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ABSTRACT 

PART I: OPTICALLY ACTIVE SULFOXIDES 

Optically active R-(+)-isopropenyl-([o<]D̂ ^ 106.9) 

and R-( + )-vinyl jo-tolyl sulfoxide ( [cx]390.4) were 

synthesized but did not homopolymerize or copolymerize 

with 1,2-disubstituted comonomers. Vinyl £-tolyl sulfoxide 

was copolymerized (radically) with styrene yielding a 

copolymer possessing approximately 20 mol # sulfoxide, 

l^inh 0«10 and -7.2, If R-(+)-isopropyl £~tolyl 

sulfoxide (IXlp2̂  176,5) is a good model, considerable 

racemization occurred at sulfur. The addition of small 

molecules, such as a mercaptan, to vinyl ]>-tolyl sulfoxide 

would have been helpful but such attempts were unsuccessful. 

It appears that the case for racemization of a sulfoxide 

when adjacent to a radical site is likely, but not yet 

conclusively proven. 

Reactivity ratios were calculated by the Mayo-

Lewis method for vinyl jj-tolyl sulfoxide with styrene as 

0.10 ± .07 and 5-77 ± 0.1, respectively. 

Sodium thiophenoxide, potassium t^-butoxide and 

piperidine (in methanol) formed 1:1 addition products 

with vinyl ^-tolyl sulfoxide: ^ -phenylmercaptoethyl 

x 



xl 

£-tolyl sulfoxide, [c145.4; ̂-ib-butoxyethyl £-tolyl 

sulfoxide, 149.4; $ -N-piperidinylethyl £-tolyl 

sulfoxide, 0°GD25 122. 

^-Phenylmercaptoethyl ]D-tolyl sulfoxide, 

145.4, was found by the isotopic dilution technique of 

Berson and Ben-Efram to be 78.8-80.156 optically pure. 

Vinyl ]>-tolyl sulfoxide ([<=<]D2̂  390.4) and ̂ -t-butoxyethyl 

£-tolyl sulfoxide were found by an nmr method described 

by Pirkle to be 80-81^ and 77 ± 1% optically pure, re

spectively, Thus nucleophilic addition occurred with 

retention of configuration at sulfur. 

PART II: BORON CONTAINING POLYMERS 

Attempted ladder formation with polyCdibutyl 

ethyleneboronate) and poly(2-vinyl-4,4,6-trimethyl-l,3j2-

dioxaborinane)yielded only crosslinked polymers. 

Dibutyl ethylenboronate was copolymerized with 

styrene and 2- and 4-vinylpyridine. The latter copolymer 

is currently being investigated for possible catalytic 

effects since it contains both nucleophilic and electro-

philic pendant groups a 

PolyCdibutyl ethyleneboronate) was treated with 

n-butyllithium and polymeric material reprecipitated from 

methanol. After this material was treated with oxygen 

and then heated at 70° with methyl methacrylate, a 33# 



xii 

Increase in polymeric material resulted. Fractionation 

with acetonitrile to remove poly(methyl methacrylate) and 

cyclohexane to remove poly(styrene) yielded a copolymer 

having an overall weight increase of approximately 16%, a 

strong C=0 stretching vibration in the infrared not present 

in the original material, and an 85# increase in the in

herent viscosity. While it is clear that a graft copolymer 

was obtained, the manner in which it arises remains to be 

disclosed. 

oC-Acetoxystyrene was copolymerized with styrene. 

Treatment of this copolymer with n-butyllithium followed 

by methanolic hydrochloric acid yielded 90% hydrolyzed 

material. Grafting experiments with methyl methacrylate 

after treatment with n-butyllithium in tetrahydrofuran 
< 

yielded material with an increase in the inherent viscosity 

of approximately 90%. 



PART I: OPTICALLY ACTIVE SULFOXIDES 
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INTRODUCTION 

Tricoordinate compounds of sulfur are capable of 

existing in enantiomeric forms which are quite stable. 

0 

<3 

sulfoxides was first achieved by separating diastereomeric 

salts of sulfoxides containing acidic or basic functional 

groups. Sulfoxides resolved in this manner were £-amino-

phenyl g-tolyl sulfoxide and m-carboxyphenyl methyl 

sulfoxide (2) (Harrison, Kenyon and Phillips, 1926; Karrer, 

Antia and Schwyzer, 1951). 

COoH 

Some confusion exists in the literature with respect 

to the proper R or S designation of optically active sul-

finate esters and sulfoxides because the prefixes R and S 

2 

CH2CH3 

Successful resolution of dissimilarly substituted 

0 0 



3 

are reversed according to whether the sulfur-oxygen linkage 

is regarded as a single or a double bond. It is now agreed 

that for nomenclature purposes the sulfur-oxygen bond be 

considered as a single bond thus giving oxygen a sequence 

number of 16 '(Mislow, Green, Laur, Melillo, Simmons and 

Ternay, 1965; hereafter, Mislow et al., 1965). To illus

trate compounds la and lb are R- and S respectively. The 

electron pair has the lowest se'quence number (Eliel, '1962). 

^Ia lb 

Recently, Cope and Caress (1966) reported the 

resolution of ethyl £-tolyl sulfoxide via the complex 

(+ or -)-trans-dichloro(ethyl £-tolyl sulfoxide) ( -methyl-

benzylamine)platinum(II). This complex was prepared 

according to the following procedure using optically active 

oC-methylbenzylamine. Treatment of (+ or -)-trans-dichloro 

CI 
I CH2 

K2PtCl4 + CH2 = CH2 > Cl-Pt <- || 
I CHp 
CI 



|H3 
C6H5-CH-NH2 

CH-

Cgf^CH-NHg 

CI 
I 
Pt 
I 
CI 

CH' 
II ' 
CH-

C^tj-S-CyHy 

C2H5 
\ 
S-0 
/ 
C7H7 

NaCN 

CI 
I 
Pt 
I 
CI 

CHt 
I 3 

NH2-CH 

C6H. 

Fractional 

Recrystallization 

0< 
Optically Pure 

0 
I 

C2VS~C7H7 

Resolved 
Complex 

(ethylene)( -methylbenzylamine)platinum(II) with ethyl 

£-tolyl sulfoxide effected displacement of ethylene in a 

slow reaction and afforded the corresponding sulfoxide-

amine-platinum complex. The diastereoisomers were separated 

by fractional crystallization, and optically active sulfox

ides were recovered by treatment of the platinum complex 

with sodium cyanide. 

Until recently, the only other methods available 

for the preparation of optically active sulfoxides have 

been oxidation of thioethers with an optically active per-

acid (Maccioni et^ al., 1961; Balenovic et_ . , 1961; Mayr, 

Montanari and Tramontini, I960; Balenovic, Bregant and 

Francetic, I960; Folli et, al,, 1968; Janczewski and Bartnik, 

1962; Mislow, Green and Raban, 1965), and a fermentation 



technique (Dodson, Newman and Tsuchiya^ 1962). These 

methods generally result in poor optical yields. 

In 1962, Andersen described a new and valuable 

method for the synthesis of optically active sulfoxides. 

Gilman, Robinson and Beaber (1926) synthesized sulfoxides 

by the reaction of sulfinate esters with Grignard reagents3 

but Andersen (1962) was the first to utilize an optically 

active sulfinate ester in the sulfoxide synthesis. In 

this manner, R-(+)-ethyl j>-tolyl sulfoxide (3) was obtained 

in a high state of optical purity via the reaction of 

diastereoimerically pure S-(-)-menthyl (-)-£-toluenesul-

flnate (3a) and ethylmagnesium iodide. 

O-menthyl 

2_-tolyl 

C2H5MgI 
> 

£-tolyl 

3a 3 

The reaction 'of R-(-)-2-octanol with ethyl (+)-

£-toluenesulfinate was demonstrated by Phillips (1925) 

to occur with inversion of configuration at sulfur. 

Johnson (19^3) reported the transformation of cis-4-

(jD-chlorophenyl)-thian-l-oxide (4) to the corresponding 
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R 

0 

S (CH3CH2)3 0+BFI," 

OH" 
H2O 

BFI 

R 

S 0̂ (CH3CH2)3 0 B?i| 

C2H5 R 

0-CoHc ( + 2  5  
:S 
BFjf 

OH S 
/ HoO 

trans isomer (5) via hydrolysis of an intermediate O-alkyl 

sulfoxide adduct. The trans sulfoxide was converted in a 

similar manner to the els isomer as shown. In addition, 

Johnson and Sapp (1963) reported that alkoxysulfonium 

+ 
salts, RO-SR2, prepared from optically active sulfoxides 

are hydrolyzed with inversion of configuration at sulfur. 

Because nucleophilic attack on sulfur by oxygen 

proceeds with inversion, one might expect the nucleophilic 

Grignard reagent to react similarly. 

Mislow, Ternay and Melillo (1963) prepared (+) 

-ethyl £-tolyl sulfoxide, (+)-isopropyl jD-tolyl sulfoxide 

and ( + )-;t-butyl jo-tolyl sulfoxide from (-)-menthyl (-)-£-

toluenesulfinate. Preliminary optical rotary dispersion 

(o.r.d.) results suggested that inversion had taken place. 
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The sulfoxides and the sulfinate ester showed Cotton ef

fects opposite in sign, and supporting circular dichroism 

(c.d.) measurements gave curves for the sulfoxides and 

sulfinate ester that were nearly mirror images of one 

another. Additional o.r.d. and c.d. work by Mislow et al. 

(1965) confirmed that inversion of configuration does 

take place. 

The attack of the Grignard reagent on the sulfinate 

ester occurs with 100# stetfeospecificity. Consider the 

following reactions. The two sulfinate esters, • 

? 

CgHijCH^-jD 

jD-CHgOCgHijIVlgBr 0 

2-CH3OC6Hf "" 

CgHjjCHg-E. 

3a 

S"---OR 

C6H1|OCH3-E 

7 

jD-CH^CgHjjMgBr 
1 
S 

jD-CHgCgHjj A 
C6HLTOCH3-E 

8 



(-)-menthyl (-)-£-toluenesulfinate (3a) and (-)-menthyl 

(-)-£-methoxybenzenesulfinate (7) were shown by Andersen 

(1964) to have the same configuration (S). The sulfoxides 

^-and J3, had rotations equal in magnitude but opposite in 

sign. Analogous reactions were carried out by Andersen 

yielding identical results. Mislow et al. (1965) later 

confirmed that the Grignard reaction proceeds with inver™ 

sion. 

The absolute configuration of (-)-menthyl (-)-£-

iodobenzenesulfinate and 3a were firmly established by 

X-ray and chemical methods by Fleischer et al. (1964) and 

Mislow et al. (1965), as both being S at sulfur. The 

absolute configuration of sulfoxides prepared by the 

Andersen method can now be correlated to these sulfinate 

esters. 



RESULTS AND DISCUSSION 

Isotactic and syndiotactic polymers exhibit unique 

physical and chemical properties as a result of stereo-

regularity. These polymers are generally prepared with 

optically inactive initiators, and thus they can not be 

optically active. However, even if one were able to pre

pare an isotatic polymer in which all the asymmetric carbon 

atoms in all the chains were of one configuration, such a 

polymer would differ from its mirror image only at the end 

groups. In a high molecular weight polymer this difference 

is too insignificant to lead to measurable optical activity. 

R R R 

If one were to try to use the principle of asymmetric in

duction to prepare a vinyl homopolymer with an excess of 

one configuration in the chain backbone, optical activity 

of the product could not be used as a criterion for the 

success of the experiment. It turns out, however, that a 

copolymer of a vinyl monomer and a 1,2-disubstituted olefin 

is dissymmetric even beyond differences in end groups, and 

is measurably optically active (For a review see Goodman, 

9 
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1967). There Is only one successful experiment reported 

using the system just described. Schuerch (1958, I960) 

copolymerized S-of-methylbenzyl methacrylate with maleic 

anhydride to produce an optically active copolymer which 

remained optically active after removal of the optically 

active side chain, thus indicating that asymmetry in the 

chain had been induced. 

it seemed that the use of an optically active vinyl sul

foxide as a comonomer with a 1,2-disubstituted olefin would 

provide an excellent system for inducing stereoregularity 

in a copolymer. For one thing the optically active center 

is immediately adjacent to the propagating site, unlike 

the Schuerch example in which the asymmetric carbon atom 

is three bonds removed from the site of propagation. 

Furthermore, side chain asymmetry could be removed very 

easily by thermal or photochemical racemization of the 

sulfoxide, or by mild oxidation to the sulfone. 

*C *CH 
i I I 

COPH CO^H COOH 

* C H — i ^ - C H  

' I 
*CH-C6H5 

CH3 

Because sulfoxides may exist in enantiomeric forms 
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Accordingly R- (+)-isopropenyl j)-tolyl sulfoxide 

(1) was prepared by the general method of Andersen (1962) 

as indicated in equation 1. 

CH3 CH3 

CHo-C^ + Mg —> Ctt2=c^ (!) 

