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Incorporation of N, and CO into Organic Molecules: Scheme 1.Plan for Synthesis of Amide
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Nitrogen fixation is a very interesting processiH; has been Ti-N Complexes (2 equiv) DPPF
used as a nitrogen source in various fields, and it has been NaO'Bu (3 equiv)
synthesized from Nand H under conditions of high pressure A T(;'/';n:ff#x
and high temperature using a transition metal catalyst. We have 1a R<CH,OMe 9
developed a novel nitrogen fixation method under very mild
conditions (1 atm pressure at room temperature) using-a Li CONHp FONNH CN NH,
TiX4,—TMSCI systent. Recently, we developed a novel method
for synthesizing nonsubstituted anilines from aryl halides and M * *
titanium—nitrogen complexes using a palladium catafyt.is F©—Pphz R
thought that the reaction proceeds via transmetaltion of nitrogen é;—Pth
from titanium—nitrogen complexes to a palladium complex. OPPE 2a 3a da 5a
Here we report the synthesis of benzamides from aryl halides,

NZ;l_and 1(':|-C|)F Oulr F'an '? ;;%"t‘)’“):”ca%]er(nze;- | %), DPPF Scheme 3.Conversion of6a and 7ainto 2a

0oa solution o ay 3 (2.5 mol %),
(10 mol %), and Na@u (3 equiv) was added a THF solution of ON=CHNMe GONH2 (FONHCHO
titanium—nitrogen complexéd (2 equiv), prepared from Ti- K2CO;3 K2CO;3
(O'Pr), Li, TMSCI, and nitrogen (1 atm), and then a THF solution MeOH, rt MeOH, 1t
of aryl halidela (1 equiv) was added. The atmosphere of nitrogen R 83% R 04% it
was changed to an atmosphere of carbon monoxide (1 atm), and 7a  R=CHOMe 6a

the solution was heated at reflux overnight (Scheme 2). After
hydrolysis of the reaction mixture, ami@e, imide 3a, and nitrile
4a* were obtained in 4, 1, and 6% yields, respectively, along with oY
aniline derivative5ain 16% yield (Table 1, run 1). Although the ~ P€nzimide 3a was not produced. However, there were no
combined yields of the products obtained by the carbonylation- fémarkable differences in the combined yields of the products.
nitrogenation process were low (11% yield), gaseous CO and N Interestingly, in the absence of a base,_t_he total yield of the
could be introduced directly into aryl halide under mild conditions. Preducts was 87% (Table 2, run 1, condition A). On the other
To try to increase the yield of the desired products, the reaction '@nd. when propionitrile was used as the solvent in the absence
was carried out under various conditions (Tablé Ak a solvent, ~ ©f NaOBu, only a low yield of the desired products was obtained

; P Table 1, run 9). In this case, N&u might act as a ligand.
DMF gave good results, and amid#s, imide 3a, and N- ( . . -
formylbenzamidesa were obtained in 24, 11, and 26% yields,  Compoundsaor 7awas treated with KCO; in MeOH to give

respectively (run 4). Propionitrile could also used (run 5). amide 2a in good vyield. This indicates that the reaction of an

When BINAP was used as a ligand, nitriéa was obtained as aryl halide with titanium-nitrogen complexes under carbon

h : . Th f PAd(QABP monoxide (1 atm) in the presence of a palladium catalyst gives
ltegsme?;il’éizﬁd(l}ll(j:](rgl;hs 6and7) e use of Pd(QAEPh was amide2a and nitrile4a in high yields (Scheme 3).

