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Synthesis of 6-Substituted Pyrimidines by the Wittig Reaction. III
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Via 2-Amino-4-hydroxy-5-phenylbutyl-6-pyrimidylmethyl

Triphenyl Phosphonium Bromide

B. R. Baker and Johannes H. Jordaan

2-Amino-6-bromomethyl-5-phenylbutyl-4-pyrimidinol (IV) smoothly alkylated triphenyl

phosphine, resulting in a 95% yield of the phosphonium salt (V).

This Wittig reagent

(V) readily condensed with p-nitrobenzaldehyde, p-nitrocinnamaldehyde, or cinnamalde-
hyde in N,N-dimethylformamide to give the 6-(p-nitrostyryl) (X), 6-(p-nitrophenyl-1, 3-
butadien-1-yl) (VIII), and 6-(phenyl-1,3-butadien-1-yl) (IX) pyrimidinols in 72, 67 and
44% yields, respectively. Catalytic reduction of VIII and IX afforded the corresponding
6-(p-aminophenylethyl) (XII) and 6-(p-aminophenylbutyl) (XI) 4-pyrimidinols.

In the preceding papers of this series were de-
scribed the syntheses of some 2-amino~5-phenyl-
butyl-4-pyrimidinols with functionalized 6-substitu-
ents such as VIII and IX by condensation of 2-amino-
4—hydroxy—5-pheny1butylpyrimidine—6—carboxaldehyde
(Ia) (32) or its N2-acetyl derivative (Ib) (1b) with a
variety of Wittig reagents (II) (4) bearing function-
alized R groups (3); A possible alternate route to
VIII, IX and X was condensation of a nitrophenyl
aldehyde with a pyrimidyl Wittig reagent such as V.
Since no Wittig reagent of type II, where R is a
pyrimidine ring, could be found in the literature,
it was of interest to see if a Wittig reagent with
a functionalized pyrimidine such as V could be
synthesized and - if so - would the reagent undergo
normal condensation with an aldehyde. The synthesis
of V and its bromomethyl precursor (IV), as well
as some of the reactions of IV and V, are the
subjects of this paper.

The hydrochloride of the pyrimidine -6 - carbox-
aldehyde (Ia) (3a) was reduced catalytically to the
6 - carbinol (III) in 80% yield using a palladium -
charcoal catalyst. When Il was refluxed in acetic
acid containing 10% anhydrous hydrogen bromide,
it was smoothly converted to the 6-bromomethyl-
pyrimidine (IV) hydrobromide in 72% yield; with
aqueous sodium bicarbonate, the hydrobromide of
IV could be converted to the free base which was
sufficiently pure for further reactions, and was
stable enough to be fully purified.

The bromomethylpyrimidine (IV) reacted smoothly
with triphenyl phosphine in a refluxing mixture of
benzene and tetrahydrofuran to give a 95% yield of
pure phosphonium salt (V). Since the infrared
spectrum of V showed no C=NH' band near 5.9 i
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but did have a C-P* band at 9.04 u, it was clear
that the V had the structure indicated and was not
a hydrobromide salt of a pyrimidyl-ylide which
would show C=NH' absorption near 5.9 p and no
C-P* absorption at 9.04 pu; thus the ylide moiety
is a stronger base than the pyrimidine moiety of V.

Condensation of the pyrimidyl phosphonium salt
(V) with cinnamaldehyde in N, N-dimethylformamide
in the presence of potassium ¢-butoxide gave a
readily crystallizable product (IX) that was obtained
pure in 44% yield and was identical with IX pre-
pared from Ia. Similarly, p-nitrocinnamaldehyde
and p-nitrobenzaldehyde condensed with V to give
VIII and X in 67 and 72% yields, respectively; in
the latter case sodium methoxide was used. Again,
the more electrophilic was the aldehyde, the higher
was the yield (1b,3a). Catalytic hydrogenation of
VIII and X with a platinum oxide catalyst gave pure
XI and XII in reasonalbe yields.

