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ABSTRACT 

TIVO syntheses and some reactions of pyrrylthiol esters are described. The value of the thiol 
ester residue as n protecting group in the synthesis of co~nplex pyrroles and their derivatives is 
considered. A si~nplihed synthesis of n pyrrole related to the uroporphyrins is reported. 

'I'he s)mthesis of complex ~pyrronlethanes and porphyrins requires the use of protecting 
groups. The literature contains numerous examples, but among the most favored groups 
are the carboxylic esters of ethyl ( e . ~  ref. l ) ,  benzyl (e.g. ref. 2 ) ,  c ~ n d  t-butyl (e.g. ref. 3) 
alcohols. One disadvantage of the ester grouping is that it is frequently necessarl- to  
remove it by de-esterification and decarboxylation, to free the specific pyrrole ring 
position for further synthetic operations. 

M'hen considering methods of simplifying classical syntheses of pyrroles and p j  rro- 
methanes, u e  investigated the properties of pyrrylthiol esters. The thiol ester group is 
potelltially valuable since it is easily collverted into formyl by treatment with an appro- 
priate grade of Raney nickel. 

Pyrr)-lthiol esters can readily be prepared by ring synthesis, and ethyl acetothiolacetate 
can be used in I<norr-type syntheses wherever the oxygen analogue has been emploj-ed. 
TO test the scope of the synthesis, the three possible thiol ester variants on the I<norr 
pyrroIe (Ia-Ic) \\-ere prepared. I t  might be expected that the use of ziilc dust ill the 
condensation step \\-ould lead to some desulfurization and reduced J ields. IIo\~.cver, a 

~b R = o E ~ ;  R': S E ~  nb R = c o S ~ t -  
I C  R =  R'= SEI Ilc R = CHO 

Ud R = CH=CH COOEt 

comparison betueen a modified Knorr method (2) and the variant with sodiunl dithionite 
as reducing agent (4) sho\ved that the former gave superior yields, \vhich \\-ere coinparable 
\\it11 those obtained in the synthesis of the a~lalogous oxygen compound. 

A second successful synthesis of pyrrylthiol esters involves the use of preformed pjrrole 
rings. Phenyl isothiocyanate reacts \\-it11 alkylated pyrroles in a- or p-positions to give very 
high yields of thiocarbanilides (5). By analogy with the thiobenzanilides, the pyrryl- 
thiocarbanilides \\ere readill- S-alkylated by dimethyl sulfate (with or 11 ithout added base), 
or by allij,l halides and base Hydrolysis of the S-alkylthioanilidcs \\-ith ver\ dilute mineral 
acid gave good yields of the corresponding thiol esters. The products isolated by this 
method were difficult to purify for analysis (possibly as a result of partial hydrolysis), but 
behaved as expected in subsequent reactions. 

Conversiolls of the thiol ester group into hydroxymethyl (6) or into aldehyde (7) have 
beell reported. By use of the appropriate grade of Raney nickel \Ye have coilverted 
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pyrr\.lthiol esters into the corresponding fornlyl derivatives. 'To obtain simple products i t  
is necessary to prepare the nickel strictly according to the published method ( 8 ) .  

As an example of the use of a thiol ester in synthesis \vc have prepared a p j  rrole (IIa (9)) 
related to the uroporpliyrins. A I<norr-type condensation of ethj.1 acetothiolacetate ~ v i t h  
nitrosated diethyl acetonedicarbox~~late (10) gave the thiol ester IIB. The product \ \as  
desulfurized ~vi th  W-2 Raney nicltel by a novel technique to  give the aldehjde IIc in about 
SO0& J-ield. Condensation of I I c  11 ith eth) l hydrogen ~ualonate in p~-ridine (11) gave a good 
>+Id of the acrjrlic ester IId, and this \vas reduced almost quantitatively to I Ia  by  
1x1-drogen over Adams' catalyst. 

I ' ~~ r ) . l t l ~ io l  esters behave very much liltc their oxygen analogues. They are generally 
colorless and can be purified by cr\.stallizatio~l or sublimation. Ethyl '2,4-dirnetliylpj.rrole- 
5-tliiolcarboxylate \\.as compared closely 11 it11 the corresponding ester, and in some o[ the 
common reactions of pyrrole synthesis (e.g. acylation, formj lation, and Houben-Hoesch 
reaction) gives yields and products analogous to those obtained from the oxygen compound. 

ESPERIA~lESl'r-\I, 

I~~f ra rcd  spectra \\.ere recorded 011 a Pcrl;in-Elmer 237B instrument, ultraviolet spectra on a 13ecl;mann 
IIIC-24, and nuclear magnetic resonance (n.ni.r.) spectra on a \'aria11 11-60, Melting points \\,ere tal~eri i l l  

capillaries and are uncorrected. A ~ ~ i ~ l y s e s  are by A. Bernhardt (Miilheim, Germany). Ultraviolet spectra 
\\.ere recorded for solutions in 957; ethanol. I'etroleum ether refers to tlie fraction boiling a t  6GS0 "C. 

