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Abstract 
9-Aminononanamide, a potential intermediate 

for nylon-9, was prepared from soybean oil via 
alkyl soyate, aldehyde oil or soybean amides. 
All three routes involved various sequences for 
reductive ozonolysis, reductive amination and 
ammonolysis. The preferred route is through the 
alkyl soyatcs, although the other two have fewer 
steps. The amino amide is a water-soluble, 
strongly basic solid that rapidly absorbs atmo- 
spheric carbon dioxide and is readily hydrolyzed 
to 9-aminononanoic acid. Although the amino 
amide is selfpolymerizable in limited degree, the 
preferred monomer for nylon-9 is the amino acid. 
Other new compounds prepared and characterized 
include a z e l a a l d e h y d a m i d e ,  bis(8-carbamoyl- 
octyl) amine ; N- ( 8 -c a r b a m o y 1 o c t y 1) - 8 -methoxy- 
carbonyloctylamine ; 9-hydroxynonanamide ; and 
dimers of the amino amide and the amino ester. 

Introduction 
Nylons (linear polyamides) have several physical 

properties in a unique combination that has made 
them widely useful as both engineering materials and 
fibers. The large-volume nylons (nylon-6 and -6,6), 
although desirable because of their high melting 
points, present some problems in dimensional, elec- 
trical and strength uniformity at varying moisture 
levels. Of the new specialty nylons having high 
methylene to amide ratios, nylon-9 has perhaps the 
optimum combination of low water absorption and 
high melting point (205 C) (1-3). Interest in these 
higher nylons is growing also because of their greater 
melt stability and ease of fabrication (1). 

Nylon-9 was first described in 1937 by Carothers 
(4), who emphasized the constant tenacity of its fibers 
in both the dry and wet state. Details of its synthesis 
from sebacic acid were later published by other Du 
Pont investigators (5). Japanese workers have pre- 
pared it from oleic acid derived from sperm oil (6,7) 
and studied the kinetics of polymerization of the 
monomer, 9-aminononanoie acid (8). One of the cur- 
rent research projects at the Northern Laboratory is 
the development of an economical synthesis of nylon-9 
from soybean oil (9). Soybean oil is a preferred 
starting material because of its low cost, availability, 
and high proportion (85%) of unsaturated fat ty 
acids having the first double bond at C9. Theoretically, 
100 lb. of soybean oil would produce 49 lb. of nylon-9. 
This paper describes exploratory studies on the prep- 
aration and polymerization of 9-aminononanamide 
(Fig. 1, IV), a new compound (10,11). 

Experimental Procedures 
M a t e r i a l s  

Methyl azelaaldehydate (MAZ; III,  R' -- CH3), 
n~ ~ ---- 1.4391, was prepared in 99+% purity from 
soybean methyl esters via the procedure of Moore 
et al. (12), and soybean aldehyde oil by the method 

1 Presented in part at the AOCS ~eeting, Chicago, October 1967. 
~No. Utiliz. Res. Dev. Div., ARS, USDA. 
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of Pryde et al. (13). Methyl 9-aminononanoate, 
n~ ~ - 1.4428, was made from MAZ by a modification 
of the procedure of Anders et al. (14) ; methanol was 
used as the solvent at 60 C and 1000 psi. Soybean 
and olive amides were prepared by ammonolysis of 
the appropriate seed oil (Kohlhase et al., unpublished 
work). 

A n a l y t i c a l  M e t h o d s  

Melting points determined at 1-2 C/min on a 
Kofler hot-stage microscope are uncorrected. Dif- 
ferential thermal analyses (DTA) were run on a 
Du Pont Model 900 unit, generally at 10 C/rain; 
endotherm "peak" temperatures only are reported, 
unless noted otherwise, and have _ 2  C reproducibility. 

Aldehyde titer was determined by back titration 
of tIC1 released by reaction between the aldehyde 
and at least a 10-fold excess of NIt2OH. HC1 at 
20-25 C for 4-24 hr or under reflux for 30 min. 

Amino amide was separated from amino acid and 
other products on ion-exchange resins; thin layer 
chromatography and gas liquid chromatography 
(Kohlhase et al., unpublished work) were used for 
some analytical separations. 

