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ABSTRACT - Treatment of 1,4-diketones with liquid ammonia gives high 
yields of isolable 2-hydroxy-3,4-dihydro-ZH-pyrrole intermediates. 
These intermediates, which do not appear to have been observed previously 
in the ?aal- norr s have been fully characterized 
by i-r. r and Hand 

nthesis with anaaonia, 
C n.m.r. spectroscopy; in most case8 they decompose 

quantitatively into IS-pyrroles on standing. The intermediate from 
hexane-2,4-dione may also be prepared using conoentrated aqueous ammonia. 

During an attempt to prepare the little-known W-pyrrole ring system via the 

Paal-Knorr reaction, the 1,4-diketone (lJ was treated with liquid ammonia to give 

the stable intermediate 2-hydroxy-3,4-dihydro-ZH-pyrrole (hydroxypyrroline) QJ, 

which, on attempted dehydration, gave not a 3H-pyrrole but the isomeric lH-pyrrole 

(3_)!-4 

(&&_I ‘ZJ 

In the belief that the rearrangement * (2 + (3-j was mediated by transannular 

interaction within a nine-mmbered ring, 4 the open-chain analogue (4J of (2 was 

prepared for conversion into the corresponding analogue (5-1 of the hydroxypyrroline 

(3, which vas not expected to rearrange on dehydration. Treatment of the tri- 

ketone (4J with liquid ammonia, however, yielded not the expected product (5J, but 

rather a mixture (10:1:9 by 'H NMR) of acetamide (2, the lH-pyrrole C8a, and what 

appeared to be mixed diastereomers of the hydroxypyrroline C&l.' Similarly, the 

triketone cp) gave benzamide El, and the same additional products, in a ratio 

of 1O:Z:B. In both cases, the mixed isomers (2) were observed by 'H NMR to 

decompose during a few days, with concomitant formation of the ll-pyrrole (.I. 
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R 
ph 

The observation of the hydroxypyrrolines w, formed prcnumably via 

C-acyl cleavage of the triketones (4J and 0, suggested that compounds of this 

type might be isolable interra?diates in the classical Paal-Knorr reaction between 

simple 1,4-diketones and ammonia. While analogous hydroxypyrrolines have been 

prepared by rearrangement of certain oximcn and converted subsequently into 161- 

pyrroles, 6,7 they do not appear to have been observed previously in Paal-Knorr 

reactions involving ananonia; however, 

but without any supporting evidence.S 

they have been implied as intermediates, 
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Hsxans-2,4-dione (s1 was thus dimsolved in liquid amonia. which warn 

allowed to evaporate overnight. Examination of the oily rorlduo by 19 WI&R (CDCl3) 

showed that the diketcne had been converted quantitatively into a mixture of the 

hydroxypyrrolins (2) (85%) and the 1fGpyrrols C.) (158) t aftor 48 h in the WMR 

tube, all had been transfomd into the lff-pyrrole. 
Several variously substituted 1,4-diketonea were treated similarly with liquid 

ammonia, and the results are summarized in Table 1. 

TABLE 1 

Product ratio (from 1H NMR) 

Ketone (7) (12) 1% Collllncnt 

E 

9 0 1 HeCONH2 (10 pte.) also fonmd 

8 0 2 PhCDNH2 (10 pts.) also fonmzd 

(2 17 3 

(U 19 0 2 

(2 0 0 Ketone recovered unchanged 

(C) 6 19 trace 

'2 1 20 trace NH4Cl added as catalyst 

1% 9 0 1 

With the exception of (a, which is known to undergo the Paal-Knorr 

reaction only with difficulty,' all diketones were converted in high yields into 

hydroxypyrrolines, together with small amounts of the corresponding lE-pyrroles 

3. For the diketone (z), however, reaction occurred only after the addition 

of ammonium chloride as an acid catalyst. Where R2 f H or R1 + R3, two regio- 

isomeric products a and (2 may be formed, and for R2 f H mixed diastereomers 

are possible. In practice, two regioisomers were observed only from E) and 

(u), but mixed diastereomers were found among all products except (2) and (gf', 

where presumably only that with ois-fused ringo was formed to a measurable extent. 

Due to the instability of the hydroxypyrrolines, it was generally not possible to 

separate the mixed isomers, or to free them from the small amounts of lH-pyrroles. 

However, (2) was obtained pure, as was the mixture of diaetereomere WI, by 

recrystallisation, while washing with benzene freed the mixed diastereomers (7gl 
hg 

from the lff-pyrrole. 

and l3 

The hydroxypyrrolines vere characterised by IR (Table 21, 'H NHR (Table 3), 

C NHR (Table 4); bands due to lff-pyrrole contaminants were readily identi- 

fiable from the spectra of pure samples. 

