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ABSTRACT

NO, EtO
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or | 5-10 min, rt 2 0.5-24 h, rt
NO, H

R =aryl, heteroaryl, NMe,; X=H, Br
12 examples, 47-77% yield

R = aryl, heteroaryl, H; X = 0O, CH
4 examples, 38-64% yield

1,3-Dipolar cycloaddition of the anion of diethyl 1-diazomethylphosphonate, generated in situ from diethyl 1-diazo-2-oxopropylphosphonate
(Bestmann —Ohira reagent), with conjugated nitroalkenes provides regioisomerically pure phosphonylpyrazoles in moderate to good yield.
These pyrazoles are formed in one pot via spontaneous elimination of the nitro group. However, nitropyrazoles could be synthesized by the
same strategy using a-bromonitroalkenes. The methodology works for the synthesis of phosphonylpyrazoles fused to other carbo- and

heterocycles as well.

Organophosphorus compounds, including natural products,variety of methods are known in the literature for the

are remarkable for their diverse and potent biological
activities? Their efficacy is often enhanced by their associa-
tion with various heterocycles which in their own right are
biologically active? Prominent among such bioactive hetero-

synthesis of pyrazoleéswhich include reaction between
hydrazines angs-difunctional compoundsand 1,3-dipolar
cycloaddition (1,3-DC) of diazo compounds to alkenes and
alkynes®” methods for the synthesis of pyrazole directly

cycles is the pyrazole moiety which is present in a plethora sypstituted with phosphorus-containing functional groups are

of natural and synthetic compounti®yrazoles are also
efficient coordinating ligands in synthegisAlthough a

scarce and involve multistep reaction sequefices.
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In this context, we envisaged that cycloaddition of diethy! ||| || }|

1-diazomethylphosphonate (Seyferth—Colvin—Gilbert re-
agent)1° or its corresponding anion, conveniently generated
in situ using a suitable base from diethyl 1-diazo-2-
oxopropylphosphonate (Bestman®hira reagent, BOR),°
with suitable alkenes or alkynes would provide phosphonyl-
ated pyrazolega and/or3b. Surprisingly, although these

reagents have been extensively used for the transformation

of aldehydes to one-carbon homologated acetyléhibsir
application as cycloaddition partners remains largely unex-
plored!?13In particular, BOR2 has not been used, to our
knowledge, as a substrate per se or as a precursbiino
cycloadditions'?

In view of our continued interest in the chemistry of
conjugated nitroalkené&stogether with the possibility of
achieving high regioselectivity in cycloadditions involving
nitroalkenes, we embarked on the idea of using nitroalkenes
as cycloaddition partners with BOR under suitable
experimental conditions. To this end, BOQRwvas prepared
in one step from commercially available 2-oxopropylphos-
phonaté® and was then reacted with nitroalkeda in the
presence of KCO; in EtOH at room temperature (Table 1,
entry 1). This provided a colorless solid whose spectral data
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Table 1. Optimization of the Reaction Conditions for the
1,3-DC Reaction of Nitroalkene$with BOR 2

(I?/OEt

o)
)J\m P~oEt

o)

0 soNo, N okt
<o base, solvent N‘N
t ti ield |
4a emp, time, yiel 5a \
entry  base solvent temp time yield (%) of 5a
1 KyCO3; EtOH rt 7h 65
2 - EtOH rt 5 days no reaction
3 - EtOH reflux 15h no reaction
4 EtN EtOH rt 24 h 50
5 DABCO EtOH rt 24 h traces®
6 DBU EtOH rt 15h 63
7 NaOEt EtOH rt 15min 77
8 NaOMe MeOH rt 15 min 64
9 DBU CHsCN rt 24 h complex
10 DBU 1,4-dioxane rt 24 h no reaction
11 DBU DMF rt 24 h no reaction
12 DBU THF rt 24 h no reaction
13 NaOEt THF rt 24 h 320

2 |solated yield after purification by silica gel column chromatography.
b 4a polymerized.
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suggested it to be an isomerically pure pyrazole (see the
Supporting Information). The structure was subsequently

o o0 0. O 0, OB
' -OFt \,-OFt R0t X /O

= )H( oEt ! FN

Ny N, X ,Tl R ITI

1 2 3aH 3pH

confirmed to beéba by 'H—'H NOESY (NOE between C5-H
and aromatic protons) and was further unambiguously
established by single-crystal X-ray analysis (Figure 1, see
also the Supporting Informatiof) Our detailed optimization
experiments confirmed the requirement of a nucleophilic base
and protic solvent (Table 1). Under the optimized conditions,

Figure 1. ORTEP diagram oba.
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i.e., in the presence of NaOEt in EtOH at room temperature, || | | | N RN NG

