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Reaction of acyl chlorides or methallyl chlorides in the present of aluminum chloride gives 1-R-3-R]-3,4 - 
dichlorobutanones which give 1,2- and 1,2,4-substituted pyrroles with ethanolamine. The dichlorobu- 
tanones react with glycine and a-atanine to give the N-pyrrolyl derivatives of acetic and propionic acids. 

The five-membered pyrrole aromatic system is one of the most frequently encountered components of  natural compounds 
and the chemistry of pyrrole is probably one of the most studied aspects of synthetic organic chemistry [1], 

TABLE 1. Parameters for H, HI 

bp, ~ (mmHg) o~ Yield, Com- Empirical R* n~ "~ % 
pound formula mp, ~ ~ 

lla 
lib 
llc 
lid 
lie 
llf 
llg 
llh 
lli 
11j 
IIk 
IIl 
IIm 
IIn 
IIo 
IID 
IIq 
IIr 
Ilia 

lllb 

llIc 
llld 
llle 
lllf 
lllg 
llIh 

C~I-I~sNO 
C~}I,sNO 
C,otI:NO 
C,,}I,.~NO 
C,,H,rNO 
C,~I-t,gNO 
CI3t-t21NO 
C,}tl6CINO 
C12Hi~C1NO 
CI.~HI~CINO 
C,,t-II7NO 
C,,HIrNO 
CtIH,gNO 
C,2H21NO 
C12HIgNO 
C~3H~NO 
C,~H~NO 
C,~H~oCINO 
Ct2HirNQ 

CI3HI.~NO~ 

C,aHjgNO2 
C.H2,NOz 
C,:,H,gNO2 
C,4H.~,NO2 
CI4H~INO2 
CisH23NO2 

C3H7 
i-C~H7 
C~}I~ 
CsHu 
C5H9 
C6H,, 
2-Ct I3C6H,~ 
I-CICsH~ 
1-CIC~HI, 
4-CIC6H,o 
CaH7 
i-C3Hr 
C4H9 
C~I-I. 
C~I-19 
C~H. 
2-CH~C~tl,o 
4-CIC~H I, 
C6HtL 

C6HII 

2-C}13C~t1,o 
2-CH.aC~t I Io 
C6HI, 
C6H,, 
2-CH3C6H,, 
2-CH~C6H,o 

118,.. 120 (8) 
112...114 (8) 
120...122 (5) 
128..,130 (5) 
133..,134 (5) 
153 . . .155 (5) 
160...162 (3) 
148..,150 (2) 
174... 176 (2} 
170...172 (2) 
115.,.117 (4) 
110...112 (4) 
121...123 {4) 
t31.. 133 {3) 
12t., 122 (1) 
134.. 136 (1) 
141.. 143 (1) 
164.. t67 (1) 

124 ..125 
(EIOH--H20) 

128..,130 
(EtOH) 

132...134 (2) 
137.,. 140 (2) 
152...155 {3) 
158...160 (3) 
138... 141 (2) 

132 ...134 
(MeOH) 

1.5075 
t .5060 
1,5045 
1,5010 
1,5260 
1,5245 
1,5185 
1,5395 
1.5375 
1,5380 
1,5025 
1,5010 
1.5020 
1.5015 
1,5230 
1.5205 
t,5145 
1,5345 

1,5070 
1,5045 
t.5180 
1.5145 
1,5060 

78 
76 
72 
74 
55 
62 
48 
52 
56 
60 
65 
60 
71 
68 
54 
67 
52 
55 
55 

50 

59 
51 
47 
45 
35 
39 

*I, IIa-j, Ilia, c, e, g: R I = H; I, IIk-r, IIIb, d, f, h R 1 = CH3; IIIa-d R 2 = H; IIIe-h R 2 = 

CH3. 
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TABLE 2. IR Spectra of  IIa-r, IIla-h 

Coln- 6iv) cm -I 
pound 

5=.C--ll &'~':C--lI YC=C &Vc=o vOl { Or  ~"COGH 

lla 
lib 
lie. 
lid 
II.e 
I l l  
l lg  
llh 
I15- 

111 
lira 
Iln 
I1o 
llp 
|Iq 
l i t  

I l ia 
lllb 
lllc 
llld 
l l le 
l l i f  

780. 890, 3071. 3t16 
786, 879. 3976. 3112, 3141 
770, 889, 3124. 3142 
785, 881. 3080, 3126 
781, 880, 3090, 3135 
785. 865, 3075. 3105 

724, 785, 865. 3075. 3105 
770, 885. 3032. 3122 
780, 894, 3031. 3122 
801. 884, 3025. 3095 
785, 890, 3030, 3125 
790, 889, 3005, 3141 
88!, 895. 3041. 3125 
792, 887, 3005. 3112, 3144 
800, 896, 3015, 3136 
781, 890, 3t22, 314A 
789. 860, 3080, 3108 
780, 870, 3060. 3125 
780, 890, 3085. 3125 
781, 896, 3072, 3130 
750, 885, 3085, 3115 
7.t0, 8811, 3090, 3120 
750, 875, 3090. 3105 
745, 880, 3075, 3095 
7,10, 875, 3085, 31211 
735, 870, 3080, 3110 

