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ABSTRACT AND SUMMARY 
A series of amphoteric surfactants was synthesized 

by reaction of 1,3-propanesultone with N-alkyl-N'- 
(w,co-dimethylaminoalkyl)succinamides. The inter- 
mediate succinamides were prepared by reacting 
methyl N-alkylsuccinamates, obtained from alkyl- 
amines containing 8 to 18 carbon atoms, with N,N- 
dimethyl-l ,3-propylenediamine or N,N-dimethyl- 
ethylenediamine neat. The amphoterics were isolated 
as hygroscopic crystalline solids having superior lime 
soap dispersing ability, water solubility, and calcium 
ion stability. Detergency studies at 0.2% concentra- 
tion (300 ppm water hardness) indicated good wash- 
ing ability when used alone and excellent perform- 
ance in combination with soap or in soap-silicate 
formulations. 

INTRODUCTION 
A wide variety of simple and complex fatty tertiary 

amines react with 1,3-propanesultone to form amphoteric 
compounds of the type R+N(CH3)2CH2CH2CH2SO~ 
which have been found to be excellent lime soap dispersing 
agents (1,2). Sulfopropyl derivatives of tallowamines (3) or 
purified fatty amines (1) show excellent dispersing proper- 
ties with the quaternary amphoteric derivatives from ter- 
tiary amines having detergency with soap and soap-silicate 
formulations equivalent to those of a commercial phos- 
phate-built control. Simple amphoterics (1) as mentioned 
above or those derived from alkylbenzenes (4) like R- 
OSO2NH(CH2)3+N(CH3)2CH2CH2CH2SO T exhibit supe- 
rior surface active properties but have high Krafft points. 
Amphoteric compounds (5) containing an amido group 
RCONH(CH2)3+N(CH3)2(CH2)ySO~ where y = 3 show 
good water solubility with marked decreases occurring 
when y = 2 or 4. 

In this program we studied a homologous series of 
amphoteric succinamides RNHCOCH2CH2CONH(CH2) x 
+N(CH3)2CH2CH2CH2SO ~ wherein both R and x were 
varied. We anticipated that the introduction of two amido 
groups and the variation of x between 2 and 3 would lead 
to decided improvement in the lime soap dispersing proper- 
ties and water solubility. Primary fatty amines react with 
~3-carbomethoxypropionyl chloridein anhydrous diethyl 
ether to give excellent yields of methyl N-alkylsuccinamate 
(I). The succinamate intermediate (I) 

(a) CICOCH2CH2CO2CH3 + RNH2 pyridin~ RNHCOCH2CH2CO2CH3 

(I) 

was treated neat with N,N-dimethyl-l,3-propanediamine or 
N,N-dimethylethylene-diamine in the presence of metallic 
sodium to form the aminosuccinamide (II). 

Na 
(To) (,) + H2N(CH2)xN(CH3) 2 ~ RNHCOCH2CH2CONH(CH2)xN(CH3) 2 

x = 2 o r 3  
( [ , )  

1 p r e s e n t e d  a t  t he  A O C S  Mee t ing ,  C inc inna t i ,  197 S. 

Treatment of (II) with 1,3-propanesultone in ethylene 
dichloride gave the amphoteric succinamide (III) as shown 
in equation (c). 

(e) (II) + (C.H2)3-SO 2 It RNHCOCH2CH2CONH(CH2)x+N(CH3)2(CH2)3SO3 

[O J (,., 
In view of the carcinogenic hazards of propanesuitone, 

an alternate route to the amphoterics was desirable. A 
recent study (5) has shown the feasibility of preparing 
hexadecylammonium ethane sulfonic acid betaine. The 
method involves reaction between N,N-dimethylhexadecyl- 
amine and ethylene bromide to form the corresponding 
ammonium salt followed by treatment with sodium sulflte 
to give the sulfoethylated amphoteric. 