Ethyl Acetotl~iulucetc~te 
'I'ivo ~ilethods of preparntior~ \yere used. Claisen c o ~ ~ d e ~ ~ s a t i o l ~  (12) of ethyl thiolacctate (13) gave a 

reasonable yield, but a preparatiori from clilcetene is simpler. 
(a )  Ethanethiol (100 g) and allhydrous sodium acetate (0.5 g) wcre mixed in ligroin (300 ml, b.p. 80-90") ; 

diketene (135 g ;  T. Schuchardt GMBf-I, Munich) was added dropwisc over 4 h. The reagents were protected 
ngairist r l ioist~~re t111d ;~llowcd to stand ovcrnight a t  roo111 temperat~rre. The solvent \\.as removed by distilla- 
tion under reduced pressure, and the ester isolated by fractional distillation. The fmctior~ distilli~ig a t  !)2-Y1° 
and 12 mm weighcd Sl) g (38'31). ?'his reaction is accompanied by fornlation of a large amount of 
dehydraectic acid. 

(b) E tha~~c th io l  (15 g) and tricthylanii~ie (3 drops) wcre dissolved in ligroin (100 ml) and treated dropwisc 
\vith dilictenc (21 g), \\.it11 stirring, under gentle reflux. After the solutiorl had becn allo\\-cd to stand a t  rooni 
teniperal~rre overnight, it u.as poured into ice n.ater. ?'he la).ers \\.ere separated and the aqueous layer was 
\\ashed twice with ether. Thecombincd organic phases \\'ere washed \vith \\.arm (30-35') sodi~rm bicarbo~u~tc 
solution and then with \\rater, and dried over anhydrous magnesium sulfate. The solvent was removed under 
reduced pressure and the thiol ester (19.5 g, 557;) was distilled a t  92-94' and 12 mm. 

Ell~.yl d,.~-Di1~1etl1yl-3-etl~yltl~iolcn~bonylpyrrole-5-carboxylote (12,) 
(aj  '1'0 ethj-l acctoacctate (1.5 g) in acetic acid (1.2 ml) \\,as added sodium nitrite (0.7 g, ill the rnini~nllln 

volume of water) drop\visc, with stirring. The stirring \\,as continued for another 4 h a t  room temperature, 
after which the soltiti011 was neutralized (Universal indicator paper) with 207; sodiunl hydroxide solutio~i. 
Ethyl acetothiolacetate (1.4 g) \\)as added, follo\ved by sodium dithionite (2.6 g (4)), the mixture being kept 
neutral (by adding 20';; caustic soda) and the tempcrature of the sollrtion being maintained a t  about 40 "C. 
After addition of the dithionite the mixture was stirred for another hour a t  40 'C and then rnade all~alir~e to 
phenolphthalein. After the solution had stood for 12 h, crystals separated out. The mixture was diluted with 
tvatcr and extracted bvith ether (3 X 25 1111). 7'he ether extract was washed and dried (Sa?SO.ij, and evapora- 
ti011 of tlie solve~it gave a gllrnmy solid which slo\vly crystallized. Rccrpstallizatior~ fro111 ethanol-water gave 
colorless needles (0.85 g, 40y0), n1.p. 112-113 'C, identical with thc material described in method b bclow. 

(b) Sodilrm nitrite (0.22 g) in \\.ater (0.3 ~ n l )  \\.as addcd dropwise to a solution of ethyl acetoacetate (0.4 g )  
in acetic acid (0.9 1111) a t  5 'C, with stirring. Thesol~~t ior i  was left t o s t a~ id  for 1 h, and then added drop\\rise to 
a stirred nlixtl~re of ethyl acetothiolacetate (0.41 g), acetic acid (1.4 nilj, and zinc dust (0.6 g) a t  60°. The 
temperature of thc rn ix t~~re  rose to 100'; this tcrnperat~rrc \\,as maintained (steam bath) for 1 h, and the  
mixture left to stand overnight a t  room te~llperatl~re. ?'he product \\,as isolated as i l l  niethod fl above and 
).ielded colorless needles (0.45 g, ST:&), 111.p. 11S-113 'C after crystallization from chloroform - petroleu~n 
cthcr. ?'he product was sublimed (100' a t  15 mm) for arialysis. Ultraviolet absorption, maxima a t  231, 247, 
and 285.5 tiip (loglo e,,,,, 4.28, 4.16, and 4.14, respcctivelyj. The infrared spectrum (KC1 disk) sho\\red 
maxima iitzter alic~) a t  1 634 and 1 669 cn-l. 

