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, The ayath.ai8 of a carb~~ __ ,-".bY 1) +, t e1cloaclcl1ti~ of ~ -

kat-ene aad an :lalne Va. illVe.u.prtacr: ' .. ction of pyrrol_2-c.arboulcleh:rde 

vith a ba.. aud .ub.equant reaction vith. aither dichiorokatena or .. 1c1outeDe 

4id not afford a carbapanea. hovever. I-dichloroacetoxy-2.2-dichloro-3-oxo­

pyrr010{1.2-.' pyrrole <lli. or the anaIo,oa. a&ido cl.dvaUve <11> va. • 

o~tained. ' .. clion of 2.2.4-triJlethy1-3.5-d1pb.uYl-2B-pyrr01e <!!.) vith l 
tbe .... lteteoa~ J .. va the corra.pondiul earbapeneu (85) .. d (ID . 

Atta.pu to pr.,~re aD .~lo.ou. beta-lace .. (~) by a .1a1lar reacUon 

With 2.2-cliJlethyl-4~th11-3-pheDyl-2B.,yrrole (~ on1y afforclecl tha 

... cylatacl S-hydroxypyrrole ~).' 
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On a 'tudi' h .,.tlll .... ca ... ,"". par .. cyc1oHcJtttoe [2+2] 

d'ua c'the at dl _ 1111... t... r_cttOD d. l'.uay4e o-p,rrou. ... ..,.c ~ 
• 

UDe b ••• euiv!. d'u.. r6acttoe • ..è 1. dlcblorocftlo. ou l' •• tdoc'ttDe o. 

dODU pa. ua carNp-" _ta 1. clic:h10roac:6t.,.-1-cU.~10ro-2.2-oxo-3-

"1'1'010 {1.2-.J pyrrol. <ill. ou 1. CCIIIpO" .&1do au10... @>. t... 
'1 

. . 
cath.. do.... 1 •• " carbep..... corr •• poDdliotl (n> .t <!V. o.. • ... 1. 

pour prfp.r.r :u 8-lact.. sulope <.!!> pal' ..... r_ctiOll .iailatre avec la 

d .. th,.1-2.2 .... tbyl-4..,h6ayl-l lB p1rrole (90) 1141 .toaDIreat .... l'bydrox:y-

5-nrrole .... cyl. (n>. 
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Chapter" 1 

Introduction 

1.1.0 History 

Accounts of the h~story leading to the discovery of Thie~cin are 

taken from the following texts: 'Antibiotics of the Beta":Lactam Group' 

by D. Greenwooè 1 , 'Cephalosporins and Penicill~: Chemistry and Biology' 

by E.P. Abraham and P.S. Loder 2
, 'Chemistry and Siology of B-Lactam 

Antibiotics' by R. Ratcl1ffe and G. Albers-Schonberg!. These texts are 

the sources of information referred for the following discussion~ unless 

otherwise stated. 

The events leading to the discovery of penicill1n (1) (Fig 1) by 

Flemming in 1928 are legendary and probably have oeeurred purely by chance 

since Flemming himself could. not reproduce the result under the same 

conditions. (~e l.ter cultured tbis fungu. from a .. uld brotb filtrat •• 

The work of ~lOrey and eo-workers at Oxford led to the concentration and 

partial purification of penic 1111n. ln 1941, the first preparation of 

penicillin was tried on man with illpressive results. However, soon 

t hereafter in the ear ly 1950' s penic illin-resistant strains bec_e 

prevalant and the seareh for other antibiotics vas accelerated. By the 

late 1950' s. the penicill1n nucleus had been established as 

6-aminopenicUlanic acid (Fig. 1) and thus boosted the developllent of 

derivatlves improving various properties of penicillins. In 1945, Giuseppe 

Brotzen. diseovered a Cephalosporiu. fungus found in seawater near a 

sewage out let which showed prollising antibacterial activit1es in both 

Gram-negatlve and Gram-positive organi .. s. Illtants of this strain 

produced Cephalo8porin C (Fig 1) which 8hoved to be active a,ainst a broad 

spectrum of penlcillin-reailtant strainB. Isolation of this nev 

.1 
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antibiotlc ln quantlty appeared to be an attractive prospect although the 

lntrinsic ac"tivity 18 10v. ln 1961. the 1-aminocephalosporanlc .cid 

nucleus was tint isolated and manifested a starUng point for nwnerous 

semi-synthetic derlvatives. 

RCONH 

1 -

2 

CH O-C-CH 
2 .. 3 

o 

3 

Figure 1. Structures of penicil1in!, 6-aminopeni­
cillani~ acid ~, and Cephalosporin C 3. 

ln the next decade. varlous cephalosporlns had taken the1r place ln the 

therapeutic horizon.' ln 1916~ threë new naturally occurring 8-1actams 

Norcardicin 4 (4). Clavulanic .cid (5) and ThiemallY~in '(6) (Fig. 2) bao' 

.. 
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had been reported. Thienaayc1n vas of particular interest aince 1t 

demonstrated hlgh activity over a broad spectrum of organisms and natural 

stability againet B-lactem&ses. Due to the Inherent instability of th!s 

highly strained fI-Iectam system. isolation of this ant:f.biotic fr01ll broth 

for structure elucidation was a very difficult task. The detaUs 

'surrounding the events which led to the determination of the structure are 

somewhat lengthly and will not be discussed, however, x-ray analysis 

finelly confirmed the structure. 

Biologically active carbapenems containing an unsaturated 

carbapen-2-em cerboxylic acid nucleus (6a) are depicted in Fig. 2. This 

numbering system has been generally accepted and will be referred to 

henceforth. H 

C02~ 

~ 

o 

5 
R 

o 

CO~b 

FiCJU!e 2. Structures of Rorcardicin A (4), Clavulanic 
acid CS), Thienamycin (6), and theeunsaturated 
carbapen-2-em carboxylic .cid nucleus (6a). 

! 

1 

·1 

1 , 
i 



-4-
Sillce all 1mova clrblpellee coapounds have tvo or thr.. chiral 

~ 

centers at C-S, C-6 and C-8, atenoche.ical conBid:1tions are taponant. 

The absolute eonfiauntion at C-5 of Th1enaayc1n basl been •• tablished •• 

R, and 1s usumed that all biologically active carbapenelBs have tbis 

configuration since a mixture of synthetic (±) Thienaaycin had shawn to 

have balf the potency of natural (+) Th1enalllYc1n. The trana-B-lacta. 

configuration may have dther 8R or 8S configuration; however. 

cta-S-laeta1ll bas found to have 85 configuration excludvely. To date, 

natura! carhapenems with ?R. 6R, BR configur~,ion have not been reported. 

F1nally, sulfate esters and sulfoxides of c1s-a-lacta1ll compounds have 8S 

configuration. In only one case. the sulfoxide chirality has been 

reported to be R. 

Carbapenelll c01llpounds have obvious structural diUerences relative 

to the classiesl penicillins and cepha\osporins. The pyrroline-azetidi-

none ring system is more strained due to the absence of the ring sulfur. 

The electron-withdrawlng effect of the double bond also renders the amide 

bond more reactive. One of the major dlfference betveen natural 
, 

carbapene. products and classical a-Iactam antibiotlcs is the absence of a 

cts substituted 6(7)-amido group. lnstead. these carbapenams aIl contain a 

6-alkyl or su&st1tuted alkyl group e1ther cis or trans relative to the , , 

azet1dinone rin,. The IBOst common 6-aubstituted group being I-hydroxy-

ethyl or its sulfated ana log having either R or S configuration at the 

hydroxy bearing carbon. Another structural difference is the amino-

ethylthio group at C-2. ln contrast to elassical antibiotics, carbapenems 

contain funetional groups which can easily undergo chemical .ad1fi~ation., 

Con8idering the bioloaica1 activities of carb.penem antibioticlI • 

• 
tbey pos.eas hiah acUvity aga1nat both Gna-neaaUve and ~ra.-po.1t1ve ' 

1 _1 

• 1 

1 



" 

( 

-5-

orpn:l ... ,as vell as Ihovina aet!y:l~l' ... ln.t '-laet.use straln. eueh a. 

_~OII01\al .-pedel. PO.dbl) tbe hydroxyl Iroup hinds to the •• e 

aite noru11y bound by the 68-_1cIo aroup of classieal 8-1sctam 

antibiotles during transpeptidization of the bacterial cell wall enzy.e8. 

Another ,iaportant biologieal advantsge of lOae carbapeneas la 8-lact .... e 

lnhibltory acttvlty not observed ln penicillin •• Perhaps the 

6à-subltitllent l118y Id.ie the 6a-_thoxy Iroup of the eephamyeins <1> (Fig. 

3) to provide lacta .... reslstanee. 

1 

Fiqure 3. -The structure of cephamycina'• 

For a11 the aforementioned reasons. the thrust for Und!n. 

analolues vith broad~.pectrum antibacterial acttvity and S-laet ... se 

8tability by synthetic,means haa been undertaken. The learcb for 8ntlblo­

tics with increased litabUity and ~vin8 oral activlty i. eurrently 8 

.ajor goal ln the develop .. nt·of derlvativel. 
1 • 

1.2.0. Structure Activity Relationahip, 

The anUblotte acttvlty o~ bicycU.c 8-lact.. is ba •• cI cm It8 _ 
. . 

abi11ty to inter'fere vith the teraiul etep of bacterial cell .all 

biosyntheais. 111e labile' 8-la ond acyl.te. the tranapeptida.e 

'ü ' 

1 

-/ 
l 

1 
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tbltt an r •• ponlibl. for the .tr ... th.nt .. of th ... copepU" lay.r of the 

Thare ue sev.rll theod.s whicb nt..,t to r.late structural 
, . . 

f.ltures vith the ~ff.ct1venel. of thi. cl ... of ".nt.1biodc.... A f.ctor 

vh1ch .. y influence tu .ctiv"tt, ia th.t of 1I01ecul.r ,'OMtry lueh tbat 

the .ntibioticB IlUst be erroneoualy recolnbed .s •. Ilorul aub.trace b, 

the transpeptidase enzye. Such.n Intibiotic vould fOrll .n .cyl-ellzJM 

complex vhicb can subsequently lead to • stable inactive .nz,... 

Anotber consideration relatins to .eollltry 1& the devi.tion of the 

8-lact •• nitrogen froll coplaur1ty rel.Uve to C-3. C-'s .nd C-7 •• 1 

b .. e(Fig.4) • 

Figure 4 Depicts the devi.tion of n1t~oaen frf?IB coplanarity 
relative to C-3. c-s and C-7 aa a b .. e. 

tt> va. poatulated thet a. tli. Iutude , . 
incr .... d, the abil1ty to de1oc. Ize tbe 

(h) of the pyrl.i-dal aitro'lD 

un.bar.d pair of .l.ceronl of 

aUrosea iDvolved ln 1I-bondina vith tbe Idjaclnt carbonyl carbon I.toa 

Thil iDh.r.ntly reduel. Dorul .-id. resonlnel cha ra ctar • 

" 

) 
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... 1 .... 

(na. 5). 

Fiera 5. Amide re.onance charactar. 

tn con •• quence. th. ..ide bond can be readUy eteavect anef caft accOWIt for 
• 

rapld acylation by the eoz,... 

A aecond consid.ration ~icb ... po.tulatecl for antlbaèterial 

activity ts enamine r.aonance wbereby the unahar.d nitro,.n el.ctron. can 

,cI.lo~a-Mze lnto th. adjace1lt ol.finie ",-orbital .,.at_ (F1&. 6) • 

.( • 
0 0 

• 
. ~ 

Pim- 6. BDaa1fta cbaractar. re8OlUlDC4t 
, " 

- , 

Thia .... ~_t. tbat if che .. aharéd' e~c:trOil ,.ir of n1trOin are t.volYect 

in tht. typa!, ef NtIOUaca. then th. ab i lit Y for ai. ra.onane. to occur 
, " . 

J 

i •• 1 .. ifl~t~y hlnd~red. 

The.. ,th.ori.. .... .. 't that tlle .... of base byd.rolyata of the 

.' '. 

" 

'" 
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.. 1" boad ia the fOUDàUoa for nUbactadal .ctbit.,. ~l'. tt.7 40 

Ilot axpbia 81lOUlttiea ob •• rYecl for a1-carbapenna vhich althoqh botve 

l •• d. to 1 third requin_nt .. hlcb bu ba.a l'.eently di.eu •• ed 1"y Cohen. 5 

The p •• udorotaUo, .ove_nt. of the pena. nucleus are b.li ... d to b. 

n.ponaible for InUbleterial .eUvity. A aoleeule that b flexible :ln 

confomina vith the ,.0000trlcd r.quir ... nt. of ln enzywe w111 p08Ses 

acUvity. wh.r .... a d,id .y.tem (1.e.61-ur1"apenems) will be lnaetive. 

Be .180 eoncluded that the requls1te carboxyl group'. at C-3 prodmity to , ~ 

th. ~-lactam amide function .nhances activity. For example. compoun~s 

h.ving a distance of 3.0 - 3.9 A aepu.tina the carboxyl1c group from the 

•• ide oxysen were found to he active. whereas. the t:.1-carbapenem had 8 

d1stance ares ter than 4.1 A. 

iu.ctivity of à 1-carb8penems. 

Tbe ability to acylat. tbe 

.utfieient prer.quiatt. fo~ a aucce •• ful 

.1.0 have tbe capability to p.raeate the 

offered an explan.tlon for 

enzyme 1s not the on1y 
" 

The substrate must 

a~ weIl a. interact 

~1th the enzyme w1th the correct .eoaetry a di.cu •• ed ear11er. There i8 

no one definitive anaw.r to b1010,iea1 acti~n* bowever~ contribution from 

aIl the afor ... ntioned para~ter. provid.. a rea.ona1"la 1".,i. for 

predictina antihacter1al act1vity. 

1.3. o. T2Ul Synth •• ia 
1 

\ 
II. relaUvely ree.nt field of carbapeu. (or carb.pen .. ) syntbuis 

ha. _ra.d frOli the diacovery oi a utur-ally occ:urrina, broad apeetrum 

'lltlb:lot:le ~ Tbieumyc1n6 7 (Fil. 7). 

Sinee it. diacovery, Du .. roua .. tbodololie. l.adinl to the 

l-c8r1"a,.o-2-e. riDa Iy.t.. (!) (F1,. 8) bave "ID reported 8 and aoae of 
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whlch .. rit .,.clal atcentlon. 

Figure 7. 

orD 
chbapenam 
.~1eton 

lUI 
S~2 

~. .tructure of Thien~cin having 
SR, 6S, IR geOMetry. 

, 

6 5 l 

o Et) 2 

2 3 
4 _. carbapenem or 4 1_ carbapenem 

l-carbapen-2-em 

8 

:FiFe 8. 'l'he carbapenam Lem} .keleton and nWllbering 
Ufltem. 

Total .ythe.is of S-lactatll anltbioUc and tIlodified analogue-s have 

been widely researcbed by various cbemists in tbe pest decade. The worka 

of Bose, Woodward and Sheeban. to name a few, ohave dramatteally set the 

iapetua for researcb in 8ynthettc strategies to..rproduee diverse analog. 

vhleb are noft~attalnable by ."tural product aodlflc.ti~n. 

" 

• 
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'l'be tvo .dact ..... 1ff.m' .... t'IIYolftd ia carNpean Q'Dtbeata 

ara: 1) che COD.CrucU.,.. of ,Ile b1CYC;l1c DUcleua .. d 2) :latrocluet:ion of 

ai'" cut_ et ,he 2- ad 6-poat ttoua. Gnerally. the cubepe.... :la 

coaatructed by C-2 - C-3 or C-3 - J-~ bGDd for..tloa fuaina the "rroltae 

~:1etJ to tbe azeUdlnoae rifta (Fia. 9). T'be requtr.d aide chain. at C-6 

nd IOMti_. a' C-2 .re attach.d to the preculor pdor to cycl1zatloa. 

Thi. avoida u.due .. nlpulation of the hiahly atrained. labile bicycltc 

::c(: 
3 

Figure 9. Con.truction of carbapenema by C-2 - C-3 
or C-3 - N-4 formation • 

. 1.3.1. tner.lIOl.caJar Carbe .. e tn.ertion 

An .ppro.ch developed by Merck cbeatata involve. ~ carb.ne 

loaertion reactloo foraina the C-3 - 1-4 bond. 9 lecendy Reider and. 

Grabowskl l0 have reported the preparation of carbapeneas 8tart1na trom 

•• partic aeid employina this •• thodoloIY (Fil_ 10). The netidinone 12 

vas prepared trom L-aspartic acid (11) a8 de.cribed by Salzaean et al. ll 

\ 
via 8 Grisnard-med1ated c1c11zation of a N-ailylattd aspartate eater. In ' 

this case, the beoz)"l •• ter was used. The nitrolen cOIIpOU1Id 12 va, -
proteeted 

• 

j 
1 
1 



( 

-11-
B C028 

rY 
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J.-~~ .. / 
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15 

CO H ~.C».c 

tl, _DMF-HOAC N~ Ca} 
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21 -
FisU%'e 10. ' Preparation of • carbapen .. by a cubene -

inaertion r.action fo~ng the C-3 - .-4 bond. 
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by a11ylat1on vith tert-but,ldi_tb,lallylehloride (98%) ln the presence 

of triethylaaine to ,ive cOllpOUTld II vbich undervent debenzylat10n b, 

hydro,enol,.i. to efford 14 (<92%). Tbe dianion II was generated vith 

ltthlU81 dl1soprop,lam1de and sùbaequently vas alkylated vith acetaldehyde 

vhich upon acidic vork-up afforded an epimeric mixture of hydroxy acide 

1!. Ox1dation vith sodium dichromate gave the keto-acid II which 

underwent atereoapecific reduction vith diiaopropylam1tle borane 1n the 

presence of 1Iagnesium trifluoroacetate to give the desired 55. 65. 8R -

hydroxy acid.!!. Conversion of the carboxyl group to é suitable leaving 

group was affected by oxidatlve decarboxylat10n vith lead tetraacetate to 

give l! (82%). Reaction of the acetate .!2. vith s11y1 eno1 ether of 

benzyldiazoacetoacetate provided the SR, 6S. 8R-diazohydroxyketoester 20. 

Ring closure via carbeno1d insertion ln the presence of rhodium Il ac~tate 

atforded the bicyclic bto ester 21. 

This reaction ia strategically favour&ble in that the functional 

groups are introduced vith the correct atereochemistry prior to 

cyclization. 

1.3.2. W1tti8 Reaction 

hother approach that 18 worth, of ape~1al 1IIention 16 that of the, 

tntraaolecular Wittlg route baaed on the wark of '~dward and c6-workers 12 13 

on penems and developed for carbapenems by Johnston and co-workersl~. 

This .. thod involves a C-2 - C-J ring closure by heating aZétid1nonyl-

phoaplJoranea. 

The azetidinone II (Fig. Il) WBa prepared by a 
211' of 2" cy cloadd-

S 8 ' 

iÜoo of chloro8ulfonyl iaocynate (23) and 1- ac,toxy~u~ad1e.,é '(22).. Thls 

coapound upon reductive hydrolyais .fforded the' acet,oxyvicny18zet idinone 

!!. Cat.lytic hydrogenation followed by deacetylàtion in ~he presence of 

.odilDl lletbo:dde ln _th.no} gavé the alcohol ~ which? was, converted FO 

i 
l' 

l-
i 
1 

t 
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the aeeton1de 27 by reaction vith 2.2-d1methoxypropane and boron 

trifluorldè etherate eomplex. The anion was generated with 11thiu~ 

dii80pr~pylamide folloved by addition of aeetaldehyde to give an epimerie 
, 

mixture of the trans-hydroxyethyl derlvat1ves 28 and ~ in a ratio of 2: 3. 

