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Ah&act-The synrhesw of 2-p-hydroxyphmylmcthyknc-2H-pyrroknmc hydrobromrda and rheu prop 

crt~cs are descrrbed. The raulrs of arrcmprcd synthesis of other “mrxcd” arylpyrrolylmc(hcncs am dIscussed 

and an rmproval procedure for the synrhars of 2.crhoxycarbonyl4mcrhoxypyrrok IS rcportcd 

Dcformylatron and apparent xlf-condcnsatron of pyrrok aldchydcs were obscrvcd ma number of merhcnc 

synrhcsu rrred and a mcchamsm IO account for rhls IS prcscnrcd. 

THE highly colored 2,2’dipyrrolylmethcnes (2-pyrrol-2-ylmethylene-2H-pyrrolenines) 
and their salts are well known.& In addition. the related tripyrrolymethener?’ 
as well as bipyrrolylpyrrolylmethenes - * ls and derivatives’b1p have been studied to 
some extent. However, arylpyrrolylmethene in which one of the pyrrole rings of a 
dipyrrolylmethene is replaced by a non-pyrrolt aromatic nucleus (eg I). have received 
almost exiguous attention. 

Paramount in this regard is the well-known Ehrlich’s test *b for pyrroles, which has 
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been shownzO to yield compounds represented by formula I with several pyrroles 
having a free a-position. 21 The stability of such compounds is very pH dependent.‘O’ 
and in the solid state these apparently exist only as the monoprotonated species of 1. 
The only other phenylpyrrolylmethenes that have been reported are those claimed 
(II) as resulting from the reactions of benzaldehyde, pdimethylaminobenzaldehyde 
and o-nitrobenzaldehyde with 2-methyl-3-ethoxycarbonyl-5-hydroxypyrrole in the 
presence of cone hydrochloric acid.22 

Ila Ilh 

The simpler 2-hydroxypyrroles normally exist as their keto-tautomers (pyrrolinoneQz3 
and if the same situation exists here, these compounds should be represented by IIb 
rather than IIa. 

We have now found that the condensations of p-hydroxybenaldehyde, vanillin, 

III: R = R’ - H 

and syringic aldehyde with 2,4dimethyl-3-ethylpyrrole (cryptopyrrole) yields red, 
crystalline phenylpyrrolylmethene hydrobromides III-V. Aqueous solutions of these 
compounds are yellow in acid or base but become pink on neutralization. Similarly, 
El MC El Me Ill Ye 

llla 

i! 

lllh 

l A. Trcibs and E. Hammn. Z. physwl Chem. 299. 168 (1955); ’ L. R. Morgan. Jr and R. Schuaior. 

J. Org. Chum. 27. 3696 (IW2). TIKS workers also report a vanrtlon. 
Tnsubswutal pyrrolcs hawnp a free fbposition and certain ~etnsubsfilural pyrrola occaaiomlly 

have beam found IO give a posidvc Ehrlich ICSI.“” 

H. Fischer and 1. MiIlkr. Z physwl Chcm. 132.72 (1924) 

A. R Karntzky and J M. Lapowsk~. Adwnces in Hcremcyclic ClvmiJ~y Vol. 2; p. I I CI seq. Academic 

Press. New York, N Y (19631 
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simple dilution of yellow concentrated aqueous solutions of the salts with ordinary 
distilled water yields intensely pink solutions. Although this could reflect a change 
such as degree of aggregation, it may again be nothing more than an expected change 
with pH. However. the existence of three stages of protonation, as shown for 111. 
is supported directly by their different UV-visible spectra at pH 1,6.86, and 13 (Fig. 1 
and Table 1). 

In sharp contrast with the facile synthesis of 111 V. the attempted condensation of 
benzaldehyde. p-nitrobenzaldehyde. and piperonal with cryptopyrrole led only to 
dark. intractable products. Hence a criterion for successful arylpyrrolylmethene 
synthesis among the congcners tried is the presence of a p-hydroxy substituent. This 
can bc rationalized in terms of important resonance stabilization involving canomcal 
forms like llla .IIlb in the hydrobromides leading to charge delocalization between the 
two rings. This would not be possible in the first two of the other examples investigated 
and the contribution from analogous resonance forms of the third is evidently not 
as effective. 