Subsequently, we chose DMF as the solvent, and the base Wa% Various aryl _bromides were treated_ in a_similar manner, _and
changed from NaBu to a weak base, such asC0s, K>COs, he corresponding products were obtained in good to high yields

Cs,COs, NaHCQ, 'PRLNEL, or NE&. In each case, amidea, (Table 2)8 Both the electron-donating and electron-withdrawing

groups on the aromatic ring can be used.
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N-formylbenzamide6a or acylamidine7a® was obtained, but
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7awas determined by X-ray crystallography.
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THF (15 mL) was stirred under nitrogen (1 atm) at room temperature overnight.
To this solution was added DMF (5 mL), and then the excess amount of
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is added to the THF solution of titaniuamitrogen complexes, and THF is
removed upon heating.
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hydrolysis of the reaction mixtur€a (12 mg, 14%)4a (20 mg, 27%),6a
(5 mg, 5%), and’a (45 mg, 41%) were obtained.
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Table 1. Reaction ofla with Titanium—Nitrogen Complexes under CO in the Presence of BaO

run catalyst solvent temp°@) 2a (%) 3a (%) 4a (%) combined yields (98)  5a(%) la (%)
1 Pd(dbay—DPPF THF reflux 4 1 6 11 16 62
2 Pd(dbay—DPPF toluene 90 12 6 18 22

3 Pd(dbay—DPPF CHCN reflux - - 20 20 50
4 Pd(dbay—DPPF DMF 90 24 11 61

5 Pd(dbay—DPPF CHCH.CN 90 47 11 20 78

6 Pd(dbaj—BINAP toluene 90 5 56 61 7 27
7 Pd(dbaj—BINAP CH3;CH.CN 90 23 45 68 20
8 Pd(OAc)—PPh toluene 90 6 6 89
9 Pd(dbay—DPPF CH3CH,CN 90 7 11 18 46

2The combined yields of the products obtained by the carbonylation-nitrogenation proaeSONHCO (6a) was obtained in 26% yield.In
the absence of N&Bu.

Table 2. Synthesis of Amides from Aryl Halide, CO, and:N DNEN
ArX
2 3 4 6 7 Total®) Ti(O'Pr) 1
run Substrate Conditions (%) (%) (%) (%) (%) (%) Li 4
R TMSCI .
 MeOHs COBr A 14 27 s 41 87 ArCO-PdX
B - - 68 LnTi=N-TMS or 8 Pd()Ln

LATIiCEN(TMS),

2 Br A 47 - 13 9 . 69 Ti-N Complexes
; B 42 13 32 - - 87
N=TILn & A\COPAN(TMS),
A 40 - 21 11 10 82 T™MS 4
3 MEOOBr B 45 13 20 - - 78 A /_‘ leO
T |omF

ArCO-IIDd )I(

1c¢ \
C-Rd e, ArCONH, | 2
EtO, C—@Br A & ’ & 2 " o OriM-Tms HE=0
4 2 =4
1d B 47 - 4 - - 51 ! ¢ : ArCONHCHO
Br Ln ArCON—TiLnX
A 2 - 2 s . 78 NS ™S o 6
8 OO 1e B 64 14 20 - - 98 ArC=N ‘ H.O H.0
1 |
O—TiLnX NMe2 (AICON=CHNMs,
s NC Br A - - - - 55 55 HCO
1t |12 N 7

4 ArCOhlr\—TiLn

1
7 @'Bf 1g A 34 - - 5 8 47

Figure 1. Possible reaction mechanism.
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overnight in the presence of N&&. b The total yields of the products ﬁg;joﬁmijrl\ltg?egir?asfg?gﬁe I\idnhcsoglf(f)lr%liilgn-r(?fe g;isc’)em W(;)ré OIS
obtained by the carbonylation-nitrogenation process. f y Inter g p g ysad C
into aryl halides but also useful for the synthesis of primary
complex10 by reductive elimination, which reacts with DMF to  benzamides from aryl halides.

give compounds/ and 6 via 11. Alternatively, the carbonyl Further studies are in progress.
oxygen of9 coordinates intramolecularly with titanium metal, if
nitrile 4 would be produced vid2 (Figure 1). Supporting Information Available: H NMR, 3C NMR, IR, and

Usually, N-substituted benzamides are synthesized from aryl MASS spectral data of compounds, 3a, 6a, 6b, 6d, 6& 7d, and 7f.
halides and primary or secondary amines under carbon monoxide=XPerimental procedures (Method A and Method B)Tar This material
in the presence of a palladium catalyst. However, primary is available free of charge via the Internet at http://pubs.acs.org.

benzamides cannot be synthesized from aryl halides by palladium-JA002707R