A z e l a a l d e h y d a m i d e  ( I )  and  D e r i v a t i v e s  

Both soybean and olive amides were used as start- 
ing materials. For example, a solution of 26.95 g 
olive amides (0.084 mole unsaturates, mp 73-75.5 C, 
DTA 76 C, IV 83, 5.1% N), 103.4 g CH3COOH (1.72 

RCH= CH(CH,)~CO0~ 

RCH-~CH (CH~I,CONH, RCH=CH (CH,);C00R' 

o, 1o. 
-=CH(CH,):CONH: 0=CH(CH,),C00G O=CH(CH,),COOR" 
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FIe. 1. Routes to 9-aminononanamide (IV) and nylon-9 
(VII) from soybean oil. 
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moles), and 127.4 g n-C,HgOH (1.72 moles) (12) 
was ozonized at 5 C for 57 rain. The mixture was 
hydrogenated at 7 C until  free of peroxides (3.4 g 
5% Pd /C ,  40 min) ,  warmed to 50 C to dissolve all 
amides, filtered, cooled to --22 C, and again filtered 
to remove saturated amides (rap 98-100 C, 4.3 g, 
90% theory) .  The 400 ml filtrate was evaporated at 
45 C/0.05 mm to leave 25.9 viscous oil (n3o ~ = 1.4517, 
0.0395 mole azelaaldehydamide, 46% of theory as 
isolated oxime) that  was stored in 100 ml CH.~OH 
under  N2 at - 2 2 C  (1.5 g insolubles removed) as 
solution A. Aldehyde amide was purified by evapo- 
rat ing 9.3 ml solution A at 35 C/0.03 mm and ex- 
t ract ing the residue with 80 ml hot heptane, 100 ml 
ether, and 60 ml CI-I_~CI,,. The 0.5 g residue was 
dissolved in CH3OH and reprecipitated with CH2C12 
twice to give a soft solid (rap 50-75 C) ;  analysis 
indicated it to be about 90% pure I. Fu r the r  purifica- 
tion was not at tempted because of its unstable and 
intractable nature. 

Azelaaldehydamide oxime (X) was prepared from 
a portion of solution A, The crude product  (rap 115- 
123 C) was reerystallized once from H20 to give pure 
oxime (Table I ) .  An oxime fraction; believed to be 
a single geometric isomer (mp 131-132C, DTA 
138 C), was obtained as the first crop (from CH3OH/  
(C2H~)20, from another ozonolysis and large-scale 
oximation. 

Azelaaldehydamide semicarbazone (XI)  was pre- 
pared from another portion of solution A;  fa t ty  
amides and pelargonaldehyde semicarbazone precip- 
itated first when the reaction mixture was diluted 
with H20 and cooled. The combined third and four th  
crops were recrystallized from CH3OH to give pure 
X I  (Table I ) .  

9-Aminononanamide (IV) 

From Crude Azelaaldehydamide (I). A solution of 
28.2 g crude I (0.0327 mole derived from soybean 
amides) in 18.6 g 1-propanol, 1.2 g washed Raney 
nickel, and 50 ml (2.4 moles) liquid NH3 were 
charged to a cold 300 ml rocker autoclave. Reaction 
with He was carried out by pressurizing cold to 500 
psi and heating first at 50 C/1500 psi for 2 hr (95 

JOURNAL OF THE AMERICAN 

i 
I , ,z . I  

20 
I l I I ~ , I , 

40 60 80 100 120 140 
Temperature, C 

Y 
160 180 200 

Fro. 2. Differential thermograms of (a) 9-aminononanamide; 
(b) its earbamate salt; (c) monooxalate; and (d) hemioxalate. 
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psi AP) and then at 90 C/3000 psi (no •  for 1.5 hr. 
The product  (27.9 g green paste) was extracted with 
200 ml H20, and the extract  evaporated to leave 8.51 g 
ivory-white waxy solid, mp 70-117 C (11.5% N, 6.04 g 
amino amide). An additional 2.56 g wet solid (rap 
70-106 C) obtained from the crude product  with 250 
ml hot H20 was fractionated with acetone; the soluble 
par t  formed 1.0 g XV (mp 105-122 C, 0.66 g amino 
amide). The insoluble par t  was reerystallized from 
H20/acetone to give 1.45 g solid (mp 118-134 C) that  
analyzed approximately as a 1:1 salt of the amino 
amide (0.69 g) and azelaamie acid. 

