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ABSTRACT

A polybenzyl polymer which formed in the reaction of benzyl
salicylate and phosphorus (V) chloride originates from the
self-condensation of benzyl chloride catalyzed by the phenyl-
phosphorodichloridate (I). A chromatographic procedure for
purification of the polybenzyl polymer has been developed.
Equations for calculating degree of polymerization from
'H-NMR spectra of polybenzyl polymers are derived on the
basis of the presence of CH2Cl1 terminal groups. Generalized
structural formulas which delineate the difference between
linear and branched polybenzyl polymers are proposed.
Relationships between the idealized polybenzyl polymers and
maximum degrees of polymerization are suggested.

*Present address: Mallinckrodt Chemical Co., St. Louis,
Missouri. .
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INTRODUCTION

Continuing current interest [ 1, 2] in polybenzyl polymers prompts
us to report: (1) our results on the formation of polybenzyl in the
reaction of benzyl salicylate and phosphorus (V) chloride, (2) pro-
cedures for purification of the polymer, and (3) a method of determin-
ing its average degree of polymerization from the H-NMR spectrum.
These polymers are useful | 2] intermediates for synthesis of sur-
factants, corrosion inhibitors, and bactericides.

EXPERIMENTAL

Reaction of Benzyl Salicylate and Phosphorus (V)
Chloride

Purified benzyl salicylate (16,5 g, 0.0724 mole) was added dropwise
over a period of 30 min to an equimolar quantity (15.0 g) of phos-
phorus (V) chloride in a distilling flask equipped with a magnetic
stirrer and an absorption trap for hydrogen chloride. The mixture
was stirred for an additional 15 min after addition was complete.

An infrared spectrum of the reaction product was taken at this point.
The reaction mixture (26.3 g) was distilled into a vacuum trap sub-
merged in a Dry Ice/acetone bath protected from moisture by a
phosphorus pentoxide drying tube. Benzyl chloride (4.20 ¢, 49%) was
obtained at 123°C/6 Torr. Its identity and purity were checked by
comparison of the IR spectrum and gas chromatographic retention
time of an authentic sample., The residue (21.9 g) was distilled at

< 1 Torr to obtain 18.1 g (98.5%) of the phenylphosphorodichloridate
(I). An IR spectrum (neat) was obtained on the polymeric residue.

Purification of Polybenzyl Polymer

The polymeric residue was dissolved in benzene (10 ml) and the
solution washed three times each with 10% sodium carbonate and
water, followed by drying over magnesium sulfate. After removal of
benzene by distillation, a light brown polymeric residue remained
which was also soluble in carbon tetrachloride and petroleum ether
(30-60°C) and insoluble in ethanol.

The polymeric material was purified by absorption column chro-
matography | 3] by using a 3/4 X 21 in. column of chromatographic
absorbent silica gel (Matheson, Coleman, & Bell, 60~-80 mesh) pre-
viously washed with carbon tetrachloride and petroleum ether. A
carbon tetrachloride solution (3 ml) of the sample was placed on the
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column, and the chromatogram was developed and eluted with petro-
leum ether, the course of development being followed with UV light,
The eluent was collected up to a point where fluorescent material
reached the exit tube. A light yellow plastic substance remained
after removal of solvent. On thin-layer chromatography (Eastman
type K310R) of this material with carbon tetrachloride, a single spot

(iodine vapor) with an Rf value of 0.38 was obtained. An immediate

white precipitate of silver chloride formed when ethanolic silver
nitrate was added to a small sample of an acetone solution of the
purified polymer.

Polymerization of Benzyl Chloride in Presence of
Aluminum Chloride

Redistilled benzyl chloride (15 ml) was added dropwise to a small
amount of anhydrous aluminum chloride kept at 23°C. After a reaction
time of about 1.5 hr, the reaction mixture was dissolved in benzene
(10 ml) and the solution washed three times each with 10% hydro-
chloric acid and water. After the solution was dried with anhydrous
magnesium sulfate and solvent removed by evaporation, a brown
plastic material was obtained. A single spot with an Rf value of 0.38

was obtained in a thin-layer chromatogram with carbon tetrachloride
developer.

Spectra

IR spectra were obtained with a Perkin-Elmer grating model 337
instrument. Spectra were calibrated with bands of polystyrene.

