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~FIG. 11. Eleet rophoretogram of crude castor seed protein in 
phosphate  buffer at pH 11.0 and ionic s t rength  0.048. 

Spies and eoworkers (6) designed their purification 
procedure on the premise that the easter seed allergen 
was a basic proteiu that was combined ionieally in va- 
rious proportions with polysaccharidic carbohydrate. 
Their stated objective was to free the specific aller- 
genic protein from the acidic polysaeeharide in order 
to determine the role of the polysaccharide moiety. At 
completion of their eleetrophoretic puriflcatimx they 
combined the contents of the four cells on the cathodic 
side of the six-cell electrophoresis trai~x in order to 
to recover the protein relatively free of the acidic 
component in the anode eells. In this step of the pro- 
cedure no attempt was made to determine whether 
or not protein fraetionation had occurred. 

Electrophoretic procedures used by the authors of 
this paper  utilized different buffers with several differ- 
ent pH values and ionic strengths, hence would be 
expected to reveal any existing eleetrophoretie hetero- 
geneity. The banded s t ructure  in the strip eteetro- 
phoretograms was clearly visible, little or nothing was 
lost, and each and every band was easily available for  
isolation and immunological testing of the protein. 

Each band of the eleetrophoretograms of CB-1C 
E.U. and CB-1A S.tl.I. ran at pH  7.4, and at pH 8.0 
( / , =  0.05) was tested for antigenieity in passively 
sensitized gtfinea pigs as described. Each and every 
band elicited a positive reaction in the passive cutane- 
ous anaphylaxis test. This indicated that all of the 
dye-binding bands contained antigen. 

Similar tests were run on Philippille monkeys pas- 
sively sensitized with serum from easter bean-allergic 
humans : these tests indicated that at least five distinct 
allergenie speeifieities were affeeting allergic humans. 

The biological testing techniques used for human 
allergic sera and the evidence of resolution of the 
protein into immunologieally specific allergenic com- 
ponents will be discussed in separate papers (9,10). 
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Sucrose Ether- and Ester-Linked Surfactants 
V.R. GAERTNER, Research Department, Research and Engineering Division, 

Monsanto Chemical Company, Dayton, Ohio 

SeverM effective no~ionic surface-active agents in which a 
single sucrose moiety is the only solubi]izing group were de- 
scribed. Alkylsueroses, p repared  v i a  sodium sucrate in dimethyl 
sulfexlde (D~'ISO) and higher  alkyl bromides, are believed to 
be the first sugar-based su r fac tan t s  which are a t  least, equiva- 
lent to the best, anionies and nonionies in cloth detergency on 
the basis  of  laboratory da ta ;  they were also active lime-soap 
dispersants.  Another  ether-llnked type, the (3-alkoxy-2~hydroxy- 
propyl)  and (2-hydroxyalkyl) sueroses, derived f rom glyeidyl 
ethers or olefin oxides, al though second in detergency to the first 
type, included exeeptlonal nonionie la ther ing agmtts, t-Dodeeyl- 
benzylsuerose, f rom d o d e e y l b e n z y l  ehlorlde, was also a ra ther  
active detergent  and lime-soap dispersu~t. Less active bu t  easily 
prepared  sucrose half-esters f rom alkenylsueeinle anhydrides 
were described. 

One sucrose moiety in ether-linked surfact,ants was an effec- 
tive hydrophile for  alkyl hydrophobes at, least  as large as 
hexadeeyl, but, trideeyl derivatives were superior in aetivit)-. 

~ a j o r  importance was at tached to the choice of solvent, 
eat,alyst, and t ime / tempera tu re  factors.  Evideuee was presented 
to show tha t  sucrose derivatives were part ial ly degraded by 
the alkaline conditions required in this work and that  this 

degradat ion was both detrimt, ntal to detergency nnd initia]ly 
benefieial to lather in specific cases. 

A~x improved procedure involving the xlse of DSISO for  the 
alkaline dehydroehlorination of higher alkoxychlorol)ropanols 
to glyeidyl ethers was described. 

ANY SUIRFA('I:~-ACTIVE DERIVATIVES Of s u c r o s e  a n d  

M o t h e r  derivatives have been de- s u g a r s  o r  sugar 
scribed in the literature. These may be divided 

broadly into two types: simple, in which the saecha- 
Fide is the only solubilizer, and mixed or complex, 
which contain additional hydrophitic groups in addi- 
tion to the carbohydrate.  No at tempt will be made 
to summarize this voluminous detail. ~:~.11 excellent 
recent review (3) has included this field within the 
broader one of long-chain derivatives of mono- and 
oligosaccha rides. 

Among all of these varied products, only simple 
sucrose mono-esters of fa t ty  acids (17) have received 
w i d e s p r e a d  a t t e n t i o n  as s u r f a e t a n t s .  These  corn- 
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pounds have uti l i ty in several applications (11.18,20), 
but  their  use is considerably limited by low aqueous 
solubility (3). 

The current  commercial status of these products  
was also summarized recently (22). A very recent 
s tudy (13) has concerned the solubilization of di- 
esters of sucrose by mult iple  additions of ethylene 
oxide, an example of a complex type. 

I t  has been concluded as the result  of an extensive 
review that  " i n  order tha t  a f a t ty  derivat ive of a 
carbohydrate  be sufficiently water-soluble to be an 
effective surface-active agent  in aqueous media, it 
appears  to be necessary either for at least two sep- 
arate carbohydrate  groups to be present or to iu- 
crease the solubility of a compound which contains 
only a single carbohydrate  moiety by the introduc- 
tion of (other) solubilizing g r o u p s "  (3). Although 
some workers may  wish fur ther  qualification of this 
conclusion, it seems correct to state tha t  no sugar- 
based sur fac tan t  either simple or complex, has yet 
been described which approaches the best commercial 
anionic and  nonionic products  in impor tan t  func- 
tional properties,  such as cloth detergency, lather, 
wetting, solubility, and the like. 

However  there are a t t ract ive potential advantages 
which might  be expeeted for sucrose as a solubilizing 
group for surfae tants  in addition to the fact that  
sugar  is among the cheapest of raw materials.  Su- 
crose as a po lyhydroxy  compound should not be as 
subject to salting-out of solution by inorganic salts, 
such as the alkali phosphates, sulfates, etc.. used in 
" b u i l t "  detergent  compositions, as are the nonionic 
polyether sur fae tants  or the ionic sulfonates and 
sulfates. The nonionies also exhibit inverse solubility, 
that  is, insolubility above a clou&point  t empera ture  
caused by reversal of hydrat ion of ether linkages, an 
effect not as likely with sucrose even in concentrated 
solutions. These considerations led to the expectation 
that  sucrose surfae tants  would be especially effective 
for  heavy-duty  liquid formulat ions if soluble, highly- 
active detergents could be prepared.  For  reasons of 
cost, etc., secondary or complex solubilization of su- 
crose sur fac tants  was excluded. 

In  this labora tory  several approaches to the use of 
sucrose as the solubilizer in a practicable, general- 
purpose sur fae tan t  have been investigated. One of 
these (9) involved the prepara t ion  of a disuerose al- 
kenylsuceinate by transesterifieation of dimethyl tri- 
isobutenylsuccinate, for example, with at least two 
equivalents of sucrose. Although this type had excep- 
tional aqueous solubility, it did not qualify as a prac- 
tical, general-purpose surfactant .  

The present  paper  describes the prepara t ion  and 
propert ies  of four  classes of surface-active products  
in which only one sucrose moiety serves to solubil- 
ize a higher alkyl hydrophobe.  Not only are these 
products,  all of which are isomeric mixtures,  water- 
soluble, but  for some of them laboratory  data are 
presented to show that  impor tan t  funetional  proper-  
ties, notably cloth detergency and lather, are ful ly 
equivalent to those of available commercial surface- 
active agents. The best products  are mono-ethers  
of sucrose, classes which have not been described 
previously. 

