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Under these mild conditions, the fastest reaction (with
free DMAP) required 6 hours for 66% completion; no side-
reactions arising from acetic anhydride éelf-condens»ation, or

from decomposition of even the benzytic catalysts, were

detected. The polymeric catalysts could be recycled at least

10 times without loss of activity. No acetylated products
could be detected in the absence of dialkylaminopyridine
moi‘eties-,meven if the _mixture had been supplemented\wd_gh/
(imidazol-N-ethyl)polystyrene™-(Part ) or unfunctionalized
polystyrene or polyvinylpyridine resins.

The intrinsic activities of various dialkylami-n.opyriding
moietfes were evaluated using free molecules (Table 2; Figure
5). In these expei'iménts, the proposed functionalities
compared favourably with <E_<_)[rmercially—available dimethylamino-
pyridine as catalytic sites: in particunlar, catalytic activity
was seen to increase with the length of alkyl spacer between
pheny! and pyridine rings, abruptly from (N-(4-’pyridin)-
methylamino-methyl)benzene, which was relatively inept, to (N-
(4-pyridin)-méthyilamlno-ethyl)benzene, then slightly more to
(N-{4-pyridin)-methylamino-propyl)benzene, which? was as
efficient as DMAP itself. Still longer spaclers, such as
advocated by Tomoi270, would probably have given no better
activity, mereiy supplementing the inert bulk in a polymeric
reagent. These findings were in accord with the theory of

dialkylaminopyridine action described above: thus, a nearby

phenyl group is unable to rotate into the plane of the pyri-
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Table 2. Relative catalytic activities of (N-(&-pyridin%;
N-methyl-amino(CH9)y)benzenes in the acetylation

of l-methylcyclohexanol®,

n o Relative Yield IHMR Shift
(z)b (ppm)C
1 83 - 6.52
¢
2 95 6.45
3 . 100 6.38

30.82 meq catalyst, 2.00 mL l-methylcyclo-

hexanol, 3.00 mL Ac20, 3.00 mL Et3N, 60°C,

- toluene to total 18.0 mL. bWith respect to
| performance of DMAP under the same conditions
after 6 hours (82% conversion to ester). ¢In .

CDCl3, of pyridine beta hydrogen.
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Figure 5. Graph of 1-methylcyclohexanol acetylation vs time

vs dialkylaminopyridine catalyst.

128

n & e

|

1 2 3 1
Time (h)

Dimethglaminopgridine
(4-Pyridin-N-methyl-amino-propdl Jbenzens
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dine ring, which would be requiréd if electrons are to be
supplied -from sitde-chain nitrogen towards s;_;ablllzation of the
in'termediate acylpyridinium complex.""Besldes ralsing Kq, the
elect;onic impoverishment brought on by this apparently remote
steric ‘hindrance is also manifested in the compound's NMR
spectrum by a shlft/ in the peak corresponding to the beta
nuclear hy\droge‘ns (Table 2).269,273 |
The catalyzed reaction can also be affected by nﬁ\izulatlng
ko. In the second step of the proposed mechanism, a \charged.,
complex is transformed to unéharged products, decreasing
electron dispersa! in the transition state. Reactions of this
ta.rpeé9 are slo-v;ed by an increase in the dielectric constant of
the local microeqgvironment such as would be induced by the
proximity of other polar functionalities, which at even
modergte degrees of functionalization would be locally more
éoncentrated within a polymer matrix than the corresponding
“free rr{olecules dispersed in a homogenous reaction medium. 'l;hls
negative cooperativity effect may account for the slight drop,
mole for mole, in catalytic activity with respect to free
model, wﬁich wés observed (Figure 5: Table 3) for dialkyl-
aminopyridine moieties affixed to 15-25% of the‘ repeating
units of 2%-crosslinked polystyren'e resin. The magnitude of
this inhibition was similar whéther monomethylene or
trimethylene 'space’r lay between nitrogen and phenyl, or
whether the solid catalyst had been made via polymerization of

aminated monomer or modification of halogenated polystyrene,
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Table 3. Relative catalytic activities of (N—(A—pyridﬁn);
N—methyl-amino(CHp),)polystyrenes in the
acetylation of l-methylcyclohexanold,

v .
n Preparation Cross- Degree of Nitrogen Relative

link ?unctiona— Content Inhibition
(%) lization (wt %) ()b

1 Polymer 2 .16 3.71 6

3 Polymer 2 .16 3.37 ° ‘s

3 Monomer 2 .22 4.58 6

3 Monomer 2 .96 - 10.73 23

1 Monomer/Butanol 34 .08 1.72 44

1 Monomer/Heptane 33 .09 1.83 60

80.82 meq catalyst, 2.00 mL l-methylcyclohexanol,
B.CO ml, AQQO, 3.00 mL EtgN, 60°C, toluene to total
18.0 mL. bWith respect to performance of correspon-
ding model compound after 6 hours under the same

conditions.
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but was much larger in the "homopolymer" lacking styrene
apolar diluent. tn macroreticular resins, rates did~ become
limited by access to the catalytic sites, which was worse for
beads copglymerized in the presence of heptane rather than
butano! as porogen.

