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Abstract 

The chloro groups in the bis-9(10)-[alkyl-  
10 (9)-chlorooctadecanoate]-sulfides described pre- 
viously (9) underwent  reaction with water, 
alcohols, ammonia,  anfines, cyanides, cyanates, 
thiocyanates, and azides. The rates of these reac- 
tions were such that  the ehloro groups were 
completely replaced before significant at tack on 
the ester group oeeurred. Without  exception, the 
products  of these reactions were the open-chain 
disubstituted-sulfide diesters, e.g. bis-9 (10) - [ethyl- 
10 (9) -aminooctadeeanoate] -sulfide, and no evi- 
dence was found for cyclic, e.g. thiomorpholine, 
structures. The sulfur  dichloride diadducts from 
cis-2-butene and trans-2-butene were also sub- 
jected to hydrolysis and ammonolysis and again, 
only the open-chain sulfides, e.g. bis-2-[3-amino- 
butyl]-sulfide, were formed. The did-sulfides 
f rom cis-olefins differed f rom the diol-sulfides of 
trans-olefins in both physical and special proper-  
ties. A similar difference was noted in the 
diamino-sulfides. Several of the f a t ty  products 
were oxidized to the corresponding disubsti tuted 
sulfone diesters. 

Introduct ion 

T HIS PAPER REPORTS the results of our studies on 
the reaction of sulfur  dichloride-oleate diadduets 

with some nucleophiles. Intermoleeular  replacement 
reactions on f a t ty  halides are usually ra ther  sluggish 
reactions. P r i m a r y  chlorides undergo replacement by 
nueleophiles but  the p r i m a ry  bromides are the pre- 
ferred reactants  because of their greater  reactivity 
(14). As ehloro groups are moved more toward the cen- 
ter of a hydrocarbon chain, their replacement is known 
to become even more difficult because of steric effects 
(5,7). With  f a t ty  acids, substitution reactions still 
occur in the ~ (11), , / and  8 positions of the chain (10) 
but when the chlorine atoms are located in the 9 or 10 
positions (or both) substitution reactions are ex- 
tremely slow. In  a control experiment (19) dissolu- 
tion of a sample of ethyl 9,10-dichlorostearate in 
ethanolie ammonia for 24 hr gives only slight anfidoly- 
sis and the chloro groups remain essentially intact. 
More vigorous t rea tment  with stronger bases usually 
results in extensive and complex dehydrohalogenation 
(12) and this t rea tment  can be used as a means of 
increasing' the unsaturat ion of certain f a t ty  materials. 
We wanted to find an efficient and economical way to 
introduce reactive groups into the chain of a f a t ty  
molecule and thought  tha t  the sulfur  diehloride-oleate 
diadduets (fl,/?'-diehlorosulfide diesters) might  be 
suitable for this purpose. 

The fi,fl'-diehlorosulfides or the sulfur  mustards  
undergo replacement of the chlorine atoms more 
rapidly  than the corresponding systems in which the 
sulfur  atom has been replaced by a methylene group 
(2,8). The extent of the rate increase is governed by 
electronic and sterie factors and is sensitive to other 
reaction variables such as solvent (1,17). Apparen t ly  

567 

R 
I 

R--S S +  SR 
I / \ z -  I 

R--CH--CH--R ) R--Ct t  - -  CH--R ) R- -Ct I - -CH--R -- C1- 
I el- I 

CI Z 

the electrons on the sulfur  atom facili tate the removal 
of the fl-ehlorine atoms by forming an intermediate 
sulfonimu chloride (8), a powerful  a lkylat ing agent. 
The sulfonium chloride then reacts with a nucleophile 
to give the fl-substituted sulfide. On the basis of 
previous studies of fl,fl'-dichlorosulfides such as those 
f rom ethylene or 2-butene we anticipated cyclic prod- 
ucts f rom the replacement of the chlorines with 
groups like hydroxyl  or amino (3). ldson and Spoerri  
(13) reported, for  example, that  ammonolysis of bis- 
2- (3-ehlorobutyl)-sulfide gives 2,3,5,6-tetramethylthio- 
morpholine and in earlier work Pope and Smith (18) 
apparen t ly  found that  the same fl,fl'-dichlorosulfide, 
upon t rea tment  with sodium sulfide, gives the 2,3,5,6- 
te t ramethyld,4-di thiane.  We studied the hydrolysis 
and ammonolysis of the sulfur  dichloride diadducts 
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of cis and trans-2-butene because we expected that  
these compounds would be models of oleate and 
elaidate but would be easier to pur i fy  and work with. 