TABLE 2 

IR Data (cIu-~) for hydroxypyrrolines (7-l and (El 

Medium 

Nujol 

Film 

Nujol 

Film 

Nujol 

Nujol 

'OH VC=R vc-o 

3190 1615 1115 

3270 1645 1110 

3190 1610 1120 

3290 1650 1140 
1105 

3110 1645 1040 
1025 

3160 1620 1155 
1095 



3534 P-K. Canu and M. p. Sm 

The presence of conjugation between the inine group and 

stituent was readily detected by the shift of vC_N in the IR to 

Lack of such conjugation in Cm was further confirmed by vC_C 

characteristic benzylic shift. 

TABLE 3 

a phenyl sub- 

lower frequency. 

which showed 8 

'H NMR Data (6: CDC131 for hydroxypyrrolines (7-l and (2) 

Compound H-3 H-4 OH 2-Subat. 3-Subet. I-subet. 5-Subst. 

(7a) 2.2-3.3(m) 3.10 1.36(s) 1.15(d) 7.3-7.5(3H,m) 
1.58(s) 7.7-7.9(2H,m) 

E 1.6-2.0(m) 2.4-2.7(a) 2.22 1.30(s) 1.96(s) 

(7cl 1.9-2.3(m) 2.9-3.1(m) 2.21 1.44(s) 7.3-7.5(3H,ml 
7.7-7.9(2H,m) 

(_7e)We_l 1.2-2.6(m) 2.3 1.26(e) 1.98(s) 
1.46(s) 

1.2-2.6(m) 

w 1.2-2.6(m) 7.1-7.5(m) 1.2-2.6(m) 

( 7g) 3.1-3.8(m) 2.80 1.12(s) 7.2-7.4(m) 7.4-7.6(3H,m) 
- 1.67(s) 7.8-8.0(2H,nl 

. 
In the LH NUR spectra the presence of mixed diastereomers was readily 

confirmed by the presence of two separate singlets for the 2-Me groups. For the 

mixed regioisomers (2) and (l&l, the ring proton signals for the heterocycle 

and the cyclohexane moieties were poorly resolved, but Cz wa3 identified from 

the He singlet at 6 1.98. 

TABLE 4 

13C NHR Data (6; CDC131 for hydroxypyrrolines (2 and (21 

Compound c-2 c-3 c-4 c-5 2-subst. 5-Subst. 

(@J 84.8 35.2 36.8 170.7 26.3 17.9 

(Ic) 86.9 34.6 36.7 169.3 28.1 134.6i 127.60. 
128.4mr130.53, 

(2, 83.5 43.2 34.2. 171.7 42.6* 19.5 

(12e) 03.7 43.5 46.6 174.9 27.0 33.6 
- 84.1 42.3' 47.3 176.2 29.8 34.04 

'* 101.9 45.7 47.4 182.9 
101.2 46.0 47.9 180.7 

it;.;}% :;:.o,}, 34.1 

12716~1 126:5p 

'21 103.2 54.0 39.6 171.3 24.4 
101.3 53.3 42.2 28.3 

The proposed structures were further confirmed from the 
13 
C NYR spectra 

(1H and off-resonance decoupled). , which clearly showed the presence of quaternary 

=P 
3 and imine carbon atoms. Where doubling of signale was observed due to mixed 

diastereomers, data for the moat abundant isomer are given first. For compound 

(21, and the mixture (_7e) and (21, aasignmente of signals with similar chemical 

shift8 marked with an asteriok are uncertain. For (2, the aryl region was too 

complex to permit assignmenta. 

Solutions of hydromyrrolines on standing in NHR tubea showed clean and 

essentially quantitative conversion into the corresponding lH-pyrroles @, over 

a range of tiuma varying from two days [for (7b) 1 to six days [for (&J 1. The 
exception was (ul which gave equal amounts of !sr, and the diketone (El. IR 

and 
1 n RRR data for the product lif-pyrroles are given in Table 5. 
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TABLE 5 

IR (Cm-‘) and ‘Ii NlIR (6; CDC13) Data for the lR-pyrrolee (8) HI 

?%&ound "NH 68 

‘2 3400 2.03(38, s), 2.20(3R, s), 6.27(1H, d), 7.0-7.4(5H, m), 
and 7.9l(lH, s, br) 

(g 3360 2.17(68, s), 5.70(28, d), and 7.50(1H, 8, br) 

(S 3410 2.27(38, s), 5.94(1H, m), 6.38(18, m), 7.15-7.45(5H, m), 
and 8.03(18, s, br) 

(8e) 3360 1.6-1.9(4H, A), 2.20(38, s), 2.4-2.6(4H, m), 5.63(lH, d), 
and 7.35(lH, s, br) 

(Ef) 3405 1.6-1.9(4H, m), 2.3-2.7(4H, m), 6.21(1H, d), 7.0-7.4(5H, m), 
and 7.75(1H, s, br) 

(8g) 3420 
- 

2.40(38, a), 6.50(1H, d), 7.0-7.5(10H, m), and 8.OO(lH, 8, 
br) 

Although the wchanism of the Paal-Knorr reaction with primary amines has 

been investigated recently, 10 and discussed earlier, 
11 

that with alamonia appears 

not to have been studied. Possible pathways for the reaction between hexane-2,4- 

dione and ammonia are shown in the Schema. 

