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INTRODUCTION 

Two types of reaction were pointed out and developed by 

Prins: the acid-catalyzed addition of an aldehyde to an 

olefinic double bond, and the similarly catalyzed addition of a 

polyhalogenated methane to a polyhalogenated olefino In this 

thesis the term "Prins reaction" will designate the former type 

reactiono 

With their investigations at the Department of Chemistry 

at the Oklahoma A. and M. College, K~hn (44) and notably 

Hawkins (29) have extended the Prins reaction to the addition 

of acetals to olefins under anhydrous conditions with the forma= 

tion of 1 9 3-diethers as primary productso In support of 

earlier beliefs (34), Hawkins (29) concluded that the acetal i s 

cleaved into an alkoxy group and an alkoxyalkyl group prior t o 

additiono Although two isomers are generally formed in t he 

case of a monoolefin, attachment of the alkoxy group to the 

olefinic carbon atom of lower electron density was shown t o b~ 

favoredo 

The purpose of this study was to contribute to the under= 

standing of the Prins type of addition reaction by investigat= 

ing various new, but similar addition reactionso Because of 

limitations both in time and available working equipment it was 

not possible to exhaustively study any one particular reactiono 
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The reactions under investigation were of the following two 

types; (a) acid-catalyzed addition of methylal to unsaturated 

compounds other than simple olefins or diolefins, and (b) acid= 

catalyzed addition to isobutylene of compounds other than 

acetals, but having one or more alkoxy groups in their struc= 

tureso By undergoing a cleavage involving the formation of an 

alkoxy group prior to addition, these compounds conceivably 

might react in the same way that acetals doo 

The product of the addition of methylal to methyl oleate 

may find industrial application as a new surface-active agento 

Therefore, considerable time was .speqt on the isolat~on and 

purification of the major reaction ~roducto 

• 



HISTORICAL 

Classificationo 

In its broader sense the Prins type of condensation may be 

defined as the acid-catalyzed addition reaction of aldehydes 

and certain aldehyde derivatives to an olefinic double bondo 

Concentrated sulfuric acid is the most widely used catalyst 9 

but various Lewis acids, such as stannic chloride, zinc chlo= 

ridep bismuth trichloride, ferric chloride, and related com= 

pounds have a catalytic effect. Boron trifluoride is known to 

be the most effective catalyst in many caseso 

Depending on reagents and solvents used 9 the products may 

be gl ycols 9 formals, diethers 9 este~s 9 unsaturated primary al = 

cohols 9 and chlorinated oxygen compoundso In his dissertation 9 

Hawkins (29) made a thorough search of the literature on these 

reactions 9 and it is not the purpose of this paper to repeat 

the detailed history of all the different addit ion reactions 

which may be classified as Prins reactionso 

There is no fundamental difference in the way t he various 

reagents add to the olefinic double bondo However 9 for t he 

purpose of classification, the Prins type of addition reactions 

may be divided into two classes: (a) reactions performed in an 

aqueous medium, and (b) reactions performed under anhydrous 

conditionso A reagent which is hydrolyzable in aqueous acid 
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will give different products in aqueous and in nonaqueous medi a 

upon reaction with an olefin. Thus tpe product of t he reaction 

between methylal and a monoolefin under anhydrous conditions is 

a 1 9 3-diethe~, whereas a 1,3-glycol is formed in aqueous 

medium, the methylal acting simply as a source of formaldehyde ~ 

CH30CH20CH3 + ~ C = C -
I I 

Prins-Type Reactions in Aqueous Mediumo 

For the history of the Prins-type reaction in aqueous 

medium t he reader is referred to the extensive review i n 

Hawkinsg dissertation (29). The following scheme will serve to 

illustrate the formation of 1,3-glycols (I) , formals (II) 9 

est ers (III) , and unsaturated primary alc~hols (IV ) f rom 

formaldehyde and a simple ol~fin: 

. 
. ( I) 

h Y· • 

) R - g~ - CH2- CH20H 

(I) 

_ _,.) R - CH - CH2.., CH2 
I I (II) 
0 - CH2- 0 



(I) + concentrated H2S04 --),111, R - CH - CH - CH20H 

(IV) 

The production of 1,3-glycols by -the addition of f ormal

dehyde to olefins, and the production of acrylic or OFchloro= 

acrylic acid by the addition of formaldehyde to di- or 

trichloroethylene, have found industrial applicationo 

In contrast to extensive investigations on these reac-

5 

tions 0 little work · has been done on the addition of formal= 

dehyde or other aldehydes to carbon- carbon double bonds of 

mol ecules containing other functional groups (50 6 9 7 9 53 9 56) 9 

with t he exception of keteneo No reference was found on t he 

addition of aldehydes to compounds having another functional 

group next to the olefinic double bond 9 such as exoP=unsaturated 

ac i ds or esterso 

Prins=Type Reactions under Anhydrous Conditionso 

Acetals and olefinso--The acid- catalyzed addition of 

acetals to olefins was independently investigated by Paul and 

Tchelitcheff (55) and by Hawkins (29)o Owing to differences i n 

reaction conditions, they did not isolate the same final pro

ducts for the reaction of diethyl acetal with isob~tylene o 
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However, the reaction is of a general nature with regard to the 

formation of the primary productso It may be represented in 

the following way: 

R - CH = CH2 + R1 CH(OR•) 2 R - CH - CH2- CH - OR" 
I I 

+ 

OR" R' 

R - CH - CH2- OR" 
I 

R' - CH - OR" 

~he ratio of the two isomers formed depends on the struc

ture of the olefino Which one of the two is favored will be 

discussed during the review of the mechanism of the reactiono 

For a detailed description of the products formed by the addi

tion of methylal to butadiene 9 propylene 9 isobutylene 9 styrene 9 

cyclohexene 9 and c,.-pinene the reader is referred to HawkinsQ 

t hesis (29) o Although no reference is made in the literature 

to the addition of ketals or aromati c acetals to olefin.s 9 it i s 

reasonable to assume that they do react corr~spondi nglyo 

Acet als and s,6-unsaturated etherso==Muel ler~Cunradi a.nd 

Pieroh (49) 9 Hoaglin and Hirsh (34) 9 and Paul and Tchelitchef f 

(54) investigated the acid-catalyzed addit i n of acet als t o 

~P=unsaturated etherso The addition of &cetals to aliphatic 

as well as cyclic cc,P-unsaturated ethers is general and pro

ceeds like the addition of acetals to monoolefins: 

R"- CHOR"' OR'" 

R - CH= CH - OR' + R• - CH(OR'11) 2 
BF3 I I 

_ __,.) R - CH - CH - OR' 



Acetals and acetyleneso==Hawkins (29) attempted the addi

tion of methylal to acetylene with mercuric oxide and boron 

trifluoride as co-catalysts o Except for the formation of trace 

amounts of tarry materials no appreciable reaction was accom

plishedo The same combination of catalysts is used in the 

synthesis of acetals by alcoholation of acetylene (33, 51, 52)o 

The absorption of acetylene stops quantitatively when all the 

alcohol is converted to the acetals (51 9 76) 9 thus indicating 

t hat under the conditions of the synthesis the acetal, which is 

formed in good yield, does not further react with acetyleneo 

However 9 addition of acetals to acetylene might be accomplished 

with different catalysts, or under pressure and at higher 

temperatureso 

Acetals and ketene o-=Analogous to the formation of P=lac= 

tones from aldehydes and ketene, the addition of acetals and 

ketals to ketene results in the formation of /J=alkoxy esters 

) 

Acetals and unsaturated carboxylic acidso==The process of 

treating unsaturated fatty acids of high molecular weight with 

formaldehyde, acetone, or other aldehydes or ketones in the 

presence of an acid condensing agent was patented in 1908 (22, 

23, 66)0 The products obtained were used in alizarin printing, 

and no attempt was made to suggest possible structures for the 
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condensation productso They are described as being almost in

soluble in water, soluble in dilute alkalis, precipitated from 

solution by acids, and decomposing when distilledo From these 

properties and from the knowledge of the Prins type of reac

t ion» it is apparent that the carbonyl compounds reacted with 

the olefinic double bonds of the unsaturated fatty acidso 

In 1950 Pigulevskii and Tatarskaya (56) isolated a small 

amount of a solid, believed to be oleic acid with -CH20CHOH

added to the double bond, from the reaction of formaldehyde 

with ol eic acid in the presence of concentrated sulfuric acido 

It appears that no work has been done on the addition of 

acetals to unsaturated acids, such as oleic, linoleic, lino

l enic » crotonic, or acrylic acido 

Car boxyl ic acids are known to react at olefinic double 

bonds to form esters in the presence of boron trifluoride as 

catalyst (15)o However» this undesired side reaction, which 

mi ght inter fere with the addition of acetal s to unsaturated 

f atty acids 9 can be eliminated by using a fatty acid ester in= 

stead of the free acido Another side react ion 9 which may 

always occur in t he presence of boron trifluoride 9 is the 

polymerization of the olefini c reagant o Unsaturated fat t y 

acids undergo polymerization with boron trifl uoride as catalyst 

{15» 19} o 

An attempt at reacting acetals with esters of long-chain 

unsatur ated fatty acids is interesting not only from ~~e point 

of view of investigating the poss ibilities and limitations of 
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t he Prins type of addition reaction 9 but also from the point of 

view of industrial application of possible products as new 

surface=active agentso 

Acetals and vinyl esterso==There seems to be no account in 

the literature on the addition of .acetals to vinyl esters. 

