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Factors affecting the coordination mode of an amidato group on aluminum will be presented. The reaction of
N-tert-butylalkylacetamide (‘BUNHCR(=0)) with 1.1 molar equiv of MesAl in refluxing hexane affords a
pentacoordinated, dimeric compound { Me,Al[72-BUNC(R)(u2-0)]}2 (3, R = p-Bu-CgHy; 4, R = 2,6-F,F-CsHs; 5, R
= Me; 6, R = CF3; 7, R = p-F3C-CgHs). However, in the presence of 2.2 molar equiv of MesAl, N-tert-butyl-4-
tert-butylbenzamide (‘BUNHC(p-Bu-CgH4)(=0)) in refluxing hexane gives { MeAl[7>BuNC(p-Bu-CgHa)(12-O)JAIMes}
8. In contrast, the reaction of R'NHCR''(=0) with 1 molar equiv of R;Al at room temperature produces
tetracoordinated, dimeric, eight-membered ring aluminum compounds { R,Al[u,72-R'NC(R"")O]}2 (9, R = Mg, R’ =
2,6-Pr, Pr-CgHs, R” = Ph; 10, R = Me, R" = Bu, R = Ph; 11, R = Et, R = Bn, R” = Ph; 12, R = Me, R’
= Ph, R” = CF3; 13, R = Me, R" = Bn, R"” = CF3). On the other hand, 4'-chlorobenzanilide ((p-Cl-CeHa)-
NHCPh(=0)) reacts with R;Al to produce trimeric, twelve-membered ring aluminum compounds { R,Al[,17%-(p-
CI-C¢H4)NC(Ph)OJ} 3 (14, R = Me; 15, R = Et). Furthermore, the reaction of 2'-methoxybenzanilide with 1 molar
equiv of MezAl in hexane yields a dinuclear aluminum complex [Me,Al(0-OMe-Ph)NC(Ph)(O)AIMe], 16.

Introduction Chart 1

3 o r

Despite amidato groups being the common ligands in Rl\ /N\ Rl Ny R A
_Al

transition metal coordination chemistryreports on the // Ry Ny RY Ny
reactions of amides with trialkylaluminum compounds are
rather scant. For an amidato group coordinated to aluminum,

1 jts 1

there are several coordination modes possible as shown in ‘.‘2 BR R 0 R Rz\N/}é‘J\o
Chart 1. Among them, only a few examples have been % / \C_R3 j—l‘AlﬂN N N Ris, / — Ak
structurally characterized. The first organoaluminum ami- Re ‘ NARO R‘:A1< P e,
dates, [MeAI(RNC(O)R)]. have been independently re- Al AT Low
ported by Wade et &l and Lappert et al as dinuclear va Wwh v Vi

complexes that possess an eight-membered ring with the
mode VI based on spectroscopic studies. Furthermore, thecoordination mode of [MgAl(PhNC(O)Ph)} has been con-
firmed by Kakudo et at using X-ray crystal structure deter-

m;;lﬁtétmreﬁuvmom correspondence should be addressed. E-mail: cclin@ mination. However, in the presence o=0IMe;, MesAl
(1) (a) Duncan, J.; Malinski, T.; Zhu, T. P.; Hu, Z. S.; Kadish, K. M.; r€acts with benzanilide (PhNHC(O)Ph) yielding [pAé¢

Bear, J. L.J. Am. Chem. Sod982 104, 5507. (b) Dennis, A. M.; (PhNC(O)Ph)(ONMg)], which is isolated as a monomer

Korp, J. D.; Bernal, I.; Howard, R. A.; Bear, J. Inorg. Chem1983 . . . .

22,1522, (¢) Maetzke, T.. Seebach, Organometallicd.99Q 9, 3032. adop_tmg mode II._ The amidato group is coordinated to the
(d) Cotton, F. A; Lu, J.; Ren, TPolyhedron1994 13, 807. (e) aluminum center in [MgAl(PhNC(O)Ph)(ONMeg)] through
Erxleben, A.; Albinati, A.; Lippert, BJ. Chem. Soc., Dalton Trans. it .
1996 1823. (f) Vlahos, A. T.; Tolis, E. |.; Raptopoulou, C. P.; Tsohos, the oxygen atorfi.In addition, Barrof reported the mono
A.; Sigalas, M. P.; Terzis, A.; Kabanos, T. lorg. Chem200Q 39,

2977. (g) Henderson, W.; Oliver, A. G.; Rickard, C. Elforg. Chim. (4) Kai, Y.; Yasuoka, N.; Kasai, N.; Kakudo, M. Organomet. Chem.
Acta 200Q 307, 144. 1971, 32, 165.
(2) Jennings, J. R.; Wade, K.; Wyatt, B. K.Chem. Soc. A968 2535. (5) Kai, Y.; Yasuoka, N.; Kasai, N.; Kakudo, MBull. Chem. Soc. Jpn.
(3) Holder, J. R.; Lappert, M. Rl. Chem. Soc. A968 2004. 1972 45, 3388.
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meric nature of [(BHT)AI(MeNCOPh)] (BHT-H = 2,6-di- N N
tert-butyl-4-methylphenol) having mode 1l according to Cl /©/ ’?]\\0/<Ph\©
27AI-NMR and other spectroscopic studies in 1990. Unfor- Cl RR a
tunately, discussion of the factors affecting the coordination 14:R=Me,
mode of amidato ligands on aluminum has never been 15:R=Et
attempted. Most recently, we found that both the monomeric ¢, e 4
compound Me;Al[ 7>'BUuNCPh(O)]AIMe;} and the dimeric Ph
compound MeAl[ 72BUNCPh(O)} ; adopt mode IV. How- o Ph 0_’A]ME3

ever,{ MeAl[ «,n>-ArNC(Ph)O} » (Ar = 4-OMe-GH,) is a
dimer having mode VI.Therefore, to understand the role NH  + 2AMe; ——
of amidato groups on the coordination mode of aluminum ©i

amidates is of great interest. Here, we report the preparation OMe

and crystal structure studies of a variety of aluminum
amidates and discuss the factors affecting their coordination

modes. aluminum compoundMe,Al[ 72-'BUNC(4<Bu-CgHg)(u2-O)]-
) ) AlMeg}, 8. Compound can also be prepared by the reaction
Results and Discussion of 3 with 1.1 molar equiv of MgAl in refluxing hexane.