Since the Immediate acid acceptor in the second step is_the
acetate counterion \(the complexes formed with acety! chloride,
whose anions are far less basic, Va're correspondingly more
difficult to ‘alcoholyze)S2, adding amine beyond the
stochiometric amount would contribute no additional general
base catalysis. indeed, pyr.idine. unable‘: to contribute much
nucleolphilhic f:atalysls either, actually inhibited  this
acetylation (Table 4) by Incr;easing the .polarity of the
medium, whether it was present in the Iicruid medium or as part
of the pblymer backbone (Scheme 19). Taking into account
negative effects consequent ;rom immobilization alone,
inhibition of the polystyrene-bound cata;lysts by pyridine
coso!.vent was less than expected, p’éi’tlicularly with
trimethylene spacer. This was probably because apolar styrene
moieties were ‘a\ble to "shield" the catalytic sites by simply
displacing polar solvent moleCUPIes fi‘em the surroun-ding micro-
_environment. On the other hand; the pollarity within polyviny!-
pyridine swollen in pyridine apparently exceeded the greatest
which was possible in the homogenous phase -alone, since the

P
dielectric constant of the latter must necessarily fall upon

additiop’' of less .polar reagents required in the écetylation.
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Table 4: Relative catalytic activities of (N-(4-pyridin)-

‘Nnmethyl—amino(CHz)n)-R in the acetylation of

I-methylcyclohexanol in the presence of pyridine?.

-.\‘

. R Degree of Nitrogen pyridine Relative
Functiona- Content Conc. Inhibition
lization (wt 2) (vol %) (%)b

1 Benzene’ - ) - 0 0
’ ' 24 * 23

71 47

3 Benzene - - 0 ’ 0
' 71 47

1 Poly- .16 3.71 0 15
styrene 69 49

3 Poly- 16 3.37 0 Il
styrene " 69 42

1 Polyvinyl- .08 - 12.04 0 38

pyridine ) 67 74

, q
40.82 meq catalyst aé free model or bound to 2%-

crosslinked‘polymer matrix, 2.00 mL l-methylcyclo-
hexanol, 3.00 mL Ac20, 3.00 mL Et3N, 600C, toluene
and/or pyridine to total 28.0 mL. bWith respect to
=
performance of corresponding model, with ug:;;;ié S

dine, after 6 hours.
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Scheme 19. (N-(Hyridin)—metﬁy]amino-methy])po]ystyrene and
(N-(4-Pyridin)-méthylamino-methyl }poly{styrene-
co-vinylpyriding). . ' -
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~ The introd‘hction of even v'erxyhort's.pacers car; therefore
significantly improve the performance of a polymer-bound
functional group. Under certain conditions, polymer-bound
dialkylamtna:yridines may catalyze difficult acylations better

than the analogous free molecules in the same tiquid medium,
EXPERIMENTAL

Materials

Styrene, 4-vinylpyridine and 1-methylcyclohexanol _(Aldrich)
were distilled prior to usé. Divinyibenzene (polyscliences)
contéining about 45% ethylbenzene and used without further
purification, as were other lchemlcals (Aldrich).

(Chloromethy.l)polysty-rene had been prepared by chemical

" modification of washed 1%-crossiinked polystyrene Bio-beads

SX-1 (Bio-Rad Laboratories}3!, and {(bromopropyilpolystyrene
from the fulnctionallzed monomer 25, 4-dimethylaminopyridine
(DMAP) and 4-methylaminopyridine were gifts of Reilly Tar and
Chemical Company. Infrared spectra were measured Qn a Nicolet
10-DX FT-iR, NMR spectra were recorded In COClg + TMS using
Varian EM 360, CFT-80 or XL-30Q, spectrometers while mass
spectra were obtained on a VG-TO7T0E double focusing mass

spectrorheter using chemical Ionization where appropriate.
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Fred model catalysts. {(N-{4-pyridin)-methylamino-propyl}-

benzene.

\ Sodium hydride (0.65 g, 28 meq) was stirred wit

l

N-methyl -
aminopyridine (2.7 g, 25 meq) in 12 mL anhydroug dimethyl-
formamide at room temperature under nitrogen for 1 hour.AWhe‘n
fiz‘zing had subsided, {(bromopropyt)benzene (5.0 g/ 25 meq) was

added in 5 mL_more DMF, and the solution wgs stirred at room

/

bromide, solvent was flash evaporated, and the residual oll

temperature for 20 hours. After filtering to’ remove sod‘lum
redissolved in CHpClo and thrice extracted with water, then
dried over MgSO4 and distilled under vacuum, yielding 3.2 g
(57%) of a thick yellow liquid: bp 151-1520C (0.1 rm); MS m/e
226 (M*), 121; TH NMR (CDCl3) : 1.90 (m, 2H},.2.63 (t, 2H);
2,92 (s, 3H), 3.22 (t, 2H), 6.38 and B.14 (2d, 4H, pyridy!),
7.15-7.28 (m, 5H, phenyl); IR (KBr) 1595 em=1 (pyr, s). Anal.
Cal for CigHigNa2: C, 79.61; H, 8.02; N, 12.37. Found: C,
79.36; H, 7.89; N, 12.48.

<ALO64>

(N-('4—'pyridin)-meth amino-ethyl)benzene.

Bp 147-1490C (0.1 mm); MS m/e 212 (M*), 121; TH NMR (CDCI3)

2.84 (m, 5H), 3.56 (t, 2H), 6.45 and 8.18 (2d, 4H, pyridyl),

 7.14-7.30 (m, 5H, phenyl); IR (KBr) 1595 cm~1 (s, pyr). Anal,
Calc for ‘C14H1'5N2: C, 79.21; H, 7.60; N, 13.20. Found: C,

79.10; H, 7.58; N, 13.45.

<AL09 1>



(N-(4-pyridin}-methylamino-methyl}benzene.