Anal. Calcd. for ClrI-ILiS03S: C,  56.44; H, 6.71; S, 5.49; S ,  1'2..59. 1:ound: C, 5G.14; f-I, 6.65; N, 5.37; 
S ,  12.34. 
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BULLOCK E T  AL.: PlrRK1'LTI-IIOL ESTERS 1000 

El/ryl 2,/,-Di~~1ell1gl-Y-ell1osycarbonylpyrrolc-5-lkiolcarbo.vylute ( I n )  
'I'his cornpourid was prepared by mcthod 2, abovc, on the same scale. In this case the cthj.1 acetothiolacetate 

\\.as nitrosatcd and added to ethyl acetoacetate in the reducil~g n~ixture. Thc product formed very pale )-ellow 
needles \\-hell crystallized fro111 chloroform - petroleuru cther, n1.p. l4:i-144 OC (0.51 g, 605;). Ultrirviolet 
absorption, niaxima a t  "32 2nd 302 mp (loglo a,,,, 4.27 and 4.3.5, respectively). The infrared apectruni (KC1 
disli) i~~cluded pealcs a t  1 675 and 1 619 cm-'. 

Anal. Calcd. for C1?H1,SOzS: C ,  56.44; H, 6.71; X, 5.41); S, 12.59. I;o~rnd: C, 56.26; 1-1, 6.53; S, 5.60; 
S ,  12.45. 

Diethy1 S,~-Di~1~clkylpyrrole-3,:i-ditIrioIcurbo.~~l~rte ( I c )  
'I'he dithiol ester \\.as prepared by method b abovc, except that in this case both halvcs of the potential 

p!,rrole ring I\-cre dcrivcd from ethyl acetothiolacetnte. ?'he product formed colorless ncedles, m.p. 107-108 "C 
(0.50 g, 667;) \\-hen cr~.stallized from chloroform - petrolcum ether. L!ltraviolct absorptio~r, maxirua a t  237 
:rilcI 30s mp  log,^ e,,,;,, 4.26 ant1 4.38, respectivcly). Thc infrared spectruril (KC1 disli) i~rcludcd maxima a t  
1 650 a i d  1 504 cm-I. 

.\n;rl. Calcd. for Cl2I-Il;KC&: C ,  53.10; 11, 6.32; S, 5.16. I:ou~~d: C ,  53.05; H,  6.23; N, 5.30. 

d/c~l/i yl 8- ~lIetlrylpyrrole-5-1/~iolc~rrboOy~~/n1e 
%h'lethylpyrrole-5-thiocarbaniiide (12 g (5)) 1vas rapidly stirrcd wit11 caustic soda (3 iV, 24 rnlj i r ~ ~ d  

dimethyl sulfate (7 ml) on a steam bath. 'The t\\-o-phasc mixture was cooled and treated with a m m o ~ i i ~ ~ m  
hydrosidc (6 A', 30 ml) to dcconipose cxcess dimethyl sulfate. ?'he mixture \\;as extracted with ctllcr 
(;; X :?0 ml), and the co~nbi~red extracts were washed with lvatcr and dried (Sa.SO.+). 1:cmoval of thc cther 
gavc n yello\\.ish oil which \~r is  crude 2-methylpyrrolc-5-(S-methyl)-thioci~rba1~idc (12 g). 'l'his nlatcrial was 
used \\-ithout pl~rilicntion. 

?'he oily product (above) was suspended in li~~drochloric acid (1 iV, 240 n ~ l )  nlld stirred a t  100" for 2 h .  
CI)-nt;~lline material \\.as deposited and removed (after the mixt~lre had been coolcd in ice) by fi l tratio~~. 'I'he 
liltratc \\-as again heated until no more crystalli~lc ~naterial acclimulated. The combirled precipitates (6.5 g, -- 
/;J$(, based on the thioanilidc) were recrystallized from chloroform - petroleum cther to give colorless 
~~ecdlcs ,  m.p. 126-125". .-I sample was sublimed for analysis. Ultraviolet absorption, nlaxima a t  283 and 311.3 
m p  (loglo em,,, 4.34 and 3.67, rcspcctively). Infrared absorptions (Sujol mull) included a band a t  1 620 cnl-I. 
'She 1i.nl.r. spectrum (CI-12Cln) showed peaks a t  r 3.0'2 and 4.15 (pseudo triplets, ring pro tor^ absorptions), 7.58 
(S-mcth~,l), icnd 7.67 (ring methyl). 

;\n;ll. Calcd. for C7M9SOS: C, 54.17; I-I, 5.81 ; S, 9.02; S,  20.66. Found: C,  54.19; 13, 5.00; K ,  9.20; S,20.57. 