Of the three routes to 6-substituted pyrimidines
with Wittig reagents the pyrimidylmethyl phospho-
nium salt (V) gave the highest yields, the 2-acet-
amidopyrimidinol - 6 - carboxaldehyde (Ib) gave the
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next highest yields (1b), and the 2-aminopyrimidinol-
6-carboxaldehyde (Ia) gave the poorest yields (3a);
this order is most probably related to the relative
electronegativity of the aldehyde partner.

The bromomethylpyrimidinol (IV) could also be
functionalized by more classical chemistry. Reaction
of IV with sodium cyanide in N,N-dimethylform-
amide gave the 6-cyanomethyl pyrimidinol (VI) in
63% yield of analytically pure material; it is prob-
able that the 6-side-chain of VI could be catalytically
reduced to an aminoethyl group since such a re-
action was successful with 2-amino -5 - cyanoethyl
6-methyl-4-pyrimidinol (5). Similarly, the bromo-
methyl pyrimidinol (IV) reacted smoothly with po-
tassium phthalimide in N, N -dimethylformamide to
give the 6-phthalimidomethyl-4-pyrimidinol (VI) in
75% yield.

Prior to the successful synthesis of the 2-amino-
pyrimidinol-6-carboxaldehyde (Ia) (3), and its sub-
sequent conversion to the bromomethyl pyrimidinol
(IV), an alternate route to IV was investigated.
Since 6 - bromomethyl - 5- (p - chlorophenyl)-2, 4-di~
aminopyrimidine (XV) hydrobromide had been suc-
cessfully synthesized via XIII and the ethoxymethyl
pyrimidine, XIV (6), a similar route to IV via XVII
was investigated. In contrast to p - chlorophenyl-
acetonitrile, which Claisen condensed smoothly with
ethyl ethoxyacetate (XVI) to give the intermediate,
XIII, a similar condensation with isopropyl 6-phenyl-
hexanoate (XVI) (7) proceeded awry. Apparently
the a-methylene group of ethyl ethoxyacetate (XVII)
is far more reactive than the «-methylene group
of the 6-phenylhexanoate (XVI); thus self-conden-
sation of XVII to XIX took place and none of the
desired mixed Claisen product (XX) was formed.
Condensation of XIX with guanidine gave the unusual
pyrimidine, XXI.

An alternate route to the B-keto ester, XX, was
then investigated; this route started with ethyl benzyl
malonate and proceeded through the monobenzyl
ester, XXII, by acylation to XXIII with ethoxyacetyl
chloride, then hydrogenolysis to the desired XX.
Although the sequence appeared to be successful (8),
it was fairly lengthy compared to the synthesis of
IV via Ia; since the latter synthesis emerged about
this time, the synthesis of XX was not pursued
further.

EXPERIMENTAL

Melting points were taken in capillary tubes on a Mel temp block
and those below 230° are corrected. Ultraviolet spectra were deter-
mined in 10% ethanol, unless otherwise indicated, with a Perkin-
Elmer 202 recording spectrophotometer. Infrared spectra were de-
termined in potassium bromide pellet with a Perkin-Elmer 137 B
recording spectrophotometer. Thin layer chromatograms (TLC) were
run on Brinkmann silica gel GF and spots were detected by visual
examination under ultraviolet light.

2-Amino - 6 - hydroxymethyl - 5 - phenylbutyl-4-pyrimidinel (III) hydro-
chloride.

A solution of 4.0 g. (13 mmoles) of Ia hydrochloride (3a) in 100 ml.
of 2-methoxyethanol and 100 ml. of ethanol was shaken with hydrogen ™
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at 2-3 atmospheres in the presence of 0.2 g. of 5% palladium-charcoal
for 6 hours when 1 mole-equivalent of hydrogen had been absorbed;
during this time part of the product separated from solution. The
mixture was warmed on a steam-bath to dissolve the product, 2 g.
of Celite were added, and the mixture was filtered. The filtrate was
spin-evaporated in vacuwo. The crystalline residue was recrystallized
from aqueous 2-methoxyethanol to give 3.2 g. (80%) of white plates,
m.p. 254-255°% A max (pH 1): 269 mu (¢, 9,200); (pH 13): 286 mu
(€, 8,200); A max 2.99, 3.07, 3.15 (OH, NH); 5.94 (C=NH"); 6.23,
6.48, 6.70 (NH, C=0, C=C, C=N); 9.56 (C-O-H); 13.34, 14.29 u
(CeHy).

