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Abstract 
Acrylate  esters of various hydroxy  acid deriva- 

tives obtainable f rom castor oil have been synthe- 
sized and characterized. Synthetic  methods eval- 
uated include acid- and base-catalyzed alcoholysis 
of methyl  acrylate, esterifieation with acrylic 
acid, acrylyl  chloride, or acrylic anhydride,  and 
esterification with fl-chloropropionyl chloride or 
anhydr ide  fol lowed by  dehydrohalogenat ion .  
The two-step esterification-dehydrohalogenation 
procedure gives most sat isfactory yields and 
puri ty.  Prepara t ion,  purification, and charae- 
terization of the compounds are described and the 
various synthetic methods are evaluated. 

Introduction 

A RYLATE ESTERS have been commercially impor- 
tan t  for  many  years, and a ~ealth of l i terature 

exists covering the synthesis and use of these mono- 
mers (1). In  connection with a research p rogram 
aimed at development of new uses for castor oil, we 
explored synthetic routes leading to pure  acrylate 
monomers f rom castor hydroxy  fa t ty  acids. Several 
patents  describe acrylate synthesis f rom castor oil it- 
self or f rom selected components (2). We sought, 
however, to s tar t  with pure  derivatives of the free 
hydroxy  acids in order to best utilize their  unique 
polyfunctionali ty.  Also, pure  monomers would lead 
to soluble ra ther  than highly cross-linked polymers. 

Previously, we had p repared  a series of mono- and 
disubst i tuted amides f rom ricinoleie (12-hydroxy- 
cis-9-octadecenoic) acid and the related rieinelaidic, 
12-hydroxystearic,  dihydroxy- and t r ihydroxystear ic  
acids by means of a modified mixed carboxylic- 
carbonic anhydr ide  synthesis (3,4). These amides ap- 
peared to be of par t icular  interest as s tar t ing  ma- 
terials for  synthesis of acrylates, because monomers 
containing polar  pendant  amide groups should im- 
pa r t  distinct and unique propert ies  to result ing poly- 
mers or copolymers. The propert ies  of the castor 
amides themselves va ry  widely. Thus, their  use as 
s tar t ing  materials  seemed to offer an oppor tuni ty  to 
prepare  a series of monomers quite distinct f rom one 
another  and possibly tailored to specific uses. Some 
representat ive members of such a series were prepared  
and characterized. Acryla te  esters have also been 
prepared  f rom the hydroxy  acid methyl  esters and 
f rom ricinoleyl and 12-hydroxystearyl  alcohols. 

Experimental 
Analytical Techniques 

I n f r a r e d  ( IR)  spectra were determined as smears 
or Nujol  mulls on a Perk in-Elmer  Model 137 Inf ra -  
cord equipped with NaC1 optics, and an air  path in 
the reference beam. 

Th in - l aye r  chromatography  (TLC) on ehromato- 
str ips (5) was used both in assessing pur i ty  of sam- 
ples and in following the course of column chroma- 
tography  on silicic acid. Solvent systems used for 
deve lopment  of silica gel G str ips  included 80:20 
Skellysolve F : d ie thyl  ether for  der iva t ives  of the al- 

l Presen ted  in  part at the AOCS Meeting, New Orleans, Apr i l  1964. 
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cohols and methyl  esters and 95:5 diethyl ether:  
Skellysolve F for  most of the amide derivatives. 
Spots were detected by spraying with 20% H 2 S Q  
and charr ing at ~300C.  

An F & M model 720 dual-column programmable  
ins t rument  was used for gas-liquid chromatography 
(GLC).  Columns used were 2-ft, 20% Apiezon L on 
60-80 mesh Gas-Chrom P (Appl ied Science Labora- 
tories), and 3-ft, 10% ECNSS-S on 100-120 mesh 
Gas-Chrom P. 

Nuclear magnetic  resonance (NMR) spectra were 
obta ined on a Var ian  model A60, in CC14 or CDCla 
with te tramethylsi lane as reference. 

Methyl Acrylate. A readily available material  a 
was used as received. 

Acrylic Acid. A generous gift  sample of stabilized 
glacial acrylic acid 4 was used ~s received. 

Acrylyl Chloride. We tried to use several commer- 
cial lots. 5 Because this unstable material  varied 
widely in quali ty f rom lot to lot, however, we found 
it more convenient to prepare  our own acrylyl  chlo- 
ride as needed by  the method of Stempel et al. (6). 

