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Certain basic nitriles, when heated a t  an elevated temperature in a steam of hydrogen chloride, yielded 2-iminopoly- 
methylenimine hydrochlorides which, in some cases, could be converted into the corresponding 2-ketopolymethylenimines. 

It has been ~ h o w n ~ - ~  that a-phenyl- and ala- 
diphenyl - y - dialkylaminobutyronitriles, when 
heated with concentrated hydrochloric or hydro- 
bromic acid, were converted into salts of l-alkyl-2- 
imino-3-phenyl(or 3,3-diphenyl)pyrrolidines or the 
corresponding 2-pyrrolidone. 

It was found7 that when ala-diphenyl-y-diethyl- 
aminobutyronitrile (I)8 was heated a t  270-275' 
in a stream of hydrogen chloride, 1-ethyl-2-imino- 
3,3-diphenylpyrrolidine hydrochloride (11) was ob- 
tained in 70% yieldGg Hydrolysis of this product 
yielded the corresponding 2-pyrrolid0ne.~ 

nitrilela yielded the hydrochlorides of l-methyl-2- 
iminopyrrolidine (111), l-methyl-2-imino-3-phenyl- 
pyrrolidine (IV), l-methyl-2-imino-3-phenylpiperi- 
dine (V), l-butyl-2-imino-3-phenylpiperidine (VI), 
and l-methyl-2-imino-3,3-diphenylhexamethyleni- 
mine (VII), respectively (Table 11). 
a - (3 - Methoxyphenyl) - y - dimethylamino- 

butyronitrile'* did not yield the expected product; 
instead, l-methyl-2-(methylimino)-3-(3-methoxy- 
pheny1)pyrrolidine was obtained. It was isolated 
as the base since the hydrochloride could not be 
purified. 

Since it seemed that this process might be a 
satisfactory general one for the synthesis of various 
substituted 2-pyrrolidones1 and also 2-piperidones, 
a number of nitriles were heated in a stream of hy- 
drogen chloride (see Table I for products). 
y-Dimethylaminobutyronitrile,lo a-phenyl-r-di- 

methylaminobutyronitrile," a-phenyl-&dimethyl- 
aminovaleronitrile,12 a-phenyl-6-dibutylaminoval- 
eronitrile and a, a-diphenyl-edimethylaminocapro- 

(1) This paper represents parts of the dissertations suh- 
mitted by A. J. Zambito and R. E. Stenseth for the Ph.D. 
degrees in the University of Michigan. 

(2) Parke, Davis and Co. Fellow. 
(3)  E. Walton, P. Ofner, and R. €1. Thorpe, J. Chem. 

( 4 )  W. IVilson, J .  Chem. SOC., 3524 (1952). 
(5) M. W. Gittos and W. Wilson, J .  Chcnt. SOC., 2371 

( 6 )  W. Wilson, Chem. & Ind., 200 (1955). 
(7) F. F. Blicke and A .  J. Zambito, Abstracts, 111th 

Meeting of the American Chemical Society, 1947, p. 3K. 
(8) E. J. DuprB, J. Elks, B. A. Hems, K. N. Speyer, and 

R.  M. Evans, J .  Chem. SOC., 500 (1949). 
(9) The nature of the first intermediate, shown in the 

reaction scheme, is uncertain; it  might be a mono- or dihy- 
drochloride. 

(10) W. Huber, R.  0. Clinton, W. Boehme, and M. Jack- 
son, J .  Am. Chem. SOC., 67, 1618 (1945). 

(11) C. E. Kwartler and P. Lucas, J. Am. Chem. SOC., 68, 
2395 (1946). 

(12) A. W. D. Adison and A. L. Morrison, J. Chem. 
Soc., 1474 (1950). 

SOC., 648 (1949). 

(1955). 

a, a -Diphenyl - y - dimethylaminobutyronitrile8 
yielded a mixture of l-methy1-2-imin0-3~3-di- 
phenylpyrrolidine hydrochloride (VIII) l6 and 
1 - methyl - 2 - (methylimino) - 3,3 - diphenyl- 
pyrrolidine hydrochloride (IX)I6 from which only 
impure products were obtained by recrystallization. 
The impure VI11 was converted by nitrous acid4~l5ei6 
into l-methyl-3,3-dipheny1-2-pyrrolid0ne~~~~~~~~~~ 
for identification. After impure IX had been treated 
with nitrous acid117 it was possible to obtain 
pure IX by recrystallization. 

6 - Dimethylaminovaleronitrile18 yielded a prod- 
uct, undoubtedly 1-methyl-2-iminopiperidine hy- 
drochloride (X),19 but the salt could not be purified 
by recrystallization. For identification, crude X 
was hydrolyzed to 6-methylaminovaleric acid 
hydrochloride. 19,20 

(13) During the preparation of this nitrile, 2,2,7,7-tctr:t- 
phenyloctanedinitrile was obtained as a by-product. The re- 
duction of this substance to 2,2,7,7-tetraphenyl-1,S-octanc- 
diamine is described in the experimental part. 

(14) H. Kagi and K. Miescher, Helv. Chim. Acfa, 32, 
2489 (1949). 

(15) F. E. King, K. G. Latham, and M. W. Partridge, 
J .  Chem. SOC., 4268 (1952). 