Experimental  
Bis-9  (10)  - [ i s o p r o p y l - 1 0  ( 9 ) - h y d r o x y o c t a d e c a n o a t e l - s u l t i d e  

Into a 3-liter flask was placed saturated sodimu bi- 
carbonate solution (1000 ml) and bis-9(10)-[iso- 
propyl-10(9)-chlorooctadecanoate]-s  u 1 fi d e (100 g, 
0.]33 mole) and the result ing mixture was stirred 
vigorously and heated to reflux for 16 hr. The mixture  
was allowed to cool and the oil layer was extracted 
into ether. The ether solution was then washed several 
times with water, dried over sodimn sulfate and was 
concentrated under  vaeumn to give a pale yellow oil 
which was filtered through a medium porosity fr i t ted 
fmmel  and stored in a bottle whereupon it began to 
crystallize af ter  several hours. 
t ially quanti tat ive.  
Anal. Cale. for C42Hs-_,O~S : 

Found  : 

The yield was essen- 

C, 70.5; H, 11.5; S, 
4.5; M.W. 715; Hy-  
droxyl  Value 157 
m g / g  ; saponification 
value 157 m g / g  ; 
Acid Value 0.0. 

C, 70.6; H, 11.3; S, 
4.8, M.W. 700; Hy-  
droxyl  Value 162 
m g / g  ; saponification 
value 160 m g / g ;  
Acid Value 0.0. 
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Subsequent prepara t ions  of this material  usually 
resulted in crude products  with hydroxyl  values in the 
range 120-140 mg/g .  Methyl esters, )/-propyl esters 
and n-butyl  e~ters of the fl,fl'-diehlorosulfide-diaeid 
were used in these reactions and even for the methyl  
esters the acid value rare ly  rose above 0.2 mg/g .  
Also, for oleates containing less than  about 8% tra~s 
double bond the related diol-sulfides were solids or 
crystalline slushes at room temperature .  As the 
amount  of trans double bond in the oleate increased 
the diol-sulfide tended to become more liquid. For  
example, E m e r y  233LL (8 .3~  trans) esters gave half- 
liquid, half-solid diols and Emery  3528R (12.2% 
trans) esters, ADM Monoenoic acid (35~  trans) 
esters and elaidate esters gave diols that  were liquid 
at room temperature .  The solid diols could be re- 
crystallized f rom hexane or acetone ( - 7 8 C )  to give 
white powders, mp (methyl  ester) 40C-41C. 

The physical state of these fa t ty  materials was re- 
fleeted by the diols f rom the cis-2-butene and tra~ts-2- 
butene-sulfur  dichloride adduets. The diol-sulfide from 
the cis-2-butene diadduct  was a solid, mp 46C, while 
the diol-sulfide f rom the tra~s-2-butene diadduct  was 
a liquid at room temperature .  

The diol-sulfide-diesters produced by this route were 
oxidized by hydrogen peroxide in glacial acetic acid 
to give nearly colorless oils, the inf rared  spectra of 
which were compatible with diol-sulfone-diesters. Ex- 
cess peraeetic acid at  50C for 4 5 hr was usually 
sufficient to complete the oxidation. 

Glycerol Derivative 

A mixture  of bis-9(10)-[ isopropyl-10(9)<hloro-  
octadanoate]-sulfide (20 g, 0.027 mole) glycerol (88 g, 
0.96 mole) t-butyl  alcohol (200 ml) and sodimn bi- 
carbonate (4 g, 0.05 mole) was stirred magnetically 
and heated to 50C. Af te r  48 hr the reaction mixture  
was f l t e red  to remove sodium chloride and the t-butyl 
alcohol was removed under  vacuum. As the t-butyl 
alcohol was removed an enmlsion formed that  sep- 
arated into two layers, the upper  layer contained 
the fa t ty  derivative and the lower layer  glycerol. The 
fa t ty  layer was removed, suspended in ether and the 
ether extract  was washed three times with water, 
dried over sodium sulfate and concentrated to give 
a near ly quanti tat ive yield of a yellow oil. We were 
unable to pu r i fy  this product  further.  
Anal. Celt. for C4sHg~01oS: Hydroxy l  Value 260 

nlc~/cr 
Found :  Hydroxy l  Value 210 

mg/g .  