Acrylic Anhydride. Our own at tempts  to prepare  
this material  (7) were unsuccessful. A commercial 
material 'S was used as received. 

fl-Chloropropionyl Chloride. Readily available, 
stable material  was used as received. 3 

Ricinoleyl Alcohol. Commercial material 6 was re- 
distilled, and the fractions boiling at 175-176C at 
~ 4 0 ~  Hg  were used. 

12-Hydroxystearyl Alcohol. From comnmrcial ma- 
terial  s distilled at ~--40t~ Hg, fractions boiling from 
180-183C were used. 

Methyl Ricinoleate. Methyl esters were prepared 
by sodium methoxide-catalyzed methanolysis of cas- 
tor oil followed by  fractional distillation at <100~ 
H g  (8). The mater ial  used boiled over the range 
163-168C. 

Methyl 12-Hydroxystearate. Distilled methyl  ricin- 
oleate was hydrogenated in a P a a r  appara tus  with 
PtOe in methanol  solution. The saturated ester was 
reerystallized f rom acetone and melted at 57.2-57.5C 
[lit. (9) 57.5-58C]. 

Castor Amides. The castor amides used as s tar t ing 
materials  for acrylate  synthesis were prepared  via a 
mixed earboxylic-carbonie anhydr ide  method as pre- 
viously described (3,4) and were of high pu r i t y  as 
judged by IR, TLC, and physical constants. 

Castor Acrylates. Some representat ive examples 
of methods for  monomer prepara t ion  follow. Only 
the two-step process, method (e),  however, is suitable 
for  large-scale work where high pur i ty  of product  
without extensive purification is required. The prod- 
ucts are described in Table I. 

a) Alcoholysis of Methyl Acrylate. One-tenth mole 
(28.6 g) of I2-hydroxys teary l  alcohol, 400 mg of hy- 
droquinone, 200 mg of p-toluenesulfonic acid, and 36 
ml (0.4 mole) of methyl  acrylate  were placed in a 
250-ml round-bot tom flask equipped with a variable 
takeoff distilling head. The system was heated at total 
reflux until  the head tempera ture  dropped to 66C. 

8 Eastman Organic Chemicals. 
4 B~ F. Goodrich Company.  
s Monomer-Polymer Laboratories, Borden Chemical Company. 
s Bake r  Castor Oil Company.  
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Analys i s  b 

Compound E m p i r i c a l  n ~  mp fo rmu la  ( b p / t t H g )  Ca lcu la ted  % F o u n d  % 
C 

C H N C H N 

From amides  : 
12-acry loxyoleamide  CslI-IsTN Os 1 . 4 8 0 4  .......... 71 .7  10 .6  3 .98 71 .5  10 .4  3 .88  
12 -acry loxys tear  amide  C2~H89NOs .......... 5 2 - 5 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 ,10 -d i ac ry loxys t ea r  amide  Cs4H~INO5 .......... 8 7 - 8 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 , 10 ,12  - t r i~cry loxys tear  amide  C:!TH4.~NO7 1 . 4 8 2 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F r o m  subs t i t u t ed  amides  : 
N,N-dimethyl -12  -acryloxyoleamide  C2aI-I~xNOs 1 .4787  ( 1 7 0 / 3 2 )  72 .7  10.9  3 .69 72 .4  10.8  3 .65  
N, N-dimethyl-  12-acryloxy- 

s t e a r a m i d e  C~sHlsN0a 1 . 4 6 5 2  ( 1 5 5 / 4 )  72 .3  11 .3  3 .67  71 .9  11 .1  3 .60  
N-hexadecyl -12-acry ioxyoleamide  CvrH~sNO:~ .......... 6 0 - 6 1  . . . . . . . . .  
N-methyl-  12-acry loxys tea r  amide  C~sI-I41N 0 . . . . . . . . . . .  3 4 - 3 6  71.8  11.2  3:81 7:1:5 11:0  3 .78 

F rom methyl  esters  : 
Methyl  12-acryloxyoleate  C~sHasO~ .......... ( 1 5 5 / 1 . 5 )  72.1 10 .5  ...... 72 .2  10.3  . . . . .  
Methyl  12 -ac ry loxys tea ra t e  C.z,zH4oO~ 1 .4518  ( 1 4 0 / 1 )  71 .7  10 .9  ...... 71 .6  10 .7  . . . .  