SynthesesCompoundsl and2 were synthesized by the Surprisingly, the reaction of RHCR'(=0) with 1 molar
reaction oftert-butylamine with 4tert-butylbenzoyl chloride equiv of RAI at room temperature produced tetracoordi-
and 2,6-difluorobenzoyl chloride, respectively. All other nated, dimeric, eight-membered ring aluminum compounds
amides of [(Ar)C(O)NHBu)] were prepared according to  {RAl[x,7>-R'NC(R")O]}, (9, R = Me, R = 2,64Pr/Pr-
the methods described in the literatdrand have been  C¢H, R’ = Ph;10, R= Me, R = Bu, R’ = Ph;11, R =
characterized by spectroscopic studies as well as microanalyf£t, R = Bn, R' = Ph;12, R = Me, R = Ph, R’ = CF;;
ses. Furthermore, the reaction of amid&si(H)NCRE&EQ)) 13, R = Me, R = Bn, R' = CFs), as shown in Scheme 2.
with 1.1 molar equiv of MgAl in refluxing hexane afforded By contrast, the addition of <hlorobenzanilide with Bl
the corresponding pentacoordinated, dimeric aluminum com-in toluene yielded a trimeric aluminum compoufiB,Al-
pounds{ Me;Al[ n*'BUNC(R)2-O)]}2 (3, R = p-'Bu-CeHa; [14,572-(p-Cl-CeH4)NC(Ph)O} 5 (14, R = Me; 15, R = Et)

4, R=2,6-F,F-GH4; 5, R= Me; 6, R= CF;; 7, R= p-FsC- (Scheme 3) containing a twelve-membered ring. In addition,

CeH,), as shown in Scheme 1. However, in the presence of the reaction of 2methoxybenzanilide with 1 molar equiv

2.2 molar equiv of MeAl, N-tert-butyl-4tert-butylbenzamide  of Me,Al in hexane gave a dinuclear aluminum complex

(1) in refluxing hexane gave a monomeric, dinuclear [Me,Al(0-OMe-Ph)NC(Ph)(O)AIMg (16), as shown in

(6) Power. M. B.. Bott, S. G.: Clark, D. L. Atwood, J. L: Barron, A, R. Scheme 4. All of thg compouncds-16 are very soluble in
Organometaliics199 9, 3086. toluene, THF, and dichloromethane, and have been charac-

(7) Huang, Y. L.; Huang, B. H.; Ko, B. T; Lin, C. CI. Chem. Soc., terized by spectroscopic studies as well as elemental analyses.
Dalton Trans.2001, 1359. he vields of3 d ined b .
(8) (a) Riddell, F. G.; Rogerson, M. Chem. Soc., Perkin Trans1996 The yields of3—16 as determined byH-NMR spectroscopic

493. (b) Auret, B. J.; Boyd, D. R.; Coulter, P. 8.Chem. Soc., Chem.  studies were well above 80%, but because of the similar

Commun 1984 7, 463. (c) Saravanan, P.; Singh, V. Retrahedron o :
Lett. 1999 13, 2611. (d) Miah, S.; Slawin, A. M. Z.. Moody, C. J. solubilities of these compounds and their byproducts, the

Sheehan, S. M.; Marino, J. Fetrahedron199§ 7, 2489. isolated yields are only low to moderate. Their molecular
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Figure 1. Molecular structure of compourias 20% ellipsoids. Hydrogen
atoms are omitted for clarity.

Table 1. The Comparison of Selected Bond Lengths (A) and Angles
(deg) for Compound8—7

3 4 5 6 7
Al-N 2175(2) 2.221(2) 2.136(2) 2.232(2) 2.177(2)
Al-O 1.904(1)  1.905(1) 1.899(2) 1.905(2)  1.900(2)
Al-O(a) 2.001(2) 2.014(1) 2.034(2) 2.036(2) 2.008(2)

— 1.279(2) 1.266(2) 1.256(3) 1.259(3) 1.273(3)
c-0 1.336(2) 1.333(2) 1.319(3) 1.334(3) 1.331(3)

0-C-N 110.1(1) 112.3(2) 111.02) 113.2(2) 110.3(2)

structures and coordination modes have been further verified

by the X-ray diffraction studies.
Molecular Structure Studies. The molecular structure of

3 is depicted in Figure 1, and selected bond distances and c(16)-Ai(1)—N

angles for3—7 are compared in Table 1. Compl&«is a
dimeric form adopting mode 1V, as shown in Chart 1, in
which the Ntert-butyl-4tert-butylbenzamidato group acts
as a chelating ligand bridging two aluminum atoms through
the oxygen atom, a result similar to that observed for
{MeAl[ %-'BUNC(Ph)f2-O)]} 2 (A).” The bond lengths for
C(1)-N of 1.279(2) A and C(1}0O of 1.336(2) A indicate

a localized structure with a=€N double bond and a €0
single bond<¢? The C=N double bond character can be
further verified by a very long AN distance (2.175(2) A)
indicating a dative bonding from a neutral nitrogen atom to
aluminum? It is worthwhile to note that the AtO distances
within the four-membered AD, chelate ring are asymmetric
with bond lengths for A+O and AF-0O(0a) of 1.904(1) and
2.001(2) A, respectively, and they are similar to the normal
Al—0O distance observed for an&l, core in the other five-
coordinate aluminum alkoxidé8 An interesting feature of
complex3is that it contains a 4,4,4-fused ring where Al, N,

(9) (a) Kushi, Y.; Fernando, Q. Am. Chem. Sod.97Q 92, 91. (b) van
Vliet, M. R. P.; Buysingh, P.; van Koten, G.; Vrieze, Rrganome-
tallics 1985 4, 1701. (c) Sierra, M. L.; de Mel, V. S. J.; Oliver, J. P.
Organometallics1989 8, 2486. (d) Dagorne, S.; Guzei, I. A.; Coles,
M. P.; Jordan, R. RJ. Am. Chem. So@00Q 122 274. (e) Bruce, M.;
Gibson, V. C.; Redshaw, C.; Solan, G. A.; White, A. J. P.; Williams,
D. J.Chem. Communl998 2523.