Bp 148-150 (0.1 mm); MS m/e 198 (M+), 121, 91;!H NMR
(cocta) 3.05 (s, 3H), 4.56(s, 2H), 6.54 and 8.18 (2d, 4H,
pyridyfl, 7.15-7.30 (m, S5H, phe_llil); IR-(KBr) 1595 qm’1 (s,
pyr). Anal. Calcd for CqigHyaNo: C, 78.75; H, 7.12; N, 14.13,
Found"::,{:, 78.63; H, 6.96; N, 14.00.

<AL038> O

, Xs

Polymer-bound- catalysts by polymer modification. (N-(4-

pyr ldin)-methyIamino-p-rfopyI)poLysty rene.

Sodium hydride (0,18 g, 7.5 meq) was stirred with N-methyi-
amlnopyri-dine, (0.70 g, 6.5 meq) in 1.0 mL anhydrous dimethyl-
formamide at room temperature under nit;'ogen for 3 hours. When
- fizzing had subsided, (bromopropyl}polystyrene (CigH10).02-

(CSH8)'82(C;)QJiBr)'1'G (2.5 g, 3.3 meq) was added in 15 mL

-

4nore DMF, and the solution was stirred at room temperature for
86 hours. The suspension was then filtéfed and washed with DMF
(1X), CHZOH (1X), HO (3X), CH3OH (1X), CHaCly (1X), CHaOH
(2)(),‘ and dried under vacuum overnight to give a pale beige
powder: IR (KBr)} peaks absent at 1263 .cm-! for bromo
precursor, and at 1663 cm-1 for pyridinone ;g 1629 cm-1 for
vinyl side-products; peak present at 1595 cm-! (s, pyr) for
aminopyridine p'roduct ’(};igure 6). Anal. Calcd for (CygH10).02-
(CaHs)_gg(C17H20N2)_16 (100% conversion}): C, 88.68; H, 7.76;

N, 3.48; Br, 0. Found: C, 84.77; H, 7.74; N, 3.37; Br, O.
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<AL 080>,

(N-{4-pyridin)-methylamino-methy!)polystyrene.

>

A product -was obtained from (chloromethyl)polystyrene
(C1oH10).01(CgHg).83(CoHgCl), 163 IR (KBr) peaks absent at 1263

cm-1 for bromo precursor, and at 1663 cm~1 for pyridinone

side-product; ‘peak present at 1595 cm-1 (s, pyr)  for

aminopyridine product (Figure 7). Anal. Calc for (C1oH10).01-

(CgHg).g3(C15H16N2).16 (100% copversion): N, 3.63 ; Cl, O.
<l .

Found: N, 3.71; Cl, O.

.- <DN022)

Catalyst monomers. (N-(4-pyridin)-methylamino-propyl}styrene.
&

Sodium hydride (1.3 g, 54 meq) was stirred with N-methyl-

aminopyridine (5.4 g, 50 meq) in 25 rﬁL anhydrous dimethyl-
formamide at room temperature under nitrogen for 1 hour. When
~fizzing had subsided, the mixture was chilled to 0°C and
{(bromopropyl)styrene (11.25 g, 50 meq) was added in 10 mL more
DMF, t'hen the solution was stirred at room temperature for 20
hours. After filtering to remove sodium bromide, solvent was
flash evaporated, and the residual oil redissolved in CHoClo
and thrice extracted with wafer, then dried over MgSOg to
yield 17.4 g of brown oil. A portion (3.06 g) was
cpromatographed on silica gel (EtOACc:MeOH 1:1) and
recrystallized (ether:petrolem ether 1:1) to yield 0.61 g pale

yéllow crystals (27% overall):mp 50-5100';‘_'MS m/e 252 (M+),

o {
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Figure 7. FTIR spectrum of {N-(4-pyridin)-methylamino-
~—__methyl)polystyrene.
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121; 1H NMR 1.88 (m, 2H), 2.59 (t, 2H), 2.90 (s, 3H}, 3.30 (t,
2H), 5.16, 5.66 and 6.64 (2d + m, 3H, vinyl), 6,36 and 8.11
(2d, 4H, pyridyl),7.08 and 7.28 (2Id; 4H, phenyl); IR (KBr)
1629 (m, C=C), 1595 cm-1 (s, pyr). Anal, Calc for Cy7H2poN2: C,
80,91; H, 7.99; N, 11.10. Found: C, 80.60; H, 7.99; N, 11.12,

<AL111>,

N—@—pyridln)-methytamlno-methyi)st}rene.
TH NMR (CDCl3) 3.05 (s, 3H), 4.§m(s. 2H), 5.31, 5.54 and

6.90 (2d + m, 3H, vinyl), 6.52 and 8,20 (2d, 4H, pyridyl),
7.17 and 7.27 (2d, 4H, phenyl); IR (KBr) 1629 (m, C=C) and