F r o m  alcohols : 
1 - a c r y l o x y - 1 2 - h y d r o x y - e i s - 9 -  

octadeccne  e C,ztHss0~ 1 . 4 6 6 8  ( 1 5 0 / 1 )  74 .5  11 .3  ...... 74 .2  11.2  ...... 
1 , 1 2 - d i a c r y l o x y - c i s - 9 - o c t a d e c e n e  C'~H.*o0~ 1 . 4 6 7 9  ( 1 4 0 / 3 5 )  73 .4  10.3  ...... 73 .6  10.3  . . . . .  
1-a c ry loxy-12-hydroxyoctadecane  e C21Hto0s .......... 4 2 - 4 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 ,12 -dia c ry loxyoctadecane  C24H,s0t  .......... ( 1 6 5 / 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a All  p roduc t s  pu r i f i ed  by  si l icic  ac id  column c h r o m a t o g r a p h y  u s i n g  benzene me thano l  e l uan t  mix tu res .  Un les s  noted  otherwise ,  all  p roduc t s  
i n  the t ab le  w e r e  p r e p a r e d  by acry ly l  chlor ide es te r i f ica t ion .  

b W h e r e  no ana lys i s  is r epor ted ,  insuff ic ient  sample  w a s  ava i l ab le  a n d  c h a r a c t e r i z a t i o n  w a s  based on I R  a n d / o r  N1V[R spectroscopy.  
e P r e p a r e d  by alcoholysls of methyl  acry la te .  

Distillation to remove the methyl acrylate-methanol 
azeotrope was continued until  the vapor temperature  
rose again to about 72C. Excess methyl acrylate was 
removed in vaeuo on a ro ta ry  evaporator (80C). The 
product,  31 g, was 1-acryloxy-12-hydroxyoctadecane 
contaminated with s tar t ing dihydroxy compound. 
Essentially no diacrylate had formed. Longer reac- 
tion times did not lead to appreciably different re- 
sults. Separation of the 1-monoacrylate from start- 
ing material by differential solubility was unsuccess- 
ful. A ]-g portion of the material purified by silicic 
acid column chromatography with benzene-methanol 
eluant mixtures (10) yielded 450 mg of product. 
Similar results were obtained with ricinoleyl alcohol, 
with yields of pure l-acryloxy-12-hydroxy-cis-9-octa- 
decene ranging from 45-60%. Although described 
for secondary butyl  alcohol (11), this alcoholysis re- 
action also failed with the secondary alcohol func- 
tion in methyl ricinoleate and N,N-dimethylricinole- 
amide. Conditions tr ied included catalysis with 
p-toluencsulfonic acid and hydroquinone inhibitor, 
and base catalysis with aluminum isopropoxide and 
phenyl fi-naphthylamine inhibitor. 

b) Esterification with Acrylyl Chloride or Acrylic 
Anhydride. A sample of N-hexadecylricinoleamide 
(3) (3.30 g, 0.0063 mole) was dissolved in 50 ml of 
t e t rahydrofuran  ( T H F )  containing 20 mg of phenyl 
fl-naphthylamine inhibitor and a 10% excess of 
acrylyl  chloride (0.55 ml).  The system was vigor- 
ously st irred and maintained near room temperature 
during the slow addition of 1.06 ml (a 10% excess) 
tr iethylamine in 10 ml THF .  St i r r ing was continued 
for 30 rain, the flask was t ransferred to tile ro tary  
evaporator over a hot water bath, and excess volatile 
materials were removed. The residue was taken up 
in diethyl ether and washed with 1N HC1, 1M 
Na2C03, and water till neutral. The solution was 
dried over anhydrous magnesium sulfate and the 
ether evaporated, leaving 3.38 g of a waxy substance. 
Analysis by TLC suggested this was a mixture of 
approximately equal amounts of product  and start- 
ing material with several side reaction products in 
minor amounts. These components were separated on 
a half-gram scale on a silieic acid column, and 200 mg 
of pure  product  recovered. Larger  excesses of acrylyl  
chloride and triethylamine, longer reaction times, or 
higher temperatures did not greatly improve yields. 

Use of solid anhydrous sodium carbonate in a well- 
st irred heterogeneous system, dimethylformamide, a 
catalyst effective with acid chlorides such as diethyl- 
phosphochloridate (12), or 2,6-1utidine, a hindered 
base, provided no improvement in yield or product  
puri ty.  