'H-NMR spectra were obtained with a Varian DP-60 spectrometer
with the use of tetramethylsilane as internal standard. Chemical
shifts were determined from side bands generated with a Hewlett-
Packard wide-range oscillator (model 200 DCR). Side-band frequen-
cies were determined with a Varian frequency counter (model V-4315),

RESULTS AND DISCUSSION

The reactions of alkyl salicylates and phosphorus (V) chloride
were reported [ 4] as a new method of synthesis of alkyl chlorides
from one to four carbons in high yields. When the reaction with

. benzyl salicylate was investigated in the present work, only a 49%

yield of benzyl chloride was obtained although a 98.5% yield of the
phenylphosphorodichloridate (I) was recovered [ Eq. (1)]. An infrared
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CO,CH,C H,
2-"o6 5 ¢l
+ PCl.——> HC1 + C.H-CH,C1 + (1)
5 615712
OH 0POC1,

I

spectrum of the reaction mixture before distillation showed that only
benzyl chloride and I were present, the reaction being conducted at
ambient temperature. After distillation of benzyl chloride and I
under reduced pressure, a polymeric residue remained. The IR
spectrum of the polymer showed absorption bands not present in the
spectrum of the original reaction mixture. The polymer was purified
by chemical treatment and column chromatography. A test with
aleoholic silver nitrate on the purified polymer showed the presence
of reactive chlorine.

The IR spectrum of the polymer was similar to that of a polymer
obtained from polymerization of benzyl chloride by use of aluminum
chloride, except for an additional medium-intensity band in the spec-
trum of the former at 1263 cm™', The 'H-NMR spectra for the two
polymers were also similar, although the shapes of the absorption
bands differed indicating differences in the nature of substitution
of the polymers, '

Degree of Polymerization from 'H-NMR Spectra

Although some early investigators [ 1, 5] considered polybenzyl
polymers to be linear polymers mainly substituted in the para posi-
tion with lesser amounts of meta and ortho substitution, Haas et al.
[8] were the first to furnish evidence that only highly branched poly-
mers with short primary chains were formed as a result of multiple
ring alkylation, a view that appears to be accepted by most current
workers [ 1, 7].

Whether one uses a linear or branched structure or a mixture of
the two, the ratio of CHzCl1 protons to the other CHz protons is the
same for the same average degree of polymerization {n). This is
more clearly evident in the generalized formulas (II-1V). Thus,
structure I is a linear unsubstituted structure when x = 1, whereas

(CgHCH,) [CgH, CH,] oCcH,CH,Cl

I
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(CgH,CH,) C.H,  CH)l(CoH CH )yC6H4_y]n_3CH2C6H4CH2C1
111
(nmax = 12)
(CgH.CH,) CcHy C H,[(CgH CHz)yC6H4_yCH2]C6H4CH2Cl

v

The unit in brackets can be substituted for one or more of the phenyl
hydrogens.

it becomes a polysubstituted structure for x > 1. For the idealized
structure (II) fully substituted in one ring, the maximum degree of
polymerization (nmax) is 7. In this generalized structure it is

assumed that polysubstitution occurs preferentially in the alkyl-
substituted ring rather than in the CH2Cl-substituted ring because of
deactivation of this ring to electrophilic substitution by the CHzCl
group. Analogously, in the homologous structure III, ny, 5% = 12.

In the more generalized homolog, IV, the group in brackets can be
substituted for one or more of the phenyl hydrogens leading to higher
values for n. It should be emphasized that all of these structures
(ITI-1IV) have a linear structure based on a benzyl backbone polymer,
This includes the type of structure (V) postulated by Haas et al, [6],

Bz Bz

Bz

BZ Bz Bz BZ CH2
B2 (:H2 CHZF
N(O)
Bz=PhCH2 CH2

Bz Bz

in which the benzyl groups are pendant groups from a linear poly-
benzyl backbone (A-B-C-D-E-F). If substitution occurs on one or
more.of the phenyl groups in the bracket, a branched structure
results, for example, VI, as a simple case.
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(CGHSCHZ)XC CH2[ (CGHSCHZ)y(ll‘BH3_yCH2] CgH,CH,Cl

CH

615 x

2

(CqH5CH,) CeH CH,C,H,)

CHoCqHy (CH CeH)

4-7
\'A

The fact that the protons of the polymer fall into three distinct
groups which are clearly separated in the 'H-NMR spectra, makes
it possible to determine the average degree of polymerization (n).