The mixture was converted to the O-para-nitrobenzyl ester 30 at whieh 

point the isomerè were s'eparable by erystallization. The aeetonide was 

subsequently removed by hydrolysis to afford the aleohol B. Various 

routes leading to the preparation of carbapenems by the WH tig reaetion 

originate from this aieohol. An example using this intermediate 1s 

deseribed' by Kametani8 • The aleohol 31 vas eondensed vith glyoxalate 

followed by tert-butyldimethyls1lyl group to give 32. Conversion 1nto an 

ylide. deblocking and oxidation of the aleohol 11 gave the earbapenem 34. 

PhotolyMc removal of the ester afforded (±) - descysteaminylthienamycin 

35. This route proved to be advantageous in that the bicyelic nucleus vas 

formed under mild conditions having the concomitant double bond at the 

desired position. Another advantage of this strategy is the aecessibility 
..... 

to C-2 substitution. 
.. 

The WH tig reaetion and the carbene insertion route are the tvo 

most prominent synthetic methods tovards the preparation of earbapenems. 

These approaehes are currently the most widely used processes in industry 

sinee the starting materlal is reasonably 1nexpensive and read1ly 

availabie. 

So far, the preparation of earbapenems startin~ from azetidinon,es 

has been discussed. .However. another ~tratégy which should be noted 18 

the cyclization to the 6-laetam b1cyelic system~ starting< form the larger 

ring synthon. To date. only a few methodologies have been reported in the 

literature and ~11 be dic~sBed in the fol1oving. 

1 
l, 

1 
1 

l-
i 
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o 
~O~ ... O=- C= N- S02C1 

22 l 23 

Hll~ :." 0"11' H20, H~oy 
° "K2

HP04 
a , ' H Na 2 So

3
, 

J-~, 0 
a "sa Cl 

2 
25 ooc 24 
-1)Pd/C/H2 

2)MeOH, NaOMe 

10° - 25°C 

)Q 
c 27 

1 

2) 

]

1) LDA/THF, - 7 soc 
CH 3CHO 

OH 

+ 

29 

OH 

/':'~ 
J-~, /~ 

~ X 
28 

Figure Il. The Wittig route to the preparation 
of carbapeneJT1s. 

Q 
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1.3.3. Photolysis 

Lowe and co-worker.1S have prepared nuc:lear analolues of 

penieillin-cephalosporin antibiotics by photolysis of the a-diazo .. idu 

36 (F'ig . 12). 

• 

R'02C':tQ 
36 

B l:02R 

l.-i
V 

RiO c H H 

2 " 

NQR + + 
0 

l! C02R 
2 

37 38 39 

Figure 12 Photolysis of the diazo compound 36 in CC1
4

• ( R= Bzl, If: t Bu ) 

, 
Introduction of a chiral substituent at C-2 directed the transient carhene 

intermediate stereoselec:tively to !avor the desirable trans-2.,6- sterie 

relationsh'ip 37 and 38 in the fused e-laetam bieycl1c system in a ratio of -- -- . 

1 : 2. One of the by-products ;f this reaction was a y-Iactone 39. 

In a pUbl1eation~t followed two years later, Lowe J6 

reported the synthesis of the highly unstable 7-oxo-l-azabieyclo{3.2.0.} 

heptane system 43 by photolytie Wolff rearrangement (Fig. 13). 
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R'CO H H 

o 
H" 

o H 

""co R 
2 

43 42 

Figure 13 Photolytic Wolfl r~arrangement ~enerating a 
7-oxo-~-azabicyclo (3.2.0.) heptane system. 
PhCHe

2
0

2
CNHNH ) 

highly s'~rained 
(R ~ Etf R': 

The pyrrol1zidinedione 41 vas obtained by reaetion of the diazo 
If<' 

pyrroli~1ne der1vative 40 vith sodium hydr1de and heating. Diazo exchange 

1 
of this compound afforded the diazod1oxohexahydropyrrolizine carboxylate 

42 whieh subsequently underwent photolytic Wolff rearrangement ~pon 

"' irradiation to afford the bicyclic compound 43. Due to the unstable 

nature of this compound, the product could not be 1so1ated and , 

consequently synthetie unipulat10n to obtain penic11lin analogues could 

net be accomplished. 

1.3.4. Cycloadd1tion 

1 

A number of key aynthetic atratelies have been already Mntioned , 

towards total synthes1. of bicycl1c 8-lacta. ay.t.... It 18 appropr1ate 
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at this time to discuss cyclosddi tion reaction ainee the Urst '-laCUII 

vas prepared by a ketene-imine interaction. 1? 

The reaction of ketenes vith carbon-carbon double bonds 18 vell 

documented. IS This reaction has been described in terms of frontier 

molecular orbital interactions usina the reaction of an olefin vith a 

ketene as an example (FiS. 14).19 

Figure 14 Overlap in a cycloaddition of an olefin to a ketene. 

In this case, a coneerted mechanism has been proposed on the basis of 

'If-bond overlap of the ofefin vith the p orbital at the ~a1 carbon z 

atom of the ketene, whUe the other end of th .-bond of the olefin 

overlapa vith the p orbital of the central carbon atom of the ketene. 
y 

The pathway 18 therefore a (2'11. + 2.a) process and regioaelectivity 18 

determined by the overlap of the 1arle lobe of the HOMO of the olefin vith 

the larse lobe of tbe LUKO of the ketene which ia located at the c.ntral 

carbon atome 

Gen.rally, ket.nes are leberat.d in situ by tr.at .. nt of an 

approprbte acetylchloride Vith. tertury b •••• btenel react vith aines 

alao to live a (2 + 2) cycloaddit'OD products dependinl on the atruc,ture 

f 
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of tbe i.ine.~O For exJillple, Staudinaer17 reported tbe fOl'Mtlon of a 

S-Iacta. by re.eUon of dlpbenyI aune vith éinna.,l1dene AnU. ln 

eontrast. Pf1el~rH c1ai .. d to obtain dihydropyrldone. (F18. 15). 

Ph fh Ph 
RI dl R2 ( R2 ( ~ 

b N N , 
\ .() 

Ph Ph 1 
R3 

Fisure 15 Reaet,ion of diphenyl ke~ne vith cinnamylidene ani1. 

The aechani.. for the imine-ketene cycloaddition ba. been leDerally 

accepted to occur via a zvitterionlc interaedlate22 vhlch is atabi1iaed by 

ring clbeure (Fig. 16). . 

0 
RI R2 0 R3 

! 'c-/ '~ ./-, o "3 
i- l :) - _R'+ 

---+ R4112 A • -'i' ~ 
/'.. 1 R --, / " a

3 • a 
RI a2 

aSR1 
R4 RS 5 .J 

Fiaure 16 The , .. chaniam for tbe 1.ine-ketene cycloaddition. 

Evidence of auch a _chanta. has bHn offered by Pacanalty22 ~ The thenlal ' 

reactlon of katenes vith l.id.&olea va. folloved by lnfrared .,.ctro-

accpy. Tbe fOl'MtiOll ADd diuppearance of.a &ritterienle .-peciea va. 

.. 
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-.... n.d to ,h. a 8-lact ... 

Thi •• clulnl .. bas a1.0 Men postulatad by 10,. and co-vork.r.2 ,a ••• 

An Q:atOli vitb an unllulred tair of electrcma 1. capable of atablUelu, 
'\ J 

trandtion .tate. tbrou,h a donor-acc.ptor coaplex al abown bel0v2"(r1&. 

~-17) • -t. 

X 
Cl-

.• Rl ,., 'D. Rl 
N o~ -R 2 • 2 

Jf 

xttRl 
base :}·X.tRl 

t 
o ....... R2 o 1t2 

45 44 - -
Figure 17 Stabiltzation of transition states via donor-acceptor 

complexe 

Subsequent eUaination of • proton vould lud to cotlpOUnd .!1 by 

cycl1aatlon of tbe tvo closeat carbon ato .. , C, and C4 ln this ca.e. A 

consequence of tbis Dechania. i, that it' should ,ive rlae to a B-lactam of 

c1& atereocheml.try. 'lbe vork of Doyle and co-vorker.2At bave shawn that 

ayate .. ~hich can potenti81ly axtend conju,ation to enhanee the transition 

etate !i promotea atereôaelecUvity of the r.action to afford • ch 

addition produet. Doyle aecount. for thia hllh aelectiv1ty' on' the b •• i. 

of the orientation of tbe Cl - B bond ob of the deprotonated ... cle. 

. . 
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Uther throuah 1ra"'I'a1~ 01' l'otàtl1oll,., '.U.,..nt of ta. •• toate or'ital 

Vith the catioatc p-ol'bital of the ',~4 ... ~a" 1.... to the prefetr'!! 
, \ -~ 

atereo .. 1eetivity(P1a. 18). 

'D ... ~ ••• Ph 
~ + .•• 

Il ?"_ ,', 
01." 1',.,2 

R 

o 90 rotation and 
riDq clo~ure 

ci. ' 

, -

inver.~on. a:nd, 
rin9 el~. 

FiIHe 18 stereoM1ecUYity ..... OB alU~Dt: pf the odd.tal •• 

. . 
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The kat ..... f.ai... re.cUoa. dtac •• Hd ao hr .. aerall, a1.. ct. 

pToduct.. lowever. DOt .11 Teaction. of tht. type are ao hi,hly .tereo­

.,.df1~. For .u.,le. the acereocheaiatry of a N_.1Una a-l.ct .... , 

v.ry dep.ndina on the oTd.T in vhich the r •••• nt. are added. 10 •• 23b he, 

delDn.tra~ed that additions of acid chloTid •• to Schlff'. ba.e •• enerelly 
\ 

afford pro~uct. of tran. ,.~try. For exa.ple. vhen,azld~ac.tyl chloride 
\ 

vu added to benul aniline follawed by addition of trbthyle.1ne. the 
1 

reeulUna ei. to trans ration vu 1: 3. Bow.ver. when the order of 

addition vas reveraed the ratio of cis t.o trans vas 3:1 (Fil 19). An 

explanaUon for thi. phenOliena has been offered by Ooyle 2". When an acid 

cbloride 1& .dded to the iaine. a rap1d and reverstble foraation of the 

ieoniWII ion A occurs follawed by • slover fOl1ll8tion of the chloro 

compound B (k
l 

»k
2
). If the .cid chloride conta1ns a-substituent .1th 8. 

free pair of electrons. then one of the confo~rs of the acyl i-.onlull 

ion ls stablilized a8 C. The rate of for.ation of B verses C i& dependant 

on the 8ubstituents of the Schiff base as vell as the acid chloride. For 

eX8l11ple, if RI • staple alkyl. the rate of formation of B 1& enhanced. 

havever, if RI • .romatic. the form.tion of B ia repressed. Bose~~b ha. 

ahown that in the absence of triethylamine, tille concentraUon of B 1& 

hi,h. ln the presence of triethylamine, proton abstraction irom B ta ,ive 

D vould lead ta a aixture of cia and trans adducts E. Dowever. if the 

acyl illllOn1um ioo A vere fonaed in tbe presence of triethyl.ldne. Cheo 

proton abstraction from C vould exclusively live the ci. lacta. E. 

Dichloroketene lenerated fram tr1chloroacetylchlor1de and aetlvated 

zinc bas beeu reported by ({repakt and Ha8suer2 fi and have beeo fouud to 

"re.ct readUy vith ailJl 81101 etbera .!! (Fi, 20.) ta afford .ubaUtuted 
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'~l ~3 Cl 

(1 le . k2 
1 

1 
.'*2 r Rl CBLrR1 ~ ~ , r- ok,- .--

~-1 k_2 
0' 'R R2 2 

A .1 

l 
k_2~ 

k2 f k-
3 

N2 ~~ CF) 
~fl RC'-',-R1 

o " oà- , 
c a2 !! ~2. 

l l 
, . B N H B 

H31 r1 3·t~h 
o , 'R2 

o , 
, E a2 

rtEe 19 leac.ttOil of •• tcloacetylehlortcle .. Ild beua1 aili_ 
in the pr .. aca .. ab.nee of triethyl.a1ae. 
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1 

-Sl~l 

H)cH 
CR3 0 

47 -

1 ~ 

Reaction of dichloroketene generated from trl­
chloroacetylchloride and activàted zinc vith an 
enol aily1 ether. 

l', 
When 4ichlotoketene vas generated by triethylamlne dehydrohalogenation of 

dichloroacetylchloridf', no cycleadducts vere observed vith sllyl ellOl 

ethers. 

So far, carbapenems have been prepared by fusins the live membered 

ring onto a preformed 1D0nocyclic a-Iactam. There are no accbunt ln the 

literature wherebya'carbapenem ie prepared starting from the pyrrolidfne 

foiety. it 1s on this basis that our work had led us to embark on an 

extensive study on- the aynthesis of the carbapene1ll (carbapenam) nucleus 

employing this strategy. 

-, 

1 

1 
1 
1 

1 
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Chapter 2 

Results and Discussion 

2.1.0 Carbene Insertion Route 

The synthesis of bicycl1c 8-lactams via intramolecular C-H 

insertion by diazo ketones 18 weIl documented. 1S • 16 However. the synthesls 

of carbapenams employing thi. methodololY has not been extensively 

studied. It was with th1s objective that we 1n1t1ally d1rected our study 

towards the synthesls of carbapenams. 

Based on the work of Lowe and co-workerl.1SIJb attempts to cyclize 

o-diazo-l-acetoacetyl proline benzyl ester ~) (Scheme 1) under photo-

lytic and catalytic conditions to live the corresfonding 8-1sctam was 
1 

undertaken. S-Prol1ne (48) had been selected as/the starUng material. 

It is expected that the carboxyl group may direct the transient carbene 

interaediate to regioselectively insert into the leasi hindered C-H bond 

and stereoselectively to give the desired 3.5-trans stereochem1stry 

(using carbapenam number1ng) in the fused B-lactam. 

It was first necessary to convert the carboxylic acid to an ester. 

The benzyl ester WBS selected on the basls of its crystalline property, 

its solubility in mast organie solvents. and the posslbility that it can 

be easUy purified. !bus, starting from S-prol1ne (48) (Scheme 1). the 

benzyl ester ~ was obtained via the ac1d chloride. 26 The ester 

20·C 49 showed an optical rotation [O)D --117.5°. Evidence of the ester 

waS ascertained by 1nfrsred apectroacopy which ahowed a V
c 

O( ) »t 
• ester 

-1 j 

1740 cm • Also. due to the presence of the benzyl group. lHnar spectrum 

ahowed two new peaks at 6 7.32ppm (ainglet, phenyl). Acylat10n of the 

aminobenzyl ester 49 vith diketene27 afforded the N-acetoacetyl •• ino 
1 

f 
ester iQ under al1d condlt1ob8. Compound iQ .howed an optic.l rotation 
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of Evidence of the structure 1s based on ir and IHnmr 

spectroscopy and composition was confirmed by microanalysis. Two bands. 

-1 -1 
one at 1640 cm for vC-O(acyl) and the" other at 1740 cm for vC-O(ester) 

were observed in the infrared spectrum. ln 1 Hnmr the Bcetyl methyll 

protons appeared as a sing1et Bt 6 2.13 ppm anc1, the acetoacetyl methylene 

protons werr present as a singlet Bt 6 3.56 ppm. A possible mechanism for 

N-acylBtion i5 shown in Fig. l! . 

o 

Fig. 21 

The acetoacetamide 50 subsequently underwent diazo exchange with 

tosylazide 2& to give the.diazo compound~. The structure was evidenced 

by infrared specirosc~py showing ap intense band at 2100 cm- 1 for v
C
_NcN ' 

'lh its IHnmr spectrum the methylene protons originally present in 50 at 

63 .• 56 ppm were nowabsent. The diazo transfer reaction \JaS carried out 

in the presence of a base. The mechanism of the reaction is assumed ta 

involve'the triatine intermediate which decomposes via proton transfer 

to the diazo structure (Fig. 22).28 
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We had attempted to cyclize the o-diazoacetoacetamide .ll. under severa! 

conditions. The use of rhodium (11) acetate as a catalyst for diazo 

decompos1tion for carbene insertion i& weIl known. 29 Althoùgh the 

J 

1 

1 
J, l 

1 
,} 
1 
1 
t 

i 

i , 

mechanism has not yet been fully understood. the transition meta1 probably i· 

forms an initial diazo compound-metal complex leading to the evolution of 
a 

nitrogen resulting in the formation Q.~ 8 metal-carbene complex which 

inserts into the nearest labile bond. in this case, the o"C-H bond. 

Table 1 lists the various conditions and results obtained for theUreaction 

\ 
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TABLE 1: CONDITIONS FOR REACTION OF DIAZO COMPOUND - AND RHODIUM Il 

ACETATE 

D1azo compound, 

(moles) 

0.30 

1.10 

0.16 

0.16 

0.35 

0.35 

0.40 

0.60 

, 

Solvent 

(ml) 

C6
H6' 5 

C
6
8

6
, 25 

CH
2

C1
2

, 5 

CH
2

C1
2

, 5 

C6H6 , .. 0 

C6H~" 10 

Rh,OAc:.." Temp Reaction Product (s) and 

(mg) 0 Oc Time. (h) Comment 5 

60 

3.5 60 

1 25 

1 60 

2 25 

20 25 

25 45 

50 42 

2 

4 

18 

72 

24 

72 

2 

2.5 

StarUng material 

De composi t'Ion 

Starting material 

Starting material 

Starting material 

Unidenti fied. 

however not e-Iacta~ 

Product vith IR b~nG 

at 1820 cm- l 

Quenched vith MeOH, 

many products 

ln most cases 1 start1ng mater1al v'as recoveied. ln some instance&. 

starting material vas ccnsumed as evidenced by the dis8ppearance of ,the 

2l00cm-
1 

band for ~C-N-N 1n the 1nfrared spectrum. hovever, no a-lactam 

band vas ~bserved (~1760cm-l). A complex,mixture of unldent1fled 

products vere obtained. ln one of the experiments. ~the formation of a 
.:su 

cyclopropanone derivative 52 vas suspected sinee a character1stlc band 

-1 at 1820 cm in the infrared apectrum vas observed. , Due to the uust.bIe 

nature of this coapound."1solatlon of this product vas Dot possible. ' 

'~ , 

1 
1 

1 

1 
1 

i 

1 
f 
ï 
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Attempts to quench the Teaction mixture with .ethanol~o obtain the 
1 

cyc10propanone acetal or hemiacetal was a1so.~nsuccessful. 'It seemed 

like1y trom the above observation that the aeetyl part of .li may have been 

invo1ved in the reaction. To circ~ent th1s, the ketone was transformed 

to the corresponding s11y1 enol ether S3 by react10n with tert-buty1-

dimethylsllyl triflate in the presence of a base. The structure. of S3 

vas confirmed., by the observation of CH
2
-COSi (CH3) 2C(CH3) 3 prot~ns as 

two doublets at ~ 6 4.5 ppm in the lHnmr spectrum. Hpwever, attempts 

to cyclize compound S3 vith Rh2(OAc)4 on1y gave starting material (see 

Table II. 

