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FIGURE 1. 2(1H)-Pyrazinone containing nucleoside analogue with
antiviral properties.

access to various scaffolds of pharmaceutical interest such as
B-turn mimics®

Introduction of phosphorus functionalities has been shown
to increase the activity of a number of pharmaceutiéals.
Moreover, dialkyl (hetero)arylphosphonatese currently being
investigated as important intermediates in the synthesis of
pesticides and biologically active compouri#81%Therefore,
we explored the Arbuzov reactighwith 3,5-dichloro-2(1H)-
pyrazinones for generating a variety of 3-phosphonated pyrazi-
nones, thus constituting a new class of dialkyl heteroarylphos-
phonated! As far as we know, a pyrazinone containing a
phosphorus substituent has not been reported to date.

Phosphonation reactions can be carried out in a number of
ways, the Arbuzov reaction probably being the most classical
one. This reaction proceeds via nucleophilic attack2jSof
A simple and catalyst-free method for the synthesis of p(OEty on an alkyl halide. The phosphonium salt formed in
phosphonated 2H)-pyrazinones is described starting from  this way readily undergoes a-@ bond cleavage as the halide
3,5-dichloropyrazinones. The method also works for 3-bro- ion attacks one of the alkyl groups in a subseque2ti®action
mo- and 3-iodopyrazinones. Classical heating conditions asto yield a phosphonate ester. Besides (mostly primary) alkyl

well as microwave-enhanced reaction conditions were tested halides, acyl halides also undergo this reactfon.
From our experience with 3,5-dichloropyrazinones, we know

that the imidoylchloride functionality present in these molecules
shows reactivity very similar to that of an acyl halide. Hence
3,5-dichloropyrazinones were chosen as starting materials for
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2(1H)-Pyrazinones constitute an important class of com-
pounds, as they are versatile building blocks in organic synthesis
both as templates and as starting materials for heterocycle

constructiont Some of these scaffolds show very promising
activity asu-opioid receptor agonistNNRTI's (non-nucleoside
reverse transcriptase inhibitoPnd selective tissue factor Vlla
inhibitors# Very recently, 2(H)-pyrazinone-incorporated nu-
cleoside analogues (Figure 1) have been reported as antiviral
agents for the treatment of flaviviruses, pestiviruses, and
hepaciviruses and, in particular, of hepatitis C infecfion.
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SCHEME 1. Reaction of Triethyl Phosphite with Various TABLE 2. Influence of Microwave Irradiation on the
3,5-Dichloro-2(1H)-pyrazinones la—i Arbuzov-type Reaction
R R entry R R" product2  yield mw (%)f  yield hp(%}
R._N__O . R._N_O 1 PMB H a 85 98
T Lgremta X X p S
B o /,
cINT el cl” N R 9
1a-i 2ai EO OEt a|solated yield of purified product upon microwave heating (mw).
b|solated yield of purified product upon conventional heating on a heating
TABLE 1. Reaction of Triethyl Phosphite with Various plate (hp).
3,5-Dichloro-2(1H)-pyrazinones la—i
entry R’ R" product2 yield (%) arylphosphonates cannot be performed without a suitable metal

1 PMB H a 98 complex?a-e

2 Bn H b 74 To evaluate the general use of the reaction, a number of

3 t-Bu H ¢ 66 pyrazinones with different substituentsd®d R’ were subjected

4 0-NOBn H d traces . . .

5 PMB Me e 82 to the same reaction conditions (Scheme 1 and Table 1, entries

6 (CHp)sSePh Me f 92 2—9), affording the desired phosphonates in moderate to good

7 Ph Pr? ﬂ 96 yields in most cases. Wheri R ano-nitrobenzyl group (Table

8 Me PhEt 94 ; ;

9 “CHy-CHy-CHy- i 78 1, entry 4), formation of the pyrazinone phosphonadewas

observed by mass spectroscopy, but the amount was too small
to be isolated. It is known from literature that side reactions

our phosphonation attempts to generate the phosphonatednay occur in the Arbuzov reaction when a nitro functionality
heterocycles. Moreover, these systems are easily accessible front presentd

cheap starting materials and allow a diverse substitution pattern. Product2c (Table 1, entry 3) could be isolated in a satisfying
This is illustrated by the fact that over 50 dichloropyrazinones yield of 66%, taking into account the lability of theBu
are reported up to nowwmost of which can be synthesized in  substituent on N-1 in the starting materiél.

