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ABSTRACT
E R GHO R Me CHO
SOy g fj fi f]
———
“ 7 2 n-Buli (2.2 equiv) “ 2. n-BuLi (2.2 equiv)
N ’]I N 2hat-50°C N ’f‘ 2hat-50°C
R 3. Electrophile (6 equiv) R , (6 equiv) then H,O
then H,0O 4 pd
55-79% R = Me, n-Bu 34-91%

The synthesis of new 4,6-disubstituted dihydrodipyridopyrazines starting from corresponding carboxaldehydes via lithiation directed by o-amino
alkoxides is described. The  N,N,N'-trimethylethylenediamine was used as amine component for in situ formation of the a-amino alkoxides.

After optimization, this reaction allowed easy access to new interesting starting materials for further applications by palladium-catalyzed
reactions.

The directed metalation of heterocycles has been receivingof lithiation can be dependent on the directing group, the
considerable attentidnand has found wide use in the heterocycle, and metalation conditions. It appeared that
regioselective introduction of a functional substituent into a-amino alkoxidé could be formed in situ via the addition
aromatic and heterocyclic compounds. The ability of certain of aromatic aldehydes to certain lithium dialkylamides. These
substituents on heterocyclic systems to direct metalation atheterocyclic a-amino alkoxide could beortho-lithiated,

a positionortho to the substituenioftho-directed metalation)  alkylated, and hydrolyzed on workup to providetho-

has been observed to be typical in a number of metalationsubstituted heterocyclic aldehydes via one-pot reaction. The
reactions involving organolithium reagents. This phenomenon regioselective control inherent aramino alkoxide directed

is of synthetic interest because such a procedure enables onkithiations appeared to have considerable potential for the
to produce ortho-disubstituted products. Metalations of substitution of various heterocyclic carboxaldehydes.

thiophenes, furans, pyrroles, and indéleave been studied A few years ago we reported the synthesis of a new family
extensively, and the synthetic value of this methodology has of heterocycles, namely, the dihydrodipyridopyrazihes.
been determined. These heterocycles showed interesting chemical propérties,

Variousortho-directing groups have been utilized to direct and a few pharmacological investigations attributed potential
lithiation of a variety of heterocycles. The regioselectivity antitumor activity to these compounds.
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The convenience and synthetic potential @famino

To elucidate the possibility of metalatation at the 6-position

alkoxide directed lithiation have prompted us to investigate when the 4-position is occupietic was used as a substrate.
it in heterocyclic systems such as dihydrodipyridopyrazines. Using different conditions (temperature, reaction time, elec-

The results of our studies are presented here.

trophile DMF or MgSiCl) no reaction occurred, and only

We began our study with 5,10-dimethyl-5,10-dihydro- starting material was recovered or degradations were ob-

dipyridopyrazine-4-carbaldehydeaf and we attempted to
direct metalation on the 3-position (Figure 1).

Figure 1.

served (Scheme 1).

Scheme 1

iMe, 1. n-BuLi , THF
-50°C or 0 °C

(j: starting material recovered (30-87%)
or
degradation of starting material
2. DMF or Me33|CI graca "9
then H,0

1c

In addition, to verify that the 4,6-disubstituted dihy-
drodipyridopyrazine® and3 could be further metalated at
the 3 positionyve proceeded to their lithiation using the same

We performed the metalation reaction using the methodol- conditions. Unfortunately, in the case 2the methyl group

ogy reported by Comins and co-workérsSo, thea-amino
alkoxide formed in situ at-78 °C, using 1.2 equiv of,N,N'-
trimethylethylenediamine, 1.1 equiv atbutyllithium, and
1 equiv ofla, was lithiated with 1.2 equiv of-butyllithium

of the 6-position was attacked, and for compouhdnly
degradations of starting material was observed.

From these observations, we concluded that the amino
alkoxide intermediate behaves in the same manner as a

and alkylated using methyl iodide as electrophile. Surpris- Protecting group and as a directing group, and this unex-

ingly, lithiation occurred on the 6-position; the yield of

pected reaction offers a direct method for the synthesis of

reaction was rather low (39%), and 13% of starting material 4,6-disubstituted dihydrodipyridopyrazines.

was recovered (Table 1, entry 1).

Table 1. Metalation ofla

CH CHO E ?H3 CHO
1. LTMDA, -78 °C XN N X
2. n-BuLi (1.2 equiv.), -78 °C I P> | P
3. Electrophile (6 equiv.) N ']‘ N
then H,O CH,
1a 2,3
entry electrophile E product yield (%)
1 CH;l CHj 2 39¢
2 Me3SiCl MesSi 3 54b

a13% of starting material was recoveré®4% of starting material was
recovered.

Treatment ofLawith trimethylsilyl chloride as electrophile,

Therefore because of the incomplete conversion of starting
material, we decided to proceed to the optimization of the
reaction.

