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Acid 

T 
ItE EFFICACY Of such hetero atoms as oxygen and 
nitrogen in the funct ional  groups of various di- 
enophiles has been studied in this laboratory in 

connection with the Diels-Alder reaction of the eleo- 
stearie (9,11,13-octadecatrienoie) acids (1,2,3,4).  I t  
appeared  of interest  to consider the ut i l i ty of a dieno- 
phile containing a sul fur  atom in its act ivat ing group. 
Accordingly the capaci ty  of divinyl sulfone to partici-  
pate  in the Diels-Alder reaction with alpha-eleostearic 
acid has been investigated. Previous work (5,6) has 
shown that  a ry l  and alkyl vinyl  sulfones react nor- 
mal ly  in the diene synthesis producing the expected 
adduct.  However  divinyl sulfone has received little 
at tention as a dienophile;  there appears  to be only a 
single reference in the l i tera ture  to its use as such for  
the conjugated f a t ty  acids (6). In  this instance it 
was reported that no product  of definite constitution 
could be isolated. I t  is the purpose of this paper  to 
present  data regarding  the formation and certain 
propert ies  of the divinyl sulfone-eleostearie acid addi- 
tion product  and to adduce evidence which shows that  
the adduct  is a t ransannula r  sulfone. 

Experimental 
Starting Materials 

alpha-Eleostearic Acid. Pure  atpha-eleostearie acid 
was p repared  by the low-temperature  fract ional  crys- 
tallization of the mixed f a t t y  acids obtained f rom 
tung oil (7).  The acid, m.p. 49.0-49.5°C., had an ab- 
sorptivity,  ( a ) =  176.7 at 271.5 millimicrons in cyclo- 
hexane. 

Divinyl Sulfone. A c o m m e r c i a l  d i v i n y l  su l fone  
was used without  fu r the r  purification. I t  had a b.p. 
102°C./10 ram., and n 20/D, 1.4788. 

Preparation of Divinyl Sulfone-Eleostearic Acid 
Adduct. In  a three-necked flask equipped with a re- 
flux condenser, a thermometer ,  and a gas inlet tube 
were placed 56.0 g. of alpha-eleostearic acid (0.20 
mole), 28.3 g. of divinyl  sulfone (0.23 mole), and 0.5 
g. of hydroquinone.  The mixture  was stirred mag- 
netically and was mainta ined at 192°C. under  an at- 
mosphere of ni t rogen for a period of 4 hrs. The excess 
divinyl sulfone was removed by vacuum-st r ipping on 
a steam bath, employing a s t ream of ni trogen as a 
sweep gas. There were obtained 77.3 g. of a viscous, 
crude product  which could not be fu r the r  purified by 
high-vacuum distillation. 

Chromatographic Purification of the Adduct. A 
chromatographic  procedure similar to tha t  described 
by Ramsey and Pat terson (8) was followed. However  
for  elution purposes iso-oetane and benzene saturated 
with water  were employed instead of iso-oetane satu- 
rated with methanol.  A 400-g. portion of silicie acid 
was thoroughly  mixed in a mor ta r  with 90 nil. of 
water  and 40 ml. of aqueous bromocresol green. 
Enough  concentrated ammonium hydroxide solution 
(33 drops) was incorporated into the mixture  to pro- 
duce the green color of the indicator. The mixture  

1 One of the laboratories of the Southern Utilization Research a n d  
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was slurried with 700 ml. of iso-octane and poured 
into a chromatographic tube (45 mm. O.D. × 900 mm. 
long).  A 10.6-g. sample of the adduct  dissolved in 
10 ml. of benzene was added to the packed column 
and washed down with a 5-m]. port ion of benzene. 
A 1,000-ml. quant i ty  of iso-oetane was passed through 
the column first, and the fast  moving band, unreacted 
eleostearic acid, was eluted at a peak effluent volume 
of 900 ml. Benzene was then added to the column, 
and the band containing the adduct  was eluted a f te r  
1,800 ml. of benzene were passed through at a peak 
effluent volume of 2,800 ml. The benzene percolate 
was dried over anhydrous  sodium sulfate, and the 
solvent was removed by  vacuum-st r ipping on a steam 
bath with nitrogen as a sweep gas. There were ob- 
tained 7.7 g. of pure  divinyl sulfone-eleostearie acid 
adduct. 

Anal. Caled. for C,.,2Ha604S: C, 66.7; H, 9.2; neut. 
equiv., 396.6. Found:  C, 66.7; H, 9.3; neut. equiv., 
396.7. 