Conditions tr ied with acrylic anhydride included 
perchloric acid catalysis in chloroform solution (13), 
refluxing pyridine with and without perchloric acid 
catalyst, methanesulfonic acid in diethyl ether, and 
sulfuric acid catalyst in refluxing benzene (2a). 
Yields at best were only fair  (40-70%),  and the im- 
purities tenacious. We were not able to pur i fy  these 
preparations satisfactorily by liquid-liquid partit ion, 
low-temperature crystallization, or falling-film mo- 
lecular distillation. 

c) Esterification with Acrylic Acid. Ricinoleyl al- 
cohol was converted to a mixture of mono- and all- 
acrylates by warming it with glacial acrylic acid on 
the steam bath, and methyl ricinoleate under  the same 
conditions was converted par t ia l ly  to 12-acryloxy de- 
rivative. Use of strong acid catalysts resulted in ex- 
tensive decomposition. Heat ing under  refluxing con- 
ditions (142C) caused extensive polymerization of the 
acid. 

d) Solvolysis of Tosylates. 12-Tosyloxy derivatives 
were prepared from methyl ricinoleate and methyl 
12-hydroxystearate, essentially by the method of Tip- 
son (14). At tempted solvolysis in acrylic acid was 
unsuccessful either at room temperature  or on the 
steam bath. We have not t r ied the conditions recently 
described by Tachibana and Kambara  (15) for nu- 
eleophilic displacement of tosylate anion. 

e) Two-Step Process. Methyl 12-Acryloxystearate. 
One-tenth mole (31.4 g) of pure methyl 12-hydroxy- 
stearate was dissolved in 150 ml of T H F  in a flask 
equipped with a powerful magnetic stirrer.  A large 
excess of solid anhydrous sodium carbonate was added 
and vigorous stirring maintained during the addition 
of a four- to sixfold mole excess of fl-chloropropionyl 
chloride. This heterogeneous system was continually 
st irred and heated to reflux for at least four hours. 
Moisture was rigorously excluded. When reaction 
was complete, an infrared spectrum (smear) from 
evaporated supernate showed no evidence of hydroxyl  
absorption. The entire solution was filtered, and the 
T H F  and excess acid chloride were removed in vacuo 
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on a ro tary  evaporator (80C): The residual oily 
methyl 12-fl-chloropropionylstearate was taken up in 
ether and washed with dilute acid, base, and water, 
thoroughly dried, filtered, and evaporated in the usual 
fashion. I t  was then dissolved in 150 ml dry (over 
BaO) pyridine and refluxed overnight. The pyridine 
was removed in vacuo, and the residual mixture of 
f a t ty  acrylate and pyridine hydrochloride taken up 
in ether and water. The organic solution was washed 
and dried as described above and the ether removed, 
leaving behind a 90% overall yield of methyl  ]2- 
acryloxystearate. This material was shown to be iden- 
tical to the analytical sample (Table I) by NMR, IR, 
TLC, GLC on Apiezon L, and had a negative Beil- 
stein (copper wire) flame test for  chlorine. No fur- 
ther  purification was necessary. 

N,N-dimethyl-12-acryloxystearamide. With fl-chloro- 
propropionyl  chloride and N,N-dimethyl-12-hydroxy- 
stearamide, we obtained lower yields (70-80%) of 
less pure product  than with methyl 12-hydroxystea- 
rate, and fur ther  purification was necessary. This 
was effeeted by passing the crude product  (in several 
volumes of diethyl ether) through neutral  alumina 
in a sintered glass funnel. 

Results and Discussion 
Product Characterization 

Inf ra red  spectroscopy is a valuable tool in follow- 
ing these reactions and in estimating product  puri ty.  
Figure  1 shows the IR spectrum of the acrylate pre- 
pared from N,N-dimethylricinoleamide. Of interest 
are: the absence of hydroxyl  absorption, ester car- 
bonyl at 5.8~, disubstituted amide carbonyl at 6.2t,, 
and strong C-O-C stretch showing up characteris- 
tically at about 8.4~. 

