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Abatraot. - fIm rowtIcs of pr- rimma with l c*toaylaa~ton~ Is mh?un 
by E-l, C-13 and U-15 BlWR mpootromcopy to pracabd to tha +ub~tItut.ad -2, 
5-dIme.hylpyrrolo~ via tin I!e*~Iacy or N-mlbmtitnt.~ iminam. 
Incraaod #tuta hin&Zice rodaooa ratam of id.no foktia, and decay. 

Tha pyrrolo akeloton I# uidaly diatributod in natural prodwta." AnID&wrtantsynthe.Icand 

biosynthmtia route to pyr~olw I8 t& ructicn of a l,&dIcarbonyl aompouad with a primary amine, 

the Paal-ltnorr oondwkatIm.lb !Zo mochnir for thla reaction ia given In tl~ two dofinitiv~ 

mosogap& an pyrrOl0 ohnIery'~2 und tha oldw lItor&nro concantratw lwgriy m thm proparativo 

l mpwta of tha reaction. a@bec Am early a* lg063d, houovar. lminw vmr. Iaolatad in thim -actlam 

umde poupuative oonditiau and tba aqqemtiocr mad* that ring-clomrr of the Nina 2 (6~~0 1) 

mmont In oquilibritm with the kin0 1 Van tha key btop. lkparIm~nta1 backing for thim rm 

subwquaatly provided by Pro&boat+&.' rho dotactd t& Imina by IB #poct.roaaopg but failad to 

dotact the emamine, concl.PdIag, ".....It im probable that t.ba rucrtiva form of Um intermdk4te ia 
ttni mic wlamiao, which may mot k directly obmorvabla minor the l quilibriu batvea~ tJw tw 

heavily favourm Wm hydravan. form.......".' 

Pollwing an utaIwIv* k.InotIc Inv.stIgatIo*.5'6 on* of au oonclwle4 that thim reaction I* 

Iadood an addition l lLInatIon at tha carbonyl carbon , conmimtont with tha known mmchani~ of tha 

interaCtIon of alno vith aldahydes and katonw", but pcopord tha Intormadiacy of tha 

dIhydroxypyrkolIdi~ i a~ tbm baaI* of 'E = .vid.nc.’ (ScIuH 1). A similar Intokmodiata vaa 

rocontly implied by sandberg' without ~pportiva l vidonco. The praunt work ~a# undertaken to ma 

whiah Int.ermodI.ato(~) could be datoctul on tba pathwayl+z ----> 2 (&MO 1). 

BnmIm of Invwtiqation 

A variety of amino@ (+r - 11, were mixed with aaatonylacetcna (21 in a 1:l mola ratio in CDCl3 

molutIQL and t.h9 ruction follovad by 13C lDlR l pootromaopy. m tba ca" of&and&(6cbamo 1). 

t.h* raactions vore alma follovod by 'E- and 15U- NMR spaotroropy and the pro$act.m Imolated and 

ch4ractuIead. All paah doe to starting matuIal# and productm wara IdontIfIrd by roforanm to 

thair authentic mpeotra wbn thsa wara available, or, if not, by aaalogy to l imtlu oapound#. 

All tJu reactiona (oxcopt thaw involvimq anillna & l d ethylamino u) diaclon a set of 

peaka due to an int~rmodlat~; the relative laton8ItIe~ of tlnm nt8 of peakm grar to a maximm 

vale and than gradually deereamed, vhll. wn product 'pmk forrod l td stwdi1y inaroati In 

intulmity. Ia all aaos, tha intermediate pmaka var., for rauons di-wd klw, auignad to tha 

iriae 2 and not to tJu molidino $ Imdood, this rawtiarr Is Ideally mitod too 8tady by 13C lOlR 

and 15H !MR ~pectromcopy bacarue the intermediata irine 2 ham oharactori~tic sp' oarbon and mp2 

nitrogan atolu, vbereu W pyrrolidinm~po~rmum no sp2 CUboN, and no .p2 nitrogan (8chaa 1). 
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ho IJlllPT(D) mm “~JUOIIM’~ mr. umd to confirm ttn C-13 l edgm.ntm: l 5.1 U pr.dtiY 

givin&.,po8itiv~ puk8 ror primuy and tmttiary auboM, l nlmnad nqative Dukm fcx noooduy 
a8rbonm and mppremad quutunary caqbono; . 4.0 .‘ modm1ay giving poBst1v. tertiary pomkm vith 

ttn prLui.m, wcandarlam uld quutwllari.8 NpPrWwd. 