a yield of over 75% by reaction of aa-aminonitrile with Since, in the course of the past years, microwave cherffistry
oxalylchloride'? For this specific study, compounda—i were has proven its usefulness in both the Arbuzov reaétiand as
selected as Starting materials (Scheme 1) The novel, bicyC“Cthe decoration of our pyrazinone ScaffopdgNe decided to
dichloropyrazinoneli was synthesized via a new procedure investigate the influence of microwave irradiation on this
starting from prolinamide, and it was characterized via NMR  Arbuzov-type reaction. Representative reactions were performed
and single-crystal X-ray analysis (the procedure for the synthesisin a mono-mode microwave reactor that enables rapid heating
of this compound and the X-ray structure can be found in the of reaction mixtures in sealed vials under controlled conditions
Supporting Information). with simultaneous monitoring of real-time pressure and tem-
Our first attempt to generate the phosphonated pyrazinoneperature. Using a maximum power of 150 W, pyrazinates,g
using an Arbuzov-type procedure was immediately successful; were stirred at 100C for 20 min with excess triethyl phosphite,
as we expected, the reactive imidoylchloride moiety in the resulting in complete conversion of the starting material in the
3-position of 2(H)-pyrazinonela easily underwent the desired  cases ofla, 1e, andlg. This represents a dramatic shortening
substitution upon heating the material at P@under an inert of the reaction time compared to the 12 h required under
atmosphere in triethyl phosphite as the solvent (Scheme 1). Theconventional heating at the same temperattifEhe isolated
reaction was completed in 12 h, affording the pyrazinone yields of2a,gare only slightly lower than those obtained under
phosphonatea in an excellent yield of 98% (Table 1, entry  conventional heating conditions (Table 2) due to an apparent
1). Spectroscopic data were in agreement with the assignedpromotion of side reactions upon microwave irradiation (as seen
structure of compoun@a. Mass spectrometry shows a clear jn TLC). The decrease in yield is more pronounced in the case

molecular ion peak, which shows only one chlorine atom was of 1g yet the isolated yield is still satisfactory (Table 2,
substituted. The lactam carbonyl carbon atomdat= 153.8 entry 2).

ppm appears as a doublet with a coupling consfdag, of 31
Hz, demonstrating that phosphorus is attached to C-2, as could
be expected® Additionally the’3C NMR spectrum shows an
absorption athc = 148.3 ppm as a doublet with a coupling
constantlJpc = 229 Hz for the carbon directly bonded to the
phosphorus atom (C-2) and doublets at 125.9 ppm (C-6) and

- i i i adts (14) Greene, T. W.; Wuts, P. G. MProtectve Groups in Organic
1_3g'88 Fﬁ)pm ((1%5) XVltzhl_(forrespon?ln? coupling const Synthesis, 3rd ed.; John Wiley & Sons, Inc.: New York, 1999.
- eC Z ant*Jpc = Z.' respectively. ) (15) Olofsson, K.; Hallberg, A.; Larhed, MMicrowaves in Organic
It is noteworthy that this method does not require the use of SyntheisLoupy, A., Ed.; Wiley-VCH: Weinheim, Germany, 2002; Chapter
a catalyst, whereas in most cases, the synthesis of (hetero)1l, pp 379-403. y
(16) Kiddle, J. J.; Gurley, A. FPhosphorusSulfur Silicon Relat. Elem.
2000,160, 195—205.

In order to check the scope of the method, the Arbuzov-type
reaction of triethyl phosphite with 3,5-dibromo-2{tpyrazi-
none 3'° was carried out (Scheme 2). Phosphonatevas
obtained in 48% yield, as confirmed by NMR spectroscopy.