Some time ago Fischer and Schormtillerz4 described the synthesis of the two 
unstable “mixed” hctcrocyclcpyrrolylmethene hydrobromides of 2-fur-2-ylmethylene- 
3,5dimethyl4-ethyl-ZH-pyrrolenineand 2-thien-2-ylmethylene-3,5dimethyl4-ethyl- 
ZH-pyrrolcnine from the condensation of furfural and thiophene-2-aldehydc with 

FIG I. UV-vtuble absorption spcctrp ol 2_(3-mcthoxy4-hydroxyphcoyl)me~hylcnc3.5- 

dmwhyl4-cthyl-2H-pyrrolcnmc hydrobromodc (IV) tn O,IN HCl ( ,.-.I Beckman MCzr 

of pH 646(-- .. ). and DIN NaOH (-- 1. 

Fischer and A. Schormilllcr. Licblgs Ann 482. 232 (1930) 
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TAR11 /. uv ABSORPTWS SPECTRA W 2-p-HYnRoXYPHamI.M~~Y~NF-2H-PURRolrM NYDRoBUOYII>ES 

Compound pH 
_. -- 

1 
III 6 U6 

13 

-. 
416 
.(09 
424 

260 
320 

320 

IV 686 
13 

I 447 (IY 051. 
V 6 U6 553 (3 39). 

13 470 (2349). 

438 
527 
450 

355 
350 
271 

x0 
361 
370 

,._, m)r(c x IO-‘) 
-_ -_- 

(9 12). 242 (243) 
(4 57). 2x1 (871,. 220 (11.75) 
IY 77). 261 (2-61). 241 (265) 

.- . .-. _ -. 
(7 94). 271 (891). 262 (Y.33) 

(3 24). 27Y (Z-341 
(X 32). 250 (7.59) 

._. ._ . 
17iI)RI. 262 IR-511 
(2 69). 269 (4071 
(6.17). 272 (9 33). 255 (8.71) 

cryptopyrrole. Piutti ‘s later reported the synthesis of several furylpyrrolylmethenes. 
However, Strell er ~1.~’ have presented evidence that the assumed furylpyrrolyl- 
methene structure VI assigned to the product from furfural and cryptopyrrole should 
be replaced by VII, resulting from ring cleavage of furfural. The condensation of 
formylpyridines with pyrrok was found 27 to lead to pyridyldipyrrolylmethanes 
and pyridylpyrrolylmethenes could only be observed spectroscopically. although a 
pyridylpyrrolylmethene zinc chloride complex has been prepared.19 In our hands the 

MC fir 

R 2 H’*and or Ac 

VII 

attempted hydrobromic acid catalyzed condensation of 2-formyL3,5dimethy14- 
ethylpyrrole (VIII), and of 2-formyl-3.5-dimethyl4-ethoxycartnylpyrrole (IX), 
with thiophene surprisingly gave the hydrobromides of the symmetrical methene 
Xa and b. Employing the reverse combination of 2-formylthiophene with crypto- 
pyrrole, or 2.4dimethyL3-ethoxycarbonylpyrrole. yielded tars. With 4-formylimid- 
azole” and cryptopyrrole, a yellow compound was isolated. which may have ken the 
derived from deformylation of the pyrrole aldehyde as in the attempted condensations 

il 
Xa, R = FI 
Xh R c CO,EI 

J’ I’ PlUlll. c;u:: (‘him /(cl/ 66. 265 (IY36) 
” M Strcll. A KaloJanofTand L Brcm-Rupp. Ckm Ber 87. 1019 (1954) 
I’ Kc10 form expected 
” M S~rcll. A Zocher and E Kopp. Glum. fkr 90. 1798 (1957) 
lo F’ L Pyman. 1. Chm. Scu 109. I86 (1916). 
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by its infrared spcztrum but because of its instability it was not further characterized. 
Using the alternate approach of aldehyde VIII and imidazole yielded Xa, the product 
derived frm defomylation of the pyrrok aldehyde as in the attempted condensations 
with thiophene. 