However9 acetals readily add to vinyl ethers (34, 49, 54), 

which are structurally closely related ~o vinyl esters, thus 

suggesting the possibility of the reaction: 

The production of acrolein in 61% yield is claimed in a 

patent (77) , the process involving the reaction of formaldehyde 

with vinyl acetate in a fat ty acid solvent containing a strong 

mineral acid and a little cupric oxideo Although the reaction 

mechanism is unknown 9 classification of this reaction as a 

Prins type of condensation seems doubtfulo 

Acet als and nitrileso==A literat ure search revealed that 

apparentl y no work has been done on the addition of acetals to 

the carbon=nitrogen bond of nitrile~o This reaction might 

succeed in t he Prins manner ·to yield N=substituted iminoethers /) 

R = CH(OR!)2 -+ R"CN ) R" = C ml N - CHOR' 
I I 
OR' R 

especially since formaldehyde is known to condense with 

nitriles i n an analogous way o The reaction of formaldehyde and 



nitriles in the presence of catalytic quantities .. of concen

trated sulfuric acid gives substituted hexahydro-.i-triazin&s · 

(25, 27, .83) according to the equation: 

H .. SO 
J lCN + CH O 2 't) 2. R-g 

_,..N - 8-R 
CH,, 'ca f:2 · ,2 

- N, CH-N - 8.;.R 
2 

In the presence of five times as much 'by weight of 85% sulfuric 

acid as reactants, the corresponding methylene-bis-amides are 

formed (11, 30, 31, 45, 46, 65, 75): 

· H2S8 
2 i.CII + -CH20 + H20 ') R-GO-NH-CH2-BH-CO-R 

As will be seen during the discussion of the mechanism of 

this reaction, .form.aldehyde reacts with nitriles in a way 

closely related te the Prins type er condensationo . , 

e1-Chloro ethers and olefi~s.--Hawkins (29) carefilly 

reviewed the addition reaction of •-chloroetbers to ole!ins. 

The reaction is very general and may be repre~ented by the 

following equation: 

Lewis R•- ·oa ~· GBCl. -R"' 
R - .CH(GR' )Cl+ R•- CH - CH - R" .) I .. 

acid i. ~ CB - ·OR•· 

Th• o:l,;ttfi.11 · may ·be -~ -·aliphati:c UT ,:yclic m:o:Q.o- .or di.611~.fi;~~ . 

l)ykstfa (·21) e.aused addition of chlorometayl me'thil etller to 

Tinyl,-catylene with the .formation of 5-metho.xy-3-ehloro-1,, ... 

peat41r!entt=:~ :t±mri~ :product·o· .lltm:nrgh the structure of t;his 
' I 
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product suggests addition at the triple bond, Dykstra presented. 

strong eTideuce that 1,4,-addition occurs yielding 5-methoxy-1-

chl.oro-2, 3'"".pentad.iene as the primary product which isomerizes 

subsequentlyo 

GC,.Chloroalkyl esters and olefins.--~-Chloroalkyl esters 

may be regarded as derivatives of aldehydes and ·as such sheuld 

add to olefins in the same way that acetals and a-ehloro ethers 

do. The .following synthesis was effected (50): 

ilC13 
CH3COOCH2Cl + CH3- r:: CH2 

CHJ 

.Similarly l-acetox:ymethyl-2-chlorocyelohexane is formed from 

cyclohexene and chloromethyl acetate. No catalyst appears to 

be required for either reactiono 

Orthoesters and olefins.--The addition of orthoesters to 

simple olefins appears to be unknowno Howeverp the structural 

similarity between orthoesters and acetals suggests the possi

bility of this reaction: 

R - C(ORW ) 3 + ,.•- CH= CH2 -~) R111 - CH - CH - C(ORII) 
BF3 I 2 I 2 

OR' R 

In the presence of an excess of olefin the $Cetal formed might 

further react according to the following eqp.ation: 



a•cB-CB2. -C(OR' >2 -t I ·· . I · 
OR' R 

OR' 
I 

R•~CS-CH2. -+}!.•- CH -CH2- C 
~ BF· t I 

3 OR' R 

Wherea:a acetals are quite stable in the presence of anhy

drous acids-,- orthoesters are· kno~ to react with hydrogen 

halides, nitric acid, nitrogen &EU$quioxide, phosphoric anhy-, 

dride, and phosphorus trichloride with formation generally of 

the corresponding simple ester·a,nq. the ester of tpe inorganic 

acid ( 58) o With"ooron trifluoriq.e ethyl orthoforinate does not 

simply form a complex, as would occur for aeetals, but instead 

reacts to form ethyl ether and ethyl formate (48)0 

This instability of orthoesters towards acid reagents in 

anhydrous medium may prevent a Pr:tns type of reaction between 

orthoesters and olefins. Ketene, which may be regarded as a 

very reactive olefin, readily undergoes condensation with 

orthoesters. The synthesis of /1-dialkoxy monocarboxylie acid 

esters in the presence of catalytic amounts of beron trifluo

ride has been patented (26): 

QB2== C = 0 + HC(OEt) 3 BF.· (Et0}2CH - eH2 - COOEt 

3 

Another extensien of the Prins type of condensation is the 

patented reaction of esters of ortho.formie acid with vinyl 

esters in the presence of an acid~reacting halide catalyst, 

such as ferric fhl•ride, with the formation of tetraalkoxy

propanes (39)o 



13 

Orthosilicates and orthoborates also appear likely to 

undergo a Frins type of addition to olefins, although alkyl 

borates are known to serve as alkylating agents in Friedel= 

Crafts type of reactions (43)j thus exhibiting a tendency to be 

split into alkyl groups in the presence of Lewis actdcatalysts 

rather than into alkoxy groups,, On the other hand ("CH3o) 2BF 

and cH30BF2 are formed upon reaction of trimethyl borate with 

boron trifluoride (24); here a transfer of methoxy groups must 

be involvedo 

Diallcy'l carbonates and olef~o-~The acid=catalyzed addi= 

tion of dialkyl carbonates to olefins appearrs t,o be unknowno 

The formation of P=alkoxy esters by this synthesis would repre=, 

sent a very interesting extension of the Prins type of addition 

reaction: 

R = CH=: CH2 t . 0 = C(ORll} 2 =?" R = 0.·H = CH, = COORll 
BF 0Rg 2 

3 . 

In organic syntheses 9 dialkyl carbonates are used as 

alkylating agents in basic solution (7$ 9 79,, $0 9 81 9 82)o The 

base=catalyzed condensation of acetylene with alkyl carbonate,l~ 

i.s noteworthy l! since products very similar to t.hose e:xpecited 

from a Prins type of addition are obtained (20)o Thus 9 

{EtO)zCHCH2COOEt9 EtOCH=CHCOOEt:, EtOOCC(OEt)2CH2COOEt,, and 

EtOOCC ( OEt )=CHCOOEt were isolated from the reaction of diet;hyl 

carbonate with acetylene in the presence of sodium ethoxideo 

p ... 



Alkyl nitrites and olefinso-= 

RONO + RiCH :: CH2 ----+ R '~ CH - CH2 = NO -+ R'- CH = CH= NOH 

BF3 6R 6R 
This reaction is suggested by the well-known addition of 

nitrosyl chloride to olefinic double bondso 

Bri.tl, Review of Proposed Mechanism,, 

In his dissertation, Hawkins (29) has discussed in detail 

the different theories proposed for the mechanism of the Prins 

reactiono The review to follow is not intended to include all 

the details which led to the different reaction mechanisms 

advanced by the various workerso It is rather a brief summary 

of existing differences in the beliefs of such workers and an 

attempt; arrive at some general conclusions which could be 

applied for ·the explanation of not just one 9 but, all the known 

reactions classified as Prins addition reactionso It, is also · 

the i.ntentiJ,n of this review to discuss the lirnita.tions of the 

Prins reaction on the basis of the accepted principles of the 

Prins ( 61) was t.he fj_rst; t,o propose a mechanism for t.he 

believed in the formation of a four=membered cyclic ether as 

the first intermediateo Because of the resulting bond strains 9 

the formation of such a ring is now considered highly improb= 

able 9 and this mec:q.anism has been abandonedo 
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Baker (8 2 9, 10) found that addition of formaldehyde to 

propylene in 100% acetic acid with concentrated sulfuric acid 

as catalyst resulted in the formation of three products: the 

diacetate of butane-1,3-diol (63%), the cyclic formal of 

butane-l,3=diol (14%), and 4-acetoxytetrahydropyran (23%)o He 

explained the formation of the first two products by the 

following mechanism: 

CH 0 2 

+ + 
CH20H + CH2 :;: 0 ) HOCH20cH2 

+ !-+ CH3 -CH=CH2 

( CH3 - CH - CH2 - CH2 - OCH20H 

According to Baker, 4-acetoxytetrahydropyran is formed by 

a different mechanism8 different insofar as it involves the 

actual separation of an OL-methylenic hydrogen atom adjacent to 

the olefinic doubl~ bond: 
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). 

