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Analogues of Hepatotoxic Pyrrolizidine Alkaloids : Synthesis and Esteri- 
f ication of 1 - Methyl-2,3-bishydroxymethyl-pyrrol idines and -3-pyrrolines 
(Synthanecines) and Corresponding Pyrrole Derivatives 
By A. Robin Mattocks, Toxicology Unit, Medical Research Council Laboratories, Woodmansterne Road, 

Several 2.3-bishydroxymethyl-pyrrolidine and -3-pyrroline derivatives (synthanecines) have been prepared as 
monocyclic analogues of the bicyclic necine bases which constitute the alcohol portions of many pyrrolizidine 
alkaloids. Thus, reduction of 2.3-bisethoxycarbonyl-I -methyl-3-pyrroline (IX) and of 2,3-bisethoxycarbony1-4- 
methoxy-1 -methyl-3-pyrroline (XII) with lithium aluminium hydride gives mainly the pyrrolidine (XI) (syntha- 
necine B) while reduction using di-isobutylaluminium hydride gives the pyrrolines (X) and (XIII) (synthanecines 
A and C, respectively). Some of the unsaturated synthanecine esters, such as the carbamate (XVII) have bio- 
logical effects similar to those of the toxic pyrrolizidine alkaloid monocrotaline (IV). Dehydrogenation of the 
3-pyrroline diesters (IX) and (XII) and reduction of the resulting pyrrole diesters (XXI) and (XXII) provides 
the corresponding bishydroxymethylpyrroles (XXIII) and (XXV). which behave as bifunctional alkylating 
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agents. 

MANY pyrrolizidine alkaloids which are esters of un- 
saturated necine bases such as retronecine (I) are toxic 
to various animal species, causing damage to  the liver 
and sometimes the lungs and other  organ^.^.^ The acid 
portions of the natural alkaloids are often complex, as 
in monocrotaline (IV) but simpler, semisynthetic esters 
such as di-isovalerylretronecine (11) can cause similar 
toxic effects when given in larger doses and the dicarb- 
amate (111) is more active, having about the same 
toxicity to rats as monocrotaline.6 

Synthetic analogues of the toxic alkaloids were re- 
quired for metabolic and toxicological studies. A syn- 
thesis of retronecine (I) has been described but it is 
lengthy and the overall yield is poor (< 1%). There is 

l F. L. Warren in ' The Alkaloids,' ed. R. H. F. Manske, 

E. K. McLean, Pharmacol. Rev., 1970, 22. 429. 
3 A. R. Mattocks in ' Phytochemical Ecology,' ed. J .  B. 

A. R. Mattocks, J. Chem. SOC. ( C ) ,  1969, 2698. 
ii R. Schoental and A. R.  Mattocks, Nature, 1960, la, 842. 

Academic Press, London, 1970, vol. XII, p. 245. 

Harborne, Academic Press, London, 1972, p. 179. 

much evidence that many or all of the toxic effects of 
pyrrolizidine alkaloids in animals are due to dihydro- 
pyrrolizine esters formed by metabolic dehydrogenation 
of the unsaturated (pyrroline) Thus, mono- 
crotaline (IV) would be metabolised in rat liver to labile 
didehydromonocrotaline (monocrotaline pyrrole) (V) ,g 

The saturated ring in the didehydropyrrolizidine nucleus 
is not involved in metabolism to a toxic pyrrolic inter- 
mediate and hence could be omitted. This has led, as 
mentioned in a preliminary report,6 to the preparation of 
a series of monocyclic analogues of the necine bases, 
which have been called synthanecines.lO Thus, syn- 
thanecine A is 2,3-bishydroxymethyl-l-methyl-3-pyrro- 
line (X), synthanecine B is the corresponding saturated 

A. R. Mattocks, Nature, 1971, 232, 476. 
T. A. Geissman and A. C. Weiss, J. Ovg. Chem., 1962,27,139. 
A. R. Mattocks, Chew-bid.  Interactions. 1972, 6, 227. 
A. R. Mattocks, J. Che'm. SOC. (C) ,  1969, 1166. 

la A. R. Mattocks in Proceedings of 6th International 
Congress on Pharmacology,' ed. T. A. Loomis, Karger A.G., 
Rasel, 1973, vol. 2, p. 114. 
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was readily distinguished and assayed by its N-methyl 
n.m.r. signal ( 6  2-44 compared with 2-53 for the required 
product) and separated by fractional distillation. With 
diazomethane, (VII) gave the enol ether (XII) which 
was isolated as its picrate. 

Reduction of the pyrroline (IX) with lithium alumin- 
ium hydride (LAH) , lithium borohydride, or sodium 
dihydrobis-(2-methoxyethoxy)aluminate led t o  mixtures 
containing predominantly synthanecine B (XI). How- 
ever, reduction with di-isobutylaluminium hydride gave 
good yields of the required synthanecine A (X). Simi- 
larly, when the methoxy-compound (XII) was treated 
with lithium aluminium hydride the main product was 
(XI), whereas reduction with di-isobutylaluminium 
hydride gave synthanecine C (XIII). The overall yields 
of crude synthanecines A and C from the crude pyrrolid- 
one (VII) were ca. 21 and 40% , respectively. 

@;::R (XYII) R = C O N H E t  
(=I R = CONMe2 

(XP) R = COC(Me) (Et) OMe 
(XPI) R = PO (OEt12 

Me 

. 0 RzCONEt2 
(XXI R = CO,Ph 

Synthanecine B (XI) was also made by lithium alumin- 
ium hydride reduction of 4-methoxy-1,2,3-trisethoxy- 
carbonyl-3-pyrroline (XIV), which was prepared from 
diazomet hane and 1,2,3-triset hoxycarbonyl-4-pyrrolid- 
one. The latter, previously described as an oi1,11p12 
was obtained crystalline. 

Synthanecines A-C and their esters were intractable 
gums which were best separated on alumina by ascending 
dry column chromatography (cf. ref. 13) and purified 
and characterised as their picrolonates. A series of 
esters of synthanecine A prepared by conventional 
methods, for biological studies, included the bis-2-meth- 
oxy-2-methylbutyrate (XV) and the bis(diethy1 phos- 
phate) (XVI). The carbamates (XVI1)-(XIX) were 
prepared from the bis(pheny1 carbonate) (XX) and the 
appropriate amines, while the dicarbamate (XVII) was 
also formed from synthanecine A and ethyl isocyanate, 
the amino-alcohol itself acting as basic catalyst. 