EXPERIMENTAL PROCEDURES 

Materials 

The primary aliphatic amines (Eastman Organic Chemi- 
cals, Rochester, NY) were purified by distillation; their 
purity (>98%) was determined by gas liquid chromatog- 
raphy (GLC). Decylamine 99% (Aldrich Chemical Co., 
Milwaukee, WI) was used as such while N,N-dimethylethyl- 
ene-diamine, b.p. 107 C, from the same company and 
N,N-dimethyl-l,3-propanediamine, b.p. 132-133 C, from 
Jefferson Chemical Co. (Austin, TX) were purified by dis- 
tillation through a 24 in. spinning band column under a 
dry, CO2-free atmosphere. Propanesuitone was fractionally 
distilled to give a center cut, b.p. 103-104 C/0.9 mm, n 4~ 
1.4515. I3-carbomethoxypropionyl chloride was prepared 
from methyl hydrogen succinate by a previously described 
method (7). (Propanesuitone should be handled with care, 
since upon ingestion it has been found to be carcinogenic to 
test animals.) 

Methyl N-Hexadecylsuccinamate (I) 
The following procedure is typical and generally gives 

moderately good yields of these compounds. To a liter flask 
equipped with a stirred, condenser, dropping funnel, and 
drying tube was added dry pyridine, 16.6 g (0.21 mole), 
hexadecylamine, 48.3 g (0.2 mole), and 400 ml of anhy- 
drous ether. After the solids dissolved, the flask was im- 
mersed in a water bath at 20 C and fl-carbomethoxypropio- 
nyl chloride 30.2 g (0.2 mole) in 100 ml of ether was added 
dropwise (15-20 min) with vigorous stirring. The mixture 
was refluxed 1 hr, diluted with 250 ml acetone, again 
brought to a boil and filtered by suction. The pyridine 
hydrochloride was dissolved in water to leave a residue of 
crude product which after drying was added to the ether 
filtrate. The ether solvent was evaporated on the steam bath 
and finally at reduced pressure to give 70 g (theory 71 g) of 
crude product. Repeated crystallizations from acetone gave 
55 g (79%) of methyl N-hexadecylsuccinamate, m.p. 
81.5-82.5 C; saponification equivalent: found 354, theory 
356. Normal hexane was the crystallization solvent of 
choice for compounds derived from amines of chain length 
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T A B L E  I 

S u r f a c e  A c t i v e  P r o p e r t i e s  o f  Amphoter ics  
R N H C O ( C H 2 ) 2 C O N H ( C H 2 ) x + N ( C  H 3 ) 2 C H 2 C H 2 C H 2 S O 3  

K r a f f t  p o i n t  C a l c i u m  b ion  S u r f a c e  t ens ion  
R s u b s t i t u e n t  x L S D R  a o C s t a b i l i t y  d y n e s / c m  

C 8 H 1 7  3 19 < 1  > 1 8 0 0  

C � 9 4  3 4 .5  . . . .  

C 1 2 H 2 5  3 2 " " 

C 1 4 H 2 9  3 2 " " 

C 1 6  H 33  3 2 .5  " " 
C 1 8 H 3 7  3 4 c > 9 0  
C 1 0 H 2 1  2 3 < 1  > I  800  
C12H25 2 2.5 . . . .  
C 1 6 H 3 3  2 4 c 95 

5 5 . 8  

39 .2  

37 .8  

36 .5  

36.5 

3 7 . 6  

3 7 . 8  

a L i m e  s o a p  d i s p e r s i n g  r e q u i r e m e n t .  

b c a i c i u m  ion stabi l i ty  as p p m  C a C O  3. 
C M e a s u r e m e n t s  m a d e  o n  s u p e r  c o o l e d  s o l u t i o n s .  