Anal. Caled. for CyH;gN;O,"HCL: C, 58.2; H, 6.51; N, 13.6.
Found: C, 57.9; H, 6.63; N, 13.6.

2-Amino-6-bromomethyl-5-phenylbutyl-4-pyrimidinol (IV).

A solution of 5.0 g. (16.3 mmoles) of IiI hydrochloride in 75 ml.
of glacial acetic acid containing 10% anhydrous hydrogen bromide was
refluxed for 12 hours, then cooled. The hydrobromide salt was
collected on a filter, then washed successively with 20 ml. of acetic
acid and 20 ml. of ether; yield, 4.9 g. (72%) of white crystals, m.p.
222-225°% A max (PH 1): 278 mu (e, 8,800); (PH 7): 306 (e, 8,000);
(PH 13): 300 mp (e, 6,300); A max 2.93, 3.00, 3.12, 3.21 (NH);
5.90 (C=NHT); 6.27, 6.46, 6.76 (NH, C=0, C=N, C=C); 13,40, 14.32
p (CgHp).

Anal. Caled. for CygHygBrNgO-HBr: C, 43.2; H, 4.59; N, 10.1.
Found: C, 43.3; H, 4.68; N, 10.3.

A solution of 3.9 g. of hydrobromide salt in 25 ml. of cold dimethyl
sulfoxide was poured in a thin stream into 250 ml. of vigorously
stirred saturated aqueous sodium bicarbonate. The free base of IV
was collected on a filter, washed with water and dried in vacuo; yield,
3.0 g. (95%) of nearly white crystals, m.p. 134-136°, that were
suitable for further transformations. An analytical sample was pre-
pared by solution in tetrahydrofuran without heating, then addition of
petroleum ether (b.p. 30-60°): white crystals, m.p. 134-135°% A max
2.95, 3.00 (NH); 6.05-6.35 (broad), 6.72 (NH, C=0, C=N, C=C);
13.4-13.8 (broad), 14.41 u (CgH;, C-Br).

Anal. Caled. for CygHygBrNsO: C, 53.6; H, 5.40; N, 12.5. Found:
C, 53.2; H, 5.48; N, 12.3.

2 - Amino-4-hydroxy-~5-phenylbutyl~6-pyrimidylmethyl triphenyl phos-
phonium bromide (V).

A mixture of 2.0 g. (6 mmoles) of IV free base, 1.75 g. (6.6
mmoles) of triphenyl phosphine, 15 ml. of reagent tetrahydrofuran
and 15 ml. of benzene was refluxed with magnetic stirring for 8
hours. The mixture was cooled, then the product was collected on
a filter and washed successively with 20 ml. of benzene and 10 ml.
of ether. Two recrystallizations by solution in 10 ml. of ethanol at
40° and addition of ether gave 3.4 g. (95%) of white crystals, m.p.
274-275% A max (10% MeOEtOH): 303 mu (e, 10,000); A max 3,00,
3.14 (NH); 6.11, 6.18, 6.31, 6.72 (NH, C=C, C=N, C=0); 6.99,
8.87 (P-C); 9.04 (C-P+); 13.42, 13.98, 14.50, 14,62 p CgHz, P-C).

Anal. Caled. for CgHggsBrNsOP: C, 66.2; H, 5.56; N, 7.02. Found:
C, 66.0; H, 5.79; N, 7.25.

2-Amino-4-hydroxy-5-phenylbutylpyrimidine-6-acetonitrile (VI).

