Amidine function in constructing novel types of phosphorus-containing heterocycles
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Novel pyrazolo[5,4-blazaphosphinine and pyrazolo[4,5-e]diazaphosphinine ring systems have been synthesised from 4-phospho-
rylated 5-formamidinopyrazoles.

We have previously found that the amidine substituent (-N=CH-

NMe,) is a convenient protecting group in electrophilic reac- Me — Me
tions involving trivalent phosphorus halides, in which classical N -PCls Py CloP N
acetamide protection is not suitable. In this way, it was possibl \ |

to introduce phosphorus substituents into the 4-position 0 \eN—CcH=N
thiazole and thiadiazole amidines. Subsequent removal of th \
amidine protecting group was found to lead to promising
phosphorylated amino heterocycles.

Here we report the use of the amidine substituent in heterc
cyclization reactions. Initially, the amidine group provides _
protection and activatioro{ =—0.25} for the introduction of Hal XH;
a dihalophosphine moiety into the neighbouring position in (RN) lﬁ Me 1.C,Clg (RN),P Me
the ring system. Next, an appropriate transformation of the 22 \ 2. NHz or XH,Hal 2z
phosphorus-containing moiety can result in an intramolecula \ N~—7""— |
nucleophilic substitution reaction to produce a phosphorus MeN—cH=N" N MeN—CcH=N" N
containing heterocycle. Ph Ph

A dichlorophosphino moiety was successfully introduced into dab: 55 b
the 4-position of the pyrazole ring usihg,N-dimethyl{N2-5- T
pyrazolylformamidinel as the model system (Scheme 1). Note NH3 \—NHa-HHal

RoNH, NEt3 j— NEtyHCI

N
/

that 1 is considerably more reactive towards phosphorylation or

EtONa | —NaHal

than other pyrazolesThis fact illustrates the strong electron-
donating properties of the amidine substituent. Dichlorophosphini
2 was then transformed into bis(dialkylamino)phosphida&b RoN NRy NR
under mild conditions. Imidophosphonic diamifle(X = N), ~J intramolecular N /2 Me
which was prepared fro8 by chlorination with hexachloro- Hx \ heterocyclization X4P
ethane followed by reaction with NHundergoes cyclization | N —Me;NH K | N
in situ to give the novel pyrazolo[4&diazaphosphinine ring MeN—CH=N \ NN
systeni of 7a,b. Ph \
Dimorpholinophosphin8a was transformed into phosphonium 6
salts5 and5' by the action of methyl iodide anmnitrobenzyl 7ab; 88
bromide, respectively. Reactions of sd@tand5' give phos- \
phorus ylides6 (X=HC or 4-NOCgH,C), which undergo a NRy=N o
intramolecular nucleophilic substitutiam situ to form pyrazolo- /
b NR2= NEtz
T 4-[5-(3-Methyl-1,3-diazabut-1-enyl)- 3-methyl-1-phenyl]pyrazolyl- 4 X=N,Had =l
dichlorophosphin€. To a solution of 2.28 g df (0.01 mol) in pyridine
(23 ml), 1.31 ml of PGJ(0.015 mol) was added with cooling (0 °C) and
stirring. The reaction mixture was allowed to stand for 1.5 h. Next,
2.8 ml of NEt (0.02 mol) was added with cooling and stirring; after —
standing for 5 min, the salts were filtered off, and the reaction mixture 5 NR, =N 0. X = CO NO,, Ha =Br
. - 2 ’ ’
was evaporated to dryneissvacuo The product was crystallised from w_/
dry octane.
4-[5-(3-Methyl-1,3-diazabut-1-enyl)-3-methyl-1-phenyl] pyrazolyl-
dimorpholinophosphine8a and 4-[5-(3-methyl-1,3-diazabut-1-enyl)-3- /N
methyl-1-phenyl]pyrazolyl[bis(diethylamino)phosphiBé] A secondary 8 NR;=N O, X=CH
amine (morpholine or diethylamine) (0.021 mol) was added to a mixture N~/
of 2 (0.01 mol) and NEt(0.03 mol) in 30 ml of benzene with cooling : /N
and stirring. The reaction mixture was allowed to stand for 2 h. The salt: 8NR;=N O, X= CO NO,
formed were filtered off, and the reaction mixture was evaporated tc
drynessin vacuo Product3a was crystallised from dry octane, a8l Scheme 1
was extracted with dry hexane.
3-Methyl-4,4-bis(1-morpholino)-1-phenylpyrazolo[4,5-e]-1}3;diaza- . } . .
phosphin)i/ne7a an(d 3—mgthyl—4,)él—bips(die){rfyylamino[)—l—pgenylpyrazolo— [5,4-bJazaphosphinineg and 8. The formation of the ylides
[4,5-€]-1,3,45-diazaphosphining’b. Amide 3a or 3b (0.01 mol) was ~ from the salts is a rate-limiting step in the overall transforma-
dissolved in dry benzene (30 ml); next,GT, (0.01 mol) in 10'ml of  tion. This results in a considerable decrease in the reaction rate
benzene was added with cooling and stirring. The reaction mixture waghen the methylphosphonium salt is used in the heterocycliza-
allowed to stand overnight and then evaporated to dryness in a vacuution in place of thep-nitrobenzylphosphonium salt. Although
The residue was dissolved in G, the solution was saturated with the a-C—H proton in methylphosphonium s#texhibits low
gaseous Niduring 4 h and then allowed to stand for 24 h. The saltsacidity, nevertheless, the steady-state concentration of non-stabi-