Hydrogenation of the Adduct. The amount  of un- 
saturat ion present in the adduct  was determined by 
quanti tat ive hydrogenation,  utilizing the appara tus  
described by  Pack et al. (9). A 0.2832-g. sample of 
the adduet  was hydrogenated in 25 ml. of glacial 
acetic acid with 0.1426 g. of 10% pal ladium-carbon as 
catalyst.  Hydrogen  uptake (S.T.P.)  : Calcd. for  three 
double bonds, 48.0 ml. ; for two double bonds, 33.0 ml. 
Found:  32.2 ml. 

Hydrogenation of Divinyl Sulfone. A 0.1159-g. 
sample of divinyl sulfone was hydrogenated  as de- 
scribed above. Hydrogen  uptake (S.T.P. ) :  Caled. 
for  two double bonds, 43.9 ml. Found:  44.0 ml. 

Bromination of the Adduct. Brominat ion of the 
adduct  was carried out according to the bromometric 
procedure of K a u f m a n n  (10) for the determinat ion 
of the iodine value. A 0.1098-g. sample of the adduct  
was t reated with 25 ml. of a 0.1 N methanolie bromine 
solution and allowed to stand for a period of 24 hrs. 
Iodine Value: Caled. for three double bonds, 182.0; 
for two double bonds, 123.1. Found:  122.9. 

Bromination of Divinyl Sulfone. A 0.0717-g. sam- 
ple of divinyl sulfone was brominated as described 
above. Iodine Value: Calcd. for two double bonds, 
429.4. Found:  428.7. 

Methyl Ester of the Adduct. A sample of the pure  
divinyl sulfone-eleostearie acid adduet  was t reated 
with an excess of a 0.2 M solution of diazomethane in 
ether. The ethereal solution was washed first with a 
2% sodium carbonate solution, then with water, and 
finally was dried over anhydrous  sodium sulfate. The 
solvent was first removed by distillation at atmos- 
pheric pressure, then under  high vacuuni. 

Anal. Calcd. for C2aHasO4S : C, 67.3 ; H,  9.3 ; S, 7.8 ; 
OCHa, 7.5; I.V., 128.0. Found:  C, 67.3; H, 9.4; S, 7.5; 
OCHa, 7.4; I.V. (hydrogenat ion) ,  127.9. 

Molecular Weight of the Methyl Ester. The molec- 
ular  weight of the niethyl ester was determined cryo- 
scopically in benzene according to the mult iple-weight  
method prescribed by F ind lay  (11). Molecular weight: 
Calcd. 410.6. Found:  410.1, 410.5, 410.0. 
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Epoxidation of the Methyl Ester. The methyl  ester 
of the adduct was epoxidized with a perbenzoie acid- 
chloroform solution (12) .  An  8.405-g. sample of the 
methyl  ester (20.4 mil l imoles)  was al lowed to stand 
with 1.20.0 ml. of 0.53 molar perbenzoic acid solution 
(63.6 mil l imoles)  at room temperature for a period of 
48 hrs. The unreacted perbenzoie acid was determined 
iodimetrically. Perbenzoic acid reacted (millimoles): 
Caled. for three double bonds, 61.2; for two double 
bonds, 40.8. Found:  39.6. 

Alttempted Epozidation of Divinyl S~dfonc. A 
0.493-g. sample of divinyl sulfone (4.24 millimoles) 
was treated with 20 ml. of perbenzoie acid solution 
(10.6 mill imoles)  as outlined above. Iodimetrie  titra- 
tion indicated that the uptake of active oxygen wa.~ niI. 

Infrared Data. Inf ra red  spectra of divinyl sulfone 
and of the adduct were investigated in the 2.5 to I2.5 
micron region by means of the Perkin-Ehner Model 
137 Spectrophotometer. The instrument had a reso- 
lution of 0.05 micron with the slit over-ride set at 25 
microns. All measurements were made with an absorp- 
tion cell 1.0 ram. in path length. Carbon tetrachloride 
solutions of divinyl sulfone and the adduet  were em- 
ployed at concentrations of 1.0 ~'./1. and 7.5 g./1., re- 
spectively. Pure carbon tetraehloride was pla(;ed in 
the reference beam to eliminate the absorption of ('ar- 
ben tetrachloride from the resulting spectra. Both 
spectrograms were examined for the pr(,sen('e of ab- 
sorption bands in the 6.I a~M 10.2 micr(m regious 
characteristic of the unsymmetrical vinyl grou ps, and 
in the 7.4-7.8 and 8.6-9.0 mi(:ron re,'ion where the 
sulfone group is known to absorb. The divinyl sul- 
tone showed strong ahsorl)tion bands at 6.1, 10.2, 7.6, 
and 8.8 mi('rons whih, lh(' adduet showed strong ab- 
sorptions at 7.7 and 8.9 microns and a weak absorp- 
tiou band at 10.3 microns assigned to the interred 
t rans ethyhmi(, bond. There were no absorption bands 
indicating the i)resen(.(, of a vinyl group in the ad(lllci. 