(16) A. L. Morrison and H. Rinderknecht, J .  Chem. SOC.. 
1478 (1950). 
(17) The stabilitv of a 24substituted iminobvrrolidine ,-" 

toward nitorus acid has been reported.' 
(18) J. M. Stewart, J. Am. Chem. SOC., 76, 3228 (1954). 
(19) J. Renault, Ann. chim. (Paris), 10,135 (1955). 
(20) C. Rath, Ann., 489, 107 (1931). 
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TABLE I 

n R  Rl RZ Base or Salt Yield, yo B.P. M.P. 

1 
l a  
2 
3 
4 
5 
6 
6a 
7 
7 s  
7b 
8 
9 
9a 

10 
1 O s  
11 
l l a  

l a  
6 
6a 
7 
7a 
9 
0a 

10 
1 Oa 
11 
1 l a  

Carbon, yo 
Calcd. Found 
48.48 48.86 
66.82 66.53 
51.68 51.88 
77.18 77.06 
65.39 65.11 
79.66 79.78 
66.99 67.05 
82.15 82.00 
73.04 73.06 
82.31 82.36 
73.55 73.75 

Base 
Hydrochloride 
Base 
Base 
Base 
Base 
Base 
Hydrochloride 
Base 
Hydrochloride 
Picrate 
Base 
Base 
Acid oxalate 
Base 
Hydrochloride 
Base 
Hydrochloride 

Hydrogen, % 
Calcd. Found 

8.82 8 .83  
11.18 10.91 
9.30 9 .18  
8.97 8 .87  
8 .02  8 .11  

10.56 10.62 
8 .57  8.47 
8.27 8 .39  
7.66 7.65 
8.55 8 .52  
7.92 8.12 

52 

63 
69 
88 
72 
84 

82 

87 
00 

39 

56 

64-66,' 10 mm. 

93-98,b0.3 mm. 
122-124,c0.4 mni. 
146-147,d 0.3 mm. 
i40-143,c0.1 Ilini. 
84-86,'14mm. 

108-109,0.5 mm. 

136-137,0.15 rnm 

1G1-1G2, 0.4 mni. 

163-164,0.25 mm. 

129-130 

136-137' 

123-124 
10s--109p 
66-68* 

147-148 

1G6-167 

149- 150 
Chloride, 70 Nitrogen, "le ___ 

Calcd. Found Calcd. Found 
18.85 18.71 23.85 23.97 

21.80 21.78 17.22 17.18 
13.85 14.05 
11.74 11.77 14.85 14.81 
0.78 9.77 
7.44 7.65 

8.52 8.56 10.78 11.00 

8.17  8.15 -- 
o Ref. IO ,  t1.p. 44-47' (1.5 mm.). Ref. ll. h.p. 130" (4 mm.). C Ref. 14, b.p. 115-118" (0.05 mm.). d Ref. 8, b.p. 150-152" 

(0.8 mm.). e Ref. 8, b.p. 165' (1 mm.).  'Ref. 18, h.p. 67-68" (3 mm.); hydrochloride, m.p. 138-140". Analysis of the hase 
;.vas not, rcported. Ref. 12, m.p. 109-110". A Ref. 21, m.p. 64-65'. 

All of the salt8 except 7b were obtained by addition of an ether solution of hydrogen chloride or oxalic acid to the haw 
diswlved i r i  r ther;  7h was obtained by addition of saturated ethanolic picric acid t,o the base dissolved in absolute etllanol. 

All of thr Rn!t,s Rcre rccrystallized from absolute ethanol. Compound 8 was recrystallized from petroleum ether ( h p .  90- 
100"). 

Attempts to prepare imino compounds from 
t x , a  - dipllcny I - E - dimethylaminovaleronitl.lle2' 
:und U,LY - ,L~>hviivI - w - dimcthylaminoheptylo- 

U'hen thf. hydrochlorit3cs of a-phenyl-y-di- 
I nrthy1:uniiiot)i i!yronitrile and a-phenyl-&dibutyl- 
:IniirioVn!1~1Cll,itr,1~ were heated without the u5e 
( i f  :L h t i w i i  ,t Lydiogcii chloride, IV and VI, 
icspcctivc'y, ueer(1 obtained again but in lower 
3'ICldS. 

Conipc l 1 1 4  111, ill the form of thc base, nas 
coiivci teul into l-niethyl-2-pyri o l ~ d o n c ~ ~  by thc use 
of Ilaiiey n ~ c h e l . ~ ~  

IVher: IV \\as heated with aqueous sodium hy- 
droxide solution for three hours, l-methyl-3- 

111t111t: I\CIY' uitstldt:essful. 

(21) N. R. Easton, J. H .  Gardner, M. L. Evanick, and 

(22) J. Tafel and 0. Wassmuth, Ber., 40, 2831 (1907). 
(23) G. I>. Bucliley and T. J. Elliott, J. Chem. SOC., 

J. R. Stevens, J. Am. Chem. SOC., 70, 76 (1048). 

1508 (1947). 

phenyl-2-pyrrolidone (XI)6 was obt,aiued ; hydroly- 
sis for tn-enty-four hours yielded a mixture of XI 
and a-phenyl-r-niethylamixi~~~it'~,ric: acid. The 
acid was isolated as the hydrochloridc, which LWY 

converted by heat into XI, Compound XI was 
reduced with sodium and butyl alcohol to 1-  
1netliyl-3-phcnylpyrrolidine.~4 

Heating VI with aqueous sodium hydroxide 
for three hours yielded a-phenyl-b-butJ.laminovalcr- 
amide; when the hydrolysis was carried out for n 
longer tinic, a-pheiiyl-6-butylaI1-iir~o~nleric acid 
was obtained. The acid was converted by lieat into 
1-bu tyl-3-phenyl-2-piperidone. 