Replacement ofN,N,N'-trimethylethylenediamine bij-
methylpiperazine as amine component did not lead to the
expected product; only unchanged starting material was
recovered. Evaluation of the metalation conditions (temper-
ature, time reaction, excess of base) were also carried out.
The best conditions found for regioselective 6-substitution
and a complete conversion utilizédiN,N'-trimethylethyl-
enediamine as the amine component, 2.2 equivneof
butyllithium as metalation agent at50 °C, and 6 equiv of
electrophile.

Under these conditions, after addition of methyl iodide
and workup, 6-methyl-5,10-dimethyl-5,10-dihydrodipyri-
dopyrazine-4-carbaldehy@was isolated in 78% yield. We
next turned our attention to the extension of this reaction to
others electrophile agents, which allowed us easy access to
interesting disubstituted dihydrodipyridopyrazines. The re-
sults obtained are gathered in Table 2.

under the same conditions, gave access to the 6-substituted The yields were rather good (559%), and only in the
product3 in 54% yield, and starting material was recovered case of reaction with aldehydes (benzaldehyde, butyralde-

in 24% (Table 1, entry 2).
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hyde, entries 8 and 9) or enolizable ketone (cyclohexanone,
entry 10) as electrophile was degradation of the reaction
mixture observed.

Replacement of th&l-methyl group byN-butyl (entries
11 and 12) did not affect the regioselectivity of the lithiation
and afforded similar compounds.

Compounds obtained in entries 3 and 4 are good starting

' materials for further functionalization such as palladium-

catalyzed coupling reactions.

Org. Lett, Vol. 8, No. 19, 2006



Table 2. Lithiation of Dihydrodipyridopyrazine-4-carbaldehydes Table 3. Palladium-Mediated Cross-Coupling Reactions of

laandlb 6-lodo-dihydrodipyridopyrazine-4-carbaldehyfle
: |IQ CHO E |IQ CHO | (IJH3 CHO R’ CI)H3 CHO
—_—
& 2 2 n-Buli (2.2 equiv) = = Z = = =
NT NN > hat 50°C N7 NTON N" N7 N N~ SNTN
R 3. Electrophile (6 equiv) R CH, CH,
1a:R=Me tnen H,0 210 5 1115
1b: R=n-Bu Yield
Entry Coupling conditions R’ Product o
) Ll yield OMe
i E
entry substrate electrophile product (%) MeO-Ph-B(OH),
1 1a CH3l CH; 2 78 1 Pd(PPhs) 11 91
la MesSiCl MesSi 3 76 aq. Na,COs
3 la BusSnCl BusSn 4 79 DME, reflux, 1 h
4 1a I I 5 55¢
5 1a DMF CHO 6 73
6 la MeSSMe MeS 7 72 Ph-C=CH
7 1 CeH5COCH Phy,CH(OH 8 62 ey
8 la  CHCHO 2CH(OH) 2| Pd(PPh;),Cl, Cul Ph—C=C—| 12 89
9 la CH;CH,CH,CHO Et;N / DMF,
10 la cyclohexanone TA,1h
11 1b DMF CHO 9 63
12 1b Me3SiCl MesSi 10 71
H,C=CHCO,CHs; COOMe
a Addition of electrophile at-78 °C. 3 Pd(OAc),, PPh;, P 13 34¢
KzCO;, Cul
DMF, 8 h
The 6-iododihydrodipyridopyrazine-4-carbaldehyxeas
used as starting material in palladium-catalyzed coupling A ?éfp?i(?Et)San HZCYOEt ” 79
. . . X . ™
react.|c.>n59. Under typical Suzukl, Sonogashwa,_and.StlIIe toluene, reflux, 3 h
conditions, expected coupling products are obtained in good
yield (71—91%). The results of coupling reactions are
; H.C=C(OEt)SnBu; H.C. O
presented in Table 3. s PA(PPh), 3 \f s -
Heck cross-coupling reaction & with methyl acrylate toluene, reflux, 3 h
gave access to the corresponding methylpropenoate (stereg- %izhydmlym HC

isomertrans,J = 16.1 Hz) in only 34% vyield, while 53%
of starting material was recovered (Table 3, entry 3). 53% of starting material was recovered.

We report here an efficient synthesis of novel 4,6- . i
substituted dihydrodipyridopyrazines via lithiation directed for further transformations such as palladium-catalyzed

by a-amino alkoxides. This work significantly extends the CcOUPling reactions. . . o
scope ofortho-metalation. Results described herein show that the dihydrodipyridopy-

razines have interesting chemical properties and a good
potential in the synthesis of biologically and pharmaceutically
derivatives. Additional studies in this area are underway, and
the results will be reported in due course.

The method is convenient and allows to obtain, in a one-
pot reaction, interesting disubstituted products that are used
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