,,,,. CHOCOCH 3 . 
CH 'CH. 
I 2 I 2 
CH2..., ,,,,. CH2 

0 

Price ( 60) does not agree with Baker and .. main;ain$ that/ •· ___ ·· ··-•· 

all known reactions follow the same mechanism involving 

tially the addition of the methylol carbonium ion to the 

polarized olefinic double bondo 

Baker11s evidence and arguments in support of hisalterria.te 

mechanism and Price's criticism of the postulation of' the' 

actual cleavage of an a-methylenic hydrogen atom-are of. no 

great importance for the understanding of the essential nat'\i~e 

of the Prins reactiono Both Price and Baker agree that the· ··. ·. · 

main . step of the mechanism is the addition of a. carboniwn iori· .· 

to the polarized double bondo It is important that polariza~ 
. . . . 

tion of the double bond does occur9 but the knowledge of bow''~1i < .· 

is brought about is not essentialo It seems reasonabie .·to ·-•- · 
assume that polarization is effected both by electron-releaai°~g: : • 

groups adjacent to the double bond and by hype:t"conjugatiori, > 
depending on the stru.cture of the olefino 

Mueller=Cunradi and Pieroh (49) suggested a mechanism for 

the addition of acetals to «9,9-unsaturated ethers involving 

splitting of an «=hydrogen atom from the acetal prior to ~ddi

tiono This mechanism was shown by Hoaglin and Hirsh (34) to, be 

.... ·· 
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in error9 since it did µot explain the structures of all the 

products obtained during their extensive investigation on this 

reactiono The \~tter authors proposed the following mechanism 
_·;·~·4',> '' 

for the boron t'1'ri:fluoride-catalyzed addition of acetals to 

~p-unsat urat ed ethers: 

+ CH2 = CHOR 

This mechanism also adequately explains the formation of 

all the products obtained by Hawkins (29) from the boron ~ri= 

f luorid~:=catalyzed addition of acetals to olefins o 

General Aspects and Limitat~~ns of Prins-Type Reactions on 
the Basis=2f Proposed Mechanismso 

A comparison of the common features of the different.·· 

mechanisms presented in this brief summary shows that the Prins 

reaction can be classified as an ionic addition reaction to an 

olefinic double bond led by t,he attack of a cationo The 

following esaeintial steps are inv·ol ved i ( 1) formation of a 

carbonium ion effected by the action of the catalyst on the 

aldehydic reagent 9 (2) polarization of the carbon-carbon double 

bond by the approaching carbonium ion$ (3) addition of the car

bonium ion to the olefinic carbon atom of higher electron 



density, and (4) addition of a negative ion to the newly formed 

carbonium iono 

(1) Formation of a carbonium ion effected by the action of 

the catalyst on the aldehydic reagento--In the case of alde

hydes and sulfuric acid catalyst the carbonium ion is formed by 

the addition of a proton to the aldehyde: 

+ -
HCHO + H SO · 2 4 > CH20H + HS04 

From acetals the carbonium ion is formed by addLtion of 

the Lewis acid catalyst to the .ether oxygen followed by 

dissociation: 

CH2 {0R) 2 + BF3 ~ fH2 - r~F.3 

OR R 
) fH2 + ~~F3 

OR R 

The formation of a carbonium ion from ~-chloro ethers and 

O(,=Chloro esters probably occurs analogously: 

~ - + ' -
RCOOCH2Cl + BF3~ RCOOCH2ClBF3~. RCOOCH2 + ClBF3 

The first step in the mechanism proposed for the acid

catalyzed preparation of acetals and ketals by use of ortho

esters is the formation of a carbonium ion from the orthoester 

(l)o It seems reasonable to assume that formation of a car

bonium ioµ from an orthoester is also possible with a Lewis 
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acid and that it is quite analogous to carbonium-ion formation 

from acetals: 

+ > HC{OR) 2 + ROBFJ 

The mechanism for the acid-catalyzed synthesis of tetra

alkoxypropanes from vinyl esters and orthoformates may.well 

involve formation of such a carbonium iono 

(2) Polarization of_the carbon-carbon double bond by the 

approachi.ng carbonium iono --Depending on the structure of the 

olefin, electronic shifts are possible in the resting st~te of 

the moleculeQ Such electron displacements may be effected in 

two ways: (a) by resonance; for example 9 propylene may be 

represented as a resonance hybrid of the following structures: 

(b) by hyperconjugation; this is a particular kind of resonance 

involving hydrogen atoms alpha to a double bondo Its effect is 

electron release from the alpha~carbon atom and an accompanying 

polarization of the double bond: 

H+ 
-,., ~ 

H-= C = CH - CH2 
I 
H 

H 
I 

H - C = CH 

H_f' 
etc. 

The normal electron distribution in the resting state of 

the molecule will be disturbed by the approach of the carbonium 
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iono An additional charge separation is superimposed upon the 

resonance hybrid, and the polarized structure becomes more im

portanto Except in symmetrical olefins, two different 

polarized structures are possibleo One of the two forms will 

be more important 9 owing to the effects of hyperconjugation and 

electron-rel~asing power of alkyl groupso Accordingly, the 

isomer resulting from an addition to the theoretically favored 

structure of the polarized olefin is expected to be formed in 

greater yieldo This has been demonstrated for all types of 

Prins reac~ions 9 most recently by Hawkins (29) for the addition 

of acetals to olefinso 

OJ Addition of the carbonium ion to the olefinic carbon 

atom of higher electron densi~o--

+ 
=C = C

l t > 
... I 

-C - C -R 
I l 

This is the rate-controlling step of olefinic addition re

actions in which attack at the double bond seems to be led by a 

carbonium ion (2)o Other such reactions are the Friedel-Crafts 

addition of alkyl ha~id!~ to olefins 9 the self-condensation of 

olefins 9 and the alkylation of isoparaffinso 

This step occurs through the attraction of.unlike.electri

cal charges for each other; the stronger this attraction, the 

greater will be the rate of the overall reactiono The strength 

of attraction depends both on the electron-seeking tendency of 

the positively charged carbonium ion and on the magnit~de of 
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the electron density on the negatively charged olefinic carbon 

atomo 

An examination of the requirements for maximum reactivity 

of the olefin shows that electron-releasing substituents 

attached to the carbon-carbon double bond increase the nucleo-

philic character and the electron density of the double bond, 

whereas the opposite is true for an olefinic linkage attached 

to a strongly electronegative group. This theory was tested. 

and upheld by an investigation of the relative rates of bromine 

addition to various olefins (4). It was found that successive 

introduction of electron-releasing methyl groups into ethylene 

caused a successive increase in reaction velocity, whereas the 

reaction rate for acrylic acid was found to·be smaller than for 

ethylene" Hawkins (29} also observed that ac;idition of methyla.l 

to isobutylene occurred faster than addition of the same acetal 

to cyclohexeneo 

An explanation is in order for the known addition of 

acetals to unsaturated etherso At first it seems that the 

success of such a reaction would be doubtful because of the 

electronegative substituent attached to the olefinic linkage. 

However$ the electron-withdrawing tendency of the ether oxygen 

may be overcome by the electromeric displacement effected by 

the approaching carbonium ion. Of the two resonance forms 

pictured9 

... 
=C=C-0 

I 
7 

•• 
C 

+ 
C=O .. 
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both of which are important in the resting state of the mole= 

cule, the one on the right becomes more important as the 

carbonium ion is approaching. This theory is supported by the 

fact that the carbonium ion becomes attached to the carbon atom 

in the~ position to the ether oxygen (34)o 

For vinyl esters, similar resonance forms can be written: 

.. 
c~c-o-c=o 

I 
R 

{I) 

< 
.. 

> cw C CQ 

I 

... 
C = 0 ;"" C = 0 .. 
I I 

R 
(II) 

However, form (II) probably contributes very little to the 

actual structure of the vinyl ester, the following form being 

more important: 

-C=C 
I 

+ 
... 0 = C 

•• I 

R 

.. 
~ O: .. 

The Prins type of addition of acetals to the olefinic 

double bond of vinyl esters is unknown 9 and its occurrence 

seems·doubtful in view of the above .. considerations" 

Examination of t;,he conditions for maximum reactivity of 

the carbonium ion reveals that the lower t~e electron density 

on the positively charged carbon atom of the carbonium io:n the 

stronger will be its attraction by a negatively charged 

particleo Therefore, the reactivity of the carbonium ion is 

increased by electron-withdrawing substituents 9 whereas it is 

decreased by electron-repelling groups. The following car= 

bonium ions are pictured in the order of decreasing reactivity~ 



-t 

COOR 

(I) 

+ 
CH3CH2 

(V) 

+ 
HC(OR) 2 

(II) 

+ 
CH3iCHCHJ 

(VI) 

+ 
H2 COR 

(III) 

+ 
CH3CHOR 

(IV) 

+ ... 
CH3g:cH3 phenyl-CH2 

J (VII) (VIII) 
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(I) is the hypothetical carbonium ion formed by the action 

of a Lewis-acid catalyst on a dialkyl carbonate~ 

+ 
0 = G(OR) 2 + BF3--+ 0 - 1 C - O~F3~ 0 = C - OR+ O~FJ 

I I I 
OR R R 

This carbonium ion is extremely unstable and therefore very 

reactive. 

