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report the use of an air-stable diazaphospholane phosphine as a
Receied June 12. 2007 new ligand in the copper-catalyzed coupling of a range of aryl

iodides with alkyl or heterocyclic amines for synthesizing a
variety of aryl amines. While the diazaphospholane ligand
framework has seen success in transition-metal-catalyzed reac-

Lo tions such as allylic alkylation and hydroformylati&tits utility
Ry o} o in the copper-catalyzed Ullmann reaction has not yet been
o R el N N demonstrated.
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A copper-based catalytic system, using an air-stable diaza- h 0 Jn
: - R = COOH, OH, or H o racemic 5
phospholane as the ligand, was developed for an efficient R L =

Ullmann reaction between aryl iodides and alkyl or hetero-

. . A series of four diazaphospholanég,—L4, were synthesized
cyclic amines.

using the two-step Landis procedure from readily available
starting materials, previously utilized for the synthesis b¥2P

The Ulimann-type coupling of aryl halides with amines using and L4%?° (Scheme 1). Aldehydes and hydrazine were first
copper is recognized as an economic and versatile method forcondensed to form functionalized azines, which were then
rapidly accessing aryl amines as key synthons (Scheme 1). condenseql with phFhanyI chloride and phgnyl phosphlne in one
While ligand-free conditions are known, mono- and bidentate POt to furnish the diazaphospholanes. This facile synthesis was
ligands, such as phosphirksalicylamides, diamines? diols 5 amenable to electron-rich aryl aldehydes, providing two new
amino alcohol$, amino acids, phosphoramidite$, oxime- ligands (2 andL3) in good yields (5763% over two steps)
phosphine oxide$and phosphinidene,have been shown to @S racemic mixtures. These four phosphiiés; L4, exhibited
significantly improve the yield and generality of this reaction. différent chemical shifts at the phosphorus center as indicated
Recently, room-temperature Ullmann reactions have also beentY **P NMR. Electron-donating substitution on the aromatic
rings resulted in an upfield shift of the phosphorus signal by

(1) For recent reviews of cross-coupling reactions with copper-based @bout 12 ppml(1 vsL3). All phosphines remained stable after

catalysts, see: (a) Ley, S. V.; Thomas, A. Mhgew. Chem., Int. E@003 exposure to air for months at room tempera#tfr€he conver-

‘2“21:2 gfgg;g“?- é@leﬁé‘;va‘(-; ?Dc-h%lﬁé Uré k?)anAer&lgngegﬁce)%s é‘i gent and facile synthesis of these stable phosphines may offer

5004 2337;2(3211 S e - s OOy, A ' : future opportunities for rapid access of analogues by changing
(2) (a) Gujadhur, R.; Venkataraman, D.; Kintigh, J TEtrahedron Lett. the substituents of the starting aromatic aldehydes.

2001, 42, 4791-4793. (b) Haider, J.; Kunz, K.; Scholz, Adv. Synth. All four ligands were investigated in the copper-catalyzed

Catal. 2004 346, 717-722.
(3) Kwong, F. Y.; Buchwald, S. LOrg. Lett.2003 5, 793—-796.
(4) (a) Klapars, A.; Antila, J. C.; Huang, X.; Buchwald, S. L.Am.

coupling reaction between iodobenzene and benzylamine. Table

Chem. So2001, 123 77277728. (b) Antila, J. C.; Klapars, A.; Buchwald, (11) For coupling between aryl iodides with primary amines using a
S.L.J. Am. Chem. So@002 124, 11684-11688. (c) Antila, J. C.; Baskin, p-diketone ligand, see: (a) Shafir, A.; Buchwald, SJLAm. Chem. Soc.
J. M.; Barder, T. E.; Buchwald, S. L. Org. Chem2004 69, 5578-5587. 2006 128 8742-8743. For coupling between aryl iodides and aliphatic
(5) (@) Kwong, F. Y.; Klapars, A.; Buchwald, S. Org. Lett 2002 4, amines usingac-BINOL, see: (b) Jiang, D.; Fu, H.; Jiang, Y.; Zhao, X.
581-584. (b) Job, G. E.; Buchwald, S. Org. Lett.2002 4, 3703-3706. Org. Chem.2007, 72, 672-674.
(6) (a) Lu, Z.; Twieg, R. J.; Huang, S. Oetrahedron Lett2003 44, (12) (a) Clark, T. P.; Landis, C. R.; Freed, S. L.; Klosin, J.; Abboud, K.
6289-6292. (b) Lu, Z.; Twieg, R. JTetrahedron2005 61, 903-918. A. J. Am. Chem. So@005 127, 5040-5042. (b) Clark, T. P.; Landis, C.