The main 8.51 g II~O-soluble product  was extracted 
with 200 ml acetone; the extract formed 2.53 g mono- 
oxalate (rap 111-120 C, 1.66 g amino amide). The 
3.34 g acetone-insoluble solid (rap 119-130 C, from 
H20/acetone)  was evidently the azelaamie acid salt 
of 1.60 g amino amide. The 4.6 g total amino amide 
was an 82% conversion on aldehyde amide, or 38% 
on soybean oil unsaturates. 

Other Methods. The amino amide was also prepared 
from g]yceryl azelaaldehydate ( I I )  in soybean alde- 
hyde oil, from methyl 9-aminononanoate (V, R'  = 
CHs; monooxalate, X X V ) ,  and from MAZ (III ,  R '  = 
CH3). Ion exchange was used to isolate amino amide 
in some of this work (Kohlhase et al., unpublished 
work). 

Simultaneous reductive amination and ammonolysis 
of aldehyde oil gave the amino amide in 56% con- 
version. The mixture of 10.0 g oil (13) (0.0303 equiv. 
- C H O ) ,  0.6 g Raney nickel, 50 ml absolute CeH5OH, 
40 ml n-CTH16, and 50 ml anhydrous liquid NH3 
was heated with He at 70 C/1500 psi for  1.5 hr and 
again at 125 C/2000 psi for 3.3 hr. 

A 35% yield of amino amide was isolated from 
ammonolysis of the amino ester in NH3/CH3OH at 
125-140 C for 5.5 hr. The freshly distilled amino 
ester was stored in cold NH3/CHsOH before the 
reaction to inhibit poly-condensation. 

The MAZ route produced amino anfide in 56% 
yield. The mixture of 5.0 g MAZ (0.0268 mole), 1.16 
g 9-aminononanoic acid (0.0067 mole) (3) as am- 
monolysis catalyst, 0.7 g Raney nickel, 40 ml CH3OH, 
and 80 ml anhydrous liquid NHs was heated with 
He at 70 C/1500 psi for  2 hr and at 125 C/2150 psi 
for 3.5 hr. 

Properties. The amino amide was stable for at least 
one year  when stored at 25 C in a closed vial to 
protect  it from atmospheric COe; the DTA endotherm 
(74C, Fig. 2) was unchanged. Hot-stage melting 
points were anomalous, presumably due to CO2 pickup 
from the air ;  this sample sintered at  60-80 C and 
melted at 105-130 C. When heated at 90-95 C for 
17 hr under  N2 or in vacuo at 0.02-0.1 ram, there 
was no appreciable change in the CHN analysis or 
DTA endotherm (72C) .  About half  the vacuum- 
heated sample sublimed, the sublimate analysis and 
DTA (74 and 149 C) corresponding to a mixture of 
amino amide and a minor amount  of its carbamate 
(XII ,  Table I) .  The infrared spectra of the solid 
and molten amino amide were different (Fig. 3 ) ;  
care had to be taken in preparing the K Br  pellets 
to minimize CO2 absorption. 

Prolonged contact with acetone illustrated the 
strongly basic character of IV;  it combined with and 
caused self-condensation of the acetone to mesityl oxide 
and higher products. Prel iminary t i t ra t ion data in- 
dicated that  Ks for the amino amide is of the order 
of 1-2.5 X 10 -4. 

The water solubility of the amino amide rose 
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FIC~. 3. Infrared spectra of 9-aminononanamide: (a) below the melting point (at 31c), 0.1% in KBr; 
sample above the melting point (at 91C); and (c) at 30C, 1% in KBr. 

(b) same 0.1% 

sharply  with temperature ,  in contrast  to that  of the 
amino acid (Fig. 4), permi t t ing  purification of the 
amino acid by fract ional  crystallization. Organic sol- 
vents provided a sharper  solubility difference. The 
amino amide was very  soluble in lower alcohols, 
moderately in acetone (slow reaction),  slightly in 
benzene, and insoluble in heptane ; the amino acid was 
total ly insoluble in the last three. At tempts  to pu r i fy  
the amino amide with organic solvents met with little 
s u c c e s s .  

9-Aminononanamide Salts 

The carbamate salt (IR, Fig. 5) was readily formed 
by reaction with atmospheric C02; occasional grind- 
ing in an agate mor t a r  ensured complete reaction. 

