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PHOSPHORINO[4,3-d]PYRIMIDINES, 1II. SYNTHESIS
UTILIZING METHYL 4-0X0-1-PHENYL-3-PHOS-
PHORINANECARBOXYLATE 1-SULFIDE1’2
Theodore E. Snider3 and K. D. Berlin*
Department of Chemistry, Oklahoma State University,

Stillwater, Oklahoma 74074

Carbon-phosphorus heterocycles possessing functionality are extremely

rare in the 11terature.2’4-13

An almost singular example is the classic
Thorpe condensation of bis(2-cyanoethyl)phenylphosphine to form the 2-
enamino nitrile L.6

Our interest in phosphorino[4,3-d]pyrimidines led us to consider the

condensation of amidines with @-keto estets.14’15

The attempted hydroly-
sis of 1 by known procedures for the formation of B-keto estersl6 gave
only the cyano ketal 3 isolated as the sulfide. A well-known alternate

route to cyclic B8-keto esters is the Dieckmann condensation of diesters}7
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The appropriate diester, bis(2-carbomethoxyethyl)phenylphosphine ﬁls was
successfully cyclized with sodium/sodium methylate in boiling toluene to
form 5. The R-keto ester 5 decomposed on distillation and was thus con-

verted to the corresponding

0
. CH3
H5CeP(CH2CH2CO2CH3)2 1225 p” 5

A —ma?g.

H
4 6ns A

phosphine sulfide 2 in a boiling mixture of chloroform and sulfur. The

overall yield of 2, 4542, was 45-607 for three preparations.
Condensation19 of 2 with guanidine hydrochloride, acetamidine hydro-

chloride, and thiourea under anhydrous basic conditions gave, after

neutralization, the corresponding 6-phenylphosphorino[4,3-d]-pyrimidine-

4-0l. The pyrimidinols are easily isolated and purified by solution in

X Y X
2 NHy HCI 8 Wi
CHz HCI 7 cHs
Isuﬂ — -—
gsu
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dilute base, decolorization of the solution with Nuchar, and subsequent
acidification with dilute acetic acid to regenerate free pyrimidine. Of
particular note in the proton nmr spectrum of these phosphorino[4,3-d]
pyrimidine 6-sulfides is the phenyl region. One may easily discern the
ortho protons of the phenyl group down field from the remaining phenyl

signals.
Experimentalzo

4-0xo~-1-phenyl-3-phosphorinanecarbonitrile dimethyl acetal l-sulfide

(3).--A mixture of the 2-enamino nitrile 16 (10.8 g., 0.05 mole), hydro-
chloric acid (20 ml., 12 M), water (20 ml.) and methanol (120 ml.) was
boiled for 1 hr. The mixture was then evaporated to dryness and the
residue was dissolved in methanol (120 ml.). Saturation of the solution
with HC1 gas followed; this solution stood for 24 hr. at room temperature.
Pouring the mixture into 300 ml. of ice water quenched the reaction. The
aqueous solution was made basic with 10% NaOH and then extracted twice
with HCCl3 and twice with ethyl acetate. The organic extracts were com-
bined, washed (with saturated NaCl, followed by H20), dried (MgSOa) and
evaporated to dryness. Attempts to vacuum distill the residual oil re-
sulted in decomposition. Therefore, the residual oil was dissolved in
HCCl3 (100 ml.) containing sulfur (1.6 g., 0.05 mole) and boiled for 1 hr.
Concentration of the solution to ca. 25 ml. and dilution with hexane pre-
cipitated unreacted sulfur and some product. The precipitate was washed
(CSZ) to remove excess sulfur. The hexane-chloroform solution was evap-
orated to dryness, and the residue was combined with the residue from the
CS2 washings. Recrystallization of the combined residues, a mixture of

the diastereomers of 3, from ethyl acetate/2-propanol gave 4.25 g. of 3

{m.p. 145-1680, 29%). Subsequent recrystallization of the diastereomeric
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mixture from CH30H gave a pure diastereomeric ketal 3 (m.p. 170-1720);
pmr (DCCla) § 1.8-2.9 (m, 7, phosphorinane ring), 3.25 (5, 3, OCHj), 3.33
(5, 3, OCHj), 7.3-8.0 (m, 5, C6§5).

Anal. Calcd. for C14H18N02PS: ¢, 56.95; H, 6.10; P, 10.51.

Found: C, 57.03; H, 6.26; P, 10.36.