SCHENE 

B 
-HZ0 

J 
E - 

n 
-Np 

H 
H 

-HZ0 
/ 

F 

L-l / 
N' 

In reactions with primary amines, 

isolated,""' 

intermediates of type L have been 

and very recently, those of type&: 12 however, with ammonia& 

apparently cyclises rapidly to the hydroxypyrroline L. It is uncertain whether 

this occurs directly, 
6,7,13 

as implied without supporting evidence in some recent 

publications, or via the enamine i, 

amineo.lO'll Likewise, ' 

as appears to be the case with primary 

it is not clear whether dehydration occurs directly from 

L, present to an undetectably small extent in equilibrium withz, or through the 

3H-pyrrole L. The route via L seems the more likely under basic conditions, and 

this would make e a true intermediate in the reaction sequenced * 2. 

A 2,5-dihydroxypyrrolidine irrtermdiate has been propoaed 14 in reactions 

with primary amincs. We were unable to detect such an intermediate, even after 

adding increasing amounts of water to the liquid ammonia, although to our surprise 
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the hydroxypyrroline L(z) was still isolable from the reaction between aqueous 

(0.880) ammonia and hexane-2,4-dione at S-LOOC. 

We thank the Croucher Foundation for a Studentship (for P.X.C.). 

EXPE RMENTAL 

Genera 1: IX Spectra were recorded on a Perkin-Elmer l57G instrument u8ing 

polystyrene in calibration. 1 H and13 C NXR spectra were recorded in CDC13 on a 

JEOL FX-900 spectrometer, with TWS as internal standard. 

Prrparation of the Ketones E), (A), and c&l. - Hexane-l,(-dione 2) 

and 1-phcnylpentane-1,4-dione (&) were purchased. 

3-Aoetyt-1-methyt-7-phenylpentane-7,4-dione (&I. To a mixture of pentane- 

2,4-dione (log, 0.1 mol) and anhydrouw potassium carbonate (41.4g) in refluxing 

acetone (100 ml) was ad&d dropJise a solution of phenacyl bromide (19.99, 0.1 m01) 

in acetone (50 ml). Refluxing was continued for 24 h, the solvent was evaporated 

(water pump) and the residue stirred with ether (150 ml). The ether extract was 

washed with water, dried (NgS04), evaporated, and the residue distilled to give 

3-acetyl-l-phenylpentane-1,4-dione, 13.89 (60%), b-p. 110°C/0.05 mmHg; urnax (film) 

1700, 1685, 1595, and 1580 cm-'; 6" 2.34(6H, s), 3.60(28, d, J 6.7 Hz), 4.30(1H, t, 

J 6.7 Hz), 7.4-7.6(38, m), and 7.9-8.1(2H, ml. The product (log, 0.045 mol) was 

dissolved in dry dimethyl sulphoxide (DJ4SO) (50 ml), and added to a slurry of 

sodium hydride (1.98g. 0.05 mol) in dry DI4SO (50 ml) under N2. After stirring for 

1 h at 25OC, methyl iodide (8.4g, 0.054 nvl) was added, and stirring continued 

overnight. The mixture was diluted with water (100 ml), extracted with ether (3x 

60 ml), the ether extracts were washed with water (3x100 ml) and dried '(NgS041. 

Evaporation of the solvent gave the product El, 5.lg (IOI), m.p. 60-61°C (95t 

EtOH); vmax (Nujoll 1700, and 1685 cm-'; 6" 1.57(38, sl, 2.20(68, a), 3.70(2H, 81, 

7.4-7.613H;m) , and 7.9~8.1(2H, m). (Pound: C, 72.35; H, 7.1. '14"16'3 
requires C, 72.4; H, 6.959). 

3-Bonrogl-3-methyl-~-phen~~pentano-~,l-d~one (9-l. 3-Benzoyl-l-phenyl- 

pentane-1,4-dione was prepared similarly (589) from 1-phenylbutane-1,4-dione and 
-1 phenacyl bromide, m.p. 80-Ol°C (95t EtOH), v_. (Nujol) 1720, 1695, and 1670 cm i 

6" 2.20(3H, s), 3.60(1", dd, J 6.7, 17.9 Hz), 3.78(1H, dd, J 4.4, 17.9 Hz), 5.30 

(lH, t, J 6.7 Hz), 7.4-7.6(38, ml, and 7.9-8.1(2H, ml (Found: c, 76.95: H, 5.0. 