Att,cmpts to convert 111, T', VI! ond TI1 in to  
the corresponding 2-ketnpolymethyleliimiiie~ by 
the use of nitrous aeid4Pj,15 were unsuccessful. 
Instead of the desired products, only the ~ i i t ra tes?~  

(24) F. Bergel, N. C. Hindley, A.  1,. Morrison, and H. 
Rinderlinecht, J .  Chem. SOC., 209 (1044). 
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of 111, IT, and VI  were obtained; VI1 yielded an 
unidentified product. 

EXPERIMENTAL 

Basic nitriles (1-11) (Table I ) .  The general procedure, used 
for the preparation of all of the nitriles except 1, 6, 10, and 
11, is illustrated in the case of 7. 

a-Phenyl-g-dinaethylaminovale,.onitrile ( 7 ) .  A solution of 
46.8 g. (0.4 mole) of phenylacetonitrile in 100 ml. of dry 
toluene was added, dropwise, during a period of 30 min., to 
a stirred suspension of 17.2 g. (0.44 mole) of pulverized 
sodamideZ6 in 100 ml. of toluene. The temperature was 
maintained a t  30-40' during the addition. After stirring for 
2 hr., the mixture was stirred and kept below reflux tem- 
perature while a solution of 48.6 g. (0.4 mole) of r-dimethyl- 
aminopropyl chloride2' in 50 ml. of toluene was added, 
dropwise, during a period of 30 niin. After the mixture had 
been stirred and refluxed for 4 hr., it was cooled and 150 ml. 
of water was added to the stirred mixture. The layers were 
separated and the toluene layer was washed with 50 ml. of 
water, cooled, and extracted with 100 ml. of 20Yc hydro- 
chloric acid and then with 25 ml. of water. The combined 
acidic and aqueous extracts were cooled and excess 20% 
aqueous sodium hydroxide solution was added. The sepa- 
rated oil was extracted with ether, the extract was dried 
over potassium carbonate, the solvent was removed, and 
the rrsidue distilled. 

Compounds 2, 3, and 4 were prepared from phenylaceto- 
nitrile, 3-methoxyphenylacetonitrile~E and diphenylacetoni- 
trile, respectively, with the use of p-dimethylaminoethyl 
chloride and sodamide; 5 was prepared from diphenylaceto- 
nitrile, p-diethylaminoethyl chloride, and sodamide; 8 was 
prepared from diphenylacetonitrile, r-dimethylaminopropyl 
chloride, and sodamide; 9 was prepared from phenylaceto- 
nitrile, 1-dil)~itylaminopropyl chloride, and sodamide. 

-,-l)ibzrt~la?)iiriopropyl chloride. A stirred solution of 225 
g. (1.2 moles) of r-di-n-butylaminopropanol in 750 ml. of 
dry chloroforni was cooled in an ice-salt bath while a stream 
of dry hydrogen chloride was passed into the liquid until 
saturation had occurred. The mixture was then stirred 
and the temperature was not allowed to exceed 20" during 
the dropwise addition of 450 g. (3.8 moles) of thionyl chlo- 
ride. After the mixture had been stirred at room tempera- 
ture for 4 hr. and refluxed for 12 hr., the solvent and excess 
thionyl chloride were removed under reduced pressure. The 
residue was poured into stirred ice mater and 287, aqueous 
ammonium hydroxide solution was added until the mixture 
was alkaline. The separated oil was extracted x i th  ether, 
the extract was dried over potassium carbonate, the solvent 
\vas removed and the residue distilled; b.p. 109-11lo (11 
1 n m . ) , * ~ . 3 ~  lit.29 b.p. 109-111" (11 mm.);  yield 221 g. (89%). 

r-Dii,ieth?ilanzz'nobul?/ronitrile (1 ). This nitrile was prepared 
from ydimethylaminopropyl chloride (212 g., 1.75 moles) 
and potassium cyanide (150 g., 2.3 moles) according to a 

(25) I>uriiig the treatment of a 2-iniinopyrrolidine hydro- 
chloride with nitrous acid, the formation of a 2-imino- 
pgrrolidinc nitrate has been r e p ~ r t e d . ~  

(36) F. W. Bergstrom, Org. Syntheses, 20, 8G (1940). 
(27) This basc was liberated from the hydrochloridc ini- 

mediately before use by R.  R. Burtner's method ( J .  l lm.  
c'hettz. Soc., 71, 2578 (1949)), and t,he toluene solution was 
li<ll)t ire c d t l  to prevciit cyclization of the base. 

(28) IT'. S. R:q)son and R. Robinson, J .  Chem. SOC., 1533 
( 1!1:35). 

(28) A. hlarxer (Helv .  Chim. Acta, 24, 209E (1941)) pre- 
pared this compound in yield from 1-bromo-3-chloro- 
propane and dibutylamine. 