1595 cm~1 (s, pyrl.
<DN035>,

Polymer-bound catalysts by polymerization of catalyst

monomers. {(N-{4-pyridin)-methylamino-propyl)polystyrene.
(N-(‘4—pyr'idin)-rnethyIamlno-propyl)styréne {(2.70 g, 10.7
meq) was dissolved in 16 mL toluene and filtered, then mixed
.with styrene (5.2 g, 49.9 meq), 55% divinyl!benzene (0.33 g,
2.5 meq monomer) and azo-bis-isobutyronitrile (0.2 g, 1.2
meq), then added  to 74 mL of degassed 1.5% poly-
vinylalcohol/H20 ("polyviol W25/140", Wwacker Chemie) in a
Buchi BEP 280 stirred autoclave using a 250 mL thermostatted
vessel fitted with overhead anchor-type stirrer. After further
bubbting of nitrogen for a further 10 minutes, the mixture was

stirred at 330 rpm under nitrogen, at room temperature for 10

140



minutes, then at 759C for 8_ hours, then at room temperature
.for 16 hours. The su‘pernatant was decanted from the beads of
polymer precipitate, which were then ?esuspeJnded i'n water ‘and
the process repeated (5X) until the supernatant was clear. -The
prcduct was washed z;lgaln with methanoll (3X), toluene (2X),

-

methano! (2X), then dried under vacuum overnight to yield 2.33

v

g (28%) white powder: IR (kBr) identical to that of same

polymer made by modification). Anal. Calec for (CqipoH10).02-

(C1oH12),.02(CgHg),74(C17H20N2), 22 (5% more catalyst than the
monomer ratio): N, 4.4\7. Found: 4.58.

<AL 120>,

(N—(4-pyridin)-methyIamino-propyl)pbm-m{,v;omopolymer.

The procedure was repeated with 9.0 g of (N-(4-pyridin)-
methylamino-propyi)styrene, 0.19 g of 55% divinylbenzene, and
no styrene. Product was isolated in 75% yield: IR (KBr)
similar to that of same polymer made by.modlficatlon, but
peaks at 1595 cm-1 and elesewhere for p)_zridine dre more
i.ntense. Anal. Calc for (C1gH10).02(C10H12).02(C17H20N2).96
(equal to the monomer ratio): N, 10.87. Found: 1'0.73.

<AL166>.
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A :
(N-{4-pyridin)-methylamino-methyl)polystyrene. Macroreticular,

-

using butanol.

*

The prdcedure was repeated "with 1.60 g..(N-(4-pyridin)-
methylamino-methyl)styrene, 6.75 g of 55% divinylbenzene, 2.73
g- of styrgne, and butano! instead of toluene. Product was
isolated iiag% yield: IR (KBr) similar to other polymer-bound
diafkylaminopyridines. Calc for {CqygH10).34(C1oH12).27(Cg-
Hg).31(CisH1gN2) o8 (equal to the monomer ratio): N, 1.72,

<DNQO36>

(N-{4-pyridin)-methylamino-methyl!)polystyrene. Macroreticular,

>

using heptane,

The procedure was repeated with 1.78 g (N-(4-pyridin)-
methylamino-methyl)styrene, 6.75 g of 55% diviﬁylbenzene. 2,73
g of styrene, and heptane instead of toluene. Product was
1_§olated in 72% yield: IR (KBr) similar to other p‘ol-ymer-bound
dlalkylaminopyridines.” Calc for (CygHyg).33(CqgH12).27(Cg-
Hg),31(C15H{gN2),09 (equal to the monomer ratic): N, 1.92.

Found: N, 1.83,

<DP1025>
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(N-(4-pyridin)-methylamino-methy!)polyvinylpyridine.

The procedure was repeated with 1,80 g (N-(4-pyridin)-
methytamino-methyi)styrene, 0.689 g of 55% divinylbenzene and

7.77T g of of 4-vinylpyridine instead of styrene. Product was

isolated in 66% yield: IR (KBr) peak present at 1595 cm-1 as,

with other polymers, but polystyrene ﬁgaks missing at 6§9 cm- !
and elsewhere, while polyvinytpyridine peaks at 1415 and 819
em-1  are very strong. (CyoH10).03(C10H12),03(CTHIN) 86-
(C1sH1eN2) . 0g f(equal to‘the monomer ratio): N, 12,29, Found:
‘N, 12.04,

<DN020>

&\ o

Evaluation of the catalysts. General procedure.

A mixture of 1-methylicyciohexano!l (2.00 mbL, 16.2 mmol),
dialkylaminopyridine (0.81 mmoi, 5 mole %) and triethylamine
(3.00‘mL. 21.6 mmol), in toluene to total 18.0 or 28.0 mL
solution, was placed in jacketed cell whose temperature was
regulated at 60.009C. After stirring under nitrogen for - 15
min., acetic anhydride (3.00 mL, 31.6 mmol) was added while

stirring continued. Progress of the reaction was monitored by

timely withdrawal of 10 wulL aliquots for chromatographic

analysis (10% SE-30 on Chromosorb G).
<AL 20, 28, 30, 31, 34, 57, 99, 106, 123, 155, 157, 181; D
1094, 1095, 1099, 1100, 1102, 1107, 1108»>

>
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APPLICATION OF SPACER-CONTAINING FUNCTIONAL POLYSTYRENES.
8. POLYMER-BOUND HALOPYRIDINIUM SALTS.

