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Regioselective Synthesis of Asymmetrically Substituted
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Diamino-2-quinoxalinols are reacted with salicylaldehyde derivatives to produce 2-quinoxalinol imines
regioselectively as one isomer in good yield. Regioselectivity has been determined through the use of
isotopic °N labeling experiments. The 2-quinoxalinol imines may then be reacted without further
purification with additional salicylaldehyde derivatives to yield asymmetrically substituted 2-quinoxalinol
salens.

Introduction ruthenium, copper(l), and manganese(ll) have also been of
Salens and their metal complexes have found numerousinterest for their bioactivity. These metal complexes have been

applications in organic chemistry. Most notably, they have been investigated as protein kinasg inhibit(_)rs, as antitumor agents,
found to be of great utility in the development of chiral catalysts, @S Cytoprotective agents, and in catalytic scavengers of hydrogen
and have been used to increase the stereoselectivity of product?erox'de7

in a variety of reactions including ring-opening of epoxides, ~ Previously, we have synthesized a library of symmetrical
asymmetric epoxidation (AB),hydrolytic kinetic resolution 2-quinoxalinol salen&To incorporate these into chiral catalysts,
(HKR),2 hetero-Diels-Alder reactiond, Pictet-Spengler reac-  the introduction of asymmetric substitution is necessary. Here,
tions? and hydrocyanation reactiofsSalen complexes with  we have used the incorporation of the 2-quinoxalinol to the salen
backbone to enable the facile synthesis of asymmetrically

(1) () Jacobsen, E. N.; Kakiuchi, F.; Konsler, R. G.; Larrow, J. F.; i - i it ;
Tokunaga, M.Tetrahedron Lett1997 38, 773. (b) Wu, M. H.; Jacobsen, SUbS.tItUtec! salen-based IlganQS. l.n addlthn’ the Ch.em.IStry of
E.N.J. Org. Chem1998 63, 5252. () Wu, M. H.. Hansen, K. B.; Jacobsen, ~ 2-duinoxalinols has been applied in medicinal chemi$trin
E. N. Angew. ChemInt. Ed. 1999 38, 2012. (d) Gigante, B.; Corma, A.;  dyes and pigment? and in agricultural chemistrit
Garcia, H.; Sabater, M. Latal. Lett.200Q 68, 113.

(2) (a) Irie, R.; Noda, K.; Ito, Y.; Matsumoto, N.; Katsuki, Tetrahedron
Lett.199Q 31, 7345. (b) Zhang, W.; Loebach, J. L.; Wilson, S. R.; Jacobsen, (6) (@) Sigman, M. S.; Jacobsen, E. N.Am. Chem. Sod.998 120,

E. N.J. Am. Chem. S0d.99Q 112 2801. (c) Holbach, M.; Weck, MJ. 5315. (b) Vachal, P.; Jacobsen, E.®kg. Lett.200Q 2, 867. (c) Yan, M.;

Org. Chem.2006 71, 1825. Xu, Q. Y.; Chan, A. S. CTetrahedron Asymmetry200Q 11, 845. (d)
(3) () Kumar, P.; Naidu, V.; Gupta, Petrahedror2007, 63(13) 2745. Belokon, Y. N.; North, M.; Parsons, Qrg. Lett.200Q 2, 1617. (e) Belokon,

(b) Brandes, B. D.; Jacobsen, E. RNetrahedron Asymmetry1 997, 8, 3927. Y. N.; Green, B.; Ikonnikov, N. S.; North, M.; Parsons, T.; Tararov, V. |.

(c) Breinbauer, R.; Jacobsen, E.Ahgew. ChemlInt. Ed.200Q 39, 3604. Tetrahedron2001 57, 771.

(d) Annis, D. A.; Jacobsen, E. N. Am. Chem. S0d.999 121, 4147. (7) (@) Marzano, C.; Pellei, M.; Colavito, D.; Alidori, S.; Lobbia, G. G.;
(4) (a) Schaus, S. E.; Branalt, J.; Jacobsen, EJ.NDrg. Chem1998 Gandin, V.; Tisato, F.; Santini, Cl. Med. Chem200§ 49, 7317. (b)

63, 403. (b) Chapman, J. J.; Day, C. S.; Welker, MHzr. J. Org. Chem. Bregman, H.; Williams, D. S.; Atilla, G. E.; Carroll, P. J.; Meggers JE.
2001, 12, 2273. (c) Mellah, M.; Ansel, B.; Patureau, F.; Voituriez, A.; Am. Chem. SoQ004 126 (24), 13594. (c) Doctrow, S. R.; Huffman, K.;

Schulz, E.J. Mol. Catal. A Chem.2007, 272, 20. Marcus, C. B.; Tocco, G.; Malfroy, E.; Adinolfi, C. A.; Kruk, H.; Baker,
(5) (@) Taylor, M. S.; Jacobsen, E. N. Am. Chem. SoQ004 126, K.; Lazarowych, N.; Mascarenhas, J.; Malfroy, 8. Med. Chem2002

10558. (b) Jayasree, S.; Majeed, S. A.; BenjaminJ.LAm. Chem. Soc. 45, 4549.