less than C 14. The o ther  me thy l  N-alkylsuccinamates were 
similarly prepared  with minor  variations in the mode  of 
addi t ion of  reactants  and the amount  of  solvent used. The 
saponif icat ion equivalents  deviated by no more than three 
units from theory .  The fol lowing melting points  and per- 
cent yields were observed for these derivatives: N-octyl  
45-46 C, 97; N-decyl  58.5-59.5,  62;  N-dodecyl  68-69 C, 45; 
Notetradecyl 75-76 C, 65; and N-octadecyl  86.5-87.5 C, 75. 
Saponif icat ion equivalents  were determined by  treat ing a 
sample with 0.2 N alcoholic  potass ium hydrox ide  at 100 C 
for 1 hr. The saponif ied  sample and blank were t i t ra ted 
with 0.1 N hydrochlor ic  acid to a phenolphtha le in  end- 
point .  

t . . . .  N-TetradecyI-N-(3,3-dtmethylam,nopropyl)succmamtde (11) 
The fol lowing procedure  is an example of  the prepara- 

t ion of  in te rmedia te  (II)  as shown in equat ion (b) and is 
app l i c ab l e  to  syntheses  using N,N-dimethyle thylenedi-  
amine. To a 250 ml round b o t t o m  flask containing a bar 
magnet was added me thy l  N- te t radecylsuccinamate  30 g 
(0.092 mole). The c o m p o u n d  was dried at 120 C/0.1 mm 
for 30 min. Af ter  cooling, the flask to about  110 C, N,N- 
d i m e t h y l - l , 3 - p r o p a n e d i a m i n e  9 . 9 g  (0.097 mole)  and 
sodium metal  0 . 2 g  were added.  The flask was now 
equipped with a Dean-Stark trap and a reflux condenser.  
The mixture  was st irred 1.5 hr  at 120-130 C. After  this 
t ime, 3 ml of  me thano l  ( theory  3.7 ml) had col lected and 
an IR spect rum of  the mix ture  indicated l i t t le or  no ester 
carbonyl  absorp t ion  at 5.8/a. Upon cooling, the mixture  
solidified to  a rus t -colored wax weighing 37 g ( theory 
36.5 g). The crude p roduc t  was crystal l ized twice from 200 
ml por t ions  of  absolute  e thanol  to yield 24.5 g of  tan 
amorphous  solid. This mater ia l  was repeatedly  crystal l ized 
from acetone to  eventual ly  give N- te t radecyl -N ' - (3 ,3-  
d i m e t h y l a m i n o p r o p y l ) s u c c i n a m i d e  13 .4g  (37% yield),  
equivalent weight: found  407, theory  398. Fo r  analogous 
derivatives of  the formula  RNHCOCHzCH2CONH(CH2)  x 
N(CH3) 2 the date are given as: R group, equivalent  weight 
f o u n d / t h e o r y a n d  % yei ld:  where x = 3, C8H17 360/314 45; 
C10H2t  363/342 58; C12H2s 373/370 36; C 1 6 H 3 3  

432/426 40; C18H37 453/453  34; where x = 2, C10H21 
413/328 45; C12H25 394/356 47; C16H33 416 /412  43. 
Equivalent  weight was de te rmined  potent iometr icaUy by 
t i t ra t ion in (1:1)  i sopropanol -e thylene  glycol at 50-60 C 
using 0.1 N hydroch lor ic  acid in the same solvent (8). 

N-TetradecyI--N'- 1 3- [ (3-sulfopropyldimethyl)ammonio] 
propyl } Succinami'de (111) 

The fol lowing p rocedure  typif ies  the su l fopropyla t ion  
reaction.  To a 250 ml flask equipped  with a mechanical  
stirrer, condenser,  and drying tube  was added N-tetradecyl-  