Sawas isolated in 77% yield. The results suggested that the e 5. 1,3-DC Reaction of Nitroalkene$with BOR 2 in
alkoxide iort” played the role of a nucleophilic base in these he presence of NaOEt in EtOH at Room Temperature
reactions, and the base-mediated acyl cleavage of BOR

was taking place prior to cycloaddition with nitroalkede )Ok[(?,oa

(X = H, Scheme 1). Thus, the 1,3-dipolar cycloaddition of Ot oe
N, 0:
< NO 2 R “OEt
_— = \
| RTNN02 N0, EtoR Z?N
Scheme 1. Proposed Mechanism for the Formation of 4 rt, 15 min L5
Phosphonyl Pyrazole‘Sfrom BOR 2 and Nitroalkenet
y entr; 4 R ield (%) of 5
9 P ort 0 OEt Qo Y =
)Jh( P\OEt )\r )K( P\OEt 1 4a benzo(d][1,3]dioxole 77
N+ N+ -— N+ 2 4b p-OMeCgHy 66
N N N 3 4c p-CICeH, 61
2a 2b 2¢ 4 4d p-NO2CsHy4 64
_ t 5 4e m-NOzCeH4 61
) I—OEt @' p/\—OEt EtO: h 6 4f 0-NOyCgHy4 67
_P OEt Et07 \Y 7 1g CeHs 62
1 OFt ( EA——— (Y5t 8 4h 2-furyl 550
Sl / N X 9 4i 2-thienyl 490
BO N — NO, 10 4  NMes 64
2¢ 4 NO; ¢ 7
path b a |solated yield after purification by silica gel column chromatography.
b Part of4 polymerized.
OFt
) o, CFt O=p-OFt
EtO R Poe . .
. Wl/——\( t— _NN 4a—f and parent nitrostyrengg provided the cycloadducts
B 4 L= or . . .
o, EreB: x N,N H Y 5a—gin good yields (6_1—77%_). The yields were moderate,
8 -HNO, or | 5 9 XorNO, 55% and 49%, respectively, with heteroaromatic nitroalkenes
NO, 4h and4i (entries 8 and 9). Enamino-nitroalkesiefurnished
N,N-dimethylaminophosphonylpyrazolg in good yield
(64%, Table 2, entry 10).
the in situ ge_ngrated anion dfwith nltrqalkene4 would Having succeeded in synthesizing phosphonylpyrazsles
provide the initial cycloadduct. Protonation of7 followed possessing an aryl, heteroaryl, or amino group vicinal to the

by base-assisted elimination of HN@path a, E1cB) or  phosphonate moiety, frofftsubstituted nitroethylenesand
elimination of the NQ@ group followed by intramolecular ~ BOR 2 under base-mediated conditions, we turned our
proton transfer (path b) would furnish phosphonylpyrazole attention to the possible synthesis of pyrazoles fused to other

518 carbo- or heterocycles. This objective appeared achievable
Under the above optimized conditions, we reacted a variety using cyclic nitroalkenes, e.gl0'® and11.
of aromatic, heteroaromatic, and other nitroalkedbs-j Although reaction of BOR2 with nitroalkenes10a—c

with BOR 2 to afford the phosphonylpyrazolesb—j as required longer reaction times, we were pleased to observe

single regioisomers in moderate to good yields (Table 2). the formation of pyrazoles fused to the benzopyran ring as
Entries 1—7 (Table 2) show that aromatic nitroalkenes with single regioisomerd2a—cin good yield (Table 3, entries

both electron-donating and electron-withdrawing substituents 1—3). Under these conditions, phosphonylpyrazole fused to

(16) Selected X | e data B GNP M = napthalene rind.3 could also be synthesized, albeit in low

elected X-ray crystallographic data 14H17N205 = ;

324.27, monoclinicP2i/c, a = 13.2560 (11) Ab = 8.1070 (9) A,c = yield (Table 3, entry 4).

15.4750 (15) A = 113.411(7)V = 1526.1 (3) &, Z = 4, Deaica = 1.411

g cnr 3, u = 0.205 mnt. Reflections collected: unique 2802/268int) NO 10a: R = Ph NO

= 0.0875]. Final R indicesl[> 20(1)], R1 = 0.0664, wR2= 0.1516, R @(\/E 2 10b' R = p-OMePh 2

indices (all data), R} 0.1773, wR2= 0.1879. 10¢: R = 2-Thienyl
(17) This appears to be the case is0Os- and DBU-catalyzed reactions o R

as well. In the case of CO, it is known that KCOs is partially soluble 10 11

in methanol and generates potassium methoxide. See: Platonov, A. Y.;

Evdokimov, A. N.; Kurzin, A. V.; Maiyorova, H. DJ. Chem. Eng. Data . .