Spectra.-In their n.m.r. spectra the unsaturated 
synthanecines and their esters were easily distinguished 
from the saturated derivatives by their lower field N-  
methyl signals (6 2.45-2.52 compared with 2-32-240 
for the pyrrolidines), and by the characteristic H-4 
signal at 6 5-7-6.0 (except synthanecine C which showed 
an OMe singlet at 3.71). In synthanecine A (X) the 
3-CH2 signal was a singlet, 6 4.20, changed to 4 . 6 4 . 9  in 
the esters [and split to a doublet ( J  8 Hz) in the phosphate 
(XVI)]. The 2-CH, group gave a doublet, 6 3.66 (J  3 Hz) 
changed to  4 - 1 4 . 4  (J  4-5 Hz) in the esters [two 
pairs of doublets in (XV) and (XVII) *]. The H-2 and 
-5 signals were multiplets, 6 3-1-3.6, often very difficult 
to distinguish in 60 MHz spectra. 

11 I<. Kuhn and G. Osswald, Chem. Bey., 1956, 89, 1423. 
12 H. Rappor t  and C. D. Willson, J .  Amer. Chern. Soc., 1962, 

13 B. Loev and RI .  31. Gaodman, Clzem. and Ind. ,  1967, 2026. 
84, 630. 

(pyrrolidine) compound (XI), and synthanecine C is the 
4-methoxy-derivative (XIII). 

(I) R=H 
(II) R =  COCH,CHMe, 
(ID) R = CONHEt 

Me Ye re I 
Me 
I 

(IY) (PI 
The key intermediate, 2,3-diethoxycarbonyl-l-methyl- 

4-pyrrolidone (VI I), resulted from Dieckmann cyclisation 
of the triester (VI), which was prepared by reaction of 
diethyl fumarate with sodium sarcosinate followed by 

Me Me Me 
rn) 

M e 0  CH,OH 

( 3 - C H 2 0 H  

Cxm, 
E Me 

E = C 0 2  E t (rn) 
esterification (sarcosine ester failed to react with diethyl 
fumarate). The overall yield of crude (VII) was 40%. 
Reduction of (VII) with sodium borohydride gave the 
hydroxypyrrolidine (VIII) which was dehydrated in 
pyridine using phosphoryl chloride or (better) tosyl 
chloride to the pyrroline diester (IX). The latter, when 
crude, always contained some starting material which 

* These are attributed to  non-equivalence of these protons 
cluc to  restricted rotations of the C-CH,- ester system (JAB 
11 Hz). Similar splittings have been observed for the 9-protons 
in some pyrrolizidine ester alkaloids (L. B. Bull, C. C .  J. Culvenor, 
and A. T. Dick, ‘ The Pyrrolizidine -4lkaloids,’ North Holland, 
Ainstcrdam, 1968, p. 44). 
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In the i.r. spectra, all the N-alkyl-pyrrolidines and 
-pyrrolines examined showed a characteristic band a t  
2790-2800 cm-l. This was not seen in the correspond- 
ing pyrroles or N-acyl derivatives, or in the pyrrolizidine 
series, and was attributed to the 5-methylene group. 

Pyrrole Derivatives.-The unsaturated synthanecines 
(A and C) and their esters could be converted into the 
corresponding pyrrole derivatives by the methods pre- 
viously employed for dehydrogenation of unsaturated 
pyrrolizidine  alkaloid^.^^ l4 When their chloroform solu- 
tions were treated with 2,3-dichloro-5,6-dicyano-1,4- 
benzoquinone (DDQ), or heated with chloranil, and then 
Ehrlich reagent l5 was added, intense magenta colours 
were produced. They could be detected on t.1.c. by 
spraying with Ehrlich reagent following dehydrogenation 
to pyrroles with iodine vapour.14 

The best preparative route to the bishydroxymethyl- 
pyrroles (XXIII) and (XXV) was lithium aluminium 
liydride reduction of the 2,3-bisethoxycarbonyl-l- 
methylpyrroles (XXI) and (XXII) which were made by 
dehydrogenation of the pyrrolines (IX) and (XII) with 
DDQ. Like didehydroretronecine (retronecine pyrrole) 
(XXVI),9 the pyrrole alcohols (XXIII) and (XXV) gave 
intense colours with Ehrlich reagent 570 and 546 
nm respectively), formed red polymers in the presence 
of acid , and alkylated 4-&nitrobenzylpyridine to blue 
derivatives. Their esters were more reactive alkylating 
agents than the alcohols and were unstable in the presence 
of acids and moisture. The bis-(N-ethylcarbamate) 
(XXIV) was prepared from the alcohol and ethyl 

RQ02Et Q,OR M e O S 2 O H  ' C 0 2 E t  ' CH20R ' CH,OH 
N 

Me Me Me 

(XX) R = H  (xxml R = H  (xxp) 
0 R=OMe (XXIWR=CONHEt 

(xxm (xxm) (XXVIII) 
isocyanate, while the labile diacetate (XXVIII) was pre- 
pared from synthanecine A N-oxide (XXVII) and acetic 
anhydride (cf. refs. 9 and 14). Like the pyrrolic deriva- 
tives of pyrrolizidine alkaloids, these esters were capable 
of cross-linking DNA in vitro l6 and of causing cytotoxic 
effects in 

Several of the synthanecine esters including the carb- 
amates (XVI1)-(XIX) and the phosphate (XVI) were 
metabolically dehydrogenated to pyrrolic derivatives by 
rat liver in vivo and caused toxic effects in animals similar 
to if not identical with those produced by pyrrolizidine 
a1 kaloids.6 

l4 C .  C. J .  Culvenor, J .  A. Edgar, L. IT. Smith, and H. J .  
Tweeddale, Austral. J .  Chon. ,  1970, 23, 1853. 

EXPERIMENTAL 

M.p.s are corrected. 1.r. spectra were recorded with a 
Perkin-Elmer 457 spectrophotometer for liquid films unless 
otherwise stated. Only bands useful for characterisation 
are listed. N.m.r. spectra were recorded a t  GO MHz using 
Perkin-Elmer R10 or R12B spectrometers, using deuterio- 
chloroform solutions unless otherwise stated. Extracts 
were dried using anhydrous sodium sulphate. T.1.c. was 
run on silica gel plates (Macherey-Nagel G25) using ethyl 
acetate-acetone-ethanol-aqueous ammonia (d 0.88) 
(5 : 3 : 1 : 1 v/v) as solvent. Hydroxymethylpyrroles were 
detected by spraying with an  Ehrlich reagent containing 
boron trifluoride.15 Hydroxymethyl-3-pyrrolines and their 
esters were detected by exposing the dried plate to iodine 
vapour,14 then spraying with the Ehrlich reagent. Syn- 
thanecine A derivatives gave blue spots ; synthanecine C 
derivatives gave magenta spots. Synthanecine B gave a 
brown spot with iodine (no Ehrlich colour). 