1541, 1614 
t535. 1600 
1538, 1604 
1530, 1604 
1545, 1605 
1530, 1610 
1530, 1600 
1540. 1595 
1502, I550, 1580 
1542, t602 
1510, 1580 
1540, 1605 
1512, 1598 
1505, 1584 
t532, 1608 
I527, 1594 
1562. 1605 
I505, t595 
1500, 1570, 1728 
1502, 1582, 1730 
1548, 1610, 1730 
1535, 1605, 1730 
1535, 1605, 1730 
1540, 1595. 1725 
1540, I600, 1728 
1555, 1605, 1725 

3210., 3500 
3200,. 3550 
3220,. 3600 
3200.. 3450 
3200,. 3550 
3200.. 3550 
3200.. 3600 
3200., 3500 
3250..,3550 
3220.,,3500 
3200.,,3550 
3200.,.3600 
3300..,3600 
3200,..3500 
3250...3550 
3200.,.3550 
3200...3600 
3250...3600 
2500...3000 
2500...3000 
2600...3200 
2500...3000 
2500...3000 
2500,..3000 
2500...3000 
2500...3200 

We have previously shown that electrophilic addition of carboxylic acid chlorides m allyl or methallyl chloride in the 

presence of aluminum chloride under Kondakov-Krapivin conditions [2] gives rise to l-R-3-RI-3,4-dichlorobutanones Ia-r. 

These are convenient starting materials for constructing five-membered heterocyclic systems with one hetero atom and can be 
used successfully for obtaining furans [3-6]. Treatment of  dichloroketones I with phosphorus pentasulfide in DMF leads to 2- 
and 2,4-substituted thiophenes [6-8] and reaction of I with primary amines in ether to pyrroles [6, 9-11]. There is interest in 
using this reaction for synthesis of  N-substituted pyrroles since compounds of this type cannot always be obtained by tradi- 
tional methods [1]. With this in mind we have studied the reaction of some dichloroketones I with ethanolamine, glycine, 
and ct-alanine. 

Refluxing the dichlorokctones la-r with a threefold excess of ethanolaminc in absolute ether gives the corresponding l-(2- 

hydroxyethyl)-2-R-4-R1-pyrroles 0/a-r) (Table I). 

RCCCI + 

R' R' / RI 
AICI x } NH~CH2CH~OH 

CH2=C- CH2C| --'~-'-=~" RCOCI[2--CCI~CH~CI ~,- % 9  
R / 

|a-r I 
Ct|2CH20H 

I~-r 

R and R I are the same for I and II, and are given in Table i. 

The structorcs for pyrroles IIa-r were confL,~ned by IR and PMR spectroscopy. The IR spectra of II (Table 2) showed 
broad hydroxyl group absorption at 3200-3600 cm -1 and pyrrole ring multiple bond stretching at 1500-1614 cm -1. The PMR 
spectra (Table 3) showed a broad singlet for the hydroxyl protons (2.95-3.1 ppm), two hydroxyethyl triplets with spin-spin 
coupling of 7 Hz (3.11-3.31 and 3.85-3.97 ppm), and characteristic pyrrole ring proton multiplets at 5.5-6.9 ppm. 

Pyrrole ring formation was also observed when the dichlorobutanonc I was treated with glycine of a-alanine to give the 
corresponding N-pyrrolyl acetic or propionic acids in satisfactory yield (35-55%). The reaction takes place in aqueous 

. alkaline solution of the amino acid (twofold excess of NaOH) at 0 m -5~ with subsequent heating to 60-65~ (Table 1). 

~ R 1 

NH.-- {'I!- COI'}H ............ ~ 

R" "N" 

R:' -- Clt--COOl~t 
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TABLE 3. PMR Spectra of Pyrroles lib, f, g, i, l, p, q, IIIa-h 
. , .  , 

O, ppin (SSCC, J, Hz) 

Corn- 3-H, S-H, R' CH OCH, O.r OHOr CO011 
pound In In R J=7~2H t-.Hz cHR- [ (1H, s) 

lib 

llf 

llg 

l l i  

II1: 

ltP 

l lq 

llla 

Illb 
lllc 

llld 

ll le 

It lf  

t l lg  

iilh 

6,04 

5,51 

5.48 

6.1.! 

