
J. Org. Chem. 1984,49, 2619-2622 2619 

Scheme I 1,4-Diaminoalkanes from Pyrroles. A New 
Synthetic Approach to Substituted Putrescines 

Daniel 0. Alonso Gayido, Graciela Buldain, and 
Benjamin Frydman' 

Facultad de Farmacia y Bioqulmica, Universidad de Buenos 
Aires, Junin 956, Buenos Aires, Argentina 

Received December 20, 1983 

One hundred years ago, Ciamician and Dennstedt re- 
ported that when pyrrole reacted with hydroxylamine a 
ring opening of the former took place with formation of 
succinaldehyde dioxime.' Reduction of succinaldehyde 
dioxime to putrescine (1,Cdiaminobutane) therefore af- 
forded a synthesis of the latter starting from pyrrole. The 
ring opening of pyrrole by hydroxylamine found little 
application in pyrrole chemistry, and it was occasionally 
used to prepare succinaldehyde and putrescine.lt2 The 
mechanism of the reaction was briefly explored in 1956: 
and it found some synthetic use! Putrescine was recently 
recognized as an important natural polyamine and together 
with ita derivatives spermidine and spermine became part 
of a group of substances that are known to be deeply in- 
volved in cell proliferation and "in vivo" protein synthesi~.~ 
Synthetic analogues and derivatives of the natural poly- 
amines were prepared, and their effect on cell growth and 
as inhibitors of putrescine biosynthesis was explored.6 
a,w-Diaminoalkanes with 3-12 carbon atoms were found 
to inhibit the enzymatic polyamine formation from its 
precursors.' Since pyrrole itself can be substituted in 
many ways: substituted pyrroles can be considered BS good 
synthons for the obtention of substituted putrescines that 
are not easily accesible by other routes. This will be ex- 
emplified in this paper, where the synthesis of 1,4-di- 
aminoalkanes (hydrophobic putrescines) from 2-alkyl- 
pyrroles will be discussed (Scheme I). 

Acylation of pyrrole with acyl chlorides under conditions 
of the Friedel-Craft reaction did not afford the expected 
2-acylpyrroles in good yields, although it is a convenient 
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reaction for the acylation of substituted  pyrrole^.^ The 
specific acylation of pyrrole at the C-2 position was 
achieved by the Vilsmeier-Haak reaction with use of 
N,N-dimethylacylamines (Scheme I). The N,N-di- 
methylacylamines lb-i (obtained in 80-90% yield by re- 
action of the acyl chlorides dissolved in  benzene with dry 
dimethylamine at 5 "C) were condensed with pyrrole in 
the presence of phosphorus oxychloride in a benzene so- 
lution at 20 "C during 18 h. After hydrolysis of the imo- 
nium salt with a concentrated sodium hydroxide solution, 
the crude 2-acylpyrroles (7540% yield) were used directly 
in the next step. Purification, if desired, was achieved by 
distillation followed by crystallization in several cases. 
That the acylations were specific for the C-2 position of 
pyrrole was clear from analysis of the 13C NMR spectra 
of 2. 

The crude 2-acylpyrroles 2b-i (as well as 2-formyl- 
pyrrole, 2a) were reduced to the 2-alkylpyrroles in about 
60% yield by heating with potassium hydroxide and 95% 
hydrazine in ethylene glycol at 200 "C during 1.5 h. 
Catalytic hydrogenation, which was efficient for the re- 
duction of substituted 2-acylpyrroles to 2-alkylpyrrole~,~ 
afforded only 2-(hydroxyalkyl)pyrroles in the aforemen- 
tioned cases. The lower homologues 3a-g were isolated 
by direct distillation from the reaction mixture, while the 
higher homologues 3h-i were extracted with chloroform 
from the latter. All the 2-alkylpyrroles were purified by 
distillation in vacuo. 

The 2-alkylpyrroles 3a-i were heated with hydroxyl- 
amine hydrochloride in the presence of sodium bicarbonate 
in a 96% ethanol solution during 48 h. After filtration of 
the salts and evaporation of the solvent, the residue was 
dissolved in a 10% sodium hydroxide solution which was 
washed with ethyl ether (extraction of unreacted pyrrole), 
and the aqueous solution was adjusted to pH 6 and again 
extracted with ethyl ether. Evaporation of the latter ex- 
tracts left behind the crude dioximes 4a-i (4550% yield). 
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The 13C NMR spectra showed that they were mixtures of 
the syn and anti isomers and they were used as such for 
the next reduction step. The dioximes could be purified 
by column chromatography on TLC silica gel, using 15% 
absolute ethanol in benzene as eluant, after which they 
could be crystallized either from benzene-hexane (4a-f) 
or from hexane (4g-i). 