Discussion 

I t  has he(m shown that alpl~a,b(talunsaturat(,d sul- 
tones hehave similarly to alpha.t~chl-unsaiur;d(,(1 k('- 
tones in their reaction wilh substam'es ~.oniaining an 
activated hydrogen (l 3,14 ). Si n(te the ad([ilion of these 
prototropie reag(,ni s oe('u rs by 1,4-ad(lition to I h e e(m- 
jugated system of alpha,beta-unsaiural(,d ketones, it 
would seem that the sulfone linka~ze would enhan(,(, 
the same type of activaiion of the a(lja(,enl oh,fin bond. 
The activating effe(:l of th(, sulfone group may be ex- 
plained by the theoreih, al ronsi(h,raiions of its (qee- 
tron configuration. -Values of the l)ara(:hor (151 and 
dipole moment (161 for various sulfones indi('at(, an 
approximat(qy tetrahedral arrang(,m(,nt of the yah,n(,(, 
bonds, implying that the sulfur is tetracovalenl and 
the sulfur-oxygen bonds semipolar. This arrangement 
would result in the oxyo'(,ll atoms having fra('tionallv 
negative charges and the sulfm" having a correspond- 
ing positive charge. Consequently the sulfur exerts a 
considerable electron attra('tion and fa(,ilitates a re- 
moval of an electron pair from the adjacent olefini(' 
structure, expanding its valence shell to 10 electrons. 
This resottance form fulfills the requirements for a 
dienophile in the Diels-Ahter reaction. 

I t  might be expected that in the ease of diviuy] 
sulfone (I)  each of the (,h'finie ]blkages eou|d be('ome 
activated (but not simultan(,ously), and capabh, of 
accepting two molesof  a di(,ne, llow(,ver our prelimi- 
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nary work, making use of a large excess of alpha- 
eleostearie acid, showed that only one mole of the diene 
r('acted with each mole of divinyl sulfone. This mono- 
merle composition was ascertained by molecular weight 
determinations carried out on the methyl ester. Thus 
it appeared that  s tructure ( I l l  with three ethylenie 
b(mds, one cyclic, one exocyelic, and a third belonging 
to the vinyl group, should predominate in the addition 
product. I iowever quantitative hydrogenat ion and 
bromim~ti(m experiments indicated the presence of 
only two doubh ~ bonds in the addu(',t while hydrogen 
and t)romine both r(,acted normally with the two 
vi~yl groups of pure divinyl sulftm(,. In addition, 
the epoxidalion of two (hmb](, bonds in the adduct  
with the theoreii<',al amount of I)('rt)enzoi<', acid and 
th,, t'ailure of pure divinyl sullen(' to react under the 
sam(, (.onditions" fur iher  SUl)poris the infrared spec- 
tra, showin~' the at)s(,n(.e of vinyl groups in the prod- 
m.t. It was (.mwllMed that although a Diels-Alder 
lyp(, a(hhwi was form('(I, the lmstulated s t ructure  ( I [ )  
is nol ('(msommi with th(, mlalylieal data. 

lh'fer('n('e lo stale models shmvs that while it would 
be sl(,ri('ally (liffi(mlt for the remaining vinyl group 
of the ad(lu('t to react with another moh'(qde of eleo- 
sieari(, a('i(I, it is n(wertheh,ss free ('hough to form a 
six-memb(,r(,d ring by the a(hlitioll of a ter t iary  hy- 
(Irog(ul t'rolll the ('yeh)hexeu(, mwh'us. [t has been 
meniione(1 l)reviously that vinyl sulfones at'(', (,apable 
of adding prototropie substances. Therefore it is pro- 
pos(,(l that  the reaction of (livinyl sulfone with alpha- 
(,h,ostearic a(dd 1)roceeds in two steps. The first step 
(,onsists of a normal l)iels-AMer additiml of one 
vinyl group of the divinyl sulfone across the trans, 
[ra.r~x-(~thyh,ui(; bonds of the alpha-eleostearic acid, 
r(,suliino" in two I)ositional isomers which differ only 
in the l)osilion of the vinyl sulfone group, either on 
earl)on atom 4 or 5 of lhe ('yeloh(,xene ring. In  view 
()f th(, fa(,l that (,arbon aioms 3 and 6 of the cyelo- 
hex(me nll('leus of the ad(luet possess active hydrogen 
atoms, it al)pears probable that these ean a(!t as points 
of at tachment with the at tendant  formation of a ear- 
honIto-carbon bond involving the beta-carbon atom of 
lhe vinyl group and the addition of the hydrogen to 
the alpha-carbon atom. Thus the second step of reac- 
tion involves the addition of the hydrogen belonging to 
('arbon 6 of the cyelohexene ring to the vinyl sulfone 
moiety situated on carbon 4, and similarly the posi- 
tional isomer with the vinyl stdfone group on carbon 
5 (~0mbines with the active hydrogen on carbon 3. 