Et,h;vl 2- ~lIet/rybpyrro/e-6-t/~~iolcnrb~~.~~~lnle 
'fliis compound \vas prepared in a manner similar to the above, except for the forn~ation of the 5-ethg.1- 

thic~carbri~[ilidc. 2-hlctI~ylp~.rrolc-5-thiocarbanilidc (Gg (5)) was addcd to a stirred mixturc of sodiunl 
h!.drosiclc solution (3  N, 24 1111) and cthyl hro~uide (4 ml). 'l'he mixturc \\,as boiled n ~ ~ d e r  rcllux for 4 11, 
coolcd, and extracted with ether (3 X 30 ml). 'I'he ether cstract was worked up as above to give ari alnlost 
cluantitative yield of the crude S-rthylthioanilidc. This cornpo~~rid co~rld be crystallized from acl~~eous 
e t h a ~ ~ o l  or- chloroform - petroleuni ether to givc yello\v plates, m.p. 49.5-51°, but this was unllecessary for a 
>tlcccssful preparation of the ester. 'l'hc S-ethyl thioanilidc (3 g) \vas hydrolyzed in the same \\.a!. as thc 
5'-meth~.l compou~id to give the ethyl thiol ester as colorless r~cedles (1.8 g, 847&,), m.p. 88-90 "C. 'fhe 
infrared spectrum showed a ~naximum a t  1 616 rm-I (thiol ester carbonyl). 

Ry analogous rcactions, 2,4-dimeth!~lpyrrole-5-(S-ethyl)-thiocarbar~ilidc, m.p. 651.5-70.5", arid ethyl 
2,4-dimeth!~lpyrrole-5-thiolcarbo.u).ate, m.p. 11 1.5-1 13', were prepared. 

illell~yl 2-i1Irfkyl-.?-for7rrylpyrrole-5-tlt1olcarboxylale 
Alcrhyl 2-meth~rlp~lrrole-5-thiolcarboxylatc (2.8 g) \\,as added to  a cooled mixture of dimethylforma11iide 

(ti g)  and phosphorus oxychloride (2 n ~ l )  \\rhile the temperature was maintailled below 0". 'I'he red solutioll 
\\-as \\.armed on an oil bath a t  35' for 30 min (aldiruine hydrochloride bcgil~s to crystallizc a t  this point), 
cooled, a l ~ d  poured into an ice-cold ~olut ion of sodill111 hydroxide (4  g) in ivatcr (8 ml). After 10 min the 
solutior~ \\.;IS brought to  pI-I 6 with cold 3 N hydrochloric acid, and after 10 min more the pinlcish precipitate 
was iiltcred off. Crystallization of the aldehyde from aqueous ethanol gave off-white ncedles (2.78 g, S57i), 
111.p. 179-181". Ijltraviolet spectrum, 111asilna a t  229, 272.5, and 307 n1p (loglo e ,,,,,, 4.30, 4.04, and 4.26, 
respectively). 

i \ ~ ~ a l .  Calcd. for COI-IIIN02S: C, 52.50; 1-1, 4.96. Found: C, 52.25; H,  4.98. 
LlethyI 2,4-dimethg~l-3-forniylp~~rrole-5-thiolcarboxylate, m.p. 14.5-146', \vas prcparcd in all analogous 

. . .  mallller. 
;Lleth>.l 2-methyl-3(cthylglyoxalyl)pyrrole-.5-thiolcarboxylate, m.p. 167.5-1Gg0, \\..as prepared by a 

I-Iouben-I-Iocsch reaction (14) betweell ethj.1 cyanoformate and methyl 2-r~~ethylpyrrole-5-thiolci~rboxylate. 

Ethyl 8,~-Dia1ctl~yl-3-acetylpyrrole-5-lkiolcnrbox~~late 
( a )  Ethyl 2,4-dimethvlpyrrole-5-thiolcarboxylat (0.25 g) in a mixture of acetic acid (2 ml) and acetic 

auh!,dride (1 ml) was trcated with 70% perchloric acid (5 drops). After 15 mill the reddish so lu t io~~  \\.a5 
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ester CHs). The ester signals were not resolved in the spectrum of this compound and the signals for the 
O-CH?-CH3 groups are broad. Integrated areas for all the peaks are in accord with structure IId. 

Ethyl S-Carbethoxy~t1etkyl-~-(2'-carbethox~etl1~Z)-5-rt1~tI~~Zpyrrole--carboxylate (Ira) 
A solution of the vinyl ester (IId, 2.0 g) in 95y0 ethanol (50 ml) was shaken for 1 h with Adams' catalyst 

(50 111g) under hydrogen (at 50 lb/>q. in.) a t  room temperature. The platirl~lrn was removed and the solvent 
distilled olf in oacz~o. The residue was crystallized fro111 cyclohexane to give white needles (1.91 g, 95y0), n1.p. 
63-64" (lit. (9) m.p. 63.5'). 
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