Discussion 

In  describing these products, we shall find it de- 
sirable to consider synthetic factors and surface-active 

evah!ation data together since they are interdepend- 
ent. I t  should be borne in mind that  s t ructures  have 
not been established unequivocally since no pure  
crystalline materials  could be isolated and complete 
separat ion of these complex reaction mixtures  was 
impractical.  St ructures  have been inferred by an- 
alogy with known reactions and f rom secondary ex- 
perimental  evidence. The results of evaluation of the 
products  as surface-active agents has been the de- 
ciding factor in determining the opt imum synthetic 
procedure in every case, and within these limitations 
lneaningful correlations have been possible. 

It is considered important  for good aqueous sur- 
face-activity to avoid disubstitution of sucrose by 
hydrophobie groups. This imposed the use of a polar 
solvent in which sucrose is soluble and in which the 
reactive hydrophobe is at least par t ia l ly  soluble. 

Solvents for sucrose have been described in detail 
(14). Both d imethylformamide (DMF)  and dimethyl  
sulfoxide (DMSO) have been used for surfae tant  syn- 
theses ; however the choice of catalyst  and solvent may 
be critical for opt immn yields and properties,  as will 
be apparent  for the specifc ela~ses of this paper. 

A l k y l s u c r o s e s .  I t  has now been found that  excel- 
lent surface-active agents can be prepared  by s imply 
e ther i fying sucrose with higher alkyl halides to give 
()-alkylsucroses. The general reaction may  be sum- 
marized as follows: 

R X  + C1~H,_,.,()11 --* ROCv,H.2~01o + H X  

Expermenta l ly ,  sati.sfactory conversions and products  
were obtained only with a new reagent, sodimn suerate 
in DMSO, and alkyl bromides. This reagent was pre- 
pared conveniently by the exehange reaction of su- 
crose with sodium methoxide, preferably  as a solution 
in methanol, which was added to an excess (50-100%) 
of sucrose dissolved in DIIS( )  at 75-85 ~ After  re- 
moval of the methanol by vacuum distillation, the 
reagent solution was t reated with alkyl bromide at 
20-25 ~ . Under  these conditions the bromide was not 
completely soluble but reacted at a useful rate with 
efficient shaking or stirring. The process then com- 
prised two steps: 

DMSO 
Cv_,H.,~O11 + CIIaONa -* Cv,H..,1OloONa + 

C tI:~Ott 1" 
DMSO 

Cv_,tL, d h . ( ) N a  + RBr-  -) R()CI~H.,~OT, + 
YaBr  (1) 

Af ter  suitable isolation mM purification, the products  
(1) were obtained as viscous gums or brit t le glasses, 
light to medium amber  in color. They are doubtless 
multicomponent,  isomeric mixtures  since any one of 
the eight hydroxyls  may have beeu etherified; and 
also alcohol mixtures  were used in some eases to pre- 
pare the bromides. DMS() was very difficult to re- 
move, even i~t vacuo,  and long heating periods often 
resulted in some loss of properties.  Contaminat ion 
also was caused by alkaline degradat ion of the sugar, 
result ing in low carbon contents al though sucrose was 
removed by precipitat ion with isopropyl alcohol. The 
several examples listed in Table I A  were obtained in 
24-62% conversious ( " m a x i u m m , "  see Exper imen-  
tal)  with estimated "ac t ive  con ten ts"  of 73-100%;  
the lat ter  data are possibly 10-20~ high, based on 
analyses. 
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T A B L E  I 

Sur face-Act ive  P r o p e r t i e s  of Sucrose  D e r i v a t i v e s  

V O L .  3 8  

R u n  R ( Z )  

D e t e r g e n c y  a 

% 

A B C 

22 105  54 
137  141  
132 122 
116  73 
141  149 
137  125 

A. Alkylsucroses: Ir  
. o x o . C l ~ t t ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o x o - C ~ a ~ I ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 138 
132 

2- ( C~H~ ) C s H ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 

~ i n - C ~ 3 H ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132 
�9 o x o - C ~ a H 2 ~ O C t t z - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

B. Alkylbenzyl-  and  a l ly lsucroses  

. t - C ~ H ~ z , C r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
t-Ct~I:t2~Cr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 116  

91 t- C~I-I~CzI-ItC Hu--.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 62 
10. t - C ~ s H a T G ~ I t ~ C H ~ -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
11. (CI-Ia) aCCIt2C (CHa)  u C t I u C t I : C t t C H e - - .  ........ 16 

C, A l k o x y h y d r o x y p r o p y l s n c r o s c s ,  etc , :  I 
ZCHCtt~0C~H_~01o 

1 2 ,  n -C~ol~s l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13. n - C ~ t I I e ~ - C ~ H ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
14. o x o - C ~ o H ~ O C H ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15. o x o - C ~ o H ~ O C H ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16.  2- (Carte)  Cs / /~OCHe  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
17.  n - C ~ H ~ O C t t 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
18.  o x o - C ~ s H ~ O C H e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
19.  o x o - C ~ s H 2 v O C H ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 .  o x o - C ~ s t t ~ O C I - I u  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21.  o~co-C~Ha3OCHe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
22.  ( n-Ca~Haa-C~sHa~ ) O C H e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
23.  Hydroab ie toxymethy l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
24 .  C~tt~v(~I~OC I-Iu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
25.  CmH~sC~]:I~O C I-I2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
26 .  t-C~It25SCH~ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D.  Monosucrose  a l k e n y l s u c c i n a t e s :  
C 0 2 t t  

[ 
t r  C H- -CI t~C  0.zC~H~0~o 

27.  (C~I-I~) a--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
28�9 (CaH~) ~--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
29,  (CaHa) ~--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
30,  (C~Its) s-- .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
31,  Calla)  a--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
32,  n- Chsia~--. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

95 120  
86 104  
70 90 
42 38 
53 18 

79 85 90 
93 112  119 
74 88 79 
37 .... 

100 94 gg 
84 75 86 
85 96 95 

129  1 0 6  113 
111 121 115 

14 .... 
82 ~ 97 
93 107 97 
51 58 47 

110 102  87 
88 77 52 

~Vetting b 
Draves~ 
sec. at  
0 . 2 5 %  

41 .4  
15 .6  

58 .6  

L a t h e r ,  r era. 
Ross Miles  

B 

0 106  88 
83 104  91 

2 72 72 
0 74 .... 

15 

1 8 0 +  

15 ,5  

79.1 
1 8 0 +  

6.7 
7.4 
7.3 

88 .4  
10.3 
11 .6  

~ :21 ,0  
150 ,2  
180@ 
1 8 0 +  
1 8 0 +  
1 8 o +  

11.9  

35 .7  
49 .5  
47 .0  
59 .2  
27 .8  

180-}- 

t r a c e  t r a c e  
6.4 6,0 3.8 3.9 

2 .0  1.0 1.7 t race  

2.8 2.8 2.7 
Inso lub le  

3.3 3.1 t r ace  

I 0 , 3  
2.3 

13.9  13,9  13.5  13.2  
2 .6  2 .6  2.5 2,5 
3.1 2 .4  2,3 1.9 

21 .4  21 .4  13.1  11 .7  
11.6  11 .4  6,6 6.6 
14.8  14 .8  15,1  14.7  
16.5  16.5 17.0  16 .6  
18 .7  18 .7  7.0 6.8 
16.5  15 ,4  10 .8  9 .8  

2.2 1.1 2.5 1.9 
2.6 2,6 1.9 1,9 
4.3 3,7 1,9 1.2 
3.3 2,8 2,9 2.8 
3.3 3,3 3,4 3.3 

11 .4  1 L 0  5.6 5.2 

4.8 4,2 4.9 4 .7  
10 ,6  10 ,6  3.3 2.9 

1.8 1,6 1.9 t r a c e  
t r ace  t r a c e  0 0 

Lime-soap 
d i spe r s ion  a 

n i l  

80  
20 
20 
40 
60 
40 

4O 
10 
10 

"'i~ 

80 
> 8 0  

40 
> 8 0  

40 
> 8 0  

40 

> 8 0  
80 

> 8 0  

40  

> 8 0  
> 8 0  

80 
> 8 0  
> 8 0  

D u N u o y  
s u r f a c e  

tens ion  e 
dyncs / cm. ,  

0.25% 

30 .4  
33 .5  

37 .8  
31,5  

34 .1  
Inso l .  