Both a hemioxalate ( X I V )  and a monooxalate salt 
(XV)  were p repared  f rom the amino amide, depend- 
ing upon the reactant  ratios and combining order;  
par t ia l  conversion of the 1:1 salt to the 2:1 salt 
occurred dur ing extensive recrystallization. Neither 
salt had a sharp melt ing point ;  see F igure  2 for 
DTAs  and Table I for properties.  Their  inf rared  
spectra were somewhat similar to that  of the amino 
amide, with broader  and stronger absorption in the 
2700-3300 cm -1 region (NH and OH)  and near  1600 
cm -1 (C = 0 ) .  New bands appeared  in the spectra 
of both salts at  1190, 1095, 970, 870, 750 and 450 
em -1 ; X V  at  775 and 490 cm -1 ; and the X I V  hydra te  
at  570 cm -1. Pure  X V  precipi tated near ly  quanti ta-  
t ively when a 0.3-0.5% solution of the amino amide 
in acetone was added to a slight excess of 1-2% 
C2H402 �9 2I t20 in acetone. 

The hemioxalate hydra te  (0.185 g) was formed 
when a solution of 0.063 g C2H402 �9 2HeO in 10 ml 
acetone was added to 0.172 g 90% pure  amino amide 
in 100 ml acetone, cooled to 0 C, filtered, and washed. 
Recrystall ization of 0.170 g f rom 5 ml HeO (0.013 g 
insoluble) and 20 ml acetone cooled to 0 C yielded 
0.100 g monohydrate.  The anhydrous  hemioxalate 
was made by vacuum drying this hydra te  at 45 C /  
0.06 mm. 

Other related amino compounds, such as methyl  
9-aminononanoate, also readily formed oxalates in a 
similar manner  (Table I ) .  

9-Aminononanamide acetate ( X V I )  was the prod- 
uct usually isolated f rom syntheses of the amino amide 
with CIIaCOONH4 as an ammonolysis catalyst. Thus, 
the  tI20-soluble product  f rom one MAZ run  was 
recrystall ized f rom ethanol-benzene-heptane to give a 
mixture  of solids tha t  sublimed at  80 C/0.02 mm to 
produce pure  monoacetate. 

Other Derivatives 

9-Acetamidononanamide ( X V I I )  was p repared  by 
warming 0.359 g amino amide with excess acetic anhy- 
dride (8.66 g) at 90 C for  5 rain. The mixture  was 
diluted with 11 ml H20  and evaporated. The product  
(0.451 g, 100% yield) was recrystallized f rom 8 ml 
C t IaOH a n d 1 5  ml HIO (to - 2 2  C) in 80% recovery 
(IR,  Fig. 5). 

9 - t Iydroxynonanamide  ( X V I I I )  was p repared  by 
heating a solution of 1.8 g methyl  9-hydroxynonanoate 
(0.009 mole, 94% pure)  (15), 0.74 g CHaCOONH4, 
and 40.8 g anhydrous  NH3 in 50 ml CHaOH in a 
300 ml rocker autoclave at  125 C for  6 hr. The HIO-  
washed product  was purified by dissolving in 40 ml 
2.5/1 H I O / C H 3 O H ,  extract ing with 3 x 25 ml benzene 
to remove unchanged hydroxy  ester, evaporat ing,  re- 
crystallizing the 0.87 g residue f rom 40 ml HIO, and 
decolorizing in 80 ml warm t t20  with activated char- 
coal to give 0.53 g pure  X V I I I  (Table I ) .  The total  
product  in all fractions was about 1.32 g, 85% 
conversion. 

Bis (8-carbamoyloctyl)  amine ( X I X )  was p repared  
f rom bis(8-methoxycarbonyloctyl )amine (2.01 g, 
0.0056 mole, mp 44-47.5 C) (16), 85 ml CH~OI-I, and 
16 g anhydrous  NH3, kept  at 22 C for  90 hr, heated 
8 hr  at 50 C, and evaporated on a steam bath  for 4 hr. 
Ext rac t ion  of the product  with 40 ml HeO removed 
0.19 g mix ture  including some anlide acid. Recrystal-  
lization of the H,,O-insolubles f rom 42 ml CH3OH 
a n d  23 ml tteO ( to  : -22  C) gave 0.77 g impure  un- 
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changed diester (monooxalate mp 110-175 C). The 
filtrate evaporation residue was extracted with 40 ml 
hot benzene and with 16 ml t t20 to leave 0.15 g 
XIX  (Table I).  

9 - (8-Methoxycarbonyloctylamino) nonanamide (XX) 
was precipitated from the 40 ml benzene extract 
described above for X I X  by slow dilution with 50 
ml ~-heptane and cooling to - 22  C. The 0.48 g crude 
amide ester (mp 80-92C) was recrystallized from 
CHsOH/I-I20 (to - 22  C). 