(II) is the carbonium ion formed from an orthoformateo 

Owing to its two negative substituents it should be more re= 

active than (III) or (IV). 

(III) and (IV) are the carbonium ions obtained by the 

action of boron trifluoride on acetals of formaldehyde and 
' acetaldehyde 9 respectively. They are also formed from <e;h.loro= 

methyl alkyl ethers and OL-chloroethyl alkyl ethers 9 respec= 

ti vely. The methyl group is more electron=repelling than t,he 

hydrogen atom9 and the rate of a Prins type of addition reac= 

tion with methylal should accordingly be higher than with 

dimethyl acetalo 

The reactivity: decreases further from (V) to (VII) owing 

to the increasing number of hyperconjugation resonance struc= 

tures which contribute to the stability of the ion (3)o 



(VIII) is considered the least reactive in the series because 

of stabilization by resonance involving the aromatic nucleuso 

It should be noticed, however, that the order of ease of 

formation of these carbonium ions is just the reverse of that 

of their reactivities, and that formation of (I) and (II) may 

not occur under ordinary Prins conditionso 

At this point the question should be answered why ethers 

do not appear to undergo addition to olefins under Prins con= 

ditionso There is no doubt that ethers react with Lewis acids 

to form carbonium ionso The well-known Friedel=Crafts type of 

alkylation of aromatic compounds by the use of aliphatic ethers 

and the Lewis acid-catalyzed rearrangement of benzyl phenyl 

ethers (40» 69, 74) and alkyl phenyl ethers (70~72) to substi= 

tuted phenols are sufficient proofo Both reactions ar~ 

explained by a carbonium ion mechanismo 

As shown above the reactivity of an alkyl or ben~yl ,-c:a:ir= 

bonium ion is smaller than the reacti1fit,y of the ca.rbonium icon 

derived from an acetalo The effect of low c;arbonium ioirn rear.i= 

tivity is twofeldo Not only does it decrease the attract;i©Jn 

between the two unlike electrical charges because 

electropositive nature of the carbonium ion.v but i.t also d.,~= 

creases the reactivity of the olefinic reagento Polarization 

of the carbon=carbon double bond with formation of a center of 

high electron density is effected mainly by the approaching 

positive particle., The more electrcm..,seeking the eartronium· 
i '~· .. 

ion~ the more pronounced will be th-4 resulting pola-r~zatili)IJ.o 
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(4) Addition of a negative ion to the newly formed 

carbonium ionot--This last step results in the formation of only 

one . pro.duct provid_ed there is only one negative ion present in 

the reaction mixture. Thus for the addition involving acetals 9 

the only negative ion present is the alkoxy ion complexed to 

the boron trifluoride moleculeo With «-chloro ethers and 

Cl-chloro esters it is the chlorotrifluoroborate ion that will 

undergo additiono 

The Prins reaction with formaldehyde can be performed in 

aqueous solution or in glacial acetic acid solutiono In the 

first case a 1,3-glycol is formed owing to addition of the 

hydroxyl iono In the second case addition of the acetate ion 

results in the formation of an estero 

It should be mentioned that the carbonium ion0 instead of 

reacting with a free electron pair of another ion. 0 can also 

stabilize itself by intramolecular attraction of an electron 

pair from a neighboring carbon atom with resulting elimination 

of a proton and formation of a carbon=carbon double biondo Tb.i.,$ 

explains the production of unsaturated alcohols by addition ©f 

formaldehyde to highly branched olefinsg 
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P·roposed Mechanism for the Formaldehyde Addition to Nitrileso 

For the formation of methylene-bis-amides by the additi.on 

of formaldehyde to nitriles in the presence of aqueous sulfuric 

acid, the following mechanism was proposed (46): 

+ 
R-C::N~ R-C=N 

+ 
R - &a= N - CH2 - N = C - R + H20 + 

R - CO .., NH = CH2 = NH "" CO·= R + H. 

Although no mechanism appears to have been suggested for 

the formation of acyl-substituted hexahydro-~-triazines in the 

absence of water~ it seems reasonable to assume that the fir~t 

three steps are alike for both reactionso 

It is interesting to notice that these first three steps 

are the same in principle as the ones outlined in the previou.si 

section of this paper for the Prins type of condensationg 

(1) formation of a carbonium ion, (2) polarization of the un= 

saturated linkage., and {J) addition of the carbonium ion to the 

polarized link~geo 
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Application of the above mechanism to the unknown addition 
I· -

of methylal to nitriles wou1d give a N-methylene-bis-iminoester 

as the final product: 

The N-methoxymethyl-substituted iminoester also appears to be 

a likely product: 



·~ER:mENTAL 

Methylal and Methyl Oleateo 

From preliminary runs on the boron trifluoride-catalyzed 

reaction of methylal with oleic acid of 90% purity 9 a pale 

yellow liquid product was isolated by distillationo Its 

' boiling range of 160-240° at l Jnmo pressure indicated that 

addition of methylal to the olefinic double bond of'.oleic acid 

had occurred» since the boiling point of oleic acid at that 

pressure is lowero The reaction with free oleic acid was 

abandoned 9 however, and the methyl ester was used instead in 

order to avoid the undesired esterification of the carboxylic 

acid by its addition to the double bond of another moleculeo 

The source of the fatty acid for the first two runs was a 

90% technical oleic acid (Eimer and Amend)o Purification was 

accomplished by low-temperature crystallization from acetone 

either of the free acid or of its methyl ester9 as outlined by 

Brown and Shinowara (18) 9 and by Wheeler and Riemenschneider 

(84) o · For all successive runs 9 an oleic ac:td of higher purity· 

(White Oleic Acid$ Armour Chemical Di1risi.cn) was usedo Che,1rr.d.,-" 

cal and physical constants of tll& m&thy-1.. ester:- prepared t'he:re1= 

from showed that the ester corttained le·&a than 5% di.= and 

triolefinic ester&· a-s- impuritieso, The me,t,hyl ester was pre= 

pared by refluxing oleic acid with two to three times its 



weight of methan~l in the presence of 2-3% concentrated 

sulfuric acid as catalyst. 
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Methylal was obtained by extraction of methanol from the 

methylal-methanol azeotrope (Cities Service Oil Coo) with a 

concentrated aqueous calcium chloride solutiono The methylal 

layer was then purified by treatment with metallic sodium until 

hydrogen evolution stopped and the methylal was clear and 

colorleSSo 

The procedure outlined by Jamieson (41) was followed for 

the determination of the acid value 9 the iodine number (Wijs) 9 

and the saponification valueo 

A typical run of the reaction between methyl oleate and 

methylal was conducted in the following manner: 

Through a gas diffuser boron trifluoride was added to 600 

mlo of methylal 9 cooled by a brine-ice bath to =10°0 Addition. 

of boron trifluoride was continued until the color of the mix= 

ture began to darken rapidly; at this point 9 35=45 go of bor©n 

trifluoride had been absorbedo The mixture was then transferred 

to a one-liter$ three-necked flask 9 equipped with mercury= 

sealed glass stirrer9 thermometer,i and reflux condenser carry= 

ing a calcium chloride tubeo After rapid addition of 74 go ((if 

methyl oleate the mixture was allowed to attain room tempera= 

tureo Despite rapid stirring, the reaction temperature 

remained 2-3° above room temperature for a period of two to 

three hours 9 thus indicating an exothermic reactiono Stirring 

was continued for another 24 hours at reflux temperatureo 



The dark-celored reactien mixture was subsequently neutral= 

ized by slowly adding an aqueous slurry ef potassium carben~te 

to the rapidly stirred solutiono After the neutralization 9 

which was accGmpanied by evelution of carbon dioxide 9 the re

action mixture was dried with anhydrous potassium carbonate er 

anhydrous sodium sulfate. The solid salts were filtered 9 the 

residue was extracted with ether, and the ether extract was 

combined with the methylal selutien. Methylal and ether·were 

removed by distillation from a water bath, and the residue was 

taken up in ether, washed with water until neutral, and dried 

with anhydrous $Odium s~lfateo After evaporation of the ether 9 

a red-brown oily liquid was obtained; its weight varied between 

85 go and 90 go for the different runsg depending on losses 

encoun.tered during the working-up procedureo 

This method of neutralization had the advantage of pre= 

venting hydrelysis of the esters present in the reaction mix= 

tureo Only trace amounts of free acids were found tfi> be 

present by a determinati0n of the acid valueo On the other 

hand, it was found that use ef an aqueous solution of potassium 

hydroxide resulted in partial hydrolysis ef the esterso 

Another alternative process of neutralization9 the use of 

anhydrous ammonia gas, was found by Hawkins (29) to be sl~w and 

inefficient and was therefore not triedo 

The product was purified by low-pressure distillation frem 

a Claisen flask. Iodine numbers and saponification values of 

the main colorless fractions were ~eterminedo Contrary to all 



expectations 9 the iodine numbers were never found to be 

zero .. 

