C-9); 31.28 (s, C- 3), 24.26 (d, C-7, 1Jc};
= 138. 73Hz), 22,34 (s, C- 4). -

5 for compound 11"3331 128.20; 128.16; 126.99; 126.86; 125.55; 125.43; 73.78;
| 71.08;64.69; 63.12; 53.34; 52.41; 52.28; 49.32; 47.62; 43.32; 38.77; 30.14; ?.83?
| 23.68; 23.40; 22.99; 22.75,

31P NMR S*nglats at 32. 5a.ppm and 32, 71ppm are due to [133] while the singlat at -

'_ '33 =9ppm is due to [114]. (The raho of [114] to [183] is approx:mately 2:1, as
| estimated from the NMR spectrum) -
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I (Zy2-Benzoyimsthylenepyrrolidine {82]

e

Potassnum temary butoxlde (54 5mg, 0. 486mmot) was added wrth stnrrmg to a soit.ﬂon
of 2-benzoylmethyl-1 +(2- phenylsulphonylethyl)pyrrohdme [102] and ( E)-benzoyl- -

' : ,methylena- «(2—phenylsulphcny!ethyl)pyrroltdme [111] (75. 1mg) in dry THF (10ml).

The mlxture was stirred under nitrogen at room temparature for 45hrs and then heated
- under refiux for 21 5hrs. Water was added o t:lestroy urreacted potassium teruary' ) |
'_ butoxide. The aqueous phass was extractad with dlchloromathane (2x25ml) and the :

‘organic extracts driect (MgSO,) and ‘evaporated /n vacuo to give a brown soifid.
~Column chromatography with ethyl acetate as solvent ( gave (Z)—2-benzoylmeﬁtylsna—

_ ;pyrroltdme [92] (14.8mg, 0.080mmol) and 1-(2-phenyisulphonylathyl)pyrrolnd-z-- |
| one [129] (4.41mg; 0 01?4mmol), Ft,_- (ethyl acetate) 0.18. (For characterlsatton of

- [129] see page 119)

| _Compound [92] was obtamed as cream-cuioured cubes mp 1‘5 5-117. 5“065" Re |

~ (ethyl acetate) 0.68.

Found: C, 76.70; H, 6.95; N, 7.49%
- G12H13NO reqLiirasC 76, 98; H, 7.00; N, 748%65"

T NMR | | |
8y 10.28(1H, brs, H- 1) 7.85- 7.80 (2H, m, H-9); 7.38 - 7.42 (SH m, H-10 + H-1‘I)
- 5.81(1H, 5, H-6); 3.66 (2H, t, 3y, = 7.04Hz, H—5), _274 (2H, 1, JHH = ?82Hz, He
3), 2.05 (2H qu, JHH = 7. sm-lz H-4) | |

’30 NMR - -
5o 137 o7 (0_7), 169.24 (o.z;, 140.25 (c:-a), ‘130 39 (0-1 1); 128 09 (0-10), 125.93
(C-9); B8.47 (C-6); 47.69 (C-5); 82.85 (C-8); 21.32 (C-4). |
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. APPE’me: NMR.SPECT'RA- u

"H NMR, "30 NMR, 'H- 130 CORBELATED and other relevant spactra of selected

compnunds have: been included in thls appendix. Chemlcal shn‘ts are reported on & |
* & scale (ppm) relative to tetramemyisilane (TMS). Al NMR spactra were recorded in .

_ deutenochloroform, unless othemrlse specaf‘ed

SPECTF{UM Tcompound NA_ME:-;AND' NUMRER | PAGE E |
'"'1H1 1301 | Trams-1,3-Diphenetyir2, adiphenyl-1,3- [ 142
| 3_diaza-2}.5 ls-dlphosphatldlne-E 4-d|ﬁ1ione R
o1 | - S
1 'H2, ¥c2, 0,02 -N-Phenemyr-P-(chloro)phenyiphasphono - {48
- Ithioic amide {17] - o
H3, 18c3 Cis-1 S—Di(phenethyl) 2.4-diphenyl-1,3- disze- | 144
_ - 215 415-dlphosphetldme-2 4-dithions [19] |
TH-4, 130-4, DZ.O_;4," -Dl(phenethyl) P—phenylphosphoncmlorc 145,148 |-
CORR-4, : diamlde [37] | - -
13C EXPAN-4 | | | 3
4.5, ¥c-5, 0,05 '_ N, Né,,Di(phenew_).-P-phanYIphosphonic '1_47 |
Ce diamide [38] C | |
| -8, Y8, D,0-8, [ 2-Prenethy-1,3- diphenyl-1 -bis(phenethyl | 148,149
DEPT-6, CORR-8, | amino)-diphosphazane-1,3-dione [40] - |
3¢ EXPANS(x?.) o LT 1
_H-w g7 ‘Methyl (chloro)phenyidithiophosphonate [48] | 150
'_1H~a, 88 | Dimethyl phenyltrithiophosphonate [48] | 151
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1 H-10, 13, 10' 1. (2—Dlmethoxyphosphoryleﬁ'lyl)pyrrclzdine 2— " 1_15"3'.' _
'_-coaﬁ-m . [tnione [110] o N
. 11, “0-11 : "_";'(E}-2 Benzoylmemylena--i (2-phenyl- RE B
_GORH-H R _sulphgnyi_etnyi)pyrrondme [111] |
|weeanse | |
o 1H 12 "30-12 o 1(2-Phany|su|phonylemyl)pyrroi:dine-z-ons 155 b
| CORR2 . [[t29] o
1H 13 130—13, | '(E)-2-Ethoxycarbonyirnethylene:1 (2~phenyl- 1 158
! coRrR-13 L _sulphunyiemyl)pyrrohdine [112] | [
ha, 13{.:_-1-4 | (E/2)-2-Benzoyimethylene-1 (E-dimemoxy- 1187
| (OMSOdg) - 'phosphorylethyl)pyrruhdrne (18] e
TH-18, 130-15 (E}-2-Benzoylmethylene- 1-(2-dimethoxy- 158
B (DMSO-dg) _phosphorylemyl)pyrrolidine [1'1 3]
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| 'H EXPAN 18
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- 1 dnmemoxyphosphoryl- -azabacyclo[4 3. 0]-
o nonar- 4-0! {133] | ]
"H—2.1,'_13_C-2_'1" ._:(Z) z-Benzoylmethylenepyrrolldma [92] | _f-"l65-'
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- 'Two roads dlvergad ina yellow wood,

o The Road Not Taken

. l"}i

And sorry ] could not travel both

. And be one traveller, long | stood L
- And looked down one as far as | couid
-_To whera it hent in the undergrowti'l

'Then took :the d’ther,'as ]ust as fair,
. And having perhaps the better claim,
| _Esabaus'e it ‘was grassy and wante. wear;
- Though as for the passing thers |
: Had worn th_e‘m 'reaily ._abd_ut 'the.same, '

' And both that moming equally iay

in leaves no step had trodden black. |

- Oh, Fkegt the first for-another dayl

Yot kncﬁwmg how way leads on to way,
| doubted if | should ever come back,

¥ shall be telling this with a sigh .
- Somewhere ages and ages hence:

Twoa roads diiferg'ed in a wood, and |-

1 taok the one less travelled by,
And that has made ail the drﬁerence

_ Robert Frost
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