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" ‘of the carbonyl oxygden atom with the maqnesy‘l greup “of

Reaction of p.yﬁrmymagﬁesi'mn' bromide with iodome¥hane

in ‘diethyl ether ‘gave, on'l'y suk!stz_tuteﬂ pyrrows Wheh the

reacticn was. carrie

parts cf b 1"

c—substmuted pyrroles 1ncreased wltn mcreasmg an\ount-of -
thé HMPA added and if the H.MPA was used as solvent th'e pmduct

<wds almost exclusxvely N—methylpyrrola. It was belleved, that

g oup -becage, dlssoclated The reactlons of pyrrolylmagneslum

to invblve two, tvpe\s of Lewis acid .and Lewis bas reactl.onv:

(a) the reactmn cf the c-arbonyl carbon atom with. the pyrrolyl

. group of the u'ndlssociated Gngnard reaqent; (h) the' react‘on

ergnard reaqent. JThe , carbonyl, qraup of such compcunds

acetyl chlbnae, aceti¢ anhydride; phosgene st carhon “dToRids ©

where the electrophxlicity of Ehe carbonyl carbon’ atcm was

greatly enhanced hy (:he electrpn— 1thdraw1ng qroup preferred

the Exrst type of Lewis ac:Ld and Tewis base reaction. The

carbonyl group of snch compounds as dlethyl carbonate ahd




cark;o;?ylate wa

xygen atom was énhanced by electron-donatmq groups preferred

th “second type uf Lew;s acid and Lewls hase reactxnm The

gave almos

tempera;ure of 1,4- dinxa—nea, the ethyl 1-pyrrole-

boilin

converted slowly to the thermodynamlcally»

moxe, stable e oducts, ethyl 2-pyrrclecarbcxylata and 1,37~

dlpyrrolyl ketcne. S . d s g <
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'. Table XI. The retentiox time of pyrrole, mono-valky-l— -
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2" ® B In 1857 pyriole was isolated as a pure compound frcm

« 5 bone 0il by Anderson’ (1) and in 1860 Schwanert (2) succeeded
in syntheslzlng pyxrole by the dry distlllatlon af ‘ammenium . - A y

,.
mucate. The stzuctural formula (I) was suggested for pyrrole < % §

by Baeye:: (3) ) » . T wE o .
Pyrrole appears from its fome tobe & 2"secondary aming . -
but xts bas1c proper‘tle! are very weak. It does not form -

qmaternazy salts thh alkyl halxdes. “Its weak bas:.cm:y can’

be- exglalned by its pecullar »arcmatlc:\.ty. From colorjmetric’
and spbitzod cop.l!: Sruates, meEven (4) ‘derived the value pXa =

16.5 for pyrrole‘, "ut Yagll (5). reported that tha pKa value '

was 17 B The above two values are hxgher \:han that: for methanol

.16 Pyrr les contalmng elgctron attract—

A mhose value is 5

xng subst;tuents -are stmnger acxds than pyrrole. For examgle,_.
g > 5~ dmltropyrrole (1:7 is saluble in alkahne solution “(6a)!

and the . rutnle compound, dlethyl 3—methy1—5 cyanoa-z 4—pyrrole— 1R

d:.carhcxy).ate (.III) “Gan’ even e. t:u;ratea as a mcncbaslc acul

thh pr(enolphthalein as 1ndxcator (Sb) & T@’“a‘cldxty uf the’

pyrrolyl NH also incx‘eases with .an: ncreasmg number of” electrun 4







F (ﬁ) K salts l e

" Reaction’ of pyrrolylputa

v g‘ (BE., 13). 'vuch

‘,.. g For. exampley acetyl chlorlde rea,c\ts w:(Eh pyrrolylpotassw.m in

absoluté etﬁer to ive 1-acs1ty1py:m15e (14 ‘ana the ;eactxon







halxﬂes pxoduces mixture ‘of u—alkylpyrrole and C-alkylpyrxole

i p:odu&s-"(ua) .

a
B ammonia also pzoduces N'-methylpyrrnle (lsb)

ST ing N L_ u:u(‘.ed alkylpyrrole (15).

‘Trexhs and Dietl reported that reactxon of pyrmlylpotassxum

d wit.h dimethyl sulfate if uqum ammonia gave N-methylpyrrole (Bc)

‘In some cases xeacuon of pyrrolylpot@ss:.um with hxgber alkyl "

dimethylpyrrolylsodxum thh acetyl chloride qave N—-subst1t\)ted

IR . x w
(c) Li salts i

The reaction' Qf pyrtolylhtg ium w,\th ethyl chloxofomate
is xeported to give ethyl: 2—py;roledarboxylate with ethyl
P—pyrrolecarboxylate as side product TBc) hm: it is reported
. later that reacb:on of pyrrolyllithium with methyl chlerofoxmte_
only produced methyl 1-pyrrolecarboxy1ate (12:)

It has been ‘found that reaction cf pyrrolylhtkuum thh

ethyl btomida in liqu:.d ammonia q:.ves only 1- ethylpyrrole.

When. the reactx,qri was. carx_xeq cut in absp]_.ute-ether the pr_bduct:




. magnesium Lodlde can be pzepaxad in a smgIe operation: by mixing -

was & mixfure of l-ethylpyrrole, 2-ethylpyrrole, and 3-ethyl—
pyFrole 119) M e L s L B

® {xrrolxl Grigna:d _Reagent i ’ n

1odxde in. absolu

ether (20)-. He also claimsd Chat pyrrolyl-

the, pyrrole, the methyl iodide and the magnesium in anhydrous
ethﬂ: (21). Pyx‘rolylmaqneslnm chlorlde and pyrroly-lmaqnesium
bromlde v{e:e prepared by the 5ame method described by Odqo (22, 23)
5 Reaction of pyrrolyl.magneslum bromide’ witk alky]. halides

nged 2=, 3

5 dl—, ‘and tualkylpyrrole and, when equxvalent
quantities of alkyl ‘halides and pyrrolylmagnesium bromide are
used dxalkylatlnn and polyalkylat;on hel:mne i.mpottant (19,245 ;

- but the dlalkylpyrzoles and polyalkylpyrrole have not been
1dent1fxed “In the reacﬂoﬁ of pyrxolylmagnesium hrcnude and -
alkyl halides the reactivztxes oi alkyl halides increase in :
the order : neopentyl methyl < ethyl < s-bm:yl < isopropyl <<

'auyx ACEbilityl A t-amyl (19) GFiffin’ ana. Obfycki (24)  £ound

" that ‘when a. Zeries of methylating reagents were. us e ‘the methylat:.on
ability of the methylatznq reagents was ‘: CH3 < (CH3)3P04 <

375 '~ ooy ,0Ts (me'thyl - toluene:ulfonate). fMhey ‘also -

. poxnted out that when (CHB) SVJ4 or CHaoTs was used as methylating

..(en




The alkylatlon of tHa Gr).gnax:d ‘reagent £rom a trialkylpyrrole o
A o B & has been exammed by Booth (25) In the react].on of 2,3,5-
° trlmethylpvr:oly1maqnesium ].Odide with ethyl 1od1de a mixture.

of pyrrclenlnes vy ‘and’ (VD) was obtamed Slnularly 3- el:hyl— ) %

2,5+ mmsthylpyrzole gave o (vn) aid (VIII) with riethyl

dide: Méthylatlon of 2,5+ dxmethylpyrrole or 2,3,4, 5o tetra-

..mechylgy.rroxyl Grignard reagent with methyl lodide gives

compouhd (xx

Reaction of pyzzolylmagnesmm bronuds w1th acetyl chlor1de
- 'gives Z-acetylpyrrole (X) and 3= acetylpyrrole (xI) with the
-formér as the major-‘product (26)" Reaction of pyrzolylmagnendm : -
bronude with acétic anhydride ; also qives 3- acetylpyrrole “and '

* 3= acetylpyr:ole (26b) . Caxbon d1ax1de glves 2-carboxy11c acxds

P

e with Gnq;:ard reaqants from pytrole (20 27,28}, ° but reactwn

of pyxrquinthmm with carbon dioxiffe only gives 1- carhoxyllc

~ac1d (12b) ." The react&on of " phosqene with’ pyrro].ylmaqnesxumi bromlde .

gives 2, 2 —d1pyrxoly1 ketune (XIT) (22a) Chellhtzev (22a)

“also clamed that 2,2 dipyrrolyl ketone, cotild also -be’ cbta).ned

“oo by treatment -of 'pyrrolylmagnésium halldes with Z-pyrrolecatbonyl WL}

chlox1da _obtaihed by, the reactmn of 2- pyrl—olecarhoxync ac).d

e

. with phosphurus pentachlonde\

reactlon “of pyrrolylmagnesium iodide with' ethyl formate -in. 5 % S

L benzane qave 2- formylpyrrole (XIII)
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. Sycheva et & re‘pérted that the reaction of. pyrrolylmagnesium
bromzde and methyl chloroformate,gave methyl 2-pyrrolecarboxylate,
and methyl 3-pyrro{ecathoxy1ate (30§ . They also reported that
when exdess of methyl 'chlamfomaLe was used; diméthyl
1 3-pyrroledicarboxylaté was also obtalned dado (20): reported
that” reacblon of pyrrolylmagnes1um iodide with ethyl chloro-
fotmate cnly produced ethyl 2—pyrrolecarboxylate (Xv) . but

other workers claimed that besides ethyl 2~ pyrrolecarboxylate,

ethyl l-pyrroletarboxylate. (xzv) and diethyl 1,2- —pyrrole-

d,\carboxylate (XVI) were also’ .obta].hed (31)

(e} N-vs. c= substxtunon

S Chelintzev and Karmanqv reported that the chief product

of the reattion of pyrrolylmagnsslum bromide with d1ethy1/

carbonate was ethyl l-pyrrolecarboxylate. ‘Small amounts, of

ethyl 2-pyrrolecarboxylite and 1, 2'~dipyrrolyl ketone (xvzr)

were also obtained (32). They explained thatapyrrolylmagneslum e

halidas wereé like the derivatives of pyrrolylpotassl\m\,

capable of _giving, accqrdlnq to conditlons either N- or C- - by
Joag 7 substituted pyrrolss. With the pyxmlylpotassmm the tendency

'is to form N—danvatwes while the pyrrolylmagneslum halides . . £

“tend ‘to fori c—denvatwes In, comparlng the behavior of

‘pyrrolylmaqneslum halides. and pyrrolylpocassmm, 0ado also

" reported that pyrrolylmagnesium halides yielded derivatives

- substituted in the C-position of ‘the pyrrole rucleus, whereas '
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under tha same

did'not react or |yielded compounds substxtuted in the N-posltlon

- of the pyrrole nucleus (33) ) B
The effects upon the occu:rence of N- and C- alkylatxon

of varying the metal cation, temperature and the medium have
been studied by Hobbs et al. (34) . They found that an increase
in reaction temperature brouqht about a: slight increase ip !+

the relative percentage of :2- alkylatlon and favored further

alkylatlon with the production ‘of dlsubstltuted pyrroles. ol

The following general conclusion were also drawn:

(i) For'a given metal salt, both under: heterqgeneotis conditions
and in solution, the.most polag.solvents gave. the highest o
percent—:aqe 6 "1- alkylatmn and the least polar solvents,the 3
lowest percentdge’ of 1-alkylation. ) . .
(il) For a given medium, both under ‘neterogeneous condltlons

and in solution, the' relative percentaqe of l-alkylatlon ) ) )
increases with decreaslng coordinating ability of the cation

in the order Li" <'Na” < k¥ < (cHy) ucgHSS. .

(111) For pyrrolylpotassium, hoth under heéterogeneous condltlons

and in sclunon, the relative percentaqe of l-alkylation

increases with 1ncreasznq solumhty of the salt in the medium. .

(iv) For a ser).es of salts 1n a glven medium, hoth under |

hete:cqeneous bondxtxons and in sblutlcn, the relatlve percentage

of l-alkylatla tends to-increase with decr9351ng solubility -

of . the salt 1n the medxum or * for homoqeneous reactions with

decxeasnxq concentratltu} of pyrrole. salt in the reactxon medium.




-14- . v
Bl . . T 7%
- (v): Addition of tetrabutylammo,nlum bromde to ax}lr reactmn T
o <
mixture 1ncreases the relative percentage} of i alkylatxon. *

‘To accuur}t for these observatu_ms, it was suggested that
..dissociation of the salt (XX) favors -N-substitution and ionic
oA i :
association (XIX) favors C-substitution. in homogeneous reaction.
7 4 .
(D) Studles of the Grlﬂard Reagent - o ~

The domposition of the organcnagnesium derivatives in

qolutlor\ is poorly-understood and:Kas onlv been studied in" \‘v
several special -cases.’Ashby and Smith reported that-the degree'

of association for the bromuies and iodides of organomagheslum
increases un1fzri‘m1y with ccncentratlon, gomg from monomenc

Specles at J.ow cuncentratlons\( .0.05 mole ) and approachmg

1.+ TuA dlmerlc specles at the hlgher ctmcentratlons (0. 5 100 mole) (35)_

\ organomagnesxum chlorides are essennally dlmer;c even’ at low
concentratlons. Evans and Khan were able to show the exlstence
of the complex cﬁv,,FMgBr'rmA(N,»g.w',u'—:etramethylethylene—

dlamlne) by nym.x. studles (36) In a st\ld‘[ of the rotatcry

power, of the complex obta.\.ned by‘ usipg an optically active w, T

solvent {XXI) Vink squest.ed a-series of equllibna in the™ = 7 %Y
. solunon (37). In a’ gkudy of the hehdvior Of &= BuzMg in

tetrahydrofuran Coatas and: Heslop proposed that there was “an’

- equilibrium between £rBu iy (THF) (KKID) and (&= Bughg - THE)

(XXT1I)"but theéy were unable to ‘distinguish between- structures = -

" (xx1r1a)”and (XXIITB) ‘(38). X-Ray stidies.havé also‘been dohe -










& Z-’.L-Bu'zMg(TMIIIT‘)Z

: ( XXIL) - .
o L




. ‘on solid samples anﬁ the Lcomposition of the organnmagnesnm - F

halxdes helcrw have been proposed. C6 SHqu ZEtZD (39) H

£,0 (40) 5 (Er.HqBr-Et N, (41 TR

- ( Hg) M- 22:20 {39): BtHgB: ZEt
The solvatxon abilm:xes on dimethylmagnesxum : =

HeMgBr ITHF (42).

« of give wlvatmg agents in. an mert solvent have been Stlll‘hEd

g
o hy an’ ne . . fnet.hoé A 3%, 431 ’l‘hey ‘are HMPA (hexamethylphosphoramide) .

,(xxiv) TMEBA (N,N N,

tetrameﬂ:yi{thylenedlamxne) (Xxv) ;

- DME [dxmethquethane) THF: (tetrahydmfuran) and ethyl ethex. Ol

YT e cases -of hexan chylphospha:aml.de and N N,N' N'-tetra- .

s methylethylenediamn‘. when the ratio ‘of the solvating agent to
the Gngnaxd reagent is greater than ‘two the zen;t.mn is
e T complete a.nd anly disolvuted monomet (xxv:[a,b) is pxesent in <

~ ,> the inere solvgnt. on the _contfary, for the ocher solvatxng 5

here A5 an equu.ibrigm between the disolvabeq monomer .

. (xvaI) and d.lsplvated dimer (XXV]‘_(I) in the inert solvent. Ducom
a3y eo a0
% phosphoramlde was g:eater than f_hat of NN, N'

ed out that the solvaung_ab 1ity of hexariethyl-

-tetramethyl— .

ethylenedlanune. The bahavioz af solv;ting aqents on alkyl-

/

“f F .
Grignar reagents, the wv. absorpti.on ni the Grignard reagem:s '
areé sl J.ft d to, lonqex wavelength until the .x:atio cf the * o

hexamethxlphosphok‘emi’f‘ to the G:ignard 15 2:1. Furthex‘- additicn'

of’ hexamethylpho’sphoramide does not then cause the shitt of o -







:. -}
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Ce21- L .

the u.v. absorption of the Grignard to longer'wavelength but -

‘there is an appearence of new abs rption in the. v:.slble

length fegion which is s21d to bé & charactsristic absorptlon
of a_garbenlum ion. The author suggested that the complex (XX1X)

wés'preéent “in the solution (44). Duccm and et he, neagiEga

- the electrx\qal conductlvltxes of magnesmm chlorxde ‘and, hromlde,
. © L of dxethylmagnesxum as ‘well as of ethylmagneslum chlofida;
,ethylmagnesmm bronide and ‘of n-| butylmagr\esnm\ bromide. in !

’ _hexamethvlphosphoxamde (45). In thxs strongly basic solvent E

the equivalent’ conducmvlty of- Grignard <compounds can be-ds
“high as 208" Lon~Zmo1”t. The authors proposed the follnw1ng

s 1inzatmn equxhbmu.m 8o - i

 R-Mg—X = R-ylg*‘ + X

ized

- They repcrted that magnesium btonude was completeiy:

and organomagnesium brcmudes were ionized to approxxmately 30%

(E) Ambident Ion Studies

} o i “The “tern “ambident aiyi_ons" has been used by ‘Rornblum: (46)
.* " forthe anion systers containing two denters susceptible to
Electrophlllc attauk but in which' only one of these centers
can take part in one transipfhn state. Systenatic studies of -
- alkylatmn or. acylauon of ambident: ‘ions in ‘the past few years

*+have shoyn that - the relative percentage of prc\ducts resulting

frcm the two posslble reaction paths’ depends on factors such -




as reactxon mechum,metal counter ion, structure of tHe alkylati.hq

“or acy1atmg aqent, wmch lead *tq dlfferent product dxst:;butzon

i (46 47) ' - . . s N

" Ingold (49) suggested that Clalsen s C-alkylation reactmn A

of phenol salts with allyl and benzyl halides in non-polar

solvents such as benzene mvolved the reactmh of the alkyl

halide Yy sepeliaren, dolium phanowlas hetens the ‘oxygen-  §

* alkylation in‘more polar solvents such as ethanol. or acetone

was attributed”to reaction of the dissociated phenoxide ion. . . Y
Kornblum and coworkers - (46) reported that in reattions of ‘alkyl

""" halides with silver nitrite, the“nitrite ester was the major

* product, while with potass’ium'nitri:e, the nitroparaffin was
the major product. chbs and cowo:kers (34) demunstrated that

! the reaction ‘of pyrrolylpotassxum w)th allyl halxdes ind toluena

_gave malnly the Z-Substltuted pyrrole. (XXX); but the l—substltutsd
pyrrole .(XXXI) was. the major product-when tebrahydrofuran was :
~used as. HTvesih, Curtm reported thatin the ‘reaction of metal
salts of phenols, carbon alkylatxon was increased at the'
. | expense of oxygen alkylation by the; salts of les§ electro-
posltxve alka11 metals (49)- In a study of the alkylatlon of *

. alkalx metal salbs‘ of pyrrole, Treibs and Dietl suggested that

- ' the positwn on the pyrrolxl anion resonance hybrid which makes

“the nucleophilic attack was.determined by the ionic-radius of
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" préedominantly nitroyen-alkylated products, whereas:pyrrolyl-

-Yithium and pyrrolylmiagnesiiim halides gavé predominantly

carbon-alkylated products ’(8c): Noble and Morris found that
the use of hexamethylphosphoramlde allowed G only better = .

ylelds but also the hlghest O/C ratios Ecr the reactions of

“alkali metal salfs of acetoacetate with alkyl halides (50). e

The reason for' the' 1mproved yield was not known. House and’

coworkers reported that mercury (11) salts were found to exlst

. as u-C-metalated ketcnes (XXXII), but’ salts wlth lxthlum, sodium,

zinc and magneslum exxst as enolate structutes in wh1ch elther

contact 10n pairs (XXXIIIa) or solvent- separated l.ons (XXXIIIb)

‘may be presant (51) They also p01nted out 'that the ex1stence

of metal enolates as solvent-separated ion pairs is favored .

! in a polar or a good #olvating solvent su¢h as 1l z-dmethoxyethane*

' (47d 52) to explain the merature results.

or. N N'—dxmethylforn\almde rathér than ether; (b) by the presence

of a metal catxon such as sod;um, lithium or zmc rather,than

‘magnesi\m\. In klnetically com‘_mlled reactions of metal enolates

with acylatlng aqents, Q-acylation is the favored raantmn

with solvenbseparated ion pairs’ and with u-metalated ketones.

‘The contact Lon pal.rs will increase the. C—acylation.- In a

dlscusslon of the dual ‘reactivity of amhident anions Shevelev (47e)

was ab].e to uSe the prmciple of hard and’soft acids and bases

o From the examples'we have glven above, it is possihle to make.