(30) R.  R. Adams and F. C. Whitmore ( J .  Am. Chem. 
SOC., 67, 735 (1946)) obtained this compound in 6870 yield 
b y  the method of A. Llarxer (ref. 29); b.p. 118-130" (25 
mm.). 

procedure used for the preparation of r-diethylamino- 
b ~ t y r o n i t r i l e . ~ ~  

6-Dimelhylaminovaleronitr~le (6). An ice-cold solution of 
63 g. (1.4 moles) of anhydrous dimethylamine in 60 ml. of 
dry benzene was added, dropwise, to a stirred, ice-cold solu- 
tion of 80 g. (0.48 mole) of 6-bromo~aleronitrile~~ in 80 ml. 
of benzene. After the mixture had been stirred a t  room tem- 
perature for 16 hr., the precipitated dimethylamine hydro- 
bromide was removed by filtration. The filtrate was concen- 
trated, filtered, and distilled. 

The preparation uf 10 and 11 is illustrated in the case of 11. 
a,a-Diphenyl-w-dimethylaminoheptylonitrile (11 ). a,@- 

Diphenyl-w-bromoheptylonitrile was prepared from 96.6 
g. (0.5 mole) of diphenylacetonitrile, 21.5 g. (0.55 mole) of 
pulverized sodamide, and 345 g. (1.5 moles j of 1,5-dibromo- 
pentane. I n  this preparation, a toluene suspension of the 
sodio derivative of diphenylacetonitrile was added to thc 
bromide in refluxing toluene33; yield 164 g. 

A solution of 82 g. of the crude bromonitrile in 200 ml. of 
dry benzene was added, dropwise, during a period of 1 hr.] 
to a stirred, ice-cold solution of 45 g. (1 mole) of anhydrous 
dimethylamine in 100 ml. of benzene. The mixture was stirred 
a t  room temperature for 24 hr. and then refluxed for 4 hr. 
After cooling and adding water to the stirred mixture, the 
layers were separated and the benzene layer was extracted 
with 207, hydrochloric acid. The acidic extract was cooled 
and excess 20y0 aqueous sodium hydroxide solution mas 
added. The separated oil was extracted with ether, the ex- 
tract was dried over potassium carbonate, the solvent was 
removed, and the residue distilled (56% yield based on di- 
phenylacetonitrile). 

For the preparation of 10, dimethylamine \vas allowed to 
react with a,a-diphenyl-c-bromocapronitrile.E The hromo- 
nitrile, in crude form, was prepared by interaction of di- 
phmylacetonitrile, 1,4-dibroniobutane and sotlamide in the 
manner mentioned above for the corresponding hcptgioni- 
trile; a by-product, 2,2,7,7-tet,raphen3lactanc.di1iitrile,~' 
was also obtained. It was recrystallized from chloroform; 
m.p. 226-228', lit.: m.p. 224-228"; yield 1257. 

Z,d,7,7-Tetraphenyl-l ,&octanediamine. A siispension of 13 
g. (0.03 mole) of 2,2,7,7-tetraphenylocta1ie[li11itrilr in GOO 
ml. of dry toluene was added slowly, throrlgh a large I)orc 
dropping funnel, to a stirred suspension of 6.85 g. (0.18 
mole) of lithium aluminum hydride in 600 ml. of dry ether. 
The mixture was stirred and refluxed for 22 hr. After the 
dropwise addition of 14 ml. of water to the stirred mixture, 
stirring was continued for 24 hr. The solid material (A) was 
removed by filtration and retained, and the solvents were 
removed from the filtrate. The product (1.3 9.) n-as recrys- 
tallized from chloroform; m.p. 206-208". 

The dried filter cake (A) was placed in a Soxhlct rxtmcmtor 
and extracted with chloroform for 4 hr. After concentration 
of the extract,, the product precipitated. The combincd ma- 
terial was recrystallized from chloroform; m.g .  208-210"; 
total yield 9.2 g. (69%). 

Anal. Calcd. for CrZH38N2: C, 85.67; €I, 8.08; S,  (i.24 
Found: C, 85.45; H, 8.04; N, 6.28. 

(31) W. J. Huinphlett,, J. Weiss, aiicl C. 11. lI:iuscr, J .  A j t ~ .  
Chem. Soc., 70,4021 (1948). 

(32) N. J. Leonard and \V. C. U'iIdniai1, J .  . L I , c .  C'hcm.  
SOC., 71,3100 (1949). 

(33) The detailed procedure was similar to that employed 
by L. C. Chcney, W, B. Wheatley, AT. E. Speetcr, \j.. hl. 
Byrd, IF'. E. Fitzgibbon, W, F. hliiior, and S. B. Biiililey 
( J .  Org. Chem., 17, i i 0  (1952)) for the preparation of crudc 
a,a-diphenyl-echlorocapronitrilc and crude a,a-diphcnyl- 
w-chloroheptylonitrile from diphrnylacetonitrilcl, lithium 
amide, and the required dichloroalkanes. 

(34) This nitrileE \vas obtained as a by-product in 2!l.6y0 
yield when a,a-diphrn~~l-e-bromocapro~iitrile was prepared 
by addition of 1,4-dibromohutane t o  the eodio derivativc of 
diphenylacetonitrile. 



The tlili~~tlrochlori~le, prep:ircd in chloroform-ether, "a9 
rrcrysidlixcd from methyl ethyl ketone-methanol; m.p. 
33(i-338" dcc. 