EhrZich Reaction.-To the pyrrole derivative, in diethyleiie 
glycol dimethyl ether or ethanol (1 ml) was added Ehrlich 
reagent containing boron trif l~0ride.l~ The solution was 
heated a t  55-60' for 5 min, cooled, diluted with acetone, 
and the absorption spectrum of the magenta solution was 
recorded using a Unicam SP 800 spectrophotometer. 

-4 ZkyZation Reaction.-To the pyrrole derivative (0.2-1 -0 
mg) in acetone (1 ml) was added 4-p-nitrobenzylpyridine 
(0.2-0-5 g )  and water (0.2-0.5 ml), and the mixture was 
heated in a water-bath a t  80-95' for 1 min, cooled, and 
triethylamine added. Development of a mauve or blue 
colour showed that the pyrrole was acting as an alkylating 
agent.g 

DiethyZ (N-EthoxycarbonyZmethyZ)-2-methyZaminosuccinate 
(VI).-A solution of sarcosiiie (89 g, 1 mol) and sodium 
hydroxide (40 g, 1 mol) in water (120 ml) was evaporated 
under reduced pressure and the thoroughly dried sodium 
salt was suspended in absolute ethanol (150 nil) and diethyl 
fumarate (172 g, 1 mol). The mixture was heated under 
reflux for 4 h, cooled in ice, saturated ethanolic HC1 (500 ml) 
was added, and the milky suspension (containing NaC1) 
was saturated with dry HC1 and kept a t  room temperature 
for 7 days. Most of the ethanol and HCl were removed 
under reduced pressure, the residue was taken up in water 
(300 ml), and the solution washed with ether (2 x 100 ml), 
basified with ammonia solution (cooling), and extracted with 
ether (3 x 200 ml). The basic extracts were dried and the 
solvent evaporated to give the crude product (165 g, 57%). 
Distillation gave an oil, b.p. 128-130' a t  0.6 mmHg, nD22 
1.4438 (Found: C, 54.1; H, 8.0; N, 4.6. C1,H,3N0, re- 
quires C, 54.0; H, 8.0; N, 4.8%); vmx. 1730s cm-l (ester), 
6 1-24, 1.27, and 1-29 (3 x 3H, t, ester Me), 4.15, 4.17, and 
4.20 (3 x 2H, q, ester CH,), 2.46 (3H, s, NMe), and 3.43 
(2H, s, NCH,). 

DiethyZ 1 -MethyZ-4-oxopyrroZidine-2,3-d~carboxylnte (VI I). 
-A suspension of powdered sodium (4.1 g) in benzene (300 ml) 
and the crude triester (VI) (50 I;) was stirred for 1 h, heated 
under reflux for 1 h, then cooled and shaken with 3 lots of 
water (100 + 20 + 20 ml). The combined aqueous extracts 
were washed with ether (2 x 50 ml), adjusted to pH 6.5 with 
HCI, extracted with chloroform (3 x 100 ml), and the 
chloroform extracts dried and concentrated to  give the 
crude PyvroZidone (29.5 g, 70%). Distillation gave an oil, 
b.p. 120-140" at 1-2 mmHg, nD21 1.4615, vmarr. (CHCl,) 

l5 A. R. Mattocks, Analyt. Chew. ,  1968, 40, 1749. 
l6 I.  N. H. White and A. K. Mattocks, Biochem. J . ,  1972, 128, 

291. 
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1740s (ester) and 1780ni cin-l (GO),  6 1.30 (6H, t, ester Me), 
4-25 (4H, q, ester CH,), and 2-55 (3H, s, NCH,). The 
picrate formed yellow prisms, m.p. 108" (from ethanol-ether) 
(Found: C, 43.2; H, 4.2; N, 12.1. C1,H,,N,Ol2 requires 
C, 43.2; H, 4.2; N, 11.9%). Thepicrolonate formed yellow 
blades (from ethanol), m.p. 148-149" (Found: C, 49.3; H, 
4.8; N, 14.0. C,1H,,N501, requires C, 49.7; H, 4.9; N, 
1308%). 

Diethyl 4-Hydroxy- l-methylpyrvolidine-2,3-dicarboxylate 
(VIII).-To a stirred solution of the crude pyrrolidone (VII) 
(50 g) in ethanol (400 ml), maintained at  -5 to O", was 
added a solution of sodium borohydride (9 g) in ethanol (150 
ml), portionwise, during 30 min. The mixture was kept 
at - 5  to 0" for 2 h, then acidified with HCl(80 ml in 200 ml 
water) below -5", and the ethanol removed under reduced 
pressure (rotary evaporator). The aqueous liquor was 
washed with ether (3 x 50 ml), basified with ammonia 
solution, and extracted with ether (3 x 100 ml). The 
combined basic extracts were dried and concentrated to give 
a brown oil (22 g, 44%). Distillation gave the Izydfpoxy-ester 
as an oil, b.p. 126' at 0.4-0.5 mmHg, nDZ2 1.4608 (Found: 
C, 54.1; H, 7.9; N, 5.5. Cl1Hl,NO5 requires C, 53.9; H, 
743; N, 5*7y0), vmx. 3420m (OH) and 1730s cm-1 (ester), 
6 1.28 (6H, t ,  ester Me), 4-19 (2H, q, 3-ester CH,), 4.24 (2H, 
q, 2-ester CH,), and 2.44 (3H, s, NMe). The picrolonate 
formed blades (from ethanol), n1.p. 159-160" (Found: C, 
49.2; H, 5.2; N, 13.8. C,,H,,N,O,, requires C, 49-5; H, 
5-3; N, 13.7%). 