Another valuable analytical aid is NMR spectros- 
copy. Figure 2 shows the NMR Spectrum of N,N- 
dimethyl-12-acryloxyoleamide. Typical, characteristic 
acrylate and dimethylamide proton resonances clearly 
indicate the s tructure of the monomer. The integra- 
tion curve is also shown, indicating presence of 2 ter- 
minal methylene protons ( > 6  ppm),  one proton on 
double-bonded carbon shielded by proximity to the 
electron cloud on the acrylate earbonyl oxygen (5.5- 
5.9 ppm),  2 ordinary protons on double-bonded carbon 
5.1-5.5 ppm),  and one methine proton (4.7-5.1 ppm).  
Also readily apparent  are the dimethylamide double 
resonance (2.85-3.0 ppm),  methylene adjacent  to a 
double bond (1.9-2.6 ppm),  chain methylene (1.2- 
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FI(t. 1. I n f r a r ed  spec t rum of N,N-dimethyl-12-acry]oxyole- 

amide, as thin fihn on NaC1 plates. 

1.8 ppm),  and terminal methyl (0.9 ppm).  Double 
resonance of N-methyl protons is quite characteristic 
in the NMR spectra of dimethylamides and is ex- 
plained by restricted rotation around the C-N bond. 
There appears to be a sizeable contribution from the 
resonance form 

O -  CH3 
J + /  

R - - C = N  
\ 

CH3 

which leads to restricted rotation and the double peak. 
I f  rotation were completely free, all the dimethylamide 
protons would be equivalent and only one resonance 
would result. 

Synthetic Approaches 
We have previously explored and discussed in some 

detail (3,7) the relative inertness of the secondary al- 
cohol functions in castor f a t ty  acids, and have ex- 
ploited this sluggish reactivity in preparing carboxyl 
group derivatives. The same degree of inertness was 
encountered in our at tempted preparat ion of hy- 
droxyl  group derivatives from these materials. Thus, 
we were able to prepare  (in 45-60% yield by alco- 
holysis) fa t ty  monoacrylates containing free secon- 
dary  hydroxyl  functions. 

Acrylate formation from the secondary alcohol 
groups was achieved on a small (0.01 mole) scale by 
the use of acrylyl  chloride with tricthylamine cat- 
alyst as described in the Expermiental  section. This 
procedure, however, had a number of disadvantages 
which made it unattract ive for larger-scale work. 
Yields varied widely, and the products  were difficult 
to purify.  TLC consistently revealed 5 or 6 compo- 
nents in these preparations. 

A major factor in lowered yields appears to be com- 
plex formation between acid chloride and ter t iary  
amine. Examples of this reaction are well known (16). 

The consistent appearance of numerous impurities 
at low levels in products from acrylyl  chloride esteri- 
fication can perhaps be quite reasonably explained by 

O ; 

/ /  
formation of the acylium ion CH~--CHC as par t  

+ 

of the transition state. Since this ion has the meso- 
meric form + C H e C H = C = O  it can react at its fl- 
carbon to give a ketene derivative as well as at its 
carbonyl carbon to give the desired acrylate ester. 
Any  ketene formed under these conditions could then 
undergo a var ie ty  of known reactions such as con- 
densation, acetal formation, lactone and ester forma- 
tion, etc. Small amounts of several different impuri- 
ties would appear  in the final product,  as we have 
invariably observed (17). The same consideration 
applies to acrylic anhydride, since the same meso- 
meric acylium ion could be involved in the transition 
state. We have observed essentially the same impuri- 
ties in product  mixtures from systems containing 
acrylic anhydride.  

Dehydrohalogenation of fl-chloropropionate esters 
is a known route to acrylates (18), and we investi- 
gated the applicabili ty of this procedure to our ma- 
terials when it became apparent  that  other methods 
did not look promising for scaled-up preparations. 
As described in the Experimental  section, this method 
led to high yields of clean products which did not re- 
quire time-consuming or complicated purification. 
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T e r t i a r y  a m i n e  bases  m u s t  be  a v o i d e d  in  t h e  es ter i f i -  
c a t i o n  s tep  because  t h e y  i m m e d i a t e l y  c o m p l e x  w i t h  
t h e  f l - c h l o r o p r o p i o n y l  ch lo r ide ,  a n d  no  r e a c t i o n  w i t h  
t h e  f a t t y  a c i d  d e r i v a t i v e  occurs .  I n  t h e  s econd  s tep ,  
h o w e v e r ,  bes t  r e s u l t s  a r e  o b t a i n e d  w i t h  a t e r t i a r y  
a m i n e  base  as d e h y d r o h a l o g e n a t i n g  agen t .  S t r o n g  in-  
o r g a n i c  bases  s u c h  as K 0 H  l e a d  to some es t e r  hy -  
d ro lys i s ,  a n d  w e a k  bases  s u c h  as s o d i u m  c a r b o n a t e  
f a i l  to d e h y d r o h a l o g e n a t e  t h e  f a t t y  ac id  d e r i v a t i v e s  
in  t he  t e m p e r a t u r e  r a n g e  w h e r e  n i t r o g e n  bases  a r e  
use fu l .  