The following two isomeric products are to be expected 

from an addition of methylal tp the double bond of methyl 

oleate: 
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CH3 - (CH2)7 - fH 

OCH3 

Molo wt.a 37206 

Iodine Noo 0 

Whereas the iodine number of the theoretical product is 

zero, the iodine number actually determined for the raw product 

of different runs varied from 23 to 320 Table I summarizes the 

distillation data and the values found for saponification value 

and iodine number in two typical runso The weights of the 

residues were l5p5 go and l7al go9 respectivelyo 

The saponification values and the molecular weights calcu= 

lated therefrom clearly indicate that addition of methylal to 

methyl oleate did. occuro The product 9 however9 was not uni= 

form 9 but a mixture of unsaturated and saturated compoundso 

The conclusion that the unsaturated component is si.mply unre= 

acted methyl oleate is contradicted by the following facts~ 

(1) the boiling points of the main fractions are considerably 

higher than the boiling point of methyl oleate at the same 

pressureo In one particular run methyl oleate 9 which was dis= 
0 tilled at 160-165 at a manometer pressure of lo0=lo5 1Tllllo9 upon 



_ J>re~sure, 
mino Hg 

Oo'J 

0 .. 4 

Oo5 

Oo4 

0 .. 4 

Oo5 

Oo6 

0 .. 7 

TABLE I 

PROPEiTIES OF DISTILLED PRODUCTS FROM ADDITION 
OF METHYLAL TO METHYL OLgATE 

.. J2 

Bopo Weighti Iodine Noo Sapo Valo Molo wto .. 
g .. 

130-170 17.6 23o2 180 312 

175-187 46 .. 0 J2o9 156 360 

193-200 1So2 l5o9 148 379 

130-150 7o4 l4o7 

150-166. 8"2 2lo9 

166-180 llo4 24o9 .: !',! 

180-190 16 .. 5 l9o9 152 36§ c. c. 

190-197 l2o0 1608 145 387 

reaction with methylal gave a main fraction boiling at 175=187~ 

at Oo4 mmo pressure; (2) the great•r weight of the product com= 

pared to the methyl oleate 9 even neglecting small losses during 

the working-up procedti.re 9 cannot be explained on the assumption 

that part of the methyl oleate did not undergo additiono Thu~ 9 

from 84o5 go of methyl oleate a high=boiling product weighing 

lOloO go and having an iodine number of 32 was obtainedo 

(3) Methyl oleate 9 having a straight=chain structure 9 forms an 

adduct with utea; as will be described later, the product did 

not undergo adduct formation with ureao 

In analogy to other Prins type of additions whic.h result 

in the formation of unsaturated compounds 9 the unsaturated 



component of the mixt~re obtained by tµe reaction of methylal 

and methyl oleate might be formed in tpe following wayg 

CHJ - (CH2)7 ~CH= CH - {CH2 )7 = COOCH3 ) 

ca3 - (GH2)7 - CH - CH= (CH2)7 = COOCH3 
I I 
OCHJ CH20CH3 

CH3 - (CH2}7 - CH== y = (CH2)7 = COOCHJ 

CH20CH3 
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This postulation is supported by results obtained by 

Hawkins (29) for the addition of methylal to cyclohexeneo Be= 

sides the two expected saturated compounds 9 Hawkins isolated a 
1, 

third unsaturated compound which he expected to be 1-methoxy= 

methylcyclohexeneo However 9 evidence pointed towards 

l~methoxy-2-hydroxymethylcyclohexene as the correct structureo 

The methyl methoxymethyloleate.postu.la.ted above seems 

likely to be formed as a decomposition product of tqe saturated 

component during the distillationo However 9 redistilla.tion. did 

not alter the iodine number 9 and unsaturation of t.he d.istill.,A,t:f, 

product was not higher than unsaturation of the raw pr,oduct. o 

present in the original reaction mixtureo 

Various attempts were made to separate the saturated from 

the unsaturated components in order to prove the structure of 

the main addition product of the reactiono The success of 
i 

separation by fractional distillation was considered doubt.fulo 
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Even with a highly efficient column a separation without decom= 

position of the distillate would probably only succeed under 

low pressureo 

Various separation methods depending on the relative solu= 

bilities of the two components or of derivatives thereof were 

investigatedo Fractional crystallization of the mixture at low 

temperatures failedo Even after long standing at =60° a 10% 

solution of the mixture in acetone 0r low=boiling petroleum 

ether only produced a very slight turbidity/ but no crystalso 

Separation of the bromo derivatives of the unsaturated com= 

ponent by crystallization from ether was also unsuccessfulo 

Bromination was carried out by dissolving the mixture in dry 

et~yl ether to form a 10% solutiono The solution was cooled to 

=20° and bromine was added from a fin·ely drawn pipette un~e:r 

constant shaking until the yellow color persistedo Even after 

long standing at =60° no separation of crystals occurredo The 

bromo derivative was found to be very unstable at, higher 

temperatureso Evaporation of the solvent on the waterbat,h 

resulted in decompositiono Conseqm:mtly i) t;,he. icodine m;m1ber cof' 

the brominated product after dist,ill,at,i<G:n at~ Oo 2 Jmltl'!o pres,5',UJ.r® 

lization of which might permit resolution 9 was also attemptedo 

The procedure of Pool 9 Harwood 9 and Ralston (57) was followed 

for the preparation of 2-substituted benzimidazoles by the 

reaction of .!,=phenylenediamine with the free acidso I:Iowever.9 
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crystallization of the derivatives could not be accomplishedo 

The phenylhydrazides were prepared according to a procedure of 

Straehe and Iritzer {73)o Although a small amount of a solid 

derivative was obtained initially, the white solid could not be 

recrystallizedo The same negative results were obtained with 

hydroxamic acids as derivativeso Following the procedure of 

Powell (59) 9 these derivatives were prepared by the reaction of 

the esters with hydroxylamine hydrochloride and sodium ethoxide 

in absolute alcoholo While the hydroxamic acids did not 

crystallize, precipitation of their green-colored copper salts 

succeeded {42)o However, the regenerated hydroxamic acids 

still would not crystallize. 

Urea is known to give crystalline adducts with straight= 

chain, but not with branched-chain compounds (12 9 63 9 64 9 67 1 

68, 71, $5 9 86)0 If one of the components of the reaction mix= 

ture were an unsubstituted straight-chain fatty acid ester9 it 

could easily be separated from the branched-chain components a~ 

the urea adducto Repeated attempts at causing adduct formati~n 

between urea and the reaction mixture completely failedo This 

result is further evidence that the unsaturat~d component is 

also a branched-chain fatty acid ester9 and not simply unre= 

acted methyl oleateo 

Isolation and purification of the saturated components of 

the reaction mixture was further attempted by oxidative cleav= 

age of the unsaturated component 9 followed by removal of the 

low=boiling oxidation products by vacuum distillationo For the 
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determination of structure of olefinic compounds potassium per= 

manganate and ozone are the most widely used oxidizing agentso 

Ozonization occurs smoothly and with the formation of much less 

secondary oxidation products than is the case with the more 

vigorous permanganate oxidationo In view of the fact that an 

ozonizer was not available 9 a method involving alkaline 

potassium permanganate was used {13)o 

The ester mixture to undergo oxidation had the following 

properties~ iodine number 2Sol, average molecular w~ight 

36607 (calculated from the saponification value) 9 boiling point 

175=195°0 The oxidation was conducted in the following way: 

