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continued for 7 hours. The boiling reaction mixture was 
filtered through a heated funnel into 1.5 liters of distilled 
water. The zinc sludge was extracted twice with 50 ml. of 
boiling 9 5 % ethanol and the extract added to the filtrate. 
The white precipitate was collected, washed with water and 
dried in air. There was obtained 3.1 g. m.p . 232-233° d e c , 
8 6 % yield. Recrystallization of 0.64 g. of the compound 
with 100 ml. ethanol (Norit A added) gave 0.37 g. of mate
rial melting at 232-234° dec. 

Anal. Calcd. for C20Hi6N2O: C, 80.0; H, 5.37; N, 
9.33. Found: C, 80.1; H, 5.50; N, 9.10. 

2-Hydroxy-7-benzoylaminofluorene from 2-Amino-7-ben-
zoylaminofluorene.—1.04 g. of 2-amino-7-benzoylamino-
fluorene (0.0035 mole), m.p . 230-232°, was dissolved in 
150 ml. of boiling glacial acetic acid. Ten ml. of concen
trated sulfuric acid and 40 ml. of distilled water was added 
and the suspension cooled in an ice-bath at 10°. The 
material was diazotized over a period of 0.25 hour by the 
dropwise addition of 0.25 g. (0.0036 mole) of sodium nitrite 
in 10 ml. of distilled water to the rapidly stirred suspension. 
The resulting dark-brown solution, which did not contain 
any excess nitrous acid as judged by a negative starch-
iodide test, was added dropwise over a period of 1 hour to 
500 ml. of a vigorously boiling and stirred solution of 0.2 M 
sulfuric acid. The resulting suspension was cooled to 15-
20° in an ice-bath. The precipitate was collected and 
dried a t reduced pressure over calcium chloride. The 
light tan material weighed 0.92 g. and melted a t 242-247° 
d e c ; 0.41 g. of the product was suspended in 50 ml. of 5% 
potassium hydroxide solution, Norit A was added and the 
suspension warmed on a water-bath to 75° for 5 minutes. 
The mixture was filtered, the filtrate cooled in an ice-bath 
and acidified with concentrated hydrochloric acid. The 
precipitate was collected and washed with water, and after 
drying at reduced pressure over calcium chloride there was 
obtained 0.10 g. of a gray material melting at 253-256° dec. 
Recrystallization of the compound from glacial acetic acid 
gave 0.05 g. which melted a t 254-256° dec. The compound 
gave a positive spot test with diazotized sulfanilic acid in
dicating the presence of a hydroxy 1 group. A negative spot 
test was obtained with ^-dimethylaminobenzaldehyde in
dicating the absence of a diazotizable amino group.10 

Anal. Calcd. for C20Hi6NO: C, 79.7; H, 5.02; N, 4.65. 
Found: C, 79.4; H, 4.95; N, 4.62. 

2-Hydroxy-7-benzoylaminofluorene from 2-Hydroxy-7-
aminofluorene.7—2.0 g. (0.0086 mole) of the hydrochloride 
of 2-hydroxy-7-aminofluorene was dissolved with stirring 
in 40.0 ml. of pyridine and 1.0 ml. of benzoyl chloride 
(0.0087 mole) was added to the solution. The reaction mix
ture was boiled for 5 minutes under reflux and then cooled 
in an ice-bath; 100 ml. of distilled water was added which 
caused formation of a white precipitate. The ice-cold sus
pension was acidified with concentrated hydrochloric acid 
and allowed to stand overnight a t 4° . The precipitate then 
was collected and washed with 130 ml. of boiling distilled 
water followed by 150 ml. of cold distilled water. After 
drying at reduced pressure over calcium chloride there was 
obtained 2.21 g. of a white, crystalline product, m.p . 254-
256° d e c , 86%, yield. A mixture melting point with the 
authentic sample of 2-hydroxy-7-benzoylaminofluorene gave 
a melting point of 254-256° d e c 

(10) J. H . Pe te r s a n d H. R . G u t m a n n , T H I S J O U R N A L , 76 , 2267 
(1954). 
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It has been reported that when a stream of hy
drogen chloride or hydrogen bromide is passed into 
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.> a nitrile of the amidone series at elevated tempera-
\ tures, the iminohalide hydrohalide is formed,1'2 

o which on subsequent heating is converted to a 2-
s iminopyrrolidine7-11 or a 2-iminopiperidine hydro
's halide.1'2'5'7-9 

j ; ' The imino-compounds are converted into 2-pyr-
•= ^ rolidones by nitrous acid7-10 or aqueous hydrogen 
Jg bromide under pressure.5 The formation of these 
g -' 2-pyrrolidones by intramolecular reaction between 
" a (!-amino and acid chloride groups was reported by 
\j^ Gardner, et al.,3 and further explored by Clarke, 
s.2 et al.* When an amino acid of the amidone series is 
3 S dissolved in cold thionyl chloride, interaction be-
0 >, tween the formed acid chloride group and the t-
•5 = amino group starts around 60° and can be com-
2 o pleted by further heating.4 