The crude dioximes 4a-i were reduced with a fivefold 
weight of sodium in a 50-fold volume of ethanol at reflux 
during 4 h. Dilution with water, extraction with chloro- 
form, and evaporation of the latter afforded the diamines 
5a-i. The crude diamines were transformed into their 
bis(benzyloxycarbony1) derivatives 6a-i by dissolution of 
the crude residues in a 10% NaOH-chloroform mixture 
to which benzyl chloroformate was slowly added. The 
obtained carbamates were filtered through a TLC silica 
gel column (using 3% methanol in benzene as packing and 
elution solvent) and were crystallized from benzene-n- 
hexane. The pure biscarbamates 6 were thus obtained in 
4040% yield from the crude dioximes 4. When a large 
amount of crude dioxime was reduced, the 1,4-diamine 
could also be purified by direct distillation of the crude 
reduction product. 

The carbamates 6 were convenient derivatives for the 
storage of the 1,4-diaminoalkanes. By hydrogenolysis over 
PtOz in ethanol-hydrochloric acid they afforded the di- 
hydrochlorides of the diamines 5a-i. Most of them could 
be crystallized from dry ethanol-ether but were unstable 
when stored at 20 "C. The purity of the dihydrochlorides 
could be easily checked by TLC on cellulose plates (Merck) 
using either 2-propanol, concentrated hydrochloric acid, 
water (83:2) for the dihydrochlorides of 5a-e or methanol, 
concentrated hydrochloric acid (9:l) for the dihydro- 
chlorides of 5f-i. Their solubility in aqueous media was 
suitable for biological assays. 

The general procedure outlined above allowed the syn- 
thesis of many substituted putrescines from their pyrrole 
precursors. 

Experimental Section 
Melting points were determined on a Kofler melting point 

apparatus and are uncorrected. I3C NMR spectra were recorded 
on a FT-80A spectrometer. Mass spectra were obtained with a 
Varian CH-7 spectrometer. TLC was performed either on silica 
gel F-254 plaques (Merck, 0.25 mm layer thickness) or on pre- 
coated cellulose plaques (Merck, 0.1 mm layer thickness). Pyrroles 
were spotted by spraying with Ehrlich's reagent (2% (di- 
methy1amino)benzaldehyde in 6 N hydrochloric acid) followed 
by heat (100 "C) when necessary, dioximes were spotted with a 
5% ferric aqueous solution, and diamines were spotted by spraying 
with a ninhydrin solution (0.5% ninhydrin, 0.4% acetic acid, 5% 
2,6-lutidine in acetone) followed by heat (100 "C). 

Preparation of NJV-Dimet hylacylamines IC-i. General 
Procedure. Dry dimethylamine carried by a nitrogen stream 
was bubbled through an acid chloride (0.5 mol) solution in 1 L 
of dry benzene, while the mixture was vigorously stirred and kept 
a t  5 "C. The gas stream was interrupted when the precipitation 
of dimethylamine hydrochloride ceased; the stirred mixture was 
then kept overnight a t  20 "C. It was then extracted with water 
(500 mL), and the aqueous solution was reextracted with chlo- 
roform (3 X 100 mL). The pooled chloroform and benzene so- 
lutions were dried (NaaO,) and evaporated to dryness. The crude 
dimethylamino residue was distilled in vacuo. 

NJV-Dimethylpropionamide (IC) was obtained (80%) from 
propionyl chloride; bp 176 "C (lit.lo bp 175 "C (765 mm)). 

NJV-Dimethylbutanamide (la) was obtained (84%) from 
butyryl chloride: bp 120 "C (110 mm) (lit.lo bp 124 "C (110 mm)). 