A solution of 52o5 gg of the ester in 200 mlo of ethyl 

alcohol containing l2o0 go of potassium hydroxide was refluxed 

for one hour and then evaporated to dryness on a steam batho 

Evaporation to dryness was repeated. after addition of 50 ml., of 

water t,o ensure removal of all the alcoholo The solid soap was, 

dissolved in 300 mlo of water and combined in one addition and 

under powerful stirring with a solution of 100 go of potassiill·n 

permanganate in lo2 liters of watero The temp~rature quickly 

increased from 30° to 75°0 After one hour all the pi<rmanganate 

had been used upo The mixture was CO(O)led. and acldif'ied wit:,h 

50% sulfuric acido Enough solid sodium bisulfite was added to 

decolorize the solutiono A dark-colored tarry residue was 

shaken with a mixture of ether and an acidic sodium bisulfite 

solution until all of the residue had dissolved and bicrth layers 

were clearo The aqueous solution was saturated with &odium 



chloride and extracted with a total of lo3 liters of ethero 

The ether extracts were c0mbined, washed neutral 9 and dried 

with anhydrous sodium sulfate. After evaporating the ether9 

45.0 g. of an orange product with an irritating oder was ob

tainedo 
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This mixture of carboxylic acids was esterified by reflux= 

ing its solution in 200 ml. of aqsolute methanol containing 

2 go of concentrated sulfuric a.cido After the regular working= 

up procedure, J5.0 g. of a yellow ester mixture was obta.inedo 

An explanation is in order for the amount of potassium 

permanganate chosen for the oxidationo The required amount of 

oxidizing agent was calculated en the assumption that the un= 
t' 

saturated component of the mixture was a methoxymethyl

substituted oleic acid and that its cleavage products were 

nonanoic and azelaic acid. It was assumed that the ether side 

chain was completely oxidized to carbon dioxide and watero 

From a preliminary run, however, it was found that oxidative 
' . r 

cleavage of the double bond did not go to completion by the 

action of an amount of oxidizing agent calculated on the above 

ass'UlJlptionso Instead, at least a 50% excess of potassium per= 

manganate was requiredu This indicated that the major reactio:o. 9 

oxidative cleavage of the olefinic double bond~ was ~ccompanied 

by secondary oxidation reactions, .and that the saturated com

ponent of the mixture was alsQ attaekedo 

Vacuum distillation gave lloO go of a colorless fraction 

boiling at 197•202° under 0.5-loO mmo pressureo Iodine number 



and saponification value of this fraction were determinedo 

Table II summarizes the changes effected by the oxidationo 

TABLE II 

PROPERTIES BEFORE AND AFTER OXIDATION OF DISTILLED 
PRODUCT FROM ADDITION OF METMYLAL 

. TO METHYL OLEATE 

Original ester Oxidized ester 
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175-195°/0o4-0o7 Irmlo 197-202°/006-loO fflmo 

Iodine Noo 

Sapo Value 

Mola Wto (calcdo 
from Sapo Value) 

2Sol Oo9 

15300 16So5 

The low iodine number shows that oxidation was successful 

as far as removal of the unsaturated components is concernedo 

However9 the average molecular weight had decreased and 

differed considerably from the molecular weight of the expected 

saturated product (Molo wto 37206)0 The high boiling point 

rules out any explanation for the lew molecular weight assuming 

contamination of the prdduct by some low=molecular=weight .fatt,y 

acid estero The only reasonable explanation appears to be th~ 

assumption that the expected saturated ester contained a rela= 

tively small percentage of a high-molecular=weight dicarboxylic 

acid ester, the formation of which is illustrated by the 

follQwing equation: 



- CH - GH =--- t~H2)7- COOCH3 
I I 
eca3 CH20cH3 

Molo wto 37206 

(a) 
(b) 
(c) 

- fH - TH - (CH2)7 - COOCB3 

. OCH3 COOCH3 

Molo wto 38606 

A mixture of these two compounds would be expected to boil 

within a short temperature range, since the boiling points of 

the individual compounds probably differ very slightlyo In 

order to determine the molecular refraction9 the refractive 

index and the density were measured: nii5 lo4512 9 df5 00933 

go/mlo On the assumption that the product is composed of the 

two proposed esters 9 the average molecular weight of the mix= 

ture is 37403» as calculated from the saponification valueo 

When this molecular weight for the evaluation of the observed 

molecular refraction is used 9 a value of l08ol is obtainedo 

This value checks fairly well with 10So79 the value for the 

molecular refraction of the same compound calculated from 

atomic refractionso It should be noted that the structures of 

the two proposed compounds are such that the calculated molec= 

ular refractions are the same for both compoundso H~wever9 the 

close agreement between the observed and the calculated value 

does not necessarily present strong evidence in support of the 

postulated composition of the mixture 9 since the observed 



41 

power was found to be insufficient for complete adsorption of 

the fatty acids dissolved in petroleum ethero Activated alum= 

ina (Merck} was also found unsuitable as an adsorbent because 

of its chemical reaction with the fatty acids to form soapso 

With 60=200 mesh activated silica gel (The D~vison Chemical 

Corpo) a partial separation was accomplishedo A minute amount 

of a white crystalline solid melting at 47o5=57o5° was obtained 

by elution with benzeneo Subsequent elution with benzene= 

acetone mixtures resulted irl a series of impure liquid product.so 

Each successive product had a slightly higher refractive index 

than the previous one 9 the indices ranging from n~5 lo45$2 to 

n~5 lo4698o The refractive index of the original mixture was 

n~5 lo4597o 

In view of the difficulties encountered in finding an 

efficient adsorbent together with a sultable solvent v the pro~!= 

ect of separating the fatty acid mixture was discontinuedo 

Methylal and Methyl Crotonateo 

The condensation of methylal with methyl crotonate was 

conducted according to the procedure described previously for 

the reaction of methylal with methyl oleateo To 400 mlo of 

methylal containing 27 go of boron t,rifluoride were added 

$$ go of' freshly prepared methyl crotionate (bopo 118=120° / 

745 mmo)o The reaction was run for 24 hours at room tempera

ture9 and then for another 24 hours at the boiling point of the 

mixtureo After neutralization with potassium carbonate the 

mixture was distilledo Recovery of methyl crotonate was almost 



molecular refractions for mixtures of differen~ composition 

might not be constanto 

40 

Separation of the saponified mixture into its components 

was attempted by chromatographic methodso As a result of the 

difference in polarity between the two components believed 

present in the mixture (a monocarboxylic and a dicarboxylic 

acid) 9 the degree of adsorption of the two components should be 
; 

different enough to permit separationo Chromatographic separa= 

tion of fatty acids has been applied by ~any workers with vary= 

ing·degrees of success (47., 62)o The most effe9tive adsorbents 

appea~ to be activated alumina 9 silica gel 9 and activated 

carbon; the most widely used solvents are petroleum ether and 

benzeneo Recently, Holman and co-workers (28,1) ,5 9 36 9 37 9 )$) 

have successfully investigated the method of di~placement 

chromatogr~phy for the separation of fatty acids and their 

derivativeso 

The column used for the chromatographic seraration of the 

fatty.acid mixture was 9o0 Cmo in length and loi Cmo in diam= 

etero Slight air pressure had to be applied on the top of the 

column in order to provide for a sufficient flo~ of the 

solvento The original solvent 9 by which the fatty acids were 
,;. 

brought on the column, was low-boiling petroleurp. ethero Ben= 

zene, benzene-acetone mixtures,!) and benzene-methanol mixtur~s. 

were used as eluantso 

The first adsorbent used was Magnesol (a magnesium siii= 

cate from Westvaco Qhlorine Products Corpo)o Its adsorbing 

f-· .. ·-· 

.~' .. ·~~ ,. 



eompleteo Only a few drops of a distillate boiling between 

120° and 12e0 were obtained; there was no residueo A duplicate 

run gave the same negative resulto 

Methylal and Methyl Acrylateo 

Reaction of 400 go of methylal with 116 go of freshly dis= 

tilled methyl acrylate (bopo 77-79°/745 mmo) in the presence 

of 22 go of boron trifluoride apparently resulted in the forma= 

tion of 5 go of a methyl acrylate polymer as the only reaction 

producto The rest of the methyl acrylate was recovered by 

distillation of the reaction mixture, which did not contain any 

high-boiling produetso The reaction was repeated 9 but addition 

of methylal to methyl acrylate again did not take plaeeo 

Methylal and Vinyl Acetateo 

Vinyl acetate (84 go 9 bopo 71=73°) was distilled at a 

rapid rate directly into the reaction flask containing 380 go 

of methylal and 38 go of boron trifluorideo Despite rapid 

stirring and cooling with ice-water9 the reaction temperature 

slowly increased during the additiono The exothermic reacti©n 

finally became so vigorous that a small amount of the mixture 

was lost through overflow at the top of the condensero Cooling 

was continued for five more minutes after which time the reac~, 

tion temperature remained at 40-42° without coolingo Within 

two hours room temperature was attained 9 and stirring was con= 

tinued for 10 more hours at room temperatureo After neutrali= 

zation of the catalyst 9 the dried mixture was distilledo A 
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fraction (10 mlo) of boiling range 60=90° had a very strong 

aldehyde odor and gave a positive Schiff testo At 90° the dis= 

tillation had to be discontinued because of decompositiono A 

brown-red!) glassy 9 almost solid residue weighing 57 go remained 

in the flasko 

The only reaction taking place apparently was polymeriza= 

tion of the vinyl acetateo The small amount of low=boiling 

aldehydes was probably formed either by hydrolysis of vinyl 

acetate during the working-up procedure 9 or by thermal decom= 

position of the polymer during the distillationo The competi= 

tive polymerization of vinyl acetate appears to have prevented 

the attempted addition reaction with methylalo 

In order to increase the likelihood of a reaction with 

methylal 9 the unsaturated ester was added very slowly from a 

dropping funnel in a second runo Howe1rer v the :result was thel 

same as·for the first run 9 polymerization of vinyl acetate 

apparently being the only reaction occurringo 

Methylal and Valeronitrileo 

From the reaction of 91 go of ,raleronitrile with 4.00 mlo 

of methylal containing 23 go of boron trifluoride 9 the only 

product obtained was 10 go of a sticky 9 brown solid of pa:irt,1t 

crystallinej partly glass-like appearanceo Recrystallization 

from alcohol=water and acetone-water was attempted 9 but failedo 

While a large part of the valeronitrile was recovered unchanged 9 

the presence of the solid product indicated that reaction with 



methylal might take place under the proper conditionso How= 

ever$ the reaction was not investigated furthero 

Isobutylene and Methyl Benzyl Ethero 
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Attempts to add methyl benzyl ether into the double bond 

of isobutylene in the presence of boron trifluoride were ,un= 

successfulo A reaction mixture consisting of 100. go of methyl 

benzyl ether» 41 go of isobutyleneD and 22 go of boron tri= 

fluoride was stirred for 12 hours at room temperatureo After 

neutralization$ ether extraction$ and dryingD a high=boiling 

product weighing 125 go was obtained, thus indicating that 25 go 

of the 41 go of isobutylene originally absorbed had undergone 

some kind of a reactiono Distillati~n-of the product through a 

semimicro Todd column res-µlted in the recovery of 92 go of-.+·,, .. _, .. 