(10) (a) Oliver, J. P.; Kumar, R.; Taghiof, M. l@oordination Chemistry
of Aluminum Robison, G. H., Ed.; VCH Publishers: New York, 1993;
Chapter 5, p 176 and references therein. (b) Lin, C. H.; Yan, L. F;
Wang, F. C.; Sun, Y. L.; Lin, C. CJ. Organomet. Cheni.999 587,
151. (c) Ko, B. T.; Lee, M. D.; Lin, C. CJ. Chin. Chem. S0d.997,

44, 163. (d) Ko, B. T.; Lin, C. CMacromoleculesl999 25, 8200.
(e) McMahon, C. N.; Bott, S. G.; Barron, A. R. Chem. Soc., Dalton
Trans.1998 3301. (f) Lewinski, J.; Justyniak, I.; Ochal, Z.; Zachara,
J.J. Chem. Soc., Dalton Tran&999 2909.

Figure 2. Molecular structure of compour8ias 20% ellipsoids. Hydrogen
atoms are omitted for clarity.

Table 2. Selected Bond Distances (A) and Angles (deg) for
Compound8

Al(1)-0 1.925(3) Al(L-N 1.958(4)
Al(1)—C(1) 2.372(5) Al(1¥-C(17) 1.931(6)
Al(1)—C(16) 1.935(6) GCcQ) 1.346(5)
N—C(1) 1.274(6) Al(2}-0 1.927(3)
Al(2)—C(19) 1.954(6) Al(2)-C(20) 1.958(5)
Al(2)—C(18) 1.973(6)
N—C(1)-O 109.9(4) G-Al(1)—C(17) 109.2(2)
O—AI(1)—C(16) 115.2(2) CABAI(L)—C(16) 124.8(3)
O—-AI(1)—-N 67.03(15) C(17¥AI(1)—N 112.6(2)
113.9(2) C(16JAI(1)—C(1)  120.4(2)
CA7)-A(1)-C(1) 114.8(2) Al(1y-0-AI(2) 128.9(1)
Al(1)—0—-C(1) 91.2(1) Al(2y-0—C(1) 138.7(1)

C(1), and O atoms are coplanar with the angle between
planes AINC(1)O and AlIOAI(a)O(0a) being only 2.9The
only difference between compounds-7 and 3 is the
substituent group attached to the carbon atom of the ami-
dato ligand. Crystallographic studies of compourds?
show that the central structure unit is almost identical to that
of 3. On the basis of this observation, it seems that the
geometry of aluminum amidates is determined by ‘B
group on the nitrogen atom of the amidato ligand. Therefore,
the substituent group on the carbon atom of the amidato
ligand has little effect on the AAO, C—0O, and N-O bond
lengths.

The Al—-0O bond in the AJO, core of3 can be detached
by the addition of an excess of M to give a monomeric
complex8. The ORTEP diagram d is shown in Figure 2,
and selected bond lengths and angles are given in Table 2.
The bond lengths for C(BN of 1.274(6) A and C(130O
of 1.346(5) A in8 are found to be similar to those @
indicating a localized structure with a=<€N double bond
and a C-O single bond. The geometry around the oxygen
in 8 is distorted from the trigonal planar with the bond angles
of Al(1)—0—C(1) at 91.2(2), Al(2)—O—C(1) at 138.7(1),
and Al(1-0O—Al(2) at 128.9(1).

The molecular structure &is illustrated in Figure 3, and
selected bond lengths and bond angleS-e13 are listed in
Table 3. The central structures of compourtisl3 are
almost identical, with the differences being on the substituent
attached to the carbon or nitrogen atom of the amidato ligand.

Inorganic Chemistry, Vol. 41, No. 11, 2002 2989
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Figure 3. Molecular structure of compour@iias 20% ellipsoids. Hydrogen
atoms are omitted for clarity.

Table 3. The Comparison of Selected Bond Lengths (A) and Angles
(deg) for Compound8—13

9 10 11 12 13
Al-N 1.973(1) 1.967(2) 1.959(1) 1.987(2)  1.985(2)
Al-0O 1.811(1) 1.806(2) 1.808(1) 1.822(2)  1.831(1)
C—-N 1.308(2) 1.301(3) 1.300(2) 1.292(3) 1.285(3)
c-0 1.302(2) 1.302(2) 1.299(2) 1.272(3) 1.288(2) Figure 4. Molecular structure of compound4 as 20% ellipsoids.
O-C—N 116.2(1) 1185(2) 119.4(1) 122.4(2) 122.2(2) Hydrogen atoms are omitted for clarity.

Complex9 crystallizes in a dimeric form and is composed
of a centrosymmetrical eight-membered ring (mode VI). The
bridging NCO group coordinates to two aluminum atoms
through both nitrogen and oxygen atoms. The geometry
around the aluminum atom is a distorted tetrahedron consist-
ing of two methyl carbons, nitrogen, and oxygen atoms. It
is interesting to note that the bond lengths for C{R0A)
of 1.308(2) A and C(3yO of 1.302(2) A indicate a
delocalized structure within the OCN group which is different
from the results observed for compoungts8. The bond
distances for A+O of 1.811(1) A, AFN of 1.973(2) A,
Al—C(1) of 1.955(2) A, and A+C(2) of 1.957(2) A in9
are all similar to those of its analogues [Mé(u,n*
ArNCOPh)p.47

The molecular structure df4 is depicted in Figure 4, and
selected bond lengths and angles of compou#tand 15 _ -

. . . Figure 5. Molecular structure of compound6 as 20% ellipsoids.

are listed in Table 4. Compoundsl and 15 are isostruc-  ygrogen atoms are omitted for clarity.
tural, the only difference being the methyl or ethyl groups
attached to the aluminum atom. Complbekcrystallizes in which the 2-methoxybenzanilide ligand is coordinated to a
a trimeric form composed of a twelve-membered ring in Me,Al center using the oxygen atom of the methoxy group
which three aluminum atoms are connected by three bridgingand the nitrogen atom of the amidato group. However, the
amidato ligands. The coordinating mode df can be carbonyl oxygen atom of the amidato ligand is coordinated
considered as mode VI, because the NCO group is cross-to another MeAl group. The bond distances for C3D(1)
bridged between two aluminum centers and is similar to that and C(3}-N of 1.261(2) and 1.320(2) A, respectively, are

in compound®—13. The average bond lengths of-Gl and all consistent with a localized structure with &= double
C—O are 1.305 and 1.283 A, respectively, and are all bond and a €O single bond as depicted for mode | in
compatible with the values observed for compoufed 3; Chart 1. This is the first time that an aluminum amidate
therefore, they can be classified as a delocalized structurewith this kind of unusual coordination mode has been
within the OCN group. observed.