\ 2 \ • ~ 
Br MgBr 

CH2=C 
/ 
CH-

\ 
MgBr CH 

THP 
CHI=C 

S-(-)-Menthyl (-)-]>-toluenesulfinate was prepared 

from £-toluenesulfinyl chloride and (-)-menthol. Repeated 

fractional crystallization provided one of the diastereo-

isomers, the known S-(-)-menthyl (-)-£-toluenesulfinate. 

Sulfinate esters have been shown to react with Grignard 

reagents with 100% inversion of configuration at sulfur 

(Andersen, 1964; Mislow et^ al., 1965). Treatment of S-(-)-

menthyl (-)-£-toluenesulfinate with isopropenylmagnesium 

bromide provided R-(+)-isopropenyl 2,-tolyl sulfoxide in 

65/S yield, 106,9 ± 0.6. Unfortunately this compound 

resisted all attempts at homopolymerization and copoly-

merization using anionic and radical initiators. We 



therefore turned our attention to R-(+)-vinyl £-tolyl 

25 sulfoxide, 390.4 ± 0.6, prepared in the same manner 

as the isopropenyl compound. This compound did not homo-

polymerize when treated with initiators such as benzoyl 

peroxide, azobisisobutyronitrile, n-butyllithium and boron 

trifluoride etherate. However, the initial objective was 

again thwarted by the failure of vinyl ]D-tolyl sulfoxide 

to copolymerize (free radically) with a number of 1,2-

disubstituted olefins including maleic anhydride, trans-

stilbene, indene, acenaphthylene and vinylene carbonate. 

However,it was found that vinyl £-tolyl sulfoxide 

copolymerized with styrene and this led to some Interesting 

observations quite peripheral from the original idea of 

the problem. t 

Vinyl ]D-tolyl sulfoxide, [oQ 390.4 ± 0.6, was 

copolymerized with styrene in bulk using azobisisobutyron-

Itrile initiator. In a typical experiment a 1:1 sulfoxlde-

styrene (mol ratio) solution was heated for 17 hr at 60° 

with 0.5 mol % azobisisobutyronitrile. The copolymer ( 

0.10) was isolated in 22# conversion and contained 5.4# 

sulfur which corresponds.to 19.8 mol % vinyl £~tolyl sul

foxide. This copolymer had a specific rotation of-7.2 ± 

0.4° in acetone and +4.0 ± 0.3° in benzene. Table I sum

marizes the sulfoxide-styrene copolymer. If the polymer 

contained only vinyl sulfoxide units, of the same degree 
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of optical purity as those in the copolymer, then one might 

assume that such a homopolymer would have a specific rota

tion in acetone of 100/19.8 x 7.2 or approximately 36°. 

An attempt to determine the optical purity of the copolymer 

by examining the nmr spectrum in optically active 2,2,2-tri-

fluorophenylethanol (See Discussion below) was unsuccessful 

because of the lack of resolution of the appropriate proton 

signal. However, we do know that R-(+)-isopropyl £-tolyl 

sulfoxide has a specific rotation (in acetone) of +176.5°. 

CEn CH l3 

ca. 1 

[«]D25 175.5 Md25 "7.2 

If it is reasonable to assume that isopropyl £~tolyl sul

foxide is a good model from which the rotation of the 

optically pure copolymer might be predicted, then con

siderable racemlzation of the sulfoxide has occurred during 

polymerization. The question Is, of course, how good a 

model is the isopropyl compound for the polymer? While 



this cannot be answered with great assurance, a number of 

related observations concerning optically active polymers 

seem relevant. A large number of optically active vinyl 

hydrocarbons and aldehydes of the type shown below have 

been polymerized. In all cases in which the active center 

CH2 CH 
I 

(Ch
2)„ I 

I <CH2>n 
*CH-R I 
| *CH-CH0 
OH, | 3 

J CH2H 

is close to the chain backbone (n is less than 3) the rota 

tions of the polymers are very much greater than those of 

low molecular weight model compounds (Goodman, 1967). It 

should be noted that in our case n would be zero. There 

are several schools of thought as to why this is so 

(Goodman, 1967), but the important fact here is the en

hancement of the rotation in the case of polymers. It 

thus appears that the case for racemization of a sulfoxide 

when adjacent to a radical site is likely, but not yet 

conclusively proven. 

Of course it would have been desirable to carry 

out the radical addition of a small molecule, say a 

mercaptan, to vinyl-]3-tolyl sulfoxide. 
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* RSH 
RS» + CH~ « CH > RS-CHp-CH > RS-CHD-CHo + RS' 2 \ 2 v \ 

S-0 S-0 S-0 
/ / / 
°7H7 C7H7 C7H7 

This would result in the formation of 2, and it is known how 

to determine the optical purity of^ (See below). Un

fortunately, thiophenol and vinyl £-tolyl sulfoxide in the 

presence of benzoyl peroxide or azobisisobutyronitrile, do 

not yield the desired product, but rather the compounds 

shown below. A number of other small molecule radical 

Radical 
CGH5SH + CH2 « CH > 0S-CH2-CH2 + CGHG-S-S-CGHG 

S-0 S 
/ / 
C,H, C,H7 

additions were attempted with CCl^, CHCl^, BrCCl^ and 

—"C6H13CHO* In no case spectra of the crude products 

indicate that the desired product was present to a sig

nificant extent. The reaction products were oils from 

which we were not able to isolate pure compounds. 

The fundamental question here is whether or not 

there is any pTT-dTT overlap, indicated in valence bond 
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0 0 

C 5 — 

A B 

terms as resonance form B, and if so, what are the geo

metrical requirements of such a system. There has been 

some discussion in the literature of pfl^-dTt" bonding in 

systems similar to ours. For example, Price and Gilbert 

stabilizing effect of a substituent on a radical site) for 

vinyl methyl sulfide (0.34) than for vinyl methyl ether 

(0.015) and attribute this to expansion of the sulfur octet. 

Comparison of the ultraviolet spectra of vinyl ethers and 

vinyl sulfides (Price and Gilbert, 1952) reveals that 

T âx for the sulfide is some 20-40 mJL greater than that for 

the ether. To the extent that the photoexcited state 

resembles a diradical, this too has been offered as an 

argument for pTT-dTT" overlap. Vinyl methyl sulfoxide, 

however, has a considerably smaller Q value (0.10) than 

vinyl methyl sulfide. This would indicate that pT>-dTT 

overlap is considerably less important in the case of vinyl 

methyl sulfoxide than in the case of vinyl methyl sulfide. 

Vinyl methyl sulfoxide, however, is not necessarily a good 

model from which to draw conclusions concerning the 

(1952) report a much larger value of Q (a measure of the 
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monomer used in this work, vinyl ̂ -tolyl sulfoxide. In 

the lat_ter case radical derealization may extend through 

sulfur into the benzene ring as indicated below. In fact 

— CH 

this kind of derealization through sulfur has been offered 

as an explanation for the greatly enhanced radical reactiv

ity of divinyl sulfide relative to vinyl methyl sulfide 

(Price and Scott, 1959). In order to learn about the 

effect of the-phenyl group on reactivity ratios the radical 

copolymerization of vinyl ]D-tolyl sulfoxide and styrene 

was carried out. 

Reactivity ratios were determined by the Mayo-Lewis 

(19^4) method, using the equation: 

M1 M2 MI 

r2 = it£ (1 + rl} -1 

where and are determined by the equation: 

. M-J + (M^-m-^) Mg.+) 
M,' - and Ml = 
l n c- o 
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where f^and M2 are the original Mayo-Lev/Is expressions and 

represent the initial number of milllmoles of comonomer 

(vinyl £-tolyl sulfoxide and styrene respectively) in the 

feed and m-^ and m2 represent the respective number of milll

moles of each comonomer in the copolymer (Alfrey, Bohrer 

and Marks, 1952). This averaging correction was necessary 

because of the relatively high conversions involved. The 

copolymerization data used were runs 2.5,6 and 7 (See Table 
f\* A/ rt* 

I). A plot of r^ versus r2 gives r^ (vinyl £-tolyl sul

foxide) 0.10 ± .07, r2 (styrene) 5*77 ± 0.10. 

An earlier report indicated that a carbanion ad

jacent to a sulfoxide caused no epimerization at sulfur 

(Cram and Pine, 1963). In view of our finding with regard 

to a radical site adjacent to sulfur, it was desirable to 

confirm this observation in our system. Recently Abbott 

and Stirling (1^68) reported the nucleophilic addition of 

methoxide and piperidine to racemic vinyl sulfoxide. In 

agreement we found that potassium t^butoxide, piperidine 

and sodium thiophenoxide readily added to vinyl £~tolyl 

sulfoxide as shown below. 

(CH3)3CO + CH2 
ROH 

COCHOCH CH 
\ 
S-0 

3 



TABLE I 

COPOLYMERIZATION OF VINYL jd-TOLYL SULFOXIDE (M-^ AND STYRENE (M2) 

M^/mol M2/1110I 

Initi
ator/ 
mg 

Temp 
(C°)/ 
Time 
(hr) 

Conver
sion/ 
% 

% 
Sulfur in 
Copolymer 

Mol % 
Mx in 
Copolymer 

1. 

2. 

.006 

.0010 

.006 

.0045 

ABIN 
12-15 
ABIN 
5-0 
ABIN 
c; n 

60/17.0 

70/0.5 

21.8 

1G.8 

5.40 

1.18 

19.8 

3.9 

3. .0010 .0045 

ABIN 
12-15 
ABIN 
5-0 
ABIN 
c; n 

70/2.75 45.6 

4. .0015 .0040 
5. u 
ABIN 
5-0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
45 

70/2.75 38.2 

5. .00275 .000275 

5. u 
ABIN 
5-0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
45 

70/2.75 12.4 4.49 15.5 

6. .0035 .0020 

5. u 
ABIN 
5-0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
45 

70/4,0 7.0 5.72 22.1 

7. ,0040 ,0015 

5. u 
ABIN 
5-0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
45 

70/8,0 4.9 6.79 25.3 

8. .023 .023 

5. u 
ABIN 
5-0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
5.0 
ABIN 
45 

70/16.0 19.5 4.50 15.9 

NOTE: ABIN is azobisisobutyronitrile. 
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6.10 • 

5.60-

5.35 

5.10 " 

0.25 0.75 1,00 

rl 

Figure 1. Mayo-Lewis plot for vinyl jv-tolyl sulfoxide 
and styrene. 
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ROH C6H5S + CH2 = CH C6H5S - CH2CH2 

S-0 S-0 
/ / 
C7H7 2̂  C7H7 

ROH 
+ CH2 = CH o —CH2CH2 

\ W ' V 
S-0 S-0 
/ / 
C7H7 4 c7h7 

-Phenylmercaptoethyl ]D-tolyl sulfoxide was pre

pared by the addition of optically active vinyl g-tolyl 

sulfoxide to an equivalent of sodium thiophenoxlde in 

water. After the addition, the heterogeneous mixture was 

stirred for 1 hr at 30-32°. After extraction with ether, 

drying and removal of solvent the crude product (84.5^) 
2 fi 

had mp 76-79°s 145.4 ± 0.3 (c 1.44, acetone). 

Recrystallization from methylene chloride-hexane 

yielded white needles with mp 83.5-84.0° and 162.1 

(c 0.4, acetone) as well as elongated plates with mp 68.0-

69.0° and 90+1. Comparison of these two crystal

line forms in the infrared (CCl^ solution) showed that they 

were identical. This is also indicated by their mixed 

melting point, mp 78.5-80.0°, which lies between the two 

as expected. The racemic compound has mp 72-73° (See below) 
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A number of apparently nucleophilic reactions have 

recently been shown to. proceed by an electron transfer 

process involving radical intermediates. In our case a 

process such as 

© 
C/-HCS~ + CH~ = CH 0S + CHQ-CH —^ 0S-CH?CH? 
65 \ I \ 

3-0 . . S-0 S-0 
/ i / 
CJI7 C7H7 C7H7 

is unlikely. A number of attempts made to detect 

radical intermediates by electron spin resonance mea

surements of the reaction mixture were unsuccessful. 

Graff, Rittenberg and Foster (19*10) were the first 

to describe an isotopic dilution technique'for the deter

mination of both L- and D- amino acids in biological 

material. Bersen and Ben-Efraim (1959) developed this 

technique into a method for determining optical purities. 

This method involves the addition of m grams of 

labeled racemate (A+) with specific activity SQ to n grams 

of unlabeled optically active A, and reisolating the race-

mic A+, generally by fractional crystallization. If the 

unlabeled test sample is racemic, the specific activity 

of the reisolated A+J will be So[m/(m + n)]. If the un

labeled test sample is optically pure A+a the dilution of 
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the label will be less since only the label of the A+ mole

cules will be diluted. The specific activity of A+ will now 

be S0[m/(m + 2n)] and that for A„ will remain unchanged. 