/.
INTRODUCTION . \

.I'n 1964, Sutherland and Widdowson170 flrét reported the use
of 2-Iodo-N-meth‘yl—pyrld,lnlum iodide, made by the reaction of
hot 2-halopyridine with an excess of lodomethane,163 to
acylate nucleophiles with carboxylic acids. 2-Chloro-N-methyi-
pyridintum iodide, from the samé alkylation conducted at lower
temperatures, 167,169,170 was later employed by Mukaiyama and
COWOTr ke/g/s/t@rds one-pot syntheses of esters, ‘amldes and many '
other cgampounds from carboxylic acids in excellent ylelds and
under mild conditiofs; N-pheny!-2-chloropyridinium | tetra-
fluoroborate and N—mét’hyl-Z-fluoropyrldinium tosylate were
also effective.164,171 | general, the reaction starts (Schern.e
20) with carboxylate displacing halide from the pyridinium
ring by nucleophilic aromatic substitution, which is then
followed by attack Tof nuclet;phile onto the activated acyl! to
form a condensed product and N-a!kyl-2—pyridinone; side-
product; a tertiary amine acts as basic catalyst, and accepts
hydrogen halide released in the course of the reactionl64,

Partial dealkylailon of Iabille methyl, ethyl or benzyl
substituents from halopyridine has been observed during some

of these condensatlons.165 as well as during attempted regene-

rations from the corresponding N-alkyl-pyridinones with
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Schehe 20. Condensation of Alcohal with Carboxylic

) . )
Acid Using N-Alkyl-2-Halopyridinium Salt.

Y : B:HX : Y
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phosphoryl chloride, thionyl chloride, phosgené" or other
.rea‘gents commonly employed to convert amides to Vilsrpeyer
Jreagent or other iminium salts.7%276 However, numerous
workers have nbticed that 2-phenethyl substituents.resist such <
decomposition even under severe conditions,? 176 possibly
because steric hindrance in the preferred anti conformation
prevents nucleophilic attack by counterion onto aminated
carbon (Scheme 21). Phenethyl pyridinone "is also stable
towards aqueous base._277 Thus, an expensive halopyridinium
salt, if connected to aryl through a dimethylene spacer, after
assisting in the preparatién of an equimolar‘ quantity of ester
or amide, need not be discarded but can be regenerated with
inexpensive chemicals for multiple- reuse, -provided that the
recov;ary of heterocyglic moiety from the reaction mixture is

clean ‘and efficient. This final requirement for a useful

recyclable reagent is easily fulfilqed by simple filtration if

the phenethyl substituent is incek/po'rated in a solid phase,

such as an insoluble matrix of crosslinked polystyrene.
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Scheme 21. N-Phenethul-2-Halopyridinium Salt.

Stablest Conformation.
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RESULTS AND D!SCUSSION:

o~
B
s

The acylation of benzyl alcoho! with phenylacetic acid in
the presence of tertiary amine {Scheme 22) has been used to
measure the ~condenslng abilitiess of free halopyridinium
salt‘s.164 In a prelimlnéry reaction, an excess of (2-iodo-
pyridinium-N-ethyI)polystyrene iodide, previously prepared
f:"gm -,(iodoethyi)polystyr-e\:ne and 2-chloropyridine and

quantitated by elemental analysis (Part |: Experiment 27),

~though admittedly irhpur_e, was nevertheless abie to produce the

standard ester in qﬁantitative yield, under conditions
comparable to those necedsary for the free analogue. However,
regeneration of’ the polymefiCré-pyridinone (Scheme 23) proved
unexpectedly difficult, requiring. ..proionged reflux with
thionyl chloride in the presence of dlmethylformamide catalyst
for conversi\on to be judged complete by FTIR spectroscopy.
Even then: the resulting 2-chioropyridinium chloride was much
less active than the original iodide in promoting the same

esterification (30%  yield of benzyl phenylacetate).

{4-Pyridinon-N-ethyl)polystyrene was also available,

“through a much cleaner and higher-yielding synthesis (Part I:

Experiment 36). 4-Pyridinones and halopyridinium salts are

.reported to be even more reactive than the Z2-isomers, the

-+

reactive centre being less sterically .hindered by nitrogen
alkylant, 161,163,169 Thus, far milder conditions (e.g. COClo
at room temperature for 2 -hours without catalyst) were

i
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Scheme 22. A Standard Esterification Used to

Test the POlgmar Reagents.

-

o+
@-cuci,-N( )Y + @cazcoon + @-CH20H
Cl. |
N A . V g . .

Recycling (Bu) ;N
(®)-cH,CH,-N /> 4 @-CHZCOOCHZQ .
® - rowoscone ¢
= Polystyrene
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required to ellminate pyridinone peaks in ‘the FTIR spectrum of
®Rhe 4—Ispmer. However, like the 2-isomer, 4-chloropyridinium
.chLorlde also gave only poor '(8%) yl\elds of ester from alcohol
"r‘and acid. Fortunately, this reluctancve was greatly offset by
the addition of a soft'er anion, such as iodide (57%) or tetra-
fl‘aoroborate {(62%), to the reaction® medium. In -general.

-

condensations employing only catalytic trialkylamine, and
excess tdipotasslu% phosphate, gave combarable results to
others using stochiometric organic base alone, while
simpltfyin‘g workup and isofation of the des{redl ester.

Iminium‘ halides, including halopyridinium salts, are not
very soluble in apolar organic  solvents such as
benzene.171,276 However, tipophilic iodides and tetrafluoro-
borates -are probably somewhat {ess subject to aggregation and
precnpltatlon\whnle concentrated inside an aromatic polymer
matrix than the chliorides from which they can be derived by
metathesis.279:280 |t js also possible that the polymer-bound

chloro-pyridinium chlorides were relatively more inhibited by

complexation or covalent reaction with polar trialkylamine, or

even with nearby N-alkylpyridinone groups as these were formed

during esterification. Finally, during regeneration, some of
the 4-pyridinone functionalities may merely have been
_protonated by hydrogen chloride, either endogenous to the
activating reagent 6r generated irn situ 'by traces of moisture,
to give 4-hydroxypyridinium moieties difficuft to distinguish

from haio groups by FTIR spectroscopy -- addition of ‘py'rridine

151



at this time may have been of some bqnefit in prgventing this,
but the'- resulting hydrochlor}de preclbltate would still be
capable of interfering with later condensations through proton
transfer to t-rialkyl:amlne needed as base.