.5JT With various dialkylamino groups, cyclization 
g ° occurs with preferential elimination of a molecular 
\\% equivalent of an alkaryl or the lower alkyl chlo-
,J ride3-6; with heterocyclic amino groups, an o>-

•~;3 chloroalkyl side-chain remains attached to the ni-
S J trogen atom of the newly formed heteroeycle.4 

?,'-« A brief discussion of some possible mechanisms 
1 I" involved in these reactions has been published re-
Sf cently.12 

ij & In view of these facts, it was of interest to explore 
^ I the behavior of aminoamides related to ami-
A o done 1 8 - 1 6 when treated with thionyl chloride under 
•i "Z conditions appropriate to 2-pyrrolidone formation 

S1S^ D ^ • S ^ ' • • T! / 2« as described for the corresponding amino acids.4 

crJ ci ci ci ci -H - -2^- Aminoamides of the amidone series, obtained by 
hydrolysis of the corresponding nitriles and dis-
solved in a sixfold molar excess of thionyl chloride, 

I I M N ^ M ^ M S E : § Sf ^ f were refluxed for one to three hours. The basic 
" -Md: reaction products were extracted from the alkalin-
I^ -̂  -f 1^ ic ic - -+ -t ic ic 'c | 5 ized reaction mixture with ether, and purified. 
X"B S x ci S S ci c c ic 2 - ">. Ii The materials thus obtained were identical with 

'j n n « K K n « K re T -+ I ^ t j l e o r jg m a i nitriles. 
_ ,- ci ci "̂  ^ No evidence of the expected intramolecular re-

: ' c i - i x o c - - i - x - i 'A S3 ° * action between the amide and the i-amine group 
-J i § 2 S S 5 - K rT o 6 = a was obtained. 

^ O X — CO TC C . -

Experimental 
^ _ _ „ _ Method A.—The substituted butyronitriles reported in 

x §' Sc x T? x S S 3 cc so ^ ^- the table have been synthesized by condensing the phenyl-
^ 2 f1' F- F- B l i c k e a n d A- J- Zambito, Abstracts of Papers Presented at 
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April, 1947, p. 3 K. 
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acetonitrile with various /-aminoethyl chlorides, using so
dium amide or lithium amide as described.13-16 

Method B.—The basic amides were prepared by 90% sul
furic acid hydrolysis of the nitriles obtained by method A.14'18 

Method C.—A mixture of 0.17 mole of the amidone-type 
amide and 1 mole of thionyl chloride was prepared in an 
ice-bath. No reaction occurred. This mixture was heated 
on a steam-bath for one to three hours, made strongly alka
line with sodium hydroxide and extracted with ether. The 
extracts were dried over potassium carbonate, and the ether 
removed by evaporation. The residual basic materials were 
purified by crystallization or fractionation in vacuo followed 
by salt formation as indicated in the table. 
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Lithium Aluminum Hydride Reduction of Diethyl 
2,6-Dimethyl-3,4-pyridinedicarboxylate 

B Y EDMUND C. KORNFELD 

RECEIVED APRIL 7, 19.55 

In a previous paper1 it was shown that reduction 
of diethyl 2,6-dimethyl-3,4-pyridinedicarboxylate 
(I) with lithium aluminum hydride gave either the 
corresponding glycol (II) or a monohydric alcohol 
(C9Hi3NO) depending on the conditions used. The 

COOC2H5 
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CH2OH 

CH3^ N ^ C H , 
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/CH2OH 

C H 3 Z ^ V H 3 
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CH3 
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latter product was formulated as III by analogy 
with the known reductive cleavage of pyridoxine to 
desoxypyridoxine,2 and this alternative was favored 
in a review by Rudinger, Ferles and Protiva.3 How
ever, an unequivocal proof of structure was lacking. 
Subsequently Gaylord4 suggested that the alterna
tive formulation IV was preferred over III by ana
logy with the course of a number of other hydro-
genolysis reactions effected by lithium aluminum 
hydride. In order to resolve this question we have 
now synthesized III by reduction of the ester V.8 