NJV-Dimethylpentanamide (le) was obtained (79%) from 
pentanoyl chloride: bp 142 "C (100 mm) (lit.lo bp 141 "C (100 
mm)); 13C NMR (CDC13) 6 (Me4Si = 0)  171.1 (CO), 35.4, 35.3 

(10) Ruhoff, J. R.; Reid, E. E. J.  Am. Chem. SOC. 1937,59, 401. 

Notes 

(N(CH,&), 31.1 (CH,CO), 25.5 (CHZCH,CHJ, 20.1 (CHZCHd, 12.1 
(CH3). 

N,N-Dimethylhexanamide (If) was obtained (90%) from 
hexanoyl chloride: bp 135 "C (2.5 mm) (&.lo bp 158 "C (100 mm)); 
13C NMR (CDC13) 6 172.1 (CO), 36.3, 34.3 (N(CH,)z), 32.3 (C- 
HZCO), 30.1 (CH2CH&O), 23.9 (CHzCH,CHJ, 21.6 (CHZCH,), 
12.9 (CH3). 

NJV-Dimethylheptanamide (lg) was obtained (78%) from 
heptanoyl chloride: bp 68 "C (0.1 mm) (lit.lo 172 OC (100 mm)); 
13C NMR (CDC13) 6 171.0 (CO), 35.1, 33.1 (N(CHJz), 31.2 (C- 
HZCO), 11.9 (CH3). 

NJV-Dimethyldecanamide (lh) was obtained (93%) from 
decanoyl chloride: bp 110 "C (0.5 mm) (lit.ll bp 80-81 "C (0.01 
mm)); 13C NMR (CDC13) 6 170.8 (CO), 35.4, 33.4 (N(CH3),), 31.6 

NJV-Dimethyllauramide (l i)  was obtained (92%) from la- 
uroyl chloride: bp 124 OC (0.3 mm) (lit.12 bp 180 "C (15 mm)); 
13C NMR (CDC13) 6 37.1, 35.12 (N(CH,),), 33.2 (CHZCO), 13.9 
(CH3). 

Preparation of 2-Acylpyrroles 2b-i. General Procedure. 
A solution of 85.3 g (556 nmol) of phosphorus oxychloride in 90 
mL of dry benzene was slowly added during 30 min to a stirred 
solution of 610 mmol of Nfl-dimethylacylamine in 60 mL of dry 
benzene while the mixture was kept a t  5-10 "C. The mixture was 
then stirred at  20 "C for 30 min and cooled again a t  5 "C, and 
a solution of 33.5 g (0.5 mol) of pyrrole in 50 mL of dry benzene 
was then slowly added during 30 min. Stirring of the mixture 
under moisture exclusion conditions was continued during 18 h 
at  20 "C; it was then cooled at  5 "C, and 450 mL of ice water was 
added, followed by solid sodium bicarbonate to adjust it to pH 
7 when a 40% sodium hydroxide solution was added, bringing 
the mixture to pH 12. The alkaline mixture was stirred for 1 h 
at  20 "C, the aqueous phase was separated and extracted with 
chloroform (3 x 300 mL), the chloroform extracts were pooled 
with the former benzene phase, and the solution was dried 
(Na2S04) and evaporated to dryness in vacuo. The crude 2- 
acylpyrrole residue could be purified either by crystallization or 
by distillation in vacuo. 

2-Acetylpyrrole (2b) was obtained (75%) from lb and pyrrole: 
mp 88-89 "C (petroleum ether) (lit.% mp 90 "C); '% NMR (CDCl,) 
6 188.0 (CO), 131.8 (C-2), 125.2, 117.1 (CH pyrr). 

2-Propionylpyrrole (2c) was obtained (78%) from IC and 
pyrrole: mp 51-52 "C (methanol-water) (litsi mp 52.5 "C); 13C 

P F d .  
2-Butyrylpyrrole (2d) was obtained (97%) from Id and 

pyrrole: mp 43-45 "C (methanol-water); '% NMR (CDCl,) 6 191.2 
(CO), 132.0 (C-2), 125.0, 116.5,110.6 (CH pyrr). Anal. Calcd for 
C8Hl1NO: C, 70.1; H, 8.0; N, 10.2. Found: C, 70.1; H, 8.1; N, 
10.1. 