Thus, it has been dehonstrated that a po1ymer—bound ver'sion
of. Mukalyama's reagent - is capable of promoting acyl
condensations in excellent yields. However, lregeneratlon
remains to be optimized, probably by taking greater -pains to
replace chloride with a more lipophilic counterion, and to

remove interfering protons from the reaction environment.
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EXPERIMENTAL

Materials.

Phenylacetic acid and sodium iodide crystals were dried In
a warm vacuum oven. Reagent-grade benzyl alcohol and
acetonitrile were dlistilied onto molecular sieves. Pyridine,
triethylamin%. . and tributylamine were distllled from and
stored over calcium carbide. 1M OOClo/CHCI3 was preparied from
phosgene gas and ethanol-free chloroform; SOClp was purified
by distillatiqp/lfllom limonene255, All polymers were originally
prepared from "SX-1 Bio-Beads", .200-400 mesh -particles of
polystyreﬁe crosslinked with 1% divinylbenzene (Part 1).

Infrared spectra of KBr pellets were measured on a Nicolet 10-

DX FT-IR Spectrometer, and NMR spec%’ra were recorded in COClg "’

+ TMS using Varian EM 360, CFT-80 or XL-300 spectrometers.

o+
-

i

Benzyl .phenylacetate. With (2-iodopyridinium-N-ethyl}poly-

styrene iodide.

— Previousl_y-prepared (Part |: Experiment 27) (2-lodo-
" pyridinium-N-ethyl)polystyrene iodide-{chloroethyl)polystyrene
" copolymer (C1oH1o).o1L§A§%’).70(C15H15NI2).145(C10H11é|).145
(t.80 g, 1.58._m§q) was stirred with phenylacetic acid (0.136
g, 1.00 meq), ber;\z‘y\l.alcohol (0.108 g, 1.00 meq) and triethyl-
amine (,245 g,ﬁz,ﬁg,,v:'meq) in 12 ml CHoClo under nitrogen reflux
at 400C for ’\‘1-.5._hours. The brown suspenslén was filtered and

thg,.nee#l-éue washed with ethyl acetate and water, then the
; )
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filtrate was separated, dried over Nas9S04, flasi evaporated
and subjected to thin-layer chromatography, to give 0.225 ¢
{100%) of clear and colourless liquid: TH NMR (CDCig) 7.27 (s,
10H)}, 5.02 (s, 2H), 3.56 (s, 2H). A similar experiment using
only 5% excess halopyridinium salt gave 74% yield of Isolat%d
ester. After further washing with acfueous base, the pale brown
residue was dried under vacuum: IR (KBr}) peaks absent at
1640-185% for 2-.halopyrldlntum salts; strong peaks present at
1663, 1582 and 1539 cm-! for 2-pyridinone product, and a
ShOl.l[der‘ at 1245 cm-1 for original chlofro impurity.

<C719, C722, C720>,

Benzyl phenylacetate. Attempts with regenerated (2-chloro-

pyridinium-N-ethyl)polystyrene chloride.

(2-Pyridinon-N-ethyl)polystyrene-{chloroethyl}polystyrene
copolymer {C10H10).01{CgHg), 78(C15H15NO}, 145{C10H11Cl), 145
(1.0 g, 1.1 megq), thionyl chloride (1.5 ml, 21 meq) and
dimethylformamide (0.5 ml, 6.5 meq) in 10 il benzene were
stirred under nitrogen reflux at 800C for 36 hours. The brown
suspension was then filtered under nitrogen, and washed with
dry methylene chloride (3X), then dried under vacuum: IR (KBr)
peaks absent at 1663, 1582 and 1539 cm-! for pyridinone

precursor; peak present at 1646 cm-1 (m, pyr*) for 2-halo-

’f‘ .
pyridinium product. This chloropyridinium chloridé\g

(C10H10).01(CgHg),70(C15H15NCI2) 145(C1gH11Cl)_ 145 (1.0 g, 1.1

meq) was then stirred with phenytlacetic -acid (.136 g, 1.00
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meq),\enzyl alcoho! (.108 g, 1.00 meq) and triethylamine

4

(.122 g, 1.21 meq) in 12 m! CH2C|2 under nitrogen reflux at
400C for 3 hours. The brown suspension was flltered and the
residue washed with ethyl acetate and water, then the filtrate
was separated, dried over NasSO4, flash-evaporateq. and
subjected to thin-layer chromatography, to give 0.037 g (16%)
of clear and colourless liquid: H NMR (CDCI3) 7.27 (s, 10H),
5.02 (s, 2H), 3.56 (S,'..EH).' in another experiment, a larger
(120%) excess of another polymer bearing the same species
(C10H10).01(CgHg),73(C15H15N0) 21{C10H11C) 05 (0‘?77 g, 1.1
meq)} was stirred with phenylacetic acid (0.50 meq), benzyl
alcohol (0.50 meqg) and triethylamine (1._(20 meq) in refluxing
CHoClo for 1.5 hours; a con;/ersion of 30% was estimated by
comparing the areas under the PhCHoO singlet peaks for alcohol
precursor and ester product, which were easily distinguishable
from a!l others in the NMR spectrum of the orgénic filtr'ate
after flash-evaporation. After further washing with aqueous
-tése, the pale brown, residue was dried under vacuum: IR (KBr)
peaks absent at 1640-1659 for 2-halopyridinium sz;\lts; strong
peaks present at 1663, 1582 and 1539 cm-! for 2-pyridinone
product, and a shoulder at 1245 -1 for original chloro
Impurity.