3 0 . 6  

35.1 
37 .3  
28 .9  
28 .9  
30 .9  

35.5  
31 .0  
34 .8  

55 .5  

35 .0  
33.7  
33 ,0  

31 .6  
34.8  
30 ,6  
29 .8  
33.2  
42 .0  

p.p.m, w a t e r ;  0,  b u i l t  in 300  p.p.m, wa t e r .  The  bu i l t  composi t ion con ta ined  1 5 %  "ac t i ve , "  2 0 ~  somum trlpot.wpuospnate, zu~/v ~ ~ras ~ - 
phosphate ,  2 0 %  sodium ca rbona te ,  2 4 %  " N - b r a n d "  sodium si l icate ,  and  1 %  carboxs~lethylcel lu lose .  The  da ta  a r e  r epo r t ed  as  p e r c e n t a g e s  of  reflec- 
talxces of swatches  washed  i den t i ca l l y  in  commerc i a l  sodium n-dodecy lsu l fa te  (Dupono l  W A  D r y  du P o n t  C o m p a n y ) .  The  cot ton sou w a s  uescr lDea 
in  l~ef. 10,  pp.  69--76.  

b Ref .  10,  pp.  4 0 - 4 1 .  
e tCef. 10,  pp.  4 7 - 4 9 ;  A, i n  50 p .p .m,  h a r d n e s s  wa te r ,  a t  once a n d  a f t e r  5 ra in . ;  B,  in  300  p.p.m, h a r d n e s s  wa te r ,  a t  o~ce and  a f t e r  5 min .  
a Ref .  10,  pp.  3 5 - 3 6 ;  in  most  cases no a t t emp t  was  made  to ob ta in  r a t i n g s  below 20  ml. ( e x c e l l e n t ) ;  howeve r  10 ' s  w e r e  observed in few ins tances .  
e t~ef. 10,  pp .  31--33.  

The evaluation data  for these products  are quite 
conservative since test concentrations were based o~ 
100% " a c t i v e . "  The data  indicated that  o.co- and 
n-tridecylsucroses (Runs 2 and 5) are among the best 
available cloth detergents either alone or in the pres- 
ence of a s tandard  inorganic builder composition in 
hard  or soft water.  To the au thor ' s  knowledge they 
surpass,  in this respect, other sugar-based detergents.  
2-Butyloctylsucrose (Run 4) was also a good deter- 
gent but  failed when " b u i l t "  in hard  water.  Branched 
(oxo) hexadeeyl was somewhat less excellent as a 
hydrophobe than the C13 alkyls. Decyl (oxo) radicals 
were too small to be effective hydrophobes,  oxo-Tri- 
decoxymethyl  sucrose was effective " b u i l t , "  but not 
alone. I t  is noteworthy that  the products  were poor 
wetters and gave very  moderate  lathers, but  several 
were good lime-soap dispersants. 

Previous work on the etherification of potassio or 
sodio derivatives of sucrose bears on the question of 
the major  products  obtained in this work. Sodium 
in liquid ammonia  was used to p repare  "monosodio 
sucrose,"  which was methyla ted  with methyl  tosylate 
(6 ) ;  substi tut ion occurred pr incipal ly  on the glucose 
2 hydroxyl  and fructose 1 hydroxyl ,  with minor 3 
and 6 substi tut ion in both hexose portions. Various 
small halogen compounds also produced undefined 
substi tut ion (5),  but  no higher alkyl ethers appear  
to have been repor ted in the l i terature.  Similar  in- 

vestigations on other carbohydrates,  though volmni- 
nous, were not very per t inent  to the present  work. 

Dimethyl  sulfoxide was first used in the prepara-  
tion of a sugar  su r fae tan t  by Hube r  and Tucker (12) ; 
its use great ly  accelerated this transesterification. The 
effect of DMSO on the substi tut ion pa t t e rn  in the 
present  work is unknown. 

Alkylbo~zyl- a~d Allylsucroses. Attempts  to use un- 
act ivated alkyl chlorides, even with catalytic amounts 
of sodium iodide, in the above ether synthesis gave 
poor conversions (6 -12%) .  However, when highly 
reactive chlorides, such as tr ideeoxymethyl,  alkylben- 
zyl, or long-chain allyl-type chlorides, were used, ex- 
cellent apparen t  conversions were observed�9 

CH,,CI CII.,OC,.Jl.u01o 

+ Cr_,tt.z,_,011 - t t C I  

R R 

(ll) 

R C H  = CHCH2C1 + C,.,H,~011 

R C H  = CHCH20C12H.u010 

(HI) 

DMSO 

-HCI 
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Alkylbenzylsueroses are i l lustrated by dodeeylben- 
zylsuerose (II,  R = t -- C12H25), obtained from chlo- 
r o m e t h y l a t e d  c om merc i a l  t e t r a p r o p y l e n e - b a s e d  
dodeeylbenzene (DDB) .  This product  was obtained 
in as high as 80% conversions, using the sodimn 
suerate reagent in DMSO (Run 9). However the 
best products  were prepared at 27-34% conversions, 
using aqueous alkali as the condensing agent in 
DMSO (Runs 7 and 8). Conversions could not be 
raised in this system without loss of activity. As 
shown in Table I, Section B, products  of Runs 7 and 
8 had good soft and hard  water " b u i l t "  detergency 
but  differed in lime-soap dispersion. A poor deter- 
gent (Run 9), prepared via the sodimn sucrate re- 
agent, was still an excellent dispersant. The reasons 
for  these differences are uncertain,  but  degradation 
of the products by alkali was indicated, and this may 
have been suppressed by the unconverted hydrophobe. 
An octadecylbenzylsuerose was prepared (Run 10), 
but  this hydrophobe was too large for solubilization 
by sucrose. Use of an allyl-type dodeeenyl chloride 
in Run 11 gave 70-86% conversion of an ineffective 
surfaetant.  A somewhat larger or less-branched un- 
saturated group might well have produced a more 
active ether. 

(3-AIkoxy-2-hydroxy-l-propyl) S~tcroses a~td Re- 
lated Types. Modification of carbohydrates by con- 
densation with alkylene oxides has produced such 
well-known useful products  as polyhydroxyethyl-  
substi tuted starches and celluloses. Sucrose has been 
condensed similarly ; for  instance, octakis (2-hydroxy- 
propyl)sucrose from propylene oxide (1) has been 
part ial ly esterified (2) to give emulsifiers and various 
workers have condensed sucrose or its derivatives with 
ethylene oxide [a crystalline bis (hydroxyethyl)  de- 
rivative has been isolated (15)] ,  but  reactions of su- 
crose with higher epoxides have not been described. 

In this work hydrophobic epoxides, including glye- 
idyl derivatives of alcohols, phenols, and mereaptans, 
have been condensed with sucrose, as shown: 

DMS0 
Z-CHe-CH2 + C,2H22011 ) 

\ /  
0 ZCHCH'~0C12H.~lOlo 

[ 
OH 

(IV) 

As shown in Table [, Section C, this class included 
very good detergents (110-130%),  which are sur- 
passed among sugar-based products  only by the alkyl- 
sueroses of Section A. Both higher olefin oxides and 
alkyl glyeidyl ethers yielded excellent detergents and 
fair  lime-soap dispersants under  mild conditions and 
exceptional nonionie lathering agents under  some- 
what more vigorous ones. The change in properties 
was actually a gradual  one, and insufficient work was 
done to determine all of the variables involved al- 
though more than two dozen runs were made on tri- 
decyl glyeidyl ether alone. I t  appeared however that  
an " o p t i m u m "  degree of degradation exists in this 
ease for a combination of good detergency and high 
lather. Runs  18 and 19 represented the closest ap- 
proaches to this suggested " o p t i m u m "  with this ether. 