A mixture of 620 mg. (1.84 mmoles) of IV, 5 ml. of N, N-dimethyl-
formamide, and 300 mg. (6 mmoles) of sodium cyanide was mag-
netically stirred at 100° for 2 hours. The cooled mixture was diluted
with 50 ml. of cold water, then acidified to pH 5-6 with acetic acid.
The product was collected on filter, washed with water, and dried.
Recrystallization from aqueous ethanol with the aid of decolorizing
carbon, followed by two more recrystallizations from agueous ethanol
gave 330 mg. (63%) of light yellow crystals, m.p. 184-185°% A max
®H 1): 266 mp (¢, 8,400); (PH 7): 295 mu (€, 9,900); (PH 13): 284
mp (€, 8,800); A max 3.00, 3.10-3.23 (broad) (NH); 4.30, 4.43
(weak C=N); 6.04, 6.13, 6.30, 6.73 (NH, C=0, C=N, C=C); 13.65,
14.42 p (CgHy).

Anal. Caled. for CygHygNO: C, 68.1; H, 6.43; N, 19.8,
C, 67.6; H, 6.17; N, 19.8.

2-Amino-5-phenylbutyl-6-phthalimidomethyl-4-pyrimidinol (VIL).

Found:

A mixture of 336 mg. (1 mmole) of IV, 204 mg. (1.1 mmoles) of
potassium phthalimide and 2.5 ml. of N, N-dimethylformamide was
magnetically stirred at ambient temperature for 30 minutes, then
heated on the steam bath for 15 minutes. Dilution with 20 ml. of
cold water gave a white solid that was collected on a filter and washed
with water. Recrystallization from aqueous ethanol gave 300 mg.
(75%) of white crystals, which gradually decomposed over 200° A max
(10% MeOEtOH), (PH 1): 271 mu; (PH 7): 301 my; (PH 13): 288 my;
A max 2.90, 3.00, 3.10-3.30 (NH); 5.70. 5.86 (phthalyl C=0); 6.10,
6.18, 6.27, 6.60, 6.72 (NH, C=0, C=C, C=N); 13.5-14.0 (broad),
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14.06, 14.40 p (phenyl CH).
Anal. Caled. for Cyu4Hp»pNOy: C, 68.6; H, 5.51; N, 13.9.
C, 68.3; H, 5.91; N, 13.9.

Found:

2- Amino-6-(p-nitrophenyl-1, 3-butadien-1-yl)-5-phenylbutyl-4-pyrimi-
dinol (VII).

To a magnetically stirred solution of 600 mg. (1 mmole) of V and
177 mg. (1 mmole) of p-nitrocinnamaldehyde in 10 ml. of N,N-di-
methylformamide protected from moisture was added 224 mg. (2
mmoles) of potassium ¢-butoxide. After being stirred for 6 hours,
the mixture was diluted with 40 ml. of water and acidified with 0.5
ml. of glacial acetic acid. The orange precipitate was collected on
a filter and washed with water. The crude product was stirred with
25 ml. of cold 2 N aqueous sodium hydroxide. The insoluble gummy
material remaining after decantation was dissolved in 10 ml. of
2-methoxyethanol. The warm solution was clarified with decolorizing
carbon, then water was added to turbidity. The warm solution was
acidified with 0.2 ml. of glacial acetic acid, then cooled. The product
was again recrystallized from aqueous 2-methoxyethanol to give 280
mg. (67%) of yellow crystals that gradually decompose over 230°, but
moved as a single spot on TLC in chloroform-ethanol (4:1). The
compound had A max (MeOEtOH), 377 (€, 32,000); A max (10% MeOEtOH,
pH 13): 396 mu (e, 25,300); A max 2.90-3.05, 3,10-3.30 (NH); 6.05,
6.13, 6.25, 6.30 (NH, C=0, C=N, C=C); 6.63, 7.51 (NO,); 11.70
(b-CgHy); 13.44, 14.45 p (CgHy).