“the . following conclusions for pytrole denvauves. ALL the

i
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‘.no systematic study oE the factors which determine the pos;txon

be_en stu(hed in g few

reactions of pyrrclylmaqneslum halides wu:h alkyl halides give,
only C—al.ky-lated pyrroles. Alkylation of alkah salts- of pyrfole: -
in liquid -ammonia only giqu—alkylated pyrroles. Acylations- .
of pyrzelylmagnesiun halxdes with some exceptio.ns . .
usuall.v produce a mixture of C substituted pyrroles and N-
subnt.xtuted pyrroles. Acylatxons of alkali metal salts of

pyrrole always give N-$ubstituted pyrroles. There has been

" of alkylatlnn ‘and acylation of the- pyrrolylmaqnesinn\l halides.

The constitution of pyrrolylmagnesium halides in the presence
of strong complexing aqent has not been studied. The ambident
.anion of py:ro;e in- solunon is poorly understood wnd has enly

cases. We will.diséuss these topics

“in the following part of "this thesis. The concept of hard and

soft acids and bases i also used to explain our results.

s : g . ) -




-, CHAPTER 17T
STRUCTURE ‘AND COMPOSIFION OF ‘PYRROLYLMAGNESIUM

/SZRUCTURE ‘AND COMPOSIBION OF 'PYRROLYIMAGNESIUM
HALIDBS IN DIETHYL ETHER
.After the prepam:mn of the pyrrolylmaqneslum haudes

(20-23) ,the structures of these pyrrolyl Grignard reagents
_have beén s(:_ud:Led extensively. Nenitzescu (53) siggésted
that the magnesyl groups, of the pyzrolyl Griqnér‘d reaqenté
were at‘tached tO carbon atom rather that tq the n1trogen atom
“besause they, gave ‘a vlolet G516t with M1chler s ketone.’ The
indolyl Grignard reaqents gave a fiejaEtve GotoE test with
Michler's ‘ketone sng it was. thus believed that the magnesyl
group was attached to the aitrogen aton. Gilman'and Heck (54)
pointed dut that although pyrrolylmagneslum halides gave a

pcs'

_1va oolor test w1th Michler's ketone ).t was not necessary
that the magnesyl group be-attached to. the carbon atom.because
in the preser.nce of acetic acid and iodine, —whxch were used

to develop the Michlef's ifetqne‘test, pyrQoie itself formed
and’ gave ‘4 pz.)s'i'tiv; color test (54). They also showed that
when pyrrole was treated with an excess of m;.}%hylmaqnesiun.l‘
ToA1dE e WEBEE BE ASUATE HyArsusRE Vs BBGUES 1.0} therefore
they reached, the conclusion that the magnesyl group of the
pyrrolyl Grignard’ reagent was'attach‘ed to the nitrogen atom
in'the pyrrole ring. If the ‘magnesyl group was. attached to '

the carbcn ,atom, thenm pyx;role should show at least two active -

-27-




hydzogen atoms. ‘on the basig of thé produgts &f pyrroiyl-. | -

magnesium halides in’ alkylatxun and-acylation, Kharasch and .

Reinmuth (55) suqqested that the reactions of pyrroiyl

maqnesxum hahdes nu.ght be adequately acco\mte.d for by ,
_ formlation 25 a mixture Of the derivatives of the three |-
hypoﬂ:e)—.mal tautomeric forms (XRXIV), thh the u—pyrrolenme
denva.tive in marked ptepm}derance or of consxdegably 'qreater

r‘gajstiv,it’_y ‘than ‘the other fcéms. They also s‘uqées'te.d that

the pyrrély; Grigpard reagént might be formulat‘ed.‘as‘ an,

ionic, thqug‘h not nsce_ssary‘ highly d‘is‘sociat:ed, compound. (XXXV)
with-a résonant anioh in.which the u-posicion was favored

for electrophilic attack. The reactxon of pyrrolylmagnes:.um
_bromde with heavy water showed that the ruaqnesyl group was
attached tc the nitroqen atom because the pyrrole recovered

from the hydrolysis by heavy vater was N-d-pyr:ole and

' contuned no c- d-pyrx:ole at all (19). When N-d pyrrole was
treated thh methyl.maqneslum bromide, the xesulting gas was
shown by its Jinfrared spectrum to be CH3B (19). Th;s mdxcated
that the imino.hydrogen atom is more-reactive “than & hydrogen
atom attached to a.carbon atom and car;‘be repiac:ed by tk‘xe‘

magnesyl-group of the alkyl Grignard reagent, N-Substituted

. 'pyrroles dv‘ﬁ not react v’ri‘t:h' alkylmagnesium halides to produce

the corresponding pyr:olyi érignard reagents (56). This example
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mdmates thae the: magnesyl group pE t&e alkyl sngnard reagent

" “does. not replace a hydrogen atom in the, &~ or ‘B POSlthn of - . E
the ~pyrxcle ring to, form thg carre;_ponding alkylpyrrolyl»
‘magnésiun halides. o . '
Spectroscopxc studies a‘lso indicated that the magnesyl
group: of ‘the pyrrolyl Gr;gnarﬁeagent was attached "eo the: nitxngen
acomi kg was found that the n.m.T! spectrum of a 108 ethereal

solu' ion of pyrrolylnagnesium chlorlde conslsted of "two

“tfiplets (2.9) and 3.63T; J=2Hz) (1la) of equal area whose .

general ap) was Very imilar to those. found in -the

nom.x. spectrun of - d—pyrrole 157) and “pyrrolylsodium

(3 16 and 3. 747; J=2Hz) (11a) . The :nplet at the lower | fleld | . : L 0
_was assigned to-the protons :m the u—pcslt).on and the triplet 3 o

at. the higher field was asslqnedﬂto .the protons in the B—yosn:ion.

It was alsc‘ found that no absorphon which m1ght be atthbuted

infrared spectrum of the pyrrolylmagnes;um chlor:.de, althougl’\

such. peaks were observed for ‘pyricle itself. This emdence

necessarxly hlghly dxssoclated, resonance hyhnd (XKXV) .. T

- the lxterature q\n.ta a large number of . ambident idns . also




-, The nim.x. spectrum of 'iﬁdoumaqnesim bromid‘e shovs that
the' maqnesyl group is attached tc the’ m.ttogen atom (Ssa)
i _and 1nfx:ared spec:roscopm .studies also prove that the
magnesyl group. is assocxated w:Lth the nitrogen atom rather
than the carbon atom in the 3- pOSLthn (58b) af d.ndolyl—

h .. magnes:mm mzhﬂs- but réactmns of the mdolyl Grlqnard

. . reagent with alkyl Halides- produce mamly the correspondmg

T B T3 substltuted 1ndole derivatlves tSBC). The ‘n.m. spectrum . 1 8

ot‘ the .maqnesxum enolate prepared fron\ the xeactlon of onerpart of enol v

o aceﬁa(:e of phenylacetone w}.th one part ‘of dmethylmaqneszum

L showed that the magne-syl grotp is attached to the oxyEen :

atom of -the" amlndent amon (51) V. but acylanon w:.th acetuc i ;

anhydrxde in d1ethy1 ether gave 41I of 0 acetyl derlvat:we o gh

The-

v N (XXXVIIa) and 43% of'e- cetyl denvatwe (RKXVIIB)
€

‘acylatxon of the enols;te anion, (XXxvuIa) dez:ﬂ.ved\from

malonxc ester magne_ um,”.a. catalytic a.mo\mt of cazbon

tetrachlonde’ and
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o halides with relatively unhi .ed 28 ds, the

detectable products are the a-methallylcarbinols. In‘the
case of a;:etone, the. product is. .2;Z-dimethyifd-pentsn—z—gl RN

.(XL) - (62). It is suggested that the allylic Grighard- reagent’

. reacts, with carbonyl ds via a n y lic's 20
>mechanxsm (63) C:otylmagnesxum hromxde couples vuth n—butyl

. chloromethyl ether to yxeld 2-methyl-3-butenyl. n-butyl ether
(xm:) (64). The examples, except the crotylmugnesnxm halides; .

W given above shnw that the magnesyl group is t:.qhtly asscciated

with_the more elect:onegatﬂve atum :.n the nm.bident anxan and .

hence prévents acylations avnd alkylatior_ls taking ‘place at”® . .

- "', *'this atom: %sc of the reactiéons of the pyrrolyl Grignard
5 el ® + ' , reagent in the. literature wege.perfon;\ed in ether,ftet’_rah’ydrofuran
- or.other less polar solvents with low basicity. We believe , o «

i = . -

that in the solvehts ‘mentioned above the magnesyl qtm{p of

o the pyrrolylmagnesium halxde not only attaches .to the mére

electrbnegative, nxtxaqeh atom but also tightly assoclates i
. . wlth the nitrogen atom. ’rhxs makes the alkylation and acylatxon

“at thxs nxtxoqen atum impouible unless in very st:onqu basig

solvents

y Lpl de or

t lethylenediamine.

;Ln a study of " the relatlve affinities of liqand atoms,« .

<

for aceept r molecules and ons’, Ahrland and, coworkars (65)

e eo clasaify the ac eptora 1ntc two classes. (a) ‘those ,




which £6rm their most. stable complexes with the fir;t'liqand
atom of each perludlc table: qxoup, i e., thh N, 0, and F,
and (b) those whmh fom théir most stable complexes with
the second or a 2 subsequent ligand atom. Some aooeptors are

in the border regxon as shown in' Table I. Since magneslum is.

one of the class ‘(a) acceptors, the magnesyl éroup ‘of '.Gr':iqnérd
reagents in diethyl-ether would form very stable complex
with the oxygen atom of ether.. 3\150, magnésium'always shows

. preference for tetraz:acrdmatmn in dl.ethyl ether therefore

‘the monomer af the G;u;nard reagent in this solvent -is’ likely

to be disolvated (35, 37 39 40, 43 44,66,67) . ’l‘hese are ‘the | A

common propertles of Gx.\gnard raagents, therefore we thlnk
that the disolvated monomeric specles .,(XLIII) 15 the way the
pyrrolyl ergnard reagent exxsts in the ethereal solution

» alo?q with dm\er or polymer and the magnesium is tetrahedrally it

coordmated . L

1
3




“‘TABLE T.,

+ From reference '(65)

-

Classification of acceptor atoms J.n their mormal-valent states*

RRNSR

R
;

N Memtaslgas,
: class (a) m:(:—iéssA:(.b)

’
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] REACTTONS OF THE PYRROLYL GROUP i

© (M) The Reaction of pxrrolpmagnesium_a’romide with lddomethine

The reaction of pyrrdlylmagnesium bromide with iodomethane i

(24,68a) and bromomethane’ (68b) has been examined by early.

woxkézs he same experiment was repeated under our'own standard
conditions fox: comparison. - . ;

- After stnnnq for 17 hours at_room temperature the
Ny zedotion mixture fron one’part of pyrrolylnagnesiun bromide

Vand two parts of iodomethane wds hydrolyzed with water. The

yields of the products.are reccrded in'Table IIT ( p. 77) together ,
w)th results which are discussed 1atér in’ Chapter, IV (B), - o
s and the methods of tdentisication’ of products are described
L. ihe Experinental,

‘The products of this reaction were a mixture of 2-methyl-,

3methyl-, 2,3-dimethyl-, 2,5-dinethyl-, and 2,3 5-trimethyl- - | -
Lo ] } LA 2 i -
/.. pyrrole. No l-methyl-; 3,4-dimethyl-, 2,4~dimethypl- of .2,3,4-

criihechylpyrmle were detected. The reaction of pyrrolyl; <

'magneswm bromde w:.th (=)= 2—bromnbutane (sac) has been xe‘ported 2Y
i to follow a. Sy 2 type mechan:.sm The reaction’ of pyr:olylmagnesium
N L iodomethane ‘probably  £ollows the same mecbanism.:

It is 1ikely that after the formation of the monésubstiﬁilted

7 -‘pyrroles they displaged. the pyrrolyl gréup of another molecule




of Grigngrd reagent to form .the coiresponding monosubétituﬁed

‘pyrrolyl Grignard reagent. The reactiom of 2~methy1pyrrolyl—

magneslum bromide (XLIVa) with mdume:hane gave a uuxture of- *

2; J-&neu.yl- and’2,5- d.unethylpyxrole whereas 3-methyl-
pyxroly/].magnesxmn bromlde (XLIVb) only produced the formex.

After the fgmation of 2,3-diméthyl- and 2,5- dimethylpyrrole,
they ex’change'd with tne pyrrolyl gi'oup of ‘the unreacted pyrtolyl-:

: magnesium bromide to foxm the corresponding dlmethylpyrrolyl

Grignard -which then reacted with anothér molecule of * *
Ludomethane to give 2,3, 5 ttimethylp_yrrola. The abov_e
" explanation. is in agreément with our results. —
(B) The Reactil:'n of Pyrzolxl.magnesxum Bromide with Acegl )

" Cnloride and Ethxl Acetate "

The ’reacticins of pyrrolyl Grignard reagent with ‘acetyl_,-
chloride (26) and ethyl acetate (26b) have been reported.

‘Under our standard conditions, the reaction of pyrrolyl-

megnesium bromide ‘and acetyl chloride gave a mixture of x-acaeyl'- -
pyrrole (xwiin), 2-acety1pyrrole (x) and 3-acetylpyrrole (x1y -

. The xlatxo of substxtution at nltrogen to total subs\ntution at .

ca:bcn (n/c ratw) is 3:97. =
The reaction of pyrrolylmagnes:.um bromide with ethyl acetate

px‘qduced a mixtu,re of 'l-acetyl- and 2~acetylpyrrole. These

two compounds ‘were identified by comparison of theix 1nfraxed

spactta and reuan(::.on time with "those of authentic™ .  ~ - . 7 - B

’
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a1

" Samples of l-acetyl- and 2-acetylpyrrole. The ratio of

N/C was 24:76. N6 3-acetylpyrrole’ was detected. o - )
¢ The mechanism of reaction of Grignard reagent *ad ketoned
has been studiec} (35,§¢,51, 69.) . \but'tha; §£ the reaction of
Grignaia reagent and_ esters has not yet‘ been studied. These
Workers suggested that the first step of the rTeaction mechanism
was the addition of the r\;:nome:ic or ‘dimeric, Gtignaxd _reag:nt
to the ketonés ‘to form'a co;nplex. But, . this pl'opased» mechanism
cannot adequately explain our esults. “a mixture of N- and C-
substn:uted pyrxole s in the acylatmn of pyrrolyhnaqnesium
halide with-ethyl acetate. . L 2

2 In the case of ethyl acetate it is reasonable to say .
that l—aéetylpyrrole and 2—$cetylpxrrole are formed from
different reaction pathways., If the ethyl acetate mélecule
reacts directly with.the pyrrolyl.group of-che_mdissociatea
Grignard reagent, intermediate (XLVIb) would result: This
intemvediate“cap on!:y ?mduce Zjacetylpyrrole., It is known
that ethyl aé‘er_aee can cqordinate with soine Gtoup II, Group III,
and Group IV halides th:ough its' carbonyl oxygen atoln to

form addxtlon bcmpqunds (70) some of the ucetntevmt_)lecules “
might coordznate, through the c'a'rbc:hyl oxygen atom, to the .
‘magnesyl group of pyrro‘ll}l Grigr‘lard‘ré,agenh to fom'cdnplex (xnv;.)
with the dxsplacement of an ethex molecule from the solvated
Grignard reagent. Eventually a chemical bond (covalent or

iaruc) forms between the oxygen atom and the magnesyl group
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' formate - (20, 31) and, dlethyl carbonate - (32) have been reported.

| “carboxylate (XV), ethyl z—pyrzolecarﬁoxylace (XIV) 'and diethyl I

o -43-,

with the dissociation‘of & pyrrélyl ‘group. The pyrrolyl group

can either react'with the positively ¢harged carbon atom

(hard Lewis acid), in"(xivxaf oF the .carbonyl- carbop atom
(hard Lewis acui) of anuther molecule ‘of ethyl acetate through ¢ om
its nitrogen atom (hard Lewis base) to form intermediate

(XLVII) which cah then prcauce 1 acetylpyrrole. The prxnclple

Of hard and soft acids and bases will be discussed in the 2

later part of this thesis. ' g

In the case of acetyl. chloride, tnel pathway of formation .
of 1-acetyl and’ Z-acetylpyrrole should be the same as those
described. above; 3-aAcetylpyrrole’is probably pmduéed £rom
1ntermed1ate (XLIX) formeéd by the addition of one molecule of
acetyl Chloride to the 3—carbon atom of the pyrrolyl group of

the undissociated Grignard reagent.

(©) The . Reaction Bf pzrrolxlmagnesmm Brom:.de _with Ethyl ¢

"Chloroformate and Diethyl Carbonate " 8 |

) Reactiana of pyrrolylmagnes:.um halldes with- ethyl chloro—'

We repeated these two reachons und‘ar our - standard conditxons : ®

described in the Experlmental for comparlson.

Ethyl dhloroformate praduced a m:cxture of ethyl 1-py:rolé—

1 2-pyrroleg1carboxylate (XVI). Compound. (XIV) is probably produced
by ‘the Lntermediate (ID fprmed from ‘the direct. 1nteractxon

of one molecilé of ethyl chlorofomate and a pyrrolyl group
of the undlssocxated G:lgnaxd raaqent. ‘I1f the’ ethyl chloro—
‘formate molecule fom\s a complex through its: carbonyl cxygen
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\ atom w1th the! magnesyl group of the sngnard reagent ' v LG U L
- the product is ethyl = yrrqlecarboxylate (XV] and the- )
probable Lntermedl.ate is (LI) }\fter the formstlcn of ethyl
.—pyrrolecarboxylate, some of thls compcund might react’

" with the, um:aa):ted pyrrolylmaqnes‘lum bro“ude to form 2-- : 3 -

$057F carboxyethy‘lpyrrolylmaqnesium bromide (LII) THe ‘intermediate”™

(LII) Could then‘react slowly w1th another mclecule of

ethyl' chzomforma:e to.give the dlethyl 1, 2—pyrroledlcarboxylate

. (xv1) whxch s dlscusse

5 Chapter IV (Pl ¢ e

2 Add

g hlo):ofcrmate ko the reaction m1xtqre
»

‘From ethylmagne um' bromlde and ethyl_ pyrrolecarboxylate

also produced the same compound -In calculatlons of the ratio ', -

of W/C, ethyl 1,

rrcledlcarhoxylste wals consldal‘ed to be -

Caee ubstituted product.” The ratio of 'N/C was 25:75...

y:rolecarboxylate and ethyl

Y
!
,

2—pyrrolecaxboxylate was obtaxned \ghen dlethyl carbonate N .

reacted with pyrrolyl Grignard reagent. ’I'he ratio ot‘ v/’

was 97 3. The! pathways cf formqt_ n of these two sempounds’

should be the same a

th‘t descnbed above.. © . ) .

Die hyl carbonate easxly reacts with' mag nesium hahde

w1th evolutmn of hent t fcrm a lq\olecul_ar_compound (71) .
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- ( The ether molecules anachetf 1:n the magnesy] _group are not |
. shown for the suke of simplicity. .
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+ (D) The' Redction of Pyrrolylmagnesium Bromidemiith Diethyl ‘Oxalate
(1 - [ Reaction’of. the pyrrolyl 'Grii;riard reagent with ethyl ' . d .o

oxalyl chloride was reported.to gwe a 918 yield of ethyl

2o pyrrol]lglyuxylate (Lv) (72) . B

Reaction of pyrrolylmagneswm brmude yitle ’ﬁ:\.ethyd

- -
"oxalate under our standard con(htlons also affotded a1 T

mxc&re of ethyl 1 pyrrol

lquoxylate (wIn) and ethyl”,

2- pyrro],qulyoxylate. Cmnpcund (LvII)® was mennnéd by-; §y el

microanalysis and spectroscop:u: pro‘pertie§ Here we also’ : %, B

oo,

believe’ cha; the C-substx,tuted pyrrole derl\/atl ¢ wag’

formed £¥om the dxrect 1nteract10n of one molecule Of dlethyl .

! oxalate and the pyrrolyl qronp of the undlssoclated Grignard

reagent ‘whereas the N- substituted pyrrole derivatlve was o

545 s

_(E) The Reaction of Pyrrolylmagnesium- Eromlde with

produced.by e conglak (tzy) "The ratio of N/C vas: 4

. ~N,N'-Dic: clchex lcarbogiimide .(0CCY. - S g g g e

N The reaction of °N, N'—dialkylcarbodllmxde w:n:h alk-yl— -

ragnesiun halide has been reported '(73). It has béen proposed
B that ah aadition product is formed by thesaddition of.the
. maqnesyl group to the nltrcqen atom and the alkyl gruup to .y 6

the et atom of the c=N’ bond of tha' carbodtimide | (74). BN

3 & ‘ The reaction of N N'—dicyelohexylcarbodumlde vp.th

s pyrr,oly-lmaqnesium bromide unger_ our- standa}:d ccnditions
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. afforded a 93% yield of 'N)N'-dicyclohexyl-1-pyrrolylcarbamidine
IX). The structure of compound (LIX) i3 suppozted by micro-

analysls and spectroscoplc ptapertles. Reduction of compound

(LIX) with lithium aluminium hydride in diethyl ether gave *
N,N'—dicyclohjexylf'ormaniid‘ine' (LX) . The struct\ire. of co'n_\p'ound

-(LX): is also supported by spectroscopic properties and: its ¢
literature melting pojnt (117). In 64 hydrochloric acid solution,”
compound  (LIX). ‘gave pale blue crystals. Free ‘Nl,N"—dicy;:lohexyl-n
1-pyrrolylcarbamidine was regenerated cnv.n‘rea‘tin'q this solid .
“with 'ai}ute seatis hydroxide: sslution, The Solid is iixely )

to be'the hydrochioride of com;iomsd' (LIX). No C-substituted

pyrrole derivative was obtained.