Thin-layer chromatography (ethanol:  ammonium hy- 
droxide, 16:1 v / v )  of this product  showed that  neither 
s tar t ing material  nor glycerol remained in the product. 
This product  as well as the oxidized material  below 
had a very s l ippery fee], 

Glycerol Derivative Oxidation 

A sample of the glycerol derivative was oxidized by 
peraeetie acid at 50C for 4 hr. The oxidized material  
was a pale yellow sirup at room temperature.  I ty -  
droxyl value, Cale. 251 rag /g ;  Found :  202 mg/g. 

Ois-2-but ene-l,4-diol Derivative 

A mixture  of bis-9 (10)- [isopropyl-10 (9)-chloro- 
octadecanoate]-sulfide (17 g, 0.023 mole), cis-2-butene- 
1,4-diol (53 g, 0.6 mole), dimethyl formamide (50 g) 
and sodium bicarbonate (2 g, 0.024 mole) was stirred 
magnetical ly and heated to 50C for 48 hr. Tl~e mix- 
ture was allowed to cool whereupon two phases formed, 

The upper  phase was separated, dissolved in ether and 
the ether extracts were washed with water, dried over 
sodium sulfate and concentrated to yield a yellow oil. 
This oil could not be purified further.  Hydroxy l  
Value, Cale. : 131 m y / g ;  Found :  112 mg/g.  Absorp- 
tion in the inf rared  at 3010 em -1 indicated the presence 
of a double bond. This supposition was confirmed by 
the NMR spectrmn which showed new absorptions at 
8 4 .074.15 ppm, 5.67 ppm and 3.3 ppm. Cis-2-butene- 
1,4-diol by comparison has absorptions at 8 4.10-4.25 
ppm, 5.71 ppm and 4.69 ppm (hydroxyl) .  

Thin-layer chromatography showed this oil to be 
free of s tar t ing materials. 

Bis-9 (10)-[ethyl-10 (9) -aminooctadecano at el-sulfide 

B is-9 (10) ~ [ eth yl-10 ( 9 ) -ehlorooetadeeanoate ] -sufide 
(50 g, 0.069 mole) was added to ethanol (1000 ml) 
saturated with ammonia. The reaction vessel was 
t ightly stoppered and the reaction mixture was stirred 
magnetically and kept at room tempera ture  for 16 hr. 
The reaction mixture was then mixed with water  
(3000 ml) and the result ing oil was extracted into 
ether. The ether extract  was washed once with 10% 
sodium hydroxide (50 ml) and then with water  until  
the wash was neutral.  The extract  was then dried 
over sodimn sulfate and concentrated to give a yellow 
oil (41.6 g, 88%).  
A~ah Calc. for C4oH~N204S: Total amine nitrogen 

4.1; MW, 685 
Found :  Total amine nitrogen 

3.5; MW, 644. 
The product  f rom the above reaction was dissolved 

in hexane (100 ml) and the solution was saturated 
with hydrogen chloride. The resulting oil was cooled, 
t r i tura ted  with hexane and shaken next with 10% 
sodium hydroxide and ether. The ether extracts were 
washed with water  until  neutral,  dried over sodium 
sulfate and concentrated to a yellow oil. 
A~al. Cale. forC4ottsoN2QS: C, 70.1; H, 11.7; N, 

4.1 ; S, 4.7 ; 5{W, 685 
Found :  C, 69.9; H, 11.1; N, 

4.1 ; S, 5.0 ; MW, 710. 