Diet hy I 1 -Methyl- 3 -pyrroZine- 2 , 3-dicarboxylate (I X) .-(a) 
To a solution of crude liydroxypyrrolidinc (VIII) (15 g) in 
pyridine (60 ml) was added toluene-p-sulphonyl chloride 
(15 g) in pyridine (60 ml). The mixture was heated on a 
steam-bath for 20 min, then about two thirds of the pyridine 
was evaporated under reduced pressure (water pump) at  
100". To the residue was added water (60 ml) and hydro- 
chloric acid (20 ml) and the solution was washed with ether 
(4 x 50 ml), basified with ammonia solution, extracted with 
ether (4 x 50 ml), and the dried (K,CO,) basic extracts 
concentrated, finally at loo", under reduced pressure to 
remove pyridine, leaving an oil (13.1 g ,  94%). Distillation 
through a short column of glass helices gave the pure 
pyrroline, b.p. 115-120" at  0.2-0.3 inmHg, nDZ2 1.4660 
(Found: C, 57.8; H, 7.5; N, 6.1. C11H17N0, requires C, 
58-1; H, 7.5; N, 6.2%), vmx 2800ni (5-CH,), 1735s (ester), 
and 1650w cm-l (C=C), 6 1.27 (6H, t, ester Me), 4.19 (2H, q, 
3-ester CH,), 4.21 (2H, q, 2-ester CH,), 2.53 (3H, s, NMe), 
4.20 (lH, s, H-2), 3.5-4-0 (2H, m, H-5), and 6.90 ( lH,  t, 
H-4). Higher boiling distillates contained some starting 
material, easily assayed by its NMe signal a t  6 2-44. The 
fiicrate formed leaflets (from ethanol), m.p. 135" (Found: C, 
4443; H, 4.3; N, 12.4. C17H2,N4011 requires C, 44.7; H, 
4.4; N, 12.3%). 

(b) To the crude hydroxy-ester (VIII) (5-4 g) in pyridine 
(40 ml) was added a t  0" a solution of phosphoryl chloride 
(5.5 ml) in pyridine (20 ml). The mixture was allowed to 
warm to room temperature during 5 min, heated on a steam- 
bath for 1 min, then kept 30 min a t  room temperature. 
About two thirds of the pyridine was removed a t  100" 
under reduced pressure and the residue was shaken with 
saturated aqueous sodium hydrogen carbonate (50 ml) , 
extracted with ether (3 x 50 ml), and the extracts combined, 
dried, and concentrated to a brown oil (3-5 g, 70%) which 
was distilled as for (a). 

Diethyl 4-~ethoxy-l-methyZ-3-~yrroli~ze-2,3-dicarbo~ylate 
(X11).--4 solution of diazomethane in ether was added 

portionwise to the pyrrolidone (VII) (30 g), in ether, until 
an excess was present as shown by a blue colour when a 
drop of the mixture was added to 4-p-nitrobenzylpyridine 
in acetone. The mixture was kept a t  room temperature 
overnight, the presence of an excess of diazomethane was 
confirmed, and the solvent was removed under reduced 
pressure. The resulting oil (30 g) was dissolved in ethanol 
(100 ml), picric acid (27 g) in acetone (100 ml) was added, 
and after concentrating and cooling the solution the 
picrate of the methoxypyrroline was collected (38 g, 67%). 
Recrystallisation from ethanol gave yellow prisms, m .p. 
122" (Found: C, 44.3; H, 4.5; X, 11.6. C1,H,,N401, re- 
quires C, 44.4; H, 4.5; N, 11.5%). The picrate (5 g) in 
acetone-methanol, was passed through a column (30 x 2-5 
cm) of anion-exchange resin (AG1 x 10; OH form). Con- 
centration of the eluate gave the pyrroline as an oil (2.64 g, 
1OOyo) , H , ~ ~  1.4880, reaction neutral to wet pH paper, A,,,, 
(water) 250 nm; vmE 2800m (5-CH2), 1730s (2-ester), 1690s 
(3-ester), and 1650s cm-l (C=C), 6 1.23 (3H, t ,  3-ester Me), 
1.28 (3H, t, 2-ester Me), 4.16 (2H, q, 3-ester CH,), 4-21 (8H, 
q, 2-ester CH,), 2-52 (3H, s, XMe),  3.92 (3H, s, OMe), and 

Triethyl 4-Methoxy-3-pywoline- 1 , 2,3-tricarboxylate (XIV) . 
-Triethyl 4-oxopyrrolidine- 1 , 2, 3-tricarboxylateJ prepared 
according to Kuhn and Osswald l1 as modified by Rapoport 
and Willson,12 crystallised after being kept in a deep-freeze, 
forming rectangular plates [from ether-light petroleum 
(b.p. 40-60")], m.p. 52-54" (Found: C, 51.8; H, 6.4; N, 
4.6. Calc. for Cl,Hl,NO,: C, 51.8; H, 6.3; N, 4.6%), v~, , ,~ .  
(KBr) 3400w (OH, enol), 1780m (C=O), 1745s, 1718s (CO,Et), 
1675m, and 1635w cm-l, 6 1-30 (9H, t, ester Me), 4.1-4.3 
(8H, ester CH, and H-6), and 5.08 (lH, H-2). 

This keto-ester, in ether, was treated with a solution of 
diazomethane in ether until effervescence ceased and a 
slight excess of (yellow) diazomethane was present. After 
30 min the ether was evaporated to give the methox-v- 
pyrroline as a viscous oil (looyo) which crystallised on 
keeping in a deep-freeze and formed plates, m.p. 68-69' 
[from ether-light petroleum (b.p. 40-60")] (Found: C, 
63-6; H, 6.6; N, 4-6. C14H,,N07 requires C, 53.3; H, 6.7; 
N, 4 ~ 4 % ) ~  vmax (KBr) 1745s (2-ester), 1700-1701s (1- and 
3-ester), and 1645m (conj. C=C) cni-l, 6 1.26 (9H, t, ester 
Me), 4.17 (6H, q, ester CH,), 3-95 (3H, s, OMe), 4.49 (2H, 
d, J 3 Hz, H-5), and 5-10 (lH, t, J 3 Hz, H-2). 

2,3-Bishydroxymethyl- 1-methyl-3-pyrroline (Synthanecine 
A )  (X).-To a solution of the diester (IX) (9.5 g) in toluene 
(60 ml) was added with stirring and cooling to 30-35" 
during 15 min a solution of di-isobutylaluminium hydride 
(DIBAH) (36 g) in toluene (75 ml). The solution was kept 
at room temperature for 1 h, ethyl acetate (15 ml) was added 
to consume the excess of DIBAH, followed after 5 min by 
acetone (150 ml) and Hyflo supacel filter-aid (30 g), then, 
very slowly with cooling to 30-35", methanol (30 ml). 
The mixture was shaken vigorously until gelling occurred 
(ca. 5 min), then filtered (pump) and the residue washed 
with acetone (100 ml). The filtrates and washings were 
discarded. The solid residue was freed from solvents under 
reduced pressure, stirred with water (150 ml) during 30 min, 
then the water was evaporated (rotary) and the solids were 
extracted with hot chloroform containing 25% methanol 
(5 x 100 ml). The combined extracts were concentratecl 
under reduced pressure to a gum which was re-extracted 
repeatedly with ether. The combined ether extracts were 
concentrated to give the crude amino-alcohol as a gum 
(4.28 g, 72%). The base formed a picrolonate as leaflets 