* This reaction only produced N N'—dxcyclohexyl pyrrolyl=

. carbam_u}xng anlcatxng that-all q_f,the M,N'-dicyclohexylcarbo- *
diimide molecule: complexed with the magnesyl group-of the
pyrrolylmaqnesxum bromide “With the’ dxsplacement of an ether

molecule to form l:he complex- (LVIIIa) whlch then formed the

1ntermedxate «(LVIIIb). Reactlcn of. ccmpound (LVIub) with -

water afforded N H'-dwyclohexyl l-pyrrolylcarbamldine.

‘(F) The Réagtion of errolzlmagnesium Bromide with Dlmethxlcxanamide
- Rea.ctions between Grlqnard reaqents afxd dﬂeﬁbstituted

B cyanamaes have been reported’ | (75). For example, good yields -

of amidine hydrochlorides were reported by Adams and Beebe (76)

as zesultan from .the treatment of d1beﬂzylcyanamide with
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ethyl, phenyl, and p-tolylmagnesium halides. An amidine wag: "
also obtaxned £rom the reaction of: dlmethylcyanamlde and

. ‘- 'phenylmagnesium bromide (77). Tt iwas thouqht that complexes'

i [of the general f';mula [(LXIa) were formed by the addition
'of one mole of the crignard Yeagint.to.ohe nole.of the
cyanam1de. Reactlcn Oe (LX’Ia) W).th water then gave the

> & correspondlnq amidines (LXIb). Coordlnatxon compounds of
dinethyleyanamide and strong Lewis acids have - alsa been 1sclated (78)
The nltrlle nitrogen. atcm here is a stronger donor than that

of acetonitrile. . ;g

The ‘reaction of pyrrolylmagnesium bromide with dimethyl~

cyanamide in-diethyl, ether’'gave exclusively the.N-substituted

Gompound, N,N-dimethyl<l-pyrrolylcarbamidine ‘(LXIII). As in

the cases of diethyl carbonate and N,N'-dicyclohexylcarbodiimide,

it is thouaht.-that all of the cyanamide mo1écu1e first complexed

“'with the maqnesy1 group of  the Gz:.gnard reagent to £5rm complex
(LXIIa) which then rearranqed to mtermedmte (LXIIb). Reaction

gl 1ntermediate (LXI1b) w;.th water then gave N, N dxmethyl— "
1-pyrmly1carbamdme. . . w oy 3 B -:

. . f .’ The reaction of dlmethylcyanamlde with pyrrolyllithlum

also gave the. same product. In both cases, only 8-10% of .

:oduct ‘was Dbtaxned ar\d most of the unreacted start).nq

'materxal, dxmethylcyanamide, was’ recovered.
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(6) The Reaction of l—AcetylpyrroLylmagneslum Bromlde wlth
thxl Acetate . . } g i

In the reaction of one part of pyrrolylmagneslum bromide

wlth ethyl acetate in the presence of 1.5 par\:s of tetra-
nethylethylenediaming (TMEDA) , besides the l-acetyl and 2-
"'acetylpyrrole, a new compound,. 1- acetoacetylpyrrqle (LXV) was"
obtained. The reaction:of ethyl acetate with l-acetyl— R
pyrrolylmagnesium Bromide (LXIVa) also produced the same
" product: Tt is-likely that after the. formation of the 1- )
: scetyl'pyr’role‘, 1t Fencted with another mole of unreacted & f S

pyxrolyhﬁgnes;\m bromide to form a new crgannmagnesxum reagent,

1—acety1§yrrolylmagnesxum bromidé. ‘This o : ium
reagent then rédcted with another mole of ethyl acetate to give " i
- complex (LxIVb’) wh:i;ch finally éiod‘ixced cqmpcund.‘(LxV) &

) l-Acetoacetylpyrrole reacted with ferric chloride

solution to give a pknk;cologea complek.  The n.m.r. spectrum

of 1-acatoacétylpyrrole in'carbon tetrachloride 'indicated y
that there was a mixture of keto ard enol forms in that B

solvent. In the more polar solvent, chloroform, the equi-

+ librium was shifted ,ta the right. . At present we are not able

to dlffexenuateubetweeﬂ the enol forms (L'xvx:) and (LXVc).

(H) The Reaction of errnlzlmagneslum Bromide with s,
S-Ethyl Chlorothiofnrmate ) o 3

_ This reactian ‘gave, in diethyl ether, mainly a mixture
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( LXIVa )

‘Me-CO0Et
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was formed From tha complex produced, by ‘the coofdlnatx n

with the magnesyl qroup of the pyrrolyl Grlqnard reaqen'

=56 W

of S-ethyl l-pyrrolethlocarboxylate (LXVI) and s-ethyl 2= il

A pyrrolethmcarhoxylate (LXVII) Traces.of 1,2{:—d1pyrrely1

ketorié¢ and §,87-diéthyl dithiocarbonate were also detected.

The -pathways of for‘maticn‘of these twd éompounds FIT ber
discussed in ‘a.later part of this thesxs. The rauo of ' N/C e
was 6: 94 We believe that s—ethyl 2- pyrrolethxocarbo«ylate

‘was formed by the direct interaction of’ the pyrrolyl group

of the undlssoclated Gngnaxd reagent. and " S-ethyl chloro- .

* thioformate yheTeas’ tha S—ethyl l—pyrrolethlocarboxylate

The results Qf this reagtion are recorded in Table v {p

tcgether with results whlch are discusged later in Chapter

zv(m S £y
% ]

(I) he ‘Reaction of szrolxllithlum with SvEthxl Chlorothlofcrmate

* This zeactmn gave a mixture of s-ethyl 1—pyrrol¢sth>,o-

carboxylateI and 1,1"-aipyrrolyl ketone (LXX). The S-ethyl

l-pyrroleth1ocarbaxy1ate was probably produced by the inter-'
mediate (LxVIII) formed from the reacmon of the pyrrolyl
group.of the d1ssoc1ated 11thium- salt with | one malecule =

of "S-ethyl chlorothioformate. This'S-ethyl l-pyrrolethio-

qarﬁoxylace then reacted with:another pyrrolyl group to give
. . 5, % . .

1 4
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. . 3 ” -
” - above two compounds was aIso H

Reactxon of 1, 1'







et

1 1'- dipyrralyl N~ thmmethylket;min;\ with the elminacmn

Cof one molecule of lithium cyamde. a

Reaction of intermediate (Lxxv) with water on wnrkibg .

| i up gava 1 l'-dxpyrrulyl katuune. 1 e ; -




. . CHAPTER .IV LT e o
FACTORS - WHICH AFFECT THE (RATIQ‘ %

('A)ﬂﬁf'fects of Substrates _ ) ;
(a). Acxlaticn . g R " R . ; P
* The effects of substrates which determne the ratio’ of - o
“N/C in_the acylaticn of pvrxolylmaqnesium vhalxde ot alkal1 F S
Y salts of pyrrole have not pregiously been studled The same‘ ’ .
' is’ true for the other ambident anions’ ‘systems., * i -r )
. Accordlng £o the literature, carboxyl,lc acid dexlvatives
were used as acylating agents in the Friedel-Crafts reaction, i
because they all could form stable complexes with such s .y

.catalysts as AlX3, ZnX,, BXj, MagXgp, SnX e (so) 'rhese'
Y 3 2 3 % 4

catalysts are stzong Lewu ac).ds. The- carbonyl group of P

’ carboxy].ic acid derivati‘ves itself cons:.sts of two react:.ng o . o

centers, the’ carbon}i’cgrbon atom and oxygen atom. The

carbonyl carbon atom i% an alectron acceptor (electrophile)

or Lewis_.acui and the-carbonyl oxygen atom is an electroq : D '. ¥

'doi;or (nucleobhile) ‘m: ‘Le;:is basa. Ganerally speaking,’ the

nucleopl':llxclty of the carbonyl oxygen atom depends upon “the’ B
electron availabilitj on that oxygen atom and the electro-

. philxcity of the carbonyl carbun atom depends upon the

~62-




o effective positive charge on that carbon atom (81). Strong.’
electran—-donatlng groups attached to the cata?nyl group .
wculd inciease the, electron availabxl:,ty on the’carbonyl

oxygen atom (82) and stronq electron-thhdramng qroups

attaehed £6 the chr\mnyl gro\ip would iricrease the effective 2

B ,posxtwe charqe ‘on the cazbonyl carbon atom (83). . .

The pyrrolylmaqnesx m halide can also be tegarded
as a Levus ac;.d and Lewis hase complex. The. maqnesyl group

-is a Lew1s acid or electron acceptor and the pyrrolyl

2.4 group is a Lew1s base: or electron donox.. When a carbaxylxc
- acxd derlvatlva is added to the pyrrolylmagneslum bromide,

there occur two typas of Lewis.acid and Lewis base reactxons.
- Each competes with the other. The first type of Lewis acid

and Lewis base reagtion is the direct ¥ reactidn of the carbonyl

carbon atom wlt{; the Pyrrolyl group of the undissuciatedr ¥ z
Gnqnard reaqent. Since the nitrogen atom of the pyrrolvl T
group l.S t:.ghtly asgoclated with the maqnesyl qroup, the

Vit carbonyl carbon atom 15 forced to attack the .2- o 3= carbcn

atom of the pyrrgle. ring to‘form C-substituted pyrrole derivatjgyes'. 5

- The second type -of Lewis acid and Lewis basé reactieh

."is the coordination of the carbonyl oxygen atom of the ;

subsérate and the 'm‘ag‘nesyl gzcup of the. solvated pyrrolyl :

RN Grignard Feagent with the displacement of one molechle of : '

_the coordlnased diethvl ether. Th:l.s kind of disglacement




réaction occurs only when the nucleophxllcity of the caxbonyl

oxygen atom is qreatex‘ than that of the oxyqen aton in diethyl

ether. Eventually, a covalent (o 1cmc) bond foms between

the oxyqen atom and the maqnesyl groupwith the dissocia
of a pyrrolyl groug. Thxs dxssacxated pyrrolyl group t‘hen

attackst the positively charqed carbcnyl carbon atom with -

its nitrpgen atom to form an N-substituted pyrrole derwative. 4

- The first -and second types of reaction are generalized in

' ‘Schemes (I) and (II) respectively.

The carbonyl group of acetyl chlorlde ‘and phcsgene

where the elec : licity, of the, 1 carbon atoms are .

vgzeatly enhanced by the electron—withdrawinq chlcnne atom, P
p:sfér the first type’ of reaction pathway (ZZa). Acet:c
anhydride (26b) and carbon dioxide (20,27, 28) also prefer

the fust cype of Lewis acid and Lewis base reaction when

‘added to ethereal nolution of pyrralylmaqneaium hnlide.

The .carbonyl group of diethyl’ carbonate where ,the
nucleophilicity of the carbonyl oxygen atom is greatly

. erhanced by .two electron-donating -oxygen .atoms, prefers the

second type of Lewis acid and Lewis base reactibn. Since
‘a nitrogen atom is one of. the stfcng'electrcn-denating
groups, -the nuclaophilicities of the nicrile nittogen atom

‘of dimethylcyunnmide and’ of the cazhcnyl oxygen atom of
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( I ) The first type of Lewis acid and Lewis base reaction:

: . A S 1 Foanf of
x >t»=o - ————> (-substituteéd-product
"L B i s K
[ ) d

(a)A=R,B=c¢1. .~ -
“(b)A=R,B=o0CONe = - : e ’

() A= =0
(d)gn, B =0

( II' ) The second type of Lewis'acid and Lewis base reaction;

s e AL A v
",
; % 5 L==0 ' ————> N-substituted.product ‘

(e) A =B =0t i
(f) A, B = CoHgN ™ )
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- plenyl Jeceyanste ars a1ks greatiy ;hhqn;ed, ‘Therefore phenyl
fsocyanate (84) gives mainly, and dimethyleyanamide éives '
exclusively, N-substituted products when ‘they react m.th
pyrrolylmagnesium boiiiie. o6 Fasnita: Shok that dicyclo-
»haxylcarbo'diimidé prefers the second type of Lewis acid and
Lewis ba_se. rea::tion' _ because each nitrogen-atom ‘of this
compound is_’élso’ a’s’i:xv'ong Lewis base. o

/The results of the reactions of ethyl acetate, ahyl
chloroformate and didthyl oxalate with pyrrolylmagresium
broitde show the existence of both types Lewis acid and
Lewis base reactxons :.n then: behavior. :

The sulfur atnm is not'a stronq electron-donatlng
group, therefqre ‘C-substituted’ pyrroles are the major
étuducts when é—ethyl chloréti‘nioformate,s S‘-diethyl .
d1thlocarbonate and ethyl thlocvanate react with the .

-pyrrolyl ‘Grignard reagent (79) .

(b) Alkxlatzon
) Iodomethane is a weaker Lewis base than diethyl ether.
In ethereal solution .the alky} hallid/e molecule cannot co-
ordinate to the magnesyl group of the solvated pyn—uyf

Grignard reagent with -the ﬂxsplacement of a diethyl ether

_molecule from this Gr:.qnard reagent The . formation f a.
Ty e




;7675
»_c}ovglent’ (or ionic) bond between the. haiogen atom of the

‘alkyl halide and ‘the magnesyl ‘group of the Grignard reagent

W

th the dlssociatmn of a pyrrolyl group, as in the second

" type of Lewis.acid and Lewis base reaction pxevmusxy described,

.‘-is‘al_su 'nnposs;.ble. The alkyl halide is' forced to react
directly with éhe‘pyrzolyllq;gnp, whose e e is
tightly-qssociated with the magnesyl group of the Grignard
reagent, on the 2- or. S-Carbon atom tc groduce C—substituted

. products. .. ) * " d’ o

JIn the alkylatmn of pyrrolvlmqgneslum hahde wi\:h
mathyl E—-toluenesulfonate, dimethyl sul_fate, and trimethyl
phosphate besides ‘the main prnduct 2= and 34m5-zthyvip'yir'ole,
there is always a certain amount of 1-methylpyrrole(24) .1t

" is probabl,y because the cxygen atcm of tl;e‘ $=0" g;:;vup of th”e’
methyl E—toluenesulfonate ‘molecule coordinates with the
magnesyl qroup of " the pyrrolyl Gngnard reagent to, fcrm R
complex (LXX\IIII) : Zvent\xally a covalent ‘(or ionic) Bond

. forms between the oxygen atom and the’ magnesyl group with
he dlssoc;,atmn of a)pytrolyl qroup as shown 1n (LXXIX).
‘_Thxs dxssocxated pyrmlyl group then ‘reacts wi:h the me\:hyl

grcup to form 14 methylpyrrol' The formatzcn of l-methylpyrtale

£roi dimethyl sulfate and tr).methyl ,phosphata can be explained

in the smulax- way. -

i
3
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(c) Hydrolysxs with D20 ) : '

. It has been raported that hydrolysis of pyrrolyl-

magneaxum ‘halide w;th heavy water, D,0, gave only N;-d« ‘
pyrrole (19). .v s ‘

% Except for alummium fluoridé and boron tn_fluonde,
aluminium halzdes (85) anrl boron trihalides (36) are readily
hy’drolyzed by water. Magnesium halides form very stable '
hydrates with ‘water (87). Thesé properties. indicate that

the oxygen atom of water molecule is a very strong Leuwis

‘base. When heavy. water is added to the ethereal solution of
pyrrolylmagnes:.um bromide it is likely that’ the nxyqen atom

'of heavy vater Hlks coordmates to the magnesyl group of

the pyrrolyl Grignard reagent ta form a complex (Lxxx)
Finally a covalent (or ionic) bond forms between the:oxygen
atom and the magnesyl group.with the dissociation of a

pyrrolyl group and a deuteron. This pyrrolyl group: th:

attacks the deuteron with its nitrogen atom to give N
. o Y

d—pyrmlev i : . . £

®) Effects of Solvents . .

Judd repnrted that the reaction pf pyrrulyllithj.um . )

" wtth ethyl iodide in diethyl.efher gave a.mixture of 1-

" ethyl-, 2-sthyl-, and 3-ethylpyrrole’ and the major products .

0
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were from-C-substitution'{88). In liquid ammonia, pyrmlyl—' ) .
lithium was alkylated only on the nxtrogen atom. It has been ’
reported that alkylation of pytrolyl.ma’qne,slum hallde in

dlethyl ether, tetrahydrofuran, and dihexyl ether gave

exclusively C-alkylated pyrroles (19) But the reactxon of

iodomethane and pyrralylmnqnesxum bromi.de in hexa.methyl—-

phosphoramide gaye almost exclusively l-methylpyrrole (89) - Z

N/C prqd}mts obtained from the reaction - 5
of one part of pyrrolylma‘q_‘nesi‘u!n bromide and e‘thyl.chltj:ro—‘
formate in diethyl ether in the presence of 1.5 part of"
1,2-dinethoxyethane or 1,4-dioxane was almost the %me S
as ‘that obtained from,fhe same reaction in diethyl ether,
although these twovcognp_lexing agents might be expected to

displace diethyl ether molecules from the solvated pyrrolyl

Grignard reagent to form complexes -(LXXXI) and {LXXKIT) . (43) .

When.. the - same rea_ct’ion was carried out in diethyl ‘ether 1n

the p;esence of 1.5 part of N,N,N' 6N'-tetramethylethylene- ° /i
| diaminé, ethyl 1-pyrrolecarboxylate was almost the ex=1us_igé
product. The results and the ratios of N/C of the readtions
mentioned above are recorded in Table 1T ( Pe 73 ). ) ' :

’l;he above’ éxamples indicate’ that ?nlyi strohqu.basi‘c‘ ]

selvﬂents“ (or“cnmpllsigin 7 algents) cen chnnc‘;’e the ‘courses of
L these r;actions. The ways“\Qf changir’\é the courses of reuctions:
by strongly bauc solvents (or complexing agents) are axplained

below. .. i s . .
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- : . i % 5 X
TABLE II The raaction" of one pqrt of pyrroly].magnesium bzomide and ethyl chlorc-
fomate -in_the presence c! 1.5 parts ‘of tomple»ing agent i .

1,2-ai- i z'— R total
ketone', ' ratic of = . yield:
N «(®)

meL- ¢




. . As we po”inte‘d out befota 1odamebhane is a- weaker Lewis

base than dxethyl ether. 1t cannot’ dx:place a dxethyl et’her

: molecule from the pyzrolyl Grignard reagent to’ fcrm a complex )

w;th the maqnesyl qzoup. Therafote the iodomethane malecule

qroup to formc- substituted produé't

When two parf_s of hexameghylphosphoramida vers added “to-

tha etherEal solution af pyrrclylmagneaium bxomide, heat

* Awas ven . off and whlte px‘ecipibate was also ohservad bgt ’.
1t aia not cause the farmatxon ofaany 1-methy1pyrrcle. # oy

Literature (44,90), and-our Fesulls. indicate that the "two |
die\:hyl ether molecuIes Ln the disalv ted pyrrolylmagnesium

- bromide a

replacad, M:ep by step, by two wvery :erongly
bas.\c hexamethylphoaphotaxﬁde moleculea to fom anather :
disolvated Griqnard reagent (LXXXIII) . Complex‘ (LxxXIII)

€ ;.._can»reac}: with,agt‘heg mo-lacfu]:e ‘o‘f. hexamthylphéspho_:amxde, )

to” form 'a’mixture of tiisnlvat‘:éd‘complexes‘ (Lxxxrva) and

(LXXXIVD with the dissuciation of a pyrrolyl group or a

| xeacte:with iodomef.hane to qive l—mechylpyrtole but the 3 .

i pyrrolyl qroup ct undiesociated ccmplex (LXXXIVbJ can only

¢
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: b By L ’ -76-.
t - of the added hexmethylphosp‘hoxamlde to the pyrrolylmagnesium
bromxde was greater than r.wo. The ratio-of N/C increased thh
increaging xatxo of the hexamethylphoaphornmxde to, ‘the pyrrnlyl
erqr\ard teaqent The results are recorded in Tdble III.

When still more hexametl@ylphosphoramide was added botl‘ﬁ

. g the cumplexes (Lxxxxva) and (x.xxxI b) were converted to the

. tecrasolvated complex* (r..xxxv). Reactid of the pyrrolyl %

group of chg dissociated complex (L?( th Loddmathané

fa by the results

only gave l-methylpyrrole. This is. co

'repbréed by Casnatiand Pochini (89). 3
' Solid ‘erystals of MqBrz-ZHMPA and MgBx , * 4HMPA have’

been successfully isolated (91). That the: orqanic :adical

il 1omzed in the p:esence of excess of hexamathylphosphcramide

in ethereal snlutiun has also-been reported (44) . These
: results suppc!’t our abova explanatinn.