Bis-9 (10) -[ethyl-10 (9) -cyanooetadecanoatel-sulfide 

A mixture  of aeetonitrile (1500 nil), potassium 
cyanide (20 g, 0.81 mole) and bis-9 (10)-[e thyl-10(9)-  
ehlorooctadeeanoate]-sulfide (92.5 g, 0.128 mole) was 
stirred magnetical ly and heated to 35C for 20 hours. 
The mixture was then filtered through a Buehner  
funnel and the filtrate concentrated under  vacuum 
to give an orange oil (87.5 g, 97%).  The crude 
product  was dissolved in ether and washed several 
times with water  to insure complete removal of cyanide 
ion. The ether solution was then dried and con- 
eentrated under  vacuum to give an oil. 
A~al. Cale. for C~2HT~N204S : N, 4.0 ; S, 4.6 

Found  : N, 3.4 ; S, 4.8 
The corresponding isothioeyanate derivative was 

prepared  by a similar route except that  the solution 
was stirred for 30 hr. The product  was a mixed 
thiocyanate-isothioeyanate but the thioeyanate was 
converted to the more stable isothiocyanate by heating 
the product  at  80C for 2 hr. 
A~al. Cale. for C,2HT(~N_oO4Sa: C, 65.6; H, 10.0; N, 

3.7; S, 12.5 
Found :  C, 66.1; H, 10.1; N, 

3.6; S, 10.8. 
We are unable to explain the low sulfur  analysis. 

B is-9 (10) - [ e thyl -10 ( 9 ) -isoeyanatooctadecanoate ] - 
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sulfide was prepared as was the cyanide derivative 
except that  the reaction was run for 10 days. The 
product  was a yellow oil with a very faint  odor. 
Anal. Calc. for C~2HTGN206S: N, 3.8; S, 4.3; % NCO, 

11.4 
Found  : N, 3.7 ; S, 4.5 ; % NCO, 

10.3. 
The reaction of sodimn azide in ethanol with the 

dich]orosulfide-diester gave an adduct that  appears to 
be bis-9 (10)- [ethyl-10 (9) -azidooctadecanoate I -sulfde. 
This stable yellow oil has very strong infrared absorp- 
tions at 2080 cm 1 due to azide. 
Anal. Calc. for C4oHTGN604S: C, 65.3; H, 10.3; S, 

4.4; N, 11.4 
Found:  C, 65.7; H, 10.3; S, 

4.7; N, 10.5. 
Thermal gravimetric analysis indicates that  the 

molecule begins to decompose around 225C. At 250C 
a rather  sudden weight loss occurs amounting to 
7.4% (7.6% theoretical) of the sample weight. 

Bis-2- (3-hydroxybutyl)-sulfide 

A mixture of water (100 ml), sodium bicarbonate 
(20 g, 0.24 mole) and bis-2-(3-ehlorobutyl)-sulfide 
(from trans-2-butene, 21.8 g, 0.10 mole) was stirred 
magnetically and heated under  reflux for 24 hr. The 
reaction mixture was allowed to cool and the oil layer 
was separated from the aqueous phase. The aqueous 
phase was extracted with ether and this extract  was 
mixed with the oily material. The combined solution 
was dried over sodium sulfate and was coneentrated 
under vacuum to give an off-white oil (17.2 g, 95%). 
This material was distilled on a 24-plate spinning 
band column to give a water-white oil (14.9 g, 83%),  
bp 88C-90C at 0.25 ram. The product  appears to be 
homogeneous by TLC (benzene-ether, 1:1, v /v)  and 
was found to have a hydroxyl  value of 622 (calculated : 
630). The NMR spectrum showed absorptions at 
2.2-2.7 ppm (two doublets, relative intensity 6.05), 
5.5 6.5 ppm (8 peaks, relative intensity 1.00) and 
7.0-8.3 ppm (8 peaks superimposed on broad absorp- 
tions, relative intensity 1.97). 

Bis-2-(3-chlorobutyl)-sulfide from c is-2-butene was 
hydrolyzed by a similar procedure to give a white 
oil (10.9 g), bp 78-80C at 0.05 mm and a pale yellow 
oil (4.0 g), bp 130C at 0.05 ram. The overall yield of 
distilled products was 88%. The lower boiling white 
oil crystallized, mp 46C-48C, and had a hydroxyl  
value of 626 (calculated: 630). The NMR spectrum 
of this solid had absorptions at ~ 2.3-2.9 ppm (two 
doublets, relative intensity 6.07), 5.1-6.1 ppm (5 
peaks, relative intensity 0.96) and 7.0 8.3 ppm (broad 
singlet, 8.13 ppm relative intensity 1.0 and 4 or 5 
peaks, relative intensity 1.0). 