Dipyrrolylmethene formation through deformylation has been noted pre- 
viously4'. 1~. 30.31 and in addition to the different examples mentioned above the 
same type reaction has been noted by us in other attempted methene syntheses. 
Thus the attempted condensation of aldehyde IX with a mixture of 4-pyrrol-2- 
ylbutanenitrile (chiefly) and 4-pyrrol-3-ylbutanenitrile’2 in the presence of hydro- 
bromic acid in ethyl alcohol yielded methene Xb. Likewise, both aldehydes VIII 
and IX with 2cthoxycarbonyl4-methoxypyrrole (XI) gave only the methenes 
derived from the aldehydes (Xa and b). It should be noted, however, that upon 
carrying out the condensation of 2-formyl-3-methoxy-5ethoxycarbonylpyrrole 
(XII) with cryptopyrrole in a chloroform ether mixture in the presence of hydrogen 
chloride, the mixed methene salt 2-(3-methoxy-5-ethoxycarbonylpyrrol-2-yl)methy- 
lene-3,5dimethyl4ethyl-2ti-pyrrolenine hydrochloride (XIII) was obtained. The 
analogous synthesis of 2~3-methoxy-5-methoxycafbonylpyrrol-2-yl)methylene~- 
pentyl-5-methyl-2Wpyrrolenine hydrobromide from 2-formyl-3-methoxy-5_methoxy- 
carbonylpyrrole and 2-methyl-3-pentylpyrrole in ethyl alcohol has been described.14 

It has been suggested, without supporting evidence, that formic acid is eliminated in 
the self-condensation of pyrrolealdehydes to dipyrrolylmethenes.b*‘o In this regard, 
it has been shown that several substituted benzaldehydes undergo deformylation by 
strong acid’J 37 (and base)‘* yielding the parent benzene and formic acid”. ‘* 
or carbon monoxide35 (the latter when concentrated acid is used). Following the 
frequently employed conditions for methene synthesis. 2-formylpyrrole. aldehyde 
VIII, and aldehyde IX were each boiled in ethanol with 489: hydrobromic acid. The 
only readily volatile organic compounds from the reaction mixture that were detec- 
table were ethyl formate and the solvent. The appropriate symmetrical methene was 
also isolated in the cases where substituted pyrrole aldehydes were used. 22’- 
Dipyrrolylmethene. which would have been the expected product from 2-formyl- 
pyrrole. was not obtained since it is unstable. The isolation of ethyl formate permits 
considerations of its elimination from the pyrrole aldehydc hemiacetal. but it does not 
preclude initial loss of formic acid followed by esterilication. The possibility of defor- 
mylation through the loss of carbon monoxide and its conversion into the ester Stems 
unlikely in view of the usual conditions for the latter reaction.” Deformylation and 
methenc salt formation may Ix envisaged as successive processes. Although, ethyl 

‘O H Fischer and W. Zenwck. k Dew. Chem Ges. 55. 1942 (1922). 

” H. Fischer and W. Zerweck. &r. Dtsch. Chcm. Gts. 56. 519 (1923). 

‘I A. J. Castro, J. F. Deck. N. C. Ling J. P Marsh Jr and G. E Means. 1. Org. Chem 30, 344 (1965) 

” A B~rrrryck~ and M Fellman. &r Dew. Chcm Grs. 43.772 (1910) 

” A. BistTck1 and L. Rynckl. Chem. Kfg. 36.403 (1912). 
” W. M. Schubert and R. E. Zahkr. 1. Am Chem. Sot. 76. I (19%). 
Jb 11 Burkctt. W M. Schubert. F. Schultr R. B. Murphy and R. Talbott. 1. Am Chem. Sot 81. 3923 

(1959,. 
” 14. Burkctt. F. Schultz and J Caurdy. J. Org. Chem 26 2072 (1961). 

” G. Lock. &t. Dew Chem. Gcs. 66R 1527. 1759 (1933); 68R 1505 (1935); 698 2253 (1936). 