" The reaction” of pyriolylmagnesium brmide with S- ethyl

chlorothioformate ‘in diethyl ether prcduced a mixture of
S-ethyl i—pyrtolethiocarboxyia‘te and -S‘Tethyl z-éyzrol‘ethio—

carbnxylate. '.l‘ha ratio of N/C‘ s 6:94, Only a tface of

8,8'-diethyl aithiccarbonate’ (LXXXVII) was datacted. I£

the reactiuﬁ was catried out ‘in the praaence of more than’
two parts of N,N N',N'-teeramsthylathylanediamine, the ratio
og n/c 1ncreaaed with. the incraauing anount of the complexing, "

agent added The results are recorded in Tuble IV. Quite a




TABEE III. The zea‘ctmn of pyrmlylmagnesmn bromide with 1oﬂomethane :in' absolute
ether in the presence of different ratios of hexamethvlbhosphoramlde (HMpR)

e 1z M g - 3- 2,3-ai~ | 2,5-di-  2,3;5-tri- ratio of.
.— }net};q{l ~ methyl methyl ):ethyl - ) methyl methvl N/(’,:.

" ® o o ® TR S
AL 7.4 4.9 . 10,9 T 59 0 .160
2t 0.0 L " 103 . 5.4 1.6 CaEn g gl 0 : 100
380 o7 - B.s: -5.0 w8 38 T e 6 94
4z 1 ) 7.u’ 4.5). N < 3.8 2.2 4:_7‘_' bzs;:léq'
5 :7 1 21.8 4.8 3.6 2.1 0.9 0.8 66 : 34

from each reaction. ) = -’

-1
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TABLE'IV. The reaction of pyrrolylmagnesium bromide with S-ethyl chlorothioformate in-
absolute® ether in the prese.nce of d;fferent ratios of N,N,N; N'-tetrmethyl- .

ethyle.nedxa.mine (THEDA)

ratio

‘gL~

ZHEDA thi 2-thio- 1,1'- 1,2'- dithio= of  total
< [ s l ester ‘ester ketone. ‘ketone . carbonate* © yield
» (1XVI) (LXVIT) (LXX) ((LXXII)  (LXXXVII) : N/,

. MgBr () () () (%) (® - A
" . ;
v v A~ 38
0:1 3 42 0 trace . 2 6:948 45 . s
. . 31 0. trace - 35 10 : 90 34
. ;35 0 ‘64 32 : 68
2:1° 3 23 y trace trace . 'ss 60 : 40,
s 1 46 10 6 £ &8 84 : 16 62
O 1 4 - 1 K 2. 42 96 : 4 48,
P e o B . ~a
5:1 51 1 7 0. 34 99 : 1 58

the S-ethyl chlorothioformate used.
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o large quantity of S, s'-diethyl dlthiocarbonate was also obLamad.
when fwe parts ofv-N NN, N~ etramethy1ethylened:.am1ne was '. 4
added, j:he product was almz?st exclusively N—substxtute:?
pyrrole. These ‘Fesurts also ’imdicated that the tetracoordinated

‘pyrrolymagnesmm bromide (LXXXVI), which is very similar

. . to complex (LXXXV), was also present in' the reacticn mixture.

‘ The presence of quite a large quantltv ‘of §,8' -dlEthYl

) dlthiocarbcnate may be expxamed as fonous._ After the addition

. of N,N,N' ,N‘-tetramethylethylenediamine. some of the bromlde

ion of the pyrrolyl Grignard reaqent dissociated. The bromide .

ion. then reacted with one molecule of S-ethyl chlorothio-

. B formate tG produce one molecule of CLCOBr and: the ethanethio-
late anion. The ethanethiplate anion then reacted with another .
: o o . 2
molecule of $-ethyl chlorothioformate to give §,6'<disthyl

dlthiocarbonate (LXXXVII) ‘as shown by the equaticns.

We also found that the compounds S-ethyl, chlorothm— A
. % o B
Ec:mate, dunethyl sulfate, and methyl E—toluenesulfonate, .
. wh1ch can form comp!.exea with the maqnesvl group of the
Vv

pyrrclyl Grignard reagent and eventually produce N-substituted " . £

I products, waze very sensitive 6 hes:amethylphosphoramide.

'.The reaction of icdomethane with one part of, pvrrolyl—

magnesium ‘bromide in the presence of two parts of . hexamethyl-

¥ de dia not { ,,1pyr:e1e “Upder the . ¢

.Bame conditions, ethyl chlcrnthicformﬂte qave exclusively 1w

the N-substituted product, and’ dimethyl sulfate and methvl A

;»‘ _‘E—toluenesulfonate gave-mainly N—Bubstituted products. 'l‘he

results of the 1attter‘ are listed in ‘Table v. -
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TABLE V The reaCthnS of one part’ of pvrrolvlmaunesxum bromide with xodomethane,

of two parts of hexamethvlphosphoran;ﬂe (HMPA)

diméthvl sulfate and methyl p-toluenesulfonate in absolute ether in the presence

Dl 2 - 3- 2;3-ai-  2,5-di-  2,3,5-tri- ratio of
e methyl methyl | methyl methyl methyl methyl:
A . .o " 8 N/
x (%) (%) (%) (%) (%) - %)
“methane - 00 5.4° 4.6 3.8 6.8 - 03t op
dimethyl = - .. - " . . -
sulfate 16.5 - 5.9 2.1 0.6 0.0 .+ " 567 aa
meéﬂyl 2 . S . Bl s 5
p-toluene- © 26.8 - .3.5 2.9 7 25 0.4 0.0 178 5 22
.Sulfonate - - dp ' . B 'y
s ) S . A .
B : Sy :
i N v . ’

-T8~



-82-

€) Effects of Cations. - - . 12

Tre1bs and Dietl squested that the posit‘:ion on the ¥
pyrrolyl qroup attacked by a.nucleophxle waa deeenuned by * 5
.the ionic rradius of the alkalx metal don (8c). Hobbs and ’
_covorkers ‘also reported that -the ratios of .N/C decreased
in the Srder K> Na > Li when.alkal{ salts of pyr'rc;le.

Jwere treated vm:h al;yl bromde and benzyl ‘chloride in thh
. o

- ‘same sOlVEnt (34) - * . Vo b

o N e Acylat:.un ‘of pyrrolylmagnesium brom;de with ethyl
; 2
wow chloroformate ‘in d.iet‘wl ether preduceda mixture of N-

aicylated and C-acylatgd pyrrdles. ,The zatip of N/C was
25:75. But, acylation of the alkali salts of pyrrole with
o the same col;maund gave only N-acylated product. The results
’a_re_ recorded in Ta’ble‘VI. similarly ac}latign of pirrr;alyl—
“*magnesium bromide in diethyl ether with S-ethyl chlorothio-
formate gave a mixture of N-acylated and C-acylated pyrrole )
but acylation of pyrroly‘l‘lith\ium withlthe same compound gave only o
i s N-acylated pyrrole. These examples indicate that’ thé ratio :
. of N/;: does’ not_‘only’ éep‘end'upbn'the ionic radius of metal ', ¢

¥ ' ..’ ion but also depends upon the charge on the metal io. In

¥ PN che nbave exumples, the donigc radii of bot:h uhhium and -l f
magnealum are 0. 75;\ \ put’ the formal charde oh magnesium fon [
Ll 2 is twids as larqe as that on the “lithium ion. '!‘ e reason why

the ratio Qf N/C £rom the pyrralyl Gxiqnard reagent is smaller
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! TABLE VI. The reaction of magnesium and alkali metal salts.of pyrxelg with
i et-hyl ghlorofomate in absolute ether 4
> - -
¢ 7 " . % 1,1 - 1,2-@i- ¢ total
Cvion T T%US Ui tster  2-ester | ketone © | .ester © .. ratio of  .yield
. ? o E (xv) (XIv) = (LXX)- (XVI) . (%)
. (a) (%) (8) . - (%) (%) N/C g
-+ ~ 5 ) N - X
- - Mg, 0.78 T.13 L. 21 : 0 19 25.3 75 53,
" . - ' ! <
Y ¢ : ;
@t 0.78 .39 0 16 0 £100.: 0 55
: + EE e o™ Eo 'i- .
“Na 0.98 87, . 0 3 0. 8 0 100 : 0 . 87 ¢
T R 1.33 64 0 S0 - o, TLm0:0 64
. : 4 - 5 g

-g8-



than that from pyrtolyllxthlum wxll be ducussed in the later
part of this thesis.
Pyrrolylmagnesium halide:also, gave a smaller ratiq of

N/C than @id pyrrolyllithium in’alkylation reactions (13, 88). - el

(D) Effects of Substi.tuengs ¥, - 1\

b ukyxanon of: the Grlqnard reaqents £rom 2-methylpvrrols,

-methylpyrtole, 2, 3~d1meth\u1pyn‘ole and 2 5-dimethylpyrrole

i

with mdnmethané all gave C—-alkylated products. Acylation .
of the Grignard reagent from 2-methy1pyr:ole (92), 2-

isopropylpyrrole (93), and. 2, 5= dimethylpyrrole (94) with

met:hyl chlnrcthioformate or acetvl chloride also gave
only C-acylated products. But, aoylatxon of 2-catboxyethy1-

‘pyrrolylmagnesium byromide (_LI;)- with ethyl chloroformate

gave only the N-acylated product, diethyl 1,2-pyrroledi-

" carboxylate (XVI). In the case of alkylpytre}ylnagnesviﬁ
'bromiries, the alkyl groups on p;rrrble ring inhibit dissociation of
.the bond betwesn the nitrogen atom of the pyrrolyl group o
and the maygnesyl- group of the Grignard reagent, so the nig:rogén

is stiil tightly associated with the: magnesyl group,

thersfore electrophilic attuck at this nitrogen atom is

Ainhibited.. In the case of y ,1pyrroly
" bromide, the stronq electron-withdrawing ester qmup mot. . ¢
.

only can disgcciate ‘the nitroqen_atom from t_he maqnesyl L



_gst

#

“group, the carbonyl oxygen atom of thxs ester group also .
can form a’ bond with the magnesyl gréup to give isomer (LIIb){p. 47)
as shown-Chapter III (C). The nitrogen atom of isomer (LIIb)
now i not. blocked by the magnesyl group, and electrophilic

attack at this pas‘iti.en is made possible.
= ‘ . < N

(E) Effects of Halide Ions N

Reihecke and coworkers reported the reactxon of indalvl— '

maqnesium halldes with iodomethane .i.n t)\e presence of 2. 8
parts of haxamethylphosphoramide, the chloride .gave. the

highest ratio of N/C and xodxde gave the lowest ratio .of "

N/C (95). They explained that the increased elec(’.ronegétivity B o

“'of “the chlorine atom lmparted more ionic Gharacter (pclarlty)
to the bond between the nltroqen atom of the lndolyl and the !
* ‘nagnesyl groups ‘of the Grignard r.eagent thereby leading
. to more extensive di;sociat%on ‘by the .stronglir complexing
solvent. ' ‘
The reactxon of une part ai each pyrwlylmagnesium
halide with S-ethyl chlorothiofcmats in the ;\)te!ance of two
parts of N,N, N N'-tetramefhylsthylenedian\ine was stullied.”
The chloride gave the highest ratio of N/C and iodide gave

‘the lowest ratio of N/C. The results are recorded in Table VII. 15
v




- ., TABLE VII..The reaction of pyrrolylmagnesium ‘halides with s-ethyl chloro-
- . thio in the of N,N,N/N’-tetramethylethylenediamine, in -
: absolute ether* i RS d 2. 8 % & " -
e . . # . . ; ¢ g,
I S T T 1,2~ .aithio- .~ . total ™ .
. U l-ester 2-ester .ketone . . ketone -' :carbonate ratio -of yield /
» v (xv) « (xIv) - (LXX) (LXXII) - (LXXXVII) ° b i
o MgX- + (%) - (%) (%) (8) n/c (®) g
3 - s - g o : -
eively, | w82 6 0. 0 89 ¢« 11 58 .
i o ti B b . £ - ' 2
Br .34 23 trace trace 60 : 40 * 57" 4
K WL ¢ B g, ¢ 28 0 B 27 28 : 72 43 .
. & E ) % Wels g I
E b %% & o . 2
v R B o B s i R

*, 'l‘he zatxu of/N,N,N N’-tettamethylethylenedxamzne to pyrxolylmugnesium hu;.idea was 2: 1
e “Based on b S-ethyl chlorothicﬁnmnts used. EE




Magnesium bromide has been reported tp behave as a

stronger electrolyte than does magn€sium chloride ‘in’ héxa-

methylphosphoramide -solution’ (45), This example shows that

the chlorine atom is associated more tightly with the
magnesyl group than is the bramine atom, therefore it is .

"harder to dxssoclate the cthrlde mn from the magnesxum

chlor1de than the bromide ion £rom the maqnesmm brcnude.'

. Y The trisolvated pyrrolylmaqneslum halide (LXXXIV) (p. 75).

prabab}.y is a mixture of isomers (LXXXIVa) .and (Lxxxlvb)

as shown .in- Chapter 1V (B). The chlotme atom wh).ch tends
to assocLate tightly thh the maqnesyl group of the pyrrolyl -
Grignard ‘reagent would shiet the equxlibrlum to.the left ' * H
hand S).de of the equatx‘on and. the iodme‘ atom wh:.ch does
not associate with. the magnesyl qrbup as tightly as- the‘

chlorlne atom, wuuld shxft the aqullibrkum tovthe right

hand side of the equatm 3

- That is why cmonde gave the . .

highest ratio of N/C and “iodfde gave the: Lowest ratin e :
. J Nl T e
ofN/C. .. e e 2 0 N d

’"§F) Effects af Temée:ature i
! 2

' Alkylation and. acyldiion of pyrrolylpjotassium at low.

temperatutes always ptaduced N-substltuted products, but |

{ the ireaction ‘of pyrrolylpotgssium with carbon dioxide at ¢

jave mainly. the 2-chrboxylic acid (96). With “fodopentane’ ' -«
» » e e A :




at 157°, no N-pentylpyrrole was ‘obéamed’ (87). This temperature
is'too low for the N-alkylpyrrole to rearrangé to a C-alkyl-
pyrrole diréctly (98). Papadopoulos and Tabello Breported-

T £54E dine Ehe ‘Eresinent: oF pyzzolyipotassiti wihh.auyi .

p-toluenesulfonate in 1,4-dioxane an increasé iff the

reaction témperatire caysed a small increase ‘of the ratio
. of N/C (99). . . 4 . ..
’ The ‘réaction of pyrrolyllithium with diethyl car-

bonate in ‘1,4-dioxane Tak rnc‘)m‘t:emperatpre gave almost

. éxélusively ethyl. l-pyrrolecarhoxylate, but. the same reaction -

gave a mixture of athyl l-pyrrolecarboxylate, ethyl 2-.’,
: pyrrolecarboxylate and 1, 2'-dfpyrrolyl ketore, in boz,l.mq ¥ ]

" 1,4-aicxane., Abip. 101°%). The Fdtio of N/C ids 65:35. The g ‘
" ) following reactmns in b0111ng 1,4-dioxane were also studied' N
(a) The resction of pyrrolyllithiim with ethyl 1 pyrrole—

carboxylate prcduced a mixtiré of ethyl 2-pyrrolecarboxylate

and 1,2'-dipyrrolyl ketone;: (b) The reabtion of pyrrolyui‘thium j
with ethyl 2-pyrrélecarboxylate produced only 1, 2'—-d1pyrrolyl R

ketone; ‘(c) The zeactlon\of llth).l.\m ethoxlde wlth i, 2' » o

: dipyrrolyl ketone gave: only, ethyl. 2-pyz:u1ecarboxy,1a«te

. Reaction '(a)-indicated that qthyl l-pyrrblecarboxylate
was prabably +the first product in the rebct,l'bn nuxture Erom .

oyrrolyllithiun and d).sthyl carbonate At this high temperature







ketone and élimination of pyrtt]lylhthlum gave ethyl 2~

| pyrrolecarboxylate o Reactlons

e o .

some of this compound reacted with ancther molecule of pyrrolyl-.

Llithium torgive intermediate. (LXXXVIITb). El:ulu.natxon of .

" lithium ethoxide from (nxxxvxnb) ylelded 15 2'—d1pyrro;y1

b) -and- (c) showed @at at

.bcu.ll.ng 1 4= dloxane temperature, the furmatlon of %termedxate

(Lxxxvnlb) from one mo1ecu1e of ethyl 1-pyrrolecarboxylate

and orie molecule of py:rolynxthxum was practlcally irrever-

s:.b1e." L : . . L

. Reaétibn (a) is one, of the examplés ifi which the product
of a k:.ne_tmally controlled’ reaction, <thyl 1- pyrrolecar—
boxylate, is; slowly converted to the; thezmodynamlcaliy
more stable” products, ‘ethyl z-vpyr:olecarboxyxate and 1,2'-

dlpyrrolyl ketone at hlqh temperature (47a).

PRSERE R




B . . - CHAPTER V' v e

T ' APPLICATION OF THE HARD AND SOFT - . qiuwg Fey g

. Adlns'mn BASES PRINCIPLE

D The concept of hard and soft acids and bases \was
" first defined by Pegrson (52). } . s Y x .,
» Hard acids are Lewis acids with a h1gh electrcnega—

’tluty and' a low polanzabxlx«:y. These .properties correspond

¢ to a high positive charge,and a small size.of the acceptor

atom and the absénce from it of an unshared electron pair. ..

: " 0 soft acids are Lewis acids with a.low'electronegativity'
and a high polarizability. These properties corr’gs‘pond o L
a low positive charge, (or absence of charqe) ,/ a large size

of the acceptcz atum, and’ the presence of an unsha;ed electron

- i pau; (p or 4. electrons) ‘at this atom.

Hard. baseq’ are Lewis bases with a high electronegativity,
H

low pclanzablllty, and resistant to oxidation, ia. harg

bases firmly: retain valence electzons.' . R
Soft bases are Lewis -bases with _a low e ectronegat:.v:.ty,
. high polari;abuuy, and readily oxidized, s# they retain
theu valence electrons less fn:mly. y
Pearsnn alao generalized that hard aclds pxefer 6 :bind

to hard bases and soft acids: prefet to bmd to’ soft bases, v

. or hard electrogmlm centers (E’Clds) react :apxdly mth'

PR % ; K



l92- ¢

L h,ard nucleophlles (bBEES), and. doft alectropt&lc centers

,react rapidly with soft nicledphiles. #

Us;ng a refarence hard acid, H and a reference soft

,"acid, CH3H4+,‘ three ‘categqries of ba§es wete classified as

shown in Table VI'n'. Using the sases in Table, vIIT, acids

were also classlfled into three cateacngs as shown in.Table IX.
The pyrrolyl group contains three centers suscepuble

to electrophxllc attack They ara che mtrogen atom, the

\okcarbon atom and the B~ carbon atom.. For snnpllcity here we’

]ust want to discuss the reaction on the. nltroqen atom . and

3 Con
tk?s%.parbon afon. According to the definition of Peaison (52),

e nitrogen atom is'a hard Lewis base and -the carbon atom

- is a soft Lewis base in the pyrrolyl.group. Table IX shows °
" that ;cations of alkali and alkaline earth metals are hard'

- acids, therefore lithjup, 'sodium, potassium (8c,lla) and- ',

magnesium. (1la,100) prefer to. attach- to the hard Lewis base,
nitrogen. atom. The ionic radius of the alkali met§1 cation’
decreases 1n the'crder K(1.33 X) > Na(O 98 R) > Lx(O 78 g)
hut the hardriess of these catz,ons decreases in- the reverse
order. Under ; the -same condit: 8ns the catxc\n ‘of putasslum is-
less tightly associated w:Lth the nltroqen atom of pyrrolyl
g:nup than is the cation of llthxum, therefore, pyrrolyl-
potassnm\ always gives a’ higher-ratio of N/C than does :" !