The ORTEP diagram 016 is shown in Figure 5, and On the basis of the crystal structure studies of compounds

selected bond lengths and angles are listed in Table 5.3—16and [MeAl(u,7>-PhNC(Ph)O) (A),” we conclude that
Complex 16 is a monomeric, dinuclear aluminum com- the coordination mode of the amidato ligand on aluminum
plex. The central unit consists of a four-membered ring in depends strongly on the Lewis basicity of the amidato ligands

2990 Inorganic Chemistry, Vol. 41, No. 11, 2002
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Table 4. The Comparison of Selected Bond Lengths (A) for addition, both 2,6-diisopropylbenzamide aNetert-butyl-

Compoundsl4 and 15 benzamide are sterically hindered ligands; however, 2,6-
14 15 diisopropylbenzamide is a much stronger Lewis acid than

Al(1)—N(@3) 1.963(2) 1.969(3) N-tert-butylbenzamide. As a result, aluminum amid&e
2:(?:“(;) i-ggi(? 1-5;2@(2) adopts mode 1V, but aluminum amidagehas mode VI.
Aéﬁ—o((l)) 1'.813((2)) 1'.82522)) Therefore, on the basis of these studies, we conclude that
Al(2)—0(2) 1.819(2) 1.805(2) the more acidic and less sterically hindered amides, such as
g'(f):g(f) i-g%g(? 1-233(2) benzanilide, tend to form either eight-membered ring (com-
ngg_cgll) 1'.288((3)) 1:281((3g pounds9—13) or twelve-membered ring aluminum com-
O(3)-C(27) 1.284(3) 1.284(3) plexes (compound$4 and 15). In contrast, the less acidic
m(?:g(ﬂ i-ggg(? ig(l)g(g) and more sterically hindered amides, suchi\atert-butyl-
NE3§—CEZ7§ 1:31853; 12306% benzamide, prefer to adopt a four-membered ring (com-

pounds3—7).

Table 5. Selected Bond Distances (A) and Angles (deg) for Compound In conclusion, we have prepared 14 novel aluminum ami-

16 dates, and their coordination modes have been discussed.
Al(1)—N 1.924(2) Al(1-0(2) 1.934(2) The more acidic and less sterically hindered amidato ligands
Al(1)—C(2) 1.932(3) Al(1y-C(2) 1.937(2) tend to f iaht bered ri hen th dinat
Al(2)—0(2) 1.880(2) Al(2)-C(19) 1.965(3) en 0- orm an eignt-membpere rlng W en. ey coordinate
Al(2)—C(17) 1.962(3) Al(2-C(18) 1.972(3) to aluminum. However, the more sterically hindered and less
0O(1)-C(3) 1.261(2) O(2rC(15) 1.406(2) idi i i _ i
o(2-C(16) 1.444(3) NCG) 1.32002) acidic amidato ligands tend to form a four-membered ring.
N—C(10 1.430(2 . .

(10) @) Experimental Section
N—AI(1)—0(2) 82.4(1) N-Al(1)-C(1) 111.9(1) , _ )
0(2)—Al(1)—C(1) 104.0(1) N-Al(1)-C(2) 118.4(1) General. All experiments were carried out under a dry nitrogen
0(2)—-Al(1)—C(2) 106.7(1) C(LYAl(1)—C(2) 123.4(1) atmosphere. Solvents were dried by refluxing for at least 24 h over
O(1)-Al()—C(19) ~ 101.9(1)  O(LyAl(2)—C(17)  104.23(1) sodium/benzophenone (toluene, hexane) or phosphorus pentoxide
g(lngl(z):c(ﬂ) 113.1(1)  O(ByAI(2) 7_C(18) 108.5(1) (CH.Cly), and were freshly distilled prior to use. Deuterated solvents
(19-Al(2)—C(18) 113.7(1) C(1AAI(2)—C(18) 114.1(1) 4 ; :
C(3)~N—C(10) 123.2(2) were dried over molecular sieves. i (2.0 M in toluene), E4Al
(1.9 M in toluene) tert-butylamine, 4tert-butylbenzoyl chloride,
Chart 2 and 2,6-difluorobenzoyl chloride were purchased and used without
C(2) further treatment.-'Bu-Ph)C(O)NBuU)H, (2,6-F,F-GH3)C(O)N-
ce®) OEN /(l;\ (Bu)H, (p-FsC-Ph)C(O)NBu)H, PhC(O)NBu)H, PhC(O)N(Bn)H,
| N7 —~"Q MeC(O)N(BuU)H, RRCC(O)N(BuU)H, RRCC(O)N(Ph)H, ECC(O)N-
“ /N\ -/ \m/ (Bn)H, PhC(O)N(PHPriPr-2,6)H, PhC(O)N(Ph-OMe)H, and
Al ) c—C©) /Al\ / ™~ PhC(O)N(Ph-Clp)H were prepared according to the literature
- \o/ O\V/N\ method® Melting points were determined with a Buchi 535 digital
? e t)) melting point apparatusH- and13C-NMR spectra were recorded
cy on a Varian Gemini-200 (200 MHz), Varian VXR-300 (300 MHz),

Compounds 3-7

Compounds 9-13

or Varian Mercury-400 (400 MHz) spectrometer with chemical

shifts given in parts per million from the internal TMS. Microanaly-

and the steric hindrance of the substituent on the nitrogenSes were performed using a Heraeus CHN-O-RAPID instrument.