TABLE II: CONDITIONS FOR ATTEKPTS TO CYCLIZE ENOL SILYL ETHER 
« 

AMOUNT OF SOL VENT , TEMPERATURE. TIME CONDITION OF RESULTS 

("'01) (al) h REACTION 

.02 C6H6 • 2 60 .5 Rh~e4 catalysis No reaction 
, 
"-(2 ~) 
" , 

.10 CCl4, la 2S S Photo1ytic l No reaction 

Atteapts to cyclize .2! or S3 photoebea1eally using a Raynonet 

photo-che.tcal reactor .as also investigated. The conditions·and re.u~ts 

are outl1ned in Table Il and Table III. In ,every case only .tarti.na 

.. terial vas'recovered. 

,j 

i 

i 
j 

1 

l 
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l, 
1 

TABLE Hl: COl\'DtTl()RS FOR ,PBOTOCHDnCAL .!ACTION OF DIAZOCOMPOUND' 

AHOUNT OF SOLVERT, TEMP TIHI OF RESULTS 

DIAZO CHPD (ml) EXPOSURE, h 

(1IlIII01) 

'0.16 CC14,2S 2S·C 2 No re.ction 

0.72 C6H6·2S 2S·C 2 No reacUon 

0.38 cci~.10 2S·C 24 No a-llcu1II, ve.k IR 

band at 1820 cm -1 . 

That ve were unsuccessfu1 in cycl1z1n8 tbe diazo ketone to the 
1 
1 carbapenam 54 may stem fram tvo possible explanations. Firatly, altboulb 

no 8-1actam vas detected by 1r spectroscopy. 1ts formation and subsequtnt 

decolDpos i tion may have occurred. Ba sed on the york of Love. 15. 16 he 

observed the formation of a carbapen'III by a phbotolytic WCiHf 

rearransement (see Chapter l, p.17, Fil_ 13) in the presence of a trappins 

croup sucb as B-methylphenetbyl carb,zate at -70·C to live the 

correspond1ng 7-oxo-l-uab1cyclo (3.2.0) beptane der1vative. IiowIever. 

this compound vas found to be very unatable and could DOt b. purtf1ad. 
< 



( 

________ 9 

t 

-32- .. 
"-

Secondly. :lt 1& likely tbat under ceruin conditions, tbe transient 

carbene has been fonaed U eVideneed, bl' the diSappearance of v
C

_
N

_
N 

"band 

in the infrared spectrum. hoWevèr, insertion into the proline nucleus 1s 

not favorable due to the tormetion of a highly strained b1cyc11c .yst'm. 

For vhiebever reason. tbe carbapeD8m vas not foraed. This approach 

does n,ot appear to be a viable route. We therefore aearcbed for a!temate 
c 

.. thodologies. 

2.2.0 The Al~Pyrrolidine Appro.ch 

A second approach uti11zing the proline ,.oietv va. undertaken. It 

1s vell known tbat i1llines ruet vith ketenes to "sive (2+2) eyc1oadducts~O' 
32 

31 and have been w1dely u~ed fOf the svnthesis of S-lactams. The 

re.cUon of the imine ,enersted tram dehydrohaloaenstion of a N-chloro 

derivaUve of proline benzyl ester vith a ketene aener.ted from 

dichloroacetyl chloride in the preaence of a base vas therefore examined. 

Benzyl N-chloropyrrol1dine-2-cnboxy la te (55) (SchelM 1) _ vas 
. ~o 

,prepared by reation of tert-butylhypochloride - vith the beuyl ester of 
33 , , 

proline (49). ln the IHnmr spectrum, 'tbe .. thine dna proton und.lVent . - , 
.n upfield .hitt to 6 3.2 ppm (previoudy, obaerved at 6 ".6 ppm). Tbe 

fo .... t1on of N-CI bond 15 evident from tbe ir .pectrum by the abaence of .. 
-1 

Ji-ft atretc::hins .t 3450ca .nd a1so the abaence of the Ii-H prou>n in 

llinar. DehydrobaloaenaUolI of 55 in the pre.eace of dUsopropylethylamine 

" 

.nd furtber re.ction vith dichloroacetyl ehlodde in the pTeaence of '1 
~ 

triethyl.aiDe d1d Dot .fford the delired a-lacta. 56. lnatud. the 

..... cybt.d py:rrol1ne ~ vas obtained •• tbe product. Evidence of 'th. 

atructure of m. vas aupport.d by apectroacopy. Tbe ir apec:tnm abavecl .' 

1665 ca -1 and alao at 1730 CIl -1. 10 the 1 .... vCDi at vC-O(.ater) 

• 

! , 
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.pee t rua. the position of tbe double bond va ••• cert.iDed by the aba.uce 

of the C!C021 proton •• lao the C-3 proton .p'pared .s • triplet eenterad 

at ~ 6.24 ppa (J-3.1 Hz). ne C-4 protons .ppeared as • doublet of 

triplets ,eentered at" a 2.75 ppa (J-8.4 Hz and 3.1 Hz). The C-5 protons 

v.re observed .s • triplet centered .t a 4.23 pp.. Evidence of the _cyl 

ao1.éty vas supported by the diehloromethine peak~ at 6 6.34 ppa. '!'wo otber 

peaka vere. ob,.erved. one at 6 5.28 pp. and the other'-at 6 1.37 ppa for 

"'nzylic and tbe pheDYI protons, respectively. The el ... nt.l co.po81tioD 
. 

vas, eonfiraed by .:lero,nalysis. A polsible aeehanlllll to aceount for the 

fotllation of 57b 1& abovn below. <.!!l. 23) 

fJ.œ2R 
Ci- L 
Cl~O 

'!Ilia reacttoa '-"17 ,roc'" vith .n 1ùt1al fonat .... · of CM 1-1.­

. iaumHute wldch ..., ..... tly ...... 1'10.. doMlé ~ IIf.anttoa tut'" of 

cycloadcl1 tin. 
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Tbia reault 1. conat.tent J'ith a atudy by HoII 'and Wieland 3 't 

2 1 
wberaby M-acyl-à -pyrr~l1nes vere obUined by reaction of 2-phenyl-à 

pyrrol1ne with diketene (Fia· 1!). 

• R ,,, 
C 
Il 

~ o 

• 
FiBure 24 

111 view of the above resuha. that tbe rate of J-acyleUon and 
( . 

double bond ailration i. f.vored over cyèloaddltion r •• ction. a po •• ible 

etraUl' 18 to el1a1n.te the p08aibll1ty of doubla bolld .iaration. Our 

2.3.0 The Azafulvene Approach 

A tbird appro.ch vhich va. 1Ilv •• tiaated va. the r •• ction of a 

ketane vith an azafulvene. 

Pyrrolenine fonas (S8b and ~c) of pyrrole (~) and of al..,le 

der1nUv.. are hiahly d •• tabilbed and con •• quently the tauto.erlc 
3S 

equllibriU!D 18 d1aplaced in favor of pyrrole ~) (F1t- ~)_ 

, . 
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o 
Plaure 25 

• 
1'0 clate the" are no reporud cases vhereby a stable pyrrolenine 

/ 

tautOileric fora 1s Imovn. 36 However. participation of substituents can 

a1ve additiona1 at.bilization and can perhaps ahift the tsutomeric-

equll1briUIII to favor the pyrrolenine forme Vith this concept in m1nd. an 

extensive Btudy on the preparaUon of azafulvenes. a type of pyrrolen1ne. 

va. undertaken. 

The reaction of utenea vith iJaines is vell docuaented and yield 

(2+2) cyeloaddition produeta. 20 Since an azafulvene is an aine. iu 

reaction vith a ketene va. inveati,ated as to vhether a carbapenes would 

be obtained. 

2.3 • .1 Generation of an Azafulvene frOID Ethyl Pyrrole-2,-carboxylate (61) 

The ethyl ester !! va. prepared via iu .cid ehloride 60 start1na 

frOll pyrrole-2-carboxyl1c acid (59) (Scheme II).31 Evidence of the 

structure vas detera1.ned apectroscopieally. The infrared apeett'UJII shoved 

-1 
a characteriatic VC-O (ester) at 1670 ca The aethy 1 protons of the 

ethyl aroup vere ob.erved aa a triplet centered at 6 1.35 ppa coupl1n& 

(.1-7.1 Hz) vith the JDethylene protou. vhich .ere position.ct at'cS 4.32 ppa 

a. a quartet 1n the nar .pectrua. The r1n& protons .pp .. rad a. ttfO aet. 
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1) Base 
) TMSCl 

1) Et
3
N 
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2) R
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R
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CBCOCI -l, 

63 
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of .. lt tplet. havina -chemical .hUts of 6 6.26 PS- and 6 6.92 ppa. 
, r 

GeDeration of the aoion usina an appropria te base and eubsequent trappiDI 
• 

,of the enolete ion vith THSCI could live the azafulveoe iDtenaediate 62. 

Bovever. iaolBUon of this compound vas not possible. This intenaed1ete 

vas, therefore. al10wed to react in situ vith an aetd chloride/ba.e 

(ketene aeneration) to aee if any carbapenea 63 could be formed. 

Soae of the ba.es tried for the foraatlon of the enolate anion of 

!! vere BuLi. KH, HMDSi, LnA~Dd nMAP. ln .ame cases, the base interfered 

in the reaction. For example. when LDA vas used, problems arose when 

azidoacetyl chloride vas added to the rea~tion mixture. 

foraine azidoketene or cycloadducts thereof. the fOI'll8tion of 

N,N-diisopropylazidoacetam1de resulted and the compound vas isolated. The 

structure was supported by 1r and nmr spectro.copy. A v band C-O(aaide) '1 

"-1 . 
vas observed at 1650 ca and vC-N-N(azide) at 2100 cm-1 in the ir 

.pect rUII. Proton nar show.d a aultiplet at 6 1. 25 - 1.54 ppa for th • 

.. thy!s of the dUsopropyl aroup. a broad denal n 6 3.60 ppm for the 

aethine" hydroaen and a s1na1.t at 6 3.86 ppa for ,the .. thyl.ne protons. 
~ , . 

~, ~ 

Wh.n butyllithiUIII vas uaed. 'l~and tert-butyldiaethylailyl triflate W8& 

e.ploy.d •• tbe anion uappina .aent t the Dar .p.ctrUIII of tbe produtt 

obtatned after addition of "azidok.tene v •• found ta have atructure~. It 

sbowed an upUeld .hUt for aU the rinl and ester protons. Tvo 

adcUtional sin,leta vere obaened at 6 0.92 ppm and 6 0.52 ppm and .re 

a .. ianad to ,thè tert-butylsUyl protons and tbe d1methylailyl protoDs, 

reapectively. Al.o, the RH proton bad disappeared. Further.ore, tbe 1710 

-1 
CIl e.ter band in tbe infrared .,ectrum wa. uncbanaed, hovever. the lOi 

-1 
ebaorption' at ~JJ20 ca dtseppe.red. The .... .pectru. did not .bow aDY 

IIOlecular ioa. When d1_tb,lallino pyrid1ne or pota .. i .. bydrida vere uaed 
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"-
•• the b.... DO re.ction occurred .nd only .tart:lnJ _terial ••• 

recover.d. L1.thl_ hexaMthyld181lazlde sav_ •• aixture of .. ny producta 

Done of which vere identified aa • 8-lact ••• 

It appëarl apparant from tbe above re.ulta that th. preparation of 

an azafu1vene .tartina frota the pyrrole eater !! 1& not feaeib1e under 

tha.. condition. prob.bl, due to difficultiea .ncountered ln t~appina th, 

anion •• th. 0-8i1,1 azafu1vene. This lad to the investi.ation of another 

pyrrole derivatlve. 

2.3.2. Generation of an Azafulvene fra. Pyrrole-2-carboxaldehYd. and 

Sublequent Reaction vith a KeteDe 

Tbe azafulvene .ppro.ch to carbapeneas vas extended to the use of 

pyrr01e-2-carboxa1debyde CM,) (kheae 111) vhlcb could perbapa .,re 

readUy fOIlll tbe azafulven.,-o...ilyl cOilpound 65. Vertou. ba.es such a. 

C)- ~~ =~i [C'><' 'retea

• .. ---..,.,. OSi-
. 1 

cao ft 0 

H 

~ H 
1) DttAP 
2) Et.

3
N 

3) 1112CBCOCl 

5 

!2. 1l
1
,k2 -.Cl 

1! ~).U, n4JCf 
SCIIMlll 

CRO 

66 
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LDA. KH and ~ vere'exaa1ned as potential rea.ents-for anion form.tion. , -

The' anloD, once f01'1lled. could tbeoretic.Uy bel trapped 8S, 'a 0811yl ether or 

a borate ester to live the azafulvene 65. lsolation of tbis inter.ediate 
. ' -

';'as asain, u.?suc.cessful. The 1nfrared spectrulll still shoved a carbonyl, 

band/at 1660 cm-1 afte~ non-~queous wor~-up. Subsequen~ reaction of tbe 

. produc-t obtained. presulUbly ,65. with either dichlor'o or azido lcetene 

aenerated in situ in the presence of trlethyla.i~e gave a co.p~und vitb a 
-1 ,~ , 

C.O stretching frequency of 1770 cm in the ,infrared apectrum. 'IWo -., 

possible structures vere proposed for this product. one beinl tbe 

~arbapenem 66 and the other is the bicyclic amide 6,. lt was nece$sary to 
-0 ' 

elucidate the str';lcture chemically. Our' preliminary studies led us to 

investigste h~w tbis compound vas affec!ted - by acid. lt 16 known tbat 

carbapenems' are leneta'ltY, not stable in acid. Thus. when this compound 

vas treated vith 2N Hel no reactlon occurred, tbe starUnl llaurial vas 

recovered. This led us to favor structure 67 as the produc.t. henlever. 

more proof vas necessal'Y,. Thé same product could a180 be obtained when 

TMSCI was omitted and supports' the assumptlO~ that the azafulvene 6.5 is 
• 

not essential for the formation of g. Based on the assumption that tbe 

product bas the structure 67. a possible .. é:ha,:titim for' tbis reàcUon is 
" 

shown in Fil· ·il. 

, ' 

. . 

j 
! 
1 

, 

! 
t 

t' 

1 
l' 
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base 

Figure 27 

_ f 

R 
69 

In~tially, a proton 15 abstracted' from {he amine 64 by a base to generate 

the anion ~8. Reaction of 68 in the'ketene gives the N-acylBted product 

69 vhich undérgoes an Aldol-ty~e addition abd subsequently reaets with 8 

second equivalent of ketene to' give 70. The composition of §1. was 

confirmed b'y elemental analysis, and the structure w~s partially elucidated 

by spectrosocpy. ~e nmr spectrum showed a si~let at ô 6.02 ppm for the 

methine proton of the,acetyl group. and a broad singlet at 0 6.42 ppm for 

H-l. The pyrrole rins protons vere ob 6 • 67 ppm and 6 

7.22 ppm ... ch havins a .coupling con ,.nt· of 3.2 Hz abd are assigned to 

H-5.-B-6 and H-7 respectively. The infrared spectrum showed a vC-O(amide) 

a 't 177.0 ,._-1 and t 1750 -1 Tb hi h f f th - 'UC-O(ester) . a cm e, requenty '0 _ e 

1 • 
1 

1 
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amide band supported the assumption that thel structure was bicyclic with 

the pyrrole st~ucture inhibiting the amidEL resônance as well as the 

presence of the electronegative chloride adjacent to the carbonyl group:~ 

The mass specfrum did not show any molecolar ion. however. a c1uster of 

peaks at m/z .. 318, 316 and 314 were observed and can be ~~~ributed to the 

isotope peaks of the (M+' -H) peak observed at m/z .. 314 due to the 

presence of chlorine atoms in the m01ecule. The principal fragment that 

i8 observed i8 the 10ss of the dich10roaé'etoxy group giving a peak at ,m/z 

.. 188 fo1lowed by the loss of a ch10rine giving a major peak at 153. 

Further proo.f of \the structure of 67 was adduced by chemica1 

evidence. When 1-dichloroécetoxy-2,2-dich10ro-3-oxo pyrrolo {1.2-a} 

pyrrole (g) "was subjecte4 to reaction with benzylamine, ring opening 

occurred to afford the uns;~ble pyrrole 71 

o Cl 

67 \ 

71 

*Tbe effect of cblorine aajacent 

59 Kellie. The infrared spectrum 

absorption at 1708 cm-1 and 

3,3-dichloro analog has a 

.\ 

N 
H 

5 

73 

o an amide carbonyl ., 
oxindole has a 

in chloroform • 

absorption 

, # 

7 

o 

1 

H 

N"-.,./Ph 

has been shown by 
\ 

max~m carbonyl 

The corresponding' 

at 1758 -1 cm 

,. 
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The 1nfrared spectrum of li showed a "OH band at 3400 cm Ind the "COti 

-1 
band had now shifted to 1670 C1II Proton nmr h.d shawn .n upf1eld shUt 

for the pyrrole ring protons by .pproxll11Btely 0.2 pplll. The C,!!OH proton 

vas observed as fi singlet at 6 5.54 ppm. le pre5ence of the benzyl aroup 

vas confirmed by a peak observed .t 6/4.50 ppm corresponding to the 

benzyl protons and 8 ...set of peaks )tered .t 6 7.27 pplll due ta the 

aromatie protons of the phenyl Irou. Sinee this product was unat.ble. 

more liroof of the structure assignei to E was required. 

Reduction of 67 with zinc-acetlc 8cid afforded 1.2-dihydro-3-oxo-

pyr rolo { 1 , 2-a }pyrrole (72) (Scheme IV) . Due to the 10ss of the 

-1 c-chlorines, the alllide band was sh1fted to lover frequency (1720 em ) in 

the 1nfrared spectrum. The mass spectrum of this product <il) shoved a 

molecular 10n at m/z - 121 86 the base peak followed by a peak due to the 

loss of 28 at 
m/z c 93. 

further evidence of structure 72 was confirmed by proton nmr. The 

C-I and C-2 protons were observed as ... inilet at 6 3.02 ppm and the 

pyrrole ring protons appe8red 8t 6 5.95 (H-5), 6.45 (H-6) and 7.06 pp!: 

(H-7). To ascertain wh,ther C-l and C-2 were adjacent. a 13Cnmr spectruc 

vas tft1l1ned. '!\Jo sets of triplets were observed. one at 6 34.8 ppm (C-l) 
• 

and another at 6 19.3 (C-2) ppm h.vlng 8 coupling const.nt of J
C

_
H 

• 135 Hz. 

final proof of structure <l!> vas supported by the stable product 

(11) obts1ned UpOD Bminolysis with benzylam1ne (Scheme IV). This pyrrole 

-1 
(73) showed an amide band at 1615 cm in the infrared apectrum. Nuclear 

ae,netie resonance spectroscopy leve lIore evidence of the structure 73. 

The H-3 and H-4 pyrrole protons. had underwent an upfield shift and vere 

observed .c 6 6.07 .nd 6 5.90 ppv., respectively. However. tbe 8-5 proton 

had experienced a dovnfield ahift rel.tive ta the bicycl1c .ulol 72 and 

1 
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.ppeared at 6 6.64 PP.. Other peaks vere at 6 2.52 ppm (CH
2
-C), 2.85 pp~ 

(CH
2
CO). 4.4 ppm (CH

2
Ph) and 7.76 ppm (phenyl). The asss spectrum showed 

a .alecular ion peak at m/z - 228 as the base peak. 

Preparation of 67 vas but accompUshed vhen 2.2-dimethylam1no-
v 

pyr1d1ne~D.j9 vas used as the base and two equivalents of dichloroacetyl 

chlor1de vere added g1ving a yield of 52%. When LDA was used as the basE 

to generate the an1pn, diisopropylamine participated in the reaction to 

give the blcycl1c amide 74. The formation of 74 could be suppressed if 

• dl1sopropylamine vas removed by filtration. The mechanism by which this 

may occur 15 shown in Fig. 28. 