Bis (2-carbomethoxyethyl)phenylphosphine (4).~-Methyl acrylate (15.5

g., 0.18 mole) was added dropwise to a stirred mixture of phenylphosphine
(10 g., 0.09 mole), potassium hydroxide (1 ml., 10 N), and acetonitrile
(10 m1.). The reaction temperature was maintained between 20-35°% by con-
trolled addition of phenylphosphine and/or by cooling in an ice bath.
After addition was complete, the reaction mixture was stirred for 3 hrs.
at room temperature. The organic layer was separated, washed with two 15-
ml. portions of saturated sodium chloride solution, dried (anhydrous
Nazso4), and distilled to yield bis(2-carbomethoxyethyl)phenylphosphine

17 149-150°/1mm., 13 g., 51%); ir

(4) (b.p. 156-60°/0.51.0 mm., 1lit.
(NaCl film) u 5.77 (C=0); pmr (DCCl3) 6 1.8-2.6 (m, 8, C§2C§2), 3.5
(s,6,OC§3), 7.1-7.5 (m, 5, Cegs). The 40.5 MHz nmr spectrum of 4 shows
31P absorption at §+ 20.62 (50% in CH3OH) relative to 85% HBPOA'
Methyl 4-oxo-1-phenyl-3-phosphorinanecarboxylate 1-Sulfide (2).--

A solution of bis(2-carbomethoxyethyl)phenylphosphine (4) (9.4 g., 0.033
mole) in 50 ml. of toluene was added dropwise to a boiling solution of
sodium methoxide (1.8 g., 0.033 mole) in 150 ml. of toluene..- After the
reaction mixture had boiled for 2 hrs., metallic sodium (0.7 g., 0.033
g-at) was added and the mixture was stirred and boiled overnight. After
cooling, the mixture was treated with 100 ml. of HZO' The aqueous layer
was separated and extracted three times with 50-ml. portions of HCC13,

the extracts being combined with the organic layer. The combined organic

layers were dried (NaZSOA) and evaporated to an olly residue. Agsin
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attempts to distill this residue resulted in extensive decomposition;
therefore the residue was dissolved in 75 ml. of H0013 and the solution
was boiled for 1 hr. in the presence of sulfur (2.1 g., 0.066 mole). The
HCCl3 was removed via rotary evaporation, and the residue was recrystal-
lized from CH,OH/H,0 to yield 2 (4.2 g., m.p. 142-48°, 45%); ir (KBr) p
5.73 (C=0), 5.81 (C=0); pmr (DCC13) $§ 2.0-3.3 (m, 6, phosphorinane ring),

3.7 (s, 3, chg), 7.3-8.0 (m, 5, C6§5), 12.5 (s,1,0H); mass spectrum m/e

" (rel intensity) 282 (100), 283 (14), 251 (11), 250 (30), 223 (11), 222

(44), 166 (11), 141 (16), 109 (54), 63 (23), 55 (38), 32 (22). The 31?

magnetic resonsnce absorption occurred as two broad multiplets at §-19.0
and §-19.3 (20% in CH3OH) relative to 857% H3P0 .
The 40.5 MHz nmr of 2 in methanol is not wholly unexpected,21 but the

31P absorption is novel. This double absorption would be expect-

doublet
ed in molecules such as 2 which have two asymmetric centers and thereby
exist as a pair of diastereomers. However, the pmr spectrum and integra-
tion of 2 indicated that the enol and not the keto form of 2 was pre-
dominate in chloroform solution. This enolization of 2 would equilibrate
the diastereomers. The observation of both diastereomers in the 31P nmr
spectrum may be caused by the difference in solvent 22 or may be an il-

31

lustration of the extreme sensitivity of “ P nuclei to structural modifi-

cations.
Anal. Caled. for CI3H1503PS: c, 55.32; H, 5.32; P, 10.99; S, 11.34.
Found: C, 55.43; H, 5.42; P, 10.82; S, 11.15.

2-Amino-5,6,7,8-tetrahydro-6-phenylphosphorino[4,3-d]pyrimidine-4-0l

6-Sulfide (6).--The g-keto ester 2 (5.44 g., 0.02 mole), guanidine hydro-

chloride (1.91 g., 0.02 mole), and sodium methoxide (2.16 g., 0.04 mole)
in 150 ml. of methanol were boiled for 3 hr. under an N2 atmosphere. The

reaction mixture was subsequently cooled and stirred at room temperature
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overnight. The mixture was then evaporated to dryness on the rotary