. triol .  Calcd. for C3?H3,S,C!I,: C, 73.69; H, 7.34; N, 5.37. 
I~ortntl: C, 7:J.T.I; H, 7.38; N, 5.31. 

S)ihsti l i t led 2-inn'nopolynielhyleni~nine hydrochlorides (1-8) 
( l ' ob le  I T ) .  The general procediire, used for the preparation 
of th(9 imine hydrochlorides, is illustrated in the case of 1; 
modifications are mentioned below. 

mixture was kept at this temperature37 for 5 to 10 min. to 
complete conversion of the nitrile into the molten hydro- 
chloride. The temperature was then raised quickly to 2iO- 
27503, and held there for 5 to 10 min., continuing the stream 
of hydrogen chloride throughout this time. The dark, vis- 
cous oil was cooled somewhat and rubbed under acetone. The 
solid material which formed was filtered and recrystallized. 

The general procedure was modified for the isolation of 3, 
4, and 8. 

TABLE I1 
SUBSTITUTED 2-IMINOPOLYMETHYLENIMIh'E HYDROCHLORIDES 

R3 R2 

11 R Rl RZ R3 Yield, 7o RIP. 
~~ 

1 2 
2 2 
:3 2 

4 2 

5 2 

G :3 
7 ?I 

8 4 

3n (base) 2 

4s (base) 2 

5a (tmse) 2 

182-183 
214-215 dee. 

151-153 

105-106' 
261-262 

97-88 
241-243 
188-1 89 

223 

285-286 dec.b 

155-156 

Carbon, 4; Hydrogcn, '% Nitrogen, yo Chloride, 70 

C:dccl. Foutid Calcd. Found Calcd. Found Calcd. Found 
___-_ 

44.61 4 4 ,  (ilj 8 .24  8 .26  
G2.70 ( i2.86 7.17 7 .28  
f i l  28 ( i l  , ;38 7.52 7.60 
71.52 71.64 8.31 8 22 
71.86 71.46 7.04 6 89 
81.77 81.81 7.63 7.75 
71.86 71 !I6 7 04 T.07 
81.77 81 87 7 63 7.50 
61,19 64.2:: 7 .62  7.62 
07.52 67.43 8 .69  8.59 
72.48 72.48 7.36 7.39 

20 81 
13 30 
11 00 
12 83 
9 31 

10 60 
9 31 

10 60 
12 47 
10 50 
8.90 

20 80 
13 15 
11 14 
12 56 
9.38 

10.51 
9 20 

10 82 
12 52 
10.62 
8.82 

26.34 26.28 
16 83 16.85 
13.92 14.15 

11.79 11.85 

11.79 11.84 

15.78 15.76 
13.29 13.12 
11.26 11.55 

" 'I'hc, j.ield ol)t:tinc~(l i)y hr:Ltiitg (275-280') thc hydrochloride of thr nitrile w-ithout the use of a stream of hvdrogcn chlo- 
rid(, 1 ~ ; ~ s  1 1  ',,',, '' 1li.f. 1.5, m.p. 202--20:1" tlc'c. The yield obtained by hcating (280-290') the hjrdro- 
r l i l o r i d r  of tlir riitriliz wiitiout thr I I W  of :i strc:tm of liytlrogrri chloride was 32Yr, 

. \ I 1  of the coinpoitiiris rsrclit 4a : u i i I  5:c n.rrc rcwystallized with the iisc of Yorite. Conipoiinds 1, 2, 5, 6, 7 ,  and 8 were 
rc~cr\..st:rllizcd from i.;ril)roliyl :tlcohol; :3  : i i i r l  4 from hsolitte rthatiol; 3a from nicth:tnol; 4s from inethariol-n.atcr; 5:i from pe-  
trolt~iini ctlic'r (11.1). 60-75'). 

Iirf. 15, 1n.p. 106'. 

( : E )  111 si i t i ie itistntircs;, tlic: matorial h ~ i l i r l i t i c d  as its trails- 
fornintioii iiito thc hydrochloritir hegall. 

(:36) In some esprriinents, an initid tcmpcricturc risc to 
200" or higtirr occurred spont:ineoirsly lwforc hc:it hac1 Iwen 
xliplird. The temperature U'ILS :tllowcd t o  fall to ttie cle- 
Fired Icvrl. 

(137) 111 :L few c'ast35 ( : j ,  4, : L I I ~  8), :t liiglier teiiiliertttrtre 
\\:is reqriired. 

(:is) A tcnilwraturc higher t liaii 2iO-276' was requirrd 
for the preprtratioii of 3, 4, 6. 7 .  arid 8; in these instances, the 
tenipcrsturc was maintairicd a t  285-295'. 
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ment in which the pyrolysis was conducted a t  305-315', 
crude 4 was obtained in 69% yield. It was purified in the 
following manner. 

A solution of 3.3 g. of crude 4 in 15 ml. of 5% hydro- 
chloric acid, 10 ml. of ethanol and 5 ml. of water was stirred 
a t  65-70' during the dropwise addition of a solution of 3.5 
g. of sodium nitrite in 10 ml. of water. After stirring a t  65- 
70' for 15 min., the mixture was cooled and allowed to re- 
main a t  room temperature for 12 hr. The crystals which sepa- 
rated were filtered and recrystallized; yield of pure 4, 1.9 
g. (26% from the nitrile). 