2-Pentanoylpyrrole (2e) was obtained (80%) from le and 
pyrrole: bp 86-87 "C (0.1 mm); 13C NMR (CDCl,) 6 191.3 (CO), 
131.6 (C-2), 125.2, 116.5, 109.9 (CH pyrr). Anal. Calcd for 

2-Hexanoylpyrrole (2f) was obtained (84%) from If and 
pyrrole: bp 114-116 OC (0.75 mm); '% NMR (CDCld 6 189.7 (CO), 
130.9 (C-2), 124.1, 115.3, 108.8 (CH pyrr). Anal. Calcd for 
Cl&lJVO C, 72.7; H, 9.1; N, 8.5. Found C, 72.5; H, 9.0; N, 8.7. 

2-Heptanoylpyrrole (2g) was obtained (89%) from lg and 
pyrrole: bp 92-95 "C (0.1 mm); 1% NMR 6 190.9 (CO), 131.3 (C-2), 
124.8, 116.2,109.5 (CH pyrr). Anal. Calcd for C11H17NO: C, 73.7; 
H, 9.5; N, 7.8. Found: C, 73.9; H, 9.7; N, 7.5. 

2-Decanoylpyrrole (2h) was obtained (77%) from lh and 
pyrrole: mp 52-53 "C (ethanol); 13C NMR 6 190.9 (CO), 131.3 
(C-2), 124.8, 116.2, 109.5 (CH pyrr). Anal. Calcd for Cl4HZ3NO: 
C, 76.0; H, 10.4; N, 6.3. Found: C, 76.1; H, 10.5; N, 6.2. 

2-Lauroylpyrrole (2i) was obtained (76%) from li and 
pyrrole: mp 65-66 "C (ethanol); 13C NMR (CDC13) 6 191.3 (CO), 
131.2 (C-2), 124.8, 116.2, 110.2 (CH pyrr). Anal. Calcd for 
Cl6HZ7NO: C, 77.1; H, 10.8; N, 5.6. Found: C, 77.0; H, 10.8; N, 
5.6. 

(CHZCO), 12.4 (CH3). 

NMR (CDCl3) 6 191.7 (CO), 131.5 (C-2), 110.2, 116.2, 125.0 (CH 

CBHp,NO: C, 71.5; H, 8.6; N, 9.3. Found C, 71.3; H, 8.4; N, 9.5. 

(11) Bedenbaugh, A. 0.; Payton, A. L.; Bedenbaugh, J. H. J .  Org. 
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Chem. 1979,44,4703. 
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gel glass column (5 X 50 cm) packed under slight pressure, using 
15% absolute ethanol in benzene. The dioxime was applied and 
eluted with use of the same solvent, the dioxime-containing 
fractions (identified by TLC on silica gel plates) were pooled and 
evaporated to dryness in vacuo, and the residue crystallized as 
indicated below. 

4-Ketopentanal dioxime (4a) was obtained (50%) from 2- 
methylpyrrole (3a): mp 61-63 "C (benzene-hexane); 13C NMR 
(D20) 6 155.0,155.9,150.1,149.9,149.4 (&NOH); mass spectrum, 
m/e 130 (6, M'). Anal. Calcd for C5HloN202: C, 46.2; H, 7.7; 
N, 21.5. Found: C, 46.1; H, 7.6; N, 21.6. 

4-Ketohexanal dioxime (4b) was obtained (46%) from 2- 
ethylpyrrole (3b): mp 68-70 "C (benzene-hexane); 13C NMR 
(C1,CD) 6 161.1, 160.9, 151.0, 150.6, 150.0 (C=NOH); mass 
spectrum, m/e 144 (10, M+). Anal. Calcd for C&112N202: C, 50.0; 
H, 8.3; N, 19.5. Found C, 49.9; H, 8.2; N, 19.7. 

4-Ketoheptanal dioxime (4c) was obtained (49%) from 2- 
propylpyrrole (3c): mp 55-57 "C (benzene-hexane); 13C NMR 
(C1,CD) 6 160.1, 159.9, 150.9, 150.5, 149.7 @=NOH); mass 
spectrum, m/e 158 (11, M"). Anal. Calcd for C7H14N202: C, 53.1; 
H, 8.8; N, 17.7. Found: C, 53.0; H, 8.7; N, 17.8. 