were filtered off, and the reaction mixture was evaporated to drynesgge( methylides (X = CH) produced by EtONa is sufficient to
Compound 7a was recrystallised from octane and isopropanol. perform the heterocyclizatioh.

Compoundrb was recrystallised from hexane.

5NR;=N O, X=CH, Hd =1
/

7 X=N
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The ease of the cyclizations is caused by a significant We found that C-phosphorylation dfi1,Ni-dimethyl-N2-
polarization of P=XH bonds in both phosphazocompound$etarylformamidines can proceed at the heterocyclic moiety, in
(X=N) and ylides (X=CR). An electron-rich nitrogen or contrast toN!,N-dimethyliN2-arylformamidines in which the
carbon atom attacks the spatially adjacent electron-deficiedbrmamidine carbon is the site of attécKhus, systems con-
carbon atom in the amidine group resulting in the replacememining phosphorus and amidine groups at neighbouring positions
of a dimethylamino group and the formation of a heterocyclican be produced. Appropriate modification of the phosphorus-
ring8 containing substituent provides means for achieving subsequent

Nucleophilic substitution at a formamidine carbon atom is acyclization. This strategy is promising for the synthesis of a
promising approach which can be used in constructing heteravide range of phosphorus-containing heterocycles.
cycles* However, most of the systems containing active func-
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but-1-enyl)-3-methyl-1-phenyl]pyrazolyldimorpholino-p-nitrobenzyl-
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§ 31p, 13C and'H NMR spectra were measured on a Varian VXR-300 [Chem. Heterocycl. Comp(Engl. Transl), 1991, 590]; € A. V. Komkov,
instrument (131.313, 63.6 and 300 MHz, respectively) using TMS as an 5 . sakharov. V. S. Bogdanov and V A Dérokh&w. Akad. Naul%.
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(31P). Elemental analysis data correspond to the calculated values EP(a) O. Meth-Cohn and B. NorineSynthesis 1980, 133: If) V.S.

within 0.25%. Velezheva, S.V.Simakov, V.N.Dymov and N.N.Suvordhim.

2: yield 88%, mp 88-89 °CH NMR (CDg) 6: 8.04 (d, 2H, Pho-H, Geterotsikl. Soedin1980, 851 (in Russian).
J 7.8 Hz), 7.17 (2H, PhmrH), 7.10 (d, 1H, NCHNJ;1 6.9 HZ), 6.99 (t, 6 (3) G.V. Oshovsky, A. M. Pinchuk, A.N.Chernega, . 1. Pervak and
1H, Ph,p-H, J 7.5 Hz), 2.77 (s, 3H, MeHet), 2.27, 1.92 (6H, Mg A. A. Tolmachev,Mendeleev Commun1999, 38;1§) A. A. Tolmacheyv,
13C NMR (CgDg) 6: 156.97 (NCHN Jcp 11.6 Hz), 156.93 (Het, 5-Q¢p A.'S. Merkulov, G. V. Oshovsky and A. B. Rozhenldh. Obshch. Khim
36.7 Hz), 153.15 (Het, 3-Qgp 11.6 Hz), 140.76 (Ph, N-C), 129.24 (Ph, 1996, 66, 1930 . Gen. Chem(Engl. Transl), 1996,66, 1877]; €)
m-C), 126.97 (Ph,p-C), 124.29 (Ph,0-C), 105.43 (Het, 4-CJp A. A. Tolmacheyv, A. S. Merkulov and G. V. Oshovslk§him. Geterotsikl.
57.2 Hz), 39.84, 34.57 (NMg 15.52 MeHet, J-p 4.5 Hz). 3P NMR Soedin, 1997, 1000Chem. Heterocycl. Compd¢Engl. Transl), 1997,
(C.Dg) 6: 148.04 (dJpy, 6.9 H2). 877].