(7) (@) Ma, D.; Zhang, Y.; Yao, J.; Wu, S.; Tao, F.Am. Chem. Soc R.J. Am. Chem. So€003 125 11792-11793. (c) Landis, C. R.; Jin, W.;
1998 120, 12459-12467. (b) Cai, Q.; Zhu, W.; Zhang, H.; Zhang, Y.; Owen, J. S,; Clark, T. FAngew. Chem., Int. EQ001, 40, 3432-3434. (d)

Ma, D. Synthesi®005 5, 496-499. (c) Zhang, H.; Cai, Q.; Ma, 3. Org. Landis, C. R.; Nelson, R. C.; Jin, W.; Bowman, A. Organometallics

Chem.2005 70, 5164-5173. 2006 25, 1377-1391. (e) Landis, C. R.; Jin, W.; Owen, J. S.; Clark, T. P.
(8) Zhang, Z.; Mao, J.; Zhu, D.; Wu, F.; Chen, H.; Wan,TRtrahedron PCT Int. Appl. WO 2003010174 A1, 2003. (f) Landis, C. R.; Jin, W.; Owen,

2006 62, 4435-4443. J. S.; Clark, T. P.; Nelson, R. C. PCT Int. Appl. WO 2005042546 A2,

(9) (@) Xu, L.; Mao, J.; Zhu, D.; Wu, F.; Wang, R.; Wan, Betrahedron 2005. For a review on phospholane chemistry, see: (g) Clark, T. P.; Landis,
2006 61, 6553-6560. (b) Zhu, D.; Xu, L.; Wu, F.; Wan, Bletrahedron C. R. Tetrahedron: Asymmetr004 15, 2123-2137.

Lett. 2006 47, 5781-5784. (13) For an explanation of the air stability for some dialkylaryl
(10) Gajare, A. S.; Toyota, K.; Yoshifuji, M.; Ozawa, Ehem. Commun. phosphines, see: Barder, T. E.; Buchwald, SJLAm. Chem. So2007,
2004 1994-1995. 129 5096-5101.

10.1021/jo0712291 CCC: $37.00 © 2007 American Chemical Society
Published on Web 10/13/2007 J. Org. Chem2007, 72, 8969-8971 8969



JOCNote

TABLE 1. Effects of the Copper Source, Ligand, Base, and
Solvent on the Coupling Reaction between lodobenzene and