Tbo 13C IMR #hift# and l #mlgnuntm of tJ8a @ubstttUmt Ln t.h ml1100 1 (S&ma 1) are giVN 

in Table 2, and are in godd agreemen t with th literature,"e'2 am ara th8 asmlgnmantm for 

.a.tonylac.toa.'2d (Cl - 29.6 m; C2 = 206.9 pp~; C3 - 36.9 pa). hakm for the 2,5- 

dimthylpyrrol~m ar. givma ia Tablam 1 and 2. Tbm litaratura contain8 mupri8inglp little QL thm 

13C IWR chaiul l hiftm aad ammigammntm of pyrrolom 11,12,13,14 although a vholo range of & 

rmb~Utu~-2,S_dLothylp)lrolo~ have provioculy been #ynthomiud a& chuact.arisod.'e2D4s6 Thm 

obwrvod ahamical mhiftm of Uu pyrrole ring carbon@ C( 2,5), C(3,4) and the 2,5dirothy1 

NIbatitUOnt are within thm l xpoctod raags'3aB'4a (T&la 1). Little changm occur. ia tin obaical 

#hiits of tha &-mub*tltueat in going fra ulna 1 to pyrrolm 1 (Table 2). 

bblo 1. C-13 MR asmlgnmants of ring and methyl cnrbcaa in x-Nbmtituted- 

2,5-dim&hylpyrrolom~ (Scheme le 

'X2.5) C(3.4) b(2.5) 

127.6 105.7 12.3 
128.4 106.1 12.9 
127.3 105.5 12.6 
127.6 105.4 12.3 
127.1 106.3 13.8 
127.3 106.4 14.1 
127.6 106.5 13.8 
b 107.1 14.2 
IS.2 105.6 12.5 
126.5 105.4 12.3 

+ ch~iai 8hifta ia m relative to TUE in C0C13. b OVerlapping rlbh N-phnyl carbonm. 



Table 2. C-t3 iMR anignamnt& of the W-sub8tLcwnt in r$no AT intermediate 2 &nd pyrrolo & 

(Schsmn 11 

Ii-Subtitwnt C-P. Cl c2 C3 C4 es Cb L%trrat?x* 

4 3 2 46.3 143.1 127.0 128.3 126.5 ‘11 

f 
94.6 b !E Ir B 

46.5 138.7 125.6 128.6 126.9 

5 2 2 146.9 ff5.0 129.2 118.1 $28 

ib 0 c c & 

* 139.0 128.2 129.1 127.6 

& so.& 31-d 20.0 lib 
s-2 t 
Me,CHCH,- 22 19.0 30.1 20.7 

8c so.9 30.1 20.7 

54.2 47.0 142.8 12a.t 129.9 126.4 

56.1 52.3 $_ a b k 

52.1 49.1 141.9 i28.4 lie.5 126.8 

J 21 JE 54.5 32.2 26.9 17 

Me,CCHe- 2% 62.9 32.2 27.9 

r 54.1 34.8 28.7 

ff 42.7 266.0 - 12d 

ii. so.3 23.3 

ar 47.t 22.3 

5 4 

o- \-/= :Hht- 
AL 25.6 51.3 147.9 126.6 12iS.3 126.4 12b 

b 2s_ 24.9 59.0 146.4 2 b E 

E?. 19.4 52.5 142.7 123.8 123.4 ‘f2b,? 

L!! ‘39.7 146.0 126.8 lib.4 126.6 

&HPh- 
E 

(67.6 145.2 127.5 128.4 127.0 

62.4 - 140.1 127.3 128.4 127.1 

tt f43.e IQ9:2 126.d tld.& 134.d 125.7 12c 

.z a P P P .s. P 
z 135.8 123.3 & a h !I 

36.ei t9.d 

a p 0 

38.0 16.2 

16 
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Tab10 3. c-13 mm l nignrmtm of N-sub~titnted LfIw~ (acbr* l$ 
(othar than thor of I1-.ubstituant) 

Cl 

b 

25.9 
30.0 
30.0 
30.3 
30.2 
30.1 
30.2 

0 

206.8 38.4 35.3 16?.7 
206.9 38.3 35.4 165.8 
207.9 39.0 35.7 164.1 
208.0 30.7 35.7 165.7 
207.9 38.5 35.6 167.7 
208.0 38.4 36.0 166.0 

s 0 _ c c 

2 Ch.mi% .hifta % pi r.l.t% to MS i;; CLJC13. = &I. conco&atiao 

C No fntarm.diata cbrrwd at 22 OC or -15 OC. 