4-Ketooctanal dioxime (4d) was obtained (50%) from 2-bu- 
tylpyrrole (3d): mp 76-78 "C (benzene-hexane); 13C NMR 
(C1,CD) 6 160.1, 160.0,159.9, 159.8, 150.7, 150.3 (C=NOH); mass 
spectrum, m/e 172 (12, M+). Anal. Calcd for C&&02: C, 55.8; 
H, 9.3; N, 16.3. Found C, 55.7; H, 9.2; N, 16.4. 

4-Ketononanal dioxime (4e) was obtained (51%) from 2- 
pentylpyrrole (3e): mp 78-80 "C (benzene-hexane); mass spec- 
trum, m/e 186 (11, M+). Anal. Calcd for CsH1,N2O2: C, 58.1; 
H, 9.7; N, 15.0. Found C, 58.0; H, 9.6; N, 15.1. 

4-Ketodecanal dioxime (4f) was obtained (45%) from 2- 
hexylpyrrole (30: mp 80-81 "C (benzenehexane); mass spectrum, 
m/e 200 (25, M'). Anal. Calcd for Cl&&202: C, 60.0; H, 10.0; 
N, 14.0. Found: C, 60.1; H, 10.1; N, 13.9. 

4-Ketoundecanal dioxime (4g) was obtained (40%) from 
2-heptylpyrrole (3g): mp 82-84 OC (hexane); mass spectrum, m/e 
214 (20, M'). Anal. Calcd for C11H22N202: C, 61.7; H, 10.3; N, 
13.1. Found: C, 61.5; H, 10.2; N, 13.0. 

4-Ketotetradecanal dioxime (4h) was obtained (41%) from 
2-decylpyrrole (3h): 86-88 "C (hexane); mass spectrum, m/e 256 
(20, M+). Anal. Calcd for C14HzsN202: C, 65.6; H, 10.9; N, 10.9. 
Found C, 65.5; H, 10.8; N, 11.0. 

4-Ketohexadecanal dioxime (4i) was obtained (46%) from 
2-lauroylpyrrole (3i): mp 87-89 "C (hexane); 13C NMR (Me2SO) 
6 160.0, 159.9,150.8, 150.4,150.3 (C=NOH); mass spectrum, m/e 
284 (15, M'). Anal. Calcd for C16H32N202: C, 67.6; H, 11.3; N, 
9.8. Found: C, 67.6; H, 11.2; N, 9.9. 

Preparation of 1,4-Diaminoalkanes 5a-i. General Pro- 
cedure. A solution of 6 g of crude dioxime 4 in 300 mL of 
anhydrous ethanol was slowly heated under reflux with constant 
stirring, while 30 g of sodium was added in small pieces. The 
mixture was heated under reflux during 4 h, it was then cooled, 
600 mL of ice-water was added, and the solution was extracted 
with chloroform (5 x 200 mL). The extracts were dried (Na$04) 
and evaporated to dryness in vacuo, and the residue of crude 
1,4diamine 5 was dissolved in a mixture of 100 mL of 10% sodium 
hydroxide and 20 mL of chloroform. Benzyl chloroformate (10 
mL) was added to the stirred mixture in five portions during 30 
min, and the mixture was further stirred for 1 h. The chloroform 
layer was separated, and the aqueous layer was extracted with 
chloroform (4 X 20 mL). The organic solutions were pooled, 
washed with water (1 X 20 mL), dried (Na$04), and evaporated 
to dryness in vacuo. The residue of 6 was dissolved in a small 
volume of 3% methanol in benzene and was applied to a TLC 
silica gel column (5  X 50 cm) previously packed and washed with 
the same solvent. The bis(benzyloxycarbony1) derivative 6 was 
eluted with use of the same solvent by applying a low pressure 
to the column. The fractions containing 6 were pooled and 
evaporated, and the residue was crystallized from benzenehexane. 
I t  was dissolved in 150 mL of ethanol, 2 mL of concentrated 
hydrochloric acid was added, and it was reduced with hydrogen 
at  50 psi during 18 h over 20% its weight of PtO,. The catalyst 
was filtered, and the filtrate was evaporated to dryness in vacuo, 
leaving behind the dihydrochloride of 5, which was pure when 
analyzed by TLC. It  could be crystallized from anhydrous eth- 
anol-ether, but it was highly hygroscopic. 