% . ST

’
~




... . TABLE VIII. Classificatioh of Lewis basest -

% . soft © ' . Borderline g

;0008 B

R,S,RSH;RS  -. - CgHgNiy,
Ct . Meco

2,

3- 2~ . . - - - LT T e
'20,7,50" ) TSN s 08 a CligNNg,

g',clo;,m

1”0 Lt RyPRyds; (RO) P T T e Nogs03”

CoN,

| RowlRoTmi0 N en”,me,co

" £ g ) i <k o
L Mg RNE N L SRR /1L P TN S :
S X R = e ; g
I ; N 2 ot x p BT )

* From refererice (52e). . ) : d % § : £ 3 v

't The symbol R stands for an alkyl group such as CHy or Cpdg. Ly

v ‘ ¢
PR s . & i L T = . o @ . ' N
W -. a - : = - . ® N




% % TABLE IX. Classlfmatmn of Lewis acids*
Hard o e o Sn_f€ « Borderline °
whLat et K . Cu",Ag*’Au*,nT,Hg* : ‘Fe?t,co?* N1ty
¥ Mgz*,Cazﬁ,sr“,quf : Cd pe2t ng",ne<2Hg+, ca?*, zn2*; . I
: - s il co(CN) “,we‘“ o Pp?*, 502", .
3+ 3+ 3+ 3+ -
©.8€2,Ga” ,In” ,La”, 34 . I Ve o BE . .
D3 013% cadt a3t - T ,'Tl"«e:"“a";a“ea o BBBIE
s SN0, ea weh W 3k as
" Ay ) z GaCl,,GaI,,InCl, - RRZT,IeTT, :
_Cr3+,003+,5‘ 3+’A53+ Mesn3¥ . e 3+. 3+ 3 “ F oy
(444 N ° RS (RSe wRTe . 3"02' ’ 2.
. ositt matr et +, rnd* 2 o B BN wsy, B 3
N 4+. .. I",Br’,HO",RO : wo*,ra?t, - i g
“Pu’,Ce” ,BHE,WO . . e % ap -
5 i i , . I,.Br .Icu.ecc. - 0s”",RsC, ¥ F
oy uog,",me'zsnz“,vez*,uoo:“' i 2 . 3 © o )
> o . . Trlmtrobenzene,etc. , 6HS,GaH..; p »
ABeMez,BPa,B(OR) . =+ 3
: -n chleranxl,aumones,etc. S = [ :
. 3 AlMe3,A1C13,AlH : . -
. Tetrac_vanoethylene,_etc. 5 ot
RPD,,RDPOZG B .
- s T ° O,Cl",Br,I,I_‘I,RO-,ROZ' "
RE0,,R0S0,, 505 = ! e ) i -
: ¥ e =, - M%(metal atoms) 5 < o * RYE
. Fa% et ) v .
% e T <& -Bulk metals ‘ e T .
© L. RCO%,C0,,NC L 3y Rgmome Ba B o o
s e 1B | . CHy,carbenes .- 2 e
HX (hydrogen-! %

* From réference’ (52 :




pyrrolyllithium in alkylation reactions (34). Th} ionic radius,

of magnesium is the same as that of lithiyn butthe formal

charge of the: maqnes).um cation ;\.srqreater than. that of lxthlum w e
‘cation, ie. it is harder than' the’ lattén. In alkylation reactions; %
the magnesyl group (a'hard Lewis acid) of pyrrolyl Grignard® . .
reagent alwys tightly associated with the n1troqen atom Co
,(a hrard Levus base) of ‘the.pyrrolyl group and prevents the’
reactmn Ercm ta)unq place at this ;:tg:sl_t_»:m;~ < CIRD
Haid Levis acigs'like cr’f, sit*, B%, “and RSO;’ always, -+
produce” the correspondlng N-substxtuted “products (LK) - oy,
(xc)| (102), (Axcz) (103), (xcrr) (104) andy(XCIII) (105)
'respectiOely Yhen tRey react with pyExole,, pyrrolylmagnesl\m\ .’ .
* halide or the alkali salts of pyrrole. . s -
The carbonyl carbon atom m a hard Lewis acid, therefoze
it alvays reacts with the dissgclated pyrrolyl group tvigive 7 o

N-aeylated compounds , T = 3

! cations Like zni* aha cu?t qive the, correspun\ixng -, e e
Substituted p):cducts (xczv) (105) and (xcv) (107) respect;vely

although I:henr hardness is nn the’ hptderlxne. Carbonxum carbon o
atoms also zeact w1th dlssoclated &y:zclyl groups to glve

,N-alkylpyrroles. . S A n ot
Mercury (II) is snft Lewis acid.’ The: reactmn of mercunc

chlcnde (108) and mercuric acetate (109) pyrrole q:wes

the ' proﬂuct

only c- subsntu:ed products. in t}ﬂ ater”
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" 2-(2,4-dinitrobenzenesul fenyl) pyrrole (XCVIT) (110)

2, o -98- .
is. pyrrolyl-2, 3 4, shtetramercuric acetdte '(XCVI)'. The
‘sulfur atom of ‘the sulfenyl qroup,,Rs /. is soft Lewls acid,

thexefore, reactlon of 2,4 dlnitrobenzenesulfenyl chloride

with pyrrolylpotassium gives only C-substituted product,

’ T .
. i S 3 B
" . -
N € .
» . * 5 %
. t N . . T
. ~ . : ;
oo v o Sy 5




* . CHAPTER VI _ : . B W
2 o B RS EXPERIMENTAL . . o 2

Melting points (uncorrected) were detemneson a '
) _Fisher—dohns malting poin(: apparatus. Ele‘n\ental analyses ' R

5 were determined by Aifzed Bernhardt, West Germany: Ana’.lyses

of the reaction mixtures were carried out ‘on a Bedkman GC-ZA ¥z
oS chxnmatquaph squipped with a 1311 in. column packed with :‘ e

- Apiezon L on* firabrick and helium was used as t'he carrlex gaa. Sl

The retenr_ion timee of column
and the pressu:el of carrier gas, were, tabu].ated in Table Xu

" Isolatfon and identification of compounds ‘are. ﬂescri.b_;d *
in individual experimental Sections.The general method for’ . o

idénci’fica'cidn. and quantitative analysis of products on.a

ik ¢ gas ::hromatograph was as follows. After drying over anhydxou‘e S

maqnesi\m sulfate or somehmes,,_ y um )] ;_ LN
the volume of the reaction mixture was :educed to 50 mlL or

sometme; 100 ml, 1 ml ‘of the" soluu.on was kept for nnalysis

by qas chzomatpgzaph» and. the :est uf the su].ut:ion was' used for

2 :.e;a!.at:.on and i,dentiﬂcation of the compound ba:mg analyzed.
N ¥ » Identif;catﬂon wn dcna by comparlaon of. the fnfrared spectzum

-wim that of -an authen,f.ic sample of f.he kr;awn.'wmpound. IS ier

was a _new ccmpound, .sf_ructuze.waa assigned to it accord:.nq to
=,




fable X. The r : 3 f.ror f.he'acylation of
pyrroly. nes ium < at aid v
Lt and-‘carrier gas { GC=2A

v equipped with-a 13k in ¢olumn packed with Apiezon L
e fn—ebricx. Helium vas u-ed as the carxiex; gas.

E | s : . aie” - opera(.!.ng
S S Compound " Eratin$ finz s Retention” t:xme
= o s . ips!l ﬁi{ )

Pyxrnle T 3

Et:Hyl 1-pyr}o.1e-

s - . Eghyl Z—pyrrole,— Y e
¢ carboxylate: ’ 1

o "0 piekhyl, lnz;pyrrale—x
£ e i aicarboxylate . )

1 me,tylpynrnle o 4 e
Lt j2-Acetylpyrie. '
£ ‘3Acetylpyrrole . L.

- S-Ethyl- 1—pyn'ole-
thiocuate

B2 oA S-Ethyl Z-pyxtgie- e,

e L . thiocarboxylate,

o %L l-Acetoacetylpytr

'1,1'-Dipyrrolyl
® ketone . -

T2 2'—mpyrxoly1
o ker_c 2 -

T 1'-Dipyrroly1 g
ket

g I L,l‘-nzpyn—clyl :
i . ', N-thi ume,thy;keexmnva -

N, N—Dxmethyl-l—pyzrolyl-
carb;mdxne C .

=Y SN, N'-Diqclnhexyl- -
l-pyrrolylcarbmdi,ne 5




. »LtS spe%rosr’op}.c properties, 1nc1uding Lnfrared spectrum,

LR spedtrum; mass spectrum.and results of élemental, analy51s.

S A ;tyandard solution of .the sample belinq analyzed was prepared
e . B s

and it was used to select'a suitable temperatire at which a

sharp- chromdtographic peakicould be obtained. -The reaction .

oy mxture was then analyged under th\e condxt:.ﬁ’ﬂs. The paper

% under the \‘:wo chromatpgraph:.c peaks were “cut out and welghed =

é,.cm an enalytlcal halance From’ tiié wexghts of the papers under .

the chromatograph1c peaks and the known concentratlon of the
standard soluuon of the compound 1solated fxom the teactmn
mlx@:ure, the cqncentratlon and hence ‘the we:l.ght of the same

. ccmpound ‘in the :eact;.on mlxtuxe could be calculated using

- whete Ay and Aé were the weights Of the paper undex t'l;le‘ E PE
chromatographic.peaks obtained from the sample in the standard
»
solution. and: 1n the reactzon mlxtuxe zespect,wely, €y and Cy,

| -wére: the concentrat:mns ‘of. the san\ple in the standard” solutlon s

" ~and. 1n the reaction mlxture respect\lvely. “Fhe welght of the

sample in the react;on nixture ‘could be‘calculated using the

formula below: e % =1




L o G
wheré V, was the volume f the reaction mixture .and W, Was the .

 total weight of the saiiple in-the Feaction.mikturd. . . e
The percentage yield Was calculated usmg, the sm\ple 2

L I
’ formila > B £ E

5 v © . . .actual yield R
. . percentage yield. = - % 100% . o
: - - theoretical .yield" r

The theoretical yield was alwayé based on the quantity of

the _magnesium used in- the reactzon.

} The percentage of N—acylatnon in- total product was® v

calculated by the formu).a bélow . . !

i 5 no. ‘of moles of N-acylation |

S

no. of moles of N-acylation and-C-acyla

. + and the percentage of C—acylatlon in the total product was '

' calculaced with the same formila % i S NaeE

Tiig Sy : no. 'of moles of: C-acylation . . .
sy e = - — x 100% ¢
* e TS no. of moles of N-acylation and C-acylation .

The ratio of N-acylation to C-acylationwas also the ratic of ~* -

the percentage of N-acylation and C-acylation in the total -
‘yield, ' .

All the react:.ons were run under heteroqeneous condl!:lons.»
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(1) Pregaratlon of errolzlmagnes).um Bromide . S

>
A solutxon of ,ethyl bromide (11.99 g, 0.110 mol) in’

absolente ether (40 ml) was added .slowly to a m:\.xture of

magnesmm (2.43 g; 0.100 mol) ‘in absolite ether (20 ml) ‘under
‘nitrogen. °The rate of. additicn was ad]usted in a manner which
ma)nta).ned che solutlon at reflux After the addltlon was

completed, the solition was refluxed fox. anothe¥ ‘one’ houf.

¢ . To the cold Grignard. reaqent, dOTIELGR GE freshly dlstllled -

pyrrole (6.70 g, 0.100 mol) in| absolute ether (30 ml) was %

addea slowly. Bunbtm‘i; of gas £rom thé solution was gbsérved. £ g

Aftér the add1t:mn of pyrmle, the reactxon mxture was

refluxed for anothet oné hour.

(i) Reaction of errolzlmagnemum Brom1de with Ethxl Acetate

. (a)‘ The - pyrrolylmagnesiom bromide solution, prepared from R

ethyl ‘bromitle (0110 mol), magnesium (0.100 mol) ‘and pyrrole
(0.100 mol), ‘was cooled to -22° by using a mixture of Dry Ice
and carbon tetrachioride. o this solution'a .solution of.’

ethyl acetate. (9.80 g, 0.100 mol) in absolute ethér (90 ml) o

« .was added sloyly in a period- of about'one and a half hours.

The, reaction mixture was stirred at -10° for another half an -,
- . hour and thén hydrolyzed with 1 M ammonium chloride solution
(200 ml). Two layérs vere -Gbserved. The two layer’s. were e
stirred until all the solid material disappeared..The organic
. layer was separated and the aqueous layér was extracted’ twice A

with an equal volume of ether. Theé combined ethereal solution
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was washed twice With water (200 ml) and dried over nkiydreis ¢

. d\ ®  magnesium silgass, whe volme- of the‘ethereal, 'solution was ; cod
’reducea tu 100-ml and 1 ml of the solution was saved for Yo S 2L

_analysis’ on a Beckmai GC~2A chromatographi . : N

The ether was re‘noved by distillation and the residue

w&s vacuuln distilled. The liguid, which was xdentlf).ed as

1 acetylpyx‘role (LXVITI) , was collected at 80 -'81% at .13Qnm

" pressure, literature b. p. 180 -.184° (111) The infrared
¥ -, spectnm\ of 'this DDmpound was-identical with tﬂat Of an’”
authentlc sample of the ccmpound obtalned by the method . ¥
deseribed by Reddy (112). « | i >
} The residue, after removal-of, 1-acetylpyrrole, vas )

crystallized from cyclohexane. After recrystalllzatmn from ,

the same solvent pure 2—acecylpyrrole (X) was, obtamed m.p. ‘&,

89 - 9D° literature m. p. 88 = 89° (113) mxture m.p. undepress- 3
ed on admxxture w1th an_ authenuc sample and the infrared *
spectra. were ldentxcal. The yxelds of l-acetyl -and Z—acety‘l—
pyrrole were 0.69 g (EB) and 2. 03 9, (19%) respecuvely. The

ratio of N-aclyatmn to c-acylatmn was 24: 76, tot,al yléld 25%.

(5) i ‘above _experinent vas repeated; but’ the readtion o' @
= nixture of pyrrolylmagnes),um bromide and theyl acetate ‘was

stirred at room temperature furnl7 hours. The results of

analysls showed that there was no slgnlfmant change in ratio

or yleld of both ]. acetylpyrrole and 2- acetylpyrrule.
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Reactidn o_f 'Pyrralylmag_nesnm\ Bromide w1th Acetx

Chlon‘de . ; 3 oy . t

-The procedure and the quantltles of chenucals used for

'_ th,ls expenment were the same as those descnbed Ln Sectxon (11) (a)
‘except that acetyl Chlorl.de (7 85°g, 0.100 mol) was used 1nstead
‘of’ theyl acetate. : . ]

_After removal.of l—acetylpyrrole and 2-acetylpyrx'ole by .

distillation’ under rediced pressure, the residue was dissolved:
3 o, g of a mixture.of ether and carbon tetra- - .
chloride- (1:1). - The solutxon was boiled ‘on a steam bath to h
“Temove the emér. Colorless crystals. of 3-acetylpyrrole (XI)
were obtained, m.p. M3 - 114°, literature m. p. 114 - 115° (114).
The’ 1nfrared Spectrum of 3-acetylpyrrole from this experiment
was the same as that of an authentic bample of the compound
obtaifcd by 'the method described by Loader and Andérson (114).

s . . 'The yields of 1- acetylpyrrole, ‘2- acetyl;iyrrol and 3- .-
i acEEylpyxrole vere 0.10 g (e, 4. 08 g (378) and 0. i3 g ’(4!)
respect.wely. The ratm of N-acylatlcn to C acylanon was' 3: 97,

total’ vield 42; 4 w % AR . - *

'(iv) Reactxon of errclxl.magnesx\m\ Bromide with Ethyl

‘Chloroformate’

(a). The pro;:edur\e and the quantu:ies of chenucals used in ...

this expefiment.were the same“as those descrybed in 'section (11) (a).

The first product, which: was J.dentl.f;ed as_ethyl 1=
pyn:o].ecazboxylate (XV), was ccllected at 78. - 81 at 14‘ m .

pressure, literature b. p. 60 - 65°%.at 7 mm pressure (31) ’

B



yleld 2 74 g (19%): - The intrired. spéctrun ‘of this co'n'\poun'd-
was- 18STtLEa] 6/ that of an authentic sample wof the compound
] obtained by the method descnbed by Loader and I\nderson (79)
The ‘second compound; Which was identified as ethyl .2--
pyrrolecax‘boxylate (XIV) was collected at 87 - BE at- 3 mm
ipressure, literature b B ].00 - 110° at 7 mm pressure (3L,

vield 5.97.g (44%). ’.l‘he }nfrared ‘spectrum of this compound p e

nd that of an authentj.c. sample of ethyl 2—pyrzolecarboxylate

(79) were supezimposable. " Thé third ccmpound, diethyl 1, 2=

pyrroledzcarboxylate (XVI) was dxstﬂ.led of £ at 86 = 97 at

1 mm ptessure, literature bip. 125 - 135° at 7 n ptessure (31).,

yield 0.55 ¢ <5§). The n.m.x. and mass spectra of tlus product

were not anonslstant with . the proposed structare.’ . N :

The ratio of N-acylanon to C—acylat).on was 28 : 72; 3 }

“total yield 688. o T - ; s

() The above experlment was repeated., The p:ocedure was the

same as that descm.bed in Segtion (ii) (b). )
The yields of ethyl l-pyrrolecarbcxylate, ethyl 3= sl L

pyn‘:oleqarboxylate and dlethyl 1,2—-pyrrcle, 1carboxy1a'te were | .o

1.85g (13%), 2:86 g (21%) and 1.99 ‘g.(19%) ggespec;iv‘elyu.',' o
The ratic of N-acylatiod to C-acylation was 25 : 75,

_total yield 538). g ' sty S, g




)

< .7, A'solutige of ethyl 2-pyrrolecarboxylate (6.95 g,

-0,050 mol) in"-absoluté’ ether (30 ml) was.added slowly to - '
. 7 thé Grignard reagent prepared from magnesium (1.22 g, 0.050 mol),

* ethyl.bzomide (5.45 g, 0.050 mol) ami-ahs’olute ether (50 ml).

Dunng the addjtion’ of: ethyl 2-pyrrolecarbpxylate, large’
quanutles of qas and*eat were given of.f and a wh;te

pré x.tste was cbserved. The reacn.on mixture was refluxed

for 30 mlnutes and ‘then ccqled 1.-_n a mxx(;ure. ‘of Dry Ice and
.t . carbon tetrachloride.’ To this cold solution, a solution of

ethyl chloroformate (5. 35 E- P 050: mol) in. absolute ether

5 ; (60 ml) was added slowly in a; period of-about 90" mlnutes.
| i After stlrrin at. room temperature for. 17 hours, the. reactwn

v mlxtura was cooled and hyd:olyzed with saturated ammcmum
chlonde sulutmn (100 ml) The aqueous laysr was extracted

tiwice. w1th an “equal volume of ethet and the comblned ethereal

‘solution was washed twice with water and dried over anhydrcus
| .7 . sodiun carbonate. . The only- product; diethyl o fy, R

. Ly 2- pyrmled;caxboxylacg, was, ‘aollected at.B86 - 87° at 1 mm

pressure, yield 8.80 §.(83%).. The.infraréd’ spectrum of this =

Gompaund was identicalwith that of an authentic sample of the

. compound obtained by j:hgs method described ‘in Segtion “(iv) @..
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(vi)  Reaction of Pzrrolxlmagnes‘ium Bromide with Ethxl
Chloroforn\ate in the Presence, of NN, N‘,N‘—Tetr.amethyl-

ethxlenedxanu.ne . K

(aj The solumon of pyrrolylmagnes:.um bronude in absolute

ether was prepared accordlnq to the method described in Sectlon 9.4
Ayl To this pyrrclylmagneswm brollude solution, a solution

of N, N N‘,N' tetramethylethylenediamlne (ll 60 g, 0. 100 mol)

in absolute ether (20.ml) was added During- the addltlon of
‘the complexxng agent heat was g).ven off and a whlte precxpltate
was ohserved and the colour of the’ solution t:uzned frcnu .
.vcclourless to yellowxsh gteen. The reac{;ion mixture was
§ B P refluxed for 3 hours ‘and t;hen cooled. in a m:.xture‘ H Dry Ice
.. .ol ‘and carbon tetraphlcnde. To this ccld suspension 9 solution
" 6f lethyl chioroformate (10.85 g, 0.100 mol)- in absoliite ather
(90 ml) waa added slowly ina per).od of about 90 mlnutes..
E The reaction mixture was refluxed foxr: H hours, and then cooled
and hydrolyzed with 1M amnomum chloxxde solutlon (200 ml)
The two layers were separated and the aqueous 'layer was L
., extracted ‘twice with an equal volume of ether and the con\biqed»
. ethereal layer was washed twice with water and. dx:led over
anhydrous magnesium sulfate. :
The y:.elds of ethyl l—pyrralecarboxylate and ethyl
—py:rolecarboxylate we:e 7.09 g . (51%) and 0.71 g (5%)
- respectlvely. The yleld of a th].rd cnmpuuna 1 27-dipyrrolyl

ketone, was 0 18' g (2%) After recrys_talli;ation fro{n he_xane

e m.p. of 1,27-dipprrolyl ketone was 60 -'¢1?, literature .
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‘m.p. 58.-.60° (79). The infrared spectn{'d' of this, compound
was Ldentical to that of an auﬂlent).c sample of the compound

obtained by the method déscx;xbed

Loader and Anﬂerso_n (79) .

The zatlo of N-a I‘tlon to C—ac. latxon was 89

tctalyxeld 59%. § S .