” H Henecka, Me&&n da Orpanischn Chmu (4th Editlo& ed~tal by E Miilkr) Vol VIII; p 5(19 

Thlcme Verlag. Stuttgart (1952). 
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formate may be the actual species eliminated in the deformylation of the aldehyde, 
it cannot participate directly in methene formation. This was clearly demonstrated by 
refluxing an acidic alcohol solution of the ester and 2,4dimethyl-3-ethoxycarbonyL 
pyrrole for four hours. during which there was no evidence of methene salt formation. 
Under the same conditions with formic acid. the methene is derived.‘“.’ It is of 

ROM. H@ _- - 

@ . . 

l H-r +R 

I’ 1 
R = H. EI 

J-R * H@ 

l H,O 

further interest to note that the reaction of 3-formyl-2,5-dimethyl-4cthoxycarbonyL 
pyrrole and 2.4dimethyL3-ethoxycarbonylpyrrole yields 2-(3.5-dimethyl4ethoxy- 
carbonylpyrrol-2-yl)mcthylene-3,5-dimethyl~~thoxy~r~nyl-2H-pyrrolenine hy- 
drochloride” (Xb.HCI). wherein the pyrrole rings found in the methene salt arc 
entirely from the starting pyrrole alone and that from the starting aldehyde is not 
represented. 

2-EthoxycarbonyM-methoxypyrrole (Xl) has been synthesized” in one step by 
heating 1,2diethoxycarbonyl4,4-dimethoxypyrrolidine (XIV) with a large amount of 
palladium on charcoal catalyst, but in our hands this led to a mixture and none of XI. 
In the synthesis of a 4-alkoxypyrrole Kuhn and Osswald” report the formation of 
the intermediate 1.2-diethoxycarbonyl&ethoxy-A’-pyrroline, through conversion 
of 1.2diethoxycarbonyl4oxopyrrolidine to the diethyl ketal by reaction with ethyl 
sulfite. followed by pyrolysis of the reaction mixture. Apparently in an attempt to 
synthesize the 4-methoxy analog in the same way Rapoport and Willson*’ obtained 
a mixture of the isomeric methoxypyrrolines. WC have found that ketal XIV can be 
smoothly pyrolyzed in refluxing hexyl ether solution to a single pyrroline XV in 
substantially a quantitative yield. Subsequent4’ bromination with N-bromosuccin- 
nimide. dehydrobromination and hydrolysis led readily to the desired Xl. 

” H. Rapoport and C D. Willson. J Am. Chem Sot 84.630 (196.2) 
” R Kuhn and G Osswald. Ckm &t 89. 1423 I 19%) 
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EXPERIMENTAL 

M ps arc uncorrected and ha= been determined on a Fisher- Johns apparatus UV. IR and NMR 

spectra warm obtained with Gary Model 14. Beckman IR-5 and Varian AdO ins~ntmcnts, respectively. 
An Aaograph A-IOOC tnstrumcnr was used for GLC. 

2-pllydroxybmzylidrn2tt-pyrtolminc h#robromidrs 
2-p~lydroxybnzylidr~3.S-dimcrhyf4rrhyl-2tt-pytrolminr hydrobromide (111) To a soln d 3-c!hyl-2.4- 

dimcthylpyrrok (06 e) and phydroxyben7alckhydc (06 e) in abs EtOH (7 ml), HBr (I g. 48.4 was added 

dropwise with shaking The soln immediately became intensely red and a red crystalliac pp formed 

The mixture was rdrigcratcd for I hr and fil1erc.d yielding a red solid (I.3 g 86%j Two rccrystalhzations 

from &cial AcOH gave analflically pure 2-phydroxybcnzylidcnc3.Sdimcthyl4cthyl-2t+pyrroknine. 

H& as small mar- necdla mp 200 201” (deck (Found: C 58.39; H 6.16; N. 458. C,,H,sBrNO 

requires: C, 58.47; H. 5.89; N. 4 SST,.) IR (Nujd mull): 3030 (m), 1635 (w). l&l0 (5). 1575 (m), IS25 (w). 

1225(s)and ll75cm-l(s). 

2~3-Merhox~-4-hydroxybcruylid~)-3.5~dinurhyl-4-crhyl-2tt-pyrroLniru hydrobromide (IV). The above 
proctdun was followed using Z.Qdimcthyl-3*thylpynok (0615 g). vanillin (075 g) and the previously 

dcscribsd quantities d alcohd and HBr. 2~3-Mcthoxy4hydroxybcnzylidcne~3.5dmtrthyl4cthyl-2tt- 

pyrroknme H& (I.43 g 86?_) was obtamcd. which had a m.p. d 18)” (dcc) after two rccrysrallirat~ons 

from glacial AcOH. (Found: C, 56.85; H 6.12; N. 3.91. C,,H,,BrNO, requires: C WEI; H, 5.96; N. 