Anal. Calcd. for CoHyNOs: C, 69.2; H, 5.81; N, 13.4.
C, 69.0; H, 6.07; N, 13.2.

Found:

2-Amino-5-phenylbutyl-6-(p-nitrostyryl)-4-pyrimidinol (X).

To a magnetically stirred mixture of 2.09 g. (3.35 mmoles) of V,
20 ml. of N,N-dimethylformamide, and 0,505 g. (3.35 mmoles) of
b - nitrobenzaldehyde protected from moisture was added 0.366 g.
(6. 70 mmoles) of sodium methoxide. After 6 hours at ambient temper-
ature and 1 hour at 100°, the hot solution was diluted with water to
turbidity, then cooled. The product was collected on a filter and
washed with 10 ml. of methanol. Two recrystallizations from 2-
methoxyethanol-water gave 0.950 g. (72%) of yellow crystals, m.p.
236-237°. This material was a 2-methoxyethanol solvate that moved
as a single spot on TLC in chloroform-ethanol (5:1) and had A max
(PH 1): 351 mp; (PH 7): 367 myu; A max 3.04, 3.25 (OH, NH); 5.93,
6.05, 6.12, 6.31 (NH, C=C, C=N, C=0); 6.65, 7.50 (NOy); 11.93
(p-CgHy); 13.40, 14.50 p (CgHg). Usual drying failed to remove
completely the 2-methoxyethanol of crystallization.

Anal. Caled. for szHnN‘Os'1/4CHSOCH20HZOH: C, 65.9; H, 5.85;
N, 13.5. Found: C, 65.8; H, 5.99; N, 13.6.

After being dried at 100® for 2 days in high vacuum the solvent free
compound was obtained.

Anal. Calcd. for CyHpNyOg: C, 67.7; H, 5.68; N, 14.4., Found:
C, 67.5 H, 5.75; N, 14.1.

2-Amino - 5 - phenylbutyl-6-(4-phenyl-1, 3-butadien-1-yl)-4-pyrimidinol
(IX).

Reaction of 1.20 g. (2 mmoles) of V with 0.300 g. of cinnamalde-
hyde and 0.448 g. (4 mmoles) of potassium f-butoxide in 10 ml. of
N, N-dimethylformamide for 16 hours at ambient temperature was
performed as described for VIII. Acidification with 0.5 ml. of glacial
acetic acid and dilution with 25 ml. of water gave a solid that was
collected on a filter and washed with water. The solid was stirred
with 25 ml. of 1 N aqueous sodium hydroxide for 1 hour at room
temperature, then collected on a filter and washed with water. The
solid was dissolved in hot 2-methoxyethanol. The hot solution was
treated with 2 ml. of glacial acetic acid, then water was added to
turbidity. After being cooled, the mixture was filtered. The product
was recrystallized twice from 2-methoxyethanol-water to give 0.330
g. (44%) of light yellow crystals that slowly decomposed over 200°,
but moved as a single spot on TLC in 5:1 chioroform-methanol.

This compound was identical with the product obtained by conden-
sation of Ia with cinnamyl triphenyl phosphonium chloride (3a) as
shown by infrared and ultraviolet spectra and by co-movement on
TLC in 4:1 chloroform-ethanol.

2-Amino-6-(p-aminophenylbutyl)-5-phenylbutyl-4-pyrimidinol (XI).

A solution of 1.75 g. (4.2 mmoles) of VIII in 200 ml. of 2-methoxy-
ethanol was shaken with hydrogen at 2-3 atmospheres in the presence
of 200 mg. of platinum oxide catalyst until 5 mole-equivalents of
hydrogen were absorbed. The mixture was filtered through a Celite
pad, then spin-evaporated #n vacuo. Three recrystallizations from
aqueous ethanol - the first with the aid of decolorizing carbon - gave
0.80 g. (53%) of nearly white crystals, m.p. 103-105% A max (pH 1):
268 mp (e, 9,300); (PH 13): 282 mu (e, 9,300); A max 2.90 (H,(”;
3.00, 3.28 (NH); 5.90, 6.08, 6.13, 6.23, 6.67, 6.72 (NH, C=0,
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C=C, C=N); 12.30 (p-CgHy); 13.50, 14.40 p (CgH;). The compound
moved as a single spot on TLC in 4:1 chloroform-ethanol.