N o n e  of  t he  m e t h o d s  u t i l i z i n g  a c t i v e  a c i d  d e r i v a -  
t i ves  p r o c e e d s  c o m p l e t e l y  c l e a n l y  w h e n  t h e  1 2 - h y d r o x y  
c o m p o u n d  is a d i s u b s t i t u t e d  amide .  R e a c t i o n s  of  acy l  
ch lo r ides  w i t h  d i s u b s t i t u t e d  a m i d e  f u n c t i o n s  h a v e  
been  d i scussed  (19,20)  a n d  a p p a r e n t l y  occu r  h e r e  as 
c o m p e t i t i v e  s ide  r eac t ions .  T h u s ,  in  a d d i t i o n  to  t he  
d e s i r e d  p r e p a r a t i v e  r e a c t i o n ,  r e a c t i o n s  such  as t he  fol -  
l o w i n g  m a y  o c c u r  to  some e x t e n t :  

cl- (~2CH2C~Ic OH zO + CH3 (CH2) 5- CH(CH2) 10C ~ N ICH 3 .,. 

~" CH 3 

9" 2 
CH3(CH2)5CH(CH2)IoC~/CH3 

~l- I\% 
o = c-%%oi 

0 H C1CH2CH2CI /C 3 

CH 3 

CI" 
OH + .CH~ 

CH3(CH2)5~I(CH2)IoC=N(~ 
l u~ 3 

O=CCH2CH2Cl 

Z~j, moisture 

+ etc. 

These  Compl i ca t i ons  can  be r e d u c e d  b y  p r o p e r  choice  
of  cond i t i ons ,  i.e., a v o i d a n c e  of  h e a t  a n d  m o i s t u r e ,  
a n d  the  c o n t a m i n a t e d  p r o d u c t s  a r e  eas ie r  to  p u r i f y  
t h a n  those  p r e p a r e d  w i t h  a c r y l y l  c h l o r i d e  o r  a c r y l i c  
a n h y d r i d e .  O n e  w a y  to  a v o i d  these  s ide  r e a c t i o n s  en-  
t i r e l y  is to  s u b s t i t u t e  f l - c h l o r o p r o p i o n i e  a n h y d r i d e  
f o r  a c i d  c h l o r i d e  in  t h e  f i rs t  s tep.  T h i s  a n h y d r i d e  is 
r e a d i l y  p r e p a r a b l e  b y  o u r  p r o c e d u r e  (7) .  I t  is n o t  
as  r e a c t i v e  as t h e  a c i d  ch lo r ide ,  b u t  c a n  be  u s e d  to  g ive  
f a i r  y i e ld s  of  f l - e h l o r o p r o p i o n a t e  es te r  f r o m  N , N -  
d i m e t h y l - 1 2 - h y d r o x y s t e a r a m i d e .  H o w e v e r ,  s u c h  p r e p -  
a r a t i o n s  r e m a i n  c o n t a m i n a t e d  w i t h  s t a r t i n g  h y d r o x y  

c o m p o u n d ,  wh ich ,  as n o t e d  ea r l i e r ,  is d i f f icu l t  to 
r emove .  