TABLE 2. Coupling of Aryl lodides with Primary Amines 2

Benzylamine | 10% CuBr H
| + B, _CusatL H\ I N+ HNT R, 12%L —(j/ R
2 “base. solvent ©/ Bn > Cs,C05, DMSO /
entry Arl R;NH, yield (%)
|
ol 1 ©/ BnNH, 92(85")
entry copper salt ligand base solvent (%) |
1 CuO L2  KiCOs DMSO 42 2 Me)ﬁj BnNH, 82
2 CuBr L2 KoCO3 DMSO 73
3 CucCl L2 K2C03 DMSO 67 NC |
4 cul L2 KiCOs DMSO 36 3 O BnNH, 87
5 CuBp L2 KoCOs DMSO 50
6  Cu(CHCOORH O L2 K2COs DMSO 22 | .
7 cusQ L2 K2COs DMSO 10 4 /©/ BnNH, 85
8 CuCh L2 K2COs DMSO 52 !
9 Cuo L2 K,CO3 DMSO 7 I
10  CuBr L1 CCO3 DMSO 30 5 O/ BnNH, 80
11 CuBr L4 CCOs DMSO 42 MeO
12 CuBr L3 CsCOs DMSO 64 o \
13 CuBr PRP  CsCOs DMSO <5 6 : \©/ BnNH, 83
14 CuBr L2 KsPOrH,O DMSO 62
15  CuBr L2 CsCOs DMSO 87 | "
16  CuBr L2 CsCOs DMF 42 7 /@( S %0
17 CuBr L2 CsCQ toluene 15 Me HO
18  CuBr L2 CsCOs DMSO 84
19  CuBr L2 CsCOs DMSO 84 ! .
20 CuBr L2 CsCOs DMSO 57 8 Me)ij NH 1807
aReaction conditions: iodobenzene (0.5 mmol), benzylamine (0.75
mmol), ligand (0.06 mmol), base (1.0 mmol), copper source (0.05 mmol), 9 @/I O/NHQ 75
at 55°C, 18 h.? The ratio of ligand and metal is 2:2£15 mol % ofrac-L2 Me
and CuBr was used.5 mol % ofrac-L2 and CuBr was used.
| CH,NH,
1 summarizes the results of this reaction by varying the copper 10 Me©/ oA o 87
source, ligand, base, and solvent. The diazaphospholane without owe
the phenolic substitutior,4, was an effective ligand (entry 11, 1 /@/ /_,NHZ %
42% yield), while triphenylphosphine did not result in product MeO HO
formation (entry 13). The best yield was provided bg, a \ "
diazaphospholane with two phenolic substitutions on the 12 /©/ O/ ’ 70
aromatic rings (entry 15, 87% yield).3, bearing two more MeO
phenolic substituents, was less effective compard®tentry I OHaNH,
12, 64% yield). Carboxylate substituents, as sedriirseverely 13 oo /©/ 80
reduced the yield (entry 10, 30%). Ml
Using L2 as the ligand, a range of combinations of copper ” ©/| el o
sources, bases, and solvents was examined (Table 1). CuBr and e exylamine
CuCl were significantly better sources than other Cu(l) or Cu-
(I) salts (entries £9), and a very polar aprotic solvent, such 15 /@/ hexylamine 1
as DMSO, was essential to the success of the reaction (entry MeO
15 vs entry 17). The effect of the base on the yield of the \
reaction was minor (entry 2 vs entry 15). The stoichiometry of 16 /©/ hexylamine 87"
L2 was also varied. A ratio of 1:1 betwedr? and CuBr :
sufficed, while increasing this ratio to 2:1 did not improve the OuN | .
yield (entry 18). Neither did the yield improve beyond 10 mol 17 O/ hexylamine 90
% loading ofL2 and CuBr (entry 19), although a reduction of
loading to 5 mol % significantly reduced the yield (entry 20). I N
, . 18 ©/ 95
This reaction presumably follows a generally accepted mech- oo Ao
anism of the Ullmann reaction based on chelatidrhe fact owme
that better yields were provided by electron-rich ligands (entries g ©/' NHe 36
10-12 and 15) indirectly supports this hypothesis, as the HO
oxidative addition of the aryl halide would be better facilitated I )
©/ hexylamine 91

by a more electron-rich ligareCu(l) complex.
The substrate scope of this reaction was then examined using
a variety of aryl iodides and primary amines under the optimized

aReaction conditions: aryl iodides (0.5 mmol), amine (0.75 mnmat),

condition, which is summarized in Table 2. Aryl iodides were L2 (0.06 mmol), CsCOs (1.0 mmol), CuBr (0.05 mmol), 58C, 24 h.

chosen because they are generally accepted as the more reacti\Z;sC

At 80

uBr was replaced with CuCt.The product is 4-ioddN-benzylaniline.
°C, 30 h. The product is 4-ioddN-hexylaniline.

aryl halides compared to aryl bromides and chlorides. In general,
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TABLE 3. Coupling of Aryl lodides with Heterocyclic Amines? indoles, imidazoles, benzoimidazoles, and pyrazoles. Thd C
| 10% CuBr NQ bond formation invariably occurred at the saturated nitrogen
R_©/ + HNQ A2l | R_(i/ center. The substrate scope of this ligand was comparable to
Z Cs,CO5 DMSO & that ofL-proline’® and diaminé ligands but required a slightly

lower temperature for reaction.
In conclusion, this work illustrates the use of a diazaphos-
i\ 08 pholane as a new ligand for the copper-catalyzed Ullmann
e reaction using aryl iodides. The reaction conditions are moderate
and applicable to both primary and heterocyclic amines in good
to excellent yields. Investigations on the nature of this catalytic
system are underway and will be reported in due course.

entry Arl R;R,NH yield (%)”