4.21 (lH, S, H-2). 
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(from ethanol), m.p. 176" (decomp.) (I;ouncl: C, 50-1; H, 
6.4; N, 17.0. C7H,3N02,Cl,H8N40, requires C, 50.1; H, 
5.2; N, 17-20/;). The base, recovered from the picrolonate 
using anion-exchange resin and purified by molecular distil- 
lation, was a gum, RF 0.34 (Found: N, 9.8. C7H13N0, re- 
quires N, 9-8%), v,,, 3330s,br (OH), 2790s (S-CH,), and 
1650w cm-l (C=C), 6 2.46 (3H, s, NMe), 3.1 (LH, H-2), 3.4 
(2H, H-5), 3.6-4.2 variable (2H, OH), 3.66 (2H, d, J 3 Hz, 
2-CH2), 4.20 (BH, s, 3-CH2), and 5.75 ( lH,  H-4). 

The diacetyl derivative, prepared from the base and acetyl 
chloride, was an oil, nD20 14640, b.p. 175-180" at 0.9-1.0 
miiiHg, R p  0.81 (Found: N, 5.7. CllHl,NO, requires N, 
6-20;), vmx 2780111 (5-CH,) and 1740s cm-l (ester), 6 2-08 
(6H. s, acetyl Mc), 2.52 (3H, s, NMe), 4.17 (2H, d, J 5 Hz, 
2-CH,), 4-6i (2H, s, 3-CH2), and 5.85 ( lH ,  s, H-4). 

%,3-Bis- (S-ethylcarbamoyloxymethyl) - l-methyl-3-pyvvoline 
(XVII).-(a) Synthanecine A (X) (0.5 g) was heated under 
reflus with ethyl isocyanate (3.5 ml) for 1 h, then the excess 
of reagent was removed under reduced pressure. The 
residue was dissolved in dilute HC1, the solution washed 
with ether, basifietl with ammonia solution, and extracted 
four times with ether. The combined basic extracts were 
dried and Concentrated to give a viscous oil (0-7 g, 7074). 
This formed a picrolonate as needles (from ethanol), m.p. 
122-123" (efferv.) (Found: C, 48.9; H,  5.6; K, 17.4. 
Cl,H23N,04,C,,H,N,0,,H,0 requires C, 48-7 ; H, 5-8; N, 
17.3%). The base, recovered from the picrolonate using 
anion exchange resin and purified by molecular distillation, 
was a water soluble gum, RF 0.73 (Found: M, 14.3. C13H23- 
N,O, requires N, 14-70,',), vmx. 3330m (NH), 2790m (5- 
CH,), and 1700s cm-l (CO), 6 1.12 (6H, t, ethyl Me), 2.50 
(3H, s, NMe), 3-20 (4H, double q, J 7, 7 Hz, reduced to q by 
deuterium exchange, ethyl CH,), 3.5-3.7 (3H, m, H-2, 4, 
4.01 and 4.27 (2H, 2 x 2d, J 4 Hz, 2-CH2), 4.61 (2H, s, 
3-CH2), fi.35bl- (2H, NH), and 5.75 ( lH,  s, H-4). 

(b) This carbaniate was also prepared (30% yield) by the 
action of ethJ7lamine on the bisphenylcarbonate (XX) 
(below). 

Bis-( NS-dietl~ylcarbanzate) (XIX) .-Phenyl chloroformate 
(2.5 nil) was added with stirring to a solution of compound 
(X) (1 g)  in pyridine (12 ml). After 1 h at room tempera- 
ture the mixture was diluted with water (20 ml) (ice-cool- 
ing), made acid (HCl), washed with 3 lots of ether, basified 
with ammonia solution (cooling), and extracted with ether 
(3  x 30 ml). The combined basic extracts were dried and 
concentrated under reduced pressure to give the crude bis- 
phenylcarbonatc (XX) as a viscous oil (2.8 g, 1 0 0 ~ o ) ,  RF 
0.76, vmax. 3070~-  (arom.), 2790m (5-CH2), and 1763s cm-1 
(CO), 6 2.52 (3H, s, NMe), 3.4-3.8 (2H, in, H-5), 4.37 (2H, 
d, J 6 Hz, 2-CH2), 4-90 (2H, s,  3-CH2), 6.0 (lH, H-4), and 
7.2-7.4 (lOH, arom.). 

'l'his crude product (1.3 g) was dissolved in diethylamine 
(8 nil), kept 16 h at room temperature, then heated under 
reflux for 2 h, and the excess of amine removed at 100" 
under reduced pressure. The residue was dissolved in ether 
and the solution shaken for 1 min with N-sodium hydroxide 
(to remove phenol), then with water. The combined 
aqueous phases were re-extracted with ether and the extract 
combined with the original ether solution, dried , charcoaled, 
and concentrated under reduced pressure to give the bis- 
diethylcarbainate as an oil (0.865 g, 73y0), RP 0.80 (Found: 
C, 59.8; H, 9.3; N, 11.5. Cl,H,,N,04 requires C, 59-8; H, 
9.1; N, 12.3%); vmx. 2780m (G-CH,) and 1700s cm-1 (CO); 
6 1.12 (12H, t, ethyl CH,), 2-49 (3H, s, N-Me), 3-28 (8H, q, 
ethyl CH,), 4.10 (2H, d,  ./ 5 Hz, 2-CH2), 4.62 (2H, s, 3-CH2), 

and 5-73 ( lH ,  H-4). The picrolonate formed prisms (from 
ethanol), m.p. 116" (Found: C, 53.7; €I, 6.4; N, 16.3. 
C17H,1~304,C1,,H8N,05 requires C, 53.6 ; H , 6-4 ; N, 16.2 %) . 