3a yield 90%, mp 102-103 °CIP NMR (pyridine)d: 88.42.

3b: yield 81%, oil.31P NMR (pyridine)d: 87.53.

5: yield 79%, mp 188-189 °GIP NMR (EtOH)d: 48.78.

5': yield 77%, mp 160-162 °G!P NMR (acetoned: 46.14 (br. m).

7a yield 84%, mp 134-135 °CH NMR (CDClL) ¢: 8.01 (d, 1H,
NCHN, Jpy 46.2 Hz), 7.96 (d, 2H, Pln-H, J 8.1 Hz), 7.47 (t, 2H, Ph,
m-H), 7.29 (t, 1H, Php-H, J 7.2 Hz), 3.71 (8H, CkN), 3.15 (s, 8H,
CH,0), 2.42 (s, 3H, MeHet)}3C NMR (CDCk) o: 160.13 (Het, 5-C,
Jep 6.9 Hz), 157.36 (NCHNJp 15.4 Hz), 145.69 (Het, 3-Clep
1.1 Hz), 139.17 (Ph, N-C), 128.85 (Ph+C), 126.34 (Php-C), 122.99
(Ph,0-C), 82.80 (Het, 4-Clcp 142.79 Hz), 66.97 (CHN, Jop 10.6 Hz),
44.39 (CHO), 15.11 WeHet, J.p 2 Hz).31P NMR (CHCL) &: 26.55 (d,
Jpy 46.2 Hz). MSVz: 400 [MF].

7b: yield 77%, mp 76-77 °C!H NMR (CDCL) ¢6: 8.01 (d, 1H,
NCHN, Jpy 45.9 Hz), 8.00 (d, 2H, Pln-H, J 8.4 Hz), 7.45 (t, 2H, Ph,
m-H), 7.25 (t, 1H, Php-H, J 7.5 Hz), 3.13 (m, 8H, NB,Me), 2.41 (s,
3H, MeHet), 1.08 (t, 12H, NCj¥e, J 6.9 Hz).31P NMR (CH,Cl,) 9:
28.61 (m). MS/z 372 [MH].

8: yield 74%, mp 246-247 °CiH NMR (CDCL,) ¢6: 8.34 (dd, 1H,
HCCP,Jp,, 5.1 Hz,J,; 9.9 Hz), 7.76-7.58 (m, 4H, PbsH, mH), 7.50
(t, 1H, Ph,p-H, J 7.2 Hz), 5.38 (dd, 1H, HCBp,, 38 Hz,J,, 9.9 Hz),
3.74 (8H, CHN), 3.19 (s, 8H, CkD), 2.48 (s, 3H, MeHet}3C NMR
(CD,0D) ¢: 150.45 (Het, 5-CJcp 7.6 Hz), 147.54 (PCEHN, Jcp
12 Hz), 145.73 (Het, 3-Clcp 1.1 Hz), 138.06 (Ph, N-C), 131.48 (Ph,
m-C), 131.15 (Ph,p-C), 126.78 (Ph,0-C), 85.23 (Het, 4-C,Jcp
113.4 Hz), 80.58 (EBHCHN, J.p 96.86 Hz), 68.01 (CHN, Jep 7 H2),
46.40 (CHO), 15.12 MeHet, Jop 1 Hz). 31P NMR (CHCL) 6: 29.89
(dm, Jpcy 38 Hz). MS,mVz: 399 [MF].

8': yield 72%, mp 241-243 °C'H NMR (CDCL) ¢: 8.26 (d, 2H,
0-NO,~H, J 12.3Hz), 8.19 (d, 2HMNO,~H), 8.03 (HCCP,Jp,
5.1 Hz), 7.60—7.40 (4H, Pl;H, m-H), 7.30 (t, 1H, Php-H, J 7.2 Hz),
3.61 (8H, CHN), 3.11 (s, 8H, CKD), 2.97 (s, 3H, MeHetpP NMR
(CH,Cl,) 6: 30.32 (br. m). Received: 9th February 1999; Com. 99/1440
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