Bis-2- (3-aminobutyl) -sulfide 

To a solution of ammonia (25.5 g, 1.5 moles) in 
ethanol (500 ml) was added bis-2-(3-chlorobutyl)- 
sulfide (front cis-2-butene, 21.8 g, 0.1 mole) and the 
vessel was stoppered and allowed to stand for 60 hr. 
The solution was then decanted from the ammonium 
chloride that  had precipitated. The solution was 
part ial ly concentrated on a ro tary  evaporator (200 
ml) and a solution of ethanolic potassium hydroxide 
was added until  fur ther  addition caused no precipi- 
tate formation. The precipitate was filtered and the 
filtrate concentrated under vacumn and distilled to 
give one fraction boiling at 63C-65C at 0.05 mm 
(11.6 g) and another boiling at 160C at 0.05 mm 
(2.5 g). The overall yield of distilled product  was 
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79%. The low-boiling product  appeared to be homo- 
geneous by TLC (ethanol-anunouiunt hydroxide, 26:1, 
v /v )  and contained 14.9% (calculated: 15.9%) of 
amine nitrogen. The NMR spectrmn of the lower 
boiling product  had absorptions at 8 1.0-1.4 ppm (5 
peaks, apparent ly  a singlet and two doublets, relative 
intensity 4.05) and 2.3-3.1 ppm (8 peaks, relative 
intensity 1.0). The higher-boiling (160C) product  
contained 12.2~ (calculated for triamine: 12 .5~)  of 
anfine nitrogen. 

Bis-2-(3-ehlorobutyl)-sulfide front trans-2-butene 
was treated similarly to give a 77% yield of an oil 
all of which distilled from 75-85C at 0.1 ram. TLC 
of the product  (ethanol-ammonimn hydroxide, 26:1, 
v /v)  showed that  two components were present. The 
product  was distilled on a 24-plate spinning band 
column to give a water-wlfite oil, bp 58C-59C at 0.05 
ram, containing 14.99~ (calculated 15.9%) of amine 
nitrogen. TLC of this material still showed the two 
spots in about the same relative proportions as before 
the distillation. The NMR spectrum of this material 
showed absorptions from ~ 0.9-1.4 ppm (apparent ly  
three doublets and a singlet, relative intensity 4.0) 
and from 2.5-3.2 ppm (about 12-15 peaks, relative 
intensity 1.0). 

Discussion 

The experimental results show that we can replace 
the two ehloro groups of the fl,fl'-dichlorosulfide di- 
ester without significantly disturbing the two ester 
groups. The hydrolysis reaction of the fi,fl'- 
dichlorosulfide dinitrile from oleylnitrile has been 
studied and a similar result, i.e., the chloro groups 

CHz(Ctt~) ~CH--Ctt-- (CH:) rCOOR CH~(C~c) 7CH--CH--(CHz) ;C00R 
J 
S + 2 z -  ) ~'S 
I 

CHz(Ctt~)rCH--CtI (CH~);COOR CH~(CEI~ ;CH--CH--(CH~)rCOOR 

C1 Z 

@ positional isomers -~ positional i somers  

@ 2C1- 

react before the nitrile groups, appears to hold. 
The hydrolysis products of these fl,fl'-dichlorosulfide 

diesters are did-sulfide diesters. F rom the analytical 
data, neither saponification nor transesterification nor 
intramolecular cyclization occurs to any noticeable 
extent during the hydrolysis reaction. The conversion 
of the 2-butene sulfur dichloride diadduets to diol- 
sulfides also supports the view that  intramoleeular 
cyelization reactions are negligible in this system. The 
observation that  the diol-sulfides from cis-2-butene 
and from oleates are higher melting than the cor- 
responding diol-sulfides from trans-2-butene and 
elaidates suggests that the 2-butenes are suitable model 
compounds for 9-octadeeenoates. The NMR spectra 
of the 2-butene based diol-sulfides are consistent with 
the stated structures. However, the fine structure of 
the ter t iary  proton absorptions is different from the 
eis versus the trans-2-butene based diols. This sug- 
gests that  the different melting point behavior of the 
two diM-sulfides is probably due to different eon- 
figurational isomers. We were unable to observe much 
fine structure in the NMR spectra of the fa t ty  diol- 
sulfides. 