The observed specific activity of the reisolated A± will be 

the average of A+ and A_; that is, S0[(m + n)/(m + 2n)]. 

The optical purity of the sample A is thus related 

to the specific activity of the reisolated racemic material. 

Because the specific activity of the A+ and A_ remain un

changed in reisolating the racemic A+, the specific ac

tivity S+ of reisolated A+ can be expressed as the average 

of the specific activities of A+ and A„; 

s± ~ \ S0[m/(m + 2a)3 + ̂  S0[m/(m + 2a)] 

where a and a are the weight of A+ and A_ in the test 

sample, and where: 

a « | n(p + 1) = n - - B 

and 

a = 2 ~ ~ \ B 

where p is the optical purity of the test sample, B is 

the weight of the racemate in the test sample and n is 

the weight of the test sample. 

The absolute rotation A can be calculated from 

equation 2 : 
rvi 

S^n2Cc<]2 - S mnMK] (2) 
• a2 = 2 L_ ~ 

S^(m+n)2 - SQ(m+n)m 
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where n is the weight of the test sample (g), m and So 

are the weight and specific activity of the labeled 

racemate, Si is the specific activity of the reisolated 

material and [<*•] and are the specific rotations of 

the test sample and reisolated material, respectively. 

Deuterated, racemic ̂ -phenylmeraptoethyl jD-tolyl 

sulfoxide (mp 72-73°) was prepared by the treatment of 

vinyl p-tolyl sulfoxide with sodium thiophenoxlde in deuter

ium oxide or in a mixture of deuterium oxide and methanol-

0,d. Methanol-Ojd was prepared according to the procedure 

of Charnley, Skinner and Smith (1952) by the reaction of 

stoichiometric quantities of deuterium oxide and tri-

methylborate. 

The deuterated^-phenylmercaptoethyl jo-tolyl sul

foxide was found to contain 0,861 deuterium atom per mole

cule by mass spectroscopy and 0.883 deuterium atom per 

molecule (5.52 atom % excess deuterium) by the falling 

drop method. Deuterated racemic sulfoxide was added to 

optically active sulfoxide 162 and the mixture was 

recrystallized until the rotation was 47°. The deuterium 

content of this material was determined and the absolute 

rotation of ̂ -phenylmercaptoethyl £-tolyl sulfoxide was 

found according to equation 2 to be 176.9 ± 

The crude product from the addition of sodium 

thiophenoxlde to optically active vinyl £-tolyl sulfoxide 
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had a specific rotation of 145.4 ± 0.3. It was necessary 

to determine if this value was enhanced by the presence 

of unreacted optically active vinyl £-tolyl sulfoxide 

390. For one thing the nmr spectrum of the crude 

product showed no vinyl hydrogen,- An examination of the 

ultraviolet spectra was also helpful. Pure ̂ -phenylmer-

captoethyl £~tolyl sulfoxide, mp 83,5-84.0°, in 95% ethanol 

had T^ax 248 mif (€10,800) whereas the crude product had 

248 mp. (£10,700). At 229 mji. pure vinyl £-tolyl sul

foxide has a maximum with £12,100. At 229 m/t the crude 

addition product has£9,500, whereas the pure compound 

has £ 93300. 

The optical purity of the crude ̂ -phenylmercapto-

ethyl ]3~tolyl sulfoxide would then be 78.8-80.1$. 

The vinyl jj-tolyl sulfoxide and f -phenylmercapto-

ethyl £-tolyl sulfoxide were both found to be optically 

stable under the reaction conditions. However, one might 

argue that a facile equilibrium occurred causing racemiza-

tion as in equation 3. r\s 

C(P* 0 CFIH (3) 
P n5 \ b >5 o ^ 

s — C7H7 ^ xs ̂ S—C7H7 \ / 7 7 *=— \ / 7 7 

CH2—CH2 CH2—CH2 
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The pyrolysis of the ̂ -mercapto sulfoxide should 

give vinyl phenyl sulfide (7) with 5 and vinyl p-tolyl 
A-

sulfide (8) with 6 (Cram and Kingsbury, I960). 

CHO « CH CH- = CH 
\ 2 \ 
S — C G H 5  S  —  C 7 H 7  

This approach to the problem was not satisfactory since 

oxygen migration could well occur during pyrolysis (150°). 

However, the treatment of crude ̂ -phenylmercapto-

ethyl jD-tolyl sulfoxide with potassium t^-butoxide in t-

butyl alcohol resulted in an elimination-addition reaction 

to yield^-t-butoxyethyl ̂ -tolyl sulfoxide. Thus the 

equilibrium in equation 3^ does not take place under the 

reaction conditions. Furthermore the rotation of 2 remains 

constant with time and if the equilibrium above is occurring 

then not only would both isomers have to have the 

same rotation, but, in addition, every oxygen transfer 

would have to occur with 100$ retention of configuration, 

a highly unlikely prospect. 

Because the Andersen method for the preparation 

of optically active sulfoxides is known to procede with 

100# inversion (Andersen, 1964$ Mislow et^ al_., 1965) and 

because our vinyl £-tolyl sulfoxide was prepared from 

dlastereomerially pure menthyl sulfinate ester, it was originally 

believed that the vinyl compound was optically pure and 
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that the addition reaction proceeded with some racemiza-

tion (ca. 20$), However, it was determined that the vinyl 

compound was not optically pure. This was accomplished by 

an nmr method described by Pirkle and Beare (1968). The 100 

MHz nmr spectrum of vinyl ]D-tolyl sulfoxide 390.4) 

was examined using a sample composed of a 2:1:3 mol ratio 

of R-(-)-2,2,2-trifluorophenylethanol, sulfoxide and carbon 

tetrachloride, respectively. Short-lived diastereomeric 

hydrogen-bonded carbinol-sulfoxide solvates are presumably 

formed and the protons in the different complexes may have 

different chemical shifts. The areas of each proton signal 

are thus related to the amount of each enantiomer present. 

In the vinyl proton region, optically active vinyl 

£-tolyl sulfoxide shows a well defined ABX pattern in CCl^. 

However, in optically active trifluorophenylethanol each 

ABX signal is accompanied by a new signal about 0.02 ppm 

removed at 1000 Hz sweep width. By integration the vinyl 

£-tolyl sulfoxide was determined to have an optical purity 

of 80-81JS by this method. The racemization of this sul

foxide probably occurred during the isolation and purifica

tion procedure which required distillation at elevated 

temperatures for considerable periods of time. Sulfoxides' 

are known to racemize with heat (Mislow et_ 'al. , 1966). 

Anionic addition of thiophenol occurs without 

racemization. Comparison of the o.r.d. and c,d. spectra 
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of the materials indicates that addition occurs with re

tention of configuration about sulfur. 

In further confirmation ethyl £-tolyl sulfoxide 

was observed to maintain configuration during hydrogen-

tritium excha'nge. A 0.17 M t-C^H^OT solution of ethyl 

£-tolyl sulfoxide was observed to undergo approximately 

33^ exchange in the presence of O.78 M t^-C^HgOK at 60.4 ± 

0.1°over 17 hr. The rotations were followed in less con

centrated solutions to approximately 12% exchange with no 

observable change, 

$ -;t-Butoxyethyl £-tolyl sulfoxide (3) was prepared 

in approximately 76% yield by treating 80-81$ optically 

pure vinyl jD-tolyl sulfoxide with t-butoxide in t^-butyl 

alcohol3 1^9.4 ± 0*3 The nmr determination of 

optical purity of this sulfoxide in R-(-)-2,2,2-tri-

fluorophenylethanol indicated it was approximately 77 ± 1% 

optically pure. Thus, the original conclusion is borne out 

again. 

-N-Plperidinyl £-tolyl sulfoxide was prepared by 

the reaction of vinyl jj-tolyl sulfoxide and piperidine in 

methanol in approximately 60# yield. The nmr determina

tion of its optical purity was unsuccessful. Nonequivalencfe 

was not observed. 

The above reactions represent conditions under 

which the anions adjacent to sulfur are only transient 
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species. For this reason n-butyllithium was added to 

vinyl £-tolyl sulfoxide in the hope of forming "long-

lived" carbanions. Also, the desired product, n-hexyl 

g-tolyl sulfoxide, could be conveniently synthesized by 

Andersen's method. Organolithium compounds are known to 

undergo complex reactions with sulfoxides, yielding 

products of reduction, disproportionation, etc. However, 

we had hoped that the use of N,N,N)n'-tetramethylethylene-

diamine, and low temperatures would lead to a clean addition 

reaction. This proved not to be the case. Treatment of 

vinyl ]D-tolyl sulfoxide with n-butyllithium gave a complex 

mixture; spectroscopic evidence indicated the presence of 

n-hexyl £-tolyl sulfide and n-butyl £-tolyl sulfide. These 

results are summarized in Table II. 

Nucleophilic additions to vinyl £-tolyl sulfoxide 

occur with retention of configuration at sulfur and poly

merization data suggest that radical addition occurs with 

considerable sulfur racemization. It was of interest to 
© 

investigate an anion radical such as CH2 CHSOC7H7. 

Szwarc (1968) in particular has shown that radical anions 

of many olefins may be generated by treatment of the olefin 

with sodium naphthalene in tetrahydrofuran. Accordingly, 

optically active vinyl £-tolyl sulfoxide (1.0 g) was treated 

with an equimolar quantity of sodium naphthalene in 



TABLE II 

REACTION OP n-BUTYLLITHIUM AND VINYL £-TOLYL SULFOXIDE 

n-BuLi VPTS Time Termination TMEDA 

mol mol Temp (H20 or C02) mol Result 

.09 .03 5-6/0 
15/RT 

H20 Complex mixture 

.18' .06 6/0 H2O 

.03 .03 V-20 to 
-25 

H2O it ii 

.03 .03 4/-60 H2O . it it 

.03 .03 V-25 co2 tt it 

.03 .03 4/-20 co2 .007 tt n 

.12 .12 6/-78 H2O .028 it it 

.03 .03 V-78 CO2 .007 it tt 

.03 .03 0.5/-78 H2O' .03 ti tt 

•
 o
 

u>
 

.03 1/-78 H?0 .03 it it 

NOTE: ri-BuLi is n-butyllithium, VPTS is vinyl £-tolyl sulfoxide, TMEDA is N,N, 
Nl N1-tetramethylethylenediamine,, RT is room temperature. In the usual 
procedure VPTS was added to n-BuLi; in the last example the addition was 
reversed. 
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tetrahydrofuran (Sorenson and Campbell, 1968) at -78° to 

room temperature. 

After termination with methanolic hydrochloric 

acid, approximately 1.0 g of an oil and 100 mg of a yellow 

solid were Isolated. The solid was amorphous with a 

softening point of 135-1^5°. The nmr (external tetra-

methylsilane) showed broad peaks characteristic of polymeric 
4 

materials in the aromatic region (ca. 2.7 T), the £-methyl 

region (ca. 7.6 T), and in the methylene region (ca. 8,7 T). 

The solid material had 0.20 and [X1D25 29 ± 2 and 

an empirical formula of approximately ci2H15OS* Tĥ s 

material could be homopolymer contaminated with naphthalene. 

It is interesting to note that the rotation of this material 

is similar to what we estimated the rotation of poly(vinyl 

g_-tolyl sulfoxide) to be from the radical dopolymerization 

experiment. More work will be required to purify and 

characterize this material. 

The major product was approximately 1.0 g of an 

oil which was distilled in a Hickman apparatus at approxi

mately 100° (0,001 torr) with some decomposition. The 

distillate had an approximate empirical formula of C24H25S2O. 

Infrared indicated the possibility of S-0 (1035 cm""1": 

moderate), and a well resolved nmr spectrum showed the 

g-tolyl methyl group, aromatics, and possibly vinylic 



34 

2 R 
hydrogens. The substance was optically active [^]D 

12.5°. This material remains to be further characterized. 

Since the completion of this work, Hutchinson, 

Andersen and Katritzky (1969) have shown that base catalyzed 

hydrogen-deuterium exchange of the oC-sulfinyl protons in 

conformationally rigid cis-and trans-4-phenyl-tetrahydro-

thiopyron 1-oxides occurs without loss of configuration at 

sulfur. 



EXPERIMENTAL 

Melting points were determined on a Fisher-Johns 

melting point apparatus and are uncorrected. Nuclear 

magnetic resonance (nmr) spectra were determined on either 

a Varian Model A-60 spectrometer at 60 MHz or a Varian 

Model HA-100 spectrometer at 100 MHz using tetramethyl-

silane as an external or internal standard. Nmr spectra 

are presented in tau (T) units, with peak description and 

integration in parentheses, followed by assignment. The 

solvent used is also presented in parentheses preceding 

the tau values. Ultraviolet spectra were determined on 

a Cary 14 recording spectrometer. Infrared spectra were 

taken with either a Perkin-Elmer Infracord or a Perkin-

Elmer 337 Grating Infrared spectrophotometerj a polystyrene 

film.was used to calibrate the instruments. Viscosities 

were determined at 25° using Cannon-Fenske viscometers. 

