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Reproducible methods for obtaining iminodiacetonitrile and methyl iminodiacctate are described. The K-phenylacetyl 
derivatives of methyl iminodiacetate was subjected to Dieckmann cyclization, and the resulting 2,4-dioxopyrrolidine was 
partially deoxidized to a lactam. Ring opening hy hydrolysis, followcd by methylation gave thc desired end product, named 
in the title. 

A method was needed for preparation of methyl 
6-aryl-3-methyl-3-azapimelates, for such esters 
might be converted into piperidones useful in a pro- 
jected morphine synthesis. 

The present paper describes some experiments 
undertaken to  develop such a method. Methyl 6- 
phenyl-3-methyl-3-azapimelate (VII) was obtained 
using the reactions shown in the accompanying 
chart. 
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Several variations in the indicated route mere 
tried, but no better way was found. Application of 
the Thorpe reaction to the phenylacetyl derivative 
of iminodiacetonitrile gave a t  best a 10% yield of 
1 - cyanomethyl -3 -phenyl-4-imino-2 - pyrrolidone. 
Conversion of IV to  V stepwise, through the corre- 
sponding 4-hydroxypyrrolidone and A3-pyrrolone 
was accomplished, an important point in estab- 
lishing the nature of V, but as a preparative pro- 
cedure this indirect route was of no value. 

EXPERIMEKTA L 

acid gave iminodiacetonitrile in R yield of 70%, but isolation 
was laborious. Use of anhydrous hydrogen ryanide as 
described in detail below was more satisfactory. 

Methyleneaminoacetonitrile2 (245 9.) and 0.9 ml. of con- 
centrated hydrochloric acid were added to 103 g. of hydro- 
gen cyanide which had been frozen in a tuo-liter flask. The 
flask was closed tightly and kept a t  room temperature for 
six days. Excess hydrogen cyanide was thcn removed under 
reduced prcssure and the brown residue was dissolved in 
500 ml. of hot ethyl acetate and boiled for two minutes 
with Norit. Addition of ca. 200 ml. of benzene precipitated 
a small amount of tar, and subsequent cooling to 0" gave 
229 g. of slightly brown product. An additional 31 g. 45s 
obtained by concentrating the mother liquor. The substancc 
had m.p. 75-78' snd was pure enough for further use. 
Crystallization of &gram samples from water or from 12 
ml. of ethyl acetate plus 4 ml. of benzene gave 3.5 g. of 
colorless crystals, m.p. 77-79", reported 75° ,3  'iso4. 

Methyl iminodiacetate hydrochloride (11). To a solution 
of 430 g. of hydrogen chloride in tw-0 liters of methanol was 
added 272 g. of iminodiacetonitrile in small portions, while 
the mixture was stirred and cooled to  prevent too vigorous 
refluxing. The addition required about 45 minutes. Then 
105 ml. of water was added, and the mixture was boiled for 
two hours, then treated with an additional 200 ml. of 27% 
methanolic hydrogen chloride and boiled for 1.5 hours 
longer. Ammonium chloiide was removed by filtration of 
the hot mixture and washed with 400 ml. of hot methanol. 
Cooling t8he solution to -15' overnight gave 308 g., and 
concentration of the mother liquors gave an additional 
133 g., m.p. 166-170'. This product contained some am- 
monium chloride, but was pure enough for acylation. A 
sample free of ammonium chloride was obtained with 50y0 
loss by combined fractional extraction and crystallization 
from methanol, m.p. 177-178' (dec.); reporteti,5 183'. 

Methyl N-phenylasetylzminodiacetate (111). A solution of 
39.6 g. of methyl iminodiacetate hydrochloride in 100 ml. of 
water was added as rapidly as frothing permitted (10 min- 
utes) to a cold (0') stirred mixture of 120 ml. of water and 
37 g. of sodium bicarbonate (carbonate gave much poorer 
results). Then during 20 minutes 34 g. of phenylacetyl rhlo- 
ride was added at  -5  to 0". Stirring was continued for one 
hour, and the product then was removed and washed with 
TT-ater. Recrystallization from a mixture of 60 ml. of metha- 
nol and 35 nil. of water gave 47-51 g. (84-9lCc) of colorless 
methyl N-phenylacetpliminodiacetate, m.p. 80-82". An 
analytical sample m.p. 8242.5 '  was obtained by a second 
crystallization. 

Anal .  Calc'd for ClaHI7NO6: C, 60.2; €1, 6.1. Found: 
C, 60.3; H, 6.2. 

illethyl 2,4-dioxo-S-phenylpyrrolidylacetate (IV).  Sodium 
methoxide was prepared from 4.1 g. of powdered sodium and 
15 ml. of methanol in 120 ml. of toluene. To this was added 
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46 g. of 111, and the mixture was distilled slowly (15 minutes) 
until no more methanol was obt,ained. The solid then was 
removed by filtrat,ion, washed witsh et,her, and st,irred int,o a 
soliition of 20 ml. of hydrorhloric arid in 200 ml. of watrr. 
The cruile product m.p. 148-348" was cryst,aIlized from a 
mixture of 20 ml. of met,lianol ii.n(l 40 ml. of water, giving 
34 g. (8151) of colorless crystals m.p. 155-157'. Further 
crystallization garc nn analytical s:tmple, m.p. 157-158'. 