5,98 

5.43 

5.50 

5 ,(; 1 

5 s 
5,5~ 

5,5.t 

5s 

5.61 

5,55 

5,58 

6.28 

6,33 

6.35 

1.12 (6H. d. 1=71 
2.51 (1tt. Inj 
1.16...2.21 (IIH 
In) 

0,85 (3H, d, J=81; 
1,15,..2.24 (10t'1, 
int 
1,2I,..2,34 {t0H. 
m) 
1,21 (6H.d, J=7); 
2.83 (ill, ~1 
1,1 .. .  2,23 (11t1, 
m) 
0.87 (3H. d. J=8): 
1,11...2,26 (10It, 

1,12. .2,34 (IlH, 
In) 
1.1 ,.,2,3 (IIH, In) 
0,85 (311, d,1=81; 
1,2,..2,4 (101t, In) 
0,86 (3tt. G J=8); 
1,1 .., 2,3 (10|1, In) 
1.1 ...2,4 (111I, In) 

1,1 ,.,2.4 (111t, m) 

0,85 ( 3H .d . l =81 ;  
1,1 ...2,3 (101t, In) 

0,86 (3H, d, t=81; 
1,1.,.2,3 (11tt, In) 

6.21 (ltt.m 1 

5,75 ( 1H,in ) 

5,75 (1 H, In) 

6,32 (IH. m) 

1.96 (3}I, aI 

1,94 (3t 1, s) 

1,95 (31t, Inj 

5,83 (lll, S) 

1.94 (3H. s) 
526 (Ill, in) 

1,92 (31t, s) 

5.8 (1H,m) 

1,93 (3H, s,) 

5,78 (I l l , in) 

1,92 (3tt s) 

L2 

3,1 

kl 

L3 

LI 

L1 

t,l 

w 

3.9t (2 t t . t  
1=71 
3.86 (2H.t, 
1=71 
3.88 (2H.t, 
I=71 

3.97 (2t l,t. 
1=7) 
3,86 (2H,t, 
1=7) 
3,85 (2H,t, 
J=7) 
3,87 (21t, t. 
J=7) 

4,26 (2ti, sl 

4,25 t2It, s 
4.3 (2H, s ) 

4,31 (2It,s) 

1,26 (3tI, d, 
J=7,51; 
4.58 (lH,q. 
J =7,5) 
1,25 (31 I, d, 
1=7,51: 
4.55 ( 1 H, q ,  
1=7,5) 
1,23 t31t, dj 
1=71; 
4.57 { 111, q ,  
J =7) 
1,25 (3H, d, 
1=7); 
4,55{11t, q ,  
l =7) 

3,08 br.  s 

3,05 hr.  s 

2.95 br.  s 

3,1 b r . s  

3.01 b r . s  

3.05 br.  s 

3.05 br.  s 

11,6 

11,5 
11,5 

11,8 

10,8 

i0,6 

10,8 

10,6 

The structure of these pyrroles was also confirmed by IR (Table 2) and PMR (Table 3) spectroscopy. The IR spectra of 
III showed hydroxyl group absorption at 2500-3200 cm -1, pyrrole ring stretching at 1500-1615 cm q ,  and carboxyl group car- 
bonyl absorption at 1725-1730 cm-L The PMR spectra of IIIa-h showed N-methylene (methine) group proton signals at 
4.25-4.58 ppm, characteristic pyrrole ring signals at 5.5-6.4 ppm, and low field signals for the acidic protons at 10.6-11.8 
ppm, 

Thus, pyrroles II and III may be prepared by this method without separation and purification of the dichlorobutanones I 
which are synthesized from the acid chloride and allyl or methallyl chloride. The synthesis represents a convenient preparation 
of N-substituted pyrroles. 

E X P E R I M E N T A L  

IR spectra were taken as thin layers or Vaseline mulls on a UR-20 instrument. Proton magnetic resonance spectra were 
recorded on a Tesla BS-467 (60 MHz) instrument with CCh solvent and TMS internal standard. The purity of the reaction 

products was monitored by TLC using Silufol UV-254 plates. 
Elemental analytical data for C, H, N, and CI for IIIa-r and IIIa-h agreed with that calculated. 
General Synthesis of  N-Hydroxye thy lpyr ro les  I Ia-r .  A mixture of  aluminum chloride (14.7 g, 0,11 mole) 

and dry dichloroethane (70 ml) was cooled to -20~ and the acid chloride (0.1 mole) and allyl or methaUyl chloride (0.11 
mole) added in turn. The reaction mixture was stirred for 1 h at 20~ decomposed with hydrochloric acid (0.5%), the organic 
layer separated, and the aqueous extracted with ether (3 x 100 ml). The combined organic extracts were washed successively 
with water, aqueous NaHCO3 (5%), and water and dried (CaC12). Solvent was distilled off in vacuo and the residue dissolved 
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in absolute ether (100 mI). Ethanolamine (18.3 g, 0.3 mole) in ether (30 ml) was added slowly to the solution which had 
been cooled to -10~ The reaction mixture was refluxed for 4 h on a water bath, cooled, washed with water, 10% aqueous 
Na2CO3, and water and again dried with Na2SO4. Solvent was evaporated off and the residue distilled in vacuo or recrystal- 
lized. 

General Synthesis of 2-(N-Pyrrolyl)acetic and Propionic Acids (IIIa-h). Dichloroketone I (0.1 mole) 
was added to an aqueous solution of NaOH (8 g, 0.2 mole) and the a-amino acid 0.1 mole) at 0 to -5~ The temperature was 
increased to 60-65~ held for a further 2 h, cooled, diluted with HCI (10%, 100 ml), and extracted with methylene chloride (3 
• 100 ml). The combined extracts were washed with water and dried with Na2SO4. Solvent was evaporated off and the residue 
distilled in vacuo or recrystallized. 
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