Optical rotations were determined on a Cary 60 recording 

spectropolarimeter, and concentrations (c) are given in 

g per 100 ml of solvent. 

Microanalyses were performed by either the Micro-

Tech Laboratories, Skokie, Illinois or by the Huffman 

Laboratories, Wheatridge, Colorado, Deuterium analyses 

35 



36 

and molecular weight determinations were determined on a 

Hitachi Perkin Elmer RHU-6E mass spectrometer. 

Hydrocarbon solvents were purified by stirring 

overnight with 95# sulfuric acid, washing with distilled 

watera drying over magnesium sulfate, and 2H hour reflux 

over sodium prior to final distillation. 

Mallinckrodt anhydrous reagent grade diethyl ether 

was used with no further purification. Tetrahydrofuran 

was purified by drying over potassium hydroxide and dis

tilling from lithium aluminum hydride immediately before 

use. Reagent grade carbon tetrachloride was made anhydrous 

by stirring with phosphorus pentoxide. All other solvents 

were reagent grade and used without further purification. 

Potassium t_-butoxide in t-butyl alcohol was pre

pared by the method of Johnson and Schneider (1963). 

Matheson, Coleman and Bell practical grade potassium 

t^butoxide was also used with no further purification. 

Deuterium oxide was obtained from Stohler Isotope 

Chemicals and contained 99-8% enrichment. 

Lithium wire and n-butyllithium in hexane were ob

tained from the Lithium Corporation of America. All 

organolithium reactions were run under an inert atmosphere 

in a flame-dried apparatus protected by calcium chloride 

tubes. 
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Malllnckrodfc reagent grade styrene was purified by 

stirring with 5% potassium hydroxide, washing with distilled 

water, drying over magnesium sulfate and distilling over 

calcium hydride at reduced pressure. 

Thionyl chloride (500 ml) was purified by rapid 

distillation from 25 ml of dipentene. Eastman practical 

grade piperidine was purified by 2k hour reflux over po

tassium hydroxide prior to final distillation. 

£-Toluenesulfinic Acid 

Sodium £-toluenesulfinate was prepared by the 

method of Field and Clark (1963). Acid hydrolysis of the 

salt gave 95$ of product, mp 84-85°, lit. (Lange, 1961) 

mp 85-90°. 

£-Toluenesulfinyl Chloride 

This compound was prepared by the method of 

Phillips (1925). The £-toluenesulfinyl chloride was ob

tained as a pale yellow oil in 98$ yield-

S— (-)-Menthyl (-)-p^-Toluenesulfinate 

This compound was prepared essentially according 

to the published procedure of Phillips (1925) with slight 

modification of Herbrandson (1959). A solution of (-)-

menthyl (156 g, 1,0 mol).in pyridine (100 g) was cooled to 

-10°, and ]D~toluenesulflnyl chloride (17^ g* 1*0 mol) was 



38 

added in small quantities. The reaction mixture was main

tained at -18° for 24 hr. At the end of this time, water 

was added,and the liberated oil v/as extracted with three 500 

ml portions of diethyl ether, washed with water,and dried 

over anhydrous magnesium sulfate. After removal of diethyl 

ether, the oil deposited crystals on cooling which were sep

arated by filtration and recrystallized from petroleum ether 

to give a mixture of diastereoisomers of menthyl ^-toluene-

sulfinate (79 g, 2755), mp 101-103°. The remaining oil from 

above v/as treated with hydrogen chloride for a few minutes 

and placed in the refrigerator at 2°. After several hr crysr-

tals deposited which were collected on a filter and recrys

tallized from petroleum ether to give 160 g (55%) of a mix

ture of diastereoisomers of menthyl ]D-toluenesulfinate. The 

combined solids were recrystallized 8 to 12 times from a 3:17 

water-acetone mixture to give pure S-(-)-menthyl (-)-£-tol-

uenesulfinate, mp 106-106,5°> -200 (c2, acetone), lit. 

(Andersen, 1961) 106-107°, MD25 -199 (c2, acetone). The 

ester was stored in the dark over phosphorus pentoxide in a 

desiccator. 

Isopropenyl- and Vinylmagnesium Bromide 

The above Grignard reagents v/ere prepared according 

to the method of Normant (i960). Fine magnesium turnings 

(2jl g, 0.1 g-atom) and 25-30 ml of dry tetrahydrofuran were 

placed in a three necked flask equipped with stirrer, 



39 

condenser, thermometer, and dropping funnel under nitrogen 

along with a trace of iodine. A portion of the appropriate 

bromide (0.5 ml) was added. The start of the reaction was 

indicated by the disappearance of the iodine color and the 

appearance of a light brown color. If the reaction did not 

start immediately, the flask was gently warmed and no further 

halide added. Once the reaction had begun, the halide (0.1 

mol in 25-30 ml of dry tetrahydrofuran) was added at such a 

rate that the temperature of the reaction was maintained be

tween 40-50°, When the addition was completed the reaction 

mixture was heated with stirring under reflux for 1 hr. 

After cooling a fine suspension of the Grignard was obtained 

in 75-80$ yield as determined by the double titration method 

of Gilman and Haubein (1944). 

Isopropenyl p-Tolyl Sulfoxide 

The procedure was similar to that of Andersen 

(1962) for the synthesis of other optically active sul

foxides. S-(-)-menthyl (-)-£-toluenesulfinate (294 g, 

1.0 mol) and anhydrous diethyl ether (250-300 ml) were 

placed in a flask protected by a drying tube under nitro

gen. A solution of isopropenylmagnesium bromide (1.50 

mol) in 750 ml of tetrahydrofuran was added dropwise over 

0.5 hr period with stirring at room temperature. After 

stirring overnight and an additional 3 hr under reflux, 

saturated aqueous ammonium chloride was added until the 
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inorganic salts precipitated, leaving a clear pale green 

ethereal solution. The solvent was decanted, and the in

organic residue was extracted by stirring with diethyl 

ether. The combined ether solutions were dried over an

hydrous magnesium sulfate,and concentrated leaving a red 

wine colored liquid. The sulfoxide was distilled through 

a spinning band column to yield 117 g (65$) of the sulfox

ide, bp 85.5-86.5° (0.2 torr), nD23 1.5691, MD25 106.9 ± 

0.6 (c 1.55a acetone). The nmr spectrum (CCl^) showed 

peaks at 2.60 T (quartet, 4H) assigned to the aromatic 

protons; 4.05 T (doublet, 1H), 4.48 T (multiplet, 1H) 

assigned to the vinyl protons; 1.63 T (singlet, 3H) as

signed to the £-methyl group; and 8.34 T (doublet, 3H) 

assigned to the of-methyl group. The infrared spectrum 

(neat) showed a strong absorption at 1055 cm"1 assigned 

to the sulfoxide. S-0 stretch. 

Anal. Calcd. for gIQH120S: 0,66.62; H,6.70; S,17-78. 

Pound: C,66.55; H,6.76; S,17.70. 

Vinyl £-Tolyl Sulfoxide 

Vinyl 2,-Golyl sulfoxide was prepared by the above 

procedure with the exception that the best yields (45?) 

were obtained using a 1:1 molar ratio of the vinylmagnesium 

bromide to S-(-)-menthyl (- )-j)-toluenesulfinate, and a 

large excess of diethyl ether (800 ml). An analytical 

sample distilled from calcium hydride had bp 79-80° 
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(0.04 torr), nD2ii-4 1.5766, MD25 390.4 + 0.6 (c 1.2, 

acetone). The nmr spectrum (CCl^) showed peaks at 2.71 T 

(quartet, 4.2H) assigned to the aromatic protons; 3.40 T 

(quartet, 1H), 4.03 T (doublet, 1H), 4.28 T (doublet, 1H) 

assigned to the three vinyl protons; and 7*68 T (singlet, 

3H) assigned to the ]D-methyl group. The infrared spectrum 

(neat) showed a strong absorption at 1050 cm""^ assigned 

to the sulfoxide S-0 stretch. 

Anal. Calcd. for C^H^qOS: 0,65.05; H,6.01; S,19.30. 

Found; C,65.10; H,6.30; S,19.29. 

Ethyl £-Tolyl Sulfoxide 

This compound was prepared by the method of 

Andersen (1962) with slight modification. To a solution 

of 47 g (0.16 mol) of S-(-)-menthyl (-)-jD-toluenesulfinate 

in 900 ml of anhydrous diethyl ether, was added approxi

mately 50/5 excess of ethylmagnesium bromide prepared by 

the reaction of 27.3 g (0.25 mol) of ethyl bromide and 6.0 g 

(0.25 g-atom) of magnesium in 350 ml of anhydrous diethyl 

ether. The addition was completed within 0.5 hr and the 

reaction mixture was then washed with 10% hydrochloric 

acid, 10% sodium carbonate, and water. The ethereal layer 

was dried over anhydrous magnesium sulfate and concen

trated, The residue was distilled to give 10*1 g (35-8£) 

of product, bp 97-980 (0.3 torr), [<x]D25 189.5 ± 1 (c 1.37, 

acetone); lit. (Mislow, et_ al., 1965) hp 94° (0.4 torr), 



42 

[<x]D 187.5 (acetone); (Andersen, 1962) bp 123-126° (1.5 

torr), Md
25 186 (c 1.991 acetone); (Cope and Caress, 

1966) bp 76-77° 3 [P203.2 (c 0.6, acetone). The nmr 

and ir spectra are consistent with the expected structure 

of the sulfoxide. 

p-Phenylmercaptoethyl £-Tolyl Sulfoxide 

To a solution of 1.6 g (0.012 mol) of sodium 

thiophenoxide (prepared by reaction of equimolar quanti

ties of thiophenol and finely cut sodium in anhydrous 

diethyl ether) in 50 ml of water was added 2.0 g (0.012 

mol) of vinyl £-tolyl sulfoxide. The heterogeneous mixture 

was stirred at 30-32° for 1 hr and then extracted with 

diethyl ether. The ethereal solution was washed with 

water and then dried over magnesium sulfate and concen

trated, yielding 2.8 g (84.5$) of the crude product, mp 

76-79°, [oc]d26 145.il + 0.3 (c 1.44, acetone). The nmr 

spectrum (CCl^) showed-peaks centered at 2.75 T (multiplet, 

8.7H) assigned to the aromatic protons; 7-05 T (multiplet, 

4H) assigned to the two methylene groups; and 7.69 T 

(singlet, 2.9H) assigned to the g-methyl group. The in

frared spectrum showed a strong absorption at 1050 cm ^ 

assigned to the sulfur-oxygen stretching vibration. 

Anal. Calcd. for C,65.24; H,5.79; S,23.19; 

mol wt 276. Pound; C,64.71; H,5.91; S,23.10; 

mol wt 276 (mass spectrometer).. 
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^ -Phenylmercaptoethyl 2,-tolyl sulfoxide was also 

prepared in 80-83# crude yield by the homogeneous reaction 

of sodium thiophenoxide and vinyl £-tolyl sulfoxide in 

aqueous methanol at 30-32° 135.9 ± .01 (c .74, 

acetone))s and in 20-60$ crude yield by the reaction of 

vinyl ]D-tolyl sulfoxide, thiophenol,and sodium methoxide 

at 70-75°. 

^ -t_-Butoxyethyl £-Tolyl Sulfoxide 

To a solution of O.67 g (0.006 mol) of potassium 

t-butoxide in 25 ml of t-butyl alcohol was added 1.0 g 

(0.006 mol) of vinyl ]3-tolyl sulfoxide. The reaction 

mixture was stirred at room temperature for 4-7 hr and then 

extracted with diethyl ether. The ether layer was dried 

over anhydrous magnesium sulfate, and concentrated under 

vacuum yielding 1.1 g (76.4$) of product. This material 

was distilled using a Hickman still (0.001 torr, 90-100°) 

to give 950 mg of product, 149.4 + 0.3 (c 0.79, 

acetone). The nmr spectrum (CCl^) showed peaks at 2.78 T 

(quartet, 4H) assigned to the aromatic protons; 6.52 T 

(multiplet, 1.9H) assigned to the CH2-O protons; 7.36 T 

(multiplet, 2.1H) assigned to the CH2-S protons; 7.79 T 

(singlet, 3.2H) assigned to the ^-methyl group; and 8.97 T 

(singlet, 10H) assigned to the t-butyl group. The infrared 
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spectrum showed a strong S-0 stretching band at 1045 cm~^. 

Anal. Calcd; for C^H^C^S: C,65.00; H,8.33; S,13.33. 

Found: C,64.77; H,8.43; S,13.61. 

@ -N-Piperidinyl £-Tolyl Sulfoxide 

To a solution of 1.02 g (0.012 mol) of piperidine 

in 5 rnl of methanol was added 2.0 g (0.012 mol) of vinyl 

£-tolyl sulfoxide. The reaction mixture was stirred for 

24 hr at room temperature and then extracted with diethyl 

ether. The ethereal layer was dried over magnesium sulfate 

and concentrated to give 1.8 g (59.7$) of crude product. 