Preparation of 2-Alkylpyrroles 3a-3i. General Procedure. 
2-Acylpyrrole 2 (0.5 mol, the crude product could be used) and 
75 mL of 95% hydrazine hydrate were added to a solution of 100 
g of potassium hydroxide in 600 mL of ethylene glycol. The 
mixture was slowly heated to 200 "C over a period of 1.5 h, while 
the distillate was collected. The latter was extracted with ether 
(3 x 80 mL), and the extracts were dried (Na$04) and evaporated 
to dryness in vacuo. The residue of 2-alkylpyrrole was purified 
by distillation in vacuo. This procedure was used for the prep- 
aration of 3a-g. For the obtention of 3h-i no distillate was 
collected from the ethylene glycol mixture. After the heating 
period was over (1.5 h), water (1 L) was added to the cooled 
mixture, and the latter was extracted with chloroform (3 X 300 
mL). The chloroform extracts were dried (Na2S04) and evapo- 
rated to dryness in vacuo, and the residue was distilled at  reduced 
pressure. 

2-Methylpyrrole (3a) was obtained (70%) from 2-formyl- 
pyrrole (2a):13 bp 150 "C (758 mm) (lit.14 bp 149 "C); 13C NMR 
(CDClJ 6 127.1 (C-2), 115.9, 107.6, 105.2 (CH pyrr). 

2-Ethylpyrrole (3b) was obtained (65%) from 2-acetylpyrrole 
(2b): bp 59-60 "C (15 mm) (lit.16 bp 68 "C (14 mm)); 13C NMR 

2-Propylpyrrole (3c) was obtained (93%) from 2- 
propionylpyrrole (2c): bp 111 "C (80 mm); 13C NMR (CDClJ 
6 133.0 (C-2), 116.6, 108.1, 105.1 (CH). Anal. Calcd for C7H11N 
C, 77.1; H, 10.1; N, 12.8. Found: C, 77.0; H, 10.0; N, 13.0. 

2-Butylpyrrole (3d) was obtained (60%) from 2-butyrylpyrrole 
(2d): bp 116 "C (20 mm); 13C NMR 6 132.2 (C-2), 115.2, 107.2, 
104.0 (CH). Anal. Calcd for C8H13N: C, 78.0; H, 10.6; N, 11.4. 
Found: C, 78.1; H, 10.7; N, 11.6. 

2-Pentylpyrrole (3e) was obtained (70%) from 2-penta- 
noylpyrrole (2e): bp 133 "C (50 mm); 13C NMR 6 132.8 (C-2), 
115.8, 107.9, 104.6 (CH). Anal. Calcd for CSHl5N: C, 78.8; H, 
10.9; N, 10.2. Found: C, 78.6; H, 10.8; N, 10.2. 

2-Hexylpyrrole (3f) was obtained (64%) from 2-hexanoyl- 
pyrrole (20: bp 92 OC (1.5 mm); 13C NMR 6 132.9 (C-2), 116.1, 
108.0,104.0 (CH); mass spectrum, m/e 151 (17, M'). Anal. Calcd 
for CIOH1,N: C, 79.5; H, 11.2; N, 9.3. Found: C, 79.4; H, 11.1; 
N, 9.5. 

2-Heptylpyrrole (3g) was obtained (61 %) from 2-hepta- 
noylpyrrole (2g): bp 160 "C (40 mm); 13C NMR 6 132.9 (C-21, 
116.4, 107.9, 104.9 (CH); mass spectrum, m/e (18, M+). Anal. 
Calcd for CllHlsN: C. 80.0; H, 11.5; N, 8.5. Found: C, 79.9; H, 
11.4; N, 8.6. 

2-Decylpyrrole (3h) was obtained (60%) from 2-decanoyl- 
pyrrole (2h): bp 102 "C (0.5 mm); 13C NMR 6 132.7 (C-2), 115.8, 
107.9,104.6 (CH); mass spectrum, m/e 207 (25, M+). Anal. Calcd 
for C14H25N: C, 81.1; H, 12.1; N, 6.8. Found: C, 81.0; H, 12.2; 
N, 6.7. 