4,14”/,.) IR (Nujd mull): 3070 (m), 1640 (m). 1595 (s), 1525 (m). I260 (s) and II40 cm ’ (m). 

2-(3,S-D~rhoxy-4-hydroxybe~y~~~)~3.S-dinufhyl-4-crhyl-2tt-p~~ole~n hydrobromide (V). The 
above pr&urc was followaJ using 2.4dtmethyl-3Tthylpyrrok (@66 g) and syringic aMehy& (Ct86) tn 

abs EtOH (3.5 mI) and HBr (I g), 2-(3.S-Dimcthoxy-4-hydroxy~ylidenc~3,S~dimethyl~~ethyl-2tt-p~r~ 

olcnine l1Br (I.5 g 86”~ prmpltatai as a rad sohd which quickly darkened in 81r whtk mout Three 

rccrystalhzatlons from small amounts of glanal AcOH ylcldal an analytical sampk, m.p 162 .I635 (dcc). 

as tiny dark red nccdla (Found: N. 3.72. C,,HzzBrNO, rqulra: N. 3.809;.) IR (NUJOI mull): 3450 

(m), 1635 (ml IS85 (m). ISIS Im), 1355 (s), 1270 (s), II25 cm-’ (s) NMR (CDCI,). pyrrok ethyl methyl 

protons (6 = 1.10, tnplct. 3). pyrrole clhyl mcthyknc and pyrrok B_methyl (240. singlet over quartet. 5). 

pyrrok z-methyl (2.88. singlet 3), mcthoxyl methyl (4.12 singlet 6). hydroxyl (ca 5.5. singlet. I). phcnyl 

ring (7.4X. wngkr. 2). mesvmethyhdcne (793. singlet. I I. NH Ica. 13.4. broad smglct. I1 The pouuons of 

the OH and NH proton signals are concentration dependent and dlsappcar on shakmg with D,O 

Pyrroles ad pyrrole oldehydes 
2-Fonnyl-3.Sdimc~hy/4-trhyfp~o& (VIII). This aldehydc was synthesized from cryptopyrrok” (9.86 g) 

and corrcspondmg proporttonate amounts of the other reagents csscnt~ally as dcscribsd for the Vilsmaer 

Haack formylations d pyrrok and other substituted pyrrolcs ‘I.” The product (7.1 a) was colkctai as 
an 011. b p I30 I32 I 5 mm, which after czystalhzaarlon gave 532 g (44s;) of almost white crystala, m.p 

1010 1020 (lll.44 10s 106’) 

2-formyl-3.Sdtnurhyl~-er~xycarbonylpy (IX) 2.4-Dmtethyl-3clhoxycarbonylpyrrole” (IO0 g) 

dissolval In N. Ndimethylformam~de (50 ml) was added IO an Ia cold s& d POCl, (6.2 ml) tn rhc same 

amide (SO ml).‘b The mixture was surral at 5” for IO mm. hcataJ a1 40’ for 2 hr. and Poured into a mixture 

of la and water (125 8) After srorae in a refngeralor for 2 days the product was collecta!, dried. de- 

colon& In EIOH with Non& and collected m 2 crops. m p 1610 1620’ and 1640.1650’ (ht.” 165”). 

as a ran IO brown sohd ( IO.4 g. 89 “;). 

2-Efhoxycarbony/4-nuf~~xyppvrro& (Xl). Ketal XIV”’ (42 g) m hexyl erhcr (55 ml) was rdluxcd In a 

slow stream d NI for 7 hr; the temp d the boiling soln, mittally a1 I60 165”. rose to 230” in 2 hr. The 
solvent was cvaporatcd (b.p. 90’,6 mm) and XV (366 8 99”b) dlsrilkd at 127’:l 2 mm. Gas chromato- 

graphy of thus product (Carbowax column) gave only one Peak. IR (hquld film) ester C-a at 1750 (s) 

and 1725 (s); unconJugatcd C=C at 1670 cm’ ’ (m). 

To a wln of XV 06-6 g) m CCl, (2UO ml), N-bromorucctn~m& (27 B) was addcd and the mixture was 

” Aldnch Chcmtcal Co, Inc.. Mtlwaukcc. Wbnsin. 