O-cHO 
H 

Cl 
74 

< 

FiFe 28 

l 

Cl 
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The mass apectrum of compound li .howed a aoIecuIar ion at _/z • 288 (33%) 

plus .n (M + 2) at m/z 290 (8%). The infrared spectrum gave .n amide band 

at 1770 cm-1 
Evidence of the d11sopropylamine group was .scertained by 

the nmr spectrum which showed a multiplet with an integrated area for 

twelve protons being assigned to the methyls at 6 1.12 ppm. A

1
mu1t1PIet 

at 6 3.02 ppm with an integrated area for two protons 16 afSsigned to 

C~(CH3)2' The nmr ot the erude reaetion product showed that the yield of 

74 was greater than 50%, however, after purification by column 

chromatography, the actua1 yield was "'31 due to partial decomposition of 

the product on s11ica gel. 

Preparation of the corresponding azido analog 11 (Scheme V) by 

using dimethylaminopyridine as the base. gave a complicated mixture of 

many products which was not identified. Preparation of 

1-azidoacetoxy-2-azido-3-oxo-pyrrolo{ 1.2-a }pyrrole <11) was achieved by 

using potassium hydride as the base to generate the an10n. Other bases 

such as BuLi and LDA were also investigated without suceess. Only trace 

amounts of the bicyclic aZid~Oduct 21 could be isolated, and the major 

product was the N-aeylated pY~le 76 along with starUng mater1al 64. 

The structure of the 'b-k~cJ.l-c product 12. vas supported by spectroscopie 

data. The exocyclic metbylene was observed .t cS 3.96 ppm as a sinal,et. 

Tva doublets at 6 4.74 ppm and .nother appearing at cS ;.80 'ppm a-n 

ass1gned to CRN) and C!C0
2

R of the pyrroline ring. respectively. The 

pyrr0le ring protons appeared at 6 6.35 ppm (H-5), 6.58 ppm (8-6) and 7.14 

ppm (8-7) each being eoupled to one Inother (J-3.2 Hz). The infrared 

spectl'Ulll showed 1 distinctive h1gh frequency amide band It 1760 ca-1 

indicative of a cyclic syste. stailar to the dichloro coapound!l. Due to 

tbe "unatable Dature of c~d 75. .I-..o'al analysie va. not pos.tble. 



-45-

1 KH' 

l ::~2COCl 
; 

SCHEKE V 

/' 

, 
i 



. ( 

. , 

-46-

The .... • pectrum did not show a 'aolecular ion peak and. therefore. tbe 
• 

.clecular veilht could Dot be ascertained. ,However. a .. jor peak at a/z • 

149 .. y be assl,ned ta an ion resùltlns trom the loss of azido ketene and 

a second azido Broup froa the ester. Another .. jar peak at ~/z • 119 .. , 

be due to the loss of the acetyl moiety and a .econd molecule of azide 

from the molecular ion. The structure of 75 is supported by the sood 

agreement in comparison of the spectroscopie data obtained relative to the 

spectroscopie properties of I-dichloroacetoxy-2.2-dichloro-3-oxo-pyrrolo 

{1.2-a} pyrrole (67). Elucidation of the N-acylated structure l! vas also 

confirmed by spectroscopy. Although no molecular ion was observed in the , , 

asss spectrum, a major peak at m/z • 95 is probably due to the 108S of the 

azidoacetoxy aroup. The ir spectrum shoved an vCON at 1720 cm -1 and 

-1 -1 
vC-O(aldehyde) at 1660 cm also a vN_N_N at 2100 cm • Evidence of the 

2-forayl ,roup vas ascertained by the nmr spectrua whereby a singlet at 

6 10.05 ppm was observea! Otber peaks present vere 6 4.59 ppm (singlet, 
\ 

CH
2
N

3
). 6.43 ppm (triplet, H-4). 7.25 ppm (d. H-5) and at 7.44 ppm (d. 

H-3). AlI the ring protons Bave coupllng constants of J-3.3, Hz. 

ln conclusion. the reaction of pyrrole-2-carboxaldehyde vith a base 

and subsequent reaction vith a ketene does DOt .fford the correspondin, 

carbapenea for tvo po.8ible reasons. Firstly, the azafulvene perhap. 1a 

never for.ed and, tberefore, only N-acylat10n occura upon reaction of the 

anion vith utene accordinl to path A (Fig. 29). Secondl)", perhap. the 

azafulvene is foraed. however. the [2+6) type addition of tbe zwit~erlOD 

co.pete. vitb [2+2) cycloadd1t10n on tbe laine • 

' . 

f 
t " 

1 
f 

-1 

f 
f 
1 
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Althouah a carNpenee could not b. .yntbeaized by thi. _thad. 

1.2-dlhydro-)-oxG-pyrrolo{J.2-a} pyrrole (12) uy offer an intereatina 

route to pyrrolizldlne-type alkaloid •• uch •• retronetln.' (~11.30) vhlch 

1. a bicycllc tertiary .~ne vith ODe double bond and tvo alcohol 

functlon .... 2 

" 

Fisœre 30 

/ 

/ 
\ 

) 

2.3.3. Pre,.r.tton of,Az.fulvene. vi. Dithloacet.l •• nd-lub •• quant , 

( ( ~"6 
It .. vell DOW that dithioacet.tle u.àCRqo Cl-chlo .. 1net1oe 

"'ctiOD vith a lat ... 

.acl 

cbu. ca. introduce a aood le.vi., arou, aC . cbl. po.tUOD. A po •• lble 

.pproach to a t .table· ••• 'ulv... i. outllned iD Sc"- VI. 
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or 2)TiC14 - ' , 
or 3)A1C1
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1\ ~ SR C hi ndered base 
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"adithiafulvene aDalolues have been previou.lY prepared hy Nake1'." aDd 
:.6 

co~orker8 for ex • .,le~ S-aza-l.4-dithlafulvalene va. prep.rad ,hy 
, 1 

re.cUon of pyrrole vith-:'2-.ethylthlo-1,3-dithlolyl1W11 iodide at rooa 

temperature to .fford the 2-(2-pyrrolyl)-1.3-dithiolyliWII lodlde vhich va. 

aubaequently treated.vith DBU (Fiaure 11). 

1 (~>-s~ 
1 

.,.. 0 
H 

l-HeSH .. 

fDBU O<:~ 
H 1-

Figure 31 

.. 

Preparation of 2-aethylthlo-1,3-dlthlolyllum lodlde 18 a lenathly process 

and. therefor~. 1t vas hoped that Scheme· VI ma, offer a aimpler approach. 

The preparation of dithioacetals fra. carbonyl coapounds 1& vell 

docUMnted. and can be accOllplbhed by reution of the carbonyl cOllpound 

vith tvo equhalente of • thioi ln the pre.ence of re.aenu euch aa 

tri_thyleilyl chloride~3. titanium tetr.chloride~~. or aluminium 

tricbloride~S. Tbe preparation of a 2-dithioacetal pyrrole, 21. by 

reaction of pyrrole 2-carbox.ldehyde (64) vith tbiophenol ualna the'.bove 

Mntioned real.nU (I.e.. TiCl" TKSCl) vae, tberefore. ~nve.t1a.t.d. 

Unfortuutely. tbe pre,.tation of the ditbioaeetal 11. "aa Ullaucce.dul. 

only black tar-like proclucu _re obtalDeeI ,robably due to 
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pU ,coadensaUon of the aldebyde i! ln ac1cllt: conditions to live • 

pol,..r (Fia. 32)~7. After "DY unfruitful .tt.-pts. tbis .. tbod to 

O-cao 
li . 

Figure 32 

N 
H 

obta1n .ri azafulvene was no longer puraued. 

2.4. O.' Tbe Substitut.d Pyrrol1nine Approach 

etc ••• 
cao ) 

OH 

Precedence for the preparation of S-lactams by re.ction of ketene5 

with cyclic imine systems has appeared in the literature. Sl • 52 Boae ha5 

report;ed the preparation of various azacepham analols by reacUon of a 

ketene vith N-acylated l,4.5.6-tetrahydropyri.idines 52(rig. 33). 
- R l 

R 

z 0 , { Z 
+ ,P- Et]N . 

ft Cl 
) 

0 

RI R2 z= OPh, N3 Z RI a2 

BI ft OPh B COCB2OPh 

ft P-S02C6H4CH3 H3 B COCH2N3 
C02Et COCH2Ph OPh B P-S02C6H• CH 

OPh C02Et COCH2Ph 

Fiqure 33 

li/action of • lover bOllOloa such •• 2-pbenyl-iaidazoUne vith a ketene 

.lao .fforded the correspondina S-lacta. .s confiraed by spectroscopie 

&vldence (ie •• ir. Dar) (Ftl. 34). Bavever. this bicyel1e .ystem ••• 

founel to be unst.ble and decoapos.d upon purification. 
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p\S. 
" 

Fiqure 34 

tbe preparation Gf an exocyclic thio analo, of tbe penicilltn syste. by • 

ketene-cyclic imine re.ction. Re~tion of a thioiaidste 8. shawn in F1g. 

35 vith an acid chloride in the presence. of triethylamine 8.fforded the 

corresponding B-lacta.. At firat, this system vas studied without the 

H Ph 

MeS RO 0 
\ , 

... ,..ca-<\ , 
H Cl 

R: Me, Ph 

Figure 35 

exocyclic benzyl1dene aroup. bowever. 1sOMrization of the double bond 
2 

occurred affordina the N-acylated-â -pyrroline (Fi.ure 36). 
a -

Met)S(,\:NEt3 MeS 
RO RO 0 LN} ~ ··LN-
0... ~ 0 ~ 

Fipre 36 

.' 

! 
l 
1 
l 
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-
IntroductioD of the beDzyUdene ,roup ruled out the poaÎt;lbiUty of this 

iaoaerlza Hon. 

This 1& in aecord_ vith our observation that the iaiDe ~ aenereted 

ln situ from the N-c:hloro preeursor ~ reacted vith diebloroacetyl 

cbloride/triethylamiDe to ,ive the N-acylated pyrrolenine 5Th vith double 
, 

bond isomerization (Fil_ 11). 

C(R 
C1

2
CH 

Q , CliCHCOC1) ~ cYr:{ Et3N 0 

°2R C02R 

55a 55b ~ - -

Since the attempt to arreat the double bond isoaerization by the 

azafulvene approach has Jailed. the remainlng alternative appears to have 

a di-subst1tuted pyrrolenine where .tsration of double bond i8 ruled out. 

This 1a illuatrâted in Figure 38. We undertook to examine th1s .pproach. 

" " R R 

Q \ R 
+ /C-C:O ) 

R 

0 
RI RI RI RI 

Fic;œre' 38 

, 
~ 
~ 

t 
~ 

! 
j . : 
f -, 
J . 
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2.4.1. ~paration of the Substituted Pyrrolenines 

Recently, Laurent" 9 • 5 0 • 5 3 has described the prepara t ion of 

Al_pyrroles by reacUon of carbanions of ketones or aldehydes with an 

azirine or Its precürsor. a dimethyl hydrazone methiodide in basic 

conditions. There are ewo other general methods which have been reported 

for the preparation of a-pyrrolentnes. One of these methods described~~ 

is via alkylation of 2.5-disubstituted pyrrole Grignard derivatives. 

Another general preparation is reported by Friedrich and co-workers 55 

whereby a photocheaical addition of a viny! sulfone or a vinyl-phosphonium 

salt on an azirine can give a-pyrrolenines. To date, the method described 

by Laurent see.. to be the MOst eonvenient route, 

HETHon A 

Ph ..... CH
3 ~C - CH 

o ~ 'CH 
3 

+ 
, CH3 NB --N 

2 "CH 
3 

Mel, EtOH. 

AeOH. 120 C. 
48 h. 

Ph, ..... CH) ,+ C - CH 
-N- N~ 'CH 
1 I ) 

82a 

8.3% (based on Iso­
bu tyrophEmone) 
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METHOD B 

SCHEME VII (cont ••• ) 

85% 

82a 

Mel 
EtOH 

reflux, 
3 h. 

~% (difficul t 
ta crystallize, 
averaI17.7%) 

p~ 

N ~ 

CH
3

C0
2
Na, AcOH, 

~ 

96% 

C-

l ca3ca2~a.ACOH, 1ît, a 
100 ·c, 3h. 

é 
J,MeI, ether, reflux, l h. 

77.5%(averall 63%) 

We have chas en for this study the preparation of two-~yrrolenine8, 

84 and 90 (Fig. 1.2.>, because bath have been described in the literature. 

As it tu~ned out, some modification of the literature procedure (Method A, 

Scheme VII) bec"ame necessary. The litera'ture procedure. as cited in 

Laurent' 8 publiçationlt9 , for the preparation of hydrazone methiodide 82 

was based on previous work by Sato~j. Thus, reaction of isobutyrophenone 

p 

Ph Ph 

84 90 -
,-

Figure 39 

1 
1 
l 
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with N,N-dlmechyl hydrazine in a Paar pressure bomb and heatinl at 120·C 

for 48 hours afforded isobutyrophenone dilllethyl hydrazone (.!!.a). The 

IHnmr spectrwa of the distilled reaction product indicated that the 

reaction was only approximately 20% complete. The extent of the reactlon 

was ascertained by the integrated area of the N-dimethyl peak observed at 

Ô 2.54 ppm relative to the C-dimetbyl peak at 6 1.14 ppm. Also the ir 

-1 
spectrum still shoved the carbonyl band of isobutyrophenone at 1680 cm . 

The mixture was then reacted vitb metbyl iodide without further 

purif ication since the quaternized product 8la should crystall1ze as a 

salt out of the crude reaction mixture. Indeed, this reaction afforded 

8.3% of isobutyrophenone d1methylhydrazone methiodide (82a) as a soUd 

based on the starting quantity of isobutyrophenone. Isobutyrophenone vas 

the only other product present. This method was unsatisfactory and since 

this product was a key staning material, investigation to improve the 

yield vas undertaken. 

The probable mechanism for c.his reaction la nucleophilic attack of 

the nitrogen of the hydrazine on the carbonyl compound as shown in Figure 

~ followed by protonation of carbonyl oxygen and subsequent eliminatlon 

of water. 

Figure 40 



( 

Filure 40 (cont ••• ) 

?B /Me 
Ph-C-CO r , 
,N Me 
tt' '0 
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.. o , 
._~~ "Me 

Ph-C-CB 1" , ...... N-! Me 
/N"" H 

/ 
Ph", /Me .. --"C-CH .,. 

" ?' "-/N-N ~ Me 

There are two possible geometrical isomers for !!a. the N-dimethyl group 

may be !lE or !E!.! to the phenyl group. In this case, the !I!!. 1eomer is 

the likely structure due to steric interaction of the C-dimethyl group and 

the N-dimethyl group. ln Method A (Scheme VII), a probable reason for tbe 

poor yield obtained for ~ can be attributed to the difficulty ln formiog 

the hydrazone .!!la due to this &terie hinderance. This reasoning was 

confirmed when the same reaction was performed 00 the Iess sterically 

hindered homolog, prop1ophenone (Scheme VII) (Method B). 
\ 

Reaction of 

propiophenone . with dimethyl hydrazine afforded the hydrazone 83 in good 

yield (85%). The structure was supported by spectroscopy. The IHnmr 

spectrum showed a triplet at 61.07 ppm corresponding to the methyl 

protons of the ethyl and was coupled (J-7.7 Hz) with the methylene protons 

which appeared as a quartet at 6 2.91 ppm. The N-d1methyl protons 

appeared as a singlet st 6 2.57 ppm and the phenyl protons appeared as a 

multiplet at 6 7.31 to 7.72 ppm. The infrared spectrum showed a 

distinctive v
C

_
N 

at 1601 cm-
1

• This p:roduct (83) vas then alkylated lt & by 

reaction with LDA and methyl iodide giving the desired isobutyrophénone 
~ 

dimethylhydrazone (81b) in good yield (96%). Elucidation of the structure , 

was confirmed by the IHnmr spectrum whereby the' C-dimethyl pro'tons 
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appeared a. a doublet at 6 1.14 p,. vhich va. eoupled (Ja 7.l Bz) vitb the 

Mthine proton obeerved a •• aeptet centere~ at 6 3.86 ppa. ~ The pbenyl 

protona nov appeared .. a dnllet at 6 7.33 ppll and tbe N-d1lletbyl protons 

nov appeared .-a a dnalet at 6 2.54 ppa. It 1a interest1ng to note tbat 

8lb 1a. in fact. different fra. 81a in bath spectroscopie and chea1cal 

properties. For exaaple. tbe N-d1lletbyl protons of 8la appeared at bigber 

field than thoae of 8lb and vere ob.erved at 6 2.40 ppm. also as a 

ainllet. Tberefore. they are leoaetrical iaOtlen, vith 8lb having the 

anti structure (Figure ~). Tbe structure 8lb 18 also in line vith the 

Bla 8Ib 

Filure 41 

observation by Fraser;)(S that the œ-carbanion. of hydrazone bas the cisoid 

structure in preference over the tran.oid structure (Figure ~). 

Ph 

'\ e 
C-C-
Il 1 

\ /" 
/6 ~ 

c1.oid tranao1d 

F1&ure 42 

MethylaUon of the ci.oid carbanion ahould aive the !!!ll. coçound 81b. 

Atteaptl to quatern1&e this procluet (8Ib) vith Mtbyl 1od1de in reflux1n& 

- \ 
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etbanol .. ve • product vhich va. difficult' ~o cX'Ya~allile ~d afforded 

only 9.5% of iaobutyrophenone d1aethylhydr .. zone .. thiodide <lla) a\ a 

solid. The difUculty encountered in obtainina a sood yield of 82 ... y be 

due to the difficulty in boaerization of 81b to 81a under these 

conditions. Isomerization vas, therefore, induced by heating the product 

(!!.b) obtalned by Hethod B at 100°C for 3 hours vith sodium acetate and 

ace~ic acid. Subsequent quaternization vith methyliodide, indeed, gave a 

cry.talline product Ea ln good yield (77%). The structure of 82a vas 

establ1shed on the baa1s of Us lHnmr spectrum. The C-dimethyl protons 

vere observed as doublets at 6 1.10 ppm coupl1ng (J-6.1 Hz) vith the 

methlne proton vhlch appeared as a 8eptet at 6 2.90 pp.. The N-trtmethyl 

protons vere observed as a 8inglet at 6 3.27 ppm and the phenyl protons 

appeared as a multiplet at 6 7.39-7.64 pp •. 

The a86Ul1lptlon that the quaternized hydrazone ~ has 

sln-stereochemlstry can be supported by subsequent azirine formation. For 

example, if the mechanlsm for azlrine formation 18 consldered (Flg. 43), 

ft can be assumed that the stereochemlstry of the trlmethylamtno group 

should be ~ to the attacklng nucleophile. 

B: ) 

82a -
PTf 

N 

Figure 43 

-- ! t 
{ 

! 

} , 
! 
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AdriDe !! va. pre~red accordlll1 to a procedure out11ned by 

Thu. the hydrsaone.!! v .. reacted vith di_yI IOdia st rooa 

te.per.ture to live 2.2-di .. thyl-3-phenyl ulrlne!!. The atructure v .. 

conUraed by spectroscopy. The 'Umar .pectrum sbowed s .!n,let n 6 1.42 
/ 

ppm for the C-dimethyl protons plus 8 multiplet at 6 7.49-7.87 ppm for the 

.ro~tic protons. The vÇ_N band vas obaerved 8t 1720 cm- l ln the infr.red 

.pectrum and the molecul.r ion m/z - 145 vas observed in the .. s. spectrum. 