methyl benzyl ethero The almost solid residue probably con= 

sisted of a high=molecular.,,;weight hydrocarbon p_olymero 
- :~ ·. ~-

Isobutylene and n=Butyl Nitriteo 

Boron trifluoride was the first catalyst. used for the 

attempt.ed addition of a_-butyl nitrite to isobutyleneo Intro= 

duction of 7o5 go of boron trifluoride at =10° into 150 go of 

freshly prepared {14) £=butyl nitrit~ resulted in the formati~n 

of a slightly yellow mixture of gela.tine=like consistencyo 
,, 

Upon removal of the brine-ice cooling bath9 the mixture warmed 

up quicklyo Despite renewed cooling$ vigorous decomposition 

accompanied by the evolution of brown vapors occurredo 
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In the presence of small quantities of boron trifluoride 9 

decomposition of the nitrite did not take placeo However9 

addition of the nitrite to isobutylene could not be accom= 

plishedo Thus 9 after shaking a mixture of 109 go of ~=butyl 

nitrite.I) 38 go of isobutylene, and Oo2 go of boron trifluoride 

in a low=pressure bottle for 12 hours, the nitrite was rec:ov= 

ered unchangedo The same negative results were obtained in the 

presence of catalytic quantities of concentrated sulfuric acid 

and of stannic chlorideo 

Isobutylene and diethyl carbonateo 

The boron trifluoride-catalyzed reaction between isobuty= 

lene and diethyl carbonate was conducted in the following wayg 

into a mixture of 117 go of freshly distilled diethyl carbonate 

(bopo 126-127°) containing 1So5 go ef boron trifluoride were 

introduced 54 go of isobutylene by means of a gas diffuse.ro 

Despite cooling with a brine=ice bath.9 and despite rapid 

stirring 9 the reaction temperature during the addition was 

15~,20° o The mixture was transferred t«) a low=pressure bot;tle 

and shaken for 30 hou:rs at room temp,e,:r.ai:t:,ur~~o Af·ter n1tS1utral:izac., 

tion of the catalyst with aqueou;s potassiJJJm hydrcq:x:idle 9 t,he 

high=boili.ng prod:act was subjected f'rru-::t:lonal distil.lat; 

through a semimicro Todd columno Contrary to results in other 

boron trifluoride-catalyzed reactions involving isobutylene.9 

which resulted in the formation of high polymers 9 only trace 

amounts of non-distillable materials remained in the distilling 

flasko 
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None of the three different fractions collected was found 

to be the e:xpeetedft-ethoxy estero The lowest=boiling fraction 

(bopo 124,o 5=12600° /747 mmo) was identified by its refractive 

index and by its boiling point as unreacted diethyl carbonateo 

A total of 86 go of this starting material was collectedo The 

other two fractions 9 18 go of boiling point 175o5=177o0°/ 

745 Jlll1lo9 and 14 go of boiling point 99=103°/1 mmo9 gave evi= 

dence of consisting of the trimer and tetramer 9 respectively 9 

of isobutyleneo Both fractions gave a negat,ive hydroxamic acid 

test and decolorized bromine and permanganate solutionso The 

properties of the two fractions are summarized in Table III 9 

where MaRa calco stands for the values of the molecular refrac= 

TABLE III 

PROPERTIES OF PRODUCTS FROM ADDITION OF DIETHYL 
CARBONATE TO IS0BU'1~Y1,ENE 

nio dl~ , M0Ro
1

.,, ~,bso Moll,," ,:, 
--~~==-----=~----~---grL~1h0®-·-===J~~""~~=l~ -·==--

Cut with boPo 175o.5= 
17700° at 745 mmo 

Cut with. bopo 99o0= 
10300° at l mmo 

Isobutylene and Ethyl Orthoformateo 

0 

A reaction mixture consisting of 100 go of ethyl ortho= 

formate 9 45 go of isobutylene9 and 32 go of boron tritluoride 



was shaken for 18 hours at room temperature in a low=pressure 

bottleo Whereas the isobutylene was recovered unchanged 9 the 

orthoester was found to have reacted in the presence of boron 

trifluoride to give diethyl ether and ethyl alcoholo The same 

result was obtained with 14 go of sulfuric acid as catalysto 

The attempt to add the orthoester into the double bond of 

the olefin was repeated with only a small amount (Oo2=0o5 go) 

of boron trifluoride as catalysto Both reagents 9 ethyl ertho= 

formate (120 go) and isobutylene (66 ga) 9 were recovered un= 

changedo 

Isobutylene and Benzaldehyde Diethyl Acetalo 

The addition of benzaldehyde diethyl acetal to the 

olefinic linkage of isobutylene was attempted in the following 

way~ to 16lo0 go of the freshly prepared {32) acetal 9 cooled 

by a brine=ice 'bath£> were slowly added 240 5 go of boron t,ri=, 

fluorideo The rate of addition had t~ be kept low in order to 

prevent the reaction temperature from increa~,i.ng above OlfJ o 

the end of the addition two layers had f@rmedo Th~ mixtur·1~ was 

transferred to a three-necked flask ~quipped wi.th ~t,irrtaI"n 

thermometer9 and gas inlet tubeo A t,otal of 51 go 1of lJS<C)= 

butylene was added under constant .st,irri:ng~ thlBl t,emperat,ure 

during the addition was kept at 5-10°0 After 16 hours of 

shaking in a low-pressure bottle 9 the reaction mixture was 

neutralized with an aqueous solution of potassium hydroxide 9 

and the organic material was extracted with ethero Upon 



evaporating the solvent, 175 go of a dark=red 9 viscous product 

was obtainedo 

Fractional distillation through a Todd column did not give 

any constant~boiling fractionso A total of 127 mlo of distil= 

late was collectedo The first 62.mlo distilled between 40° and 

165° at 60 mmo pressure, the next 65 mlo between 155° and 2169 

at 5 mmo pressureo Slight decomposition started at 195°0 The 

almost solid residue weighed 56 go 

Redistillatien of the lower-boiling product at atmospheric 

pressure resulted in three fractienso Chemical and physical 

tests showed tnat the two lower-boiling fractions (bopo 98=101° 

and 17/+-177°) consisted of a dimer and trimer, respectively!) of 
0 isobutyleneo The fraction boiling at 216-219 was unreacted 

acetal (36 go) 0 

Boiling point and refractive index of the high=boiling 

product indicated that it did not consist of the expected addi= 

tion product 9 1»3-diethoxy-1 9 l-dimethy1=3=phenylpr~paneo The 

boiling point of this 19 3-diether is expected to be only 

slightly higher than 167 08° /85 mmo 9 the kncn,m boiling point of 

1 9 3-diethoxy=l-phenylpropane (29)o Th!!l refractive indices f©r 

the high-boiling product (n~2 11)4927 for 12 mlo of boiling 

point 158-160°/$ mmo, increasing te n!2 105312 for the last 

10 mlo of boiling point 212-216°/5 mmo) were found to be con= 

siderably higher than n;2 lo/+772 9 the refractive index of 

1,3-diethoxy-l-phenylpropaneo 
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These data indicated that the aromatic.aeetal, instead of 

undergoing the expected addition t0 isobutylene, reacted in 

some other way, probably with,0ut involving the olefino In 

order to prove this, the acetal was caused to react with boron 

triflueride in the absence ef the olefino .. 
Boron trifluoride was introduced into 80 go ef benzalde

hyde diethyl acetal cooled by a brine-ice batho Upon removal 

of the cooling bath, an unexpected vigorous decomposition took 

place so that most of the tarry, black product was losto In a 

second attempt the rate ef intreduction of bor9n trifluoride 

was kept lOWo The slow addition was stopped after 15 go of 

boron trifluoride had been added to 76 go of the acetalo Cool

ing was continued for 15 minutes; the reaction mixture was then 

allowed to attain room temperatureo When a reaction tempera= 
e ture of 45 was reached cooling was renewedo The temperature 