” R M. Silverstan. E. E. Rysklewicz and C Willard. Org. Syn 36.74 (1956) 

” H. Fischer and M Schubert. Ber. DNI Chtm. Grs. sb 1202 (1923). 

” I.. Knorr. Liebys Ann. 2%. 290 (1886). 

” cf A. Erm~h. A 1. Castro and P. A. Westfall. I Org. Chcm. 30. 339 (IWS). 
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warmed wnh a Iraa ol bcnroyl pcrox~dc on a steam Bach unrti a vigorous exoIhermr rcacIion sc~ In Tbc 

mixture became dark red and boilul from IIS own heat of rcacuon for abour IO mm. A 1raa more of bcnzoyl 

pcroxrde was added. and 1he mixrure was boiled for an addrtonal 10 mm Dry E1,N (24 ml) was then addsd. 

~hc mrxiurc was rclluxcd for 2 hr. filteral hoI. and the solid rarduc wax reputedly washed with CCl,. 

The combined red lillra~c was washed wrth 2N HrSO, (2 x 100 ml) and NaHCO,aq (I50 ml), dncd with 

MgSO,. and evaporated under reduced press IO yield a viscous red 011 Drstrllauon yreldcd 13drahoxy- 

carbonyl4methoxypyrrok (16.6 g. 46 O.1. b.p. I 12, 1 I5 0.25 mm as a yellow oil In anorhcr run. a 48 ?: 

yield of rhc producr was rcalixcd. 
1.2-Dtc1hoxycarbonyl4-methoxypyrrok f 16.6 8) was rcfluncd rn a waler 1:10H (8.70 ml) soln of KOH 

(46 g 85”, rcagcnr grade) for 25 mm The rcaclion mrx1urc was poured m1o water (300 ml). made acrdrc 

(pfl 2) wuh 2h’ HCI and ~hc rcsultmg red al wzu cxIracI4 wrrh crhcr The cx1rac1s were dncd wuh 

MgSO, and evaporated IO rcld XI (103 g 89”,) as pak brown oily crysmls. Rccrys1a)hzatron from 

hcxanc (charcoal) gave colorless prisms of XI. m p 44 46’ ‘This product could be furlher punficd by 

subhmauon a1 100 20 mm. yrcldmg a colorless solid. m p SR 60 (III..~” m p. 55 58 ). NMR (CDCI,): 

cs1cr methyl (6 = 12X. 1rrplc1. 3): methoryl (362 srnglcr. 3). csicr mc1hyknc (4.2 quarrel. 2); pyrrolc 

rmg (6 40 and 644. smglcrs. I each), NH ( I I 22. broad smglcr. I) 

2.wormy/-3-mPrhoxy-S-rrhoryccuhonylpyrrole (XII) Compound XI (2 77 g) was formyla1cd as described 

for VIII 10 y~cld crude (XII (3 I2 g 97”,). m p. lo(1.1 IS’ A sample. ahcr dccolorIzaIion with KoriIc m 

EIOH crystalluation sublimarnm (100 /OS mm) and rcpca1cd cryscnllua~um from EtOH, gave practi- 
cally whrrc crystals. mp 1310 I31 3 (Found: C. 5539; H. 566 CpH,,h’Ol rcquua: C. 5482; H. 

5.62”” J F;MR (CDCI,). ester mcrhyl (6 7 I 32, 1rrplc1. 3). mcthoxyl (3 78. smglcr. 3); cs~cr mcrhylcnc 

(4 27. quarter. 2): pyrrolc ring (6 31. smglcr. 1): fotmyl (9.54. smglct. 1). SH (10.4. broad smglci. I) 

Alwmpred condenwoonr c!T?-ji,rmyI-3.S-dtmurhy/4-erhylp~rrole (VIII) 