2002,47, 1175. Y 9 Nitroalkenes4, 10, and11 were the cycloaddition partners
(18) Formation of pyrazole from pyrazoline by an elimination reaction. wjth BOR 2 in the above cases. However, the pyrazole

For elimination of HO: (a) Flores, A. F. C.; Martins, H. A. P.; Rosa, A.; . L . .
For elimination of HO: (a) Flores, A F- C. Gynth, Commurp002 32 formation involved elimination of the nitro group, a syntheti-

1585. (b) Singh, S. P.; Kumar, D.; Jones, B. G.; Threadgill, MJ.Fluorine cally and biologically useful functionality. Therefore, it was

Chem. 1999, 94, 199. For elimination of HBr: (c) Chandrasekhar, S.; ; ; ;
Rajaiah, G. Srihari, PTetrahedron Lett2001, 42, 6599, (d) Jiang, B. felt that the nitro group could be retained in the pyrazole

Xu, Y. Y. J. Fluorine Chem1994,67, 83. For elimination op-TsOH: (e)

Midura, W. H.; Krysiak, J. A.; Mikolajczyk, M.Tetrahedron1999, 55, (19) (a) Deshpande, S. R.; Mathur, H. H.; Trivedi, G.likdian J. Chem.
14791. For elimination of HN@ (f) Mancera, M.; Rodriguez, E.; Yang, 1983,22B, 166. (b) Yan, M.-C.; Jang, Y.-J.; Yao, C.-Fetrahedron Lett.
J.; Roffe, I.; Galbis, J. ACarbohydr. Res1994,253, 307. 2001,42, 2717.
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Table 3. 1,3-DC Reaction of NitroalkeneBd and 11 with
BOR 2 in the Presence of NaOEt in EtOH at Room
Temperature

Q 9,0Et
)J\W P~oEt
. —_———
X R NaOEYEtOH
10-11 ,05-24 h 1213
entry 10—11 time pyrazole 12—13 yield (%) of 12—13
1 10a 05h 12a 64
2 10b 1h 12b 57
3 10c 12h 12¢ 59
4 11 24h 13 380

a |solated yield after purification by silica gel column chromatography.
b 229% of 11 was recovered.

moiety, provided the nitroalkene possesses.aubstituent
which is a better leaving group than the nitro group. This
was realized by taking-bromonitroalkened 4 as cyclo-
addition partners with BOR2 (Table 4). Thus, although

Table 4. 1,3-DC Reaction of 1-Bromo-1-nitrostyrerid with
BOR 2 in the Presence of NaOEt in EtOH

LOEt
)Hrb\OEt

O O OEt
NO OEt I< “OEt
AN NaOEL EOH f
Br rt, 15 min
14 b 18
entry 14 Ar yield (%)* of 15 + 16  15/16 ratio

1 14a Cg¢H; 47 100:0
2 14b p-OMeCgHy 54b 61:39

a |solated yield after purification by silica gel column chromatography.
b Part of 14 polymerized.

nitropyrazolel5awas the only product isolated whdda
was reacted with BOR (Table 4, entry 1), nitropyrazole
15b and bromopyrazolel6b were isolated as a-60:40
mixture when nitroalken&4b was the cycloaddition partner
(entry 2)20

Pyrazoles5a—j and 12a—c exhibited tautomerism in
solution which could be monitored B and*'P NMR. For
instance, although pyrazole 3-phosphorateas the only

1128

tautomer observed in the solid state (from single-crystal
X-ray analysis; see Figure 1 and the Supporting Information),
two tautomersb and5', were observed in-1:1 ratio in a
noninteracting solvent such as CRQCHcheme 2). This ratio

Scheme 2. Tautomerism in Phosphonylpyrazol&s
0. CEt

OEt 1 R

R / R Ox / medium 545‘
OFEt _ OEt ratio

i/ \N - solid 1:0

H™ N H SN VH CDCl; 11
b 5 5 DMSO-d¢  major:
minor

changed, presumably in favor 6f when the NMR spectra
were recorded in a strongly hydrogen-bonding solvent such
as DMSO-¢.*

In conclusion, one-pot reaction of the Bestmai®@hira
reagent with conjugated nitroalkenes under the influence of
a nucleophilic base at room temperature provides regio-
isomerically pure phosphonylpyrazoles in good yi#&ld@he
same strategy could be employed for the synthesis of various
fused and functionalized phosphonylpyrazoles.
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(20) Although15 can be formed via path a (E2) or pathll,is expected
via path a (E1cB) and by path b (Scheme 2). However, it appears that the
E1cB mechanism is not operative in the case of entry 1 (Table 4).

(21) In DMSO-@&, the major tautomer has the C-5 proton deshielded
which is presumably due to stronger, unhindered H-bonding by the N—H
and the C-5H with the solvent in5 as compared to that if'. Previous
studies on the tautomerism in substituted pyrazoles also showed that the
tautomer in the solid state predominated in solution as well: (a) Szabo, A,;
Cesljevic, V. I.; Kovacs, AChem. Phys2001,270, 67. (b) Claramunt, R.

M.; Lopez, C.; Elguero, J.; Rheingold, A. L.; Zakharov, L. N.; Trofimenko,
S. ARKIVOC2003, 209. Detailed investigations on the tautomerisré in
and 12 and reaction of BOR2 with other activated alkenes are currently
underway and will be reported in the full paper.

(22) It may be noted that the reactions described in Tabte$ ®ere
quite clean and complete (except in Table 3, entry 4), and no side products
were isolated. In cases where the yields were low to moderate, some
polymerization of the nitroalkene was the only side reaction. Attempts to
eliminate this problem by carrying out the reaction &00ed to incomplete
conversion.
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