Again DMSO was not only the solvent of choice, 
but  no other was found which gave equivalent prod- 
uets. The epoxides were not completely soluble in 

the reaction mixture, but  this may have provided a 
desirably low effective concentration of reactant  and 
limited disubstitution by improving the selectivity of 
the reaction. The nature  of the catalyst was also very  
important  for optimum activity of the product.  Aque- 
ous alkali alone was effective but was improved fur- 
ther by anhydrous potassium carbonate. Strangely 
anhydrous alkali or sodium sucrate did not produce 
satisfactory products, and again it is believed that the 
initially-formed sucrose ethers were more rapidly de- 
graded by stronger bases. Sodamide in liquid am- 
monia was unsatisfactory, as was tr iethylenediamine 
ill DMF, dimethylacetamide, or DMSO. Boron trifluo- 
ride etherate in DMF was investigated unsuccessfully. 

D e t e r g e n c y  was the p r i n c i p a l  c r i t e r i o n  in th is  
screening of solvents and catalysts. Evaluat ion data 
have not been included in Table I for  many such 
runs since they represented completely different and 
highly degraded products. Similar poor results were 
obtained from runs made at temperatures  above the 
preferred  85-90~ tempera ture  range, as expected 
on the basis of degradation of the sucrose moiety. 
Although excess carbohydrate  did not usuMly con- 
taminate the products, removal of DMSO was diffi- 
cult to accomplish without damage to surfaetivity.  

The above points may be il lustrated by reference to 
the evaluation data. The highest contents of sucrose 
surfaetants are believed to be found in Runs 13, 14, 16, 
19, and 20, for example. As more extensive degrada- 
tion occurred (Runs 15, 18, and probably 17), lower 
detergencies and improved lathers were observed. I t  
is clear then that  the data in Table I do not neces- 
sarily represent the best possible product  from any 
given start ing material. In  some eases, such as o*o- 
hexadeeyl glycidyl ether (Run 21), this hypothesis 
suggests that  the product  was too highly degraded. 
Higher  alkyl groups (Runs 22, 23) were again too 
large to be effectively solubilized by this hydrophile.  
Products  derived from phenols and mercaptans (24, 
25, 26) were not exceptional and were studied only 
briefly. 

I t  should be mentioned that  all of these sucrose 
derivatives are optically active. Data were not ob- 
tained for most of the products because of their lack 
of puri ty,  but  an unsuccessful a t tempt  was made in 
the ease of the surfactant  based on oxo-tridecyl glye- 
idyl ether to eorrelate specific rotation with reaction 
conditions and surface activity. Samples were purified 
carefully to remove soh,ents and sucrose, but  the meas- 
ured values of [ ~ ] ~  (aqueous) varied from --37.4 ~ 
to -48.6  ~ . I t  was soon found that the solutions were 
undergoing a change in rotation with time, the initial 
value, [a] --37.4 ~ changing in 24 hrs. to -42.3  ~ and 
in 70-100 hrs. to -45.8  ~ . This change, usually called 
mutarotation,  is always associated with the shift ing 
hemiacetal equilibrium in sugars with a free carbonyl 
group;  for example, ~-D-glucose, [a] + 113 ~ mutaro- 
tates to an equilibrimn mixture  in solution, [a] + 52 ~ 
containing fi-D-glueose, [a] + 19 ~ Sucrose [~]~~ + 
66.5, does not exhibit mutarotat ion (although it does 
invert by hydrolysis, which requires acidic or enzy- 
marie catalysis). That  our product  mutarotated is con- 
sidered good evidence that  degradation had converted 
a par t  of the product  to hexoses (substi tuted and free) .  

I t  should be mentioned here tha t  procedures have 
not been described in the l i terature which are com- 
pletely satisfactory for the preparat ion of higher alkyl 
glyeidyl derivatives of branched-chain alcohols and 
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mercaptans  especially. In this and other work which 
will be described subsequently, improved procedures 
have been developed; the synthesis of oxo-tridecyl 
glyeidyl ether is described in the experimental  section. 
For  the usual acid-catalyzed addition of alcohols to 
epiehlorohydrin,  BF~ was pre fe r red  as the catalyst  
and 100% excess alcohol was used to suppress the 
format ion of high-boiling adduets. The alkoxychloro- 
propanol  (V) was separated easily f rom alcohol 

BFa 
ClaH',70H -~ CH~-CHCt t~C1 

\ /  
0 

C1:~H27() CI t~CI t -CI t2C1  

0 H  
(v) 

V+NaOH--~C13H2T()CH2CH-CH. ,+NaCl+H~O 
\ /  

0 
(vi) 

and high boilers by distillation. Although it has been 
stated tha t  " t h e  over-all reaction of a halohydrin 
with alkali to produce the oxide is rapid  and quanti-  
tat ive at  room t e m p e r a t u r e "  (21) and this is doubt- 
less kinetically correct in homogeneous dilute solution, 
the reaction under  practical  synthetic conditions may 
be quite sluggish and incomplete, especially when 
higher-branched alkyl groups are present. For  in- 
stance, when V was treated with excess concentrated 
sodium hydroxide and agi tated 24 hrs., only a 60 71% 
yield of V I  was obtained; heat ing and s t i r r ing V at 
90 ~ for 2 hrs. with alkali gave a similar result. The 
unchanged V was recovered. This appeared to be a 
salting-out effect since it was less noticeable with di- 
lute alkali. Although such solvents as ether, te t rahy-  
drofuran,  and 1,2-dimethoxyethane actual ly retarded 
the reaction, it has been found that  a rapid  and quan- 
t i tat ive reaction at room tempera ture  occurred with 
concentrated alkali when DMSO was added. F rom 
V, VI  was obtained in bet ter  than 90% yields in a 
few minutes. Although straight-chain alkylphenoxy-,  
alkylmereapto-,  and a lkoxy-subs t i tu ted  chloropropa- 
nols were less sluggish than the branched-chain com- 
pounds, the use of DMSO also assured rapid high 
conversions in these cases. The method has recently 
been patented (8). 

Monosucrose Alkenylsuccinales. Another  new type 
of sucrose-based sur fae tan t  is related both to the 
simple sugar  esters and to the disucrose alkenylsuc- 
einates p repared  s imilar ly  by transesterification (9). 
Two disad~-antages of the Snell process are that  meth- 
anol generated in the reaction must be removed by 
azeotropie distillation at reduced pressures and that  
excess sugar  and sucrose all-esters nmst  be separated 
f rom the desired mono-ester. 

In  this s tudy a method of esterifying sucrose with 
a higher alkyl cyclic anhydr ide  has been developed; 
no by-product  was formed, and the nearly pure half  
ester of sucrose was the product  ( V I I ) .  

R C H - C 0  

t 0 + C12H.~9011 ~ RCHCH2CO~Cr,  H~101o 
I / C02H CH2CO 

( V I I )  

I I igher  f a t ty  anhydrides  (actual ly  the mixed anhy- 
drides with ehloroacetie acid) have been used to ester- 
ify sucrose (16). Hydrophobic  cyclic anhydrides  have 
been condensed with starch (7) and cellulose (4) at 
low degrees of substitution. 