When this azirine 89 vas reacted vith the carb.oion of butyraldehyde 

generated with potassium hydri~e, the co~responding 2U-pyrrole. 1Q resulted SG • 
• 

The likely mechanism of this reaction Is shawn in Figure 44. Evidence of 

the structure was ascertained bv 81Jectroscooic methodFi. 

o 
89 -

, 

90 -

.j 

i 
1 
! 
j , , 
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The _tb,l of tbe et~l ,roup "a. ob.erved a. a triplet n, 6 1.07 pplt 

eoup11na (J·7.6, Hz) vith tbe .. thylene protons appe.rina a •• quartet at 6 

2: 22 pplD in tbe lilnar .pectrulII. The di_th,! protona .ppe.red as • 

aln,let .t 0 1. 32 pp •• nd the .r01l8tlc protons vere obaerved a. • 

IlUltiplet .t 7.04-7 .lt2 ppm. The characteristic H-l vas ob.ened aa • 

ain&l~t at 6 8.02. The u.. .pectrulII lave tbe aolecular 10n at a/2 • 

199 •• the base peak. The ir .pectrua correaponded ta tbe literature 
~o 

" values. 

Unlike 2H-pyrrolenine& 1 2-aubst1tuted pyrroleninea ur be preparèd 

directly from the hydrazoniulII aa1t 82 vhereby the .zlrlne (89) i6 

senerated in situ. In this cast, a ketone instead of .n aldehyde is added 

to the reaction mixture and for this reason &trang bases. such .s dlmsyl 

sodiUIII. cao be used without the problem of self-condensation expected ln 

the aldehyde case. Hence. 2,2 ,4-trlmethyl-3, 5-dlpbenyl pyrrole <.!.!) 

(Scheme " vas ta VIII) the prepared .ccordiD& procedure out Hned by 
"9 

Laurent by reaction of the carb.nion of proplopbenone aenerated br 

dimsyl sodium with the u1rine (89) fonaed in situ frofll the hydruoniw 

aalt!l. The mass spectrul! of !2 ahoved • charaeteriatic aolecular ion 

at m/z • 261 8S the base peak. The nar. ir aDd .. ltinS point corresponded 

to tbe literature values.~9 
j 

2.4.2. Resulta of the lie.eUon of Pyrrolenine Derivatives vith 

Dichloroketene and Azidoketene 

rhe reacUon of 2.2,4-tr1 .. tbyl-),5-d1phenyl-2H-pyrrole (84), .n 

taine, vith a utene. 8uch .8 diehloro or azido, wa. exam1ned a. to 

vbether ( 2+2 J eyclo.ddit1on produets vould reault. Thua, when 

dtcbloro.cetyl ehloride vas added to the pyrrolenine 84 (Seheae VIII) in 

the presence of tr1ethylaa1ne, the .. jor produet obt.1ned va. the B-lact.m 

85. The structure of thia pr~uct v.. aupported by its spectroscopie 

1 
\ , 

1 
l 
Î 
t 
i 
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propertl... Tb. hiah fre.queuey 8-laet4al bad VU ob .. nad at 1780 ca -1 ia 

the infrared .peetrUII. All proton. iD the llJnar .pactrUII had been sbUt" 

Th. ... -cU •• thyl protons 
" 

to hiper f·leld relaUve to the pyrrol.nine 84. 

now appeared a. tvo ainaleta at 6 1.37 and 4 1.39 ppa and the aUylic 

_thyl protons vere observed at 6 1.83 ppa as a .1Jillet. The aroaatic 
, 

protona appeared as a IllUltlplet at 6 6.97-7.96 PP •• The l~C u.r apectrwa 

ahowed peaka for seventeen carbona. Three distinctive mathyl peaka vere 

obaerved at 15.00, 25.25 and 28.61 pp. The IMS8 apectrUll (E.1.) ahoWed a 

very weak molecular 10n peak at ./r. • 371 vith a relative intensoity of 4%. 

The major fragmentation is due to the loaa of ketene at m/z - 261 

(K-C12C20) vhlch wa8 ob1lerved as the base peak. A pos8ible .. echania. for 

the masa spectral fragmentation Is shawn in Figure 45. The E.I. ma.a 

speetrum also showed a molecular ion cluater at m/z - 370, 371, 372, 373. 

374. The M+2 and K+4 peaks have intensitie8 concurrent for the pre,eoce 

of two chlorines. Elemental analys18 indicated that the product cryatallized 

with chloroform. 

t· 

c:m~h - -CH 3 P\:?-h -CH~CN A + p"" / -......;). "t 4-

Ph Ph 

311+ 261' 246 205 

Fiqure 45 

A by-product of the reaction wa8 the uncyclized 2,2,4-trimethyl-3,5-diphenyl-- ., 
5-hydroxy-l-dichloroacetoxy pyrrole (~)' (Scheme VIII). The fact that 

~his product was isolated indicates that the reaction mecrul~ism for the 

forlllatiQn of the-- B-lactam proceeds via a zwitterionic intermediate (see 

"-
Fig. ~ which undergoes hydrations in the pre$ence of water. The orilio 

of the water may be due to moisture present in the solvent even after 

distillation and storaae over molecular sieves. The structure of §! va. 

1 
t . 

, 
J 
t 
! , 
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decand.Ded b, ... c:tro.cop1c e.Uace. ne lDfr .... d .,.etrua .bowed • 

-1 -1 
broad bY'roayl baDd at 3350 c:. aacI ml 8Ili.e band at 1650 CIl • Tbe 

lJ1Dar .,aetru. eb'" a charaetariatie e1Da1at et cS 6.22 ppa for the 

Cl 

0 

./ 
84 -

85 -

Ph 

Ph 

-------

Figure 46 

~ Ph 
C[lU} -
7 • o 

HO Ph· or 
86 Cl Cl -

dichloromethyl proton. alao a D
2
0 exchanaeable OH proton vaa ob •• rved as'. 

a1naiet at' cS 2.79 ppm. The C-.ethyl protona vere obae.rvad at 4..~1. 75 p,... 

The C-dimethyl protona vere .hUted to lover field coapared to ~ and 

appeared as tvo ainaiets at cS 1.29 and cS 1.72 ppm. The àraaatic pro~on. 

vere observed as a multiplet at .s 7.14-7.59 PPII'. Elel!'ntal analys!. 

confirmed the coaposition of' 86. The ... a. spactru showed 1 IIOlecular 10n 

at m/z • J 389 of moderate" relaUve inténlity (24%). 

fraamentation mechani81ll for !! 1& .hotm in ,Plaura ll. 

1 

1 
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• 
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The correapondilll addo au1o1 87 (Sche. VIII) va. a1ao prep.red 
\. 

under .i.Uar conditions. ln this can. a lover yie1d of the 8-1. c tas:, 

coapound 87 vas obtained. The correspond1nl N-acylated C\ollpound 88 vas 
, -

the .. jor product. D1fficulty va. encountered in the puri~icat10n of the 

8-1acta. product and perhaps the lov yield can be accounted for by iu 

partial decomposit-ion on siuca leI. The structures of the produc~s are 

/1 
aupponed by spectroscopy based on stm11ar propert~es observed for the 

.. 
dichloro analogs 85 and 86. The ir spectruli of the azido-8-lactaDr 87 

-1 -1 
showed a characteristic S-lactam band at 1765 cm and vN=N at 2100 cm . 

. The a-laeum carbonyl band 16 at lower frequ~ncy as cOllpared to the 

dichloro analog and .. y be accounted for by the inductive effect of the 

chlorines. The pattern observed in the (-~HDIlr spectrum of the azido 

analol 87 vas simUar to tbat of the dichloro compound 85 except for a 

slilht difference' in chellical shift. For example, the gem-di_thy! , 
protons vere observed at lover field as tvo sinllets at 6 1.42 and 6 1.55 

ppm. The C-.. thyl proton .ppeared as a singlet at 6 1.77 ppm. The C-6 

aethint: proton vas observed as a singlet at 6 4.87' ppm. Althoulh no 

801ecular ion vas observed in the IUSS spectrum, basically- the &amE: 

fraementation pattern observed for the d1chloro S-lacta. 85 was recorded. 

The fr .... ntation also follaws the sa. pathway atartina by cleavage of 

.zido ketene affordinl the m/z • 261 peak. 

The second produet isolated is 2.2.4-trimethyl-3.5-diphenyl-S-hydroJr:"-

l-azidoacetoxypyrrole(88). Elucidation of the structure of 88 vas ba.ed 

on tbe 8imilarity of iu IHnar end ir speetra vith tbat of!!. The 

-1 -1 
3~80 cm • vN=N at 2100 ce and vCON at 
~ 

infrared spectrum sboved a Voe at 

l, -1 
1645 em The IHmar spectrus abowed a .in,~.t at 6 1.71 pp. for, the 

• 
C-eethy1 protons. and tvo a1aaleta at 6 1.24 and 6 1.71 pp. for the 

," 

! 
1 

i 
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,e1D-d1methyl protons. A D
2
0 exehangeable dnglet at 6 2.93 ppll vas 

observed for the hydroxy proton and the az1dO-Jdethylene protons vere 

observed as an AB quartet eentered at 6 3.60 ppm. The aromatie protons 

app,ared as a multiplet at 6 7.07-7.56 ppm. 

Attempts to prepare' an ana logous B-lactam !!. by the reacUon of 

2.2-d1methyl-4-ethyl-3-phenyl-2H-pyrrole (90) (Scheme IX) ~ith dichloroketene 

V86 unsuccessful. The major product of the reaction isolated vas 

I-dlchl~roacetoxy-2,2-dimethyl-3-phenyl-4-ethyl-5-hydroxypyrrole <'2,V· 
The structure of 92 vas determined on the basi6 of it6 spectroscopie 

properties. The 1nfrared spectrum showed a broad hydroxyl band at 339û 

and an amide band at 1690 
-1 

cm Proton nmr showed a triplet (J-7.4 Hz) 

centered at 6 1.27 ppm for the methyl of the ethyl group. The methylene 

pro,tons of the ethy l group appeared as a quartet centered at 6 2.02 ppm. 

The hydroxyl proton was observed as a doublet (J-12.2 Hz) which exchanged 

vith D
2
0. The adjacent methine proton appeared as a doublet at 6 5.94 pp~ 

which collapsed to' a singlet after D
2
0 exchange of the neighbouring 

hyd,roxyl group. The gem-d1methy1 protons appeared as twq, sing1ets at l 

1.,47 and 6 1.59 ppm. The dich1oromethine proton W85 observed at 6 6.77 

ppm as a singlet. The aromatic 'protons appeared as multiplet at 6 

'7.04-7.46 pplll. The composition of 92 vas confinaed by elemental 8na1Y515. - " 

The 111866 spectrum did not show any lDOleculsr 10n, hbWever. the major 

fragmentation pethway ls proposed ln' Figure 48 to àccount for the ions 

observed. The only other materia1 resu1ting irom the reaction of 90 vith 

d1chloroketene vas a polar product(s) which rema1ned et the ~rigin on thin 

l8yer chroll8tograph1c plate- vhich could not be eluted e~en vith ethyl 

'.cetate. This product 16 undoubtably not the B-:-lactalD !!. and was not 

1den~if1ed. Attempts to chanle ~he re8ction conditions (longer re.ctton 

\ 

î 
'J 
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Ph, ,...C"3 
\ .... ~C-CH 
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m/z 143 ~ 
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Figure 48 

j , 
• ~ .' , 
,. 

time. higher tempo • etc ••. ) to yieJ.d the de?ire~ 8-1actam were .., 
! 

unsuccessful. T8
o
b"le IV summsrizes the various ,onditions tried for this .... 

reaction. It appears from run no. l that short reac~ion times and the . , • 
addition of only one equivalent of base and acid chloride favor the 

(' 
formation of the N-acylated pro~uct ~. 
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TABLE IV: Conditions and Resulta for the Reaction of 2,2-V1methyl-4-

R.UN 

No 

1 

2 

3 

4 

ethyl-3-phenyl-ZH-pyr~ole (90) with D1chloroacetyl Chlor1de 

in the Presence of Tr1ethylam1ne , 

CONCi.NTRAT ION EQUIVALENTS OF R.EACTION TEMP •• ItESULTS. 

of 90. molar C1
2
CHCOCl Et~N TIME. HOURS % OF 92 

0.15 1.2 0.6 -15 52 

0.19 1. u:> 1.2 O.S. -15. 

8, 25 .. 

48 -20 17 

0.1:> 1.3 1.5 0.5, -15. 

20 25 25 

U.16 1.5 1.8 0.5, -15. 

18 2~ 29 

Since we were unable to prepare the B-lactam 91 under these 

conditions. an alternative method to generate dichloroketene was 

investigBted. According to work done - by Krepski and liassner 25 ,. 

dichloroketene can be prepared by react10n of trichloroacetyl chloride and 

a freshly prepared zinc-copper complex. The ketene ls formed from the 

acid chlorlde together with zinc chlorlde as a by-product. A trial run on 

the 3.5-dlphenyl analog 84 was performed ln order to establ1sh the 

conditions required. The B-IBctam 85 WBS obtained with a 34% yield and 

, 
the structure was confirmed by spectroscopie comparlson with previous 

'-, 
results. Although , no starting mater1al was present in the react10n t 

j 
L 
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mixture 8S evidenced by tIc 1ether). 31% had been recovered afcer worlt-up 

and purification. A possible explanation 1& that some of the starting 

msterial may complex with zinc chloride vhich may give rise to a spot on 

the origin on tIc. The lntensity of this spot was dit ficult to assess 

and. therefore. completion of the reaction vas diffic\Jlt ta determine. 

When 2.2-dimethyl-4-ethyl-3-phenyl-2H-pyrrole (90) (Scheme IX) was rea~ted 

with the Itetene generated from trichloroacety 1 chloride and the zinc-copper 

complex. DO B-Iactam 91 vas obtained. lnstead, the N-acy lated-5-hydroxy 

pyrrole ..21 vas the only' ident {fiable product. The yield (11%) was law and 

tIc showed many other components, none of which were identified ta be B 

B-lactam. Evidence of the structure of 21 was based on spectroscopie data 

and by comparison of these results ta those properties 01 the dichloroanalog 

92. Although no IIIOlecular ion vas observed in the IDBSS spectrum. the 

tragmentation pattern resembled 92 as shown in Figure 49. 

Ph 

::ex Cl;-t . 
Cl 

CI 93 Qh 
rn/z 170 

.1 

+. 

-OH 

_C 2Cl)O 

... 

~ 
Ph 

m/z 143 
Fiqure 49 

~ 

m/z 199 

m/z 184 

+ 

< , 

" 
,i 

·1 

1 
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In the infrsred spectnwm. • band at 1690 
-1 

cm for vC- 0 (a.1de) and a broad 

-1 
band at 3360 cm for ~OH vere observed. The lBnar showed tvo doublets 

one at 6 3.12 ppm and the other at 6 6.53 pp. vhlch vere coupled (J-6.0 

Hz) and are attributed ta the C-OH and C-H protons. respectively. The C-H 

proton collapsed ta a 51nglet st 6 6.52 ppm vhen the C-OH proton peak was 

exchanged vith 020' A triplet at 6 0.99 ppm coupled vith a quartet 

centered Bt 6 2.02 ppm vere observed for the ethyl group. The dilllethyl 

group appeared as two s1nglets at 6 1.47 and 6 1.59 ppm and the phenyl 

protons were observed as a multiplet trom 6 7.08 to 7.47 ppm. It appears 

that both routes in fo~ing dichloroketene did not favor the formation of 

the B-lactam 91. 

To summarize. we were able to prepare a csrbapenem starting trom 

2.2.4-trtmethyl-3.5-diphenyIpyrrole by reaction vith either 

az1doketene or dichloroketene generated trom the corresponding acld 
\ 

chlaride and triethylamlne. Alsa. we vere able ta prepare the dichloro 

cBrbapenem 85 by reactlan vith dichlaroketene which vas generated by 

dehalogenation of trichlaroacetyl chIo ride by a zinc-capper complex. An 

explanation as to vhy cyclization only occu~red with the diphenyl pyrrole 

84 may be due to the electronic effect of the C-5 phenyl group. It i8 

possible that the acylimmonium ion intermediate shown in Figure 50 i8 

stabilized by extended conjugation. Based on studies by Bose and 

coworkers. Doyle 24 has postulated that the rate of formation of sn 

acylimmonium ion 1s enhanced when the C-5 position has sn aromatic 

function due to stabilization of the csrbonium ion (see Introduction, 

page 20). Further study in this area i8 required to offer any definitive 

explanation. 

1 . 
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Cbapter J 

The infr.red spectre vere record.d on • Perk1n-~r ,ratina 

.pectrophota.eter .odel 267. 

The maS8 .pec~ra vere ... sured on a Dupont 492B .pectro.eter uaina 

a direct insertion probe vith an 1ontzation potential of 70 eV unI ••• 

stated othervlse. 

The ultraviolet spectra vere recorded on Untca. 5P8-100 .ptctro-

photometer. 

Melting points were uncorrected and were obtained by an Electro-

thermal Hélting Point Apparatus. 

AlI proton nuelear magnetic resonance spectra were recorded on 8 

HO-MHz Varian CFT-20 mm Spectrometer. Tetramethylsilane was generally 

used as eitheI an internaI or exemal standard. 

~tic~l rotation mesaurements were recorded on a Per~in-Elmer 141 

PoIar1meter at 20 G e with a sodium D 11ne using chloroform as the solvent. 

Solvents and reagentB usfd were reagent grade and were dist,illed 

where mentioned. 

Chromatography \1as performed on Kieselgel 60 (70 - 230 mesh ~STM) 

and flash chromatography was performed on KteselgeI 60 (230 - 400 Dleah 

AS TM) provided by Merck. 

Carbon-13 spectra were recorded on a Bl,"uker WH-90 spectrometer 

uising deutrochloroform as internaI reference uniess otherwise stated. 



( 

-75-

Preparation of Proline Beuzyl Ester Hydrochlor1de (49) 

To e cooled euspension of S-prol1ne (208. 17 ..ale) ia 

ecetylchloride (100 al) va8 added phosphorous pentachloride (44 a) et 00 C 
1> 

vith viaorous _anetic stirrlna under nitroaen atllOsphere. Mter one 

t 0 0 hour. the 8olution vas triturated vith cold petroleua ether (37 - 65 C) 

(100 Ill) to yield a precipitaee which vas collected by filtration and 

vashed vith pet. ether. The product vas dried under hiah vaccuua to yield 

the .cid chloride. The acid chloride vas dis801ved vith cooliaa (0
0 C) 

'" 
ia beazyl alcohol (50 111) and st1rred in the cold for 5 minutes longer. 

The solution vas triturated vith ether (50 ml) to give a precipita te vhich 

vas collected and vashed vith ether to give 15.6 a (42%) of 49. It had a 

ci 0 20 
melting point: 135 - 138 C;[aJ O (chloroform)- -117.5 0 (1 g / 100 ml); 

c Anal. cal d. for C12H
1S

NOfHCI"1/Z H20: C 57.48, H 6.63. N 5.59, Cl 14.14; 

Found : C 58.10, 8 6.69, N 5.45, Cl 14.35; tR( hl f ): 1740 cm-
1 

c oro orm 

NMR.(chloroform-d) 6: 1.98 - 2.37 (m. 48. CH1CH2). 3.42 - 3.55 (m. 28. 