2006 128(4), 1086. (8) Wu, X. H.; Gorden, A. E. VJ. Comb. Chem2007, 9, 601.
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Reaction Route to 2-Quinoxalinol Imines 3a and Asymmetrically Substituted Salen?4
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aKey: (a) THF amino acid, 1 equiv, DIEPA; (b) NHH,0, THF; (c) Pd-C, HCOONH, 95% EtOH, N; (d) air or Q; (e) MeOH, 80°C; (f) MeOH,

salicylaldehyde?’, 80 °C.

Given that compounds containing imine functional groups

have broad applications in organic chemistry, the key intermedi-

ates, the 2-quinoxalinol imines, are also potentially very useful

trap toxic gased’ In addition, imines are useful as protecting
groups for amine&?

Other researchers have focused their efforts on the preparation

structures. One application of interest is in the preparation of of asymmetrica| ana|ogues of Jacobsen Cata|ysts and the

amino acids via a Strecker reacti&hCatalyzed by chiral
catalysts, nucleophilic addition to imines is also used for the

preparation of solid-phase catalysts with ring-opening metathesis
polymerization (ROMP3¢3419Asymmetrically substituted 2-qui-

preparation of compounds possessing secondary amine groupgoxalinol salens and their metal complexes not only have chiral

with high stereoselectivity Imines can also play a crucial role
as catalyst supports in new coordination ligaktls. medicinal

character, but provide the additional advantage of additional
points of substitution with three diversity sites, thereby providing

chemistry, imines have been found to have antitumor and aqditional means for altering the properties of the catalyst.
antibacterial bioactivit} and to serve as protein synthesis Fyrthermore, this may allow them to be more easily prepared
inhibitors*® In recent reports, imine coordination ligands for use in solid-phase catalysts.

supporting copper metal complexes have been demonstrated 0 g gynthesis of 2-quinoxalinol imines is challenging, because

(9) (a) Zhang, L.; Liu, G.; Zhang, S. D.; Yang, H. Z.; Li, L.; Wu, X. H.;
Yu, J. L.; Kou, B. B.; Xu, S.; Li, J.; Sun, G. C.; Ji, Y. F.; Cheng, GJF.
Comb. Chem2004 6, 431. (b) Perez, C.; Lopez, de C. A.; Bellb,Food
Chem. Toxicol2002 40, 1463. (c) Mensah-Osman, E. J.; AL-Katib, A.
M.; Dandashi, M. H.; Mohammad, R. Nilol. Cancer Ther2002 1, 1315.
(d) Seitz, L. E.; Suling, W. J.; Reynolds, R. @. Med. Chem2002 45,
5604. (e) Burke, J. R.; Pattoli, M. A.; Gregor, K. R.; Brassil, P. J,;
MacMaster, J. F.; Mcintyre, K. W.; Yang, X.; lotzova, V. S.; Clarke, W.;
Strnad, J.; Qiu, Y.; Zusi, F. Cl. Biol. Chem2003 278, 1450.

(10) Jaung, J. YDyes Pigm200§ 71 (3), 245.

(11) Schaper, W. W.; Lothar, R. C.; Erwin, H.; Eckhard, R.; Dirk, S. U.

they are often unstable, particularly when using bulky imitfes.
The synthesis of the key intermediate, the 2-quinoxalinol imine
(3a), from diamino-2-quinoxalinol %) is a unique challenge,
because of the difficulty in obtaining one isomer as the final
product. If the reaction can be controlled such that only one
amine is reacted with an aldehyde, this would provide a method
to develop asymmetrically substituted 2-quinoxalinol salens. In
the process of our research toward the synthesis of the
symmetrical 2-quinoxalinol salen ligand libratyye isolated a

S. Patent Appl. Publ. 2005, US2005256000 A1 20051117 CAN 143:454394 Side product determined to be the half unit salen ligand, that is,

AN 2005:1224419, 97.