The hydrolysis reaction is a two-phase reaction and 
vigorous stirring is required in order to minimize 
intermoleeular condensation reactions, i.e. ether forma- 
tion. The cis-2-butene diadduct undergoes hydrolysis 
to give mainly the dihydroxy-sulfide but  27% of a 
high boiling material, probably a dimer, is also formed. 
The trans-2-butene diadduet undergoes hydrolysis to 
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give a diol-sulfide and no high-boiling product.  Co- 
solvents were tr ied in an a t tempt  to improve the 
solubility of the diadduets in the aqueous phase, but 
the desirability of co-solvents is questionable. When 
t-butyl  alcohol was used it i l lustrated a difference 
between the butenc diadducts and the fa t ty  diadducts. 
The butent  diadduet  resulted in two low-boiling prod- 
ucts and no high-boiling products. The hydroxyl  
value of these two (inseparable) products was only 
about 80% of the theoretical suggesting ether forma- 
tion. With  the fa t ty  diadduet,  the use of a co-solvent 
boosted the hydroxyl  ~'alue in a typical  run  by about 
10%. Thus the t-butyl  alcohol appears  to combine 
with the butene diadduct  but not with the fa t ty  
diadduct  probably because the sterie requirements are 
greater.  The glycerol and cis-2-butene-l,4-diol deriva- 
fives of the f a t t y  ester-sulfur dichloride diadduets 
were p repared  with co-solvents. In  these systems co- 
solvents are desirable in order to form a more mobile 
mixture  and to make filtration of the acid accepter,  
sodium bicarbonate, faster. 

Ammonolysis of the fl,fi'-diehlorosulfides f rom fa t ty  
esters and 2-butenes gives sinfilar results in that  the 
open-chain structures,  e.g., bis-2-(3-aminobutyl)-  
sulfide, are the only products  observed under  our 
conditions. The cis-2-butene diadduet  upon ammonoly- 
sis results mainly  in a diamino-sulfide but 18~-I of a 
higher-boiling product,  apparen t ly  a dimeric ma- 
terial, also forms. The trans-2-butene diadduct  upon 
ammonolysis gives two products  distilling at near ly 
the same tempera ture  but  the anfine nitrogen deter- 
minations show that  these materials  are both the 
open-chain dianlino-sulfides. In  neither of these reac- 
tions is the thiomorpholine observed as a product. 
The results observed with the f a t ty  ester-sulfur di- 
chloride diadducts follow the results observed on the 
butene systems with the exception that, generally, 
the dimeric products  do not seem to form. Solutions 
of ammonia in ethanol were used for most of the 
ammonolysis reactions, but  in early ammonolysis work 
we used anmlonimn hydroxide as the ammonia source 
and the results were comparable if the two-phase 
system were vigorously mixed. Ammonia  is more 
reactive than the water  in these reactions since, for 
about the same reaction time, hydrolysis requires 
reflux temperatures  (100C) while the ammonolysis 
occurs at room temperature.  Most ammonolyses were 
run  at room temperature.  In  one experiment the 
reaction mixture  was heated to 70C in a stoppered 

flask and the reaction appeared complete in about 
one-half hour. 

By  following the procedure outlined for the mn- 
monia derivative, we prepared  a series of amino de- 
rivatives f rom the sulfur  diehloride-oleate diadducts. 
They are listed in Table I. At  least four moles of the 
amine are required for reaction with one mole of the 
diadduet  according to the following stoichiometry. 
For  the reactions of amines with the diadduct,  we 
ordinari ly used f rom 6-8 moles of amine per mole 
of the diadduet. All of the amines shown in the table 
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are prinlary. The diadduet  also reacts with secondary 
amines such as diethylamine but the reaction product  
contains only about half the theoretical amount of 
amine and we are unable to pur i fy  this sample farther.  
Diisopropylanline, a highly hindered secondary amine, 
does not react with the oleate-sulfur dichloride 
diadduet.  