~H-~). 4.41 - 4.66 (m, IH, C-8), 5.18 (s. 2B. CH2Ph), 7.32 (s. 5H, ArH). 

Preparation of Beazyl N-Acetoacetyl Pyrrolidine-2-Carboxy18te (50)27 " 

To a suspension of S-proline benzyl ester hydrochloride 49 (15 g, 62 

mmole) in absolute ethanol (150 ml) was added sodium ethoxide (4.Z,," 62 

o mmole) at 0 C with, stirring. After 10 minutes, diketene ( 5.36 g. 64 

DIDIole) was added and the solution stirred at 00 C for 4 hours. The 

solution was then diluted with ethyl acetate (400 ml) and washed 

successively vith water. 2%' HCl, 1% NaHCO)" water and, then dried 

over Na 1504' The solvent vas removed in vacuo to give an oil. The 

product vaS purified by chromatography on a silica gel column using 7% 

ethyl Bcetate - methylene chIo ride , then 10% ethyl 8cetate - methylene 

chloride. The prod~ct vas cry8tallized froll ethsnol-hexane in ~he cold to 

( 
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ah. 6.5 a o 0 (36%) of iQ. lt b.d a .. ltlng polnt : 68 - 71 C; 

20·c 
(CI) D (chloroform)· -70.30· (1g/100 Ill); IR(chloroform): 1740. 1640 

-1 c 
ca ; Anal. cal d. for CI6HI9N04.1/4H20; C 65.40. H 6.69, N 4.76. Found: 

C 65.15, H 6.66, N 4.40; NMR.(DMSo-d) 6: 1.80- 2.08 ( Il, 4H, CH
2

CU
2
). 

6 
2.13 ( s, 3H, CH3), 3.30 - 3',51 (II, 2U. CH2N). 3.56 ( 8, 2H, CH2C-0), 4.30 

- 4.46 ( Il, IH, CH), 5.12 ( s, 2H, CH2Ph), 7.36 (s, 5H, ArH); Mass 

spectrum m/z: K 289(3%), 155(9),114(6),112(9),10&(27),91(47),86(4). 

8S(7), 84(6), 79(22), 77(29), 74(32), 71(25), 70(100), 69(14), 68(27), 

65(31), 59(25), 57(21), 51(29), 45(33); Exact IDBSS: Calcd: 289.1314; 

Found: 289.1236. 

Preparation of Benzyl N-(3'-oxo-2f-dlazo-butanoyl)~pyrrolidine-2-

carboxylete (51)L~ 

To a solution of the compo~nd 50 (2.0 g. 6.9 mmole) in dry 

8cetonitrlle (20 ml) was added trlethylalline {720 mg, 7.2 mmole) and 

tosylazide (1.4 g:-"'6.6 lODlole) at -.room teTerature. The solution was 

stlrred for 24 hours (overnight). The volatiles were removed ln vacuo 

giving an oi1 which was dissolved in methylene chloride (50 ml) and wsshed 

with 0.005 M KOR (16 ml), tben brine. The orgsnic solution was dried 

over Na
1

S04 and the solvent was re~oved under redueed pressure to give an 

oil. The produet was purified by flash chromatography on siliea gel 

(mesh 230-400) using ether as the eluent giving 1.92 ( 87%) of the azido 

product 2l .. NMR(eh10roform-d) 6: '1,99 - 2.32 ( m, 4H. CH2CH2). 2.34 

(s, 3H, CHl ), 3.~8 - 3.64 (~, 2H. CH;-N), 4.60- 4.62 (m, IH, CH), 5.17 

IR (chloroform) 
. -1 

2100, 1740, 1640 cm • 

General Procedure for the Attempted Cycliœation of the Diazo Compound 51 

with Rhodium (II) Acetate 

A 801ution of the diazo compound ~n benzene (10 ma/ml) ia 

~DXYI.~t.d by bubblina nitrogen tbroulh tbe solution for fl,teen 

, '. 
" 

j 

·i 
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under reflux. ~ter a period of time, the solution is then fi1tered and 

the solvent is removed in vaeuo. The produet 1& then analyzed in the 

usual way (IR. NMR. MS. elemental analysis. melting point). 

Preparation of the Enol Silyl Ether of Compound 52~"--

To a solution of the azido compound 11 (300 mg •• 95 aao1e) in dry 

CH
2

Cl
2 

(2 ml) was added triethylalRine (103 mg, 1.0 1IIIII01e) at 00 C under 
1 

nitrogen atmosphere followed by tert-butyldimethylsilyl triflate (251 ma • 

• 95 1IIIDOle). After 1. 5 hours, the solution vas neutralized with 

triethylamine (0.1 ml) and then diluted with 'CH2CI2 (10 toI) and washed 

successively with water and then brine. The solution, was dried over 

Na 2S04 and the solvent waB removed under reduced pressure to give 252 ma 

(64%) of the en01 silyl ether of ~ as a liquid. The spectral data for 52 

. ,-1 
are: IR( hl f ): 2080, 1740, 1630 cm ; NMR( hl f d) 6: 0.0 (d. e oro orm cora orm-

6H, SiMe 2) , 0.9. (d, 9H, tert-butyl) , 1.7 - 2.22 (m.,4H. -CH2CH2-). 3.2-

3.7 (m, 2B, CH2N). 4.3 - 4.7 (m, 1H. CH), 4.5 (dd. 2B, CH2-C). 5.10(s. 2H. 

CH 2Ph)'. 7.3 (s. 5H, ArH). 

Prepar&tion of Benzyl N-diehloroacetylpyrrolidine-2-carboxylate (57a) and 

Benzyl N-diehloroBeetyl-62-PY~role (57b)33 

ip a suspension of S-proltne benzyl ester hydroehloride 49 (500 mg, 

2.07 mmole) in ether (5 ml) was added anhydrous- sodium carbonate (219\ mg. 

~ 
2.07 mmole) to generate the free base in situ. The solution was cooled 

to 0° C and I~ "'solution of tert-butyl hy~ochloride40 (225 mg, 2.07 mmole) 

in dry ether (5 ml) was added dropwise over a period of 5 minutes. After 

stirring for 30 minutes longer, the mixture was cooled to _150 Cana DBU 
.... ~. 

, a . '"" eU5 mg, 2.07 mmole) was added followed by triethylamine (251 mg~ 2.48 

mmole). A solution o~ dieh1oroacetyl chloride ~~._~ 2.17 mmole) in 

"'hyten• chlorlde (2 101) v ... d~~d droJ>1!i .. over • <liO\. of 20 IOiDU'" 

l 
f J:' , ,', 

1 
t· 
! 

• 
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.t~OC. The solution vas st1rred for 45 ainutes lonler at this 

temperature. The mixture vas dUuted vith ether and vashed vith pH 7 

phosphate buffe~ (O.ZM solution) (3 x 50 ml). The solution vas dr1ed over 

HaSO 4 and the solvent vas removed under reduced pressure ta live a pale 

yellow syrup. The product vas purif1ed _by flash chromatosrsphy on silice 

sel (wesh 230-400) usins methylene chloride as the eluent to afford 274 ma 

(42%) of 1Z!. The producr crystallited on standins at room-temperature. 

'lt had a aelUng point: 67-69°C,· IR(chloroform): 1740, 1670 cm-I; 

NKR(chloroform-d) 6,:2.04 - 2.30 (m. 4H, CH2CH2). 3.74 - 3.91 (ID, 2H, 

CH2-N), 4.54 - 4.67 (ID, 1H, CH-N) , 5.17 (s. 2H, .CH2Ph), 6.12 (s, 1H .. 

c . 
CHCI2). 7.34 (s, SH, ArH); An~l. Cal d. for CI4"I5C12N03: C 53.18. H 4.78, 

'Il 

N 4.43, Cl 22.43; Found: C 52.75. " 4.83, N 4.43, Cl 22.91; Mass spectrum 

m/z: H 315(2%),182(46),180(85),108(74).107(55), 100(38).91(84). 

86(68), 85(13). 84(97), 83(32), 79(80), 77(39), 72(40). 71(0).,70(75). 

69(11). 58(13), 57(26). 55(11). 52{14), 51(100). 50(62), 49(98), 48(34). 
\ 

B ln a similar reaction using diisopropylethylamine as the base - to 

2 
generate the im~rie, the A -compound ~ vas obtained in 22% yield. The 

spectral data for; 57b are: IR(chloroform): _ 1730, ~665 
-1 

cm • 

~,NMR(chloroform-d) 6: 2.75 (dt, 2H. H-4oJ3,4t3.1 Hz, J4•S-8.4 Hz), 4.23"(t. 

2H, H-5, J
4 

5-8.4 Hz), 5.28 (s, 2H, C-CH2), 6.24 (t, lHt H-3, J3,4~3.1 , , 

1 
.! . l 

t 
l 
! 

1 
1 
! 
i 

'C 1 Hz), 6.34 (s, lH, ~.!!CI2~' 7.37 (s, 5H, ArH), Anal. ·cal~. for '" 

C14HI3C12~3: C 53;52, H 4.17, N 4.46, ci 22.57. Found: C 52.70, H 4.22. t 
N 4.35, Cl 22.78; Mass spectrum m/z: M 313(1%),184(22), 182(61).,1.81(20). 

180(78) , 131(25) t 109(51), 108(47), 105 (11), ' 103 (13) , 100(25), 92(25), 

91'(100) , 85(14) , 84(13), 83(40). 79 (46), ·77 (26) , 72(33)', 71 (12), 70(75) , 
, 

69(27) , 65(31) , 58(28). 57(15), 55(10) , 51 (28), 50(10) • 49(10) t 48(1~) , 
0 

-: 
44(65), 41(50). f 

.- ~o .. 
, 

. . 
" 

. ... ' .. 
' . , .. . ,- --
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Preparation of Eth~l Pyrrole-2-carbo!ylate (61).~' 

A solution of pyrrole-2-carboxy11c acid (10 8. 9 mIlole). oxalyl 

o ehlorlde ( 50 al) and d1methylformamide (5 drops) vas stirred at 0 C for 

4 hours and then at ro01ll temperature for 1 hour longer. The volatiles 

vere removed under reduced pressure to give the aeid chloride which vas 

subsequently p1sso1ved in a mixture of absolute ethanol (l0 ml) t py,r1dine 
Il , 

(20 ml) and daethylene chIo ride (20 ml) at 00 C. After stirring for 15 

minutes at this te~erature, the volatiles vere removed in vaeuo and the 

residue vas dissolved in ethyl acetate (100 ml). The solution was vashed 

succ~sively vith brine, d sat • sodium bicarbonate 
n sol , biine, 5% 

hyd.rochloric acid and f'inally vith brine. The solution vas dried over 

Na
2

S0
4 

a~d the solvent vas removed under reduced pressure. The product 
\ 

was purified by flash chromatography on stlica gel (mesh 230-400) us1ng 

methylene chlor1de as the eluent. Fractions containing the product were 

combined and the solvent was removed unde~ teduced pres~ur~ ta give a dark 

syrup which was distilled a 1100 
C at O.lmm Hg ta give a colorless 

liquid which crystallized give. 10.6 g 

(85%) of 61 vith spectral data: ô: 1.35 (t, 3H, CHl , J 

- 7.1), 4.32 (q, 2R, CH2 , J - 7.1 HE), 6.26 (m, IH. H-5). 6.~2 (m, 2H. H-4 

-1 
and R-3); IR( hl f ): 1670 cm . c oro orm 

Preparation of I-Diisopropylamino-2,2-dichloro-3-oxo-pyrrolo-{1.2-a}-

pyrrole (74). 

To a solution of pyrrole-2-carboxaldehyde (2.0 g. 21 mmole) in .~ 
, ... . 

THF (10 ml) vas added lithium diisopropylamide (1.5 equivalents) (prepared 

from diisopropylamine (3.19 g. 31. 5 DODO le) and n-butyllithium (1.55K in 

o 
hexane) (2.02 g'-'I;'~ mmole) at -20 C. After 30 minutes. the Siluti.on 

~a8 c~oled to -78 C and trtmethyllilylchloride (3.42 8. jl.S ..ole) wal 

\ 
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add.d and continu.d to stir for JO ainutes. The aolùtion vas concentrated 

a~ 00 C under hiS~ vacuum. and the resldue vas diluted vith anhydrous,ether 

(60 ml) tb precipitate dii8~prOPYlamin~hYdrOChloride which was re.aved 

by filtration throush a c~lite pad unde nitrosen. The filtrate was 
1 

, " 0 
concentrated under hiSh vaccuum at 0 C to approximately 5 ml. The dark 

, 0 
residue was dlsso1ved ih methyle~e ehloride (10 ml) and cooled to -15 C. 

Triethylamine (2.76 &, 27.3 Dlnole) vas added follo,wed by a dropvise 

addition of a solution qf dichloroacetyl chloride (3.71 S, 25.2 mmole) in 

methylene chloride (20 ml). The addition took 2 hours and the solution 

o continued to stir ~t -15 C for 30 minutes longer. The solution vas 

diluted with methylene chloride and vashed succesèively with brine, 5% 

hydrochloric acid, brine, saturated sodium bicarbona~e solution and 

.brine. b The"solution vas drled over Ns 2S04 , filtered and the sol:ent was 
. , 

removed under reduced pressure. The product was purified~y chromatogra-

phy ,on a silica gel column (me~ 70-2~0) using 5% ethyl acetate-hexane as 

c the eluent to yield 140 mg (2.3%) of li as a liquide The spectral data 

for 74 are: NMR ô' (chloroform-d) . 1.12 (m, 12H, CH(CH3)2)' 3.02 (m, 2H, 

C,!!Me2) , 4.98 (d, 1H, H-l, J - 1.1 Hz) , 6.15 (dd, 1H, H-7, J - 1. 1, J - 3.2 

Hz), 6.58 (t, IH, H-6, J -3.2 Hz), 7.15 ( d, IH, H-5, J - 3.2 Hz); 

1770 -1 ' : (M+4) 292 (2%). (M+2) 290(8%), IR " cm' ; Mass spectrum m/z 
(neat) • 

M288(33%). 256(6), 254(25), 245(33), 247(9). 211,(33), 205(13), 203(25), 

190(22), 188(31). 169(35), 156(22), 155(~0), 1,54(34), 153(42), 121(12), 

120(10), 119(38), 118(27), 95(11), 94(33), 91(27), 86(45), 85(11), 84(44), 

83(10), 71(24), 70(12), 69(22). 64(22), 63(10), 57(26), 55(23).b In a 

simila'r reaction, initial precipitation of dUsopropylamine hydrochloride 

by -dilutiol1, of the crude .reacti~n mi'Xture with ether and sùbsequent 

filtration and purification of an aUquot by flash chromatography aftorded 

l 

1 

1 
.1 

\ 

1 
i 
i 

l 
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I-dlchloroacetoxy-2,2-dlchloro-3-oxo-pyrrolo{l,2-a} pyrrole!Z in 3.2% 

yield. 

c NKR of the crude reaction mixture sfter vork-up indlcated that comp~und 

74 had been the major product and decompositlon presumably occurred on the 

silica gel column during the purificatio? ~roce$,. 

Preparation of I-Dichloroacetoxy-2, 2-dichloro-3-oxo-pyrrolo{ l, 2-a }pyr,~'ole 
i 

(67) 38' 39 

To a solution of pyrrole-2-c8rbo~8Idehyde (5.0 g. 52.6 mmole) and 

p-dimethylem1nopyridine (640 g, S.3 mmole) ln methylene chloride (50 ml) 

vas added triethylamine (11. 56 g. 114.3 mmole) at room t~mperature and 

over nitrogen atmosphere. The solution of freshly distilled 

dichloroacetyl chloride (15.50 g J 105.2 'mmole) in dry methylene chloride 

(125 ml) waa added dropwise over a period of 5.5 hours. The solution 

was stirred for 30 minutes longer. The solution was diluted with ether 

and filter,eli to remove triethylamine hydrochloride. The filtrate vas 

concentrated in vecue and again triturated with ether and filtered. The 

filtrate was washed successively with brine, 5% hydrochloric acid, brine, 

saturated' sodium bicarbonate soluti'on and finally with brine. The J 
solution was dried over Na

2
S0

4
, filtered and the solvent was removed under f 

reduced p~essure., The product was purified by flash chromatography on i 
silica gel (mesh 230-400) using a mixturE; of methylene chloride-hexane 

(1:1) as the eluent to give 8.67 g (52%) of 67. The prodùct was 

crystallized from ether-hexane,. lt had a me1t~ng point 
o 80 - 81, C; 

Anal. calcd. ~or C
9
H

5
NC1

4
0

3 
: C 34.10, H ~.59,·N 4.42, Cl 44.74. Found.: 

, , 

-1 
C 34.19, H 1.65, N 4.42, Cl 44.23; lR(KBr): 1770, 1750 cm 

( 

UV (EtOH): 

210 nm, e: .' 5634. NMR( hl f 'd) c oro orm-
6: 6.02 (s, 1H, CHCI

2
), 6.40 (d, 1H, 

H-5, J • 3.2 Hz), 6.42 (ba, 1H, H-l) , 6.67 (t, lH, H~6, J - 3.2), 7.22 

. ' 

.. 

\ 
~ 

1 
1 
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(dd, IH, H-7, J • 3.2, Hz. J·O. 7 Hz); Maas spectrum m/z: 318(5%). 

316(22), (M-H) 314(9). 280(39). 278(17)., 190(33). 188(33). 155(26). 

153(90). 125(34). 99(41). 94(27). 90(45). 85(l7). 83(40). 64(12). 63(52). 

62(68). 

Reactio~ of Ethy! Pyrrol~-2-carboxy1ate with an Acid Chloride in the 

Pres~nce of a Base. t, 

To a solution of ethyl pyrrole-2-carboxylate in THF (2 ml/mmole) 

o d 
at -78 C under nitrogen atmosphere was added the base (1.05 to 1.10 

equivalents) .. Mter 10 to 15 'minutes'. trimethylsilyl chlot'ide (1.05 

equivalents) was added and the solution was stirred for 30 minutes at _780 

C. The solution was then warmed o 
to -15 C and triethylamine (1.05 

equivalents) vas added. followed by a dropwise a~dition of 8 salut ion of 

the acid chloride (1. 05 equivalents) in methylene chloride (100 mg/ml). 

After aIl the acid chloride was added .. the solution was stirred at -150 C 

for 1 hour longer. The soiution was then washed successively vith brine. 

5% hydrochloric acid. brine. saturated sodil;lm bicarbonate solution and 

brine. The' solution was dried over Na
2

SO 4' filtered and the solvent was ~ 

" 
removed under reduced pressure. The product was purified by flash 

chromatography. 

d . 
Some of the bases tried were Bu~i, LDA. KH. HMDSi. DMAP • 

1 

. Preparation of 1- Dichloroacetoxy-2. 2-dichloro-3-oxo-pyrrolo{l. 2-a lpyrrole' ';, 

(6/) usins Dibutylboron Tr1tlate. 