Anal .  Calc'd for Cl&xO4: C, 63.1; H, 5.3. Found: 
C, 63.1; H, 5.6. 

Wit,h alcoholic ferric chloride, the compokd gave a dark 
green color that became violet when water was added. 
Thc phenylhydrazone, prepared in methanol containing a 
trace of :icetic acid, formed colorless crystals m.p. 183-184" 
dec. 

Anal .  Calc'd for C19H19N303: C, 67.7; H, 5.7. Found: C, 
67.7; H, 5.8. 

When cyclization of I11 TVZM carried out using sodium 
ethoxide in toluene, ester interchange took place, and the 
ethyl ester corresponding t o  IV was formed; colorless crystals 
from ethyl acetate, m.p. 140-150". 

Anal .  Calc'd for ClaHl6NO4: C, 64.3; H, 5.8;  Neut. equiv., 
261. Found: C, 64.2; H, 5.8; Neut. equiv., 242. 

When the sodium salt obtained by cyclization of 111 was 
nllowed i o  stand in water solution, hydrolysis of t~he ester 
group took place. The product, d,6-dioso-5-phenylpyrrol~- 
dylacetic acid, was better obtained by boiling a solution of 
3 g. of IV in 20 ml. of lOyo sodium hydroxide for ten min- 
utes; precipitat,ion with hydrochloric acid and crystallizat,ion 
from dil. acetic acid gave 2 g. of colorless needles m.p. 
23G230 '. Furt,her crystallization from alcohol gave a prod- 
uct m.p. 238-239". 

Anal .  Calc'd for CI2HllNO4: C, 61.8; H,  4.8; N, 6.0. 
Found: C, 62.0; H, 5.0; N, 6.0. 

Re-esterification to I11 (2070 yield) took plare when the 
acid was boiled for 20 minutes with 10% met.hanolic hydro- 
gen chloride. 

illethyl 3-phenyl-2-pyrrolidone-LV-acetate (V). A solution 
of 37 g. of I\' in 200 ml. of methanol containing 4 g. of Raney 
nickel was shaken under hydrogen a t  30-40 lhs. and 50". 
After 22 hours about half the calculated amount of hydro- 
gen had been taken up and further absorption a a s  very 
slow. The solution was filtered, fresh catalyst was added, 
and hydrogenation was continued for 18 hours, or until the 
reaction was complete. Distillation gave 29 g. of a colorless 
oil, b.p. 183-189' at 5 mm; an analyt,ical sample b.p. 186- 
187" was obtained by redistillation; n2zJ 1.5378. 

Anal .  Calc'd for C ~ ~ H ~ S N O &  C, 66.9; H, 6.5. Found: C, 
66.8; H, 6.3. 

5-Phenyl-2-pyrrolidone-LV-acetic acid obtained by saponi- 
fication wit,h hot 10 yo sodium hydroxide, formed colorless 
crystals from 50% acetic acid of a hydrate, m.p. 62-64'. 
From benzene, the anhydrous compound was obtained, 
m.p. 108-109". 

Anal .  Calc'd for c12H13~03: C, 65.7; H, 6.0: Neut.. equiv.. 
219. Found: C, 65.8; H, 6.0; Neut. equiv., 222. 

When hydrogenation of 13 g. of IV was interrupted after 
one equivalent of hydrogen had been taken up and methanol 
was removed under reduced pressure, an oil containing some 
alkali-insoluble solid was obtained. Treatment a i th  cold 
ether left 2.8 g. of crude methyl 4-hydroxy-3-phenyl-kpyrro- 
lidone-iV-acetate, m.p. 125-130'. Recrystallization from di- 
lute methanol gave the pure substance, m.p. 145-146'. 

Anal .  Calc'd for C I ~ H I S ~ O ~ :  C, 62.6; H, 6.1. Found: C, 
62.9; H, 6.4. 

Dehydration of the 4-hydroxy compound (2.4 g.) was 
accomplished by boiling it for 25 hours with 20 ml. of acetic 
anhydride and 1 g. of potassium acetate, followed by dis- 
tillation of the crude acetat'e a t  200-210" and 5 mm. The rc- 
sulting niethyl S-phenyl-A3-2-pyrroEone-A~-acetate (0.5 g. )  
formed y e l l o ~ ~  crystals from benzene, m.p. 80-81 O ;  it de- 
colorized bromine in carbon t.etrachloride. 

Anal. C'nlc'd for Cl3HI3KO3: C, 67.5; H, 5.7. Found: C, 
67.8; 11, .i.T. 