The base 4a NM obtained by the addition of excess 10% 
aqueous sodium hydroxide solution to an aqueous solution 
of 4, extracting with ether, drying the extract with mag- 
nesium sulfate and removing the solvent. The residue (base 
4a) was recrystallized. 

The picrate of 4a, prepared in absolute ethanol, was re- 
crystallized from absolute ethanol; m.p. 180-181 ', lit.15 
m.p. 180-182O. 

In  order to isolate 8, the crude product, a viscous liquid, 
was dissolved in methyl ethyl ketone. The gummy precipi- 
tate obtained upon the addition of ether was dissolved in 
hot isopropyl alcohol. Upon the addition of ether to the 
cooled solution, crystalline material was obtained. 

I-Methyl-8-pyrrolzdone. 1-Methyl-24minopyrrolidine hy- 
drochloride (4 g.), after treatment with an equivalent 
amount of aqueous sodium hydroxide solution, was con- 
verted into 1-methyl-2-pyrrolidone with the use of 0.1 g. 
of moist Raney nicke123.sgq4*; b.p. 89-90' (20 mm.), lit.*' 
b.p. 197-202" (736 mm.); yield 2.4 g. (80%). 

The hydrochloride, prepared in ether, was recrystallized 
from acetone-ether; m.p. 87-88', lit.41 m.p. 86-88". 

Upon exposure to air or by treatment with carbon dioxide, 
an ether solution of 1-methyl-2-iminopyrrolidine yielded an 
ether-insoluble, water-soluble substance, undoubtedly a car- 
bonate.42 This substance softened at 105' and melted a t  
115-125' with the evolution of a gas. It decomposed upon 
attempted recrystallization. A precipitate was obtained 
upon the addition of barium chloride solution to an aqueous 
solution of the substance. Treatment of an aqueous solution 
with hydrochloric acid and evaporation to  dryness yielded 
1-methyl-2-iminopgrrolidine hydrochloride. 

1-Methyl-bimznopyrroltdine nztrate. 1-Methyl-2-imino- 
pyrrolidine hydrochloride was treated with sodium nitrite 
ana hydrochloric acid according to a procedure15 used for the 
hydrolysis of certain Ziminopyrrolidines. The only product 
isolated was the nitrate of the pyrrolidine. It was obtained 
after neutralization (alkacid test ribbon) of the acidic 
solution with aqueous sodium hydroxide solution, evapora- 
tion to dryness and extraction with ethanol. After concen- 
tration of the extract, addition of ether and refrigeration, 
the precipitated nitrate was recrystallized from absolute 
ethanol; m.p. 115-117'; yield 25%. The nitrate ion brown 
ring test was positive. 

An authentlc sample of the nitrate was prepared from the 
base and an equivalent amount of nitric acid. I t  \\as rc- 

(39) Wc used the sponge nickel catalyst, prescrved under 
water, purchased from the Davison Chemical Co., Division 
of W. R. Grace and Co., Cincinnati Plant, Box 75, St,ation 
1, Cincinnati 29, Ohio. 

(40) An attempt t o  convert l-ethyl-2-imino-3,3-dipheiiyl- 
pyrrolidine into l-ethyl-3,3-diphenyl-2-pyrrolidone by the 
use of Raney nickel was  unsuccessful. 

(41) S. M. McElvain and J. F. Vozza, J. Am. Chem. SOC., 
71,896 (1949). 

($2) The formation of carbonates from certain imino 
derivatives has been reported. See A. Pinner (Die Imidouther 
und Ihre Derivate, Oppenheim, Berlin, 1802, p. 120), A. E. 
Chichibabin, R. A. Konovalova, aiid A. A. Konovalova 
(Rer., 54B, 814 (1921)) and Y. L. Gol'dfarb and 31. S. 
Kondakov:t (Compt. rend. mad. sci. U.R.S.S., 49, 421 
(1945); Cliem. Abstr.,  40, 6489 (194ti)). 

crystallized from absolute ethanol; m.p. 116-117'; mixed 
m.p. 115-117'. 

Anal. Calcd. for CeH,lOsNI: C, 37.26; H, 6.88; N, 26.08. 
Found: C, 37.36; H, 6.81; N, 26.18. 

I-Methyl-3-phenybBpyrrolidone. (A) A mixture of 27 g. 
(0.128 mole) of I-methyl-Zimino-3-phenylpyrrolidine hydro- 
chloride, 25.6 g. (0.64 mole) of sodium hydroxide and 200 
ml. of water was stirred and refluxed for 3 hr. The cooled 
mixture was extracted with ether and the solvent was re- 
moved from the extract. The oily residue solidified after 
some time. The product was recrystallized from anhydrous 
ether; m.p. 60-61', lit.6 m.p. 58-59'; yield 18.0 g. (80%). 

(B) When the hydrolysis described above was carried out 
for 24 hr., a mixture of I-methyl-3-phenyl-2-pyrrolidone 
(35%) and a-phenyl-7-methylaminobutyric acid, isolated 
aa the hydrochloride (18%), was formed. The pyrrolidone 
was isolated from the ether layer. The aqueous layer was 
acidified with hydrochloric acid, evaporated to dryness, and 
extracted with absolute ethanol, The extract was concen- 
trated and ether was added until a precipitate began to 
form. After refrigeration for 24 hr., the precipitated butyric 
acid hydrochloride was filtered and recrystallized from 
absolute ethanol; m.p. 177-179'. 