Alternatively, treatment of polymeric pyridinone with
phosphoryl chioride gave a product whose FTIR spectrum showed
no pyridinone peak at 1663 cm-1, but very large peaks at 1018

and 1240 cm~'! were present due to phosphate or halophosphoryl.
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Thionyl chloride without heat. or DMF, or other reagents such:

as carbonyl chioride, oxalyl chloride or chlorotrlmethylf
silane, with or without catalytic or stochiometric tertiary
amines, gave polymers whose IR spectra displayed no change
from their 2-pyridin;)ne precﬁrsors,‘ and which-gave 0% yields
of benzyl phenylacetate from benzyl! alcohol ana phenylacetic
acid.,

<C726, 730, 735; D1024, 1026-1032, 1032>

Benzy! phenylacetate. Attempts with (4-chloropyridinium-

N-ethyl)polystyrene chloride.

Previously-prepared (Parf .I; Experiment 30) (4-Pyridinon-
N-ethyl)polystyrene'(C1gH10).01{CgHg) 74(C15H15NO) 25 (0.40 g,
0.75 meq) was stirred with COClo (4 meqg) in 4 ml CHCI3 at room
tempera_ture under nitrogen for 16 hours. The brown suspensi;)n
was then ffitered under nitrogen, and the residue washed with
dry CHoClp (2X), and dried in a stream of nitrogen: IR (KBr)
peak absent at 1582 cm-] (m, C=0) for pyridinone precursor;
peaks present at 1637 (smaller, m, pyr) and 1522 (m, pyr+) for
halopyridinium product, or hydroxypyridinium side-product (the
two spectra were very similar)280, The polymer (0.75 meq) was
then resuspended in § ml .dry CHoCls with phenylacetic acltd
(0.40 meq), benzyl alcohol (0.40 meq), and diazabicyclo-
undecene (0.17 mi, 1.4 meq), with stirring at room tenﬁpera-ture
under nitrogen for 24 hours: NMR of the concentrated filtrate

Indicated 8% conversion to ester; after washing with aqueous
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base and drying, FTIR spectrum of the polymer was identical to
Starting 4-pyridinonk.

«<D1169>

Benzyl phenylacetate. Attempts with (4-chloropyridinilm-

.

N-ethyl)polystyrene iodide.

The same phosgene-treated polymer (0.65 meq), after washing )
with dichloromethane and drying, was resuspended -under
nitrogen in 5 ml dry acetonitrile with phenylacetic acid (0.30 l
meq), benzyll alcoho! (0.30 meq) and tributylamine (0.72 meq).

Ory sodium iodide (0..05 g, 0.3 meq} was added, forming a clear
yellow solution from which rapidly formed a white micro-
crystalline precipitate. Stirring was continued at 709C for 17
hours: NMR of the concentrated filtrate indicated 26%
conversion to ester; after washing with aqueous base and
drying, FTIR spectrum of the.“ polymer was identical to the

&
starti'ng 4-pyridinone. In another experiment, the polymeric

4-pyridinone (1.21 g, 2.24 meq) was firet trea;ed with a
mixture of COClp (20 rr;eq) and SCClo (1.0 ml,'14 meq) under
nitrogeﬂt room temperature for 2 hours. After washing with
dry CHoClp (3X) and drying, sodium iodide (0.15 g, 1.0 meq),
phenytacetic acid (0.139 g, 1.02 meq), benzy! alcoho! (0.111 -
g, 1.02 meq) and 12 ml dry CHoClo were added, then triethyi-
amine (0.34 ml, 2.4 meq) in 3 portions 30 minutes apart. After

stirring under nitrogen at 400C for a total of 6 hours, the

brown suspension was filtered and the flltrate evapdrated: NMR 1



of fhe concentrated filtrate indicated 57% conversion to the
ester; after washing with aqueous base and drying, FTIR
spectrum was identical to the starting pyridinone.

Phosphate in a polymer which had been treated Qith POCl3
was not displaced by washing?d with concentrated KI/HéO. An
attempt to Introduce iodide during thg regeneration step
(COClo) led to a clear purple solution due to the liberation
of elemental iodine. :

<D1139, D1163, D1169, D1183>.

Benzyl phenylacetate. Attempts with (4-chloropyridinium-

-N-ethy!)polystyrene tetrafluoroborate.

The polymeric 4-pyridinone (1.15 g, 2.1 meq) was first .

combined with COClg (10 meg) and SOClp (1 mi, 14 meq) to which
was also added anhydrous sodium tetrafluoroborate (0.‘30 g, 2.7
meq) and '.pyridine (2.0 mi, 25 meq}. After stirring wunder
nitrogen at room temperature for 24 hours,. the brown
susbepsion was filtered, and the residue washed with dry
CH»Clo (3X), and dried in a stream of nitrogen: IR (KBr) peak
absent_at~ 1663 cm-! for'pyridinone; several very strong peaks
present near 1000-1100 cm-! for both organic and inorganic

tetrafluoroborate salts280, The polymer (2.1 meq) was

158

resuspended in 10 ml dry CHoClo with phenylacetic acid "(1—'5_—-

meq), benzy! alcoho! (1.0 meq), and tributylamine (0.55 ml,
2.3 meq), and stirred under nitrogen at room temperature for

18 hours: NMR of the concentrated filtrate indicated 62%



conv'ersion to the ester; after washing with aqueous base and

drying, FTIR spectrum was identicat to the starting

pyridinone.