To a suspension of potassium hydride (232 mg, 5.78 mmole) in dry 

THF (5 ml) over nitrogen atmosphere was added pyrrole-2-carboxaldehyde 

(500 mg. 5.26 mmole) in dry THF (5 ml) at room temperature. After 30 

minutes. the white reaction mixture was cooled to _7g0 C and 8 solution of 
l , 

dibutylboron triflatelt1 (1.513 g. 5.52 mmole) in TUF (3 ml) was added-~ to 

o 
give 8 mustard yellow heavy susp~nsion which vas ag1tateœ'8t -78 C lor 30 
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minutes. The reaction mixture was then warmed to _15
0 

C to, whtch was 

added dichloroacetyl chloride (814 mg, 5.52 mmole) in dry methylene 

.. 
chloride (5 ml) dropwise over a period o:f 45 minutes. The solution 

waa .tirrerl at _ISO C for 30 min~te, IDng~ The solution was c,utiou81y 

poured into a stirri,ng bath ~ saturated ammonium chloride solution and 

then extracted with methylene chloride, (3 X 100 ml). The extracts were 

combined and washed succ~ssively vith brine, 5% hydrochloric acid, brine, 

saturated sodium bicarbonate solution and finally vith brine. The 

solution was dried over Na
2

S0
4

, filtered and the soivent was removed in 

vacuo. The'product vas purified ,by flash chromatography using methylene 

chloride as the eluent to give 68 mg (4.1%) of 67 vith a nmr and ir 

iden,tical t(j the product obtaihed in a pr-evioti:- preparation using TMSCI as 

the enol trapping group. .. 
Preparation of Dibutylboron Triflate~l 

In a flame dried flask over nitr9gen atmosphere was placetl 

tributylborane (4.55 g. 25 mmole)" and trifluoromethanesulfonic acid (3.75 

g. 25 mmoIe). The reaction was exothermic. The syrupy solution was 

stirred at room temperature fol' 3.5 hours. The product was purified by 

distillation at 42
0 

C at 0.2 mm Hg to' give 5. ~ '8 (76%) of' dibutylboron 
1 ! ~ 

triflate. , . 

Preparation of l-Azidoacetoxy-2-azido-~-bxo-pyrrolo{l,2-~} pyrrole (y5) 

To a solution of pyrrole-2-carboxaldehyde (500 mg.' 5.26 -min0le) in 

~reshly distiiied THF. (10 ml) under nitrogen w&~ Bdd~ ~uspension of KR 

(232 mg. 5.78 mmole) (22.5% o~l ?ispersion previously wa8he~ with hexane) 
. 

in hexane (3 ml) at room temperature. After 15.mln~tes. the solutfon was 
• 

cooled ta _780 C Bnd trimethylsilyl chloriqe . (63~ mg, 5.84 mmole) was 

added and the mixtu~e was stirred ~r 30.minute~. ,The. mixture wa~w8rmed 

• 

! 

î 

1 , 
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o ' to -15 C and tr~ethyla.ine ( 1.27 l, 12.6 ~le) vas .dded followed by a 

dropw18e additon of • 'solutidn of azidoacetyl chlodde 0.38 a. 11.6 

~le) in aethylene cblorlde (25 al) over a period of 2 hours. The 

o 
solution was stirred at -15 C for 1.5 hours loqer. The ,resu1ting duit 

solution was cautiously poured ..:!nto a stirring bath of satur.ted a~niua 

cbloride solution. The organic phase was separated and diluted vith ether 

to precipitat .. triethylallline bydrochloride. The mixture vas filtered and 

the filtrate vas v8shed successively vith 5% hydrochloric a cid , brine, 

saturated sodium bicarbonate solution and chen brine. The solution was 

,) 
dried over HgSO 4 ~ filtered and the solvent'" vas removed under reCluced 

pressure. The p'roduct vas purified' by flash chromatography using 

aetbylene chloride as the eluent to yield 18 ms (3%) of 75. ,157 mg (17%) 

of 76 and 194 mg (39%) of the starting material. The spectral data for 
u 

cOlllpound 1.1 are: NHR(chlorofora-d) 6: 3.96 (s, 2R. CR2) , 4.74 ( d, IR • ., 

CHN
3

, J - 2.6 Hz), 5.80 (d, 1H, C!!~02R, J. 2.6 Hz), 6.35 (unresolved d, 

1H, H-5, J - 3.2 Hz), 6.58 (t, IH, R-6~ J • 3.2 Hz), 7.14 (d. IR, H-7, 

. ' -1 
J - 3.1 Hz); IR(neac) : 2105. 1760 cm ; Mass spectrum _/z: 150(17%), 

149(84), 134(35). 120(26), 119(46), 106(26). 105(34), 104(18), 95(43') •• 
a 

9'P6), 93(20)',92(29),91(18), 83(20), 79(19), 77(18)t 71(22).69(13). 

66(33), 65(21), 64{31), 57(32), 56(28). 55(27). 52(29). 5Î(7), 44(45) 

43(56). Spectral data for 76 are: NMR( hl f d) cS: 4.59 (s. 2R. CH2) , - c oro ona- . 

6.43 (t, 1H. R-4. J • 3.3 Hz), 7.25 (dd, lB, H-5. 'J-3.3. J - 1.6 Rt), 7.44 

(dd. lB. H-3. J - 3:'3, J - 1.6 Hz), 10.05 (s, IH. CHO); IR( t): 2100, 1720, 
( nea 

1660 c.-1 ; Mass spectruJll m/z : 96(18%). 95(97), 94(83), 67(27), 66(64)'~ 

44(43),41(23),40(25). 39(52), 38(16). 37(14), 29(14), 2'8(100). 

" 

1 

1 
1 
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1 
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Preparation of Aiidoacetyl Cblorid.
q 

A a1xture of azid0!lc:etic a cid (10 g. 0.1 IDOle) and thiony! 

cblor1.de (0.2 ..ole) vas beated under reflux in a vater bath at 600 C. 

"-Alter 2 hours. HCI 8as evolution ceased and the excess thiony 1 chloride 

vas removed by distillation. The product \l8S distilled at 54 - 550 C at 

25 _ Hg to sive azidoac:etyl c:hloride. 6.07 S (5.1%), as 8 colorless 

-1 
liquid \lith tbe follo~ng spectral data: IR(neat) : 2090, 1780 cm 

Reaction of I-Dicbloroacetoxy-2,2-d1cbloro-3-oxo-pyrrolo{l,2-8}pyrrole , 

(67) vith Benzylamine. 

To a solution of 67 (500 ms, 1. 59 mmole) in -dry TUF (5 ml) _ V8S 

added benzyl amine (340 mg, 3.17 !DIDOle) at room temperatu.re. Tbe solution 

was stirred for 24 bours (overnigbt) and tben vas diluted vitb methylene 

chloride and washed vith brine. Tbe solution was dried over ~82S04' 

fUtered and tbe solvent vas relDOved under reduced pressure to sive a dark 

syrup. Tbe product was purified by flash chrolll8tosraphy using mixtures of 

ethyl acetate .... thyl~e chloride (U, 2% and 5% respectively) as the 
~ 

eluent to afford 409 -S (81%) of compound 2! wh1.ch was crystallized from 
, 

"ether-pet. ether to sive an unstable off-vhite crystalline product. Tbe 

spectral data for 71 are: HKR( hl f -cf) 6: 3.90(bs. IH, CHOH) , 4.50 
- 0 c oro am -

(d, 2H. CH
2
Pb, J • 5.8 Hz). 5.54 (s. IH, CHOH) , 6.19 (a, lB, H-4) , 6.27 

(a, 18, 8-3), 6.77 (a', lB, R-5), 7.27 (m, SH"ArR); IR(neat) : 3400,1670 

CIl-li Mass spectrua a/z : 314(1.5). 312(19), 199(19), 18~(26). 143(23). 

86(16), 71(59). ',70(20), 69(23). 57(100),56(45). 55(21). 

,~ Preparation of 1.2-DibYdro-3-oxo-pyrroloU,2-a}pYrrole, (72) •. 

A 1Uxturen of 67 (l.5 a. 4. 7 ~le) and zinc du.t (1.57 1. 24 ~l,.e~ 

in acetic acid (40 al) .a. atirred at 0
0 

C for 1 hour. The aixture va. 

dlluted vith _tbylltlle .cbloride and f~lt.red. l'tJe filtrate ... .a"ed 
iiI 
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~ 

successively vith vater. saturated bicarbonate solution and vater. The 

solution vas dried over Na 2S04• filtered and the d sol~ent vas 'rellOved ~ 

~. The product vas purified by flash chr:01I8tography on sUica gel 

(mesh 230-400) first eluting vith methylene chloride, then vith 5~ 

ethyl acetate-methylene chloride to give 380 118 (66%) of 72. It had a 

o 
meiting point: 70 - 72 Ci NMR(chloroform-d) 6: 3.02 ( ~, 4H. ~H2CH2)' 

5.95 (d, IH, H-5, J - 3 Hz), 6.45 (t, 1H, B-6, J - 3 Hz), 7.06 (d, lB, 

13 
H-7, J - 3 Hz); Cnmr(chlotoform-d) (coupled) 6: 172.0 (s, C-3), 139.6 

( s, C-8), 11 9 • 0 (d.· C-6, 'J. 1 71. 2 Hz), 111. 0 (d, C-5 , 'J. 190. 3 Hz), 

• 

104.5 (d, C-7, 'J - 170.1 Hz), 34.8 (t, C-1, 'J. 134.1 Hz), 19.3 (t, C-2, 

. 'J • 136.7 Hz); UV (EtOH) 230 nID, E • 9200; Mass spectrum m/z .: H 121 

(100%), 93(50), 92(40); 80(63), 79(19), 67(50), 66(40), 65(52), 64(27), 

63(24), 62(14)" 53(25), 52(37), 51(26). 
-1 

IR(KBr) : 1720 cm ; Exact IUSS: 

c Cal d: 121.0527; Found: 121.0539. 

Reaction of l,2-Dihydro-3-oxo-pyrrolo{I,2-a}pyrrole (72) vith Benzylamine. 

To a solution of 11:.. (145 1118, 1.2 IIIIIlOIe) in dry THF (2 1D1) V8S add~d 
, . 

benzylamine (257'1118, 2.4 mmole) at roolD temperature vith stirdng. Aiter 

24 hours (overnight.), the solution vas diluted vith met,hylene chlodde, 

vashed vith. brine, dried over Na
2

S0
4 

and filtered. The solvent vas 

rellOved under reduced pressure and the" product .as· purified by flash 

chroaatolraphy on sUi,ca leI (_sh 230-400) ,using 10% ethyl 

acet~te-methylen& chloride 8S the éluent to live 208 .. (76%) of 73 8S a 

white solide The product vas recryatallized frolD'Bethylene chloride-pet. 

ether. It bad a .alting point ': 99 - 100·Ci NKR( hl f d) 6: 1.61 c oro orm- , 
o 

(br. lB, NB) t 2.52. (a, 2B, CH
2
e). 2.85 (a, 2H, CU

2
CO), 4.4 (d, 2B. CH2Pb, 

J • 4.4 Hz), 5.90 (ba, lB. B-4), 6.07 (ba, IH, B-3)~ 6.64 (ba, lB. B-5), 

, -1 
7.76 (a. SB, ArB)i III (Dr) : 1615 ca ; UV (ItOU): A .. xol\.203ma' E • 29,618. 
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Maas Spectrum m/z :' H 288(100%). 148(13). 121(63). 120(26), 107(22)., 

106(47). 105(10). 104(9), 95(39), 94(89)" 93(63), 92(33), 91(64). 81(25)" :-.. 

80(87). 77(32). 67(31). 65(37), 53(39). 51(20). 41(21). 39(28); Exact 

c 
mBSS: Cal d: 228.1262; Found: 228.1189. 

Reaction of Pyrrole-2-carboxaldehyde with Thiophenol in the Presence of 

Trimethylsilylchloride43 

To a solution of pyrrole-2-carboxaldehyde (1.0 g, 10.5 IIIIII.Ole) in 

dry naethylene chlor1de was added ~"hiopbenol (2.32 g, 21 1II1I10le) at rôom 

temperature and ~ver nitrogen atmosphere. A solution of trimetbylsilyl 

chloride (1.63 g, 15 lDIDole) in dry methylene chloride ,(3 ml) was added 

dropwise over a period of 15 minutes to give a dark solution. After 1 

hour, the reaction mixture was washed with 5% sodium bicarbonate solution,' 

saturated carbonate solution and brine. ne solution was dried over 

Na
2
S0

4
, filtered and the solvent vas removed under reduced p~essure. The 

product was puriÙed by flash chromatography using .. thylene chloride as 

the eluent. The resultins product was a tar-lite syrup and this reaction 

" -
failed to give the desired pyrrole-2-carbo~aldehyde thioace~al. 

Reaction of Pyrrole-2-ca"rboxaldehyde with Thiophenol in the Presence of , 

Tit.nina Tetrachloride~4 

- A solution of pyrrole-2-carboxaldehyde (1.0,. 10.5 --.ole) and 

thiophtmol (2.89 " 26.25 IIIIIIOle) in chloroform (5 al) vas cooled to _200 

C. Titanium tetrachloride (0.25 ,. 1.3 -.ole) vas added to the .bove 

stirring aolution over nitrogen atmosphere. Tbe solution ,radua~ly var.ed 

to rooll temperature. Mter 1 hour. vater (5 Ill) vas added. The clark 

solution was extracted vith chloroforll and the insoluable .. terial pre.ent 

in the extract vas r..,ved hy filtration. Th!! solution vas dried ovar 

sodi .. sulfate and the solvent vas re.avri under reduced pres.ure. The 

- r 
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230-400) using 50% .. thylene chlor1de-h~xane as the ,luent •. The resultina 

product was a tar-IUte syrup and faile'd to .. fford. the 'desired tbioacetal. 

.Preparation of lsobutyrophenone Dimethylhydrazone Hethyl1odide· (82) 

DirectIy tram Isobutyrophen~ne~7(Method A). 

A mixture of hobutyrophenone (7.51 Ih' .90 JIII01e) , sodium acetate 

(820 ma. 10 mmode). acetic acid (2 drops) and diaethYlhYdrazine (7.51 a. 
J ' 0 

125 amole) was heated ~n a sealed 4S ml Pasr pressure bomb at 120 C for 

16 hours. The' resulting two phase system was separated and the aqueou, 

phase was extracted with ether and combinè'd with the organic phase whieh 
-----

- ~. -~ - - --------- - ---- ------- : - -- -

wa~ subsequently w~shed wi th water. dried o",er: MgSO 4 and filtered ~ l'he 

solvent was removed under reduced pressure and the product was purified by 

distillation at 480 C at 0.5 mm Hg to efford 11.25 g of a a1xture of 

starting material and lsobutyrophenone dl .. thylhydrazone. The reacUon 

was approximately 20% complete a8 evideneed by NMR. The produet was used 

8'S such in 'the queteruization step. 

AlI of the above product (81) was di •• olved in absolute ethanol - . 
(10 ml) and .ethyl iodide (31.8 g. 2.24 ..ala) vas sdd.d. The aolution 

va. heated under reflux for 2 bourse The solvent vaa reaoved by 

distillation under redueed pressura and the produet cryatdl1zed from 

ethanol-etber to aive 1.34 a. (a .econd erop afforded 1.lS a) of the title 

eoapound 82 (8.3% yield b .. ed on 1sobutyrophenone). 'the spectral data 

obtained i8: RHR(O 0) 6: 1.10 (d, 6B. CB(CH3)2' J ~ 6.8 Bt). 2.89 (septet. 
2 

lB. ~.J - 6.8 Hz). 3.27 (a. 9B. N(CH3)3)' 7:39 - 7.62 (m, SB, ArB). For 
.. 

ea.pl.t. char.etarta.tleu of thts ca.pound. s •• later par.araphs. 

, .n " -' 

... 
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-230-400) usina 50I'aethylene'Cbloride-hexana as the eluent. 
• 0 

The reeultina 

product was a tar-like syrup and failed to afford the desired thioacetal. 

P"reparation of Isobutyrophenone Dimethylhydrazone Kethiodide,(82) Directly 

from Isobut 

A mixture of (7.51 g" 90 1IIII1OIe). sodium acetate 
, 

(820 ma, 10 mmole), drops) and dimethylhydrazi~e (7.51 a. 

, . 0' 125 mmole) was heated i~ a séaled 45 ml Paar pressure bomb at 120 C for 

16 hours. se system was separat~d and the aqueOU8 

_____ -t'~.m..Be_wà-s-ex~.t:a-ct-E!ctw1t~~~r-.~n(L c~b!~ed ~ith .the _~r8an~~ ·Y~Ii~...!~!_C~ ___ ~._._ 

! 

1 
f 

was subseque~tly washed ~ith' water, dried over MgS04 and filtered. The 
- - --'-- ..-

solvent was remo~ed under reduced pressure and.~he product vas purified by 
. 0 

distillat,ion at 48 C at 0.5 11111 Hg to afford 11.25 g,of a mixture of 

startins matert.l and Isobq.tyrophenone diaethylhydrazone. The reaction 

waa,approxiaately 201 '~omplete as evidenced by RKR. The product WBS uaed 

a8 auc~ in the .quaternization step • 

. All. of the above product (!!!.) was dlsso1ved in absolute ethanol 

(l0 ml) and methyl iodide (31.8 g. 2.24 lIIIDole) was added. The' solution 

was heated under reflux for 2 hours. The soivent vas removed by 

distillation under reduced pressure and. the product crystaIIized from 

ethanol-ether to give 1.34 g. (a ·second crop afforded 1.15 g) of the title 

compound 82 (8.3% yield based on isobutyrophenone). The spee tral data 

obtained is: NMR(O 0) 6: 1.10 (d, 6H, CH{CH3)2' J • 6.8 Hz), 2.89 (septet, 
2 

1H, C.!!tJ - 6.8 Hz), 3.27 (s, 9H. N(CH3)3>' 7.39 - 7.62 (m, 5H. ArH). For / 

complete eharacter1zation of this compound. see later paragraphs. , 1 

1 , 

1 
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". yellow syrup. The product was purified by distillation at 54o ,C ~t 0'.1 mm 

Hg to give 15.5 g (96%) of isobutyrophenone dimethylhydrazone (~). 

The spectral data for ~ i8: NMR(chloroform-d) 6: 1.14 (d, 6H, CH(CH3)2' J 

• 7.1 Hz), 2 • .54 (d, 6H, N(CH3)2)' 3.86 (septet, IH, CH, J .. 7.1 Hz), 7.33 

(s, 5H, ArH)~ 

Preparation of Isobutyrophenone Dimethylhydrazone Methiodide'(82) 

A soltuion',of isobutyrophenone dimethylhydrazone (6.85' g, 36 DDDole) 

was heated in the presence of acetic acid (1 drop) and anhydrous sodium 

Acetate (10 mg) in an oil bath at 1000 C over'nitrogen atmosphere for 3 
~---------------------- ---- --

<. 

hours. Once cooled, anhydrous ether (1'0 ml) was added followed by lI!ethyl 

iodide (20.44 g. 144 mmole). The mixture was heated under reflux and over 

nitrogen atmosphere. Afterù 1 hour of heating the product began to 

crystallize and heat1ng continued for 2 hours longer. The solution was 

cooled and the product was collècted by filtration. The product was dried 

under high vaccuum to give 9.24 g (77.5%) of tsC?butyrophenone 

dimethylhydrazone methyliodide (82). NHR(D 0) 0: 1.10 (d, 68, CH(C~3)2' J 
2 1 

- 6.8 Hz), 2.90 (septet, lH. CH, J • 6.8 Hz), 3.27 (s. 9H, N(CH3)3)' 7.39 

- 7.64 (m, 5H, ArH). 