Oligomeric Products 

Methyl 9- (9-aminononanamido) nonanoate (amino 
ester dimer, VIII )  carbamate salt (XXI)  was isolated 
as a by-product of an amino amide synthesis from 
MAZ that gave amino ester and amino amide in a 
2:1 mole ratio. The initially ether-soluble product 
(primarily a mixture of amino ester and amino amide) 
became largely ether-insoluble after two days at 25 C. 
The H20-insoluble fraction (mp 84-133 C) was re- 
crystallized from 1:1 n-C3H7OH:I-I20 to give VII I  
as the carbamate (XXI)  (2 dimer �9 CO2) containing 
a small amount of amino amide dimer (IX) (Table I).  

9-(9-Aminononanamido)nonanamide (amino amide 

OIL CHEMISTS' SOCIETY VOL. 47 

dimer, IX) carbamate salt (XXII)  was obtained 
when the initially ether-insoluble product (mp 94- 
106 C) from the same MAZ run was dissolved in 
CH30H and partially (42%) reprecipitated with 
ether. This precipitate (1.50 g) was extracted with 
100 ml hot H20 (0.51 g insoluble Ni +2 complexes), 
and the extract was cooled to precipitate 0.49 g crude 
dimer; recrystallization from H20 gave XXII  having 
the correct analysis (Table I). 

9-(9-Aminononanamido)nonanamide (amino amide 
dimer, IX) diacetate (XXII I )  was obtained from 
X X I I  by dissolving in excess glacial CH3COOH and 
freeze-drying. 

9- (9-Acetamidononanamido) nonanamide (XXIV) 
was prepared from X X I I  by heating with excess 
acetic anhydride at 85 C for 1.5 hr. The mixture 
was diluted with water and evaporated; the residue 
was recrystallized from CH3OH/H20. 

Amino ester oligomer came from distilled V (R' = 
CtI3) that solidified in two weeks at 20-25 C in a 
closed vial, and after  11 weeks the dried solid (mp 
80-138 C) analyzed as the oligomer with an average 
of 2.5 monomer units (5). Exposure to CO,~ for 3 
hr converted the 2.5-unit oligomer to the carbamate, 
as shown by analysis. The resin left in the still pot 
from the amino ester distillation was an oligomer with 
about 10 units, after reprecipitation from 90% 
HCO0tt .  

Polymerization of 9-Aminononanamide (IV) 

In Water. A solution of 1.07 g amino amide 
(15.16% N, 0.00578 mole, DTA 83 C) in 20 ml HzO 
was heated in a 240 ml glass-lined autoclave at 250 C 
for 2.2 hr. After venting the steam (30 min) at 250 C 
into a condenser under N2 and holding 30 nfin at 
250 C (1 atm Ne), the autoclave was closed and cooled 
to 10 C. The vent condensate contained 0.00528 
equivalent titratable base (91.3% theory NH~). The 
friable, pale yellow, polymeric product (0.96 g, mp 
170-176.5 C) was purified by reprecipitation (10 ml 
CF3CttzOH, 220 ml H20). The recovered polymer 
(rap 160-177 C, DTA 165 and 177 C, intrinsic viscosity 
0.265 in CFaCH2OH) analyzed as a nylon-9 having 
12 monomer units. Fur ther  polymerization at 0.02 
mm for 4.0 hr at 30-220 C and 5.1 hr at 220-248 C 

Microns 
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FZ~. 5. Infrared spectra of (a) the carbamate salt of 9-aminononanamlde and (b) 9-acetamidononanamide; 1% in KBr. 
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gave a hard amber resin containing 11% CF~CHeOII- 
insolubles. The IR spectrum of the soluble fraction 
(mp 167-179 C, intrinsic viscosity 0.433 in 
CF~CH~Ott) closely matched that of high tool wt 
nylon-9 (VII) made from the amino acid. 

Anhydrous polymerization of amino amide carba- 
mate at 250-260 C under Ne for ]3 hr gave only a 
trimer (mp 105-138 C, 11.1% N). Heating XIV at 
235-250C for 8 hr (NHs evolved) gave a gray 
tetramcr (carbamate mp 160-172 C, DTA 174 C, after 
reprecipitation from HCOOH). Compound XV gave a 
similar product (rap ]52-165 C) at 224-230 C for 5 hr. 