.o (b When the ratxo of pyrrolylmagnesmm bromde to N,N N';N'- 0 8

tecramethyletnylenediamne was 1 : 1.5 the yleld of ethyl |

\;‘ .,l-pyrxolecarboxylate, ethyl 2—pym1ecarboxy1ate and
“1i2- d:pyrzolyl ketone were 10.76. g (76%), 0+ 13 g (18) ‘and . -
0. 10 g’ (1%) tespectlvel.y.

L T e The ratio 6f N-acylat:mn to C-acylatlon was 98 : 2,

. total y]_eld 788,

(vx)) React:mn of errolxlmagneﬂlum ‘Bromide with Ethx
Chloroformate in the’ Presence of 1, Z-Dimethoﬂethane

The procedure and the quantxties of ‘chemicals used in .

this expenment were the same ds chose desl:l‘lbed in 2

Seccmn (v1) (b) except that 1,2~ dnnethoxyathane (13 DO q, J e !
L0 10,150 mol) was used ingtedd of the., N N, NN tetramethyl—

- ethylenediamine, -yield,’ ethyl 1-p rrolecarboxylate 1.77 9 uia) 7

ethyl 2- pyrxolecarboxylate U 34 gf (28) and d],ethyl 1,2-

pyrroledicarboxyl.ate 6.90 g (65! .

The. ratio of N-= acylation to C—acylatxon was 16 : B4,

total yleld 80%. : TRl




-110="
B (vn:.) Reactmn of errolzlmagnes1um ‘Bromide with Ethx

Chlorcformate in the Presence of 1,4-Dioxaneé

The procedure and the quantltles of  chemicals ised in
this~exper1me}xt were the sarie as those described. in Section

(vi) (b) excepi‘. that 1,4~ dmxane (13.20 g, O. 150 mol) was ‘used

- ! mstead of the N,N; N’,N’-tetramethylethylenedlanune The: ylelds

. . of ethyl l-pyrrolecarboxylate, ethyl 2—pyrrolecarboxy1ate ‘and*
diethyl 1, Z-pyrroledlcarboxylate were 0.77 g (sa), 0. 93 q'(7l)

,and 2.33 g (22\1) xespectfvely.

The ratm ‘of N- acvlatmn to C-acylatxon was 17 < 83,

‘total’ yleld 35«.

77 e 7 eaction|of pyrrolyimagnesium. Bzomde with Diethyl
’ 2 Carbonate E . - ’
The prccedure and the quantitles of chemicals used :m
" this exper:l.n\ent wez’e the same as,those described in Section
. (ii) (a). The- yields of ethyl l-pyrro‘lecarboxylate and ‘ethyl
e 2 pyrrolecarboxylate were 13.76 q (70%)- and 0. 20 g (28)

r;.spectwely. ¥ . e 5 d {
The ratm of N-acylation to c-acylatlon was 97-: 3; rg

total Yleld 7280 . '- B @ -

- o) Pregaration of S-Ethyl 1-] erx‘olethiocarboxylate (LXVI

5 “ o f

The ctude product of l—pyrrol’ethmcarbnxanllxde was
prepared by the, method ‘described by Papadopoulos (115) T s
To''a mixture of 6 M Sodium hydroxide solutlox_l (100 m1) "

| and’ crude. 1-pyrrolethiocarboxanilide (23.00 &; 0.120 mol) was
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added ethyl ‘iw@ide (24.96 g, 0.160 mol). After heating in a
" steam bath for one fiour, the reactign mixture was cooled.to
““roon temperatureand the organic layer was separated: The

.aqueous laygﬁ was exttacted twice with :in eqgual volume of

‘ether. The comb ined organic layer wag’washed twice with vater

and dned over anhydrous magnesii’ sulfate, after remoyal Y

the ether, the crude product -was mxed with 6 M sulfunc acxd .

. (100 ml) and heated in a steam bath for- another ‘one . hour. T_ha

reaction m1xture Was cooled to’ xoom t-emperature and extra ted

‘twu:e w1th an*equal vqlume of . ether. The ccmbined ethemal

solut).on was- washed wlth ‘water,. dxlute sodium hydrogen carbonate,

water and dried over anhydrohs maqnes!&um sulfute. After remaval

of the ether, !'.he reszdue was vacuum distiued. The- product;, % C
S-ethyl 1—pyzmlef.hmcaxngy1atg, was col;egced at'105 - 106° -

.at, 10 mm pressl‘xte,‘yield 6.25 g kah) Analysis, calculated . A Pow
-for C,HgNOS: C,. 54.19; H, 5.85; N, 9403;°0, 10.32; s, 20.65; B :
foina: c, 54.32; H, 5.79; N,"9.13; 5, 20.78. The mass and ' s
n.m.r. spectra ;;f this product wert not inconsistant ‘with the .

5 ptop'osed structure. A

(xi) Reactlon of errolxllithxumw;th s -Ethyl Ch]nrothxofoxmate 8 ;
. din the Presence of N, N,N',N‘ Tetramathxlsthylenedlamme |

Pyrroly111th1um was’ prepaxed according to the method

described Yy iodge and Rickun‘ls (12¢) "o - . .
. To a solution of n-butyll.xthxum (0.200 mol) in absolute

ether (80 ml), stirred at 0% under nitroges, was added. dropwise "
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a solutx n of’ pyrrole (14 74 g, 0 220 mol) in absoﬂ.ute ether =

. (80 ml) and the reactlon mixture was snrred at room temperatute e :5
for 30 minutes. . To thx.s white suspensuzn was added a solution »
fIN,N,N‘,N'—;:etran;éthylethylenediamipe (45.40 g, 01.400 mol) ‘
én,'dry eéher (40 ml) at such a rate tha;.it maintainéd the

solution at reflux. After heating for angther 30 minites,

the reaction mixture was:cooled iz’i ‘ice bath and a solution of

S-ethyl chl‘u’r‘athiofom’ate"v(ﬁdlg,‘ ‘D.O70’mal) m d;-y ether (90 ‘m1) -
: was added aropwise. This reaction mixture waa Btirred Lh the * ¥

ice bath for another 2.5 hours and’ then hydrolyzed thh 1 M- .

ammonw.m chloride solutlon (200 ml) The organic layer was

. separated and the agueous layer was ext.racted twlce thh an X

equal volume 'Gf ether. [mha combmed ethereal layer was washed

with vater ahd dried ovek anhydrous magnesium sulfate. After

removal of the solvent, the sesxdue w&s vacuum shstllled The'-. '
flrst\fractlon, S-ethyl l—pyrrolethxocarhaxylate was collected ’ -,

"at 108 = 106" at 1 mm pressure, ‘yield, 0.78 g “(7%). " The - . CEE
infrared spectrum of ‘this compound was . identical with that of :
an authen\:xc sample” of S—.eZyl l-pyrralethiccarboxylate obtalned %

‘by the method described :in ectwn (x). The second ‘compound

which wds identified’as 1,1'

dipyrro].yl ketone (LXX) was
collected at 78 - 81° at 1 mm “pressure, yield 4.75 g Mz%)
) Analysls, calculated for cgﬂa 0 il C, 67.49; H, 5.03;
N, 17.49; 0, 9.99;-found : C, 67.62; H, 4.967 N, 17.44.
only a trace.of S-ethyl 2—pyrmlethiocaxhoxyl§te was o W
detected. The retention time of the S-ethyl.2-pyrrolethio- o ‘




d&acszed by l.cader and Anderson (79)

(xi.x) kezctxon !; mrrolxllxthnm thh s- Ethxl Chlorothiofomate

e 'K'he d of - this was' the same as those

-described: in Section' (xi) - except for the quantities of the .

dhenucals used below- n-buthylll.th:mm (0: 100 mal),

,pyrx:csle (8.04 g, 0 120 mol) ;- S-ethyl chlorothiofcmaha (12 45 g,

0 100 mol). " The yielﬂa of s-ethyl l—pyxrolethiocarboxylate f .
‘arid 1 1 ipytrolyl ketone were 4.5 7 (318) ana 1.11 g (14%)

respectwely. only a trace of S-ethyl 2—pyrra1eth£ocaxboxylnte

was detected, -total yield 453. :
The -fourch_ qompoung, which s.;as' identified. as. -S-v,s'-’d.iethyl

dithiccarfonate (LKXXVII), was also.obtained, yield 1.48 g,°
h p. 105:- 109° at 42 mm pxessu:e, literature b.p. 85 - 87°
“at19 mm-lpressure (116). The ;mftaraé spectrum of thls

E compo\md was identical with that of an authentic sample of— e

the compound obtained by the -ethod desc:ibeﬂ by BuImer and

Hann 16). . - 2 e

(xnu reactfon of ermlxlmagnesium Bromide with S=Ethyl
= Chlomthicfamate in the Preaance cf N,N,N',N‘-Tetra-
methxlsthxlanediamine: T_ = at _— W o S
(e)‘ The pyrrolylmagnesium bromide (0 040 mol) in ahsolute
ether (60 ml) was pzep’ared accardinq tc the mef_hod described

in Secmon (i) To ('Jus Grlgnard reaqen was introdﬂced a




| 2.8 “
‘. equal volume of ether. The.combined ethereal layer was

'Ln absolute ether (10 Jml g AfEet refluxing fcf ) hours the

real:t).cn mixture was cooleﬂ in a m1xture of D;yﬂ_'ce and

.th_/zeactlorCr-n xture was- cgoled and hydrolyzed with 2%

- ammonium chloride solytion '(X00 ml). ‘I‘he two 1ayers were
v Vo

.different ratios of N,N,N',N'< :etzamechylehhylenedlamine and &
pyrr’clylmagnesu!m bromide in absalute ether.._ The' ratios were:

a0 L)1 e 1 (c)lS:l: (d)3

carbon tetrachlorxde. To t}us cdld pyrrolylmaqnesxum bromde ¢
was added a sclutlon of. S—ethyl chlorot)u.ofomate (7.-47 q,
0,080 mol} in _absoljite efher (40 ml) in aSeriod of about’

60 mindtes. After st:1rr1nq at” yoom tempera‘tuzﬁ for 3 hours, g

separated and the aquec layer was ex d twice with an

washed with watér and dried over’ anhydrous magneslum sulfate. S

57,9 (348 7 R

Yield: S-ethyl l—pyrrolethmcarboxylate, 2'
oL

£hyl 2- Byxxolethmcarbcxyiace, 1.41 g 423”; s,s'-diethyl

ﬂithlocax’bonate, 2.55 g.. only traces of a1, l'-dipyrxolyl

ketpne and 1: Z'—dlpyrrolyl ketcne were detected.« g

The ratic of N-acyl‘anon t:o C—-acylatx.on was’ 60 40, i o, 0w

total yd.eld 35%“ @ RS ) ; &

(o) The Sane expenmenc was zepeated several times using i Y

®'s s, 'Ehe “results: of these expen.ments wgfe‘ifhsulatea in oo
e N s

Table IV. =~ & .7 . T




i) Reactxcn of errofxlmagnesnm\ Bmmde wigh . 0L DT
e 1’-mgxrroizl Ketone . ‘ ' X
<. . The 1L dlpyrrolyl ketone was prepared accordlng ‘to

“ the method descrxbed in Section (xi). : v
. A'solution of 1,1'- dlpyrrolyl Ketone (1,60 g, 0.010 mol)
in dry ether [(20 ml) ‘was added slowly to the etheﬁal sclutmn‘j

©  of pyrrolylmagnesium bromide. prepared. from magnesium (0.62 g,

v 0.025 mol); ethyl bromide (2.75 g, 0.025.mol) -and ‘pyrrole -

(1, aa‘ g, 0:025 mol). ° After, refluxing for 30 minutes, the

w oo reactwn mixture was cooled and hydrolyzed with sa(: i:ated

"ammonium chloride solution. The ethereal layer was separated
o and.thﬁe aquebus layer was e'xtracted twice with an equal )
'  volume of ether. The combined ethereal solution was washed
e _;ut:h- water and aried over anhyérous magnesium sulfate. After -

removal of the ether, -the residue was vacuun distilled: The

< sole product; 1, 2'-dipyrrolyl Ketone (LXKIT) was collected at

117 - 1257 at 1 mm pressure, yield'1.13 g (708). No
Lydee

dipyrrolyl ketone was recovered.

After recr}(stall).zatlon from hexane, the m.p. of the

1,'2'-;1 rrolyl ketone was 57 - 59°, litérature mip. 58 - 60° (79).

The infrared spectrum of. this compound was identical with. that

“of an aathentic samplé of the campound obtained: by the method

descnbed by Loader and Anderson (79). Wi @ - © g

. e
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".(xv) Reaction of Pyrrolylmagnesium Chloride with S-Ethyl - X

Chlorothioformate in the Presence of N,N,N',N'-Tetra- . . -

meghylethylenediamine o A

The ethereal {so-lm;ion of n-butylmagnesivm. chloride

was, prepaxed by refluxmg a mlxture of ‘magnesium (0.97"g,

. D 040 mol) and n-butyl chlor;\.de (4.07 g, ’0 044 mol) x.n .

absclute ether (30 ml1) unt)._‘ all the l\'\EtalllC magneslum

dlsappeared. JA : § i
B '
The pyrrolyl gnesium Chlorlde was. prepared accordlnq E

- to’ the method descubed in Section (i)-and theh NN, NYN- CRE &

tetramethylethylenediallu.ne (9 28 g, 0 .080 mol) -in absolute

ether (10_ ml) was"added. The reactlon mixture- was refluxed

for 3'hours. ! ¢ S - : i % 5
The proc'edure of the las;: .part of this experiment was

the ‘Same ag that described in Section (xiii): The yielagiof . <.

S-ethyl 1-pyrrolecazboxylate, S-ethyl 2-pyrrolecarboxylate -

and. 8,8'-diethyl dithiocarbonate were 11sted in,Table VII. . -
The ratio of ‘N-acylation fo C-acylation was 89 .: 11,

‘total ‘yield 58%.

(xvl) Reaction of errolxlmagnaslum Iodide wl.th S‘Ethyl

'Chlorothlofomate in the Presence of

N:N N, ,N '-Tetramsthxlsthylenedi.am.ne .

The pyrrolylmagneslum iodide- was prepared by the method

el

descnbed in Section (1) and ‘the procedure of the second part




method descrxbed in Sectlon (vi)

s o -117-
of this exper:unent was exactly the same as that descrlbed in .
‘section (xiip) (@), . s d o * : e

The yields of S- ethyl l—pyx:rolethmcarboxylate, S—ei:hyl
—pyrrolethlocarboxylate, 1,2'-dipyrrolyl ketone and S
'8,8!-diethyl dithiocarbonafe were listed in Table vir,

The tatlo of N- acy].atxon to C-acylatmn was .28 : 72,

total yield 43%. ¢

(xv11) Reaction of errolxlmagnesxum Bromide wlth Ethyl i
i Acebate in the PZ of NN, N',N' nethyl-

ethx lenediamme X § ’ =

The reactxcn mixture of pyrrolylmagnes:.um bromlde

(o 390 mol)- and N,N,N 2 -tetramethylethyienedlam;ne (0.450 mol)

in absolute ether (300 ml) uas prepared acccrdxng to the

To the cold suspension was added a solutlon Df ethyl
acetate (17.60.g, 0 200 mol) in dry ether (90 ml) After
stlrrlng at room temperature for 17 hours, ‘the reatﬂ:ion
nuxture was caoled incice bath and hydmlyzed wit.h M
hydrochlunc acid (180 .ml). Some solid material st;yed at
the interface of the ethereal and aquéous iayers. Aftexr
flltratlon of the sul)_d material .the \:wo layers were separated.
The aqueous layer was ext:acted twice with an _equal volume of
ether and the combxned ethereal 1ayer. was, washed with water

and dried over anhydrous sodium suLfate.
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_The yields of l-acetylpyrrole and 2-acetylpyrrole

were 0.65 g (3%) and 0.33 g (13) respectively. A third, .

compound which vas identified as l-acetoacetylpyrrole (xv)
wag distilled off at.83 - '84% at 1 mm pressure. .This,’

compgund_was_punﬁed by recrystallizatic;n “from cy_clohexar}e,
‘m.p. 49 - 51°, yield 12.10 g (80%).. Analysis, calculated ‘for
CgHgho, = ¢, 63.57; H, 6.00; N, 9.27;-0; 21,17} found : C, )

63. 67, H, 5.98; N,~.9.25. ° . « ¥

The solid material was treated w1th 6 M hydrochlorxc
acid (50 ml) and extracted t:w;Lce thh an equal volume of
chloroform. The comb ined chlorofom extracts were washed with
water,and drled over’ anhydx‘ous sodlum carbonate.. After. removal
of 'the solvent and recrystallization from .cyclohe)fane adothes - ¢

1.56. g (108) of 1—acetoacetylpyrrole was obtained. (A plnk-

)
coloured complex was fomed when the L-acetgacetylpyrrole was.

treated with dilite ferric chlorxde solutwn) .

(xviii) Reaction of I-Acetylpyrrolylmagnesium nmmide J.th Ethyl

Acetate 1n the Presénce of N N,N' N —‘I‘etra-
i methxlethxlenedlaﬂune Y .
To .2 reactmn m?re of ethylmagnesium bromde (0.,050. mal)

and N,N,N',N!-tetrame ylethylenedlamlne (8. 40 9, 0.750 mol in

" dry ether (40 mi) was added a solution of l-acetylpyrrole .

(5.45 g, 0,050 mol)’ in absolute ether (26-m1). ‘Large quan:ities
_Of heat :and gas were given »offv. After reflux1nq for, one hour, K

the” reactmn mixture was cooled to room temperature and a -




=119~ .

.solution 654 ethyl acetate (4.84 g, 0.055 mol) in absolute *

'ether (40 ml) was intrdduced in a period of 60 mlnut:es. This

reactlon nmixture was stirred at room temperature’ fcr 17 hours *

and then hydrolyzed with 6 M hydrochlb_rlc__acxd (90 ml). The
organic‘ layer was separated and the aqueous layer was extracted

twice With an equal volume of ether. The combined ethereal

"layer, was washed with water and dried over zmhydrous sodium

sulfate. The solvent was removed and’ the tesidue ‘was d1st111ed
\éx;der reduced pressure. 1-. Acetoacetylpyrr.ole was collected

at 83~ 84° at 1 mm'pre'ssure, yield 2.55 g (60%). . The
infrared spectrum of this’ campound was 1dent1ca1 with that of
an authentic sample of the cnmpound cbtaxned by ‘the method

descrlbed in Section (%vii) .

(xix) Reaction of Pzrrolxlmaﬁes;um Brom1de thh
N N '-Dxcxclohegxlcarbochimlde

(a)  The procedure and guantities of chemicals used in this

, experiment’ were ‘the same -as those described in section (ii)

except that N ,N'-dicyclohexyldarbodiinide (20:63 g, 0.100 mol) |

- was ugsed. instead of ethyl ace(:ate.‘anc’_l that before hyd.rclysl.s

with anmoniim chloride solutic'm, the reaction mixture vas |
stlrred at room temperatux’e for ,17 hours, '

~ After removal of the solvent, the resldue was vacuum B
aistilléd. The only product, which vas identified as ’
N, N‘-dicycluhexyl 1—pyrxo1y1canbamw was collected
at 140 - 141° at 1.mm pressura, m.p. 42 - 44°, y;\eld ;

P




25.50 g (93%). No W, N‘—dlcyclohexyl— yrrolylcarbamldlne

was detected by either humrl or i.r. Analysis, calculaeea

for C17H27 3¢ C, 74. 63 H, 9 95, N; 15. 37-'found c, 74 *{8,» . P

H, 10 11; N, 1s.2s.

. () - The hydrothorw acid salt 'of N,N'~dicyclohexyl- 1-,
pyrrolylcarhamdme was prepared by treatment of " the crude

' 'product of N N‘—da.t:yclohexyl 1 uyrrolylcarbamdxne thh 6M ’ o

hydrochlorlc acid. Pale blue crystals were obtained. The salt
. was punﬂed b_y chssolvmq in absolute metsbanol and” reprecxpltatlng
.w1th ethyl acetate. Thl.s conpound smtered at 208° and melted aEr 3
at, 210 - 211°.» After treatment w1th ‘dilute sodium hydroxxde L
\, i, moiniom; therErse N N'»d).cyclohexyl 1- pyrrolylca:bamdme ol

was. reqenerated. . L a 9 R . i T

(xx) . Reduction of N,N'-Dicyclohexyl-l-pyrrolylcarbamidfne . ,

A mlxture of H,N'—dlcyclohexyl 1- pyrxolylcarbam1d ne

3.22.g, 0.012 mol), Lithiun aluminiumhydride (0.88-g, 0.024 mo].) T
and absolute ether (200 ml)'was refluxed for 26 hours. After

‘cooling’ in an ice bath the reactigh mixture was hydrélyzed . Sy

with water-saturated -ether (200 ml). The organic.solution was
filtersd, washed with water and dried’ over anhydrous magnesiuin
sulfate, The solvent was removed and, tiie residué was' vacuun '
distilled. The producc N N'-d1cyclohexy1formam1d1ne, was .

collected at 120 - 121° at 1'mm presaure, yield 1.38 g (55%)



After zec:ystalhzacion from ethyl acetate! colourless
crystals wey:e)obtamed, m. p. 102 - 104 literature m.p.
,(vu?) . [The Mass and n.m.r: spectra of this product -
were no:‘mconsistant with the pn&posed strugture.