(12) (a) Pan, S. C.; List, BOrg. Lett. 2007, 9, 1149. (b) Pan, S. C;
Zhou, J.; List, B.Angew. Chem.nt. Ed. 2007, 46, 612. (c) Rossi, J. C,;
Marull, M.; Boiteau, L.; Taillades, JEur. J. Org. Chem2007, 662. (d)
Huguenot, F.; Brigaud. TJ. Org. Chem2006 71, 7075. (e) Wang, H.;
Zhao, X. M.; Li, Y. H,; Lu, L. Org. Lett.2006 8, 1379. (f) Martnez, R.;
Ramon, D. J.; Yus, MTetrahedron Lett2005 46, 8471.

(13) (a) Vilaivan, T.; Bhanthumnavin, W.; Sritana-Anant,Qurr. Org.
Chem.2005 9, 1315. (b) Kobayashi, S.; Ishitani, i&hem. Re. 1999 99,
1069. (c) Arend, MAngew. Chemint. Ed.1999 38, 2873. (d) Bloch, R.
Chem. Re. 1998 98, 1407. (e) Enders, D.; Reinhold, Oetrahedron
Asymmetny1997, 8, 1895. (f) Alvaro, G.; Savoia, DSynlett2002 651.

(14) (a) Jacobsen, E. N.; Kakiuchi, F.; Konsler, R. G.; Larrow, J. F.;
Tokunaga, M.Tetrahedron Lett1997 38, 773. (b) Wu, M. H.; Jacobsen,
E. N.J. Org. Chem1998 63, 5252. (c) Wu, M. H.; Hansen, K. B.; Jacobsen,
E. N. Angew. Chem.nt. Ed. 1999 38, 2012.

(15) Johann, H.; Martin, K. PCT Int. Appl. 2007, 57, WO 2007017284
A2 20070215 CAN 146:252109 AN 2007:174055.
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a single product, a 2-quinoxalinol imin&)( The use of this
side product as a starting material for asymmetrically substituted
ligands provides a means to overcome the difficulty of synthesis
in producing regioselective or bulky 2-quinoxalinol imine

(16) Pettersen, E. O.; Larsen, R. O.; Dornish, J. M.; Borretzen, B.;
Oftebro, R.; Ramdahl, T.; Moen, V. Eur. Pat. Appl. 1926, EP 609032
Al 19940803 CAN 121:179238 AN 1994:579238.

(17) Hudson, M. J.; Knowles, J. P.; Harris, P. J. F.; Jackson, D. B.; Chinn,
M. L.; Ward, J. L.Microporous Mesoporous Mate2004 75, 121.

(18) (a) Prugh, J. D.; Birchenough, L. A.; Egbertson, M. Snth.
Commun.1992 22, 2357. (b) Look, G.C.; Murphy, M. M.; Campbell, D.
A.; Gallop, M. A. Tetrahedron Lett1995 36 (17), 2937. (c) Mooteoa, D.
R.; Fraser-Reid, BTetrahedron Lett1989 30 (18), 2363.

(19) (a) Peukert, S.; Jacobsen, E.Qkg. Lett 1999 1, 1245.

(20) Love, B. E.; Ren, J. HJ. Org. Chem1993 58, 5556.
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FIGURE 1. 'H NMR results of intermediatel@) and 2-quinoxalinol imines3aé. Note: For intermediatéa, the *H NMR of the hydrogen of
two amino groups has been shown. For 2-quinoxalinol imBag)( just the hydrogen on the carbon of the imine group has been shown.

compounds. In addition, these 2-quinoxalinol imines are stable (3a or 3b) are possible. To identify the exact structure, we

in atmospheric conditions.

differentiated the two amino groups of the diamino-2-quinox-

From our reaction route (Scheme 1), a second challenge wasalinol intermediateX) by replacing ammonium hydroxide with

in the identification of the exact structure of the 2-quinoxalinol
imines, because two isomer3a(or 3b) are possible. Here, we

15N-labeled ammonium hydroxide during the secondary sub-
stitution of the 1, 5-difluoro-2,4-dinitrobenzene (DFDNB).

have identified the exact structure of these 2-quinoxalinol imines Because of the heteronuclear coupling®, 'H NMR can be

using isotope!®>N labeled compounds and NMR technology,

used to demonstrate a difference between the two amino groups

and we have determined the reaction to be regioselective. Usingof intermediatel. Thus, in the 2-quinoxalinol imine intermedi-
this information, we were able to prepare several 2-quinoxalinol ate, the position of the imine formation (whether on k¢ or
imine intermediates for use as synthetic building blocks in the 14N of intermediatel) can be identified. The simplifietH NMR
preparation of asymmetrically substituted salen-based ligands.spectra with intermediatga, 2-quinoxalinol imine 8a€), and

Results and Discussion

The general synthetic route for the formation of the 2-qui-
noxalinol salen ligands has been reported previofiflg. part
of this earlier work, we identified that the diamino-2-quinox-
alinol (1) to salicylaldehyde derivativeg)ratio of the starting

materials used is crucial to the optimization of the reaction.