2-Lauroylpyrrole (3i) was obtained (57%) from 2-lauroyl- 
pyrrole (29: bp 142 OC (0.2 mm); 13C NMR 6 132.8 (C-2), 115.8, 
108.1,104.7 (CH); mass spectrum, m/e 235 (27, M+). Anal. Calcd 
for ClaHzeN: C, 81.7; H, 12.3; N, 6.0. Found: C, 81.6; H, 12.3; 
N, 5.9. 

Preparation of Dioximes of 4-Ketoalkyl Aldehydes 4a-i. 
General Procedure. Sodium bicarbonate (16.8 g, 0.2 mol) and 
hydroxylamine hydrochloride (20.8 g, 0.3 mol) were added to a 
solution of 2-alkylpyrrole (0.1 mol) in 100 mL of 96% ethanol. 
The mixture was heated under reflux with continuous stirring 
for 48 h; it was then cooled and filtered, the insoluble salts were 
washed with hot ethanol, and the pooled filtrate and washings 
were evaporated to dryness. The residue was dissolved in 200 
mL of 10% sodium hydroxide, the solution was extracted with 
ethyl ether (3 X 100 mL) to eliminate any unreacted pyrrole, and 
the aqueous phase was adjusted to pH 6 with 10% hydrochloric 
acid and finally saturated with solid potassium carbonate. The 
mixture was extracted with ethyl ether (3 X 200 mL), and the 
extracts were dried (Na2S0,) and evaporated to dryness. The 
residue of crude dioxime could be used directly for reduction of 
lP-diaminoalkane. Purification of the dioxime (mixture of syn 
and anti forms) was achieved by chromatography on a TLC silica 

(CDC13) 6 134.7 (C-2), 116.7, 108.3, 104.4 (CH). 

(13) "Organic Synthesis"; Wiley: New York, 1963; Collect. Vol. IV, p 
831. 

(14) Reference Si, p 40. 
(15) Reference 9i, p 45. 
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1,4-Diaminopentane Dihydrochloride (5a). Reduction of 
crude 4a gave (50%) pure biscarbamate 6a: mp 130-131 "C. Anal. 
Calcd for Cz1H2eNz04: C, 68.1; H, 7.1; N, 7.6. Found: C, 68.2; 
H, 7.2; N, 7.5. Hydrogenolysis of 6a afforded 98% of 5a di- 
hydrochloride:16 mass spectrum, m l e  102 (4, M+), 44 (100, M+ 

l,4-Diaminohexane Dihydrochloride (5b). Reduction of 
crude 4b gave 51% of 6 b  mp 117-118 "C. Anal. Calcd for 
C2zH2aN204: C, 68.7; H, 7.3; N, 7.3. Found: C, 68.6; H, 7.2; N, 
7.4. Hydrogenolysis of 6b afforded 98% of 5b dihydrochloride:16 
mass spectrum, m l e  116 (4, M+), 58 (100, M+ - CH,CH,NH,); 

1,4-Diaminoheptane Dihydrochloride (5c). Reduction of 
crude 4c gave 48% of 6c: mp 117-118 "C. Anal. Calcd for 
C23H&@4: C, 69.3; H, 7.5; N, 7.0. Found: C, 69.2; H, 7.4; N, 
7.1. Hydrogenolysis of 6c gave 95% of 5c dihydrochloride: mass 
spectrum, mle 130 (4, M+), 70 (100, pyrrolenine cation); '% NMR 

1,4-Diaminooctane Dihydrochloride (5d). Reduction of 
crude 4d gave 46% of 6d: mp 110-111 "C. Anal. Calcd for 
C24H32N204: C, 69.9; H, 7.7; N, 6.8. Found: C, 70.0; H, 7.8; N, 
6.7. Hydrogenolysis of 6d gave 98% of 5d dihydrochloride: mass 

- CH2CHZNHJ; '3C NMR (DzO) 6 39.8 (CH,NHJ, 48.1 (CHNHJ. 

I3C NMR 6 40.1 (CHZNH,), 53.6 (CHNHJ. 

6 39.8 (CHZNHZ), 51.9 (CHNH2). 

144 (4.5, M+), 70 (100); '3C NMR 6 40.1 (CHZNHZ), 52.3 
(CHNHZ). 