The chemical shifts for the two types of polymers are listed in
Table 1 with the corresponding relative areas of the peaks. Equations
to relate n to the relative areas are derived as follows.

If it is assumed that all polymer units terminate with a CH2Cl1
group, then the relative areas of the CH2Cl protons at 4.38 § and the
other CH: protons (3.78, 3,74 d) can be used in calculating n. Ina
similar way, the ratio of CHzC1 to aromatic protons (6.98, 6,96 5)
can be used or the ratio of CH2C1 protons to the sum of other CH=
+ aromatic protons., The equations for these are given as 2-4, respec-
tively. In these equations, n = average degree of polymerization, and
ACHzCl’ ACHzAI‘z , and A are the relative areas of the peaks

ArH
designated.
n-1=Acg ar./AcH: C1 (2)
(n +1)/2= Ay /A o (3)
(6n - 1)/2 = Aoy, ar, +Aarn)/AcH:cL (4)

The results of calculations of the average degree of polymeriza-
tion based on Eqs. (2)-(4) are in Table 2. The values for polybenzyl
from benzyl salicylate and benzyl chloride (AlCls) of 6 and 10-11,
respectively, are in agreement for the three equations within experi-
mental error. In comparison, Geller et al. [ 2] reported average
degrees of condensation up to 4 for polybenzyl obtained from zinc
chloride-catalyzed polycondensation of benzyl chloride under various
conditions. They also correlated their data with refractive index
and chlorine content although, it is not reported what solvent was
used for the refractive index data.

As indicated, the values in the present work depend on the assump-
tion that the CH2Cl group is present in all of the polymer molecules.



08:24 25 January 2011

Downl oaded At:

POLYBENZYL POLYMER 139

TABLE 1. Chemical Shifts and Relative Areas of 'H-NMR Peaks of
Polybenzyl Polymers

Chemical shift (5)2

Polybenzyl from Polybenzyl from
Proton Benzyl benzyl AlCls/benzyl
group chloride salicylate chloride
CH:zAr: - 3.8 3.74
(0.83) (0.91)

ArCH:Cl 4.41 4.38 4.38

{1.0) (0.17) (0.09)
ArH 7.25 6.98 6.96

(2.52) (2.09) (2.05)

4Chemical shifts in 6 units from tetramethylsilane in carbon
tetrachloride solution; relative areas in parentheses.

TABLE 2. Average Degree of Polymerization (n) for Polybenzyl
Polymers Calculated from ‘H-NMR Spectra

Degree of polymerization n

Polybenzyl from Polybenzyl from
Equation benzyl salicylate AlCls/benzyl chloride
(1) 5.9 11
(2) 5.6 10
(3) 5.9 11

The possibility that some of the polymer chains might be terminated
by anthracene groupings can be considered. Friedel and Crafts | 8],
in fact, originally studied the aluminum chloride-catalyzed self-
condensation of benzyl chloride as a potential synthesis of dihydro-
anthracene. Montaudo et al. [ 9, 10] suggested termination by an
anthracene unit on the basis of their IR and UV studies, and
Finocchiaro and Passerini [ 11] pointed out that the degree of anthra-
cene formation depended on the temperature of polymerization. Kuo
and Lenz [ 1] reported that under reaction conditions where high
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degrees of ortho substitution were found, polymers with substituted
anthracene units were qualitatively formed according to UV spectro-
scopic analysis. They formulated the cyclization reaction as a
termination step occurring between two polymer chains to form a
dihydroanthracene link which presumably was converted to anthracene
structures by dehydrogenation under polymerization conditions.

As has been pointed out [ 12], dihydroanthracene units would not
be distinguishable in UV or IR spectra from the other substituted
phenyl groups in the polymer. 'H-NMR spectra of both dihydroanthra-
cene and anthracene have been reported. The spectrum [ 13] of
dihydroanthracene shows sharp singlets at 2.87 and 7.18 6 for CH:
and aromatic protons, respectively. The spectrum of anthracene
shows a singlet for the 9,10 (peri) hydrogens at 8.31 & with a more
complex pattern for the 1,2 hydrogens in carbon disulfide | 14, 15]
and 8.36 in carbon tetrachloride [ 16]. The corresponding peaks
obtained in the present work for a saturated solution of anthracene
in carbon tetrachloride were 8.42 § for the 9,10 hydrogens with com-
plex splitting for the 1 and 2 hydrogens centered at about 8.01 and
7.44 6. No absorption peaks for anthracene were present in the 'H
NMR spectra of the polybenzyl polymers prepared in the present
work within the limits of observation. The peaks for dihydroanthra-
cene would probably occur at about the same positions for aromatic
and methylene groups observed. It should be pointed out that the
9 and 10 hydrogens in substituted anthracene would no longer be
magnetically equivalent and the same would hold true for the
methylene hydrogens of dihydroanthracene.