*i.e 35.7 ls6.6 

Tha 13C IWR . ..ignn.nt. of th iat..rmadiata. .ra 9lv.n in T.bl.. 2 

c6 

18.8 

a 
18.0 
18.3 
18.0 
17.2 
17.9 
18.6 
20.3 

C 
too low to b. cb.uv.d. 

and 3. ma _&mb.titlnnt 

abaical .hift. .r. . ..onti..lly tha - a. thow in th. uia. + (T&l. 2) with tin .iz&iulu 

l xcoption of Cl, which ia uch ca.. i. la th. pyrrol. c 5-10 pp dwnfioid fra th corroqonding 

aaim, r.floctin9 t.l~ chan9. in hybridiution at tha nitrog.n; I... .p3 (amino) ---> .p2 (kinol. 

In conflaation. b chnracterl~tlc C-NR of t.hm him ~carbon 1. .aan in th. range 164.1-167.7 pi 

(Ml. 31, (axp.ct.d: 160-170 pp~).'~ Th. tuo oothylan.. C3 and C4, (8ch.m. 1) almy. .tr.ddl. 

tha .hift of the m.thy1.i. in acotonylacotona. No p.aka for anamine 2 (8ch.m. 1) .p2 carbons, C4 

and C5 (oxpactwl in th. region loo-150 w),'~' nor for tha .p3 pyxrolidin. 1 carbon C2 (70-140 

PP),'~~ uw. .v.r 0burv.d. 

M-15 A..i9awnt. 

Z.bl. 4 9iv.. th. 15U-r..olunc.. in tha ruction. of n.o-pantylamlw (2) and i.o-butylamino - - 

(&I with l c.toay1.catoa. & Both uin.. rmaonata upffold (oxp.ct.ul in th. r4gicm -300 to -400 

PPI),lk chract.ri.tic of a pr4 4p3-nitrogur. In contx..t, th. pyrro1. n1t.rog.n. U. ca. 1M pB - 

domflald fra tJm uinoa (-150 to -250 pp1)15. bacaua of tha partial double bond chractar of th. 

C-N bond. Th. laolakd poaka at -67.4 p&m and -70.5 m u. chractorlmtic of tha pr.ci.aly .p2- 

hybrldiwd nftrogon (-30 to -80 pp)15. in imia.. (tba .p3-1 of dlol1 i. .xp.&.ad at co -300 to 

-400 psm'5.1. Thi. confirm. th. c-13 . ..ignm.nt.. 

'E A..ipnraata 

hblo 5 91%~. th. 'E-chaical shift. and a..igam.nta of th aminoa &and 2 (Scbam 1). m 

dikaton. 2 chemical .hifta ara 2.65 pi (CE2) and 2.12 ~0 (CEO); all p.ak. .r. in 9oad l grmmont 

with the lit.raturo. 2o Th. 'Ii-cb.mi~.l .hlft. and . ..ignmaat. of the H-mbmtittmntm of tlm 

gyrrolo. E and & ara 9iv.n in Tabl. 5. For the H(3,4), (8~) and (&I #how puk. at 5.68 pp (.I - 

and S.72 pi (B). ra.p.ctlv.ly. ?or th4 2,5& group., p..k. for&and fi ua fomd at 2.15 pp, 

(.I and 2.18 pp (4). roapmctivaly. Tha valw. for* ar. in broad l gra.m.at with tho.a proviou.ly 

a..ign.d by on. of II.. 8 Th. N-.ub.titu.nt mathy1.na Fa.k. (Ii-l; Table 5) undergo a downfi.ld .hift 

(1.0 - 1.2 pm) in going fra amino 1 tc pyrro1. 2, dua to th. diatropic ring currmt of tha 

lattar;‘lb tha othr N-mbmtituant pub arm ralativaly unaffactad (Tablo 5). 

T4b.l. 4. 15N-NHR a.*lgnmant. of th Paal-Knorr ruction (Bohr4 lfi 

R R'5nE 2 

-JCCg2 -366.P -67.4 -223.1 

m2-2 -361.6% -70.5 -223.9 

d -ic41 .uft.a in pp upfi.ti of cyo2 ia &-dmao. ?r Litar*tur4'+: -368.7 Rp in m*thmol; 

-367.6 pp~ in ~)-1~lOh4~444. 2 0.4 pp~ domfiald of lit.ratura14bb; liteatur. va11~. Ua of mat 

liquid. 
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T.b1a 5. il-lMl..oigmmlta ofu-mlb8titlmntinrin~ 1, int.m.dlAt.~.ndpylxol.qin 

tb. Pul-morr r.atfon (La. 1). 