On the basis of the foregoing ('onsiderations it may 

'2 It is known t, ll¢~f l)erbenzoi(, arid do(,~ not normally el)oxidze vinyl 
('ompolmds ( I 7) of this type. 
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be concluded that  the Diels-Alder adduct  of divinyl 
sulfone and eleostearic acid exists as a t r ansannuIa r  
sulfone ( I I I ) .  

Summary 
The reaction of divinyl sulfone with alpha-eleoste- 

aric acid has been studied. The reaction product  was 
found to be monomeric, consisting of only one divinyl 
sulfone and one eleostearie moiety. Contrary  to expec- 
tations, the adduct  contained only two ethylenic link- 
ages ra ther  than three and the addition product  is 
considered to be a t r ansannula r  sulfone. 
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Morro Seed Oil 1 
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MARIO L E W Y  V A N  SEVEREN,  Servicio Cooperativo Agncola Salvadore~o-Americano, Centro 
Nacional de Agronomla, Santa Tecla, El Salvador 

T 
IlE MORRO TREE, Crescentia alata HBK,  which be- 
longs to the family  Bignoniaceae, grows to a 
height of 4 meters  and produces globose frui ts  

that  are borne direct ly on t runk  and branches. These 
fruits,  15 era. in diameter,  are brownish yellow when 
ripe, contain a pulp  with a characteristic agreeable 
odor, and have a sweetish taste tha t  is very  palatable 
to livestock. The seeds, which are contained in the 
pulp, are dark  brown and flat, have a hear t  shape, and 
are 8 mm. long, 6 mm. thick;  the hull is thin and the 
kernel yellowish white. 

The average weight per  indivudual  seed is 40 rag., 
73% of which represents  the kernel and 27% the hull. 
With  an average of 8% moisture the seeds contain 
31% oil. They are utilized in E1 Salvador in the 
prepara t ion  of refreshments  (called "horchata"), to 
which they impar t  their  par t icular  agreeable aroma. 
The seeds are sold in the markets  for these purposes. 

The Morro tree grows wild and is usually found 
growing in heavy clay soils (grumosols usually 1 or 2 
meters  deep over ha rdpan ) ,  which in spite of their  
level topography  are not adapted  to most other agri- 
cul tural  uses. These soils, which constitute about 3% 
of the agr icul tura l  land of E1 Salvador and which 
occupy large areas in other Central  American coun- 
tries, are general ly used only for unimproved pastures 
consisting of nat ive grasses. Dur ing the ra iny  season 
such soils become water-logged and, dur ing the d ry  
season, so d ry  that  large cracks appear.  Morro trees 
seem to be the climax vegetation on such soils. 

The  n o r t h e r n m o s t  po in t  of d i s t r i b u t i o n  of the  
]V[orro is Mexico while the southernmost  is Colombia 

1 A contribution from Servicio Cooperative Agrlcola Salvadorefio- 
Americano, a technical agricultural service organization for El Salvador, 
operated jointly by the Government of E1 Salvador and the International 
Cooperation Administration. 

and Venezuela (4,5,6). The only known uses so fa r  
are that  the pulp  is eaten by  livestock, the seeds are 
used for  refreshments,  and to a limited extent the 
hard  epicarp is used as containers or cups by rura l  
people. 

As the frui ts  are attached to the t runk and branches, 
harvest ing is done by hand. Some of the r ipe f rui ts  
fall, and even though cattle can break the hard  shell, 
the f rui ts  are usually cut in halves and the pulp  is left  
for the cattle to feed on. 

The analysis of the whole pulp is shown in Table I. 

TABLE I 

Analysis of the Whole Pulp, Including Seeds, of Ripe Morro Fruits " 

J % 
Moisture .......................................................................... 73.43 
Proteins b ....................................................................... I 14.60 
Fat b ................................................................................ I 13.00 
Crude fiber b ................................................................... 6.75 
Carbohydrates (by difference) ~ ...................................... 56.35 

a Determined by Official Methods of the A.O.A.C. (2) .  
b On dry-matter basis. 

Laboratory Procedure. Hulls  of the Morro seed can 
be separated f rom the kernel relat ively easily by as- 
pirat ion because they do not adhere to the kernel when 
dry. 

Labora to ry  samples of Morro seed oil were prepared  
by p r e y i n g  the ground kernels in a Carver  hydraul ic  
press at a t empera ture  of 100°C. and at a pressure of 
5,000 p.s.i. The moisture content of the seed when 
pressed was approximate ly  8%. Expression of the oil 
was easier when the moisture was increased to 10%. 

Oil extracted with petroleum ether had about the 
same characteristics including color and flavor as the 
pressed elk 