I n  g e n e r a l ,  t he  t w o - s t e p  e s t e r i f i c a t i o n - d e h y d r o h a l o -  
g e n a t i o n  p roces s  d e s c r i b e d  h e r e  is a p r a c t i c a l  m e t h o d  
f o r  p r e p a r a t i o n  of  m o s t  c a s t o r - b a s e d  a c r y l a t e  m o n o -  
m e r s  in  e v a l u a t i o n - s c a l e  q u a n t i t i e s .  I t  uses  r e a d i l y  
ava i l ab l e ,  r e l a t i v e l y  i n e x p e n s i v e ,  s t ab l e  m a t e r i a l s .  I t  
r e s u l t s  in  v e r y  h i g h  o v e r - a l l  y i e l d s  of  p r o d u c t s  r e q u i r -  
i n g  l i t t l e  or  no  f u r t h e r  p u r i f i c a t i o n .  T i m e - c o n s u m i n g  
or  s o p h i s t i c a t e d  m a n i p u l a t i o n s  or  s p e c i a l i z e d  e q u i p -  
m e n t  a r e  n o t  r e q u i r e d .  S e l e c t e d  c a s t o r  a c r y l a t e  de-  
r i v a t i v e s  p r e p a r e d  in  suff ic ient  q u a n t i t y  by  th i s  
m e t h o d  a r e  b e i n g  s u b j e c t e d  to  homo-  a n d  c o p o l y m e r i -  
z a t i o n  s tudies .  T h e  r e s u l t s  w i l l  be r e p o r t e d  e l sewhere .  
S o m e  of these  a c r y l a t e s  m a y  f ind  uses  in  p o l y m e r s  f o r  
coa t ings ,  p las t i c s ,  f i lms,  f ibers ,  m o l d e d  p r o d u c t s ,  or  
o t h e r  a p p l i c a t i o n s  w h e r e  i n c o r p o r a t i o n  of  such  m o n o -  
m e r s  w o u l d  be a d v a n t a g e o u s .  

ACKNOWLEDGMENTS 

GLC analyses and valuable aid with many  of the other purification 
procedures and analytical techniques provided by 1%. G. Binder;  NMR 
spectra and aid in interpretation by 1%. Lundin;  elemental analyses by 
G. E. Secor. 

REFERENCES 
1. For a comprehensive review, see Clarke, J. T. in "Monomers," 

edited by E. 1%. Blout, W. P. Hohenstein and H. Mark, Interscience 
Publishers, New York, 1951. 

2. (a) Lynn, J .W. (Union Carbide Corp.) U.S. 3,010,925 (1961); 
(b) CIBA, Ltd., Swiss 261,121 (1949) ; (c) CIBA, Ltd., Swiss 
265,396-265,401 (1950); Medalia, A. I. U.S. 2,868,755 (1959). 

3. Applewhite, T. H., J. S. Nelson and L. A. Goldblatt, JAOCS 40, 
101-104 (1963). 

4. Applewhit% T. H., and J. S. Nelson, manuscript in preparation. 
5. Applewhite, T. H., M. J. Diamond and L. A. Goldblatt, JAOCS 

38, 609-614 (1961). 
6. Stempel, G. It., Jr., R. P. Cross and 1% P. Mariella, J. Am. 

Chem. Soc. 72, 2299-2300 (1950). 
7. Nelson, J .  S, L. A. Goldblatt and T. H. Applewhite, J. Org. Chem. 

'28, 1905-1907 (1963). 
8. Swern, D., and E. F. Jordan, Jr., Bioehem. Preparations Z, 104- 

105 (1952). 
9. Straus, l~., H. Heinzo and L. Salzmann. Ghem. Ber. 66, 631-639 

(1933). 
10. Binder, R. G., T. H.  Applewhite, G. O. Kohler and L. A. Gold- 

blatt, JAOCS 89, 513-517 (1962).  
11. 1%ehberg, O. E., Org. Syn. 26, 18-21 (1946).  
12. Diamond, M. J., T. H. Applewhite, 1%. E. Knowles and L. A. 

Goldblatt, JAOCS 41, 9--13 (1964).  
13. Mattson, F. H., t%. A. Volpenhein and J. B. Martin, J'. Lipid 

Res. 5, 374~377 (1964). 
14. Tipson, R. S., J. Org. Chem. 9, 235-241 (1944). 
15. Tachibana, T., and ~I. Kambara, J. Am. Chem. Soc. 87, 3015- 

3016 (1965). 
16. Ledue, P., and P. Chabrier, Bull. Soc. Chim. France 1968, 

2271-2276 (1963). 
17. See also Hickmott, P. W., J. Chem. Soe. 1964, 883-887 (1964). 
18. Marvel, C. S., and 1%. L. Frank, J. Am. Chem. Soc. 64, 1675- 

1678 (1942). 
19. Hall, H. K., Jr., $. Am. Chem. Soc. 78, 2717-2719 (1956). 
20. Coppinger, G. M., J. Am. Chem. Soc. 76, 1372-1373 (1954). 

[Received October 18, 1965] 