8-l II-2 8-3 E-l E-3 

(&I 2.49(d; 3J, 2-6 il.) 1.5* 0.90 (d; 3J2,2-9 H.1 (1.1 - 2.39 (.) 0.85 (.I 
* 

(&I 2.97(d; 3J, 2-6 6.) c 0.89 (d; 3J3 2-9 II.1 (2) 2.87 (.I 0.89 (.I s . 
(ec) 3.3O(d; 3J, 2-9 E.1 l.OP 0.87 (d; 3J3 , 2-6 Ii.1 (&I 3.55 (.I 0.w (.) s 

5 Chaical .hift. in m r.latloo to TM6 in CDC13. b Binomial nonot. (3J2 ,=3J2,3-711z). 2 . 
Ovul.pping with .tuting mt.ri.1. 

The ‘li-&..1o.1 .hift. .nd .m.igm.nt. of tb. int.o.di.t. 2.r. giv.n, for th. N-.ub.titu.nt, 

in Ml. 5. Mditicmally, 2 and 2 .ach .hov tw mthyl p.ak. at 2.15 pi (6) (IrclO) aM 1.77 

pp~ (.). (ll.C+H). and at 2.14 D~I (.) (M.001, and 1.76 pin (.I (lWH0, roqmatioUy. m., rith 

th. uaptiaa of tha wthylonrm E-3 & II-4 which ar. overlqplng, all tIm proton romaumom are 

wall r..olV.d. Little ch.ng. accur. in Uu 'a-ch.aic.1 .hift. of tha N-mb.titumt in going from 

UinO~to imim~(Tabl.5). vlth t.lu l xooptiaa of tha U-s.thy1.n.. (E-l; Tab10 5) which ar. s 

0.5 w dowagl.ld In,th. l.tt.r, .~o~atlng tba change in hybridimticn .t tin nitrogwr. fin 

doub1.t at 2.% - 2.98 pp. a..igmd pmvto~ly to th. IrrathylaA protau ia tba ~rolidia.~* 1. 

now a..ign.d to the .a.. proton. in th. iaiao 2 (T.bla 5). Ibrthar conflrution is providul by t.ha 

cbuactarl.tlc rathyl .ing1ot. 8-l awl E-6 (M. l hov.1, vhiah romonata in t.h l xpoted 

regionm.‘a l!ha ‘Ii-an*ly& tharafpra aonflrx. tJn 'OC- and 15U- rwulta. 

Di.CU..ioll 

Rwmnablo Imrlmni.tic pthvay. for tlm tran8forutfon of dik.ton. aad -ino Into th. pyrrol. 

l r. ut out in '&bla 1. &~~~~~y~t~~~Ob-~,aad~.~fi~~k 

0btirv.d in th. pc.unc. of both mt&ting utori.1. and ~oduct., it follow that tJmro are two 

rato-dotoalning l topm In Mm roactian nqwnc., on. proo.diag_ irixm forutica ..d Wm othu 

-..diq it. T+.m fir.t Uow .top .u.t b. th. UOCUIU nncl.ophilic .tt.ck 1 + 2 --> 1. 

Thi. i. cq.i.t.nt with Jonob' ob-atfon’8 that aubinoluim8 1 rudily .lirinat. v.tu to giv. 

th. thorrodynuically xor. .t.abl. iain.. 2, and the o$.qyatiou-Udo by a~. of am- that la acidic 

n.dia carblnoluin. 1 Sorution ia l xoiwiv.ly rat.-doturining. 

The arbuquont .whni.tic plthu.y aould k (a) 2 --a L--> 1 -D 1 -s 8 or (b) -- 

I --> 5 -> 1 --> 6. A. fntoa.di.t.1 i. not d.t.ct.d, &..pl -> 2 ru.t in .itlmr ca" b. fa.t 

.‘ 1. .xp.ct.d b.oruM of the uortic1ty Of g.7b If pathrry (a) l ppua., tb. ab..noo of tha 

dat.ctablo coacontration. of 14lie. .lthw (1) that kf,_-,7j B> k(+,,) or (ii) that kf,_-,3j 