Bis(dzethyl phosphate) (XVI) .-Diethylphosphoryl 
chloride l7 (5 g)  was added slowly, with stirring, to a solution 
of compound (X) (1.5 g) in pyridine (20 ml). After stand- 
ing at room temperature for 1.5 h the pyridine was removed 
at 100" under reduced pressure, benzene (20 ml) w-as added, 
and again evaporated under reduced pressure. The residue 
was dissolved in dilute HC1 (30 ml) and the solution washed 
with chloroform (4 x 20 ml) (Caution: the extract con- 
tained highly toxic tetraethyl pyrophosphate) . The 
aqueous phase was basified with ammonia solution, ex- 
tracted with chloroform (3 x 20 ml) and the combined 
basic extracts dried and concentrated under reduced pres- 
sure to give a brown oil. This was dissolved in ether (30 
nil), charcoaled, filtered, and the solvent removed to give 
the bis(diethyZ phosphate) as a slightly viscous oil (Found : N, 
3.9; P, 14.1. Cl,H,lN08P, requires N, 3.4; P, 14.9y0), 
v,, 2780111 (5-CH2), 1260s ( P O ) ,  1165m (POEt), and 
1020vs,br cm-l (POCH,), 6 1-34 (12H, t ,  ethyl Me), 2.51 
(3H, s, NMe), 4.14 (8H, in, ethyl CH,), 4.63 (2H, d,  J 8 Hz, 
3CH,), and 5.90 ( lH ,  s, H-4). 

Bis-( 2-u)zethox~-2-11tetlzylbutymte) (XV) .-A suspension of 
sodium hydride (5.4 g) in dimethyl sulphoside (120 nil) was 
stirred a t  35---45" for 1 11 before adding methyl 2-11ydroxy-2- 
methylbutyrate l8 (10 g )  and stirring a t  room temperature 
for 2 h. Methyl iodide (45 g) was added slowly, and the 
mixture stirred for 48 h at rooni temperature, then shaken 
with water (100 1111) , and extracted with ether (3 x 80 ml). 
The combined extracts were dried, the ether reniovecl at 
atmospheric pressure, and the residue distilled. The frac- 
tion, b.p. 152-160" (6  g), contained cn. 8004 methyl 
2-methoxy-2-methylbutyrate (i) and 207; unchanged 
hydroxy-ester (ii),  6 0.88 [t, Me, (i) + (ii)], 1.38 [s, C-Me, (i)j,  
1-40 [s, C-Me, (ii)], 3.28 [s, OMc, (i)], 3-76 [s, ester Me, (i)], 
and 3.80 [s, ester Me, (ii)]. 

This mixture was heated under reflux with sodium liydr- 
oxide solution (60 nil, 107;) for 1 h, cooled, washed once 
with ether, made acid (HCl), extracted with ether (3 x 50 
nil), and tlic coiiibined acid extracts dried and concentrated 
to  give the mixed acids ( 4 2  g) as a viscous liquid. This 
was dissolved in benzene (6 ml), oxalyl chloride (4 ml) was 
added, and the mixture kept at 3 5 4 5 "  for 2-5 11, then 
fractionally distilled under reduced pressure to give 2-meth- 
oxy-2-methylbutyryl chloride (1.5 g, 32%), b.p. 63" at ca. 
30 mmHg, nDel 1.4300, v,,,~~. (CHCI,) 1780s cm-l (CO), 6 0.94 
(3H, t, Me), 1-46 (3H, s, CMe), 1.88 (2H, q, CH,), and 3.35 
(3H, s, OMe). 

To a solutioii of compound (X) (0.2 g) in pyridine (5 ml) 
was added the above acid chloride (0.7 g). The mixture 
was kept 1 h at room temperature, then 20 niin at 88-90", 
poured into ice-water, made acid with HC1 and washed 
with 3 lots of ether. The aqueous solution was basified with 
ammonia solution (cooling), extracted with chloroform 
(3 x 20 ml), the combined basic extracts dried, and the 
chloroform and pyridine removed at 100" under reduced 
pressure. The brown residue was dissolved in ether, char- 
coaled, and the solvent evaporated to give the bis-(2-meth- 
oxy-2-methylbutyrate) (XV) as an oil (0.29 g, 56%), vmx. 
2780m (5-CH2) and 1735s cm-l (CO), 6 0.88 (6H, t, Me), 1.39 
(6H, s, CMe), 1.79 (4H, q, CH,), 2.51 (3H, s, KMe), 3.28 

li F. R. Atherton, H. T. Howard, and A. R.  Todd, J. Chem. 

lA A. H. Mattocks, J .  ChPiiL. Soc., 1964, 1918. 
Soc., 1948, 1106. 
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(6H, s, OMe), 4.12 and 4.39 (2H, 2 x 2d, J 4 Hz, 2-CH2), 
4-75 (2H, s, 3-CH2), and 5-85 ( lH,  s, H-4). The picrolonate 
formed blades (from ethanol-ether), m.p. 126-127" 
(Found : N, 11.3. Cl,H3,N06,Cl,H8N40, requires N, 
11.0%). 

2,3-Bis hydroxywzet hyl-4methoxy- 1-met hyl-3-pyrroline 
(Synthanecine C )  (XIII) .-To a solution of 2,3-bisethoxy- 
carbonyl-4-methoxy- 1-methyl-3-pyrroline (4.9 g) in toluene 
(15 ml) was added portionwise, during 10 min, a solution of 
di-isobutylaluminium hydride (15.4 g, 6 equiv.) in toluene 
(55 ml). During the addition, spontaneous heating to 
reflux occurred. The mixture was heated for 20 min on a 
steam-bath, then decomposed with methanol (15 ml) with 
shaking and cooling to 25-35" until gelling occurred. The 
gel was broken up, the solvent removed under reduced 
pressure, and the solid powdered and washed twice with 
ethanol (pump), and the washings discarded. The powder 
was stirred with water (20 ml) for 30 min, dried under 
reduced pressure, and extracted with 4 lots of chloroform. 
The combined chloroform extracts were concentrated to give 
the crude amino-alcohol as a gum (2 g, 61%). T.1.c. showed 
the main component, synthanecine C, RF 0.40, with small 
amounts of its corresponding pyrrole, R F  0.48, as well as 
another pyrroline, RF 0.33 and another pyrrole, RF 0-71. 
The picrolonate formed blades (from ethanol), m.p. 143" 
(decomp.) (Found: C, 49.7; H, 5-3; N, 16.2. C,H,,NO,,- 
Cl,H,N,O, requiresC, 49.4; H, 5-3; N, 16-0%), 6 [(CI>,),SO- 
CDCl,] 2.41 (3H, s, picrolonate Me), 3-02 (3H, s, NMe), and 
3-76 (3H, s, OMe). 

The base, recovered from the picrolonate using anion 
exchange resin in methanol, was a gum, vmax. 3340s (OH) and 
1690s cm-l (C=C), 6 2-45 (3H, s, NMe), 3.3 (OH), 3.42 (H-5), 
3-63 (2H, d, J 3 Hz, 2-CH2), 3.71 (3H, s, OMe), and 4-2 (2H, 
m, 3-CH2), no U.V. absorption above 215 nm (in H,O). 