1,4-Diaminononane Dihydrochloride (5e). Reduction of 
crude 4e gave 42% of 6e: mp 104-105 "C. Anal. Calcd for 
Cz6HUN2O4: C, 70.4; H, 8.0; N, 6.5. Found: C, 70.4; H, 7.9; N, 
6.5. Hydrogenolysis of 6e gave 98% of 5e: mass spectrum, mle 

l,4-Diaminodecane Dihydrochloride (5f). Reduction of 
crude 4f gave 52% of 6f: mp 112-113 "C. Anal. Calcd for 
C2eH36N204: C, 70.9; H, 8.2; N, 6.4. Found: C, 70.8; H, 8.1; N, 
6.3. Hydrogenolysis of 6f gave 98% of 5f: mass spectrum, mle 
172 (8, M'); 13C NMR 6 39.8 (CH,NH,), 52.1 (CHNH,). 

1,4-Diaminoundecane Dihydrochloride (5g). Reduction of 
crude 4g gave 57% of 6g: mp 112-113 "C. Anal. Calcd for 
C2,H38N204: C, 71.4; H, 8.4; N, 6.2. Found C, 71.2; H, 8.3; N, 
6.1. Hydrogenolysis of 6g gave 95% of 5g; mass spectrum, m l e  

1,4-Diaminotetradecae Dihydrochloride (5h). Reduction 
of crude 4h gave 50% of 6 h  mp 109-110 "C. Anal. Calcd for 
CMH4N204: C, 72.6; H, 8.9; N, 5.6. Found: C, 72.4; H, 8.8; N, 
5.7. Hydrogenolysis of 6h gave 97% of 5h mass spectrum, mle 

1,4-Diaminohexadecane Dihydrochloride (5i). Reduction 
of crude 4i gave 45% of 6i: mp 109-110 "C. Anal. Calcd for 
C32H48N204: C, 73.3; H, 9.2; N, 5.3. Found: C, 73.4; H, 9.2; N, 
5.3. Found: C, 73.4; H, 9.3; N, 5.2. Hydrogenolysis of 6i gave 
98% of 5i mass spectrum, m l e  256 (7, M'), 70 (100); 13C NMR 
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Recent calorimetric measurements have shown that the 
formation of methyl-substituted oxocarbonium ions in 
strongly acidic media is generally more exothermic than 
the formation of their phenyl-substituted analogues, con- 
trary to the widely held idea that phenyl is a better car- 
bocation-stabilizing group than methyl.2 Among the 
substrates examined in this work were the ortho esters, 
trimethyl and triethyl orthoacetate and orthobenzoate; 
these substances, upon introduction into concentrated 
sulfuric acid, react to give the corresponding methyl- and 
phenyldialkoxycarbonium ions, eq 1. The heat evolved 

OR2 /""' 4 
R,-C - O R 2  t H2SG4 - R l - C ,  t R20H + HSO, 

\ 
OR2 (1) 

R, = CH,, C,H,; R, = CH,, C,H, 

in these exothermic reactions was found in each case to 
be greater for the methyl than for the phenyl analogue, 
by 3.8 kcal mol-' in the methyl ortho ester series and by 
4.6 kcal mol-' in the ethyl ortho ester series. 

These results, however, could have been complicated by 
steric interactions which inhibit the normal resonance 
effect of the phenyl group. Such steric inhibition of res- 
onance has been demonstrated in the hydrolysis of trialkyl 
orthobenzoates under conditions where generation of di- 
alkoxycarbonium ion intermediates is rate determining.3 
In these reactions, substitution of phenyl for hydrogen at 
the pro-acyl carbon atom produces rate retardations, in 
contrast to the strong acceleration shown by the phenyl 
group in the analogous hydrolysis reactions of acetals. This 
phenomenon was interpreted as the consequence of un- 
favorable interactions in all three of the completely planar 
conformations of the phenyldialkoxycarbonium ion: in the 
&,cis conformation 1, there is interference between the 

\ 
OR2 

R R 
\ \ 

\', $ rl G 

h? 

/O 4 

CgHg-C't  CgH5-C t 
/? 0-R 

CgH5-C t 
/ 
\\ 

1 2 R 

CgHg-C\ + 

0-R 0-R 

3 
alkoxy alkyl groups, and in the cis,trans 2 and trans,trans 
3 conformations, there is interference between these alkyl 
groups and the ortho hydrogens of the benzene ring. When 
the steric interaction in the cis& conformation is relieved 
by joining the interfering alkyl groups together in a small 
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