Substituting methanesulfonyl chloride, tributylamine or
potassium tetrafluoroborate for, r_eépectively. thloﬁyl/
carbonyl chloride, pyridine or sodlur'p tetrafluoroborate in
this recipe for halogyridinium regenerétion gave polymérs only
able to promote 10-30% esterification. Use of dimethylaniline
instead of pyr‘idine with phosgené during the regeneration step
produced a coloured solution due ‘to the . formation171  of
crystal violet. Neither dir{mthyllaminopyridine nor tricapryl-
methylammonium chloride catalysts, nor dipétassium phosphate

acid acceptor, seemed to affect the outcome o& the esteri-

\_\

fication.

<D1139, 1142, 1143, 1146, 1157, 1160,_1170-117'3, 1175,
1177, 1180, 1183>.
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CLAIMS TO ORIGINAL RESEARCH |

Preparation of crossiinked polystyrenes c¢ontaining dimethy-
lene spacers-bearing various leaving groups, as Verfsatile
intermediates toviards other functional polymers, - '
A new method for the clean tosylation of alcohols, employing
dlisopropylamine as a nonnucleophilic acid acceptor.
Preparation, by quanfitative polymer modification, ‘of
itlustrative or useful oxygen, nitrogen, sulfur or phosphorus
functionalities supportedr‘on polystyrene through dimethylene
spacer, General conditioﬁs to minimize common side-reactions.
Dis‘covery of several new examptes of "polymer effect", in
which funcfional groups immobilized within the special
a
microenvironment provided by a polymer matrix behavéd
eccentrically compared to the analo_gous .frémcules.
Metallation at insoluble primary carbon.
A new and probably general method for the clean formation of
alkenes from alky! halides and tosylates, involving treatment
with N,N-dimethylaminocethanol, then mi'ld base; Its application
towards crosslinked (viny!)polystyrene.
New _polymer-supported dialkylgminopyridine - acylatio-n
catalysts w‘hose acjivities, improved by spacers, approached or
equalled thbse of the best free molecules a\)ailable.

A new polyrner—bound‘reagent for the acylation of nucleo-

philes. Its partial regeneration by inexpensive chemicals,

. [y
-
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SUGGESTIONS FOR FUTURE RESEARCH

uw

- The ';wo néw synthetic methods discovered during this work,
for tosylation ar)d for elimination, can be t‘ested on a
\‘se!ectic.m of free molecules tb'determine their usef_dlness to
the gen;ral organic chemist, A' one-p'ot ‘procedure’ employing
them both is easi‘ly envisaged for the conversio;'l of alcohols
to olefins. A recyclable, polymer-bound beta-amincalcohol,
perhaps prepared from Iithi-ated polystyrene 'and epichloro-
hydrin, would further simplify workup and purification of the
desired olefin._ product. ‘

- Elimination might be more or less .suppressed in the
synthesis of (alkoxy-ethyl)polyst’yrenes from alkoxides If a
positive counterion were employed c'a;;able of anchimericaflly
assisting departure of leaving group},.,&uch as mercury ofr
thallium wit-h polymeric- halide, or magnesium with tosylate.
Perhaps even diisopropylamine might be immobilized in this
manner.

- The synthesig of (diisopropy_laminoethyl)polﬁ(st_yrene can also
be attempted through a new, entirely different route employing
diisopropylaminoethyl chloride or tosylate and polystyrene
copper or magnesium, derived from the lithiated polymer by
metal exchange. Some illustrative alpp_lications of the new non-
nucleophilic polymer base Would then be in order.

- Certain . other photochemical, basic and/or reducti_ve



procedures have yet to be attempted for the clean cleavage of
pplyrhéric tosylamide to segondary am_ine..‘FaiIing this, the

mor_é,la._bile but expensive triflamide may be more suitable.

~

. C - Condi_i:idns for the metallation. of insoluble pol.ystyrene
aIUI can .probably be imp'-.ro-ved.,. if hot. tﬁ’e reasons may also.
be interesting for the understanding 'of metaliation reactions

. and polymer chaln dynamics. Hydroboration of vinylpolystyrene

would be a step towards many other interesting derivatives.

- Nucleér_ magnetic re_'sonance s'pé;chtroscopy would greatly help .

in the analysis of functionalized reticulated p.olystyrenes.
", Since polystyrene gels are swollen by common NMR solvents,
_advanced hardware accessories .u,sually‘ required for solid

samples may not be necessary.

- The effect of spacers on cooperativity phenomen‘? can berhapsl

be tested with polystyrene-supported t‘ertiary" pyrrolidinone.
- Metal complexes with spacver-suppgpted phosphine, imidazole
and quaternary ammonium groups may -be particularly potent and

stable catalysts, Here, too, cooperativity may play a role.

- (Hydroxypropyljpolystyrene may be acCessibIeQ‘}rom commercial '

- I+

crosslinked p'c_alystyrene by coupting. the metalfated -polrymer

with allyl halide, followed by hydroboration-oxidatiori.

tm

Further func,tion"al\‘-mod'ific'atiohs would be the séme_ as for the

~

dimethylene 'spacer.

- Cor'n'plet? optimization of the regeneratien of active polymer-

bound halopyridinium reagent may be only one experiment

h ~
away... o P _ N
O %

o A
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