2,3-Bishydroxyrnethyl-l-methylpyrrolidine (Synthanecine 
B )  (XI).-(a) Compound (XII) (8.4 g) and lithium aluniin- 
ium hydride ( I7 g)  in ether (300 ml) were heated under reflux 
for 1 h. The cooled mixture was decomposed with dilute 
sodium hydroxide solution, the ether was decanted, and 
the wet solids stirred with hot ethanol (150 ml). Chloro- 
form (50 ml) and Hyflo supacel (15 g) were added, the 
mixture filtered, and the filtrate concentrated to  a gum 
which was re-extracted with hot chloroform. This extract 
together with the original ether was dried and the solvents 
evaporated to give a brown gum (4.8 g). This was con- 
verted to a picrolonate (7-6 g) which formed yellow needles 
(from ethanol), m.p. 192" (Found: C, 49-9; H, 5.7; N, 17.1. 
C7Hl,N0,,C,,H8N40, requires C, 49.9; H,  5-6; N, 17.1%). 
The base, recovered from the picrolonate using anion- 
exchange resin and purified by molecular distillation, was a 
gum, RF 0.27 (Found: C ,  57.9; H, 10.1; N, 9-8 C7Hl,N0, 
requires C, 57.9; H, 10.3; N, 9.7%), vmx 3340s (OH) and 
2800s cm-l (5-CH2), 6 2.32 (3H, s, NMe), 3.5-343 (4H, 2- 
and 3-CH2), and 4.3 (2H, s, OH). The diacetate was an oil, 
nD2, 1.4580, b.p. 90" at 0-25 mmHg (Found: C, 57-3; H,  
8.4; N, 6.4. Cl1Hl,NO4 requires C, 57.6; H,  8-3; N, 6.1 %), 
v,, 2780m (5-CH2) and 1740s cm-l (ester), 6 2-08 (6H, s, 
acetyl Me), 2-40 (3H, s, NMe), 4.04 (2H, d, J 6 Hz, 3-CH2), 
and 4.15 (2H, d, J 5 Hz, 2-CH2). 

(b) Triethyl 4-methoxy-3-pyrroline- 1,2,3-tricarboxylate 
(3 g) and lithium aluminium hydride (2 g )  in tetrahydrofuran 
(THF) (30 ml) were heated under reflux for 4 h after the 
initial reaction had subsided. The mixture was cooled, 
decomposed with dilute sodium hydroxide solution, and 
filtered (pump). The solids were extracted with hot 

ethanol (20 ml), then chloroform (10 ml), the combined 
extracts evaporated to  dryness, and the residue re-extracted 
with hot THF. This extract was combined with the THF 
filtrate from the reaction mixture and the solvent removed 
under reduced pressure to  give the product as a gum (1 g ,  
73y0), essentially the same (t.1.c. and spectra) as the crude 
product of (a). 

Reduction of Pyrroline (IX) .-(a) W i t h  l i thium aluminium 
hydride. The pyrroline (IX) (1  g) was reduced in the way 
already described for the 4-methoxy-analogue to  give a gum 
(0-39 g, 63%) which contained about equal amounts of 
2,3-bishydroxymethyl-1-methyl-3-pyrroline and 2,3-bis- 
hydroxymethyl- I-methylpyrrolidine (synthanecines A and 
B) as shown by n.m.r. spectra (N-methyl signals at 6 2-46 
and 2-32 respectively). 

(b) W i t h  lithium borohydride. Anhydrous lithium bro- 
mide (1.2 g) was added to a solution of sodium borohydride 
(0.5 g) in diethylene glycol dimethyl ether (diglyme; 15 ml) 
and the mixture stirred for 10 min. The pyrroline (IX) 
(1 g) was added and the mixture was heated on a steam-bath 
for 1 h, cooled, poured into water (15 ml), and acidified 
dropwise with HCl. The solution was washed with ether, 
basified (Na,CO,), washed again with ether, evaporated t o  
dryness, and the residue extracted with 3 lots of warm 
chloroform. The combined chloroform extracts were con- 
centrated to give a gum which was re-extracted with ether. 
Evaporation of the ether gave a gum (0.23 g, 36%), shown 
to  be 2,3-bishydroxymethyl-l-methylpyrrolidine (i.r. and 
n.m.r. spectra). The picrolonate had m.p. 189", not de- 
pressed by mixing with the authentic synthanecine B 
picrolonate. 

(c) W i t h  sodium dihydrobis-( 2-methoxyethoxy) aluminate. 
To the pyrroline (IX) (1 g) in ether (50 ml) was added an  
excess of the reagent (5 ml of 70% solution in benzene). 
-4fter the initial exothermic reaction, the solution was kept 
15 min a t  room temperature and decomposed with enough 
dilute HC1 (shaking) to give an  acidic aqueous layer which 
was separated, washed with ether, made basic (Na,CO,), and 
evaporated to dryness under reduced pressure. The residue 
was extracted with chloroform ( x 3 )  and the combined 
extracts concentrated to  a gum (0.36 g, 56%) which was 
found (i.r. and n.m.r.) to be mainly 2,3-bishydroxymethyl-1- 
methylpyrrolidine together with a small amount of un- 
reduced starting material. 

Dietltyl l-Methyl~5yrrole-2,3-dicarboxylate (XXI) .-The 
pyrroline (IX) (3 g) was added to a part-solution, part- 
suspension of powdered DDQ (4 g) in warm chloroform (80 
nil) and the mixture stirred a t  ca. 50" for 10 min. The 
chloroform solution was washed with aqueous potassium 
carbonate (10% ; 4 x 20 ml), dried and concentrated under 
reduced pressure, and the residue distilled to give the 
pyrrole as a pale yellow oil (2.86 g, 96y0), b.p. 128-131" 
at 0.6 mmHg, 1.5020 (Found: C, 58.7; H, 6.5; N, 6.6. 
C,,H,,T\TO4 requires C, 58.7; H,  6.7; N, 6*2%), vmaX. 3120w 
(ring) ancl 1703s cm-l (ester), 6 1.31 (3H, t, ester Me), 1-33 
(3H, t, ester Me), 3.81 (3H, s ,  NMe), 4.29 (2H, q, ester 
CH,), 4.32 (2H, q, ester CH,), 6.48 (IH, d, J 3 Hz,  H-4), ancl 

4-Methoxy - 1 -met hylpyvrole-2,3-dicarboxylate 
(XXlI).-The pyrroline (XII) (3 g) was dehydrogenated 
using DDQ (4 g) in the same way as described above to  give 
the crude pyrrole as an  oil (2.55 g, 86%), b.p. 137-40" at  
0-2 mmHg, nD23 1.5120 (Found: C, 56.1; H, 6.8; N, 5.1. 
C,,H,,NO, requires C, 56-5; H, 6.7; N, 5.5%) ,  vmx. 3108w, 
3120w (ring), and 1710s cni--l (ester), 6 1-33 (6H, t, ester 

6.67 ( lH ,  d, J 3 Hz, H-5). 
Diet hyl 
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Me), 3-73 (3H, s, OMe), 3-78 (3H, s, NMe), 4-29 (ZH, q, 
ester CH,), 4.31 (2H, q, ester CH,), and 6-30 ( lH,  s, H-5). 