Distillation through a Hickman still (0.001 torr, 90-100°) 

yielded 1.4 g of product, [<*]D25 122.0 ± 0.3 (c 0.58, 

acetone). The nmr spectrum (CCl^) showed peaks at 2.78 T 

(quartet, 4H) assigned to the aromatic protons; 7-28 T and 

7.65 T (multiplets 3-6H) assigned to the CH2-S and CH2-N 

protons respectively; 7*96 T (singlet, 4.4H) assigned to 

the alpha methylene protons on the piperidine ring; 7'82 T 

(singlet, 3.2H) assigned to the ^-methyl protons; and 8.73 T 

(singlet, 6H) assigned to the § and V methylene protons 

on the piperidine ring. The infrared spectrum showed a 

strong S-0 stretching band at 1040 cm . 

Anal. Calcd. for C-^H NOS: C,66.93; H,8.36; S,12.74; 

N,5-57. Pound: C,64.08; H„8,37; S,12.68; 

N,5.21. 
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The picrate of ̂ -N-piperidinylethyl ]>-tolyl sul

foxide was prepared according to the procedure of Shriner, 

Puson and Curtin (1962). After recrystallization from 

ethanol the product had mp 128.5-130.5°. 

Anal. Calcd. for CggHg^NijOgS: C,50.00; H,5.00; 

N,ll.66; S,6.66. Found: C,49.94; H,5.l8; 

N,11.58; S,6.88. 

Poly (vinyl g^-tolyl sulfoxide-

co-styrene) 

In a typical experiment a mixture of 1,0 g (0.006 

mol) of vinyl j>-tolyl sulfoxide, 0.63 g (0.006 mol) of 

styrene and 12-15 nig of azobisisobutyronitrile was degassed 

by the freeze-thaw method, flushed with nitrogen and heated 

at 60° for 17 hr. The copolymer was dissolved in benzene 

and precipitated from methanol in a high speed mixer. The 

copolymer was again dissolved in benzene and precipitated 

from methanol. The solid was then dissolved in benzene, 

filtered and freeze dried to give 350 mg (21.8$ conversion) 

of a fine white powder (See Table I). This material con

tained 5.40JS sulfur, indicating the incorporation of 19.8 

mol % vinyl £-tolyl sulfoxide into the copolymer. 

0.10 (0.59 g in 100 ml benzene)> 2 ± 0.4 (c 0.52, 

acetone), . o + Q.3 (c 0.50, benzene). 
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Attempted Copolymerlzations of 
Vinyl 2,-Tolyl Sulfoxide 

In a typical experiment 0.016 mol (2.6 g) of vinyl 

£-tolyl sulfoxide was added to 0.016 mol of a 1,2-disub-

stituted comonomer such as maleic anhydride in a 15 ml 

flask along with 26 mg of azobisisobutyronitrile. The 

system was degassed by the freeze-thaw method, flushed 

with nitrogen,and heated at 70-72° for 16-^3 hr. The 

material was then poured into methanol or methanol-water 

mixture. In most cases only a few mg of solid was isolated 

and this material was not characterized further. 

^-Phenylmercaptoethyl ̂ -Tolyl Sulfide 

In attempting to add thiophenol to vinyl ]o-tolyl 

sulfoxide by a free radical reaction,^ -phenylmercaptoethyl 
C 

£-tolyl sulfide was formed in 10-30# yield. In a typical 

experiment 7-. 8 g (0.07 mol) of thiophenol was added to a 

mixture of 8.0 g (0.046 mol) of vinyl ]3-tolyl sulfoxide and 

100 mg of azobisisobutyronitrile. The mixture was purged 

with nitrogen and then heated at 72-75° for 5-6 hr. Dis

tillation of the reaction mixture at reduced pressure 

yielded, in addition to recovered thiophenol, 3.8 g mj%) 

of vinyl £-tolyl sulfoxide and 3.6 g of a high boiling 

fraction (130-150°, 0.05 torr) which solidified on cooling. 
« 

This material was recrystallized from aqueous methanol to 
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give 1.2 g (10J5) of^ -phenylmercaptoethyl £-tolyl sulfide, 

mp 47-48°, 

Anal. Calcd. for C15Hl6S2: C,69.40; H,6.l6; S,24.60. 

Pound: 0,69.21; H,6.08; S,24.63. 

The nmr and ir spectra were consistent with the 

structure of the isolated product, and a mixed melting 

point with an authentic sample (prepared in 60% yield by 

the reaction of equimolar quantities of ̂ -chloroethyl 

£-tolyl sulfide, theophenol and sodium methoxide at room 

temperature) showed no depression. 

Attempted Radical Additions to Vinyl 
£-Tolyl Sulfoxide 

A number of reagents,, such as chloroform and carbon 

tetrachloride, were treated with vinyl £-tolyl sulfoxide 

in the presence of a free radical source in an attempt to 

add them to the double bond (See Discussion). In a typical 

experiment a solution of 5-0 g (0.03 mol) of vinyl j>-tolyl 

sulfoxide, 24 g (0,12 mol) of bromotrichloromethane, and 

2.0 g of azobisisobutyronitrile was heated, under nitrogen, 

for 5 hr at 70-72°. The 1:1 addition product could not be 

isolated or detected in any case. The products were oils 

which could not be characterized. 
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Reaction of n-Butyllithium and Vinyl 
jo-Toly 1 Sulfoxide 

In a typical experiment a solution of 5-0 g (0.03 

mol) of vinyl jD-tolyl sulfoxide in 50 ml of anhydrous 

diethyl ether was added dropwise to 19 ml (0.03 mol) of 

a 1.6 M solution of n-butyllithium in hexane at -60° (See 

Table II). In all cases the solution turned bright yellow 

immediately. The reaction mixture was terminated either 

by the addition of water or by pouring the reaction mixture 

over Dry Ice. In no case could the addition product be 

isolated or identified. A complex mixture of products was 

obtained and spectroscopic evidence indicated that n-hexyl 

j)-tolyl sulfide and n-butyl £~tolyl sulfide were possibly 

present along with several other products. 

c 

Reaction of Vinyl g_-Tolyl Sulfoxide 
and Sodium Naphthalene 

To a solution of 1.0 g (0.006 mol) of vinyl £-tolyl 

sulfoxide ([oc]D2̂  390.^) in 20 ml of dry tetrahydrofuran 

at -78° was added, under nitrogen flow, 10 ml of O.65 M 

solution of sodium naphthalene [prepared according to the 

procedure given by Sorenson and Campbell (1968)3 in dry 

tetrahydrofuran. The reaction mixture was stirred at -78° 

for 2 hr and then allowed to warm to room temperature where 

stirring v/as continued for 3 additional hr. The reaction 

was terminated by the addition of methanolic hydrochloric 
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acid. The mixture was quickly extracted with diethyl 

ether; solids were collected by filtration and the ethereal 

layer was washed with sodium bicarbonate solution and water 

followed by drying over sodium sulfate. After removal of 

ether and naphthalene under vacuum, there was obtained 

1.0 g of an oil which was distilled through a Hickman still 

(0.001 torr, 100°) to give a pale green liquid having 

25 
[c*]D 12.5 ± 0.5 (c 0.3^, acetone). The nmr spectrum 

(CCl/j) showed a singlet at 7-9 T and a group of multiplets 

between 2.4 T and 3.2 T in a 1:1.7 ratio, respectively. 

The ultraviolet spectrum (dioxane) had 7 âx 247 "^(3.56 x 

10"3 g per liter), and the infrared spectrum showed a 

moderate absorption at 1035 cm""1. 

Anal. Found: C,71.78; H,6.29; S,17.32. 

The solid was dissolved in chloroform and repre-

cipitated from methanol to yield approximately 100 mg of a 

yellow amorphous solid, °.20 (0.488 g per 100 ml 

chloroform), [PO]-,2"* 29 ± 2 (c 0.10, chloroform). This 

material had a softening point of 135-145°j and its nmr 

spectrum (CDClg, external tetramethylsilane) showed broad 

peaks in the aromatic region (2.7 T), the ]>-methyl region 

(7.6 T) and the methylene region (8.7 T), 

Anal. Found: 0,67.79; H,7«02; S,12.19; residue, 5-2. 
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Determination of the Absolute Rotation of 
^-Phenylmercaptoethyl g-Tolyl Sulfoxide 
via the Isotopic DillItTon"~Technlque 

^-Phenylmercaptoethyl jD-tolyl sulfoxide was found 

to have an absolute rotation of 176.9 ± 2.4° by the method 

of Berson and Ben-Efraim (1959). In a typical experiment, 

0.23953 g of the test sample ([oOp2"' 162.1, mp 83.5-84.0°) 

was added to 0,29163 6 "the deuterated racemate,^-

phenylmercaptoethyl £-tolyl sulfoxide (mp 72-73°)s shown 

to have 0.861 deuterium atom per molecule. Recrystal-

lization from methylene chloride-hexane gave material 
25 

having 0.507 deuterium atom per molecule and [©0D 47.1. 

Calculation of the absolute rotation from equation^ 

(See Discussion) gave a value of 174.6°; a second determina

tion gave a value of 179.3°. 

Hydrogen-Tritium Exchange of 
R- ( + )-Ethyl g_-Tolyl Sulfoxide 

The procedure of Cram and Pine (1963) for hydro

gen-deuterium exchange of sulfoxides was employed for the 

hydrogen-tritium exchange of R-(+)-ethyl £-tolyl sulfoxide, 

189,5 ± 1. The exchange reaction was carried out 

at 60.4 ± 0.1° on a 0.17 M solution of the substrate in 

O.78 M solution of potassium t-butoxide in t-BuOT. The 

tritiated alcohol was prepared by treating potassium t-

butoxide with HTO followed by distillation over calcium 

hydride. After 17 hr, the reaction was terminated by 
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addition of water and extracted with diethyl ether. The 

ether layer was washed with water, dried over magnesium 

sulfate and concentrated under vacuum for 36 hr, The 

recovered sulfoxide had 5.05 x 10^ disintegration per min 

per mol compared to 15>3 x 10^ disintegration per min per 

mol for the alcohol, corresponding to approximately 33% 

exchange. 

The optical rotation of a 0.0^ M solution of sul

foxide (0.16 M t^-BuOK) in t-butyl alcohol at 60.4 ± 0.1° 

was followed to an estimated 12% exchange (7 days) with no 

observed change in rotation. 

^-Chloroethyl £-Tolyl Sulfide 

This compound was prepared according to the pub

lished procedure of Angeletti, Montanari and Negrini (1957) 

in 85% yield, 1.5685, lit. (Angeletti, Montanari 
20 

and Negrini, 1957) 1.5728. This compound was identi

fied by its nmr and ir spectra. 

R-(-)-2,2,2-Trifluorophenylethanol 

Trifluoroacetophenone was prepared in J2% yield 

by the method of Levine and Dishard (1956). dl-2,2,2-

Trifluorophenylethanol was obtained in approximately 80J2 

yield by treating trifluoroacetophene one with methanolic 

sodium borohydride. 



Partial resolution was accomplished by the pro

cedure of Pirkle, Beare and Burlingame (1969) to yield 

approximately 75J£ of the alcohol, -10.5 (neat, 

1 = 0,1), lit, (Pirkle, Beare and Burlingame, 1969) [°<]D2̂  

-40 (neat, 1=1), identified by its ir and nmr spectra. 

Vinyl £>-Tolyl Sulfide and 
Vinyl Phenyl Sulfide 

These compounds were prepared by the method of 

Bohome and Bentler (1956) in 20-30# yield, and identified 

by their nmr and ir spectra. 
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INTRODUCTION 

Thermally stable polymers of the "ladder" type 

have received considerable attention within the last few 

years. Several recent reviews on ladder polymers are 

available (De Winter, 1967; Bailey, 1968; Wright and Lee, 

1968). These polymers are of special interest because two 

simultaneous breaks at strands bordered by the same two 

rungs are necessary to depolymerize these materials. This 

feature enables the ladder polymer to retain at elevated 

temperatures desirable properties that are often lost in 

singlestranded polymers. 

Ladder polymers consist of two chains which are 

regularly joined together in a manner analogous to the rungs 

of a ladder. The general structure for a ladder polymer 

is shown below, where A and B are monomer units and C is 

the rung (often simply a chemical bond). 

•A 

I 
C 

-yfi—B 

A — 
I 
—A — 

I 
—A— 

I 
—A 

I 
*1 
C 

I 
C 

1 
C 

1 
C 

1 1 1 1 
B — — B — —B — — B 

Few of the reported examples are high molecular weight 

complete ladders because of the insolubility of low molec

ular weight prepolymers, and crosslinking. 
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Probably the most -complete ladder polymer to date 

is polyphenylsilsesquioxane (2) (Brown, et al., i960). 

This polymer was synthesized from phenyltrichlorosilane. 