again slowly inc~eased upon remeval of the cooling bath9 then 

remained at 38° for 30 minutes without coolingo The mixture 

was shaken at room temperature for 12 hourso 

A dark-brown, viscous liquid (46 go) was obtained after 

neutralization and extractieno Vacuum distillation from a 

Claisen flask resulted in 11 go of a substance boiling at 

90-120°/5 mmo and 4 go of a substance boiling at 120-210°/5 mm.o 

and with refractive index n~1 lo53S0o The residue was an 

amorphous solido The higher-boiling fraction had the same 

characteristic oder as the high.-boilirig fractiQn ( 15 5-216 ° / 
5 mmo) previously obtained by distillation of the acetal-



isobutylene reaction producto Purification Qf these high~ 

boiling products was not att,~ptedo 

;o 



DISCUSSION 

Whereas methylal was found to undergo addition to the 

olefinic linkage of methyl oleate, the same acetal did not add 

to the esters of «,p-unsaturated acids, such as methyl acrylate 

and methyl crotonate. These results are readily explainable 

on the basis of the proposed mechanism for the acid-catalyzed 

addition of acetals to carbon-carbon double bonds. While the 

ester group in oleic acid at best has a very weak influence on 

the nucleophilic character of the olefinic linkage, the 

neighboring electron-withdrawing ester group of methyl acrylate 

and of methyl erotonate renders the carbon-carbon double bond 

less reactive as a nucleophilie reagent. The resonaace form 

with the negative charge on the carbonyl oxygen contributes 

significantly to the true structure of these conjugated double 
+~ ~ 

bond systems {- C = C - C = 0 ). The decrease in reactivity is 

demonstrated by the much lower rate of halogen addition to 

~,8-unsaturated acids compared to the rate of addition to 

simple elefins. Theory does net predict, however, that a 

Prins-type reaction with esters of a,,8-unsaturated acids is 

impossible. Under more drastic conditions, addition 0f 

methylal to such esters might be aceomplishedo Addition te the 

double bond ef_/J,1-unsaturated esters, although not attempted 

in this study, should be possible. In the absenc~ of the 

conjugated double bond system1 the electron-withdrawing 
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influence of the ester group is weak and should not prevent the 

reaction from taking place. 

For the reaction of methylal with methyl oleate 9 experi= 

mental evidence clearly indicated that the major saturated 

product was formed as expected by the addition of methoxymethyl 

and methoxy groups to the olefinic linkageo On the basis of 

theoretical consider.ations, this saturated product was believed 

to be a mixture composed of the two possible isomerso No 

attempt was made to separate these isomerso A third product 9 

this one unsaturated, was formed by a side reaction 9 probably 

involving removal of a small-molecular-weight compound 9 such as 

methanol, from the saturated product originally formedo This 

side reaction was shown not to occur during the distillation; 
0 the products were stable up to 200 9 and the degree of unsatu= 

ration was not affected by distillationo Separation of the 

unsaturated from the saturated components presented difficul= 

tieso While all methods of separation based on different 

physical properties of' the components failed 9 removal of the 

unsaturated component by oxidative cleavage of its olefinic 

linkage with potassium permanganate succeededo The saturated 

product 9 however, was found to be contaminated; the impurity 

was believed to be an ester of a high=molecular-weight 

dicarboxylic acido Separation of this mixture into its com= 

ponents b'f ~hroma.t~graphi~ methods failedo 

While a separation based on oxidative cleavage by means of 

a selective oxidizing agent, such as ozone, appears promisings 
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the success of physical methods of separation within a reason= 

able period of time seems doubtfulo Chromatography and 

countercurrent distribution methods are very effective tools of 

separationo The success of these methods 9 hewever 9 depends on 

the time-consuming empirical selection of adsorbent and 

solvent 9 respectivelyo 

Spectrographic analysis 9 either with infrared or with 

ultraviolet light, would have been of little help in proving 

the structures of the different components of the mixtureo The 

functional groups present in the mixture were already known. 9 

and neither a pure sample nor the absorption curve of any one 

of the components believed to be present was availableo · 

The likelihood for success or failure of the different 

Prins-type re·actions attempted during the course of this invefSl"" 

tigation has already been discussed in the historical part of 

this papero While the success of most of these reactions 

seemed do~btful on the basis of theoretical considerations 9 the 

negative experimental results should not be construed as pre= 

senting conclusive evidence for the impossibility of these 

reaction.so While the results only show t,hat addition dtles not 

take place under conditions which are favorable fer the acet,al 

addition to simple olefins$ some general conclusions can be 

drawno A Prins type of reaction is not likely to succeed 

unless (a) the polarized olefinic reagent has a center of high 

electron density located at one of the two carbon atoms of the 

double bond, and (b) the aldehydic .reagent can yield a 
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carbonium ion of structure ROCHR' where R~ is a hydrogen atom 

or an alkyl radical and R is an alkyl or acyl radicalo Whether 

or not the aldehydic reagent has an alkoxy group in its struc= 

ture appears to be of little importanceo Thus orthoesters 9 

alkyl carbonates, and alkyl nitrites were found not to undergo 

addition, although they all have an alkoxy group in their 

structureso 

Definite conclusions on the possibility of the reactions 

under investigation should only be made after extensive studies 

involving variation in reaction conditions, such as tempera= . 

tur~,, pressure, type and amount of catalyst 9 reaction time 9 

way of mixing the reagents, ratio of reagents, etco Such an 

extensive study, however, was beyond the scope of this werko 

Rather than to vary the reaction conditi@ns for any one parti.e= 

ular reaction» the intentien was to investigate a variety c.f' 

reactions conducted at room temperature, under atmospheric 

pressure, and in the presence of boron trifluoride as catalysto 

These are the conditions under which high yields of additi.ion 

prod.ucts are obtained from the reaetion of acetals and simpl~ 

olefinso 

The results obtained for the attempted addition of ben~""' 

aldehyde diethyl acetal to isobutylene were rather unexpectedo 

Instead of adding to the olefinic linkage of isobutylene 9 the 

aromatic acetal was £eund to undergo some kind of rearrangement 

in the presence of borcm trifluorideo The products of this re= 

action consisted partly of a very high boiling-material 9 partly 



of an amorphous non"'.'distillable selid .. At first it appears 

that several explanatiens for the formation of these high

molecular-weight substances are- possibleo However., an exami= 

nation of the reactiens illustrated by equations I.I)' II., 41nd III 

I 

2 II 

2 0 ya -0 CH(OEt)2 

OEt + EtOH 
III 

shows that ethoxylatien 0.f the are~tic ring ( equaticm I) is 

highly improbable., since a nucleephilic attack by the ethc:>xide 

ion in strongly acidic medium would be involvedo The formati~n 

of the mixed acetal (equation II) 9 altheugh possible under the 

reaction conditions applied9 would net account for the high...-, 

molecular-weight products ebtaineda Thus it appears that the 

best explanation is the Friedel-Crafts type of reaction 

(equation III) involving an eleetrephilic attack of the aro

matic nucleus by the ethoxy-substituted benzyl earbonium iono 

The formation of high-molecular-weight products by such a re= 

action is possible, since substitution may occur in ortho and 

para positions, and since the primary products, still being 

acetals, may undergo renewed rea~tiono 



SUMMARY 

Whereas methylal was found to undergo addition to the 

olefinic linkage of methyl oleate, there was no evidence for a 

similar reaction of the same acetal with methyl acrylate 9 

methyl crotonate 9 or vinyl acetateo Apparently 9 addition of 

methylal to a carbon-carbon double bond conjugated with an 

electron-withdrawing ester group does net take placeo 

For the reaction of methylal with methyl oleate 9 the major 

product was formed as expected by the addition of methoxymethyl 

and methoxy groups to the olefinic linkageo However 9 the reac= 

tion mixture also yielded a little unsaturated product of about 

the same molecular weight as the saturated adduct and physi= 

cally inseparable from ito .Oxidative destruction ®f this 

unsaturated impurity with potassium permanganate produced a new 

impurity 9 saturated but apparently dicarboxylic 9 which could 

not be removed from the desired adduct eithero Ozane might 

make this possibleo 

The results obtained for the attempted additiGn ~f benz= 

aldehyde diethyl acetal to isobutylene indicate that the 

~-ethoxybenzyl carbonium ion undergoes a Friedel-Crafts reac= 

tion with the aromatic ring rather than addition tG> the olefino 

From the results of the attempted addition of methylal to 

unsaturated esters., and from other results obtained for reac= 

tions involving compounds other than acetals 9 the conclusion 
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can be drawn that a Prins-type reaction is not likely to 

succeed unless (a) the polarized olefinic reagent has a center 

of high electron density located at one of the two carbon atoms 

of the double bond and {b) the aldehydic reagent can yield a 

carbonium ion of' structure ROCHR' where B. 13 is a hydrogen atom 

or·an alkyl radical and R is an alkyl or acyl radicalo Ortho

esters» alkyl carbonates, alkyl benzyl ethers» and alkyl 

nitrites apparently do not undergo addition» altµough they all 
! 

have alkoxy groups in their structureso 
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