—

_(xxi) Reactlon of errolxlmagnesmm Bromld’e wzth

) 1methx1c¥anam1de - "

The -procedure cf the first part of this expenment was

the same as "that descnbed m Sectlcn (u) except that

dimethylcyanamidew 00 g, 0. 100 mol), was used msteaa of ethyl

acetaté, 7 . - = 4 o .

After stirring at room temperature fér 17 -hours, a

“minimum amount of 2 M 'ammonium chloride solution was, added

“anhydrous magnesium suifate.

“slowly into the reaction mixture witil all the solid *
sibetace i the reac:ibn'flask-had just completely aissolved.
The two layers: Were separated and the agueous layer was
extracted twice with an equal vgluma of ether. The combmed
ethereal solution wag washed with water and dried over

The s'ole product,- N,N'-dimethyl-

l—pyrrolylcarbamldlne (LXIID), was distilled over at 109 - 1100 -

at 15 mm pressure, yield 1.03 g (8%) . Analygxs,- calculated

for ¢ H11N3 ;¢ 61.297 H, 8:08; N, 30.63;

found: C, 61.06;

H, 8.04; N, 30. 57. ce b oMLE L L L

Below.

NNNN

. The same experiment was repeated excepl: for .the steps: '
A mixtire of pyzrolyllxthlm (0.100 mol) and

-tetramethylethylenedianiné (23,00 g, 0.200 mol)
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was used inste;h of pyrrolylmagnésium bromide and‘ the final

reaction mixture was hydrolyzed with watei insfead of ammonium %
v chloride éélufion. The yield' of NN —d'imethyl 1 pyrrolyl-

carbamidine. ‘was 1.30 g (10%).: Most of the unreacted .

dimethylcyanamide was recovéred in both of the above experiments.

. (xxii), Reaction of Pyrrolylmagnesium Bromide with Diethyl Oxalate ¥

A pyrrolylmagnesium bromide solution (0.100 mol) was .. - .

prepared agcording to the fethod described in'Section (i)'

7. - The Grignard reagent was cooled in a mixture of Dry Ice: and

| methanol 'and -a white precipitate was, observed. A solution.of

diethyl oxalate {14.60 g, 0.100 mol) “in‘absolute ether (50.ml)

.o *was added slowly in a,period of 45 min. A yellow precipitate

was obsezved. . The redction mixture was stirred at th:.s

temperature for 3 hours and then hydrolyzed w1th saturated

ammonium chloride solution’ ‘(100 ‘ml). The gqueous layer was
extracted twice with an équal Volumé of .ether.. The corbined’
ethereal layer was washed with water and gfed overtanhydrots® Tt

sodium carbonate.” The solvent was ramoved ‘and the residue
was vacuum distilled. The fifst fract).on wh:lch was identified

as’ethyl -1-pyrrolylgiyokylate’ (LVII) was collected at 70

oL
- at I mm pressuré, yield 3.10 g (19%). . Analysis, cilculated
for CggNOy : € 57.48; H, 5.43

N, 8.38; 0, 28.71; found:

% ¢, 57.57; H, 5. 53' N, 8.45.

The seccmd product, ethyl 2-pyrraly1gloxylate (LV)
w;s distilled off at 105 - 109° a'c 1 mm pressure, ydeld'

s 5y . v
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3.69 g,(22%). After recrystallization from carbont tetrachlox.jid_ev

"the m.p. was 39~ 40° literature m.p. 44.5° (72j. .The Mass .

and n.m.r. spectra of this: product were not.inconsistant, with
the ptopcsed structure.

The. ratlo of N-acylatmn to C—acylat1on vas 46 : 54 total

vy).eld 41%. - - 2 # ) . F

(xxiii)‘ React;.on of errolxllxthi\m\ with Methyl Thmgza.nate
. in_the’ .Presence of N,N,N' ,N'—Tetrameth!lethxlenediaml.ne
;rhe reaction, prodnct of pyrxolylllth:.\m\ (O 100 ‘mol) " :
andN N,N',N'- tetramethylenedmm:me (0 200 mol) in absolute
* obhadiuas prepared accordinq to the method described-in
section (xi).  The reactlon mlxture was cooled in a mixture
of ‘Dry Iée‘and methanol and a solut1on of methyl ‘thiocyandte
(7.30.g, 0.100 nol) wgs ad_ded slowly in a period of 30 minutes. '
After stirring at ~22° fox% 60 minutes, the beabitibn mixthte
was hydrblyze‘d with 2 M ammonium chloride s‘oluti‘on (100 mi).
The organlc layer'was separated and the aqueous layer was
extracted tw1ce with an equal volume of ether. The comb:.neﬂ L
ethereal 1ayer, was washed thh water and dned over anhydrous
magnesium s_ulfa.te. ’ After removal of the solvent, the tes.tdue
vas vacium distilled. Tme first graduct 1,1 ﬂxpyrrclyl

i at 1 mm pressure;

ketimine (LXKVII); was collected at 84.- 88
yield '3.97'g (258). After recrystallization £rom petsoleun

ether. (30 - 50°) ‘the m. p. was 47 -i48. 5° Analyszs, calculated

/." R



£or CgHgN; @ C,67.91; H, 5.70; N, 26.40; found : C, 68.03;
5195, 26.26. - '
The second product which was identiffed as 1,1!-dipyrrolyl

N-thiométhylketimine (LXXVI) was collected at 105 - 110° at

‘1 mm pressire, yield 5.69 g (28%). After recrystallization

* £rom petroleum ether (30 - 50°), the m.p. was 41 - 42°.

% ‘Analysis, »calculate_d‘ foz‘ ClOHllNJS s, Cy 58:53; Hy 5.40{

N, 20.84; 5, 15:59; fownd : .C,» 58.50; H, 5.51; N; 20.38;

5, 15.66. . = : S

(xxiv) Reaction of S—Ethyl Chlérothioformate with Magnesium

cmbri‘ae in the Presence of N,N,N',N'-Tetramethyl-
ethxlenedxamlne '
A m:.xture of ‘N, N N',N'—tetramethylethylenediamme

(6.96 g, 0.060° mol) and ‘anhydrous maghesium chlorlde‘{2.91 g,

0.031 mol) in ‘absoluted ether (60 ml) was refluxed under-

' nitrogen for 2 hours’ and then it was cooled in a mixture of

. Dry Ice and caibon tetrachlnéidé.' To this cold reaction
nuxture was added dropmse a solution of s-ethyl
chlorothioformate (7. 47 g, 0. 060 mol) -in absolute ether (40 ml) .
After stirring at room temperatire for 17 hours, the reaction

mixture was cooled and hydrolyzed with 2 ‘M ‘ammonium chloride

- solution (100" ml). _The organic,. layer was sepa:ated and the @

layer was ex twice with an, equal valulne of

ether. The combmed ethereal solutmn was washed vn.th water.:

*.. and d_ried over aphyd.rous magneaium sulfate. The yield of
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§,8'~diethyl dithiocarbonate was 2.67 g tEO%) The Lnfrared
spectrum of this compaund was LdEnthar with that of an R
authentic san\ple of the compound obtained by the method '
described in section . (xii). : N e ’ g

(xxv) Reaction of »yrmlglhthmm w1th D:\.ethxl ‘Carbonate -
*in 1,4~ Dloxane .

The pyrrniyllj.thi;um in 1,4-dioxane was prepared by the
nethod desciibed in sactioh (xi) exdept that 1,4-dioxane.vas
used instead of absolute ether. :

| After a‘solution of diethyl carbonate (2:21 ‘g, 0.019 mol)

in absolute 1,4~dioxane (10 ml) was added: to the solution of

y pyrrolyllithium (0,019 mol) in absolute 1,4-dioxane (50 ml),

‘the reaction mixture was stirred at 36° for 13 hours. Most
of ‘the solvexit was removed by distillation.under rediuced
pressure and ether (150 ‘n1) was added. * The, reaction mixture

was'‘hydrolyzed with an equal volume of cold water and the

..’aqueous’ 1ayer was, extracted twice wi.th an equal vol'\m\e oi

ether. Tie combined ethereal.solutits was, washed with water '
and_ dried over anhydrous magnesium sulfate. The- yields(of

ethyl 1-pyrrolecarboxylate and” ethyl 2-pyrrclecarboxylate

06 g (41%) and 0.02 g (18) respectively. -The ratio of

N—acylatlon w C-acylatlon was 98 2, total y:;eld 41%.

I the reaction” mixture was refluxed fo;r 13 hcurs, the

yxelds of ethyl 1—pyrrolecarbcxylate, ethyl 2-pyrrolecarboxylate,
'vand l 2'-—d1.pyrrc1yl ketone " were 1 87 g (37%), 0. 79 g (153) °

it




and.0.54 g (19%) respectively. The' tamo of N- acylatlon to
C—acyiationv was foun’d‘ to be 65 : 35, ‘using the same procedure.

(XXVJ.) Reactlon of Pyrrolylpotasslum thh Ety Chloro

Pyrrqulpotassmum was prepared by a simllar methoﬂ to

- that degcnbed by Clemo and’ Ramage (8d), . . ' ,
To.a mlxture of metalllc potassium (3.91-g, 0.100 mol)

7 and ary ‘ather (75 ml) was a'!ﬂed a solution of pyrrole. (10.40 ‘9,

- 0.150 mol), absolute ethanol (two drops), and absolute ether .
(25 mX}. ‘The reaction mlxture <was «refluxed untll all the
’metaum potasslum completely diasolveﬂ To the s{zsp,ension
of pyrrolylpotass:.un\ a solutxon of ethyl chlotofomte
(10.85-g, 0. 100 mol) in dry ether (20 ml) was added dropwise.
After reflux.\ngv fer 90 minutes, the reactlon mxture was
« cooled with Dry Ice and hydrolyzed with an excess of water- ..
2 saturated ethe:. The - ethareai solution was filtered, washed

w:.th water and dried over anhydrous magnes:.um sulfate. The'

sole product, ethyl l—pyrrolecarboxylate, was c’o‘llacted at:
78 - 81” at 14 mm pressure,(yxeld 8. 36 g (»6-4%) The ‘infrared
spectrum of this compound was iﬂentlcal with thatof an

authentlc sample of the compound obta:msd by the method L

described in Sect:.cn (iv)o . ® L o -

(xxvii)' Reaction of Fxrrolxlsodium with Ethyl Chlofoformate
: Pyrrolylsodium was prepared by a similar method to

that described by Hobbs et al (34). . .-




& solution of pyrrole (8419, 0.125 mol)in dry’. "
tetrahydrofuran (10 ml) was’ added slowly 1ntc a m:“thure of
sodiun. hydride (1, 39 g:-0.058 mol) and dry tetrahydrofuran
(75-ml)— After reflmung for 4 hours, the solvent was removed

\mder reduced pressure and the' resldue was flushed with

nltrogen or another 3 hours . "After’ addxtlon of dﬁ:‘y

ethcr (200 ml) v the suspenswn was refluxed fot another

30] minutes. ,To this reactxon m;xture, a solution of ethyl .

chlozoformat;e (7 Sg/g O 070. mol) in dry ‘dther (40 ml} was ' .

added slowly at room temperature. ‘l‘he fmal reactmn mxxture

was stxtrad at room temperature for 17 hours.

The procsdure of the second part, of th:,s experiment is

the Same ‘as that descrlbed in Section (xxv1) The sole

obtat ed by the method descnhed in Sectmn (1v)._

f;xxx’iiu) Resction of errolx‘ AL thiun eEn Ethyl Chloroformate’

, Pyrrolylll.thlum was pzepared accordinq to the method.
des,gzibed in Sect1on () gt e ey
‘m'\e procaduxe of this experiment was the same’ as that
descn,bad in Sectlon (xxv:.i.) except l:hat pyrrolyll:.thi\im
(0 100 mol) and ethyi chloraformate (10.85 g, 0.100 mol)

. were used: The’ fust product, ethyl_ 1-pyrrolecarboxylate,

was distuled oif at 78_- 81° at 14 mm pressure, yJ.eld




',‘5.45 g (39&). The second p;.—ociuc:, which was identified as

i1 1'-dipyrrolyl ketone weighed 1.28 g (16%), ‘total yield 558.

- Nelther ethyl 2= pyrmlecarboxylate nor Ly 2' dxpyrrolyl ketone

- was dete,cted. The 1nfrared spectrum of 1, 1'-deyrroly1 ketone . e -
£rom this experlment was: Ldentical with. that bf arf authentlc
sample of the compound obtamed by the ;nethod descmbed in

Spdtxpn (xi).

o . (xx1x) Reaction of errolxllxtiuum wu:h Ethyl. 1—P¥rro1e~
o ' ' carboxylate in 1[4-Dioxane o 5 w .
L siieator pyrrolyll:.thxum (0.040 mol) and ethyl o

* l-pyrrolecarfoxylate (5.98 g, 0.040'mo1) was refluxed in & e

‘1,4~dioxang {200 ml) for 24 hours. The solvent was removed .

undef reduced pressuré and ether (200 ml) was added into the

resi‘due." The reactiun nuxtura was hyﬂrclyzed ‘with water (100 nl)

and the aquecus layer was extxacted twice with™ an equal volume

The cambxned ethereal solut).un was washed with

_water and dned over anhydrous magnesium sulfate., 'x‘he sulvent
was re:mved and the tesld\le was' vacuum dxstilled. The first

.product, ethyl 2-pyrzolecarboxy1ate, was collected at 86 - 87°° L

at :L mn pressure, yield ©1.90 g’ (32%). The second product %

o which was: identified as 1,2'_—r.i\ipy_x:roly]i ‘gcetone was: obtained

in 1050 g (m) yield The 'inf'niea s of ‘this compound gy




" No ethyl lhpyrrolecarboxylate was detected.

- o (xxx) Reaccm'h of Pzrrolxlllthlum with Ethxl 2= errale- >

carboglate in 1,4-Dioxane
e , + .
The prccsdure of-this e&xperiment was the same .as that

bed J.n Section (xxlx) except that pyrrolyll].t:hlum (0.050, mol)

and ethyl 2—pyrrolecaxboxylate (2.74 g,'0. 020 riol)s wexre used’ - i
instead of)pyrrolylllthlum and ethyl l—gyrrolecarboxylate. o
The product, 1,2'- dxpyrrolyl ketone was obtained in 1.98;g (szz)

yield. "No ethyl 1-pyrrole late vas

(xxxi) Reactlon of Lithlum Ethoxlde with 1, 2'—D1Exrrolxl

Ketone 1n 1

. o A mlxtqre of lithium etho:ude EO 020 mol) and

.L,Z'\-dxpy:rolyl ketone (1.60 g, o 010 ‘mol) was refluxeﬁ fm

. 24 hputs., The procedure of the’ seccmd part of th).s expex:unent
was the same as that descr;bed in Section . (xxix) . Ethyl

2-pyrrolecarboxylate was obtained in 0.47.g (34%) y).eld

()Q(Xll) Reaction of Pyrrolxlmagnesmm B):onude with S-Ethxl

&g Chlorqthioformate in the Presence of Hexamethxl-
y i Ehosghoramide (HMPA) T - J .

- A solution oF hexamethylphosphoranu.de (14 34 g, .0.080 mal)
in’ absolute ether (10 ml) was added slowly :.nbo a solutl.on of
pyrrolylmagnesxum bromide (D 040 mol) in absolute ether (50 ml).

| Heatwas given Off and the color of the solution turned

yellow. When the addition of hexamethylphosphoramxde solution




pyrrolylmagnesnyn brmm.de a solutmn of s-ethyl chloro—

"‘and 1,2'~dipyrrolyl Ketone were detécted by gil.c. .
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g

was completed two layers were obsérved. :The react:.cn m1xtute
was .refluxed-for 30 minutes and then cooled in a mixture of

carbon tetrachlnrz_de and Dry Ice. To th:l.s cold solutlon of

thxofomate (7.47 g, 0 060. mol): in’ absolute ethex (40 ml)

was added in a per].cd of about one. hour.‘ The cold bath was' |

removed. ST - - O " e

. After stii’ring at ‘room temperaﬁure"for 3 hours, "‘the =

react:./on mixture was cucled in an ice bath’ and, saturated

solution of ;ammoniun chtoride (100 ml)- wals added. -The reactioq °

_mixture wae stlrred unt:.l all ‘the, solid matenal in the flask-

"ompletely dissolved :rhe etheréal layer was separated and’

‘the: aqueous layar was extracted twice w:.(:h an equal volume ¢

of ether. The c0n|b1nad ethereal layex was washed three

times’ mth an- equal volume of water and dr:.ed over anhydrous

'magnesium sulfate. The valume of the ethereal solution as .

reduced to 50 ‘ml and" analyzed on g.l.¢. The ylelds of

' S—-ethyl L—pyrroletmocarboxylate and s, s‘—dlethyl T

dlthlocarbcnate were -4.33° g (70%) and 0.65 g respectlvely.

No S-ethyl 2-pyrrolethiacarboxylate, 1,10~ dlpyx'rolyl ketcne
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General p

. Analyses of reaction Vmixt\'.l‘res were c’arri,eh g)'ut

on 'a Varian 15208 gas );:himnamqrapl; equipped with a-

12—'foct column packed with 30‘ Carbowas‘ZOH on

cQu:omnsorb W (80 - 100 mesh). Helium was used as carrier

gas at a rate of: 30 ml pet minute. The cclumn tempetature

was set at 120° . 'rhe retention time of pyrxale, mono-,

di-, and tn-alkylgyrxcles are tabulated m Tuble XTI, "_~, i
‘ The methods of 1solatlon and ident:.ﬂcatxon of . )

compounds were described in fhe fndividual experiments. :

The quanu?\txve analysis< calculations wete the same as ’

those descriped in Part I Of the Bxpezlmental Sectxon..

The following . were as c o -
. o & : &
samples or starting materials for the experimental woik.
Given ,with the name of each canpe\xnd is the numbér of :he

;literatute re!e:ence. . . :

Compound y Tt 2 .. Lterature
‘ 2-Formylpyrrole ] .~

5-Ethyl 4-formyl-2 -pyrmle‘thxt:?étboxylate

v2 5! Dmethylpyrxole ¥ et g2 o S

Ethyl- 2-methyl-

pyrrolecarbuxy late - 120 \

‘-2 3= Dlmethylgyrxole :

'2,5-Dimethyl-3- fpmyl-;;yrmie




) - e g
PR == S TS SR
v, . 1 -
Table XI: .The reténtion times of. pyrrole, " “mono- alkylpyrroles, AR
dialkylpyrroles’ and trialkylpyrrole on Varian .
f‘ . 15208 chromatograph equipped, with 12-foot long - °

column packed with 30% Carbowak 20M ‘on Chromosorb W
(80.-.100-mesh) . Helium was used as carrier gas
at a rate of 30, ml/mn.. Thé column' temperature was

set at 12
. .+ -Compotnd e . Reténtion time (min)
© .- . lomethylpyrrole _ . . e .
e b f . o ¢V e e ' -
pyrrole - Y : ol B R 8 "
~2—methy1pyrrole Lo T 1ed.s :
. ’—methylpyrrolev i . 183.0 . °
2,5-dimeth{lpyrrote . - . 213.5 ¢ w0
_— . - 5 . ¥ 5 k- v
2 ‘_ . 2,3-dimethylpyrrole T ow 242.5 T, A
g ) coy .
: 2,3,5- tz:.methylpyrrolev : - 296,01
o I ’ N "
i N ' - . -
- o & <
% . 9
: oty
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(:p‘(xi.ii) Reaction of Pyrrolylmagnesium Bromide with

thyl p-Toluenesulfonate in the Presence of

Haxamethxlghosp_horam:Lde (HMPA) y
A mixtore of. py):‘rolylmagnemum bromlde (0.040 mol) .

and, hexamethylphospheramlde (28 72 ¢, 0.160 mol) in absolite

“ether (60 ml) was prepared by the" method descr:\b d in
" Sectmn (xxxu) This mikture was cooled in an ice bath’
and: a solutlan of methyl g—toluenesulfonate (11 17 g, 0 nso mol)

1n absolute ether (40 ml) was ‘added ‘in ‘a penod of 30 m:.nutes.

After stl.rr).ng at room temperature for 5 4 hours cold

water was added to the reactlon mxxture untl.l most of the g

solid dxsvsolyed. The t:wo layers were separated and the’

aqueous layér was extracted twice:with ‘an equal volume of
‘éther. The -combined et

ayer was washed twice with water,
flushed with nitrogen.and dried over anhydrdus potassium

carbonate- ' The volume~ of the reaction mlxture was reduced to .,

50 ml and analyzed by g.l.c.” ‘After removal of the solvent

Erom the rest of the'reaction x‘nixtuxe, a colorless -liquid was &

collected by distillation at 113 - 114, The iir. and n.fir: :

spectra of ‘this compound were the, same as that 6f an authentic
sample of l-methylpyrrole (123).. A second fract1on was

collected at 130:~ 131° and its i.r. was :Ldentical with that =

of an authentic sample of pyrrole.  The yiel‘d~cf 1-methyl-
yrrole was l 59 g (49%) and g.l.c. only showed a trdce uf

-methylpyrrole: and 3-methylpyrrole.