/

1

\

z:cz/i

78 Experimental Section
\ General Procedure for the Synthesis of L2 and L3.The
95 corresponding azine (8 mmol) in THF (65 mL) was treated with
phenyl phosphine, and the reaction mixture was stirred for 5 min
65 at 0 °C. Phthaloyl dichloride was slowly added to the resulting
yellow slurry, and the solution was stirred at room temperature
overnight. About 50 mL of THF was removed in vacuo, and the
85 residual THF was then filtered off to obtain a white solid. The crude
product was further washed with THF (3 mL) and@t(3 x 5
mL) and dried in vacuo to obtain a white solid.
HN/:\N 93 L2: Yield 63%, white powder, mp 27274 °C; 'H NMR
(DMSO-) 6 10.24 (br s, 2H), 8.27 (d] = 8.8 Hz, 1H), 8.16 (d,
J = 8.8 Hz, 1H), 7.93-7.99 (m, 2H), 7.26 (tJ = 8.8 Hz, 1H),
7.10-7.18 (m, 5H), 6.88 (dJ = 8.0 Hz, 1H), 6.63-6.80 (m, 5H),
6.39 (d,Jp-y = 17.2 Hz, 1H), 6.14-6.15 (m, 1H), 5.97 (d) = 6.8
82° Hz, 1H); 13C NMR (DMSO4) 6 155.7 (s,CO), 155.5 (s,CO),
154.8 (s,COH), 152.7 (sCOH), 134.0, 133.8, 133.1, 132.9, 132.7,

&S

QO QY
) <00

z
(e}

3

97

lo¥e!
<1<

O,N I 4—\\ 132.4,130.1, 130.0, 129.9, 129.3, 128.7,128.3, 127.9, 127.4, 127 .2,
10 \©/ N 95 126.9,125.4, 124.8, 120.5, 118.9, 117.9, 115.6, 114.6, 5913 (4,
H = 31.4 Hz), 57.6 (dJc-p = 18.9 Hz), 124140 ppm have not
1 NC\@/' Y 29 been assigned due to the complexi®P NMR (DMSO4) o
N —10.92; IR (KBr, cntl) 3272.6, 1621.2; HRMS (EI) calcd for
I _ CogH20N,O4P [M — H1] 479.1161, found 479.1155.
12 /©/ HN/;\N 85 L3-THF: 'H NMR indicated that THF was bound with the ligand
MeO and was difficult to remove; yield 57%, white powder, mp 272
274°C; *H NMR (DMSO-d) 6 9.61 (s, 1H), 9.24 (s, 1H), 9.06 (s,
a Arl (0.5 mmol), amine (0.75 mol), CuBr (10 mol %ac-L2 (12 mol 1H), 8.70 (s, 1H), 8.25 (d) = 7.2 Hz, 1H), 8.14 (dJ = 7.6 Hz,
%), C$COs (2.0 equiv), 8C°C, 24 h.> The product isN-(4-iodophenyl)imi- 1H), 7.93-7.99 (m, 2H), 7.27 (t) = 7.2 Hz, 1H), 7.16-7.20 (m,
dazole. 4H), 6.75 (d,J = 8.6 Hz, 1H), 6.67 (s, 1H), 6.57 (§, = 8.0 Hz,

1H), 6.33-6.39 (M, 2H), 6.16 (dJ = 7.6 Hz, 1H), 5.96 (tJ = 8.0

= .1
this reaction provided good to excellent yields for all of the I(-lsz,cg-)l),lfé.g% ((2”230)7'&; Z‘ él;i:)ogc): Tzﬂfs((DS'\éga;j)&;ng
substrates. Yields did not vary significantly between the reaction com) 140.9 (s COH), 134.0, 133.8, 133.0, 132.7, 132.5, 132.2,

of the aryl iodides and alkyl primary amines with varying 130.1, 130.0, 128.2, 127.4, 127.2, 126.9, 125.9, 125.8, 121.3, 119.5,
electronic nature of the substituent on the aryl iodide (entries 117.8, 115.9, 114.8, 114.0, 113.1, 59.0¢,r = 31.5 Hz), 56.7
1-6 and 14-17). For example, an electron-rich aryl iodide, (d,Jc—p = 19.1 Hz), 113-134 ppm have not been assigned due to
p-methoxyiodobenzene, provided a yield of 80% for this reaction the complexity;*'P NMR (DMSO4) 6 —11.21; IR (KBr, cnr?)
(entry 5), while mnitroiodobenzene, an electron-poor aryl 3278.46, 1621.3; HRMS (EI) calcd fora@120N206P [M — HT]
iodide, gave a comparable yield of 83% (entry 6). Sterically °11.1059, found 511.1054.
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