F h e n  a solution of 0.9 g. of the A3-pyrrolone in methanol 
was shaken with charcoal, then a i th  Raney nickel, and 
finally reduced in presence of colloidal palladium, it ab- 
sorbed the calculatpd amount of hydrogen in one hour. 
Fractionation through a micro Craig rohimn gave four 0.1-g. 
fractions, b.p. about 200"; t,he third fraction had n2; 1.5382, 
nnd was ideiiticd with T' desclibcd nhovr (Found: C, 66.7; 

6-Phenyl-S-azapinzelic acid (VI). -4 solution of 18 2 g. of 
V in 65 nil. of 42Cc hyd~obromic acid was boiled for 7 hours, 
then distilled until the solution had b.p. 122", boiled for one 
how more, then evaporated under reduced pressure. The 
residue was dissolved in 35 ml. of water, brought to pII 
6 with 10% sodium hydroxide, and kept for several hours 
nt 0". There was obtained 10.1 g. of colorless crystals, m.p. 
159-164" ; recrpstallization from n-ater gave a product 
m.p. 164-165" decomp. (bath preheated to 150'). 

Anal .  Calc'd for Cl2HI5NO1: C, 60.7; H, 6.4. Found: 

H, 6.3). 

C, 60.3; I-I, 6.4. 
Acidification of the mother limors from the DreDaration ~. 

gave 4.8 g. of the hydrate of 3-phenylpyrrolidone-S-acetic 
acid, m.p. 60-64". 

3-BenrenesulfonyE-6-phen7/1-S-asnpzmelic acid, from thr  
acid with henzenesulfonyl chloride and aqucous alkali, 
formed colorless crvstals from n mixture of benzene and 
ethyl acetate, m.p. 148-150". 

189. Found: C. 57.4: H, 5.3: Keut. eaiiiv., 183. 
Anal .  Calc'd for C18Hl&O&3: C, 5T.3; H,  5.1; h'eiit. equiv., 

JlPthyl S-nzethyl-6-phenyl-6arapim~late (VII ) .  A mixture 
of 10.1 g. of VI. 20 g. of foimalin, and 50 g. of 907, formic 
arid was boiled for l.1 hourq, then distilled to divness under 
reduced pressure. The residue was dissolved in 50 ml. of 
nirthanol saturated xyith hvdrogen ehloiide, and hoiled for 
one hour. Methanol was removed under reduced pressure 
and replaced with 20 ml. of ire-water. Trcntment with cold 
sodium hodroxide solution and ether gave 5 g. of 1-11, n 
colorless liquid, b.p. 180-185" a t  10 mm: nz2 1.4081. 

Anal .  Cnlc'd for CI;H,,?\'04: C, 64.5: H, 7.6. Found: c, 
64.2; H, 7.5 .  

The pzcrolonate formed bright mllo-iv crystals from metha- 
nol, m.p. 158-159" decomp. 

Anal .  Calc'd for C96H~;S;Os: C. 55.2: H, 5.4: S,  12.9. 
Found: C, 55.4: H, 5.7fN;lR 0. 

Experments  on the Thorpo ci/clization. Av-Phenz~lacety/- 
t,,z2nodiacetonitrile was obtained in 61% yield by treatment 
of 47.5 g. of I in 250 ml of cold water nith 46 g. of sodium 
bicarbonate and 80 g. of phenylacetyl chloride. It formed 
colorless crystals from alcohol or ethyl acetate, m.p. 128- 
129". 

Anal .  Calc'd for C12HI1S30: C, 67.6; H, 5.2. Found: C, 
67.3; H, 5.4. 

Efforts to hydrolyze or alcoholize the nitrile groups 
always led to removal of the phenylacetyl group. 

Treatment of the compound with sodium methoxide in 
various reaction media and in varying amounts led to exo- 
thermic reaction, ammonia evolution, and formation of 
dark brown tars, with only small yields of crvstalline prod- 
ucts. For example, n suspension of 5 g. of N-phenylacet- 
iminodiaretonitrile in 25 ml. of methanol was treated Kith 
0.5 ml. of 23% sodium methoside in methanol. The mixture 
was warmed for tmo minutes until solution had occurred, 
boiled for one miniite and then cooled rapidly, and distilled 
to dryness under reduced pressure at 15". The dark product 
was crystallized five times from dil. ethanol (charcoal) giving 
0.5 g. of 3-phenyl-4-imzno-2-pyrrolidone-N-ncetonitrile, m.p. 
235-236", deromp. (hath preheated to 225'). 

Anal .  Calr'd for CI2HllS3O: C, 67 6;  IT, 5 2: ?;, 10.2. 
Found: C, 67.8; H, 5.4; ?;, 10.6 

A similar experimcnt, in which the basic catalyst (0.1 g. 
of sodium in 50 ml. of methanol) was neutralized with 3 ml. 
of concd. hydrochloric acid in 5 ml. of x-ater before the 
solvent was removed gave no imino-nitrile but only a small 
amount of 2,4-dioxo-S-phenylpz/rrolzd?/lncetamid~, roloi lcss 
rrystals from alcohol, ni p. 179-1SO". 