Selected examples of this type are listed in See- 
tion D of Table i. I t  is apparen t  tha t  these products  
(lid not approach the other types in any respect. They 
were at best fa i r  built detergents and mediocre lather- 
ing ag(,nts but notably were not sensiti-~'e to hard 
water, as the presence of a free carboxyl group might 
I>ortend. The s t ructure  VI I  is assmned as wri t ten;  
the more acidic and less hindered ~.arboxyl was ester- 
ified and the weakly acidic hindered carboxyl was free. 

Excess sucrose (up to 100%) was used in a solvent 
such as D:\IF, dimethylacetamide,  or DMSO. The re- 
action was very slow in DMF at 80-90 ~ without a 
catalyst.  Pvridine was an effective catalyst,  and with 
it small runs pro~.eeded ~o completion in ] -3  hrs. if  
the anhydride  was added slowly to the soh, ent-eata- 
lyst-sucrose mixture  so that precipitat ion of the sugar  
by unreacted anhydride  was avoided. The work-up 
consisted of the distillation of solvent and the pre- 
cipitation of sucrose with isopropanol. According to 
the evaluation data, a small ( 1 0 ~ )  excess of sucrose 
(Run 27) with tetrapropenylsuccinic anhydr ide  gave 
a product  which was not effective alone but as a built 
composition was as good as one (Run  28) prepared  
with 100% excess sugar. The former  procedure, in 
which .95~ of the excess sucrose precipi tated from 
the cooled product  solution, is probably the simplest 
yet described for a sugar-based surfaetant .  Since 
lather data were also be~ter for the product  prepared  
from a larger excess of sugar, it seems probable that  
a small amount  of sucrose di-ester in the first product  
accounts for its lowered effectiveness. A similar ex- 
planat ion serves to rationalize the infer ior i ty  of Run 
29 in which tr iethylenediamine was the catalyst. 
Although this strongly basic amine was a powerful  
catalyst  (in DSIF at 85-90 ~ the reaction was com- 
plete in a few minutes),  its use probably led to lower 
selectivity and formation of some di-ester. Triisobu- 
tenylsuccinic anhydride  gave a less effective product  
(Run 30) as did hexapropenylsuccinie anhydr ide  
(Run  31). Sucrose ~-octade(:enylsuccinate (Run 32) 
was also less effective than the tetrapropenylsuccinate,  
another  indication that  this group is too hydrophobic 
for  effective solubilization by sucrose alone. The prod- 
uets were patented recently (9a).  

Experimental 
Typical  procedures are given by Run numbers to 

avoid confusion when the same product  was made by 
various methods. Although many  more runs and dif- 
ferent products  were prepared  than are reported,  this 
description has been restricted to those for which 
reasonable assessment could be made of the synthetic 
variables and the effeet on evaluation data. These 
included most of the more effective materials,  except 
those based on crude (not distilled) intermediates. 
Most of these products  were analyzed but usually 
ga~'e low carbon and hydrogen results;  only a few 
such data are included for i l lustration since at best 
they represent  mixtures.  

Alkylsucroses 
Sodium Sucrate i~ DMSO. A solution of 257 g. 

(0.75 mole) of anhydrous  reagent  sucrose in 1,250 nil. 
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dimethyl sulfoxide (DMSO, Crown-Zellerbach Com- 
pany)  was prepared by warming and stirring to 90 ~ 
C. ; the solution was hygroscopic and was protected by 
Drierite-filled drying tubes. Then the solution was 
maintained at 70-80 ~ as 108 g. (0.50 mole) of a 255/, 
commercial solution of sodium methoxide in methanol 
was added rapidly drop by drop with vigorous stir- 
ring to disperse and redissolve the gelatinous precipi- 
tate which formed initially. If  a less concentrated 
reagent is desired, the methoxide solution can be di- 
luted with additional DMSO prior to this step to 
facilitate the formation of an homogeneous reagent. 
Methanol was removed by distillation to 80 ~ at the 
aspirator, then at the cold-trapped oil pump (2-5 
ram.), distilling about 200 nil. DMSO to ensure con> 
plete removal of methanol. The nearly homogeneous 
light amber reagent solution was not heated above 
80~ at any time nor was it stored, but the reactions 
with alky] halides were started imlnediatelv when the 
solution had been cooled to ambient temperature. 

The finished reagent weighed 1,449 g. and was as- 
sumed to contain 0.50 mole of sodium sucrate and 
0.25 mole of excess sucrose. 

Alky[ Bromides. These were prepared from com- 
mercial alcohols and anhydrous hydrogen bromide 
(19). Since nmst of the products were mixtures, a 
wide boiling range was accepted as most representa- 
tive of the alcohols. The following bromides were 
used in this work: ozo-decyl, b.p. 93-103~ ram., 
n{~ ~ 1.4550-61, 73.5~ cony.; oxo-trideeyl, b.p. 132- 
143~ ram., n~ 1.4604, 68.8~ cony. ; oxo-hexadeevl 
b.p. 1.47-165~ ram., n~ 1.4650, 69.554 eonv.; 2-butyl- 
octyl, b.p. 83 -85~  ram., 60c~ cony.; ~-tridecyl 
(from an experimental Pischer-Tropsch process alco- 
hol), b.p. 105-109~ mnL, 66.5% cony. These con- 
versions may not be optimum; lower boiling cuts 
contained olefinie impurities. 

Run 2. o*o-Tridecylsuerose. To 319 g. of the re- 
agent (0.11 nmle of sodium suerate) was added at 
once 26.8 g. (0.10 mole) of ozo-trideeyl bromide. The 
500-ml. r.b. flask was ilnmediately sealed with a poly- 
ethylene stopper and shaken vigorously on a recipro- 
cating shaker for 42 hrs. (Later it was shown that 
2-4 hrs. were adequate with efficient agitation.) The 
reaction was not noticeably exothermic on this scale, 
but some cooling should be provided in large batches 
to maintain the mixture below 30-85 ~ . 

An oil was still present and was extracted into hex- 
ane; 12.0 g. (46% as bromide, 1V,~ 1.4564) was recov- 
ered after washing, drying and distilling the hexane. 

The DMSO layer (lower) should not have a pH 
above 8 as measured on moist narrow-range pH paper. 
(pHydrion,  pH 6-8, was used.) I f  necessary, the pH 
may be adjusted carefully to 7-8 with a mixture (pre- 
pared by cautious mixing with cooling) of DMSO and 
orthophosphorie acid. Then the mixture was eoneen- 
trated below 80 ~ down to 1 mm. with efficient stir- 
ring to a syrupy residue which was poured slowly 
while hot into 600 ml. of anhydrous ethanol at 25- 
30 ~ being agitated in a Waring Blendor. The slurry 
was filtered to remove sucrose and inorganic salts, and 
the filtrate was eoneentrated again to a syrup, which 
was tr i turated with 300 nil. of isopropyl alcohol to 
precipitate additional suerose and filtered. The fil- 
trate was finally concentrated to 80~ ram. ; nitrogen 
sparging was used to remove a small fur ther  amount 
of DMSO. The residue was a clear amber resinous 

gum, 35.8 g., brittle when cold, and soluble in hot or 
cold water. 

Since the conversion was not above 54(~, based on 
reeovered bromide, the apparent  conversion (68%) 
leads to 54;68 = 79{)f, maximum active content. Very 
low carbon and somewhat low hydrogen contents (re- 
dried at 56~ ram. for two daysy and other data in 
some cases led to the com.lusion that these "act ive 
t.ontents" may be 1()-2()5,} high and several per cent 
of DMSO was  p r e s e H t  also, which eonld not be re- 
moved completely without causing earamelization of 
the sample. 