N ' - (3 ,3-dimethylaminopropyl)  succinamide,  13.0 g, (0.033 
mole) which had been vacuum dried 1 hr at 60 C/0.1 mm 
and 70 ml of  dry 1,2-dichloroethane.  The mixture was 
heated to 60-65 C, and 1,3-propane-sultone,  4.25 g (0.035 
mole) in 10 ml solvent was added to the flask. Within 10 
rain after addi t ion at 65 C, a creamy suspension formed.  
The mixture was vigorously st irred at this temperature  for 
1.75 hr  and then ref luxed for  20 min. The mixture  was 
cooled to 25 C, di luted with 100-200 ml acetone,  and 
filtered. The microcrystal l ine solid was dispersed twice in 
250 ml of boiling acetone and fi l tered hot. After  vacuum 
drying at 60 C/0.1 mm, the p roduc t  15.6 g was found to be 
only part ial ly soluble in water.  The solid was heated with 
100 ml of distilled water  and the solut ion was fi l tered by  
gravity. Water was removed from the fil trate azeotropical ly  
with 1,2-dichloroethane. The anhydrous solut ion was 
evaporated at reduced pressure. The residual solid was dis- 
persed in 300 ml acetone,  f i l tered hot,  a n d  vacuum dried to 
give c r y s t a l l i n e  N-te , t radecyl-N' -  / 3-[(3-sulfopropyldi-  
methyl )ammonio]  p ropy l  t succinamide 14.0 g (83% yield).  
The remaining amphote r ics  were similarly prepared in 
yields ranging from 70-87%. Puri ty  of  these compounds  
RNHCO(CH2 )2 CONH(CH2 )x +N(CH3 )2 (CH2)3 SO3 deter- 
mined from elemental  analyses of  C, H, N, and S are based 
on the maximum deviat ion from theory  and are given as R 
group X, percent  pur i ty :  C8H17 , 3, 98; C10H21 , 3, 93; 
C12H2s, 3, 99; C14H29, 3, 99; C16H33 , 3 , 9 9 ; C 1 8 H 3 7 , 3 ,  
96; C10H21, 2, 95; C12H25,  2, 95; C16H33, 2, 96. 

Hydrolysis Studies 
The alkaline hydrolys is  of  RNHCOCH2CH2CONH(CH2) 

x+N(CH3)2CH2CH2CH2 SO~ where R is dodecyl  and x = 2 
was determined by heat ing 0.005 mole of amphoter ic  in 
100 ml 0.05 N NaOH at 85 C. The extent  of hydrolysis  was 
measured by t i t ra t ing I 0 ml al iquots  with 0.1 N hydro-  
chloric acid at per iodic  intervals. Only qualitative results 
were obtained because o f  fading end points. Af ter  1 hr, 
10% of  the compound  was hydro lyzed .  A t t empted  deter- 
minat ion of  a saponif ica t ion equivalent for amphoter ics  
where R is dodecyl  and x = 2 or R is octyl  and x = 3 using 1 
mmol  of  amphoter ic  to  4 mmols  of  alcoholic potass ium 
hydroxide  at 100 C ind ica ted  about  25% hydrolysis  in 1 hr. 
These qualitative results are somewhat  higher than those for 
sodium 3-su l fopropylpa lmi tamide  (1) at 6 0 C  bu t  still 
indicate good s tabi l i ty  to  hydrolysis .  

Surface Active Properties 
The surface active proper t ies  of  the amphoter ic  suc- 

cinamides are given in Table I. Kraff t  point  is the tempera-  
ture at which a 1% suspension of compound becomes a 
clear solution. Lime soap dispersant  requirement  (LSDR) 
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T A B L E  II 

De t e r g en cy  o f  A m p h o t e r i c  Succ inamides  R N H C O ( C H 2 ) 2 C O N H ( C H 2 ) x + N ( C H 3 ) 2 ( C H 2 ) 3 S O ~  

D e t e r g e n c y  A R  a 

0 .05% C o m p o u n d  0 .20% C o m p o u n d  0 .2% Binaryb  0 .2% T e r n a r y  c 