If anthracene units are present in the 'H-NMR spectra of poly-
benzyl polymers as indicated by absorption peaks for 9,10 hydrogens
at about 8,3-8.4 6, a correction can be made in the equations, since
CH:C! groups are being converted into absorption at this position.
Another method to do this would be to obtain the amount of anthra-
cene units from UV spectra and then use this information to modify
the equations.

Kan et al. [ 17] reported that benzyl chloride undergoes polymeri-
zation to dimers and trimers by heating without catalysts. By using
deuterium-labeled benzyl chloride and infrared analysis, these
workers found that the reaction occurs as 40% ring-substitution and
the rest in the side chain. The relative amounts of substitution in
the ring were reported at 1,0, 0.26, and 0.18 for para, ortho, and
meta, respectively, They suggested that the product from side chain
substitution had structure VII,

C.H.CH,CHCIC

6HsCHy 65

Vil
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No evidence for any of the side chain product appeared in the NMR
spectra of the present work or by any other workers since the report
by Kan et al., and it would appear that this type of structure is not
obtained in the product obtained in the catalyzed condensations. Since
only dimers or trimers were formed from uncatalyzed thermal con-
densation whereas an average degree of polymerization close to 6
was obtained from the benzyl salicylate reaction, it appears that the
phenylphosphorodichloridate (I) functions as a mild catalyst for the
condensation. This may have some value in that by modifying the
structure of this organic catalyst to obtain various degrees of
cafalytic activity, changes in the structure of the polymer could be
effected.

ACKNOWLEDGMENT

Appreciation is expressed to the Petroleum Research Fund admin-
istered by the American Chemical Society for support of this work
and to Mr., Naoyuki Ogiya for translating ref. [ 17].

REFERENCES

[1] J. Kuo and R. W. Lenz, J. Polym. Sci. Polym. Chem. Ed., 14,
2749 (1976).

[2] B. A. Geller, I. G. Khaskin, and L. Y. Mulik, J. Appl. Chem.
U. S. S. R., 50, 1525 (1977); Zh. Priklad. Khim., 50, 1588
(1977).

3] S. M. Partridge and R. C. Brimley, Biochem. J., 51, 628

(1952).

] A. G. Pinkus and W. H. Lin, Synthesis, 1974, 279.

| R. L. Shriner and A. Berger, J. Org. Chem., 6, 305 (1941).

] H. C. Haas, D. L. Livingston, and M. Saunders, J. Polym.

Sci., 15, 503 (1955).

% N. Grassie and I, G. Meldrum, Eur. Polym. J., 7, 629 (1971).

]

C. Friedel and J. M. Crafts, Bull. Soc. Chim, France, 43,

53 (1885).

G, Montaudo, F. Bottino, S. Caccamese, P. Finocchiaro, and

S. Bruno, J. Polym, Sci. A-1, 8, 2453 (1970).

[10] G. Montaudo, P. Finocchiaro, S. Caccamese, and F. Bottino,

J. Polym, Sci. A-1, 8, 2475 (1970).

[ 11] P. Finocchiaro and R. Passerini, Ann, Chim. (Rome), 58,
418 (1968).

]} L. Valentine and R. W. Winter, J. Chem. Soc., 1956, 4768,

] NMR Spectra Catalog, Vol. 1, Varian Associates, 1962, Spec-
trum no. 307.




08:24 25 January 2011

Downl oaded At:

142 PINKUS AND LIN

2443 (1962),
[15] H. P. Figeys, Tetrahedron Letters, 1966, 4625.
[16] C. W. Haigh, Mol. Phys., 18, 737 (1970).
[ 17] T. Kan, Y. Nakai, G. Meshitsuka, and K. Hirota, Kobunshi
Kagaku, 16, 641 (1959). '

[14] N. Jonathan, S. Gordon, and B, P. Dailey, J. Chem. Phys., 36,
|

Accepted by editor August 14, 1978
Received for publication August 24, 1978