Fernelius and co-workers (6) have prepared  and 
studied complexes fornled between metal  ions and 
low-molecular weight fi,fl'-diamino-sulfides such as 
bis-(2-aminoethyl)-sulfide. Some of our fl,fi '-diamino- 
sulfide systems also formed complexes with metal ions. 
Bis-2-(3-aminobutyl)-sulfide, upon admixture  with 
aqueous copper nitrate,  results in a homogeneous, 
intensely blue solution. The f a t ty  fl,fl'-diamino-sulfide 
diester derivatives when shaken with aqueous solu- 
tions of copper salts form an intensely blue oil that  
is insoluble in water  but soluble in hydrocarbon sol- 
vents. This complex can be quant i ta t ively destroyed 
in a hydrocarbon solution of the complex by bubbling 
ammonia gas through it. A purple  tetramine copper 
salt precipitates and the fl,fi'-diamino-sulfide diester 
is regenerated. Cobalt ni t rate  and u rany l  acetate are 
also extracted from aqueous solutions by the fi,fi'- 
diamino-sulfide diesters. The ethylene-diamine deriva- 
five in a more polar  solvent like ethyl acetate quanti ta-  
tively extracts silver ni trate  f rom aqueous solution. 
Again the complex is destroyed and the ligand re- 
generated by t rea tment  with anlmonia but we used 
aqueous ammonia here to prevent  formation of the 
crystalline dianline silver ni trate  which is explosive. 

Other nucleophiles including cyanide, azide, 

TABLE I 
S t r u c t u r e  of One of the Possible Isomers,  with Assumpt ion  that  the Su l fu r  Dichloride Can Add in  

E i the r  Direct ion Across the Double Bond  

X 
I 

CH3 (CH2) 7 c H - - c H - -  (CH~) 7 C 0 0 R  
f 
S 
I 

CHa (CHe) ~ C H - - C H - -  (CHe) 7 C 0 0 R  
I 

X 

Nueleophil ie  Su l fu r  % Nitrogen % 

reagent  X - Theory Found  Theory Found  

Ethylamine  CH:~CH:NH- " -- 4.20 b 4.22 3.67 3.30 

~ ~ - - N  I - i - -  3.83 3.74 3.35 3.61 Ani l ine  

2-t{ydroxy- H O CbL CI-IcNH 4.15 4.23 3.63 3.58 
ethylamine 

2-Amino- H=NCH2CHcNH--  4.15 4.27 7.27 7.28 
ethylamine 

Hydroxy lamine  H O N t I  4.31 b 4,19 3.77 2.31 

Appearance  

Yellow Oil 

Orange Oil 

Yellow Oil 

Yellow Oil a 

Yellow Oil 

" Slowly po]ymerizes on s tandinz .  After  several rOonths at  r o o m  t em pe ra tu r e  the sample is a dry  crumbly solid. 
The isopropyl  ester was used, Usual ly  the der iva t ives  were prepared  from the corresponding ethyl esters. 
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cyanate, and thioeyanate are also found to react with 
the fl,B'-diehlorosulfide diesters. The slower reaction 
rates are probably due to the low solubility of the 
salt in the solution containing the fa t ty  material  or 
vice versa. Otherwise, the prepara t ion  of these com- 
pounds was s t raightforward.  The stabil i ty of the fl,fl'- 
diazido-sulfide diester compared to lower molecular 
weight azides (15) parallels stabil i ty relationships be- 
tween f a t ty  alkyl hydroperoxides and h)wer molec- 
ular weight hydroperoxides (4,16). 

The toxicity of a few representat ive compounds 
were measured at the Wisconsin Almnni  Research 
Foundation.  The fl,B'-diamino-sulfide diester, fl,fl'- 
dihydroxy-sulfide diester and the oxidized glycerol 
derivative are all found to be non-toxic and non- 
i r r i ta t ing according to the specifications of the Federal  
Hazardous Substances Labeling Act. In  mice, the 
fl,fl'-diamino-sulfide diester causes a thickening of the 
skin at the site of applicat ion but the compound is 
not corrosive. The /?,fl'-diehlorosulfide diesters, etc., 
have not been tested but our routine handling of these 
chemicals in the laboratory  resulted in no apparen t  
health hazard. These fa t ty  compounds, except for the 
fl , f i '-dichlorosulfide diester, appear  to be stable in- 
definitely and have little or no odor. The sulfur  atom 
in these f a t ty  compounds does not contribute ap- 

preeiably to the odor apparen t ly  because these ma- 
terials have a relatively high molecular weight. 
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