atom of the amide. However, the substituent on the aryl ring Infrared spectra were obtained from a Bruker Equinox 55 spec-
: trometer.

attached on the carbon atom has no or little affect on the . . .

coordination mode of aluminum amidates. For example [(p-Bu-CeHa)C(OINCBUH] (1). To a rapidly stirred solution

. . i of tert-butylamine (5.25 mL, 50 mmol) in 5% NaOH aqueous
compound3 is different fromA by replacing an H with an solution (100 mL) was addedtért-butylbenzoyl chloride (9.8 mL,

Me group on the 4-position of the phenyl ring attached on 54 mmol) at 0°C. The reaction mixture was warmed to room
carbon; however, both compounds possess dimeric, four-temperature, and it was stirred for 1 h, during which white solids
membered rings. It is interesting to note that compolid  formed gradually. After filtration, the white solids were taken up
is different from compound8 andA only by the exchange in hot toluene (30 mL). Colorless crystals were obtained at room
of a'Bu group (e.g.3 andA) for a’'Bu group (e.g.,10) on temperature after 1 h. Yield: 4.36 g (37%). Anal. Calcd fstGs
the nitrogen atom of the amidato ligand in which the NO: C, 77.21; H, 9.93; N, 6.00. Found: C, 77.47; H, 10.26; N,
aluminum amidate with the more sterically hinder&u 6.15.1H -NMR (CDCl, 0): 7.67—7.42 (m, 4H, Ph), 5.93 (br, 1H,
group adopts a four-membered ring, but the aluminum ’(;')'_")'1 6164779((53’ 95')' ﬁz)é;-izésésqu :Eg).ll;g_gshﬁ(gh()cgl%é(
a_rmdate with the _Iess s_terlcally h|_nderEBi| group has an N). 34.76 CPh), 3110 (PhBley). 28.83 (NOMey. IR (KBr. 1500~
eight-membered ring. It is worthwhile noting that the average N
distance between the C(2) and C(8) atoms ranges from 3.17 700 cr): 16334 (5), 142.0 (), 1506.0 (s). Mass spectrum (El,
_ : e): 233 (M', 22.2%). Mp: 146-141°C.
to 3.313 A for the four-membered ring gomplest? but . [(2,6-F,F-Ph)C(O)N(BU)H] (2). This compound was prepared
ranges from 2.894 to 3.036 A for the eight-membered ring according to the same procedures described Yfausing 2,6-
compounds9—13 as shown in Chart 2, indicating that gifluorobenzoyl chloride (6.29 mL, 50 mmol). Yield: 3.3 g (31%).
aluminum amidates with eight-membered rings are more Anal. Caled for GgHsN,O.F,: C, 61.96; H, 6.15; N, 6.57.
sterically crowded than those with four-membered rings. In Found: C, 61.18; H, 6.06; N, 6.08H-NMR (CDCl, 6): 7.34—
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6.89 (m, 3H, Ph), 5.72 (br, 1H, M), 1.47 (s, 9H!BU). 3C-NMR
(CDCls, 0): 159.49 C=0), 160.96 (dJc—F = 5.5 Hz), 158.47 (d,
Jo_¢ = 5.5 Hz), 130.96 (tJc_r = 7.5 Hz), 115.58 (tJc_¢ = 15.8
Hz), 111.73 (dJc_¢ = 19.8 Hz), 111.73 (dJc_¢ = 10.2 Hz) (Ph),
52.42 C-N), 28.67 (QVles). IR (KBr, 15001700 cntl): 1645.1
(s), 1590.7 (s), 1549.6 (s). Mass spectrum (fle): 213 (M*,
52.9%). Mp: 116-117°C.

{Me,Al[ %' BUNC(Ph-Bu-p)(u2-0)]} 2 (3). To a rapidly stirred
solution of 1 (0.93 g, 4.0 mmol) in hexane (10 mL) was added
MesAl (2.2 mL, 4.4 mmol). The reaction mixture was refluxed for

Huang et al.

4.65. Found: C, 55.70; H, 6.95; N, 4.554-NMR (CDCls, 9):
7.72-7.51 (m, 4H, Ph), 1.09 (s, 9BuUN), —0.91 (s, 6H, AlMe).
13C-NMR (CDCh, 6): 175.41 (G=N), 138.76, 131.62 (qJc_r =
32.8 Hz), 127.34, 125.29 (dc—r = 3.7 Hz, Ph), 123.65 (qlc-r
= 278.6 Hz,CF3), 52.05 (C-N), 31.25 (®le3), —8.30 (AMey). IR
(KBr, 1500-1700 cntl): 1642.1 (s), 1549.9 (s), 1508.8 (w). Mp:
110-112°C.

{MeAl[ 72 BUuNC(p-Bu-Ph)(uz-O)]AIMe 3} (8). This compound
was prepared according to the same procedures describedl for
using 2.2 molar equiv of Mg\l. Colorless crystals were obtained

24 h, and the volatile materials were removed under vacuum giving at 5 °C after 24 h. Yield: 0.85 g (64%). Anal. Calcd fordEls~
white solids. The residue was extracted with toluene (30 mL), and AINO: C, 66.45; H, 10.32; N, 3.87. Found: C, 66.26; H, 9.43; N,
the solution was allowed to concentrate to ca. 15 mL. Colorless 3.36.'H-NMR (CDCls, 6): 7.50-7.29 (m, 4H, Ph), 1.35 (s, 9H,

crystals were obtained at20 °C after 16 h. Yield: 0.95 g (82%).
Anal. Calcd for G4Hs6AINLO,: C, 70.56; H, 9.75; N, 4.84.
Found: C, 69.99; H, 9.51; N, 5.324-NMR (CDClg, 0): 7.43-
7.29 (m, 4H, Ph), 1.34 (s, 9HBuPh), 1.10 (s, 9H'BuN), —0.88
(s, 6H, AMey). B3C-NMR (CDCk, ¢): 168.77 (G=N), 153.20,
130.83, 127.12, 125.01 (Ph), 52.85 (C-N), 34.&Rh), 31.23
(CMe3), —8.46 (AlMey). IR (KBr, 1500-1700 cnt?): 1637.0 (s),
1608.9 (s), 1542.2 (s), 1504.9 (s). Mp: HBO0°C.