C18H1603 requires C, 77.1; H, 5.75t). It was msthylated, as above to give tne 

triketone 91, IOI, m.p. 83-84'C (95% EtOH); umx 
h 

(Nujol) 1700, 1680, 1595, 1580 

and 1420 cm- : hH 1.63(3H, s), 2.23(3H, a), 3.79(iH, d, J 18.4 Hz), 3.95(1H, d, 

J 18.4 Hz), 7.3-7.5(3H, ml, and 7.7-7.9(2". m); (Found: C, 77.3; H, 6.25. 

ClgH1803 requires C, 77.5: H, 6.150. 

ethene15 

7,4-Diphenylbutane-1,4-dCone (=I . Prepared from l-phenyl-l-pyrrolidino- 

and phenacyl bromide according to Stork's procedure. 16 Yield 588, 

m.p. 144OC (95B EtOH) (Lit. 17 145OC), bH 3.46(4H, 81, 7.3-7.7(6H, ml, and 7.9-8.2 

(4H, ml. 

Z-(8-OxopropyZ~opctohezanono 5). Prepared similarly from l-pyrrolidino- 

cyclohexcne and bromoacetone. Yield 431, b.p. 68.5-72OC/3.5 mmHg (Lit. 1' 124-5OC/ 

16 _g) umax . (film) 1715, 1420, and 1350 cm": bH L-O-2.6(9H, ml, 2.17(38, s), 

and 2.7-3.2(2H, ml. 

2-PhenaoyZoyoZohetanone (S’S Prepared similarly from l-pyrrolidinocyclo- 

hexene and phenacyl bromide. Yield 629, m.p. 44-6OC (951 EtOH) (Lit.'* 47-8OCl, 

v (Nujol) 3050, 1715, and 1682 cm-'8 6" 

7%". m) 

l.l-2.6(8H, m), 2.7-3.8(3", ml, 7.3- 

, and 7.9-8.1(2H, ml. 
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7,3-Diphonylpentano-1,4-diono (2). I-Nitro-1,3-diphenyl-l-pentaI%oUly 

prepared from nitroethane and 1,3-diphenyf$openons using the method Of Smith, 

and its properties matched reported data. The nitroketone (6.8g, 0.024 ml) was 

stirred overnight with a solution of sodium hydroxide (1.25g) in aqueous ethanol 

(1:9; 100 ml). The mixture wae acidified (dilute "Cl) , extracted with ether (3~ 

50 ml), the ether extract was dried (NgSO,) and the solvent evaporated to give the 

79t, as a viacoum oil: 21 " 
-1 

product (21, 4.8g, 3050, 1720, 1690 and 1345 cm . . 
6” 2.17(3", s), 3.10(1", dd, J 3.5, 18 HZ), l.O%", dd, J 10, 18 Hz) , 4.47(1", dd, 

J 3.5, 10 Hz), 7.1-7.6(8H, m) and 7.9-E.l(ZH, ml. 

Preparation of the Rydroxypyrrolines (2 and (2). - The appropriate 1,4- 

diketons (lg) was dissolved in liquid ammonia (ca. 60 ml) in an insulated - 
container, and the ammonia was allowed to evaporate overnight. The last traces 

were removed in vaouo, and the product was examined by IR and NNR epectroacopy 

ilmnediately, without further purification. 

For the diketone (l&j, anrmonium chloride (SOmg) warn ad&d to the liquid 

mnis, the residue after evaporation vam taken up in benUns, the molution Was 

filtered, and the solvent was removed under reduced pressure to give the mixture 

of products. 

Results, and spectroscopic data are given in Tables 1-I. Products from 

the ketones (4-j and (9-I were separated from amide byproducts by dissolving in 

anhydrous ether, filtering, and evaporating the solvent. The hydroxypyrroline 

(2) was freed from ll-pyrrole (8c) by dissolving in ether and reprecipitating 

with light petroleum (b.p. 40-60°C), while the mixed diaetereomers (El were 

freed from the isomer (7f) and thelR-pyrrole E) by recrystallioing from benzene/ 

hexane. Contaminant lM-pyrrole (3) vas removed from (2 by wamhing the solid 

product with benzene. 

Reaction of Eexane-2,4-dione (2) uith Aqueous Ammonia. - The diketone 

(lg) was stirred with concentrated (0.880) aqueoum mnia (10 ml) at 5-10°C for 

10 h. The mixture vas diluted with water (20 ml), extracted with dichloroarethane 

(3x20 ml), the solution was dried (HgSO,), and evaporated to give a mixture (from 

‘H NMR) containing the hydroxypyrroline (2) (8011, together with diketone (2) 

and the ll-pyrrole (2. 
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