Anal. Caled. for CyHyNiO-1/,H,0: C, 72.2; H, 7.80; N, 14.0.
Found: C, 72.4, 72.5; H, 7.51, 7.85; N, 13.9, 13.6.

2-Amino-6-(p-aminophenethyl)-5-phenylbutyl-4-pyrimidinol (XII).

Hydrogenation of 613 mg. (1.57 mmoles) of X as described for the
preparation of XI did not go to completion until a second amount of
fresh catalyst was added. Crystallization from aqueous ethanol and
two recrystallizations from ethanol gave 260 mg. (46%) of pure product
as white needles, m.p. 65-66° (turbid); A max (pH 1): 268 mu; (PH 13):
236, 283 mp; A max 2.99, 3.25 (NH); 6.10 (broad), 6.66 (NH, C=C,
C=N, C=0); 12.25 (p-CgHy); 13.60, 14.36 u (CgHy).

Anal. Caled. for CpHagNO: C, 72.9; H, 7.23; N, 15.5.
C, 73.1; H, 7.36; N, 15.1.

Found:

Claisen Condensation of Ethyl Ethoxyacetate and Isopropyl 6-Phenyl-
hexanoate (XVI): Ethyl 2,4-Diethoxy-3-keto-butyrate (XIX).

To a stirred mixture of 5.28 g. (40 mmoles) of ethyl ethoxyacetate
and 4.68 g. (20 mmoles) of isopropyl 6-phenylhexanoate (7) protected
from moisture was added 1.72 g. (40 mmoles) of a2 55.6% dispersion
of sodium hydride in mineral oil over a period of 15 minutes. The
mixture was stirred at ambient temperature for 4 hours, while exces-
sive foaming was controlled by intermittent cooling in an ice-bath.
The mixture was poured into 100 ml. ice-water, rapidly extracted
with three 25-ml. portions of ether, then 50 g. of ice was added to
the aqueous phase. The pH of the mixture was adjusted to 5 with 1
N ice-cold hydrochloric acid and extracted with four 25-ml. portions
of ether. The combined extracts were washed with water, dried over
magnesium sulfate, then evaporated in vacuo; yield, 2.6 g. of an oil;
X max (1% NaOEt in ethanol): 288 mu. The crude keto-ester (XIX)
was used without purification.

2-Amino-6-ethoxymethyl-5-ethoxy-4-pyrimidinol (XXI).

A mixture of 2.6 g. crude XIX (about 12 mmoles), 1.2 g. (6.7
mmoles) of guanidine carbonate and 10 ml. ¢{-butyl alcohol was refluxed
gently with magnetic stirring for 18 hours. The mixture was cooled
to room temperature and the supernatant brown liquid decanted from
a crystalline precipitate. The residue was suspended in 10 ml. ¢-
butyl alcohol, collected on a filter and washed with 10 ml. cold
methanol. The product was recrystallized from methanol; yield 1.23
g. (48%), m.p. 224-225°, A max (PH 1): 271 mp; (PH 7): 288 my;
(PH 13): 287 mp; X max 2.97, 3.20 (NH), 6.04, 6.42, 6.70 (NH,
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C=0, C=C, C=N); 8.09, 8.68, 9.01, 9.65 p (ether C-O-C).

Anal. Caled. for CyHygN3Og: C, 50.7; H, 7.09; N, 19.7,
C, 50.7; H, 7.32; N, 19.8.

The product showed one spot on TLC in benzene-methanol (1:4).
TLC of the decanted supernatant liquid showed a spot corresponding
with the product as well as a major spot on the solvent front; this
fraction was not investigated further.

Found:
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