{Me Al >'BUNC(Ph-F,F-2,6)u,-O)]}> (4). This compound
was prepared according to the same procedures describedl for
using 2 (0.85 g, 4.0 mmol). Colorless crystals were obtained in
toluene at room temperature after 12 h. Yield: 0.72 g (67%). Anal.
Calcd for Q6H36A|2N202F4: C, 57.99; H, 6.74; N, 5.20. Found:
C,58.33; H, 6.68; N, 5.72H-NMR (CDClg, 0): 7.45-7.39, 7.0}
6.95 (m, 3H, Ph), 1.11 (s, 9¥BuN), —0.87 (s, 6H, AlMe). 13C-
NMR (CDCls, d): 167.38 (G=N), 160.33 (d,Jc-r = 7.4 Hz),
156.99 (dJc—r = 7.4 Hz), 132.02 (tJc—r = 10.1 Hz), 113.57 (t,
Je—F = 22.8 Hz), 111.63 (dJc—r = 23.7 Hz), 111.63 (dJc—F =
18.3 Hz, Ph), 53.36G-N), 29.96 (Me3), —9.37 (AMe,). IR (KB,
1500-1700 cntl): 1647.4 (s), 1623.9 (s), 1589.9 (s), 1550.5 (s).
Mp: 168-170°C.

{MezAl[#2-'BuNC(Me)(u2-O)]} 2 (5). To a rapidly stirred solu-
tion of N-tert-butylacetamide (0.46 g, 4.0 mmol) in GEl, (10
mL) was added Mgl (2.2 mL, 4.4 mmol). The reaction mixture

BuPh), 1.19 (s, 9H'BuUN), —0.45 (s, 9H, AMe;), —1.19 (s, 6H,
AlMg,). 3C-NMR (CDC, 0): 173.54 (G=N), 155.23, 127.29,
126.54, 125.22 (Ph), 54.35 (C-N), 35.08-Ph), 31.09 (CH3)s
CN), 30.75 (CH3)sCPh),—8.13 (AMe3), —10.39 (AMe,). IR (KBr,
1500-1700 cntl): 1620.3 (br, s), 1558.1 (m), 1503.5 (m). Mp:
105-106 °C.

{MeAl[ u,7?-(2,64Pr,/Pr-Ph)NCOPh]} » (9). To a rapidly stirred
solution ofN-(2,6-diisopropylphenyl)benzamide (0.56 g, 2 mmol)
in toluene (10 mL) was added M@ (1.2 mL, 2.4 mmol). The
reaction mixture was stirred at 2% for 16 h, and the volatile
materials were removed under vacuum giving white solids. The
residue was extracted by toluene (20 mL), and the solution was
allowed to concentrate to ca. 10 mL. Colorless crystals were
obtained at-20 °C after the solution sat overnight. Yield: 0.35g
(52%). Anal. Calcd for GzHs6AlNO2: C, 74.75; H, 8.36; N, 4.15.
Found: C, 74.38; H, 8.66; N, 4.2%1-NMR (CDCl;, 6): 7.41—
7.15 (m, 8H, Ph), 3.23 (m, 2H]4—4 = 6.8 Hz, MeCH), 1.25,
0.84 (d, 6H,J4—4 = 6.8 Hz, CH), —0.89 (s, 6H, AlMg). 13C-
NMR (CDCl,, 0): 173.80 C-Ph), 143.00, 137.85, 132.80, 131.92,
130.67, 127.83, 127.46, 124.48 (Ph), 28.2B/€,), 24.47, 24.05
(CMey), —10.00 (AMe,). IR (KBr, 1500-1700 cnT?): 1643.4 (s),
1586.2 (s), 1530.9 (s). Mp: 166062 °C dec.

{MeAl[ #,72- BUNC(O)Ph]} (10). This compound was prepared
according to the same procedures described 4ousing N-

was stirred for 24 h, and the volatile materials were removed under isobutylbenzamide (0.71 g, 4.0 mmol). Colorless crystals were

a vacuum giving white solids. The residue was extracted with

obtained in toluene at &C after 12 h. Yield: 0.4 g (43%). Anal.

toluene (30 mL), and the solution was allowed to concentrate to Calcd for GeHaoAlNO,: C, 66.93; H, 8.64; N, 6.00%. Found:

ca. 15 mL. Colorless crystals were obtained a&tCafter 72 h.
Yield: 0.41 g (60%). Anal. Calcd for fgH3sAlN,O,: C, 56.12;
H, 10.60; N, 8.18. Found: C, 56.22; H, 10.81; N, 7.89:NMR
(CDClg, 6): 2.15 (s, 3H, CH), 1.27 (s, 9H,Bu), —0.79 (s, 6H,
AlMe,). 13C-NMR (CDCB, 6): 168.09 (G=N), 51.40 (C-N), 30.03
(CMe3), 18.40 Me), —8.55 (AMey). IR (KBr, 1500-1700 cnt?):
1639.4 (s), 1559.5 (m). Mp: 8385 °C.

{MeAl[ n?-'BUNC(CF3)(u2-O)]}2 (6). This compound was
prepared according to the same procedures describedldsing
N-tert-butyltrifluoroacetamide (1.00 g, 6.0 mmol). Colorless crystals
were obtained at-20 °C after 24 h. Yield: 0.75 g (55.6%). Anal.
Calcd for GH1sAIF3NO: C, 42.67; H, 6.71; N, 6.22. Found: C,
42.75; H, 6.33; N, 6.16!H-NMR (CDCl;, 6): 1.35 (s, 9H,Bu),
—0.71 (s, 6H, Me)13C-NMR (CDCk, 0): 149.8 (q,Jc—F = 43.5
Hz), 115.21 (qJc-r = 282.7 Hz), 54.76 (N=), 30.40 (q,Jc—F =
2.3 Hz),—9.78 (Al-CHj3). IR (KBr, 1500-1700 cn1l): 1689.4 (s),
1664.5 (s), 1553.1 (m), 1535.2 (m). Mp: 884 °C.