CH3' 
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vCH" 
^ C H 1 

CH3 
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ft 
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COOC2H5 

T h e a l coho l I I I so o b t a i n e d , m . p . S7- 8 8 . 5 ° , w a s n o t 
i d e n t i c a l w i t h t h e i somer , m . p . 1 2 7 - 1 2 8 ° , d e r i v e d 

(1) R. G. Jones and E. C. Kornfeld, THIS JOURNAL, 73, 107 (1951). 
(2) S. Harris, ibid., 62, 3203 (1940). 
(3) J. Rudinger, M. Ferles and M. Protiva, Cham. Listy, 45, 309 

(19Sl). 
(4) N. G. Gaylord, Experientia, 10, 166 (1954). 
(o) R. Michael, Ann., 225, 121 (1884); A. Hantzsch, ibid.. 215, 42 

(1882). 

from I. Since the structure of III was established 
by its derivation from V, the monohydric alcohol 
obtained from I must be formulated as IV and not 
III . The 4-hydroxymethyl isomer IV was also ob
tained when the glycol II was subjected to catalytic 
hydrogenolysis in the presence of palladium cata
lyst. It is evident, therefore, that both chemical 
and catalytic reduction result in cleavage of the 
hydroxymethyl group in the 3-position, and the 
conclusion of Gaylord4 appears to be correct. 

Experimental6 

2,4,6-Trimethyl-3-hydroxymethylpyridine (III).—A solu
tion of 1.6 g. of lithium aluminum hydride in 100 ml. of dry 
ether was stirred in an ice-bath, and to it was added drop-
wise during about 30 minutes a mixture of 8.0 g. of ethyl 
2,4,6-trimethyl-3-pyridinecarboxylate and 100 ml. of ether. 
Stirring was continued for one-half hour at room tempera
ture, after which the reaction mixture was treated cau
tiously with 3 ml. of water and 50 ml. of methanol. The 
suspension was saturated with carbon dioxide, filtered, and 
the solid was extracted twice with 50-ml. portions of hot 
methanol. The combined filtrates were evaporated to dry
ness, and the residue was taken up in chloroform. The 
chloroform solution was filtered, and the solvent was dis
tilled. The residue was taken up in acetone, and the solu
tion was filtered and then treated with dry hydrogen chlo
ride. The salt which separated was filtered (2.1 g.) and 
recrystallized from a mixture of methanol and acetone, 
m.p. 168-170°. 

Anal. Calcd. for C9H1 3NOHCl: C, 57.60; H, 7.52; N , 
7.46; Cl, 18.89. Found: C, 58.09; H, 7.65; N, 7.62; 
Cl, 18.71. 

The salt was dissolved in a little water, and the solution 
was treated with excess 50% aqueous sodium hydroxide. 
The oily product was extracted with chloroform; the extract 
was dried over magnesium sulfate, and the solvent was dis
tilled. The hydroxymethyl compound was crystallized 
from acetone, m.p. 87.0-88.5°. 

Anal. Calcd. for C9Hi3NO: C, 71.49; H, 8.67; N , 
9.26. Found: C, 71.27; H, 8.66; N, 9.21. 

The infrared spectrum in chloroform solution was differ
ent from that of the isomer IV, and the dissociation constant 
in water (pK\ = 7.10) also differed from that of IV (pK\ 
= 7.30). 

2,3,6-Trimethyl-4-hydroxymethylpyridine (IV) by Hydro
genolysis of 2,6-Dimethyl-3,4-di-(hydroxymethyl)-pyridine.1 

—The glycol (1.0 g.) was hydrogenated for three hours at 
50 pounds per square inch pressure in 50 ml. of glacial acetic 
acid using 1.0 g. of 5 % palladium-on-carbon catalyst. 
The catalyst was filtered, and the filtrate was concentrated 
to dryness in vacuo. The residue was dissolved in water, 
the excess sodium hydroxide was added. The product was 
extracted with three 20-ml. portions of chloroform, and the 
extracts were dried over magnesium sulfate and concentrated. 
The product was crystallized from acetone; yield 0.35 g. 
(39%), m.p . 127-128°. A mixture melting point with a 
sample obtained by lithium aluminum hydride reduction 
of the diester1 I was not depressed. 

(6) Melting points are uncorrected. 
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In recent years, increasing attention has been fo
cused on the anti-viral and anti-rickettsial proper
ties of a variety of nitro compounds. Chloram-