Unchanged sucrose may be left in the product as 
an inert diluent and the solvent purification steps 
eliminated, tlowever this led to a nmeh more x'iscous 
product mixture, and the sugar also retained DS[SO 
even more tenaciously than the sucrose-free product. 
All of the products reported are believed to contain no 
more than 1-2% free sucrose. Ethanol or even meth- 
anol shmfl(1 be used lit the initial separation of un- 
(.hang'ed su(.rose since it was fontal that use of iso- 
propyl alcohol in this step resulted in h)ss of " a c t i v e "  
by absorption on the silt'rose. It is desirable to re- 
move D3Lq() agai~ as efficiently as feasible below 80 ~ 
since its presence interfered with the complete sep- 
aration of sucrose. Isopropyl ah.ohol then precipitated 
snlall remaining amomlts of sucrose without sigJfifi- 
cant product loss. 

In Table I I  the apparent conversion is the crude 
weight conversion based on the halide charged. The 
maximum conversion is based on the halide recovered. 
The nmximum active is the maximum conversion di- 
vided by the apparent  conversion, as percentage. 

T A  B L]:: 1 [  

A ! k y l s u c r o s e  S y n t h e s i s  

R u n  R B r  

I oXO-CIoH2I 
2 oxo-ClaHa~ 

4 2- ( C , H , )  C~,tt > 
5 II - C 1{~IJ[27 
6 o.ro-Cu~H2vOCH'-,CI 

Oil  re-  A p -  5 [ a x .  5 I a x .  
( ' o v e r e d .  ~t)ii l 'e l l  ~ OOl'lV.~ a c t i v e ,  
as  R B r  , c o n v . , 9 ~  ~/} ~Yc 

37  70  62  89  
4 6  68  5 4  79  
64  4 9  3 6  73  
5,(1 2 4  2 4  1 0 0  
54  59  4 6  78  
32  3 7  3 7  1 0 0  

The other reported runs in this series (1,3,4,5,6) 
were carried out similarly except for Run 6, involv- 
ing o.ro-tride~.oxyn~ethyl chloride. This intermediate 
from tridecanol, paraformaldehyde, and hydrogen 
chloride was redistilled immediately before use (b.p. 
90-96 ~ 0.2-0.4 ram.), aml the sodium suerate (0.133 
moles) in DMS() was cooled rapidly mltil at about 
18~ nmeh DMSO had crystallized. Then the chlo- 
ride, 24.9 g., 0.10 mole, was added all at once, and the 
flask was sealed. Despite external ice-bath cooling the 
temperature of the mixture rose to 35 ~ , and the color 
darkened to red-brown. Isolated as described above, 
the product was a brittle red-brown resin. 

A similar procedure, using ~-tetradecyl chloride, 
resulted after seven days in the recovery of 947~ of 
the chloride and isolation of an uncharacterized but 
soluble and " a e t i v e "  gum in 6% conversion. When 
sodium iodide (1.0 g. with 0.11 mole sucrate/ was 
added, the conversion increased only to 12% after 
18 hrs. at 25 ~ followed by 8 hrs, at 55-70 ~ . 

DMF was not a satisfactory solvent for sodium 
suerate; it appeared to reat't with the alkoxide and 
gave mixtures with poor activities. 
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Higher AlkytbenzyI- and Altylsucroses 

Run 9. Chloromethylated te t rapropylene  dodeeyL 
benzene (DBCL, Continental  Oil Company)  was re- 
distilled before use;  29.5 g. (0.10 mote) was added 
drop by  drop to sodium suerate (0.15 mole) in DMSO 
(prepared  as described above) dur ing 20 rain. as the 
t empera tu re  was increased f rom 41 ~ to 61~ Heat ing  
and s t i r r ing were continued an additional hour. The 
cooled mixture  was st i rred with excess NaHCO:~, fil- 
tered, extracted with hexane, and concentrated below 
70~ ram., then freed of sugar  in isopropyl  alcohol 
as usual, leaving 48.2 g. of amber gum (80% apparen t  
conversion). In  other similar runs  it  was possible to 
isolate 20-30% of oils, corresponding to within a few 
per cent of the expected recovery for 100% yield. 

Ru~. 7. Dodeeylbenzyl chloride was etherified in 
lower conversions but  to give bet ter  detergents in a 
par t ia l ly  aqueous system. A solution of 68.4 g. (0.20 
mole) sucrose in 200 ml. of DMSO, cooled to 30 ~ was 
t reated with 3.0 g. of 50% aqueous N a O H  with stir- 
ring, then with 29.5 g. of the chloride at once. Af te r  
10 rain. at  30 ~ the alkali lower layer  formed an un- 
s t i rrable mass;  25 ml. of water  were added, and heat- 
ing was begun. Af te r  90 rain. at 50 ~ up to 70 ~ no 
fur ther  improvement  was noted in the act ivi ty of a 
few drops of the mixture  in water.  

The hot mixture  was shaken with 200 ml. of hexane 
and allowed to s tand in a separa tory  funnel  over- 
night. Three " l a y e r s "  formed:  upper ,  hexane-oil;  
middle, semi-gel; lower, DMSO-act ive.  The lower 
layer  was separated and concentrated below 80~ 
ram. and freed of sugar  in isopropyl  alcohol as usual. 
A hard  off-white gum, 16.1 g. (27% cony.), was iso- 
lated. F r o m  another  similar run, using 50% KOH,  
31% of oils based on the chloride was recovered, and 
the " a c t i v e "  was fu r the r  purified by  precipi tat ion 
of impuri t ies  f rom an acetone solution of the crude 
product  by ether f rom which 18.7 g. (62% conv.) of 
waxy  gum were isolated. A sample was redried at 
100~ ram. without  noticeable decomposition and 
gave an indicative analysis, typical ly  low in carbon. 

Anal. Calc 'd.  for C2~H~2Ol1: C, 62.0; H, 8.73. 
Found:  C, 59.6; H,  8.83. 

The sodihm suerate-DMSO method was used (Run 
10) with propylene-based octadecylbenzyl chloride to 
give 29% conversion of a bri t t le  amber  product.  

Run  11. A dodeeenyl chloride (5,5,7,7-tetramethyl- 
2-octen-l-yl chloride, Rohm and Haas  Company)  was 
condensed with sucrose by  the aqueous alkali (10% 
N a O H )  method at 72-73 ~ for  90 rain. to give 86% 
crude conversion to an unusual ly  impure  ha rd  amber  
product.  Redried at 56~ ram., it was very  low in 
carbon content. 

Anal. Calc 'd.  for Ce4H44Oll: C, 56.6; H, 8.70. 
Found:  C, 50.63; H, 8.45. 

In  another  run  with sodium sucrate in DMSO, a 
70% conversion to viscous amber  product  resulted 
with 19% recovered chloride. 

(Alkoxyhydroxypropyl) Sucroses 

R un  19. This p repara t ion  of the oxo-tridecoxy com- 
pound il lustrates the results obtainable on a larger  
labora tory  scale with efficient agitat ion as provided 
by  a " V i b r o - m i x e r . "  The reaction was carried out in 
a cylindrical  glass vessel 231~2 in. high and 47/s in. in 

diameter,  equipped with a stainless steel agi ta tor  ex- 
tending through a rubber  stopper,  and car ry ing  a 
metal  bearing to about  half  the depth of the vessel, 
on which three discs with tapered perforat ions  were 
mounted. In  operation the entire contents were rap-  
idly circulated by the v ibra t ing dises; suspended 
solids and immiscible liquids were agi tated much 
more effectively than by a conventional paddle type 
of stirrer.  

The reactor was charged with 3,900 ml. of DMSO 
and heated to 85-90~ the stopper and bearing were 
raised with the agi tator  operat ing slowly, and 889 g. 
(2.6 moles) of sucrose was added. When  dissolution 
was complete, 78 g. of anhydrous  K~COa and 333 g. 
(1.3 moles) of oao-trideeyt gtyeidyl ether was added;  
the s topper was replaced and secured with contact 
tape. The mixture  was agi tated efficiently at 85-90 ~ 
while 39 nil. of 50% aqueous K O H  was added in 
2-3-ml. portions every 15 rain. dur ing 3 hrs. and for 
an additional 2 hrs. The reaction mixture  was dis- 
charged into a 12-liter flask, cooled to room temper-  
ature,  stirred, and t reated (bubbler)  with COs gas 
until  the p H  dropped to 8,5. 