When the ratio is 1:1.2, a 2-quinoxalinol imine is the major
product with high regioselectivity. If the ratio of reactants is
increased, the yield of symmetric 2-quinoxalinol salens in-

the15N-labeled intermediat&a, 2-quinoxalinol imine 8ag), are
shown in Figure 1.

In Figure 1, for intermediatela, the “a” labeled peaks
corresponding to the two protons of tA#N and °N amino
groups are different in spectra | and Il. In spectra |, it is a broad
single peak, while in spectra I, witN heteronulear coupling,
the protons are splitJ(= 78.0 Hz). For thel>N-labeling
2-quinoxalinol imines 3ae4°N), the peaks marked “b” corre-
spondng to the proton on the carbon of the imine group are
split by 1°N (J = 3.0 Hz) (spectra IV), whereas it is still a single

creases. As the ratio of reactants reaches 1:10, the yield of the?€ak in spectra lll. At the same time, in the spectra lll and IV,

symmetric 2-quinoxolinol salen is much higifer.
The identification of 2-quinoxalinol imine intermediates in
the reaction is important to determine the utility of these

the peak §=4.66 ppm) disappear. Therefore, it is obvious to
conclude that the final structure of 2-quinoxalinol imine8a=

The reason as to why the 6-amino group has a higher

compounds in asymmetric syntheses, because two configurationseactivity than the 7-amino group can be explained based on

J. Org. ChemVol. 72, No. 23, 2007 8693
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TABLE 1. Calculation Results of Intermediate 1 TABLE 2. Formation of 2-Quinoxalinol Imines (3ax)
H,N N R,
X
‘T I X "
=
H,N N OH |
7 OH N N_ _R;
A
Charge of Charge of ﬁ /:[
H)N N OH

6-nitrogen  7-nitrogen
Intermediate Ry (8¢ (62 208, 3a

la e -0.857 -0.831  0.026

Product R, R, Yield (%)

1b _< -0.856 -0.831  0.025 3aa 3-tert-butyl 93.8“

Ic )— -0.861 -0.839  0.022

3ab 3-tert-butyl 70.2¢
1d AN -0.848 -0.817 0.039 :

le H -0.852 -0.823 0.029 3ac 3-tert-butyl 71.5

either a kinetic or a thermodynamic argument. In the kinetic
explanation, the 2-quinoxalinol ring is an aromatic system, and 3ad
the 2-hydroxyl group is an electron-donor group that increases

the electron density of the carbon contacting the 6-amino group, 3ae
thus making the 6-amino group more reactive than the 7-amino

group (ana-nucleophile effect). This effect is evident in the

IH NMR of intermediatel (Figure 1). There is a substantial
difference between the chemical shift of hydrogen on 6- and 3af
7-amino groupsAo = 0.81 ppm, as identified in the labeling
study). The two amino groups are in the same benzene ring,
the upfield hydrogen of the 6-amino group must have more
electron density, and, therefore, the 6-amino group is more
reactive than the 7-amino group downfield.

This can be confirmed by computational results. The density
functional theory method B3LYP/6-31G(d) was used to char- 3ah
acterize intermediatd and 2-quinoxalinol imines3g@) and
ground states under vacuum with Gaussiarf’03alculations 3ai
with B3LYP/6-31G(d) were used for geometry optimizations
and the calculation of vibrational frequencies, which confirmed
all stationary points as minima and provided thermodynamic )
corrections. The effect of methanol was approximated by 3aj
subsequent single-point calculations, using the conductor-like
polarizable continuum model (CPCN¥)The default Gaussian
03 dielectric constant of 32.63 was used for methanol. Partial

3-tert-butyl 65.5

3,5-Di-tert-butyl 76.7

3,5-Di-tert-butyl 66.0

3ag

3,5-Di-tert-butyl 89.2

3,5-Di-tert-butyl 80.0

3-OH 68.5

3-tert-butyl b

s S PNL 8!

3ak 3,5-Di-tert-butyl -b

aThis is a one-step yield purified by column separatifihe major
byproducts aréaj-1 and 3ak-1.

(21) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.