” k( 3-_,4)' Yitlmr (i) nor (ii) .pp.ar. lik.1~ a. in rvual cam. wharo cyclic dial. hav. bwn 

daon.tratu121*22s23 to li. a~ tlm ructian p~thmay in tmt.roayClfa ring clomu.. .lixinatiao frfn 

th. diol. i. .lwor th.n diol forution. EWIC. u. b.11~. tha ncond .low .t.p to k th. 

intraol.uulu nucl.ophillc attack (5 --_) L). Our failur. (and that of Bwlb.nt’.‘) to dat.ct 
th. -in. 2 i. con.i.t.nt with th. fact th.t th. .quilitdu 5 -> 6 lie. Wt oatiroly to tlm B-e 
l.ft7cs'g (tiplying a low, .teady-.tata concentration of the uumin~~). 

T.bl. 6 giv.. th. .pproxi.at. h.lf-liv.. (0bt.in.d fro. "C lllR puk h.lght.) for th. 

forutlon (tr12) .nd mb..guurt r..ctlon (tel12) of ti irkr. (2). Th. d.t. .tum olouly th.t 

.tuic hindruxo in th. +ub.titu.nt h. . r.t.a r.ducing offact at both forutian .nd 

di..pp..r.no. of irin. 5 Th. ob..rv.tio. 6. tlmt . . tlm pE of th. mdim i. r.ind, th. r.t.- 

dot.uWning .tbp ah.ng.., with a conomitit d.cr.an in th. ardor of th. rwction (fra 2 in 

acidic Muir to 1 in .lkUln. ..dia, ri?h . fracUoa.1 ordu porbinlag at lnlmrrdiat.4 pRm), im 

l 1.o con.i.t.ni with our .&..a. 
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Tablo 6. Rpproxlmtv lmlf-livox for tha formation (t,,2 ‘) and reaction (t’ ,,$, of tJm , 
intumodiata 2 ia tba Paal-Knorr roaation (&h&e 1) at 22 OC. 

tl,2(hrB) t’ 1,2(llrm) R tl,2(w t’ ,,2(hra) 
Q -a 2, (2 -> 2) (1 --,, Q-->~) 

PhCE2- (*I x0.0* 0.2-o.* m2cli- (5f) 

Ph- (E) & 2-3 PhCS(Ha)- w 

b&a2CRCE2- (El 0.2-0.5 1-L Ph2CS- (2, 

Ph2CliCE2- (MI 0.1-0.4 0.5-2 1-naple.hy1- (Z) 

Ha3ccn2- (2) l-2 10 - 15 Lt.- (U) 

A Bali life at -29 OC. Ir Intumdlata not seen. 

12 - 15 20 - 50 

12 - 13 20 -.30 

G.l- 0.4 0.5- 2 

IO- 15 70 - 90 

b <o.oe 

Kxpuimntal 

AU reagonta vu. obtainad from Aldriah and umd vitbotlt fvrthu ,+rification. 

'%-Spoetra var. racordod it 22 'C on i JRDL R-100 l pactrcmotar at 25.1 IUU. THSincOC.13 
(259 V/V) vu a intuna rafOrUX!v. Tba xpwtral vindov 'vax 6002 HE vith 8K da- giving a 

digital rmxolotfon > 1.5 Rz pr point. A pl of 19.mlcro x (9Q") vlth. 1~ pa and 0.w aquyitlar 
tim vam und; l uccmulationi varied fra 500 to 2000 gioh a typical &nal:noin ratio > 10 :l. 

'5N-Spoctra vu. racordmd at natural abundancm at 22 OC om a tiicolet W. 300 at 39.4 HEa Vith a 

24 micro l (65.5 O) pu, 0.82# aqulaition tiu and Cm @ la d6-dmma as solvent aad lntunal lock; 
UI,ND2.vmx the utunal .ataMard. The mp width of 2OkEs 'with 32K date pointa gave a digital 
roxolutioa of 1.2 Ii2 pu point. Typically, 10' accuulatiow wmre t&an for l aob wmctrm givia9 a 
l ignal:noi~o ratio of= 1O:l. 

'II-Spectra var. recordad at 22 'C on a Nicolot NT 300 at 300.1 NEs ruing a 5 miCr0 m (45’) pl 

vith a lm pd in CDC13 aa solvent and internal lock. The l poctral rind-w vam 3000 Hr vith 321: data 
and an aquisitlon time of 5.650 giving a digital rexolotion oiO.18 E.8 Per point. &cunlationm 
varied from 50-100, giving s typical nlgaal:nofu ratio > 103:1. 
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