It has the cis-anti-cis structure and was formed from 

equilibration of the cage compounds 1. This polymer is 
re

soluble in many organic solvents. 

PhSiCl-

Ph Ph Ph Ph 

l/\ l/°\ 
si OA 

H2O 
» (PhSio1<5). 

KOH 

Toluene 
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Si si 
V / 
/ 0 
Si Si 
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V 
0 
/ 
Si .Si Si Si Si ./• 

X7VvV,VV\>X 
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The technique of graft copolymerization involves 

the polymerization of monomers onto a polymer backbone. 

This permits tailor-making of the polymer so that branches 

may be entirely different from the backbone. The typical 

graft copolymer is represented as 
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where the polymer consists of a backbone of poly-A with 

branches of poly-B. 

There has been an increased interest in graft, as 

well as block, copolymers in recent years as indicated 

by the numerous publications and patents that have appeared 

on this subject (Gaylord and Ang, 1964; Kolesnikov and 

Yaralov, 1965; Smets and Hart, I960; Ceresa, 1962; Burlant 

and Hoffman, I960; Kolesnikov and Ts'eng, 1962; Battaerd 

and Tregear, 1967). 

The various methods used for the homopolymerization 

of monomers can be utilized for the synthesis of graft 

copolymers. Thus, the technique of addition, condensation 

and ring-opening polymerization are available for the for

mation of graft copolymers.. 



RESULTS AND DISCUSSION 

Dibutyl ethyleneboronate was synthesized according 

to the procedure of Matteson (i960) (equation 1). 

CH2 = CHMgBr + B(OCH3)3 
THF 

H+,H2O 

-70° 
-> CH2 = CHB(OH)2 

-60° 

ROH 

CH 2 = CHB(OCH3)2 (1) 

> CH2 =CHB(OR)2 

where R = CH2CH2CH2CH3. 

The objective was to polymerize through the vinyl group 

followed by hydrolytic ring closure to produce a ladder 

polymer (equation 2). 

CH2 = CHB(OR)2 BPO 

70( 

\OR)2 \OR)2N(OR)2 

( 2 )  

Hydrolysis 

Such a sequence would avoid the problem of "statistical 

isolation" which is commonly encountered in intramolecular 

cylization reactions of polymers. The vinylboronic acid 

57 
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was very susceptible to polymerization,and all attempts 

to isolate this monomer were unsuccessful. 

Dibutyl ethyleneboronate was found by Matteson 

(1959) to undergo radical chain reactions such as that 

indicated in equation 3. 

Cl• — " 
CH2 = CHB(OC4Hg)2 > C1-CH2-CH2 -=-=• B(0Ci,Hg)2 (3) 

CClii 
Cl-CH2CHCCl3-B(OCifH9)2 

Dibutyl ethyleneboronate was polymerized by heating 

with benzoyl peroxide at 70-72° for hr to yield a color

less, viscous oil. This material crosslinked rapidly on 

exposure to air to form a transparent film which turned 

colored (tan) within a short period of time. 

Laverty (1966) observed that thermal gravimetric 

analysis (TGA) of the crosslinked polymer resulted in the 

loss of approximately 60% of its weight when heated to 

585°. The sharpest weight loss was observed to occur be

tween 80° and 100° with the polymer continuing to lose 

weight slowly until about ^50°. The 60% weight loss of 

the polymer could have resulted from the loss of dibutyl 

ether, and the formation of B-0 bonds to form a ladder or 

a partial ladder polymer. 

Poly(dibutyl ethyleneboronate) was pyrolyzed under 

vacuum at 100°, the temperature at which the sharpest 
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weight loss during thermal gravimetric analysis occurred. 

Reactions were carried out in the presence of a trace of 

£-toluenesulfonic acid,and for periods up to 8 days. 

Polyfdibutyl ethyleneboronate) was observed to 

lose up to 12-15$ of its weight with a change in color 

(yellow) when heated at 100° for 4 days. The polymer was 

still soluble in organic solvents at this point,and nmr 

analysis indicated a decrease in the n-butyl area. How

ever, dlbutyl ether was never isolated in the Dry Ice and 

liquid nitrogen traps. Further weight loss resulted in 

material that was totally insoluble in organic solvents. 

The significant weight loss that occurred during 

the early stages of the pyrolysis of poly(dibutyl ethyl

eneboronate) presented the possibility of partial ladder 

formation. To investigate this further, high dilution 

hydrolysis of the polymer was attempted in benzene (bp 80°), 

o-xylene (bp 144°), and decalin (bp 185-193°) containing 

trace amounts of water. This high dilution technique 

would increase the possibility of ladder formation since 

it would greatly favor the intramolecular reaction over the 

intermolecular reaction; that is, ladder formation over 

crosslinking. 

Dibutyl ethyleneboronate (5.0 g) was added to 800-

1000 ml of solvent, and heated under reflux for 48 hr under 

a flow of nitrogen. The above procedure was repeated in 
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the presence of a few milligrams of ja-toluenesulfonic acid 

'as a catalyst. Removal of the solvent under reduced 

pressure resulted in all cases in a gummy brown residue 

that was totally insoluble in organic solvents and was not 

further characterized. 

boronate) and an amine such as ]>-toluidine were allowed 

to react in 800-1000 ml of solvent. It was hoped that 

this high dilution technique would favor the following 

intramolecular reaction: 

where R - , C6H5. 

The result was again a brown gummy residue that was com

pletely insoluble in organic solvents. No further char

acterization was attempted. 

The crosslinked poly(dibutyl ethyleneboronate) was 

soluble in dilute aqueous potassium hydroxide. was 

hoped that high dilution hydrolysis of the boron polymer 

in the presence of solid potassium hydroxide would favor 

ladder formation in a manner analogous to the synthesis 

Stoichiometric amounts of polyCdibutyl ethylene-

R R 
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of polyphenylsilsesquioxarie (See Introduction). A mixture 

of 5*0 g of poly(dibutyl ethyleneboronate), O.^J g of po

tassium hydroxide and 1500 ml of ̂ -xylene turned orange 

within a few minutes after the start of reflux. After 

solvent removal at reduced pressure, however, a light tan 

solid was recovered which was completely insoluble in 

organic solvents. Table i'summarizes the high dilution 

reactions of poly(dibutyl ethyleneboronate). 

2-Vinyl-^ , , 6-trimethy 1-1,3,2-dioxaborinane was 

prepared by the method of Woods (1966) according to the 

following sequence: 

CHo 
I 3 

B(0H)3 + n-CjjH^OH + CH3-C-CH2-CH-CH3 

OH OH 

C6H6 > 

CH 3 ^0 

CH 
\/ ̂B-0Ci,H9 

CH2=CHMgBr CH3 

-0 

CH-

THF,Et20 
-60° 

CH 

V-0 

CH=CH2 

|xocj4H9 MgBr 

CH-

A CH 

CH 
CH=CH' 

CH-
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TABLE I' 

ATTEMPTED LADDER FORMATION VIA HIGH DILUTION 
TECHNIQUE WITH DIBUTYL ETHYLENEBORONATE 

Grams of 
Polymer 

Solvent 
ml 

Reflux 
Time 
hr 

Acid or 
Base Added Result 

5.0 benzene 
2500 

48 crosslinked 
polymer 

2.5 o-xylene 
800 

48 1.3 g aniline 
in 100 ml 
o-xylene 

crosslinked 
polymer 

2.5 o-xylene 
800 

48 1.5 g 
p-toluidine 
in 100 ml 
o-xylene 

crosslinked 
polymer 

5.0 decalin 
900 

48 crosslinked 
polymer 

5.0 decalin 
900 

' 48 30 mg 
£-Toluene-
sulfonic 
acid 

crosslinked 
polymer 

5.0 benzene 
1000 

48 30 mg 
£-Toluene-
sulfonic 
acid 

crosslinked 
polymer 

5.0 o-xylene 
1500 

90 0.4 g 
Potassium 
Hydroxide 

crosslinked 
polymer 
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This monomer was polymerized in bulk with benzoyl peroxide 

by heating at 70-72° for 24 hr. A viscous liquid resulted 

which was more resistant to crosslinking on exposure to 

air than poly(dibutyl ethyleneboronate). It was because 

of this resistance to crosslinking that 2-vinyl-4,4,6-

trimethyl-l,3j2-dioxaborinane was prepared. It was hoped 

that the increased resistance to crosslinking would facil

itate ladder formation. However, high dilution hydrolysis 

in decalin resulted only in an Insoluble residue. 

2-Vlnyl-4,4,6-trimethy1-1,3 j 2-dioxaborinane was 

copolymerlzed in bulk with equimolar quantities of 2-

vinylpyridine and 4-vinylpyridine by heating with azo- * 

bisisobutyronitrile. The resulting copolymers were soluble 

in certain organic solvents and were resistant to cross-

linking. Dibutyl ethyleneboronate was copolymerlzed with 

4-vinylpyridine free radically in bulk. This copolymer 

was soluble in dilute hydrochloric acid and in formic 

acid. These results are summarized in Table II'. 

These boron-nitrogen copolymers are of interest 

since they contain both an electrophilic (B) and a nucleo-

phllic (N) pendant group. Their usefulness as possible 

catalysts in such reactions as ester hydrolysis is presently 

being investigated in our laboratories. 

A series of copolymerizations were carried out 

using styrene and dibutyl ethyleneboronate. The monomer 



TABLE II' 

COPOLYMERIZATION OF 2-VINYL-4s4,6-TRIMETHYL-l,3,2-DIOXABORINANE AND 
DIBUTYL ETHYLENEBORONATE WITH 2-VINYL- AND 4-VINYLPYRIDINE 

Mx M 2 Temp Initiator inh % Boron 
in co
polymer 

% 
Conver
sion mol mol Time mg Solvent 

% Boron 
in co
polymer 

% 
Conver
sion 

VBT /0. 016 2VP /0. 016 72-73 /46 ABIN /16 0.18 / 
benzene 

2.81 24 

DEB /0. 049 4VP /O. 049 70-72 /24 ABIN /4i 0.64 / 
1036 HC1 

40 

VBT /0. 065 4VP /0. 065 70-72 /2k ABIN /53 0.57 / 
methanol 

3.50 15 

NOTE: VBT is 2-vinyl-4a4,6-trimethy1-1,3,2-dioxaborinane3 DEB is dibutyl 
ethyleneboronate, 2VP is 2-vinylpyridine, 4VP is 4-vinylpyridine, 
ABIN is azobisisobutyronitrile. 
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feed ratios ranged from 2% to 7k% dibutyl ethyleneboronate. 

This is summarized in Table III' Laverty (1966) reported 

that the copolymer prepared from a monomer feed of 2Q% 

dibutyl ethyleneboronate and 80% styrene was soluble in 

most organic solvents and did not' crosslink on exposure 

to air. The inherent viscosity of this copolymer was 

reported as 0.3^4 for 0.555 solution in benzene, 

However, viscosity determinations on the co

polymers reported here were not possible. Although the 

copolymers exhibited some degree of resistance to cross-

linking' immediately after isolation, in all cases drying 

in vacuo at ^0° resulted in crosslinked material. Even 

the copolymer prepared from 2% dibutyl ethyleneboronate 

was only partially soluble (with swelling) in organic 

solvents after drying. 

It was thought that these styrene vinylboronate 

copolymers with their pendant boron groups might be suit

able as possible grafting sites. Organoboron compounds 

have been known for some time to be polymerization catalysts 

for addition polymerizations. Trialkylboranes have been 

used alone and in combination with such additives as 

oxygen, hydrogen peroxide, hydroperoxides, metal oxides, 

and transition metal halides for the polymerization of 

vinyl compounds. 



TABLE III' 

COPOLYMERIZATION OP DIBUTYL ETHYLENEBORONATE(M-,_) AND STYRENE (M2) 

DEB (Mx) 
Grams 

Styrene (M2) 
Grams 

Reaction 
Time 
hr 

Conversion 
% 

y 

% Boron in 
Copolymer 

Monomer Peed 
Ratio (SO: 
Mi to M2 

2.4 5.2 25 65 0.3 20:80 

4.6 7.8 24 46 25:75 

5.0 1.0 60 ' 36 74:26 

5.0 2.8 25 60 50:50 

1.8 9-4 24 67 .3 10:90 

0.2 4.7 24 81 • 3 2:98 

NOTE: 1% molar ratio benzoyl peroxide was used as initiator and the reactor was 
heated at 70-72°, DEB is dibutyl ethyleneboronate. 
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Davies, Hare and White (1961) observed that the 

addition of triisobutylborane to acrylonitrile had no 

affect if oxygen was carefully excluded. However, the 

addition of oxygen or (i-CjjH^OO^ Bi-cijH9 to the reaction 

mixture resulted in the rapid polymerization of acrylon

itrile. It was proposed that the peroxyboron compound 

formed on addition of oxygen undergoes 0-0 homolysis and 

initiates polymerization. The chemical literature contains 

numerous reports of the polymerization of vinylic compounds 

with peroxyboranes and trialkylborane-oxygen (Hansen, 1964; 

Furakawa, Tsuruta and Inone, 1957; Furakawa and Tsuruta, 

1958; Zutty and Welch, i960). 