{MeAl[ >'BUNC(Ph-CF5-p)(u>-O)]} 2 (7). This compound was
prepared according to the same procedures describegl fsing
N-tert-butyl-4-trifluoromethylbenzamide (0.49 g, 2.0 mmol) and
MezAl (1.1 mL, 2.2 mmol). Colorless crystals were obtained in
toluene at 5°C after the compound sat overnight. Yield: 0.43 g
(71%). Anal. Calcd for GgH3gAlN,OoF6: C, 55.81; H, 6.36; N,
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C, 66.58; H, 9.12; N, 6.64%H-NMR (CDCl;, 6): 7.48-7.39 (m,
5H, Ph), 3.18 (d, 2HJy_ = 3.8 Hz, CH), 1.73 (m, 1H,Jy_p =
3.4 Hz, MeCH), 0.68 (d, 6H,Jy-n = 3.4 Hz, QMe,), —1.00 (s,
6H, AIMey). 13C-NMR (CDCk, 0): 176.33 C-Ph), 134.84, 130.33,
128.33, 126.80 (Ph), 56.1%{N), 29.53 CMe), 19.82 (Me,),
—10.39 (AMey). IR (KBr, 1500-1700 cntt): 1636.9 (s), 1608.1
(s), 1589.2 (s). Mp: 126122°C.

{Et,All ,72-BnNC(O)Ph]}» (11). To a rapidly stirred solution
of N-benzylbenzamide (0.63 g, 3.0 mmol) in toluene (30 mL) was
added EJAI (1.6 mL, 3.0 mmol). The reaction mixture was stirred
at room temperature fd h and was then concentrated to ca. 10
mL. Colorless crystals were obtained-a20 °C after 48 h. Yield:
0.52 g (59%). Anal. Calcd for GH3AIF3NO: C, 73.20; H, 7.51;
N, 4.74. Found: C, 73.67; H, 8.05; N, 4.6-NMR (CDCls, ¢):
7.43-7.11 (m, 5H, Ph), 4.53 (s, 2H, Ph-GH0.75 (t, 3H,Jy—n =
8.4 Hz, Me),—0.34 (q, 2H,J4—n = 8.2 Hz, Al-CH,). 3C-NMR
(CDCl;, 9): 178.06 C-0O), 138.45, 134.23, 130.49, 128.39, 128.35,
127.25, 127.09, 126.94 (Ph), 51.43 (BHN), 8.09 CH3), —0.53
(AlI-CHy). IR (KBr, 1500-1700 cntl): 1574.4 (s). Mp: 106
112°C.

{Me All u,7>-PhNC(O)CF3]}» (12). This compound was pre-
pared according to the same procedures described fasing 2,2,2-
trifluoro-N-phenylacetamide (1.07 g, 6.0 mmol) and k(3.0



Reactions of Amides with Organoaluminum Compounds

Table 6. Crystallographic Data for Compoun@s 8, 9, 14 and16

3 8 9 14 16

chemical formula (§4H38A| 2N202 C20H37A| 2NO C42H55A| 2N202 C45H45A| 3C|3N303' C19H27A| 2N02
0.5GHg:0.5H,0

M 560.62 361.47 674.84 809.17 355.38
space group P2(1)lc P2(1)h P2(1)lc Pr P2(1)hn
a(A) 9.1699(7) 12.275(2) 9.0983(8) 12.8843(10) 10.1704(9)
b(A) 12.8530(10) 10.645(2) 14.8510(13) 13.5017(10) 20.4082(18)
c(A) 16.5372(13) 18.810(4) 14.8892(13) 16.5742(13) 10.2328(9)
o(deg) - - - 88.337(2) -
B(deg) 93.523(2) 93.975(4) 96.071(2) 75.421(1) 97.741(2)
o(Deg) - - - 70.823(2) -
V(A)3 1945.4(3) 2452.1(8) 2000.5(3) 2631.0(3) 2104.6(3)
z 2 4 2 2 4
2 (Mo Ka)(mmrL) 0.100 0.124 0.108 0.263 0.148
Nref(0bS), E > 40(F)) 3827 4823 3899 10214 4142
no. parameters 208 217 217 553 217
R12 0.0487 0.1076 0.0424 0.0595 0.0431
WR2® 0.1458 0.3197 0.1429 0.1832 0.1355
GoP 1.073 1.956 1.159 1.001 1.029
min, max residual —0.175,0.171 —0.278, 0.615 —0.248, 0.229 —0.352, 0.868 —0.218, 0.280

density(e A3)
AR1 = |Z(IFol — IF)IZIFoll. PWR2 = { 3 [W(Fo? — FA3 [W(FoA?]*% w = 0.10.¢ GoF = [W(Fo? — Fc?)%(Nifins — Nparam3]*/2

mL, 6.0 mmol). Yield: 0.77 g (52%). Anal. Calcd forngH1,AIF3- 127.80 (Ph), 9.00 (Al(CkCH3),), —0.47 (AI(CH.CHs),). IR (KB,

NO: C, 48.99; H, 4.52; N, 5.71. Found: C, 48.44; H, 4.90; N, 1500-1700 cn1?): 1654.7 (m), 1588.2 (s), 1531.9 (s). Mp: 81

5.32.1H-NMR (CDCl;, 6): 7.44-7.09 (m, 5H, Ph);-0.85 (s, 6H, 83°C.

Me). 13C-NMR (CDCk, 0): 159.73 (g,Jc—r = 36 Hz), 137.73, [Me,Al(p-MeO-Ph)NC(O)(Ph)AIMes] (16). To a rapidly stirred

129.13, 127.87, 125.06 (Ph), 116.11 {g,r = 288 Hz),—11.97 solution of 2-methoxybenzanilide (0.91 g, 4.0 mmol) in hexane

(AlI-CH3). IR (KBr, 1500-1700 cntl): 1634.0 (s), 1593.6 (s), (20 mL) was added AlMe (2.2 mL, 4.2 mmol). The reaction

1551.1 (m). Mp: 105107 °C. mixture was stirred at OC for 4 h and was then dried under a
{MeAl[ #,-BnNC(O)CF3]}» (13). This compound was pre- ~ Vacuum to give white solids. The residue was extracted into a hot

pared according to the same procedures described ¥arsing hexane solution (50 mL) which was then concentrated to ca. 15