Preparation of 2,2-Dimethyl-3-phenylazirine (89)49 

To a suspension of sodium hydride (160 mg, 6.7 1ID01e) (50% oil 

dispersion previously w8shed with pet. ether (3 X 10 ml» in dry DMSO (7 
, 

ml) at room temperature and over nitrogen atmosphere was added a solution 

of isobutyrophenonc dimethylhydrazone methyliodide (2.222 g, 6.7 mmole) in 

dry DHSO (7 ml). After 3 hours. the reacUon mixture was poured over 

crushed ice (lOg) and extracted with pet. ether (4, X 25 ml). The 

extracts were combined and washed with water (50 ml). dried over MsS04 _ 

f1ltered and the solvent vas remqved under reduced pressure. The product 

i 
i' l 
1 

i 
j 
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l' 
'1 
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o ' 
wa,s purified by distillation at.J.J C at .0.1 mm Hg g,iving 69U mg (66%) of 

, 
2.2-dimethyl-3-phenylazirine as a colorless liquid. The spectral data for 

, 
89 are: NMR (chloroform-d) 6 : 1.42 (s, 6H. C(,CH3 ) 2) , 7.49 - 7.87 (m, SH, 

-1 
ArH); IR(neat) : 1720 cm ; Mass spectrum m/z : M' 145 (77%), 144(88). 

117(48), 115(21), 105(68), 104(91), 103(50L 77(99), 76(34). 

Preparation of 2,2-DimethYl-4-ethyl-3-phenyl-2H-pyrrole(90)50 

In a dry 2-necked flask purged with nitrogcn was placed potassium 

hydride (195, mg, 4.87 mmole) (22.5% 011 dispersion previously washed with 

pet. ether (3 X 5 ml) snd freshly distilled dry -,,}'j{F (5 ml). The mixture 

was cooled to 0
0 C and distilled butyraldehyde (193 mg, 2.68 mmole) in dry 

THF (0.5 ml) was added dropwise over a period of 10 minutes. The solution 

'!II$ warmed to rodm temperature and -earbanion formation took 1. 5 hours 

monitored by the evolution-of hydrogen. The solution was cooled to 00 
C 

and HMPA (872 mg, 4.87 mmole) was added followed by a dropwise additon of 

2.2-dimethyl-3-phenylazirine (390 mg, 2.68 rnrnole) in dry THF (1.5 ml) over 

a period of 30 minutes. 

vas stirred for 40 hours. 

The solution was warmed to room temperature and 
." 

The reaction mixture was poured into ice-water 

(20 ml) and extracted with ether (4 X 50 ml) .. The extracts were combined 

and dried over MgS04 • filtcred and the BoIvent was removed under reduced 

pressure. The product was purified by flash chromatography on silica gel 

(mesh 230-400) first eluting with methylene chloride, then ether to afford 

184 mg (34.5%) of 2. 2-di~ethyl-4-ethyl-3-phenyl-2H-pyrrole as a liquid 

having an NMR(chloroform-d) 6 : 1.07 (t, 3H, CH1CH3 , J = 7.5 Hz). 1.32 (s, 

6H, C(CH
3
)1)' 2.22 (q, 2H, CHZ' J .. 7.5 Hz), 7.04 - 7.42 (m, 5H, ArH). 

-1 8.02 (s, 1H, H-2); IR( ): 2850. 1600. 1535, 1490, 1460, 1360 cm ; neat. 

Hass spectrum m/z M 199(lOO%h 198(31), 185(23). 184(84). 171(27), 

170(41).144(34),143(69). ,142(21), 141(24),129(42). 128(46).127(11). 
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" . 
115(43), 105(22), 103(26), 91(24),.85(11). 77(31). 73(27), 11(12), 69(19)~ 

57(31).56(57). 55(43), '51(22). 

Preparation of' 2,2,4-Trimethyl-3.5-d1phenyl-2H-pyrrole {84~~9 

To a suspension of sodium hydrid~ (101 mg, 4.22 mmole) (50% oil 

dispersion previously washed with pet. ether) in dry DMSO (4 ml) over 

nitrogen atmosphere was added a solution of propiophenone (566 mg, 4.22 

mmole) in dry DMSO (2 ml). The carbanion formation took 45 minutes. 

Then, a solution ,of isobutyrophenone d1methylhydrazone methyl10dide (684 

mg, 2.06 mmole) in dry DMSO (4 ml) was added dropwise over a period of 1 

bour. The solution continued to stir for 48 hours at room temperature and 

over nitrogen. The mixture was poured into ice-watèr (20 ml) and 

A extracted with ether (5 X 30 ml). The extracts were comhined and washed 
. 

with brine (3 X 40 ml), dried over MgS04 and the solvent was removed under 

redu~ed pressure. The product was purified by flash chromatography on a 

silica gel column using ether-pet. ether (1:1) as the eluent. Fractions 

containing the product were combined. dried over MgS04 and the solvent was 

removed under reduced pressure to give a syrup which crystallized from 
. . l ' 

pet. ether to afford 220 mg. and a second crop gave 41 mg (48.5%). 

o It had a melting point: 58-60 o 
C (lit. 59-61 C); NMR( hl f ) ô: 1.49 c oro orm 

C-CH3), 7.13-7.87 (m. 10H. ArH); IR(neat): 

1640. 1600. 1565. 1540. 
. -1 

1345, cm ; Mass spectrum m/z : M 261 (100%). 
, 

260(70), 246(93), 219(39), 206(24). 205(60), 204(42), 203(22), 202(20). 

184(19).145(39). 143(20).128(35),116(11),115(29),104(51),103(33), 

102 (l1), 77 (23), 51 (l8). 
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ieascion of 2,2,4-Trimethyl-3.5-diphenyl-2H-pyrrole (84) with Dichloroacetyl 
, , , ~ 

Chloride'in the Presence of Triethylam1ne. 

To a 'solution o'f 2,2,4-trimethyl-3,5-diphenyl-2H-pyrrole' (92 mg, 

o • 
0.35 mmole) in CH

2
Cl

2 
(1 ml) cooled to -15 C a~d over nitrogen atmosphere 

was added dry Et
3

N' (42 mg, 0.42 mmole). A solution of dichloroacetyl 

chloride (54 mg, 0.37 mmole) in CH
2
Cl

2 
(1 ml) was added dropwise ~ver a 

pedod of 10 minutes. After 30 minutes, the solution .was dlluted with 

ether and the tt
3

N°BCI precipitate was removed by filtration. The 

filtrate was w8shed 8uccessively with water (3 X 20 ml), then saturated 
. 

solution of ammonium chIo ride (3 X 20 ml), dried over MgS04' filtered and 

the solvent was removed under reduced pressure. The pro4uct was purified 

by -flash chroiDatography on silica gel (mesh 230-400) using ether- pet. 

ether (1: 1) as the eluent. The B-Iactam was eluted first giving 78 mg 

(60%) 'of 85. The spectral data for 85 are: NMR( hl f d) 6: 1. 37 (s, - c oro orm-

3B, CH
3

CN), 1.39 (e, 3H, CH
3

CN), 1.83 (s, 3H, CH
3

) , 6.97 - 7.96 (m, 10H, 

(CHC13-ether~pet.ether) 155-157° ,C; IR(neat): 1780 ArH); Melting point 

-1 
13cnmr ( hl' f d) 6: 15.00, 25.25, 28.61, 75.08, 77022, 84.32, 

c oro orm- '" 
cm • 

111.56, 127.91, 127.98, 128.04, 128.40, 128.48, 129.03, 131,.54, 134.53, 

138.47, 142.25, 149.76, 160.84; 
c 

Anal. cal d. for C21H19NC120: C 67.75. B 

c 
5.14, N 3.76.; Anal. cal d. for C21HI9NCI20'3/4CHCI3: C 56.56. H (+.31" N 

3.03; Found: C 56.89, B 4.09, N 2.76; Mass Spectrum (C.I. 1onization) m/z: 

-nt-{M ; 24%), 373(M + 2, 15), 375 (M + 4, 3), 339(10)", 338(42), 337(32), 

336(100), 335(12) 334(4), 261(7), 260(16); Mass spectrum (E.I. 

ionbation) m/z:;; 371 (4%)~ (M + 2) 373(3), 338(5), 336(14), 262(20), 

261(100%), 260(30), 247(10), 246(47), 205(14), 204(13), 149(13), 145(11), 

128(10), 112(16), 110(23), 104(30), 103(10), 84(21), 82(73), 71(12). Â. 
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second product ascribed as the 2,2,~-trimethyl-3,5-dipheilyl-5-hydro~y.-l- ./ 

dichloroacetoxy-2,5-dihydro-pyrrolè '(86) was eluted from the column to 

, 0 
give 44 mg (31%) ().f material. It had·a melt1ng po'int: 148-150 C; NMR 

(chloroform-d) 6: 1. 29 (s, ~H, c:a)' 1. 72(s, 3H, CH3CN), 1. 75(s, 3H, , 

CH
3
CN), 2.79 (s, IH. OH, exchan8~Jble), 6.22 (s, 1H, CHeI2), 7.14 - 7.59 

-1 
(m, 10H, ArH); IR(neat): ~350, 1650 cm ; Mass spectrum m/z: M 389(24%), 

(M + 2) 391(28), (M + 4) 393(3), 378(10), 377 (2§), 376(65), 375(53), 

374(81), 373(10), 372(38), 314(52) , 312(85), 26'3(48), 262(47), 261(57), 

260(26), 248(30), _ 247(67), 246(29), 220(12), 219(25) , 205(35), 104 (12), 

202(15) , 186(2f' 185(13), 175(11), 157(28) .. 145(10) , 143(11) , 129 (10), 

128(13) , 118(3 ), 117(10), 116(12), 115(40), 105(100%), 104(34), 103 (13), 

91(55),83(10), 77(65), 74(12),59(30). Anal calcd for C
21 

H
21 

NC1
2
0

2 C 

64.62, H 5.42, N 3.~9. Found: C 64.21, H 5.54, N'3.40. 

Reaction of 2,2,4-Trimethyl-3,S-diphenyl-2~yrrOle (84) with Azidoacetyl 

Chloride in the Presence ot Triethylamine. 

To a solution of 2,2,4-trimethyl-3,5-diphenyi-2H-pyrrole (84) (50 

mg, 0.1~ mmole), in anhydrous ether (1 ml) over nitrogen atmosphere and at 
-.. o . . 

-15 C was added triethylamine (39 mg. 0.38 mmole) followed by a dropwise 

add1tionof 8 solution of a%idoacetyl chloride (27 mg, 0.23 mmole) in 

anhydrous ether (1 ml) over a period of 20 minutes. The solution 

gradually warmed ta room temperature and continued ta stir for a total of 
( 

2 hours. The triethylamine hydrochloride precipitate was remved by 

filtration and the filtrate was diluted'with ether (10 al) and was vashed 

vith satureted NB4Cl solution. The" solution was dried over Ha50
4

, 

filtered and the solvent vas ~..oved in v.euo. Tbe 'product V8S purified 

by flash chra.atography on • ailies leI colu.n ( ... h 230-400) uaiQl e~h.r­

pet. ether (1: 1) as the .luent to ,be 4S .. of illpure .!Z. and 30 .. (43~). 
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of pure 88. The impure fraction cpnta1ningU 87 'wa. purified fur:t:het hy 
~ 

preparative thin layer chromatography on two pre-coated s1lici gel (mesh 
.-

70-230) plates (20X20 in.) using 75% methylene. chlodde-hexane 8S' thé 

eluent to afford 12 mg (18.5%) of the a-lactam !L'as 8 liqu~d. 

• NMR ô· 
(acetone-d) • 1. 42 (s. 3H. CH

3
CN). 1. 55 (s. 3H, CIl

3
CN), 1. 77 (s, 3R, 

CH
3
C-C). 4.87 (s, 1H, CHN

3
>. 

-1 
17~5 cm ; Mass spectrum m/z: 

1 

7'~ 06 - 7.69 (m.10H, Arll). lR(nea't) : VQO, 

301(5%). 261(49), 246(24). 205(21), 149(85), 

111(28), 109(13), 105(27), 104(12). 99(15), 97(36), 96(12), 95(42), 

91(38). 85(80), 84(14), 83(55), 82(22), 81(39), 79(19), 77(26)" 71(72). 

70(29), 69(51), 67(15), 59(13), 58(2j), 57(100%), 56(37), '55(61). 

Compound 88 melts ~t 90-92
0 

C; NMR(chloroform-d) cS: 1.24 (s, 3H, CH3), 

1.71 (s, 6H, 2XCH
3
), 2.93 (s, IH, OH, exchangeable), 3.60 (A!1 quattet, 

1 

-1 
2H,CH2N3), 7.07 - 7.56- (m, 10H, ArH); lR(nest) : 3380, 2100, 1645 cm • 

Reaction of 2,2-DimetrYl-4-eth~1-3-Phe~Y~-2H-pyrrole (90) ~1th ':/7 
Dich~or08cetyl Chlodde in the Presence o,i Triethylamin~: ' " l ' " 

To a cooled solution of 2,2-d:1methyl-4-ethyl-J-phenyl-2H-pYI;'rol . 

<.2,Q) (60 mg, 0.30 mmole) in CH2C12 (1 ml) at _15
0 

C snd over nitro8en 

at1lOsphere was added Et
3

N (36 mg, 0.3b mmole) ~ollowed by 8 dtopwise 
l , 

addition of 8 solution of dichloroacetyl chloride (45 ma, 0.30 ~le) ~n 

CH2C1
2 

(1 iù) 0:ver a period of 10 minutes. After 30 m1nutes, the SOlqti~n' 

" . 
vas diluted vith ether and Et

3
N.BCl vas remQved by filtration. The 

o 

f1ltrate vas w.shed with vater, then aaturated NH4Cl soluti~D, df~ed"ovér 

Mf!S04 and filtered. The a()lvent~was re1DOve ......... ~..;..;;;=;;.. Rroduct w~a 
, 0 0 

purified by flash chroàatography on a ailies 

usina ether- pet. ether (1:1) a. the eluent to 

" column (aesh 230':'400,) 

ive 51 111 "(52%) of Q 92 '8S - , 
, , 

Cry.tall:1zati.on frOID< .t~er-P. • ether afford.d an, " an • .a~h0U8 aolid • 

• D8lYt{~al .-.pIe. t't had '." ~lt1na point : .126-127
0 

C and 8pectr.l data , ~, ~ 

. , , . 

O· 
, , 
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are: NMR ' 6: 
(chloToform-d) 
, ' 

CH3CN) , 1.59 (s" 3U, CH3~)" 2.02 ( q, ,2~, CH2CU
3

, '-1 ~ 7":4 Hz), 2.34 

(d, IH, OH, J - 1
0
2.2 Hz), 5.94 (d, IH, CHOH, J - 12.2 Hz), 6.77 (s, lU, 

" -1 
CRCI2), 7.04 - '7.46 ( m, 5H, AXH); tR(ch~oroform) : 3399, 2960, 1690 cm ; 

, , 

Anal. calt;.cP., for Cr6Hl~NC~2(}~ : C 58.5'5, H 5.83, N 4.°27.," 'Found: C 58.63, 
, , 

H 6.06. NV 4.09; Mass spectrum m/z: 314(15%), 312(20), 310(2),' 199(19), 

184(26), 143{i3), 86(16), 71(59), 70(20), 69(23), 57(100), 56(45), 55(21). 

Reàc.tlon of 2,2,4-Trimethyl-3,5-diphenYI-2H-pyrTale", (84) with 
, ~ , . , ',' 

Trichloroa~tyl Chloride in the Presence ,ot 'a Zlnc~Copper Complex. 25 . . 
To a solution of 84-(54 mg, 0.21 mmole) in anhydrous ether (2 ml) 25 0 '. 

wa, added a ,zinc~copper compIex (41 mg, 0.32, mmole) under N
2 

at~osphere. 

the solution was cooledito -15~C and a, solution of triohloroscetyl 

dlloride (50 mg, 0.27 mmole) in dry eth~r (1 ml) WBB added dropwise 
o ' 

over a period of 20 minutes. Once the addition was'co~pleted, the 
, 

solution was grsd,ually -.tatmed to,'room tempefsture :and ,waB stirr!d for 

another 24 h~8 (overnight). The .mixture 'waso diluted with, ether (5 ml), 
.. ~ )---.. 

° ,filtered an~ ~ashed with pH 1 phosphate buffer solution (0.2 M) (Fieser 

,& Fieser, Vol. 1) (~x 10 ml). The solution was drted o~er MgS04' 
, 0 

,filtered and' the solvent wa~ r~moved under reduced pressure. The product 

was purified by flash chromatography ,on sili~a 'Sel (mesh' 230-400) using 

~O% ether-pet. ether as the el~ent to afford l~mg (34%) of tqe a-lactam 

: " ~ whose spectroscopie propérties ~erè" 1dentical to the': prodpct (85) 

obta;f.ned by roeactioD ot 84 with dichloro~ce'tyl 'chior~de and triethylamine. 
" "\ ' ~ , u - ~) ~u ,J' • • 

" " 

The st,arti.I1go 1II8terial !i "w~s also recov~red, 17,"mg (31~). 
û 

,'1 

-1 

. " 
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Reaction of 2,2-D1methyl-4-ethyl-3-phe~yl-2H-pyrrole (90) vith 

Trichloroacetyl Chloride in the Presence of a Zinc-Copper Co.pl.x~~ 

A solution of !Q. (43 111&. 0.22 BIIlole) in anhydrous ether (1 Ill) was 

eooled to -15°C over nitrogen atlDOsphere. A dnc-copper complex:t:l (0.43 

mg. 0.33 DDDole) vas added folloved rPy a dropwise addition of a solution of 

trich1oroacety1 chloride (48 mg. 0.26 lIIDole) in allhydrous -ether (1 ml) 

over a perios of 20 minutes. Alter 24 hours at room temperature. tIc 
'il 

(ether) indicated that the reactio~ vas incomplete and the major component 

vas the starUng material (90). A second equivalent, as described above. 

of the zinc-copper complex followed by trichloroacetyl chloride vas added 
4 

in the same manner. After 15 minutes, no starting material was evident by 

~ tIc. The solution was dlluted with ether (5 ml), \ filtered and the 

filtrate was washed with pB7 pl'losphate buffer solution (0.2M) (Fieser &' 

Fieser, Vol. 1) (2 x 20 ml). Tbe solution wa s dried over MgSO 4' tiltered 

and the solvent was removed under reduced pressure. The product was 
) .. ; 

purified by flash chromatography using 30% ether-pet. ether as the eluent 
, . 

giving Il mg (14%) of I-trichloroacetoxy-2.2-dimethyl-4-ethyl-3-phenyl-5-

hyd~?xy-2.!!-pyrrole. IR(neat) 3360 cm -1; 1690 cm-
1

. !Bnmr (ch1orof'orm-d) 6: 

0~99 (t. 3H. CH
3

CH
2

, J-7.4Hz). 1.47 (s. 3H. CH
3
). 1.59 (s, 3H, CH

3
? 2.02 

(q. 2H. CH
2

• J-7.4 Hz). 3.12 (d. lH. OH. J-6.0 Hz. D
2

0 exehangeable), 6.53 
1 

(d. 1H, CH, J-6.0 Hz), 7.08-7.47 (m, 5H. phenyl). Mass spectrumm/z:" 

200(36%), 199(97). 198(19), 185(59). 184(100%), 111(20). 170(62), 149(51). 

144(12). 143(87). 142(10), 141(14). 135(14). 129-(64). 128(29), 121(14), 

115(42).111(12),105(62).98(13).97(16).95(13),91(39), 85(35), 84'(16), 
"0 

83(36), 82(14). 81(17), 78(1l). 17(44). 73(19). 71(48), 69(84), 68(14), 

67(12), 65(11). 63(10). 58(11), 57(50). 57(47), 55(57), 

,/ 
53(10) • 

Il 
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