Anal. Calcd. for CllHla02NC1: N. 6.11: C1, 15.49. Found: __ .. - . .  
N, 6.20; C1, 15.31. 

a-Phenyl-ymethylaminobutyric acid hydrochloride (1.0 
n.'l was heated a t  190-200' for a few minutes. Water and 
gydrogcn chloride were evolved. The crude, oily l-methyl-3- 
phenyl-2-pyrrolidone was dissolved in ether, filtered and 
the filtrate was concentrated. Upon refrigeration, 0.3 g. of 
the pyrrolidone was precipitated; m.p. and mixed m.p. 60- 
61'. 

I-Methyl-Pphenylpyrrolidine. Sodium (25 g.) was added 
to  a hot solution of 16.5 g. (0.94 mole) of l-met.hyl-3- 
phenyl-Zpyrrolidone in 300 ml. of butyl alcohol. The mix- 
ture was refluxed for 1.5 hr., cooled, and treated slon71y with 
water. After filtration, the filtrate was acidified with hydro- 
chloric acid and evaporated to dryness. The residue waa 
dissolved in the minimum volume of water and solid sodium 
hydroxide was added until the mixture NM strongly alkaline. 
The separated oil was extracted with ether, the extract was 
dried over magnesium sulfate, the solvent, was removcd, 
and the residue distilled; b.p. 200-215', lit.*' b.p. 105- 
110' (11 mm.); yield 10 g. (66%) 

The picrate melted a t  157-15'3", lit.*' m.p. 155-158". 
l-MethyGS,bdiphenyl-2-pyrrolidone. Crude l-methyl-2- 

imino-3,3-diphenylpyrrolidine hydrochloride (2.8 g.) was 
treated with dilute hydrochloric acid and sodium nitrite 
(3.0 g.) in a manner similar to a described procedure'; the 
product melt,ed a t  144-145', lit.$ m.p. 144'; mixed m.p. 
144-1450d3; yield 1.1 g. (approximately 45%). 
l-Methyl-2-imino-3-phenylpiperidine nitrate. When 1- 

met,hyl-2-imino-3-phenylpiperidine hydrochloride was silh- 
jccted to nitrous acid in the manner used to  convert 2- 
iminopyrrolidines into 2-pyrrolidoncs," only the pipcritlirie 
nitrate was obtained. It was isolated in 62% yield i n  the 
same manner as 1-methyl-2-iminopyrrolidine nitrale. I t  
melted at 138-130' after recrystallization from absolute 
ethanol. 

Anal. Calcd. for C1JIl7O3N3: C, 57.34; 11, G.82; N, 16.72. 
Found: C, 87.01; H, 6.71; 5, 16.63. 

An authentic sample of the nitratc \vas prcparcd from 111(. 
Liase and an equivalent amount of nitric acid. I t  was re- 
crystallized from absolute ethallol; m.p. and mixed m.p. 

l-Ethyl-3,bdipAcn1~l-~-p~rrolido~~e. A mixture of 2'7.5 g. 
(0.075 mole) of l-ethyl-2-imino-3,3-diphenylpyrrolidine 
hydrochloride, 56.1 g. (1.0 mole) of potassium hydrnside, 
45 ml. of water, and 225 ml. of ethylene glycol waa refluxed 
for 30 hr. The cooled mixture was diluted with 750 ml. of 
water, the precipitate was filtered, triturated with dilute 

138-139'. 

(43) An authentic snmple ( m  p. 144-145') was prepared by 
n described method.* 
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Iiytlrocliloric acid, filtered, nirtl rccrysi nllizetl from pe- 
troleum cther (b.p. 90-100"); m.p. 113-114", lit.8 m.p. 
111.5-113': yield 14.5 g. (73%).  

S - d l e l h ~ l a m i n o u a l e ~ c  acid hydrochloride. Crude l-methyl- 
2-iminopiperidinc hydrochloride (1.55 9.)  (m.p. 140-147°") 
was cotiverted into the amino acid hydrochloride by a de- 
scribed procedurelo; m.p. DG-97', lit.18.Za m.p. 93'; yield 
0.4 g. (approximately 24%). 

Anal. Calcd. for CBH,,O,NC1: C, 42.98; H, 8.42; N, 8.36; 
CI, 21.15. Found: C, 42.95; H, 8.43; N, 8.60; C1, 21.06. 
a-Phen?ll-6-hul?lIaminovaleramide. A mixture of 2.7 g.  

(0.01 niole) of l-butyl-2-iniino-3-phenylpiperidine hydro- 
chloride, 2.0 g. (0.05 mole) of sodium hydroxide, and 20 ml. 
of water was stirred, refluxed for 3 hr., cooled, and extracted 
rvith ether. The extract was dried over magnesium sulfate 
and the solvent Kas removed. The oily residue, which par- 
tially solitlified, was triturated with ether and filtered; the 
product melted at 00-91"; yield 1.5 g. (00%). Recrystalliza- 
tion from absolute cthanol did not raise the melting point. 

Anal. Calcd. for GlaH,,0N2: C, 72.54; H, 0.74; N, 11.28. 
Found: C, 72.59; II,O.i'J; X, 11.45. 