",13.4"’ g

’.l‘he same experm\ent was, repeated ‘but the ratio of
hexamethylphosphotamlde to pyrrolylmagneslum hronude was \
2.:4. The result of this experiment vas x.ncluded ‘in
Table V.' The Tesult of the reaction of dimethyl sulfate with [

pyrzolylmaqnesmm bxamide undéer ‘the same condxtxons was . also

included in Tablé V. - v

(xpxxiv) Reaction of errolxlmagnes:.um Bromide w1th Iodomethane
) The pyrrclylmagnes;uun bromide, (0.400 mol) e

ether (500 ml) was. prepared by. the standard }ethod described
in'Section (). The Grignard reagent.was diluted with

_ ‘another 300 ml of absolute ether ahd cooled i an, ice bath.

v T To the <¢old Grlgnard reagent a S?l\ltlon of 1odomethane

(113 g, '0.800 mol) in ebsolute ether (100 ml) was added slawly.

. Af\:er che addxtmn was completed the reaction mzxture was - .,

stxrred at room temperatuxe for 17 ‘hours. - After ccoling - 5 =

in an xce bath, cold ‘water was added until most of the °

solid Q1ssolyed. The two layers were separaf:ed and the
aqueous l’ayerxwaé extracted twice with an 'equal volune of
Tether. The cambmed ethereal layer was washed twice Wlth

© water, £lushed with nitrogen and dried over anhydrous

) potassium Carbonate. The reaction mixtufe was reduced ,
£o 500'ml and analyzed on a Varian 15208 gas chromatograph. K
Identxf.lcah:.ons of ‘the products in the reaction mixture ’
were done by comparison of the retentzon times of authentxc

samples of l-methylpyrroley Pyrrcle, 2—methylpyrrole,
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3-methylpyrrole, 2,5~ dimethylpyrro}e, 2, 3 dlmethylpyrrole

and 2,3,5~ tn.methylpyrrole wn:h t.‘nose cf the’ pxoducts in the

reacuon mxture.
‘I‘he solvent was removed fl:‘om the rest of the reactlon
mixture. The res].due was d).stllled and then vacuum dlst:l.lled.
Fraction (a) was collécted at 129 - 131°.at atmospheric,
pressure. .The 1mrared spectrum of this fractmn shuwed that
i't was the unreacted,pyrrole. Fracf:i:onv (b ‘was collected at

147 - 149° af atmosphenc pressure. The infraiec‘i spectrum

¢.and him.*f. spectrum.of; thxs fraction: showed that it was a
mixture of —methy].pyrrole and 3—methylpyrrole.f Fr.act:.cn (c)
was cbrllected at 65 - 67° at 10 mm p;essu;e. . Compansnn of
the hum.r. spectrum of this fraction ‘and those'of dutheritic

‘samples of 2,5- dmethylpyrrole and 2 3- dmethylpyrrole
indicated that fraction (c) was a mixture Of these two
coml?ounds. Fractlon (d) was collected at 72 - 75“ at 10, mm

: px‘ess\lre..‘ 'I‘he n.m.r. spectrum of th;.s fraction showed that
it was a mxture of 2 5- dlmathylpyrrole, 2+ 3 dimethylpyrrole
and 2,3,5- tr:.methylpyrrole. ' e "

The ylelds of the compounds -mentioned above were

tabulated in Tahle II.I
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(xxxv) -Reaction of Pzrrolxlmagnesxum Eromlde with st
Iodomer_hane in the Presence of Hexamethxl— ” &
-ghosghoramlde.. ! @ g, .

Yo The p Of this ‘experiment was the.same as -

-

‘that descr:.bed in Secuon (xxxlxx) e}{cept that xodcmef_hane
(11.30° g, 0.680 ‘mol) was used 1nstead of" methyl P-. ¢

taluenesulfonate. T oo B
The same experiment Was, mpeated with different ratios
of hexamethylphosphoramxde to pyrrolylmagnesium bromide .and

sre tabulated in Table nr.,

_the results

(xxxvi) Reaction of 'z-Methx' 1pyrrolylmagnesium Bromide (XLIV) -

‘with Iodomethane . .

. The Grlgnatd reagent of . 2-methy1pyn:ole (0. 040 mol) . ixt

'absolute ethér- (50 ml) was prepa:ed accoramg to the p,oceaure

estribed in Section (1) and'the second part of this experiment
was the’ same: as that descnbed in Sectlon (xxxlv) except that
the quantlty of iodomethane and the volume of absolute ether '
were redm:ed to 11.30°g (0.040 mol) ‘and:40 ml respectively.

The .reaptxon mixture was.reduced to 50 ml and analyzed on the

" Varian 1520 chromatograph. The yields of 2,5-dimethylpyrrole,
: ) 220

2, 3-dimethylpyrrole and 2 ;3,5-trimethylpyrrole were 0.55 g
(17%), 0.43 g (11%) and 0.33 g (8%) respectively.

17 Gwixvid) | Redction ‘of 3—Memxlgxrm1¥1magnes'imn'émmide‘ (XLV) -

with Todomethane *

The Grlgnurd reagent of 3—methy1pyrrole (0.:007 mol)
in:absolute ethez (10.m1) vas prepared accox‘d:l.nq 6 the-
. o
procedute descrxbed in Section (1) .
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The-.second part of this experiment was the same as
that’ descrilied in ’Seccion‘ (xxxiv) E;&cept that the q\)an‘tity :
_of the 1odometh'ane and the volume ©of. the .absolute ether.
_‘Were reduced to2g w 014 mol) and 10' ml respectlvely.
Th‘er reaction mixture was reduced to 10 ml and analyzed on.
chromgtograph:. The yields, of 2,3;dimet_ixy1pyrrole and
2,3,5-trimethfipyrréle were 0.13 g (22%) and 0.17 g .(24%)

respectively.

(xxxviii) | Reaction of 2,5-Dimethylpyrrolylmagnesium

. Bromide wlth Iodomethane

. Gn.gnard reagent of"2;5- amechylpyrroxe (0.95q,
*0.010. mol) in absolute ether (13'ml) was/prepared accordmg

to procedire’ described. in Section W

.The second part of ‘this experiment was the Same as |
that de;crlbeq in Sectlon (xx_xly) .except that the quantlty =
of the iodomethane and ‘the voluie of the absolute ether were
reducéd to 2 g (0.014 mol) and 10 ‘ml respectively. The"
reaction n;ixture_ was reduced to 10 ml and ":analyzed on the
gaasidgnid ehfomstograph; he yisld of 2,3, 5-trimethylpyrrole
was 0.22'g (208) ' )

" frscinl :Pregaration of 2-Nethylpyrrole

A mixture of diethylene glycol (50.0 ml), potassium

‘hydroxide pellets (7.0 9, hydrazlne hydrate (6.0 ml of 100%)
and 2= formylpyrrole (4. 8 g 0. 05 mol) was heated . on‘ a steam.
“ .

" bath until most of the potassﬂlm hydroxide had .dissolved

and the solution was refluxed for onevhq\;lr.




The solution was d.is_tille‘d,at.atmospheric pressure s o

until the temperature reached 150°: Two 1aye_g- were

observed in the receiving flask. The two layers were - L
Saparated WA hhe: agnecys, daves AR extEachea Sutce il
"ther (20.mi). The organic ‘layers wers combined,-flushed

with ‘nitroged, and dried over anhydrous magnesium sulfate.
After removal of the solvent, the regxdﬁe' yas distilled under
reduced pi‘e‘ssuvre. ‘The product,” 2-methylpyrrole was collected
at 87'- 88°"at 67. mh pressure, literature b.p. 146 - 149°..
(121‘), ‘_yi‘eld 2.50 g (62%). ‘The stryc'tu:e proposed fg; _i:hi‘s'

compound'was confirmed by consideration Of its nim.r.:spectrum.

(x1) - Preparation of S;Hethxlgzrrole
A mixture of ttiethylene glycol (50 ml), potassium

hydroxxde (6 0.q9), hydrazme hydrate (5.0 g of" 80\) and

s—ethyl A—fomyl =2+ pyrml.ethlocarboxylate (5.0 g, 0.027 mol)
was heated at 125° for 90 nu.nutes and’ then refluxed for

4 hours. Thq solntxon was dxstxued and the distxuate
collected until the temperature xeached 180°. Two layers
were observed: in the receiving.flask.. The two layers.were

, separated and the- ag layer was ‘twice with,

ether (20 ml). The combined organic layer vas flushed with, .-

‘nitrogen and dried over dnhydrous magnesium sulfate.. The

p‘mduct, 3-methylpyrrole ‘was collected at -142 - 144°, literature
b.p.. 143 - 143.5° (121), yield 1.2 g (528). ‘The structure of
this cumpound was confirmed by consideration Of its n.m.r.

Spectrum & 5= - -



(x1i) Pxe'pa'ration of 2,3,5-Trinethylpyrrole
' A m:.x\:ure triethylene glycol (50 ml)', potassium
hydroxide (7 U 9)7. hydrazlne hydrate (8 ml of 80%) and
25- d:unethyl—-3 formylpyrrole . (4.r g, 0.030 mol) was
heated on a steam-bath until the potasslum hydra!::u.ie had

just esolved. " After refluxing for -oné hour the “solution

.was distilled and the distillate was collectedd until the

. (:empérature reached 200°. Two layers were observed’in the

feceiving flask.. The o léyers were éepatated* and'the

) aquecus 1ayer was extracted twice with ether (20 m1). The
« ¥

combined organic ‘layer was flusned with nltrogen and - dried

© over anhydrous magnesxum sulfate. The' product, ‘2,3, §="

trmethylpyrxole, was conec:ed at 90 - 91° at 35 mm pressure,

literature b. p 78 - 80° &t 16'mm pressure (121), yield' .
1.7'g (48%)_. The structu:e ‘of thxs cumpound was conflnned

by cohsideration of its m.m.r. spectrum.
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"Infx‘ared spectta were recutded on-a Perkxn-zlmer
2733 qratxng spectrophotometer as potass:um chlorxde dxscs
(1 mg-sample in 180 mg KCl). Ultraviolet spectra wgrg
recorded on a Perkin-Elmer 202 Ultraviolet s:p'ectz‘épmtometex.
Nuclear magnetic resonance speétra were gecm}dec_i on a i
Varianh\;ed,'analytical spectrometer and a iluziqn HA:'-IQO :
. spect‘rometer’ and resonance pnsition;'were‘recorded “on th‘e

St scale, us:.nq tetraméthylsilane as ah. internal refe:ence.

Mass spectza were recordad usmg a Hltachi—Perkin—Elme:

RMU-6E mass spectro_meter and. the spectra_uere _nomaLuec_l._

3

The: value in the bracket following the mass nunberis the N,
zelatwe abundance of I:ha ion compated wieh the base peak

; equal tu 1008 . 2 8 8 . i ", # B
s-Ethxl 1—pxrrolethiocatboxxlate (zxvi) - ° & o
Ultravmlet spectrum (ethanol); k. 248 mu (¢ 12300) o
xnfraxeﬂ smcmm‘ X 3125H(axomat1c -, '3090w(aramat£c c-H), |
2950w, 2910w, 1755»:, 16805(C=0), 1575w, 1530w, 1460s, 14200,

E 1380w, 1370w, 1330m, uzsn, 1275s, 1260s, losos. 1070m, -1050w,,

975w, asss, 740m (aromatic C-H) eml. T ;
N.M.R. spectrum (CDCL;):.7, 2. 72 (21, triplet, ), 'f

'3 73 (2H, trlplet‘ RH) . 6. 92 (2H, quattat, 5= CHZ

8.63 (3H, triplet, ~CH3). :

_ Mass sEectrum m/e 4024, 41(19), 45(5) . 53(5), 61(5),
T 66(21, M_*-COSCZBS)_: 67.(57, 435,“ )y 60(5), 0(28), 89(25 FM'-C‘HAN),.

~1s1-



o ® L " R fr(
-152-
9414, MATSCHL) , 98(5),.127(17), 155(100, M%), 156(12; f*e1), -

157(5, Mrs2). - . ) N

1, 1'-D1E¥rrolyl ketone (LXX) . . i
Ultraviolét sgectrum (ethanol)~ Max 243mH (e 16700) .

Infrared sgectrum YVisva 30§5w(aromat_1c C-H), 3040w(aro_ma€ic c-H) ,

17255(C=0), 1675m, 1600w, 1540w, 1475m, 1460m, 1420s, 1350s, .
1295m, 1265n, 1250m, 1210m, 1080m, 1075m, 1040m, 980m, 935w,

860w, . 840m, 745m, 735m(aromat1|: c-1), 700m on7l. % g

‘N:M.R.' spectrum (CDClj) © 2.70 (2H, triplét, uH), 3.65 (28, K
tuplet, BH) : i »

Mass sgectrmn m/e 40(11), 41(20), 44(7) . 45‘(1‘4), 51(5),
55(7),»56(7), 57(9), 56(100 M* - C4H4NC0), 67(14, C H] Nt ),

- 94(34 M* = CH 41‘1), 95(9)7 104(11) , 105(7), 118(7). 131(7),

141(7), 150(7), 159(27, M* - 1), 160(84), M*), 161(11,, M‘ +1). Ly
. : R o : :
;—Acetoacetglgxrzole (Lxv) .

Ultraviolet sgectrun\ (ethanol). Am 5 350mu (e "30700) .

_Infrared spectrum: Vax 3140w (aromatic C-| H), 3100w(arcmat1c C-H),
1725m,’ 1710m(c=0) , 1685m(C~0), 16255(en01 c=0), 16205, 1540m,
‘1475s, 14&05, 1430s, 1385s, 13755, 13255, 13005, 1200s, 15005,‘_-
1160s; 1060s, 10303,:1010m, 945m, s7mn, 830m, 780s,. 740m,
7255(aramat1c CH). em e .

© N.M.R. spectrum (CC14) s 1 0. 24 (0.6 x 1H, *singlet, ' o) ¥
vZ.BO‘(ZH, triplet, oH), 3.80 ‘21, triplet, gu), .45 (O.é‘x 1H, '

_singlet, C=CH), 6.24 (0.4 x 26, singlet:, ~CHy=)y %75 (0.4 % 3,

| singlét; -Ci3), 7.95 (0:6x 3H,. singlet, ~CH,).




v

-153- .

Mass spectrum: m/e 40(6), 41(12), 44(25)(-,./67(100 CAH Nt )
68(8), 85(8), 149(6) 151115, M¥) .

N N‘—bicxclohexxl—l—gxrrolxlcarbamidine (LIX)
Ultraviolet spectrum .(ethanol) : Apax 223mu € 13400) .

.- Infrared’ spectrum: v ' 3290m (NH) , 3100w (aromatic C-H) ,

30904 (aromatic’ C~H), 2920s, 2850s, 1640s (C=N), 1525m,1515m,
1475s, 1460s, 14550, 1445, 1400w, 1370m, 1350m, 1330m,

1320s, 1285m, ZL_ZSOA\\,C 1250w, 12,15w, 1190w, 1155w,:1115w,

1090m, 1075m, 1060w, 1040w, 1030w, 9754,.940n, 830w, 850w,

‘810w, © 7255(aromatlc c-m) en L. "

N.MR. sEectxum (CDcl )i 1 3.25 (2, triplet, m—x), '3.86 (2H,
triplet, BH) , 6.00 (1H, singlet, NH), 6._78 (2H, singlet, '
broad, cyclohexyl N-CH), 8.54 (20H, ove;;’appihg multiplets,
cyclohexyl ~CH,~) < ‘ X : e
yass spectrum:n/e. 41(23), 43(38), 55{43), 67(37,,” Nty
EB(B),, ‘69(5? & 81(15), ~83.(43), 93(10), 93(7), 110_(.8), 124(5) ,

125(100/ M% = ¢Hy ), 126(10)§191(8), 26743, Mf,-.cdfan),

208(7), 273(52, M*), 274(13, M* +.1).

Ethyl légxrroqlglxoxxléte (Lvin) .
Ultraviolet: spectxun . (ethanol): Ay, 240mu (sh, ¢ 150).
Infrared spectrum ': v, 3130w (aromatic CH), 3110w(ammauc‘
i), 2970w, 2920w, ZE‘QOW, 17605 (c=0) , 17255(c-—0) 11600w,
15604, 14755, 1450w, 1420m, 1390w, 1375%, 1360s, 1310m,
1250s,, 11155, 1080m, 1056w, 1ozom, s2om, 865, ‘EZSw‘,.

750s (aromatic C-H) cm g : v




- T Slsar

N.M.R. spectrum (CBCL;): T 2.60 (2, tz‘fp]:ef;, aH) , 3.62 (2H
t{riplgt_, 8H) , 5.55 _(2H," quartet,.0-CHy=), §-59 (3H, triplet, ' @ .
:-CH"-).V ’ y ' :
Mass spectrum
57(100, c N, 68.(8), '80(53) , 94(4s, Bross C00C2H ), 95(6)

. A . £

m/e 46(17), 41(25), 53(7), 66(49 M* - cocpzczns),

135(5) . 167(78, M*) . 168(9 e K 1). R

L= Dlurrolxl ketining (LXXVII) S e g = " )
Ultravxolet spectrum  (ethanol) : A . 236m (¢ 17800). g '
Infrared spectrun (Film s v 3240m (NH) , 3120m(axomatic c-H), °

k " 3200m (aroratic ,c-_(fr)'; és,ow, 2__85_0w,q‘16605((;=N), 16250, 1580w,
1540w, 1470s; 14208, .1375s, 1360s, 1305m, 1260m, :13505,
12008, 11105_'10‘965,'10905,'1'050m’ 5755, 945m, v‘925m,.§90w>,' &
870y, 810s, 7aos(aromq‘llc c-H) ;-710s cm” A
N.M. R, sgectrum (ctxﬂ ): 't 2.34 (1H, singlet, broad, NH), 2
-2:92 (2R, eriplet, aﬂ), 3.70 (21, triplet, SH). -

s ‘Mass sgectrum. /e 40(7), 4L(10), 66(12) 67 (1005 c4ﬂ N, g

. 68(5), 92(5), 93(17, M* b C4H N), 159(54., M*), 160(7 M* +-1).

A
111' ngxr:olxl N—thlomethzlket:unlne (LXXVI)
Ultta\uolet sgectmm (ethaml) t Mg zssmn (e 9329), 296mu
. (e 11400) .

Infrared spectrum: v, 3120w(azomat1c CaH) , 3090u (aromaltic C—H),
. 2975, 2900w, 1720i; 16405 and -16255(C=n), 1575w, 1530w,
" 1475m,’ 1465s, ‘1430w, 1410m, 1360s, - l320w, 135w, “1260m, "

111¢s, 1090m, 1075m, 1055m, 990w, " 950w, ssom, 775w,
) -1 i ; &

730s(aromatic €-H), ‘675 cm




Y

" .\ Mass spectrum: m/e 41(7), 4255), 44(5),47(100 C4HN ),

. 'v-issg B

N.M. 'R. sEectrum (CDC13)‘
triplet, am, 7.32 (38, s:l.nglet scn ¥

© 380,28, Eripl’et, ), 3.71 (26,

. Mass sgectxu.m m/e 40(6) ’ 41(8) re. 47(7) ’ 65(6) .. 66 (11) % E

67042, Gy N") - 68(5), 92(59, * - M - scay) [ 93(21),

434
’_98(12), 112(7%, ‘113(9), 124(13), 13930, w¥ - ),

159(18); 205[100 M"), 205(15, M* + 2y v 207(6, M*" ¥ 2) .

i

N N"-Dime‘thyl-l—pyrfolyl'carbamidin -(px;rn).

ultra\uo};et sEectrum (ethan015 x,m i :22'4mu e 13000)..

Infrared sgectrum. N
3090w(aroma£i: c—n)', 3000w, 2940w, 2900w zs75w, 2790w,

OOW(N’HL, 3120w§(arcmati.c c-H),

116358 (C=N) 14805, 14sum, 14055,, 13858, " zeom, 1260w, lZM)w,
12000, 3150, 10905, 1070m; " 1035m, gasm,

G 2

¥ ﬂG5w, »800‘4:

" 7355(aromat1c C—H) cm

N.M.R. sgectrum (CDCl ) T3, 15 (ZH, trlplet, uH) »-3.83 (ZH,
trlplet BH), 3.90 (1H, Slnglet hroad NH), . 7 ZD (6H; .

singlet, Ncnj) "

68(6), 71(43, M* - C4H4N), 137&24 M*)

* s: the 1ntenslty ‘is stronqex Ehan 2/3 of that of t;he

strongest pe\k, AT o Sea 6 a3
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