Benzene solutions were then prepared and any in

soluble material was removed by filtration. In accord with 

earlier observations that compounds of the type RB(0R)2 in 

the presence of oxygen do not initiate polymerization, the 

styrene-dibutyl ethyleneboronate copolymers, plus oxygen, 

did not lead to graft copolymers when treated with methyl 

methacrylate. 

Poly(styrene-co-dibutyl ethyleneboronate) con

taining 0.03 mol % dibutyl ethyleneboronate was treated 

with n-butyllithium in hope of forming the trialkylborane, 

a kind of compound which has been shown to be an effective 

polymerization catalyst. After treatment with n-butyl-

lithium, and work up by treatment with methanol, the 
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B. B, 

polymeric material (I) was soluble in organic solvents and 

had an inherent viscosity of 0.11. Comparison of the in

frared spectra with the originally insoluble copolymer 

showed that the B-0 stretching vibration at 1350 cm-1 had 

nearly disappeared. 

The copolymer I was heated with methyl methacrylate 

after treatment with oxygen. Polymeric material was pre

cipitated from methanol which showed a 33% increase in 

weight after drying in vacuo. The graft copolymer was 

separated from homopolymer by extraction with acetonitrile 

to remove homo poly(methyl methacrylate) and cyclohexane 

to remove homo polystyrene (Overberger and Yamamoto, 1966). 

The remaining acetonitrile-cyclohexane insoluble polymer 

had a strong band at 1730 cm-1 (C=0 stretch) in the infrared 

which was not present in the original copolymer- This 

product showed approximately 16$ weight increase and had an 

inherent viscosity of 0.71 representing an increase of 

approximately 8755. 

It is not clear why the copolymer (I) grafted methyl 

methacrylate. Treatment of low molecular weight organo

boron compounds with methanol results in rapid cleavage of 
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the C-B bond with formation of (CH^O)^ B. While it is 

clear that a graft copolymer was obtained, the manner in 

which it arises remains to be disclosed. 

Graft Copolymers Based on o<-Acetoxystyrene 

C<-Acetoxystyrene was prepared according to the 

procedure of Hagemeyer (1950) as shown below. 

CHo 
/ 3 

CH? C + CH-5—C—C/rH 
\ 3 û 6n5 
0—C—CH, o 

11 3 ,u, 

acetylsulfoacetic 

0 0—C — CH-
/ 

CH2—Q 
acid \ 

c 6 h 5  

Copolymerization with an equimolar quantity of styrene by 

heating at 70-72° for 65 hr in the presence of approximately 

0.4 mol % benzoyl peroxide gave a fine white powder con

taining 55 mol % OC-acetoxystyrene. 

Treatment of the copolymer 1j.nh 0»°92) with 

sodium hydroxide resulted in only 50# hydrolysis after 

87 hr whereas treatment with n-butyllithium converts ap

proximately 90# of the acetate to hydroxyl (after hydroly

sis) within a few hr with an inherent viscosity of 0.0^1. 

The latter copolymer was used in all subsequent grafting 

experiments. 
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n-Butyllithium was added to a solution of hydrolyzed 

poly(oC-acetoxystyrene-co-styrene) in tetrahydrofuran. In 

this manner, alkoxide grafting sites were formed in the 

copolymer. 

OL 
n-C 2| H g L1 

The tetrahydrofuran solution was cooled to -78° and 

charged with methyl methacrylate. After 3 hr at -78°, 

the reaction mixture was concentrated and polymeric ma

terial was reprecipated from methanol. A light tan powder 

was collected, and this material showed an increase in 

the carbonyl stretch intensity, a 71% increase in weight, 

and an increase in the inherent viscosity to lnh 

0 . 2 2 6 .  

The conversion of hydroxyl to alkoxide is ac

complished by stirring the tetrahydrofuran solution of 

the copolymer with n-butyllithium for 3-4 hr at room 

temperature. Under these conditions, excess n-butyl

lithium is destroyed by reaction with tetrahydrofuran 

(Potter, 1969). Thus, under these conditions homo-

polymerization of methyl methacrylate by n-butyllithium 

does not occur. 
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This was demonstrated in the. following manner. 

Sixty-four milligrams of hydrolyzed poly( -acetoxystyrene-

co-styrene) in 30 ml of tetrahydrofuran was treated with 

5 ml of n-butyllithium for 3-5 hr at room temperature. 

Addition of methyl methacrylate at -78°, followed by 

stirring for 3 hr, gave 38# conversion to poly(methyl 

methacrylate). However, when 5 ml of n-butyllithium was 

added to 30 ml of tetrahydrofuran, and allowed to stand at 

room temperature for 3.5 hr, no polymerisation occurred 

after the addition of methyl methacrylate at -78°. 



EXPERIMENTAL 

Nuclear magnetic resonance (nmr) sp'ectra were de

termined on either a Varian Model A-60 spectrometer at 

60 MHz or a Varian Model HA-100 spectrometer at 100 MHz 

using tetramethylsilane as an external or internal standard. 

Infrared spectra were taken with either a Perkin-Elmer 

Infracord or a Perkin-Elmer 337 Grating Infrared spectro

photometer j a polystyrene film was used to calibrate the 

instruments. Viscosities were determined at 25° using 

Cannon-Penske viscometers. Microanalyses were determined 

by either the Micro-Tech Laboratories, Skokie, Illinois or 

by the Huffman Laboratories, Wheatridge, Colorado. 

Hydrocarbon solvents were purified by stirring 

overnight with 95# sulfuric acid, washing with distilled 

water, drying over anhydrous magnesium sulfate,and 24 hour 

reflux over sodium prior to final distillation. Aromatic 

hydrocarbons were purified by refluxing reagent grade 

material over sodium 24 hours prior to distillation. 

Mallinckrodt anhydrous reagent grade diethyl ether was 

used with no further purification. Tetrahydrofuran was 

purified by drying over potassium hydroxide and distilling 

from lithium aluminum hydride immediately before use. 

Mallinckrodt reagent grade styrene was purified by stirring 
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with 5% potassium hydroxide solution, washing with water, 

drying over magnesium sulfate,and distilling over calcium 

hydride at reduced pressure. Matheson, Coleman and Bell 

reagent grade methyl methacrylate was distilled at reduced 

pressure immediately before use. 

Dlbutyl Ethyleneboronate 

This compound was prepared according to the pro

cedure of Matteson (i960). The dried material was distilled 

through a 12" packed column at reduced pressure, yielding 
> 

56# of the product, bp 62-64° (2 torr), 1.4161, lit. 

(Matteson, i960) nD25,8 1.4160, bp 35-40° (0.1 torr). 

Preparation of analytical samples required treatment of 

the ester with butanol before redistillation. The nmr 

spectrum (CCljj) showed a single vinyl peak at 4.07 T (3H), 

CH2-0 protons at 6.16 T (4.2H), and the infrared spectrum 

showed C=C stretch at 1610-1615 cm"1, and B-0 stretch at 

1320-1325 cm"1. 

Polymerization of Dibutyl Ethyleneboronate 

In a typical 'experiment 5 g (0.027 mol) of dlbutyl 

ethyleneboronate was added to 30 mg (0.5 mol^) of benzoyl 

peroxide in a flask equipped with a magnetic stirrer and 

stopcock. The system was degassed by three to five freeze-

thaw cycles,and flushed with nitrogen. The flask was 

heated at 70-72° for 24 hr. A viscous oil which crosslinked 
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on exposure to air resulted. The oil was soluble in most 

organic solvents such as chloroform, benzene and tetra-

hydrofuran as long as it was kept under an inert atmos

phere, but became totally insoluble when exposed to air. 

The nmr spectrum (CCljj) showed the disappearance of the 

vinyl protons,and the infrared spectrum showed the dis

appearance of the C=C stretch at 1610 cm""1". 

Anal: Calcd. for C10H21B02: C,65.25; H,11.4l; B,5-87. 

Found: 0,63.84; H,11.32; B,5.96. 

Hydrolysis of Poly(dibutyl ethyleneboronate) 

To 1.27 g of crosslinked poly(dibutyl ethylene-

boronate), prepared by addition of water to a benzene 

solution of poly(dibutyl ethyleneboronate) followed by 

1 hr heating on the steam bath, was added 100 ml of 20$ 

potassium hydroxide solution.. The solution was stirred 

for 3 hr during" which time the polymer dissolved, and then 

extracted with three 50 ml portions of diethyl ether to 

remove butanol. The aqueous phase was then acidified with 

phosphoric acid. The precipiated solid was collected by 

filtration, dried in a vacuum oven at 40°,and stored over 

phosphorus pentoxide in a desiccator. This material was 

found to be still insoluble in organic solvents but soluble 

in 3% potassium hydroxide solution. °-lk (0-509 

g per 100 ml 3% KOH).. 
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Anal; Calcd. for C2H5B02: 0,33.^4; H,6.96; B,15-05. 

Found: 0,3^.08; H,5.60; B,3-50. 

Attempted Ladder Formation via High Dilution 
Polymerization of Poly(dibutyl ethyleneboronate) 

In a 'typical experiment 5-0 g of poly(dibutyl 

ethyleneboronate) was dissolved in 800-1000 ml of a dry 

solvent such as benzene, often containing a quantity of 

an acid or base, in a system equipped with a stirrery 

condenser with calcium chloride drying tube and a nitrogen 

inlet tube. The system was then refluxed, under nitrogen 

flow, for 48 hr and the solvent removed by vacuum distilla

tion. Removal of solvent in every case yielded a brown 

gummy residue totally insoluble in organic solvents (See 

Table I*). No further characterization was attempted, 

Pyrolysis of Poly(dibutyl ethyleneboronate) 

A series of experiments in the pyrolysis of poly 

(dibutyl ethyleneboronate) was conducted as a possible 

method of forming boron ladder polymers. In a typical 

experiment 5^0 g of poly(dibutyl ethyleneboronate) was 

heated under vacuum for 72 hours at 100°. The pyrolysis 

was also carried out in the presence of 30-50 mg of JD-

toluenesulfonic acid as a catalyst. The viscous oil turned 

a golden yellow color and lost approximately 10$ of its 

weight. The material was still soluble in organic solvents 

(under a dry atmosphere) but crosslinked on exposure to 



76 

air. Comparison of the nmr spectra showed some decrease 

in the butyl region. 

Further pyrolysis (ca. 20$ weight loss) resulted 

in totally insoluble material. No further characteriza

tion was attempted. 

2-n-Butoxy-4 ,4,6-trimethy1-1,3,?-dioxaborinane 

This compound was prepared by the procedure of 

Woods (1966). The product was distilled at 61.5-58.5° 

(0.60-0.05 torr) to give 80% of product, 1.4214, 

lit. (Woods, 1966) nD25 1.4202. 

2-n-Butoxy-l,3,2-dioxaborinane 

This compound was prepared according to the pro

cedure of Woods (1966) for 2-n~butoxy-4,4 ,6-trimethyl-

1,3,2-dioxaborinane. A mixture of 61.8 g (1 mol) of boric 

acid, 7^.1 g (1 mol) of n-butyl alcohol,and 76.1 g (1 mol) 

of 1,3-propanediol in 700 ml of benzene was refluxed under 

a Dean-Stark trap,and 52 ml of water was removed in 6 hr. 

The benzene was removed and the residue distilled at re

duced pressure yielding 122 g (78$) of product, bp 50-51° 

(0.1 torr), n.D2^ 1.4251. The nmr spectrum (CCl/j) showed 

six protons as two triplets assigned to the methylene 

groups alpha to oxygen at 6.03 T(4H) and 6.30 T(2H). The 

remaining ring methylene group appeared as a quintet at 

8.15 T(1.9H) and the remaining methylene groups in the side 
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chain appeared as a multiplet at 8.63 T(4.2H). The methyl 

group appeared as a distorted triplet at 9•08 T(3.2H). 

The infrared spectrum (neat) showed B-0 stretch at 1350 

cm"''". 

Anal: Calcd. for C7H15BC>3: C,53-'24; H,9-50; B,6.85. 

Found: 0,53-44; H,9-64; B,6.60. 

2-Vinyl-4 , 4 , 6-trimethyl-l5 3,2-dioxaborinane 

This compound was prepared according to the pro

cedure of Woods (1966). Distillation yielded 30# of 

product, bp 44-45° (8 torr) n^2^*® 1.4275, lit. (Woods, 

1966) bp 45.5-42.5° (8-6.5 torr), nD23 1.4272. The nmr 

spectrum (CCl/j) showed two singlets at 4.18 T(1H) and 

4.25 T(2H) assigned to the three vinyl protons and a 

multiplet at 5.84 T(1H) assigned to the methine proton. 