The mixture  was filtered with a filter-aid and ex- 
t racted with three 650-nil. portions of hexane. F rom 
the hexane by  water  washing, drying,  and distilling 
were isolated 176.3 g. of unchanged glyeidyl ether 
(53% recovery;  n~  1.4461). 

The combined DMSO layers were stirred and con- 
centrated, finally to 100 ~ at  the oil pump,  leaving a 
syrup  which was poured hot into a total  of 4 liters of 
isopropyl alcohol and agitated in the ~Varing Blendor. 
The s lurry  was filtered to remove the sucrose. 

The filtrate was concentrated to a syrup  at 70-80 ~ 
C./0.5 ram., cooled, and washed with reagent ether by 
s t i r r ing and decanting the ether. The remaining ether 
and some DMSO were removed from the residual gum 
by st i rr ing and purg ing  with N2 at  90-95~ and 
about 2 ram. for  10 hrs. ;  s t i r r ing was not feasible 
a f te r  5 hrs. The light amber gmn weighed 277 g. 
(76% yield at 47% conversion).  

On a smaller scale (0.20 mole sucrose, 0.1 mole 
glycidyl ether) a similar product  was prepared  in 
98% yield at 78% conversion in 6.5 hrs. at 85-90 ~ , 
using a blade s t i r re r ;  lather  and detergency data 
were not as good as that  of the above material  how- 
ever. This product  was fu r the r  purified by four  ether 
washings;  a sample tha t  was dried without darken- 
ing at  100~ ram. for 24 hrs. still retained 4.5% 
DMSO as shown by the sulfur  analysis. 

Anal.  Calc 'd.  for  C2sHh,OI~: C, 56.1; H, 9.08. 
Found:  C, 52.95; H, 8.86; S, 1.84. 

R u n  20. B e t t e r  p r o d u c t s  we re  o b t a i n e d  on the  
smaller scale at lower conversions, using the inter- 
mediate 3-oxo- t r idecoxy-  1, 2-chloropropanol  without 
isolation of glycidyl ether. The lower conversion was 
probably  a result  of the salt ing-out of the glyeidyl 
ether. 

The chloropropanol (29.3 g., 0.10 mole) was stirred 
30 rain. at 25-30~ with 11 g. of 40% N a O H  solution 
and 50 nil. of DMSO. A solution of 37.6 g. (0.11 
mole) of sucrose in 50 nil. of DMSO was then added, 
and heating and vigorous s t i r r ing at  90-95 ~ continued 
for  3 hrs. Af ter  the usual isolation, 13.3 g. (22% 
cony.) of brittle, near ly  colorless, ether-washed prod- 
act  was obtained;  the yield was not determined. 
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This product  from oxo-tridecanol was studied more 
thoroughly than any other. Many other products  
were made before the above conditions had been de- 
termined. Despite the fact that  fu r the r  improvement 
is considered possible, the runs of Table I-C are tabu- 

T A B L E  I-C 

Alkoxyhydroxypropylsucroses : ZCHCH~0C~I~O~o 
[ 
OH 

gun 

12 
13 
14 
15 
16 
17 
21 
22 
23 
24 
25 
26 

n-C~oH2, ~ 
n C14H~-C~6He~ 
oxo-C:oH~ OCH= b 
oxo-C~oH2~OCH= c 
2- (C~H9) C s t t ~ O C H 2  d 
n C~/-I~OCH~ e 
o:vo-Oz~H~aO CHe 
(Hn-C*~ttaa-O~aHsv) OCH= * 

ydroab ie toxymethy l  g 
CoI I~CsH~OCHs 
C~H~C~H~OCHe 
t-C~H~SCH_o 

K 0I-I-K2C 0a I 2 5 - 9 0  
N a O H  1 0 - 1 0  
Y~COa I 3 - 1 0  
K O  H-K2CO.~ I 9 - 9 0  
KOH-KeCO:~ 1 1 - 9 0  
N a O H  1 2 - 9 5  
KOH-K2COa i 1 1 - 9 0  
NaO]=t I 11 .5 -90  
N a O H  I 1 1 - 9 0  
KOH-:K~COa 1 2 - 9 0  
K O H - K e C O s  6 - 9 0  

c~v. 

74 
59 

84 
22 
82 
60 
36 
68 
45 
85 

Yield % 

81 

40 

~g 

81 

Sources :  Olefins, oxides, Food M a c h i n e r y  and  Chemica l  Cor ' ,o ra t ion .  
Alcohols, alkylphenols ,  and  m e r c a p t a n s  were  s t a n d a r d  p roduc t s  of com- 
nlerce. 

b a n a l .  Calc 'd .  for  C~sH4sOlz: C, 53 .9 ;  H,  8.70.  F o u n d :  C, 52 .7 ;  
I t ,  8.87. 

c Reaction conducted in DMF. 
d A n o t h e r  sample  obta ined wi th  N a O H  eat.atyst in  8 3 %  cony. in 13 

hrs .  a t  90~ w a s  analyzed.  Cal 'd.  for  C~tt~20~a: C, 55 .3 ;  H,  8.97. 
l~ound: C, 55 ,40 ;  I-I, 9.31. H o w e v e r  the  su r f ace -ac t iv i ty  was  qui te  
med ioc re  desp i te  the  excellent ag reemen t .  

e C r u d e  glycidyl  e ther  used  wihou t  dis t i l la t ion.  
f F r o m  Adol 65 Arehe r -Dan ie l s -Mid land  Company .  
s A n a l .  C a l c d .  for  C.~HeoOls: C, 60 .8 ;  H,  8.77.  F o u n d :  C, 56.2;  

t t ,  8 .68;  S, 0.964. 

lated to i l lustrate some of the conditions and products 
which have been investigated preliminarily. Process- 
ing and isolation methods were similar to those de- 
scribed above. In  all cases 50-100% excess sucrose 
was used. 

Oxo-Tridecyl GlycidyI Ether. oxo-Tridecanol (En- 
jay  Company) was condensed with epiehlorohydrin 
by adding the lat ter  (142 g., 1.53 mole) drop by drop 
to the former (601.2 g., 3.0 moles), which contained 
1.0 ml. BFa-etherate (45% BFa) ,  being heated and 
stirred at 75-80 ~ at a rate sufficient to maintain 
this temperature.  After  being heated another hour 
af ter  the addition had been completed, the catalyst 
was neutralized by st irr ing with 10-15 g. of activated 
alumina or by washing with water, and the excess 
tridecanol was recovered by distillation through a 
2-ft. " z i g z a g "  column. Then, at 0.3-0.6 ram., 371.7 g. 
of 1-chloro-3-tr idecoxy-2-propanol (mixed isomers) 

2s 1.4577-1.4587. A resi- was collected at 129-157 ~ n ,  
due of 15.4 g. did not distill. The yields were 93.3%, 
based on tridecanol, and 82.9% on epichlorohydrin. 

The chloropropanol (97.6 g., 0.33 mole) was t reated 
with 46.6 ml. of 14.3 N NaOH and 50 ml. of DMSO, 
and the mixture was stirred. Immediate precipitation 
of salt occurred. Back-ti tration (st irr ing) of the ex- 
cess alkali with hydrochloric acid, using phenolphthal- 
ein indicator, proved in other runs that  the reaction 
was at least 95% complete within 5 rain., but  agitation 
was continued 2 hrs. in this case. Af ter  water wash- 
ing and drying, the organic layer  was fraetionated, 
giving water-white oxo-trideeyl glycidyl ether, 78.4 g., 
93% yield, b.p. 106-120~ ram., n~  1.4463-1.4470. 
A cut, b.p. 110-118~ ram., was analyzed. 