The hydrochloride, prepared in absolute ethanol-ether, 
\vas rccrystnllized from isopropyl alcohol-ether; m.p. 136- 
13G'. 

Anal. Calcd. for ClbH2SON&l: C, G3.25; H, 8.85; N, 9.84; 
C1, 12.45. Found: C, 63.24; H, 8.GO; N, 9.9G; CI, 18.45. 

(4.1) Thc monohydrate of this siibstanre mcltcd a t  15'7°.ig 

ol-Phen~l-S-bufylaminoualeric arid. Aft r r  the hydrolysis 
described above had been carried out for 17 hr., ether w m  
added and three layers formed. The middle layer waa neu- 
tralized with hydrochloric acid whereupon a white precipi- 
tate formed. Without filtration, the mixture was evaporated 
to  dryness and extracted with absolute ethanol. The crude 
valeric acid obtained, upon concentration and refrigeration 
of the extract, was recrvstallized from absolute ethanol: 
m.p. 184'; yield 30%. - 

Found: C. 72.28: H. 9.40: N. 5.60. 
Anal. Calcd. for C I ~ H Z O ~ N :  C, 72.25; H, 9.30; N, 5.62. 

Identifiable products were not obtained from the top or 
lower layers. 

1-Butyl-6phen yl-b-piperidone. a-Phenyl-6-butylamino- 
valeric acid (3.5 g.) was placed in a distillation flask to  which 
a condpnscr was attached and heated a t  10G200' for 15 
min. Kater  collected in the condrnser. The residue in the 
flask, the DiDeridone, was distilled: l ~ p .  13&140° (0.4 
mm.); yieldi.9 g.  (00%). 

Found: C, 77.G8; H, 8.00: N, 6.18. 
A n a l .  Cnlcd. for C15H210N: C, 7'7.88; H, 0.15; N, 6.08. 

When an attempt Kas made to obtain the piperidone by 
treatment of l-butyl-2-imino-3-phenylpiperidine hydro- 
chloride with nitrous acid's at 85" for 10 hr., l-hutyl-2- 
imino-3-phenylpiperidine nitrate precipitated in 6S% yield 
when the reaction mixture was cooled: m.p. 149-160" after 
recrystallization from ahsolute ethanol. 

A n a l .  Cnlcd. for C,sHm~OaN,: C, 61.41; H, i , O O ;  N, 14.33. 
Found:C,61.54;H,7.73; N, 14.10. 

A N N  ARBOR, MICH. 
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The course of thermal decomposition of nitropyrazolines of type 111, in which the diazonitrogen is attached to  the 8- 
carbon of the nitroolcfin from which the pyrazoline was prepared, is dependent upon the nature of the substituent in the 
3-position. When this substituent is alkyl (methyl or ethyl), thermal decomposition leads to  nitrocyclopropanes. When 
the substituent is hydrogen, the intermediate pyrazoline has not been isolated, and the nitrocyclopropane results directly 
from the reaction of diphenyldiazomethane and the nitroolefin. When the substituent is phenyl, nitrocyclopropanes do not 
rcwl t .  Products isolated from the thermal decomposition of 4-nitro-3,3,+5-triphenylpyrazoline are discussed. 

The thcrmal decomposition of nitropyrazolines 
(I), dcrivcd from nitroolefin and diazomethane or 
diazoacetic ester, is known2 to result in the elim- 

R-CII=CII-X02 + R'CHNz + 
R-CH-CB-iYO~ A R-C-CH 

--f /I + H O N O  nr-ti N 

'N' 

I /  
\ /  

It'-CH N 

N 
H 

I I1 

iixition of tlic clcments of nitrous acid with the 
formxtion of pyrazoles of type II.3 The conversion 

( 1 )  From tlie Ph.D. theses of Henry C. Braxton, Jr., 
nrid C:x1 Scrrc,3, Jr., Thr University of Minnewta, 1960 and 
1!156, rrywctivcly. 

( 2 )  I\', 1;. I'nr11:ini nnd J. L. l3lcnsrlalc, J .  An. Chem. SOC., 
72, ;2Sl3 (l!jL-,O); 7 3 ,  4(iti4 (19.51). 

of I to I1 is also known to be catalyzed by acid or 
base.2 Hitherto the only nitrocyclopropanes that 
have been prepared by the reaction of nitroolefin 
with diazo compounds are those reported by 
Mustifa4 from diazofluorene and nitroolefins. 

We have recently shown that diphenyldiazo- 
methane adds to nitroolefins to give pyrazolines of 
type 111, in which the diazo nitrogen atom is at- 
tached to the beta-carbon atom of the nitroolefin.6~b 

(3) Type I1 pyrazoles are designated as those in which the 
diazonitrogen becomes attached to the a-carbon of the nitro- 
olefin. The douhle bonds in such pyrazoles can lie in any of 
the three possible positions. 
(4) A. klustifa and A. Harbash, J. Am. Chem. SOC., 76, 

1383 (1954). 
(5) W. E. Parham, C Serres, Jr., and, P. R. O'Connor, 

(6) W. E. Parham, H. G .  Braxton, Jr., and, P. R.  O'Con- 
J .  Am. Chem. SOC., 80, 588 (1958). 

nor, J .  Org. Phrm., 26, 1805 (1961). 