(12) All of the 3,5-dichloropyrazinones, except, were synthesized (17) (a) Singh, B. K.; Appukkuttan, P.; Claerhout, S.; Parmar, V. S;
according to a procedure described previously: (a) Vekemans, J.; Pollers-Van der Eycken, EOrg. Lett.2006,8, 1863-1866. (b) Kaval, N.; Bisztray,
Wieérs, C.; Hoornaert, G. J. Heterocycl. Chem1983 20, 919-923. K.; Dehaen, W.; Kappe, C. O.; Van der Eycken,Nfol. Diversity 2003,

(b) Loozen, P. K.; Tutonda, M. G.; Khorasani, M. F.; Compernolle, F.; 7, 125—-133.
Hoornaert, G. JTetrahedron1991,47, 9259—9268. (18) Hayes, B. LMicrowave Synthesis: Chemistry at the Speed of Light

(13) The IUPAC numbering scheme changes in going from the dichlo- CEM Publishing: Matthews, NC 2002.
ropyrazinones to the pyrazinone phosphonates. (19) See ref 3 for the synthesis of the 3,5-dibromopyrazinone.
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SCHEME 2.  Substitution of 3,5-Dibromo- and phosphite for 12 h at 100C under an inert atmosphere. After
5-Chloro-3-iodo-2(1H)-pyrazinones with Triethyl Phosphite completion of the reaction, excess triethyl phosphite was evaporated.
Bn Bn The crude product was purified by column chromatography over
Me. N. .O Me. N. .O silica gel using dichloromethane/methanol (97:3) as the eluent to
I f P(OEt)s :[ f o give pyrazinone phosphonata. Spectral data for produ2a: Yield
Br~ >N Vg 100°C,48% g ST 98%; IR (NaCl, cm?) 1658, 1578H NMR (CDCl;, 300 MHz,
3 4 gprg OFt 0) 7.64 (s, 1H), 7.35 (d, 2HJ = 8.0 Hz), 6.88 (d, 2HJ = 8.1
Hz), 5.07 (s, 2H), 4.36 (m, 4H), 3.79 (s, 3H), 1.39 (t, 6H+ 6.8
Ph Ph Hz); 3C NMR (CDCk, 100 MHz,0) 159.5, 153.8 (dJ = 31 Hz),
Me. N. _O Me. N. O 148.3 (d,J = 229 Hz), 130.8 (dJ = 2 Hz), 130.1, 125.9 (d] =
:[ I P(OEt)3 :[ I o 28 Hz), 125.5, 113.9, 63.6 (d,= 6 Hz), 54.7, 51.6, 15.8 (dl =
ol SN 100°C,92% oSN 6 Hz); EIMS m/z (%) 386 (M+, 24), 121(100); HRMS calcd for
5 6 EtO “OEt C16H20CIN,OsP, 386.0798; found, 386.0796.

Typical Experimental Procedure for the Arbuzov-type Reac-

. . e 0
Finally, the iodine atom at the 3-position &% was also tion of Pyrazinones with Triethyl Phosphite under Microwave

substituted by the phosphqrus reagent, affording the 5-chloro- ... yiation. Pyrazinonela (0.15 mmol) was put in a 10 mL glass
phosphonated heterocydiein 92% yield (Scheme 2). vial equipped with a small magnetic stirring bar. To this was added
In conclusion, the first synthesis of pyrazinones containing a triethyl phosphite (3 mL), and the vial was tightly sealed with an
phosphonate group is described, starting from easily accessibleajuminum/Teflon crimp top. The mixture was then irradiated for
starting materials. The imidoylchloride moiety of the 3,5- 20 min at 100°C using an irradiation power of 150 W. After
dichloropyrazinones is substituted using the Arbuzov-type completion of the reaction, the vial was cooled to°&0by gas-jet
reaction, affording the monochlorinated product, mostly in good cooling before it was opened. After evaporation of the solvent, the
to excellent yields. Moreover we have demonstrated that crude product was purified by column chromatography over silica
imidoylbromide and iodide moieties are equally prone to 9el using dichloromethane/methanol (97:3) as the eluent, to give
substitution with the phosphorus species. Microwave irradiation PYrazinone phosphonaga. Yield: 85%.
reduces the reaction time dramatically, yet at the same time, it
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