R subst i t  uen t  x TF  EMPA UST TF EMPA UST TF EMPA UST TF E M P A  U S T  

C 8 H 1 7  3 -5 6 2 -4 9 1 -15 8 0 -9 15 -1 

C 1 0 H 2 1  3 1 13 4 16 2 4  9 -1 17 6 5 2 0  4 

C 1 2 H 2 5  3 19 26  11 21 27 11 20  35 12 18 4 0  10 

C 1 4 H 2 9  3 22 26  12 26 30 12 22 35 12 21 4 0  10 

C 1 6 H 3 3  3 22 17 12 18 15 10 24  28  11 20  37 11 

C 1 8 H 3 7  2 14 14 11 19 9 7 19 21 11 18 29  12 

C 1 0 H 2 1  2 1 12 4 19 25 11 1 19 4 2 22 6 

C 1 2 H 2 5  2 18 26 11 22 28 12 22 36 11 22 41 13 

C 1 6 H 3 3  2 18 16 12 26 8 12 25 2 6  12 23  36 14 

C o n t r o l  d at 0 .2% 26 38 12 

a lncrease  in r e f l ec tance  a f t e r  w ash i n g  test  fabric  c o t t o n  polyes ter  w i t h  a p e r m a n e n t  press  finish (TF) ,  EMPA 101 c o t t o n ,  a n d  U.S.  t e s t i ng  
c o t t o n  (UST) in ha rd  w a t e r  300  p p m  hardness  (calcula ted as CaCO3)  at  120  F.  

b 2 5 %  c o m p o u n d  + 75% s o d i u m  t a l l owa te .  

c20% c o m p o u n d  + 65% s o d i u m  t a l l owa te  + 14% sod ium silicate 1 .6 :1 .  

d A  leading c o m m e r c i a l  p h o s p h a t e  bui l t  de te rgen t .  

was determined by the Borghet ty-Bergman method  (9). The 
values represent the grams of  compound  required to pre- 
vent precipi ta t ion of 100 g of sodium oleate in 333 ppm 
hard water. The LSDRs of those compounds  with Krafft  
points  greater than 90 C were determined on supercooled 
solutions. Calcium ion stabi l i ty  of 0.5% solutions was 
measured in the usual manner  (10). Surface tension values 
were obta ined at 25 C on 0.1% solutions measured by the 
duNoily method.  Detergency values expressed as an in- 
crease in ref lectance AR after  washing are summarized in 
Table II. They were obta ined with a Tergotometer  operated 
at 120 F, 110 cpm for 20 min in one liter of water of 300 
ppm hardness (calculated at CaCO3). Five circular swatches 
(4 in. dia.) of EMPA-101 cot ton ,  U.S. testing cot ton  (UST), 
and Test-fabrics co t ton-polyes te r  blend with a permanent 
press finish (TF)  were washed in each beaker. Four  washing 
formulat ions were used: (a) 0.05% test compound,  (b) 0.2% 
test compound ,  (c) a binary mixture  at 0.2% containing 
25% test compound  and 75% sodium tallowate,  and (d) a 
ternary mixture  at 0.2% containing 20% test compound,  
65% sodium tal lowate,  and 15% sodium silicate (SiO2Na20 
1.6: 1). Each formulat ion conta ined 1% carboxymethylcel-  
lulose based on to ta l  solids. A commercial  phosphate  built  
detergent  was used as a control .  

RESULTS AND DISCUSSION 

An effor t  was made to maximize yields of methyl N- 
alkylsuccinamates (I) shown in equation (a). Essentially 
quanti tat ive yields (95%) of  (I)  were obtained by  reacting 
two moles of a lkylamine with a mole of acid in anhydrous 
ether. This react ion gave only 80-85% yields of (I) when 
pyr idine was used as a hydrogen  chloride scavenger. At-  
tempts  to carry out  ei ther of  these reactions with acetone 
solvent gave poore r  yields and highly discolored reaction 
mixtures.  