With rhiophene A soln of VIII lla 8) and ihrophcnc lo.689 g) In abs EIOH (25 ml) wax warmed on 

a s~cam ba1h and HBr (095 ml) was added dropwrx ‘Jhc mrxiurc wzu rcfluxcd for I hr and crystab were 

observed IO form in 1hc mrxiurc dunng rhrs pcnod AfIcr coolmg. Xa (I 00 g YO”,) was collcc~cd as red 

crysrals wnh a blue reflex. m p 2470 24Yil (dcc) 1111 ” 249-250 ) The IR spccirum of this compound 

was tdcnrvzal with IhaI of an aurhcntrc sample 

Wtfh rmidu:ole HBr (I drop) was added IO a warm soln of VIII and rmtdarolc m abs ErOH (few ml) 
Red crysrals of Xa. m p 244 5 2470 Idcc). dcposlIal from the soln upon siandmg. These were further 

rdcnrtlicd hy 1hcrr IR spectrum 

Wtrh 2-rrhox~rur~~n~lJ-mp1~~~~p~rrok~ (XI) HBr (I mlJ was added rapidly IO a 95”, EIOH soln 

(6 ml) of VIII (0 27Y3 g) and XI (0 3336 gl and rhc mlxiurc wax healed on ~hc scam bath for 10 mm 

Compound Xa (0 2372 g. 76”“). m p 2440 2450 crysialhzcd as red crysrah wrth a blue reflex from the 

rcacuon mixlure and was rsolatcd after cooling and washing with 95”, E10fl The IR spectrum 

confirmed the rdcnuty of the produci 

Wuh thiophene. To a rcfluxmg soln of IX (6% g) and throphcnc (34 g) m abs illOH (13 ml). HBr 

(4.12 ml) was added dropwise The rcsuhmg dark soln was heated IO rcflux for 3 hr. cooled m la and the 

mrx1urc was Gl1crcd The soltd collcctcd (58s g) was rccrys1allircd from chloroform~cyclohcxanc yrcldmg 

Xb (4 75 g. 63 “,I as dark rod crys1als which were collcc~ed in 3 crops melung wuhm 1hc range 207.5 -2110 

(dcc) (III ‘I 7100 213 5 1 A .=mplc of Xh m chloroform. aficr reacilon with ammonra and crysralhxairon _ 

of the producr from chloroform cyclohcxanc. gave the free base as red needler m p 189.7 191a (dcc) 

(1Il.49 190 ). havmg an IR spccirum tdcnilcal wiIh an auIhcnIlc sample of 213.5.dlmcIhyl4_cIhoxy- 

wirh 4-p~rml,vhurutwnrrrtks From IX (0475 gk a mtxIurc of 4-pyrroly-2-ylbuIancnnltnlc and 4-pyrrol- 

3-ylbuIaneniInlc” (chrclly the former. 0 75 g), and HBr (2 ml) m boiling abs E1OH (5 ml) the= was isolated 
053 g (SO”,) of red crysrals of Xb. Ahcr rccrys1alhranon from chloroform-cyclohcxanc 1hc producf 

mclfcd with dccomposlrlon. 207.5 2OY (Found: C. 5303; H. 5 XI; K. 6.41 Calc for C,,I(l,Brh’lO.. 

” A J. Castro. G. R. Gale G. E Mcaanr and G. Tcrlzakian. 1. Mtd Ckm 10. 29 (1967). 

l ’ A J. Cas1ro. J. P. Marsh. Jr and B T Nakara. I Org. Chem ZB. I943 (1963). 

” A. H. Corwin and K. 1. Brumngr J Am. C/rem SM. 64.2106 (1942). 
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C. 53-65. H. 592; N. 6,59”, ) The product was also lound to have an IR spectrum tdenttcal wtth that ol 

the authenttc methene hydrobromtdc 

Wtrh 2-erhoxycartw,nyl4-~rh~xypyrroL (XI) HBr (1 ml) was added IO a warm 9S”, EtOH soln (7 2 ml) 

of IX 03672 g) and XI (O-3377 g) and rhc mtxturc was heated on a steam bath. Maroon crystals wtth a 

blue reflex formed dunng thts period rcsultmg tn bumpmg and some rncchamcal loss Compound Xh 

(02216 g 55 “,k bulk m.p. 21 IO 215 0 tdcc) was collec~cd aha washmg wtth 95”, EIOH Rccrystalhratron 

from chloroform cyclohexene gave crystals m p 2160 2 I6 5 (deck whrcjl showal the correct IR spectrum 

Actd carulyzed dejwmylcrton ojpyrroleoldehydes 

2-~onnyl-3.S-dimrrhyl4-erhylpyrrofe (VIII) A soln of VIII (0 5 g) and HBr (IO g) m abs I:rOlt (IO ml) 

was horlcd under rcflux for IS mm. The mtxture *a\ then dtsrtllal u\mg a small fractronatmg column 

and the drsltllatc (2 ml. bp SO 65 I was analyzed by gas chromatography (Carbowax column) Two 

peaks were recorded Authcnttc mtxturcs of ethyl lormatc and 95”” EIOH wcrc srmtlarly chromatographal. 

both alone and admixed wtth the above dtsttllatc In each case only the same IWO peaks were obscrvcd. 