2,3-BishydroxymethyZ- l-methylpyrrole (XXIII) .-The pyr- 
role (XXI) (1.5 g) was added to a suspension of lithium 
aluminium hydride (1-2 g) in anhydrous ether (50 ml) and 
the mixture was heated under reflux for 1.5 h, cooled, and 
decomposed with water (3-4 ml). After 15 min the mix- 
ture was filtered (pump) and the solid washed several times 
with chloroform. The combined organic filtrates were 
dried, and concentrated under reduced pressure to give the 
product (0-85 g, 91%) as an oil which crystallised when kept 
in a deep-freeze. Recrystallisation from ether gave prisms, 
m.p. 56-57', RF 0.49 (Found: C, 60.2; H, 7.9; N, 10.1. 
C,H1,NO2 requires C, 59.6; HI  7.8; N, 9.9yo), v , ~  3320br,s 
cm-, (OH), 6 3.3br variable (2H, s, OH), 3.62 (3H, s, NMe), 

4-H), and 6.58 ( lH ,  d, J 3 Hz, H-5). The compound, in 
ethanol, gave a magenta Ehrlich reaction, A,, 570 nm 
( E  71,900). The alkylation reaction gave an intense mauve 
colour. 

2,3-BishydroxymethyZ-4-mzthoxy- 1 -methylpyrrole (XXV) .- 
The pyrrole (XXII) (1.2 g) was reduced with lithium alumin- 
ium hydride (1.2 g) in the same way as described above, t o  
give the product as a gum (0-56 g, 70%) which crystallised 
on rubbing with ether. Recrystallisation from benzene- 
ether gave prisms, m.p. 92", RRF 0.48 (Found: C, 56.1; H, 
7.8; N, 8.0. C,H,,NO, requires C, 56-1; H, 7.6; N, 8.2y0), 
vmx. (KBr) 3270s cm-l (OH), 6 3.2br variable (2H, OH), 3-58 
(3H, s, NMe), 3-70 (3H, s, OMe), 4-47 (4H, s, CH,O), and 
6.10 ( lH ,  s, H-5). The compound gave an immediate 
bright red precipitate with aqueous HC1. The alkylation 
reaction gave a strong mauve colour, A,, 560br nm. The 
Ehrlich reaction gave a magenta colour, A,, 546 nm ( E  

45,600). 

(XXIV).-The pyrrole (XXIII) (0.35 g) was heated under 
reflux with ethyl isocyanate (6 ml) for 2.5 h. 1,4-Diazabi- 
cyclo[2.2.2]octane (0.5 mg) was added and the mixture 
heated for a further 20 min. Excess of reagent was re- 
moved under reduced pressure, the residue was dissolved 
in anhydrous ether (10 ml) and the solvent again removed. 
The dicarbamate remained as a gum (0.65 g, 93%) which 
crystallised. Recrystallisation from anhydrous ether-light 
petroleum (b.p. 60-80') gave blades, m.p. 85" (Found: C, 

4.45 (2H, S, 3-CH,), 4.50 (ZH, S, 2-CH,), 6.10 ( lH,  d, J 3 Hz, 

2,S-Bis- (N-et hylcarbamoyloxymet hyl) - l-met hylpyrrole 

5 5 - 2 ;  HI 7.4; N, 15.0. C,,H,,N,O, requires C, 55-1; H, 
7.4; N, 14-8%), vmX. 3310s (NH) and 1690s,br cm-l (CO); 
6 1.10 (6H, t,  ethyl Me), 3.19 (4H, 2q, ethyl CH,), 3.61 (3H, 
s, NMe), 4-6br (NH), 5.05 (2H, s, 3-CH,), 5.15 (ZH, s, 
2-CH,), 6.16 ( lH,  d, J 3 Hz, H-4), and 6-60 (lH, d, J 3 Hz, 
H-5). The alkylation reaction gave an intense mauve colour 
without the addition of triethylamine. The Ehrlich re- 
action gave a magenta colour, Amxe 570 nm ( E  77,350). 
When a solution of the carbamate in NN-dimethylformamide 
was added to water, a pale yellow polymer was precipitated 
after a few min. When added to dilute HCl, a red polymer 
was precipitated immediately. 

2,3-Bisacetoxymethyl- l-methylpyrrole (XXVIII) .-Syn- 
thanecine A (0.25 g) in methanol (5 ml) and aqueous hydro- 
gen peroxide (0-3 ml) was kept a t  room temperature for 16 h, 
then heated under reflux for 2 h. Excess of peroxide was 
decomposed by adding manganese dioxide, and the solution 
was filtered and concentrated under reduced pressure to 
give the crude N-oxide as a gum. This material was dis- 
solved in acetic anhydride (2 ml) at 30-35", and after 2 min 
triethylamine (10 ml) was added and the mixture kept at 
room temperature for 1.5 h in a stoppered flask. The tri- 
ethylamine and the excess of acetic anhydride were re- 
moved with cautious warming at 5-0.5 mmHg, further 
triethylamine being added frequently to maintain basic 
conditions. The residue was dissolved in anhydrous ether 
(5 ml), the solution diluted with light petroleum (b.p. 40- 
60"; 60 ml), charcoaled, filtered, and the solvents removed 
under reduced pressure to give the diacetoxy-pyrrole deriva- 
tive as an oil (148 mg, 38%) which was purified by molecular 
distillation, vmX. 1735s cm-I (ester), 6 2.03 and 2-04 (6H, s, 
3- and 2-acetyl Me), 3-61 (3H, s, NMe), 5.04 (2H, s, 3-CH2), 
5-14 (2H, s, 2-CH,), 6-13 ( lH,  d, J 3 Hz, H-4), and 6.60 
( lH,  d, J 3 Hz, H-5). The Ehrlich reaction gave an intense 
magenta colour, A,, 570 nm. The alkylation reaction 
gave an intense mauve colour. The compound dissolved in 
water to give a clear solution which became cloudy and 
pink after a few min. It gave a red polymer with dilute 
HCI. 
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