In termedia te  succinamides (II)  were prepared as shown 
in equat ion b. This synthesis was characterized by erratic 
reaction rates (0.25-3 hr) and induct ion periods neither of  
which was comple te ly  e l iminated by maintaining anhydrous 
condit ions.  As is evident f rom the equivalent weights (Ex- 
per imental  Procedure)  derivatives prepared from amines 
with alkyl chains less than C14 were not  readily purified 
even by repeated crystal l izat ions from acetone. The equiva- 
lent weights are invariably higher than the theoret ical  values 
thereby suggesting the presence of  neutral  nont i t ra table  

components .  For tuna te ly ,  most  of the impur i t ies  because 
of  their  water  insolubi l i ty  could be removed f rom the  
amphoter ic  compounds .  

In an a t t empt  to develop a simpler  syn the t ic  route ,  we 
found tha t  succinic anhydr ide  reacted with a p r imary  amine 
in e thylene dichloride giving essentially quant i ta t ive  yields 
of  N-alkylsuccinamic acid. Direct  amida t ion  of  this deriva- 
tive by Muzyczko ' s  me thod  (6) appeared  to  be an a t t ract ive  
al ternate  approach  to in termedia te  (II). However  prel imi-  
nary evaluat ions revealed no advantage with regard to  yield 
or  pur i ty  of  the  product .  

The amphoter ic  succinamides (III)  were ob ta ined  as 
crystal l ine hygroscopic  solids by react ing the  appropr ia t e  
in te rmedia te  (II)  with propane-sul tone  in 1,2-dichloro- 
ethane. The surface active proper t ies  of  these compounds  
given in Table I are l isted in order of  increasing chain length 
of  the parent  amine where x = 3 for 1 ,3-propanediamine  
and x = 2 for  e thylene-diamine derived products .  Both  
types  of  compounds  showed excel lent  LSDR with values 
ranging f rom 2 to 4.5 for all samples except  the  oc ty l  
derivative. Maximum dispersing abi l i ty  appears  to  occur  
with compounds  derived from C12 to C14 amines. Water  
solubi l i ty  is generally excel lent  as conf i rmed  by  the uni- 
formly low Kraff t  points.  When solubi l i ty  changes occur,  
they  are abrup t  and gross as shown by  the Kraff t  poin ts  
(>90  C) for the C16 and C18 derivatives. Calcium ion sta- 
bi l i ty  was consis tent ly  greater than 1800 p p m  (as calcium 
carbonate)  except  when low solubi l i ty  prec luded  making a 
measurement .  Likewise, bo th  types  of  compounds  are 
equally surface active as seen f rom the comparable  surface 
tension values. A representat ive sampling o f  the  compounds  
shown were evaluated by  the Ross-Miles m e t h o d  for foam 
height and foam stabil i ty.  In bo th  dist i l led and hard water  
(300 ppm)  these compounds  showed minimal  foam height 
and poo r  s tabi l i ty .  Measurements of  wet t ing  t imes ind ica ted  
the absence of  wett ing propert ies .  

Detergency results for the amphoter ics  are shown in 
Table II. A comparison of  the values found  for  decyl,  
dodecyl ,  and hexadecyl  compounds  where x = 2 with those 
where x = 3 shows the compounds  to  be equivalent  in all 
formulat ions.  At  0.05% the samples are comparable  to  the 
cont ro l  only  on UST fabric. At  0.2% they  are comparable  
to  the c o n t r o l o n  TF  and UST fabric bu t  still  deficient  on 
EMPA. At 0.2% in the b inary  and t e rnary  systems the 
detergency of  the test compounds  f rom C12 to C16 are 
equal to  the  control  on EMPA and UST fabric bu t  are 
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s o m e w h a t  de f i c i en t  on  TF. Similar  d e t e r g e n c y  p a t t e r n s  for  
t h e s e  t e s t  fabr ics  have b e e n  obse rved  wi th  s imp le r  ampho-  
t e r i c s  (1) .  
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