2,2,2-trifluoroN-benzylacetamide (1.13 g, 6.0 mmol) and 44k mL. Colorless crystals were obtained at room temperature after 24

(3.0 mL, 6.0 mmol). Yield: 1.27 g (81%). Anal. Calcd for h. Yield: 0.61 g (43%). Anal. Calcd for GH,7AI,NO,: C, 64.21;

C11H13A|F3NOZ C, 50.91; H, 5.06; N, 5.40. Found: C, 50.97; H, H, 7.66; N, 3.94. Found: C, 63.87; H, 7.62; N, 3.6Bl-NMR

5.24; N, 5.48H-NMR (CDCl, 9): 7.377.14 (m, 5H, Ph), 4.74  (CDCl, 0): 8.45-6.80 (m, 7H, Ph), 4.19 (s, 3H, OGH —0.96

(s, 2H, N-CH), —0.90 (s, 6H, Me)1*C-NMR (CDCh, o): 161.87 (S, 6H, AMe), —1.02 (s, 9H, AMey). SC-NMR (CDCk, 0):

(@, Jo_r = 35.8 Hz), 135.25, 128.71, 127.97, 127.03 (Ph), 127.99 174.91 (G=N), 146.89, 136.60, 132.47, 130.99, 129.40, 127.36,

(@, Jo_r = 287.7 Hz), 48.58 (qlc_r = 3.0 Hz),—11.18 (AI-CHy). 125.80, 124.41, 110.12 (Ph), 57.87 (OMeY,.62 (AlMe;), —11.06

IR (KBr, 1500-1700 cnt®): 1652.3 (s), 1612.1 (). Mp: 164  (AIM&;). IR (KBr, 1500-1700 cm): 1586 (m), 1553 (s). Mp:
106°C. 119-121°C.

([ 7~(p-Cl-Ph)NC(O)(Ph)AIMe:]} 5 (14). To a rapidly stirred X-ray Crystallographic Studies. Suitable crystals from com-

. o . . pounds3—16 were sealed in thin-walled glass capillaries under a
f’;:’u;'r?; (géljng vizlsogc)jgzznl\;gbénzz ‘;T'df 4(%?08’#52 rr:;]::?ignm nitrogen atmosphere and mounted on a Bruker AXS SMART 1000

mixture was stirred at 25C for 24 h, and the volatile materials diffractometer. Intensity data were collected in 1350 frames with

L . . . increasingw (width of 0.3 per frame). The absorption correction
were removed under a vacuum giving white s_ohds. The residue was based on the symmetry equivalent reflections using the
was extracted by toluene (25 mL), and the solution was allowed to SADABS progrant The space group determination was based on
tceonr;centrate t(;tca. 15th'. %f)lorless cryitals Welre O?tg']?ed at r00My check of the Laue symmetry and systematic absences, and was

perature after 24 h. Yield: 0.78 g (23%). Anal. Calcd s confirmed using the structure solution. The structure was solved
AlaNsO:Cls: C, 62.62; H, 5.25/ N, 4.87. Found: C, 62.81; H, 5.64; by direct methods using a SHELXTL packagell non-H atoms
N, 5.67.'H-NMR (CDCls, 9): 7.38-6.48 (m, 9H, Ph);-0.91 (s,

were located from successive Fourier maps, and hydrogen atoms
13 . —
6H, AlMe,). °C-NMR (CDCh, 9): 175.21 C=N), 141.39, 133.68, | using a riding model. Anisotropic thermal parameters
131.07, 130.10, 129.35, 129.13, 128.08, 127.89 (PH3,73

AlME). IR (KBr 1500-1700 crmrd): 1653.0 1662 4 Mp:  ere used for all non-H atoms, and fixed isotropic parameters were
(118—32;_.0°C(de<r:, ° cnT?): 1653.0 (s), 1552.4 (s). Mp: used for H atoms. Crystallographic data®, 9, 14, and16 are

) listed in Table 6. In compoun@, the tert-butyl group on the
{[p.17*-(p-CI-Ph)NC(O)(Ph)AIEt]} 5 (15). This compound was  njtrogen atom is disordered. There are two positions for each carbon
prepared by following the same procedures described4arsing

: ~atom attached on the carbon attached to the nitrogen atoms, and
EtAl (2.2 mL, 4.2 mmol). Colorless crystals were obtained in the final value for the site occupancy of the teest-butyl groups

hexane at room temperature after 24 h. Yield: 0.93 g (25%). Anal. js 50/50. In compounds, 7, and12 the trifluoromethyl groups are
Calcd for GiHs7AIsN303Cls: C, 64.66; H, 6.06; N, 4.44. Found:

C, 64.06; H, 7.71; N, 5.02H-NMR (CDCl, 8): 7.50-6.47 (m,
9H, Ph), 0.82 (t, 3HJy_1 = 8.2 Hz, Al(CHCHs)), —0.89 (q,
2H, Ji_1 = 8.2 Hz, Al(CH,CHa),). 3C-NMR (CDCk, 0): 175.84
(C=N), 141.45, 133.81, 131.87, 130.90, 129.13, 129.05, 128.06,

(11) Sheldrick, G. M.SADABS: Siemens Area Detector Absorption
Correction SoftwaredJniversity of Gdtingen: Gitingen, Germany,
1998.

(12) Sheldrick, G. MSHELXTL-Plus, NT Crystallographic Systenrglease
5.1; Bruker Analytical X-ray Systems: Madison, WI, 1998.
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disordered. There are two positions for each fluorine atom attached ~ Acknowledgment. Financial support from the National
on the carbon, and the final value for the site occupancy of these Science Council of the Republic of China is gratefully
two trifluoromethyl groups is 50/50. A half-molecule of toluene  gcknowledged.

and a half-molecule of O per asymmetric unit are observed in
compound 14. In compound15, two positions with the site
occupancy of 50/50 are found for the end carbon atoms of these
two ethyl groups. A half-molecule of hexane per asymmetric unit
is also observed. 1C011072+

Supporting Information Available: Further details of the
crystal structure determination of compours#sl6. This material

is available free of charge via the Internet at http://pubs.acs.org.
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