The infrared spectrum (neat) showed C=C stretch at 1615 

cm"***" and B-0 stretch at 1325 cm""'". 

Polymerization of 2-Vinyl-4,4,6-trimethyl-
1,3»2-dioxaborinane 

In a typical experiment 5 g of 2-vinyl-4,4,6-

trimethy1-1,3s2-dioxaborinane was added to 38 mg (0.5 mol %) 

of benzoyl peroxide. The system was degassed via three to 

five freeze-thaw cycles, flushed with nitrogen and heated 

at 70° for 24 hr. A viscous liquid resulted which was 

soluble in most organic solvents and was more resistant to 



78 

crosslinking on exposure to air than poly(dibutyl ethyl

eneboronate). The nmr spectrum CCCl^j) showed the dis-
i 

appearance of the vinyl group, and a broad -CH-0 peak at 

5.8 T. 

Anal: Calcd. for CgH-LNJBC^: C,62.38; H,9-82; B,7»03-

Pound: C,62.17; H,9.78; B,7.17. 

Copolymerizatlons of Dibutyl Ethyleneboronate 
and Styrene 

A series of copolymerizatlons were carried out 

using styrene and dibutyl ethyleneboronate (See Table III'). 

In a typical experiment 2.4 g (0.013 mol) of dibutyl ethyl

eneboronate and 5*2 g (0.05 mol) of styrene were added to 

69 mg of benzoyl peroxide. The reaction was heated at 

70-72° for 25 hr after the system was degassed by the 

freeze-thaw method and flushed with nitrogen. The white 

solid that resulted was dissolved In benzene, repre-

cipitated from methanol and dried in vacuo at 40° to a 

fine powder, 4.9 g ($5% conversion). The polymers cross-

linked on drying so viscosity determinations were not 

possible. 

Copolymerization of 2-Vlnyl-4,436-trimethyl-l,332-
dioxaborinane and 2-Vinylpyridine 

To 16 mg of azobisisobutyronitrile were added 2.5 g 

(0.016 mol) of 2-vinyl-4,4,6-trimethyl-l,3,2-dioxaborinane 

and 1.7 g (0.016 mol) of freshly distilled 2-vlnylpyridine. 
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The reactor was degassed via the freeze-thaw method, 

flushed with nitrogen and heated at 70-73° for 46 hr. The 

viscous oil solidified on cooling to give an ivory colored 

solid and a brown liquid. The mixture was dissolved in a 

minimum amount of benzene and the copolymer was repre

cipitated from petroleum ether. The white precipitate 

was collected by filtration and dried in vacuo at 40° for 

20 hr to a fine powder, 1.0 g (24# conversion). The co

polymer was soluble in most organic solvents such as 

acetone, benzene and chloroform and gave a positive boron 

flame test. The nmr spectrum (CDClg) showed a broad -CH-0 

peak at 5.7 Tand broad aromatic peaks associated with 

pyridine between 3.0 Tand 2.6 T. inh 0.18 (0.4812 g per 

100 ml benzene). 

Anal. Pound: N,10.89; B,2.8l. 

Copolymerization of Dlbutyl Ethyleneboronate 
and 4-Vinylpyridine 

To 41 mg of azobisisobutyronitrile were added 9.0 g 

(0.049 mol) of dibutyl ethyleneboronate and 5.1 g (0.049 

mol) of freshly distilled 4-vinylpyridine. The system 

was degassed and flushed with nitrogen. The reaction was 

then heated at 70-72° for 24 hr. A white solid precipitated 

from the mixture during the first few hr of heating. The 

solid was dissolved in chloroform and reprecipitated from 

petroleum ether to give a light tan powder, which after 
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drying in vacuo at 50° for 2k hr weighed 5-7 g 0% con

version). After drying the solid was totally Insoluble 

in organic solvents. The copolymer was, however, readily 

soluble in dilute hydrochloric acid and formic acid. 

I7inh 0,64 (0.3W g per 100 ml 10% HC1). 

Copolymerlzation of 2-Vlnyl-*l, 4 ,6-trlmethy 1-1,3,2-
dioxaborlnane and~?-Vin,ylp.yridine 

Ten grams (O.O65 mol) of 2-vinyl-4,4,6-trimethyl-

1,332-dioxaborinane and 6.8 g (0.065 mol) of 4-vinyl-

pyridine were added to 53 nig of azobisisobutyronitrile. 

After degassing and flushing with nitrogen, the reaction 

was heated at 70-72° for 2k hr. The mixture solidified 

on heating and turned brown. The solid was dissolved in 

methanol and reprecipitated from water to yield after 

drying 2.5 g (15% conversion) of a white powder. This 

material was soluble in methanol and slightly soluble in 

dimethylsulfoxide and dimethylformamide, H inh °*^7 

(0.3920 g per 100 ml methanol).. 

Anal. Found: N,10.49; B,3.50.. 

Graft Copolymerization to Poly(dibutyl 
ethyleneboronate-co-styrene) 

Nine hundred milligrams of poly(dibutyl ethylene-

boronate-co-styrene), containing 0.03 mol % dibutyl ethyl-

eneboronate was added ~to 100 ml of tetrahydrofuran. Excess 

n-butyllithlum (60 ml of a 1.6 M solution in hexane) was 
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then added to the heterogeneous mixture. The addition of 

n-butyllithium caused the copolymer to become soluble 

within a few minutes,and caused the appearance of a red 

color to the reaction mixture. The solution was stirred 

under nitrogen for 5 hr at which time the solution was 

again colorless. The reaction mixture was concentrated 

under vacuum,and the copolymer reprecipitated from methanol 

to give, after drying, in vacuo at 40°, 850 mg of white 

powder (I). This material was soluble in many organic • 

solvents such as benzene and carbon tetrachloride whereas 

the original material v/as totally Insoluble in organic 

solvents. Comparison of the infrared spectra of the two 

materials revealed that the peak near 1350 cm"1 associated 

with B-0 stretch had nearly disappeared in the reisolated 

material (I), inh 0.11 (0.4538 g per 100 ml benzene). 

Six hundred milligrams of was dissolved in 100 ml 

of benzene,and oxygen was bubbled through the solution 

for 24 hr. The system was then purged with nitrogen for 

30 minutes,and 3«7 g of freshly distilled methyl methacryl-

ate was added under nitrogen. The reactor was heated for 

24 hr at 70-72°, the solution was concentrated,and polymeric 

material precipitated from methanol to give 800 mg of a 

white solid (II) after drying in vacuo at 40°. This ma

terial showed a strong absorption at 1730 cm-1 associated 
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with the C=0 stretch and not present in the starting 

material. 

Fractionation of Copolymers with Acetonitrile 

The graft copolymer was fractionated according to 

the method of Overberger and Yamamoto (1966). In a 250 ml 

centrifuge bottle 300 mg of sample was mixed with 80 ml of 

acetonitrile and the suspension was gently refluxed for 

2.5 hr. The insoluble part was separated by centrifuga-

tion. The solution containing the soluble part was sep

arated by decantation and evaporated to dryness under 

vacuum. The solid material was then redissolved in a few 

ml of methylene chloride and added to methanol to pre

cipitate the polymer, yielding approximately 40 mg of poly 

(methyl methacrylate). The insoluble portion was dissolved 

in chloroform, concentrated to a few ml, and the polymer 

precipitated in the same way to give after drying 240 mg 

of a white solid. This material shows a strong absorption 

at 1730 cm~^ (C=0 stretch) associated with ester-carbonyl 

absorption of methyl methacrylate. 1^ 0.71 (0.^7^0 g 

per 100 ml benzene). 

Fractionation of Copolymer with Cyclohexane 

To approximately 25 mg of an acetonitrile insoluble 

fraction of polymer was added 5 ml of cyclohexane and the 

mixture was refluxed for 1 hr. After cooling, it was 
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filtered and the filtrate was added to methanol. No 

polymer precipitated. 

o( - Acetoxystyrene 

This compound was prepared according to the pro

cedure of Hagemeyer (1950). A mixture of 200 g (2 mol) 

of isopropenyl acetate, 240 g (2 mol) of acetophenone and 

1.6 g of acetylsulfoacetic acid, prepared from the reaction 

of 40 ml of concentrated sulfuric acid and 144 g of acetic 

anhydride at 80° for 30 minutes, was heated in a flask 

equipped with a short Vigreux column and distilling con

denser. When 91% of the theoretical quantity of ketone 

had been removed, the residue was distilled at reduced 

pressure. The distillate was redistilled over calcium 

hydride to give 48.5 g (30%) of <K -acetoxystyrene, bp 62-67° 

(0.2 torr), lit. (Hagemeyer, 1950), bp 85° (2.0 torr), 

identified by its ir and nmr spectra. 

Poly (c^-acetoxystyrene-co-styr ene) 

In a typical experiment 16.0 g (0.1 mol) of freshly 

distilled ©C-acetoxystyrene and 10.4 g (0.1 mol) of freshly 

distilled styrene were added tc 92 mg of benzoyl peroxide. 

The system was degassed by the freeze-thaw method, flushed 

with nitrogen and heated at 70-72° for 65 hr. The solid 

material was dissolved in a minimum amount of benzene and 

the polymer was reprecipitated from methanol to give a tan 
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powder. This material was again dissolved in benzene,and 

reprecipitated from methanol yielding 13-0 g (50% conver

sion) of a white powder after drying in vacuo. This co

polymer was found to contain 12.94$ oxygen by difference 

indicating a composition of 55% c<-acetoxystyrene-45JS 

styrene. t^nh 0*092 (0.548 g per 100 ml benzene). 

Hydrolysis of Poly(c£-acetoxystyrene-co-styrene) 

Five grams of poly (oc-acetoxystyrene-co-styrene) 

dissolved in 200 ml of benzene was added to 4.0 g of sodium 

hydroxide in 40 ml of methanol. This solution was then 

refluxed for 87 hr with vigorous stirring. The reaction 

mixture was evaporated to dryness under vacuum, taken up 

in benzene,and filtered to remove salts. This was repeated 

until all the salts were removed. The benzene solution 

was concentrated,and added to methanol to precipitate the 

copolymer, yielding after drying 3.0 g (60% recovery) of 

copolymer. This material was shown to be 50% hydrolyzed 

by comparison of the carbonyl stretch in the Infrared. 

Reaction of Poly (of-acetoxy styrene-co-styrene) 
and n-Butyllithium 

The conversion of the acetate group to the hydroxyl 

group in the copolymer was accomplished in 90$ yield by the 

reaction with n-butyllithium. To 3.0 g of poly(0(-acetoxy-

styrene-co-styrene) in 150 ml of tetrahydrofuran was added, 
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under nitrogen, 40 ml of a 1.6 M solution of n-butyllithium 

in hexane. The reaction mixture was stirred for a few hr 

at room temperature, concentrated,and then added to meth-

anolic hydrochloric acid solution to precipitate the 

polymer, yielding 1.1 g (37% recovery) of the copolymer 

after drying in vacuo, (0.4960 g per 100 ml 

benzene). The infrared spectrum in the carbonyl region 

indicated 90% of the acetate had been converted to hydroxyl. 

Graft Copolymerizatlon to Poly (<x-acetoxystyrene-
co-styrene) 

poly(oc-acetoxystyrene-co-styrene) was dissolved in 50 ml of 

tetrahydrofuran. To this was added 15 ml of 1.6 M solution 

of n-butyllithium in hexane. The reaction mixture was 

stirred for 3-4 hr at room temperature. The system was 

then cooled to -78°,and 1.2 g of methyl methacrylate was 

added under nitrogen. The reaction was stirred under 

nitrogen for 3 hr at -78°. The reaction mixture was con

centrated under vacuum and added to methanol. The pre

cipitated polymer weighed 0.5 g (71# weight increase) 

after drying in vacuo. Comparison of the carbonyl absorp

tion in the infrared showed an 87-90$ increase in intensity 

Two hundred and five milligrams of 90$ hydrolyzed 

(absorbance). (0.4710 g per 100 ml benzene). 
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Polymerization of Methyl Methacrylate with 
Poly(QC-hydroxystyrene-co-styrene) Anion 

Sixty-four milligrams of 90% hydrolyzed poly(<X-

acetoxystyrene-co-styrene) was dissolved in 30 ml of tetra

hydrofuran, and to this was added 5 ml of 1.6 M solution of 

n-butyllithlum in hexane. The reaction mixture was stirred 

under nitrogen for 3*5 hr at room temperature, cooled to 

-78°, and then charged with 5.0 g of methyl methacrylate. 

The reaction was stirred for 3 hr at -.78° 3 the solution 

concentrated,and added to methanol to give 1.9 g of poly

meric material containing a strong carbonyl stretching 

vibration in the infrared. 

When 5 ml of 1.6 M n-butyllithlum in hexane was 

added to 30 ml of tetrahydrofuran and allowed to stand at 

room temperature for 3-5 hr followed by the addition of 

5.0 g of methyl methacrylate at -78° no polymerization 

occurred. 
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