The compound from the dtsttllate which was ftrsr elmal horn the chromatograph was colleacd In a trap 

contatnmg CCI, cooled m a Dry IL- acetone bath Alter allowtng the rcsultrng soln IO warm IO room 

temp. the IR spectrum was recorded using a l-mm ccl1 wrth KaCl windows 7h1s spectrum [29RS tmt. 

2915 (mt. I725 (sk 1186 Is) and II55 cm ’ IS)] was supcrtmposablc on one oblamal from an authcnrtc 

sampk of ethyl formate m the same solvent 

The deformylatron rcactton mrxturc was evaporated IO half IIS volume. rcfrtgcrated. and the brown 

crystals 104W g. X6”,) whrch scparatcd were ftl~crcd otT and rccrystalhrcd from chlorororm. hcxane IO 

y~ckl the hydrobromide of Xa. m.p. 2490 2W tdcct wtth some dccompositmn scttmg m at 2 loo’, (Found : 
C.6U62.H.7Q2;N.g15 Calc ror<‘,.H,,Hrh’,~C.6053;H.747.~.X3l”,~’~eIRspectnrmolthex 

crystals (NUJOI mull) was supcnmposahle on one from a sample. m p 249 250 (deck made by the 

reaction of 3tthyl-2.4dimethylpyrrok wuh 2-formyl-3.5.dtmethyl4cthylpyrrok tn the prcscnoc of 
4X ‘() HBr 

?-formyl-~5-d~merhyl4-erhox~cur~~nylp~rrole (IX) This cxpcrtmeni was carnal out m a manner 

tdentrcal IO the above startmg wrth 1X (05 g) Besides the tdcnuhcatton of ethyl formatc. the hydrobromtde 

of Xb (0.34 g 65”;) wa\ obtarncd. wht& after rccrystalhratron from chloroform hcxanc (charcoal) melted 

at 2OXG 2100 (dcc) and has an IR spectrum tdcntrcal wrth that of an authentic sample 

2-Formylprrrole Thus cxpcnment was tdenttcal IO the above run cxccpl that the ethyl lormate was 

tdcnlthcd only by IIS rctentton ltmc on rhc gas chromatograph The rcslduc from the rcactwn mixture 

was an Intractable black tar 

2~3-Merhox~-S-rrhoxycarhonylp~7tol-2-yl)nurhylcnc-3.5dimrrhyl4-erhyl-2ti-pyrroleni~ hydrochloride 

(XIII) 
To a soln of XII (019gSgl and cryptopyrrok tOl279gl m chlorofotm (3ml) there was added 

droputsc a solu~mn of dry HCl (3.9) m anhydrous Et,0 tD5 mlt The mixture rapidly bccamc dark 

orange-red m color and alter standing at room temp for about 5 mm tt was evaporated IO dryness at 

rcduc~ press The restduc was crystalhzed from a mtxturc of chloroform and cyclohexane yteldmg 2- 

(3-me~hoxy-5-ethoxycr~nylpyrrol-2-yl~mcthylenc-3.5-d~mcthyl4-cthyl~2~~~pyrrolen~~ hydrochlondc 

tOl1)9 g 55”;). m p ISgO l6Oa tdect A recrystalh;Lal sample ol the methcne melted PI I590 I59 5’ 

tdect The mcthcne appears as very dark grccmsh-blue crystals to the naked eye A mrcroscoptc cxammatton 

of the crystals reveals hlada which appear orange or green dcpcndmg upon oncntatron m rhe I@ 

(Found. C. 5942, H. 6 89 C,,III,CIN,O, rcqutrcs C. 60 26. H. 6 M“, I 