evaporator, and the residue was dissolved in 150 ml. of HZO' The pH of

the solution was adjusted to pH 5-6 with glacial CH3COZH’ whereupon a

small amount of st was liberated. The precipitate which formed was fil-

tered out and washed twice with HZO while on the filter. The pink solid

was recrystallized from DMSO and then dissolved in 10% NaOH and treated
with Nuchar, the solution filtered, and the solid precipitated with 50%
CH3002H. The solution and precipitation procedure was repeated two more
times to give 6 (4 g., m.p. 243-246° s.t., 67%); ir (KBr) y 2.89 (0-H),
3.0 (N-H), 5.88 (pyrimidine ring); pmr (DMSO-d6) § 2.0-3.5 (m, 6, phos-
phorin ring), 6.47 (s, 2, Nﬂz), 7.5 (m, 3, meta and para CGES), 7.75-8.0
(m, 2, 9-0655); mass spectrum m/e (rel intensity) 291 (100), 292 (16),
259 (14), 258 (47), 150 (75), 151 (11), 108 (33), 43 (11). The >'P mag-
netic resonance of 6 occurred at §-31.41 (5% in DMSO) relative to 85%
H3P04.

Anal. Caled. for C  H  NJOPS: N, 14.43; P, 10.66; S, 10.99.

Found: N, 14.54; P, 10.49; S, 11.06.

5,6,7,8-Tetrahydro-2-methyl-6-phenylphosphorino(4,3-dlpyrimidine-4-~01

6-Sulfide (7).--Acetamidine hydrochloride (0.95 g., 0.01 mole) and sodium
methoxide (1.1 g., 0.02 mole) were mixed and stirred in 30 ml. of anhy-
drous ethanol for 10 min. at room temperature. The mixture was then fil-
tered and added to a solution of the B-keto ester 2 (2.2 g., 0.008 mole)
in 50 ml. of ethanol. (The mixture turned orange in color.) The reac-
tion mixture was boiled for 10 min. and then allowed to stir overnight at
room temperature. (The color darkened to black.) The mixture was subse-
quently boiled for 1 hr., cooled, and evaporated to dryness on the rotary
evaporator, The brown oily residue was dissolved in 107 NaOH, treated with

Nuchar, filtered, acidified (50% CH3COZH) ,and filtered toyield7 (1.2 g., m.p.
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269-271°s.t.,52%). An analytical sample was prepared by thrice dissolving a
sample of 7 in 6% NaOH, treating with Nuchar, and precipitating with 50%

CH3602H):ir(KBr)p2.89(0§),6.05(pyrimidinering);pmr(DMSO-d6)62.26

(s,3,Cg3),2.6-3.2(m,6,phosphor1nring),7.6(m,3,metaandgarac6§5),
7.8-8.2(m,2,g-C6§5);mass spectrumm/e (rel intensity) 290 (92), 291 (15),
258 (24), 257 (100), 149 (25), 109 (8), 42 (16). The 31P:nagnetic resonance ab-

sorption of 7 occurred at §-39.02 (2% in DMSO) relative to 857 H,PO,.

3774

Anal. Calcd. for CIAH15N20PS: N, 9.66; P, 10.69; S, 11.03.

Found: N, 9.57; P, 10.56; S, 11.08.

5,6,7,8-Tetrahydro-2-mercapto-6-phenylphosphorino[4,3-d]pyrimidine-4-

ol 6-Sulfide (8).--Thiourea (2.2 g., 0.03 mole), sodium methoxide (1.5 g.,
0.03 mole) and the S-keto ester 2 (5.6 g., 0.02 mole) were dissolved in
100 ml. of CH30H. The solution was then boiled for &4 hr., cooled, and
allowed to stir overnight. Precipitation occurred. The heterogeneous re-
action mixture was evaporated to dryness on the rotary evaporator, and

the residue was dissolved in 107 NaOH. The solution was treated with

Nuchar and filtered, and the filtrate was acidified (50% CH COZH) to pre-

3
cipitate crude 8. Purification was effected by solution in 107 NaOH,

treatment with Nuchar, and precipitation with 207 CH3C02H. This proce-

dure was performed twice to give 4.8 g. (80%) of pure 8 (m.p. 344-3460);
ir (KBr) u 2.91 (O-H), 6.05 (pyrimidine ring); (DMBO-d6) 5 2.0-3.5 (m, 6,
phosphorin ring), 7.6 (m, 3, meta and para 0655), 7.8-8.1 (m, 2, g-CGES);
mass spectrum m/e (rel intensity) 308 (100), 309 (17), 310 (11), 167 (12),
108 (27), 63 (11). The 31? magnetic resonance absorption of 8 occurred
at §-39.0 (5% in DMSO) relative to 857 H3P04.

Anal. Calcd. for 013H13N20P82: N, 9.09; P, 10.07; S, 20.78.

Found: N, 9.27; P, 9.95; S, 20.75.
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