9-Aminononanoic Acid f rom Hydrolysis of Amino Amide 

A solution of 0.67 g crude XVI (10.4% N, 0.00249 
mole) in 50 ml 12 N HC1 was refluxed overnight 
and then evaporated. Crude amino acid (0.435 g, 
]00% yield, 98% pure by CHN analysis) was re- 
covered from the residue with a polyamine-type ion- 
exchange resin. Recrystallization of 0.38 g from 25 
ml HeO and 25 ml acetone (cooled to 0 C) yielded 
0.28 g pure 9-aminononanoic acid (mp 176-181 C, 
DTA 193 C). Hydrolysis of the amino amide in water 
alone was slow; after 41 hr at 90 C the reaction 
was 32% complete. 

Results and Discussion 
Three routes from soybean oil to the amino amide 

(Fig. 1, IV) were demonstrated; alkyl soyate, alde- 
hyde oil or soybean amides served as the inter- 
mediates. These provide additional syntheses of 
nylon-9 from soybean oil, and a new intermediate for 
9-aminononanoie acid, the preferred monomer. The 
fundamental reactions in each route were: (a) re- 
ductive ozonolysis of the C~ double bond to aldehydes 
(12,13); (b) reductive amination of aldehyde to 
aminomethyl (14,17); and (c) ammonolysis of ester 
to amide. These reactions are capable of 90-100% 
yields. 

The amino amide was converted directly to low 
molecular weight nylon-9 and, also, was hydrolyzed 
readily to 9-aminononanoic acid, which gives much 
higher molecular weight polymer (3). The yields in 
many of these exploratory reactions did not attain the 
90-100% level reported for simpler analogous sys- 
tems. However, the key reductive amination step did 
proceed in 98% yield with MAZ in CHaOH at 60 C/ 
1000 psi and in ~90% yield with azelaaldehydamide 
in CHaOH at 50-90 C/1500-2000 psi. Ammonolysis 
was low in the MAZ experiment because of low tem- 
perature, reaction time (3 hr), or both, but went in 
~90% yield with aldehyde oil at 125-130 C in 1- 
propanol or in anhydrous ammonia alone. Isolation 
of intermediate aldehyde in the olefin --> amine 
sequence can be omitted (18,20). 

9-Aminononanamide (IV)  via Alkyl Azelaaldehydates 

Preparation of IV from soybean oil via I I I  utilizes 
intermediates that are readily purified by distillation 
(3), but it has the most steps if amination and am- 
monolysis are carried out in two separate reactions. 
Reductive amination of I I I  (R' = CH~) went in 98% 
yield, but the isolated yield of the amino ester (V, 
tr was cut to 19% by simultaneous am- 
monolysis, and also by polymerization during 
distillation. 

Simultaneous reductive amination and ammonolysis 
of I I I  to IV went best in methanol, of the solvents 
tested; ammonium acetate was added as an am- 
monolysis catalyst. Some evidence was obtained that 
9-aminononanoic acid is a slightly better catalyst 
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(63% vs. 50% in limited testing),  although it does 
not form an isolable ammonium salt. Ammonolysis 
was very slow in dioxane, anhydrous ammonia alone, 
or without a catalyst. Simultaneous reductive amina- 
tion and ammonolysis have been reported in the forma- 
tion of 10-aminodecanamide in 70% conversion from 
ethyl sebaeaaldehydate in ethanol at  150 C, but  not 
in the analogous reaction with MAZ (18). 

9 - A m i n o n o n a n a m i d e  ( I V )  via Aldehyde 0 i l  

The shortest route to IV is that  via I I  in aldehyde 
oil and provides a four-step synthesis of nylon-9 from 
soybean oil. The best second step occurred in one 
experiment in ethanol/n-heptane, which gave a 56% 
conversion of I I  to IV as a two-stage reaction: the 
reductive amination stage at  40-70 C/1500 psi for  
1.5 hr to minimize aldehyde side reactions, and the 
subsequent ammonolysis stage at  125 C/2000 psi for 
3.3 hr. 