Anal. Calc'd. for C16H3~02: C, 74.9; H, 12.6. 
Found:  C, 75.54; H, 12.64. 

A fraction, 6.1 g., b.p. 120-140~ ram., n~ 1.4535, 
still contained chlorine as well as an estimated 2.4 g. 
of gIycidyl ether. The residue should not be over- 
heated since above 200 ~ it evolved HC1, which recon- 
vetted the product  to chloropropanol. 

This general procedure was useful for  the prepara- 
tion of glycidyl ethers from alcohols and alkylphenols. 
In practice, the salt may be filtered out of the lower 
DMSO layer, which can be fortified with more alkali 
and used again. Higher  glycidyl derivatives had neg- 
ligible solubility in this alkali-DMSO-salt layer. Re- 
moval of excess alcohol, phenols, or mercaptan before 
t reatment  with alkali was essential since disubstituted 
2-propanols were otherwise obtained. However this 
can be done af ter  catalyst renloval, in a s tr ipping op- 
erat ion;  the residual crude chloropropanol then gave 
as good an over-all yield as did purified material  upon 
dehydrohalogenation. 

Other glycidyl derivatives will be described else- 
where. 

Monosucrose Alkenylsucc inates  

Run 27. This procedure ilhlstrates the use of a 10% 
excess of sucrose, which readily precipitated when a 
limited amount  of solvent was employed. A solution 
of vacuum oven-dried reagertt sucrose, 38.0 g. (0.11 
mole), in 94 g. of d ry  DMF was prepared by st irr ing 
and heating briefly to 105 ~ protected against moisture 
with Drieri te tubes. The so'lution was then quickly 
cooled to 85 ~ 5.0 nil. of pyridine was addccl rapidly 
from a pipet, and drop-by-drop addition of freshly dis- 
tilled tetrapropenylsuecinie anhydride,  1 26.{; g. (0.10 
mole), was carried out in 6 nfin. at 80-85 ~ The addi- 
tion should be as rapid as possible without causing 
the sucrose to precipitate. Heat ing and stirring were 
continued for 70 rain., when a sample in water was 
active and entirely clear. The light amber solution 
was cooled to 25 ~ until  the sucrose crystaltized com- 
pletely. Fi l t ra t ion and drying  gave 3.6 g. of sucrose 
(95% of the 10% excess). The filtrate was st irred 
(high-torque blade type) ,  and DMF distilled at the 
aspirator below 90 ~ and finally at 90-95'~/1.0 ram. 
with nitrogen sparging, leaving 65.3 g. of very light 
amber resinous gum, which became so viscous that 
st irr ing was no longer possible. The product  was 
easily crushed to a glassy powder af ter  being cooled 
in Dry Ice (drying tubes) to cause embrittlement. 
I t  contained about 6.7% DMF, which could be re- 
nmved only by 24-hr. heating of the pow~.er at 56~ 
it fused and darkened above 100~ A careful ly de- 
sugared sample, prepared in 101% " y i e l d , "  using 
50% excess sucrose, was analyzed. 

Anal. Calc'd. for C2.qH4s01~: C, 55.2; H, 7.83. 
Found:  C, 54.99; H, 8.08. 

Other runs were carried out similarly. A 100% 
excess of sucrose (Run 28) gave better  " a s  rece ived"  
detergency and lather, but  the use of more DMF 
(250 ml./0.2 mole sucrose) necessitated a separate 
step to precipitate excess sugar with isopropyl alcohol. 
Triethylenediamine (Run 29) gave a less effective 
product  although it was an extremely active catalyst. 
DMSO as the solvent also promoted the reaction (Run 
30, using triisobutenylsuecinie anhydride)  but  was 
even more difficult to remove than DMF and strongly 

i TPSA, Monsanto Chemical Company. 
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retained sugar in the presence of the product. 
The sncrose oetadeeenylsuccinates were prepared 

from an experimental polypropylene-derived anhy- 
dride (Neut. Equiv.: Calc'd. for C22HasOa: 175.3. 
Found: 175.5; b.p. 162-220~ ram.) and from 
n-oetadecenylsuecinic anhydride 2 in 85 and 91% con- 
versions, respectively (Runs 31 and 32). 
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The Examination of Fats and Fatty Acids for 

Toxic Substances 
DAVID FIRESTONE, WILLIAM HORWITZ, LEO FRIEDMAN, and GLEN M. SHUE, 
Food and Drug Administration, Bureau of Biological and Physical Sciences, U.S. Department of 
Health, Education and Welfare, Washington, D.C. 

T h e  c h i c k  e d e m a  disease factor was  f o u n d  to  b e  p r e s e n t  in  a 
n u m b e r  o f  d i s t i l l a t e s  a n d  r e s i d u e s  t h a t  w e r e  o b t a i n e d  d u r i n g  
the p r o d u c t i o n  o f  c o m m e r c i a l  f a t t y  a c i d s .  T h e  r a w  m ' l t e r i a l s  
f r o m  which the toxic  samples  w e r e  p r o d u c e d  i n c l u d e d  i n e d i b l e  
animal  t a l l o w s ,  a c i d u l a t e d  v e g e t a b l e  oi l  f o o l s ,  a n d  oi ls  r e c o v e r e d  
f r o m  t i n  p l a t e  m a n u f a c t u r e .  T h e  c h i c k  e d e m a  factor  w a s  f o u n d  
to  b e  p r e s e n t  in  s e v e r a l  o le ie  a c i d s  a n d  in  a t r i o l e i n .  T w e n t y  
stearic  acid samples  which w e r e  e x a m i n e d  w e r e  n o n t o x i c .  

T h e  n o n u r e a  a d d u e t - f o r m i n g  f a t t y  acids that  w e r e  i s o l a t e d  
f r o m  c o m m e r c i a l  oleie  a c i d s  a n d  various dist i l lates  a n d  r e s i d u e s  
f r o m  the manufaeture  o f  c o m m e r c i a l  f a t ty  acids w e r e  f o u n d  
t o  b e  t o m e  to  w e a n l i n g  r a t s  e v e n  a f t e r  h y d r o g e n a t i o n .  Analys i s  
o f  t h e  n o n u r e a - a d d u e t i n g  m o n o n l e r s  t h a t  w e r e  i solated f r o m  
a fa t ty  acid by-product dist i l late i n d i c a t e d  t h e  p r e s e n c e  o f  
eye l i e  structures.  

T 
HE OCCURRENCE of the chick edema disease factor 

a by-product of the manufacture of com- 
mercial oleic and stearic acid (1-3) led to the 

examination of commercial fats and fatty acids for 
this factor. The chick edema disease is characterized 
by excessive fluid in the pericardial sac, in the ab- 

donlinal (.aviD" , and less often by subcutaneous edema. 
The causative agent ill suffieient concentratiou brings 
about high mortality, beginning approxinlately on the 
third week after addition to the diet. The toxic fac- 
tor was first found in the unsaponifiable fraction of a 
fatty acid by-product distillate added to certain lots 
of feed-grade fat. Purified fractions were physiolog- 
ically active in fractions of a part per million of the 
diet. Subsequent investigation of fatty acid produc- 
tion showed that the chick edema factor was often 
present in the first distillates and residues and in the 
commercial fatty acids themselves, hi  addition, these 
fractions were also found to contain small alnounts of 
fatty acids not forming adduets with urea that were 
toxic to weanling rats. The occurrence of the chick 
edenla factor in oleie acids and derivatives has been 
reported by Ames et ol. (4:).1 It has beer1 isolated in 

1The Food and Drug  Adminis t ra t ion ' s  food additive regulations of 
April 22, 1960 (CFR Title 21. Section 121.86) .  requires  that oleic and 
stearie acids be "prepared  front edible fats alld. oils, free from chick 
edema factor ."  