A variety of solvents was suitable for  the I I  --> IV 
reaction, including anhydrous ammonia alone, alco- 
hols, and benzene-water. Although aldehyde oil 
formed an insoluble gel instant ly when exposed to 
ammonia vapor, st irring into excess ammonia in 
alcohol gave no gel. In addition to Raney nickel, 5% 
P d / B a S Q  was also scouted as the reduction catalyst, 
giving about 7% conversion to IV in benzene-water 
at 70 C/1500 psi/1 hr and 140 C/2000 psi/1 hr, and 
over 27% in ammonia alone at  55-70 C/1500 psi/1.5 
hr  and 130 C/2300 psi/2.3 hr. Such noble metal 
catalysts should prevent  the metal complex formation 
observed with nickel. 

9 - A m i n o n o n a n a m i d e  ( I V )  via Soybean A m i d e s  

Azelaaldehydamide (I)  was obtained from soybean 
amides in 25-62% conversion by reductive ozonolysis. 
Evidence for slight instability of I was obtained when 
str ipping at 40 C gave a 37% lower -CHO ti ter  in 
crude I than at 25 C. The - C H O  loss may be due to 
reaction with -CONH2 groups to form alkylidene- 
bis-amides (20) : 

R C H O  + 2 R ' C O N H 2 .  ~ ( R ' C O N H - ) 2 C H R  + H_~0 

High overall yields of IV from soybean amides 
should be feasible by prompt  use of I without isola- 
tion. Although pure I was not isolated, samples of 
its pure oxime and semicarbazone were Prepared 
(Table I ) .  

Properties o f  9 - A m i n o n o n a n a m i d e  ( I V )  

The amino amide is a strongly basic waxy solid 
that  is very soluble in water (Fig. 4). The true 
melting point (74 C by DTA) is slightly higher than 
that  of the 8- or 10-carbon homolog (11,19). Hot- 
stage melting points were i r regular ly  higher, ap- 
parent ly  due to absorption of 0.5 mole atmospheric 
carbon dioxide to form a carbamate, H2NCO(CH2)~- 
N H COOH �9 H2N(CH2)8CONH2, mp 102-117 C, DTA 
149 C. Other derivatives are listed in Table I ;  rep- 
resentative thermograms are shown in Figure  2, and 
infrared spectra in Figure  5. 

The infrared spectrum (Fig. 3) of the amino amide 
was in harmony with its assumed structure. The 
high frequency (890 cm -1) of the amine N - H  out-of- 
plane deformation band indicates strong H-bonding 
(21) ; the band was absent in the melt at 92 C and in 
the carbamate. 

The amino amide, isolated as its acetate salt from 
runs utilizing ammonium acetate as catalyst, was 
readily separated from its salts or nonbasic impurities 
by ion-exchange. 
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Hydrolyt ic  polymerization (5,10,11) of IV yielded 
nylon-9 having ~ = 0.43. Anhydrous polymerization 
of the amino amide or its oxaiate (22) gave only low 
oligomers (D.P. 3-4),  perhaps because unreaetive 
nitrile end-groups are formed. 

The amino amide was readily hydrolyzed to 9- 
aminononanoie acid (VI)  with hydrochloric acid at 
90 C (23), but  slowly in water alone. Since the amino 
acid is easily reerystallized, a feasible route to nylon-9 
from soybean oil may be via IV and VI. 

Related Compounds 

Side-reactions during the formation of the amino 
amide, such as - C H O - - + - C H 2 O H  or ( -CH2-)2NH, 
were effectively inhibited by a large excess of am- 
monia (40-150 N H 3 / - C H O ) .  The minimum ratio 
was not determined;  lower ratios have been reported 
(18,19). The two expected by-products, 9-hydroxy- 
nonananfide and bis(8-earbamoyloetyl)amine, were 
prepared and characterized. The secondary amine 
was not detected among amino amide by-products, 
and the hydroxy amide was formed only in trace 
amounts ( < 3 % ). 

Small amounts of dimerie products were formed in 
amino amide syntheses from I I  or I I I  when am- 
monolysis was incomplete, presumably during workup. 
Aminolysis of unchanged ester groups can occur with 
the amino ester or amino amide: 

2 H ~ N  ( C H ~ ) s C O O C H 3  ) 
H~N (CH.2) sCONII (CH2) sCOOCIL + CH~OII 

(rill) 
H ~ N  (CH,.,) sCOOCH.~ + H 2 N  (CH._,) s C O N t i z  

H z N  (CH~)  s C O N t t  (CH2)  s C O N H ~  + C H ~ O I t  
(IX) 

Both reactions were observed during workup of the 
products from the reaction sequence, I I I  ( g '  = OH3) 
-~ IV. 
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