N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.; : - . : .
Mennucci, B.; Cossi, M.; Scalmani, G: Rega, N.. Petersson, G. A charges for the intermediat&)(@and 2-quinoxalinol imines3a)

Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Were obtained by using CHELPG meth&dThe calculation
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,  results show that the 6-nitrogen in each case has more negative

X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C; i _ f
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; charge than the. 7 m.tmgen (Table 1). Therefore? the 6-amino
Cammi, R.; Pomelli, C.: Ochterski, J. W.; Ayala, P. Y.; Morokuma, K. 9roup of 2-qunioxalinol should be more reactive than the

Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, 7-amino group.

S-{ anir?;}aﬁh;i; Etfalir(‘;re'\:ﬁ%r?] FJarléa'S’O(r)ti;z '\’Ba”\‘;'f'&iK-? Rgﬁ%‘é,ﬁl AA Finally, for a justification based on thermodynamics, the
G CIifgford S.- Cioslowski. J.: Stefanov. B. B.- Liu. G.: 'Li(géhenko A- Minimized energy of three pair of 2-quinoxalinol imines isomers

Piskorz, P.; Komaromi, |.: Martin, R. L.; Fox, D. J.: Keith, T.; Al-Laham, (3adand3bd, 3af and3bf, and3ai and3bi) has been calculated
M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; with the same method (vida supra) in the model of gas and

Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, Hdussian T ; ;
03, Revision D.01; Gaussian, Inc.: Wallingford, CT, 2004. methanol. The minimized energies 8&d, 3af, and 3ai are

(22) Cossi, M.; Rega, N.; Scalmani, G.; Barone,V Comput. Chem.
2003 24, 669. (23) Breneman, C. M.; Wiberg, K. B.. Comput. Cheml99Q 11, 361.
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TABLE 3. Formation of Asymmetrically Substituted 2-Quinoxalinol Salen Ligands (4)

OH N N_ _R;
N

@EI

OH N N~ SoH

Product R, R, R; Yield (%)”
4a /\@ 3-tert-butyl 3.5-Di-tert-butyl 49.1
4b /\@ 3-tert-butyl H 60.5
4c /\@ 3,5-Di-tert-butyl 3-tert-butyl 41.0
4d /\/S\ 3-tert-butyl 3.5-Di-tert-butyl 542
4e /\/S\ 3-tert-butyl H 63.0
4f /\/S\ 3,5-Di-tert-butyl 3-tert-butyl 447
4g 4>7 3-tert-butyl 3.5-Di-tert-butyl 50.0
4h 4>7 3-tert-butyl H 68.5
4i 4>7 3,5-Di-tert-butyl 3-tert-butyl 38.5
4j : 3-tert-butyl 3.,5-Di-tert-butyl 50.5
4k i 3-tert-butyl H 66.4
41 : 3,5-Di-tert-butyl 3-tert-butyl 43.7

aThe yield is a two-step yield, that is, the yield from starting mateti&d final product4.

JOC Article
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0.869, 0.931, and 0.954 kcal/mol lower in the gas model and NMR, MS, HR-MS, and IR. It is worth mentioning that in all
0.800, 0.889, and 1.061 kcal/mol lower in the MeOH model cases mentioned above, thedRoups are electron-donor groups
than their respective isomer8kd, 3bf, and 3bi). Therefore, or the neutral H. In the case of reactions with an electron-
from the thermodynamic vievBad, 3af, and3ai are more stable  withdrawing group on R such as with a trifluoromethyl group,
than their isomers. the resultant diamino-2-quinoxalinol is very unstable, and its

The synthetic method for the preparation of 2-quinoxalinol 2-guinoxalinol imine was not obtained.
imines @a) begins with the addition of 1.0 equiv of the On the basis of these experiments, nine 2-quinoxalinol imines
intermediate 1) dissolved in 4 mL of methanol to a solution of  (3aa—ai) and twelve asymmetrically substituted 2-quinoxalinol
1.2 equiv of substituted salicylaldehyd® {n 6 mL of methanol. salens 4a—I) were obtained (Table 3). The procedure for the
The two are combined with stirring, and after heating at synthesis of these asymmetrically substituted 2-quinoxalinol
refluxing temperature for 1 h, the reaction mixture becomes deepsalens is unique and can be done in one pot. According to the
yellow or red. Stirring at refluxing temperature was continued general procedure of synthesis of 2-quinoxalinol imirdas
for 14 h, and monitored by TLC. Once it is observed that the when the imines are formed without additional purification, a
reaction mixture no longer contains starting materig| ¢he second substituted salicylaldehy@ewas directly added into
reaction is stopped by allowing the mixture to cool to room the methanol reaction solution. The reaction mixture was
temperature. Pure 2-quinoxalinol imine3a) are obtained by  allowed to heat to reflux temperature for another 14 h, and in
flash column chromatography, using hexane:ethyl acetate (3:1)the end, a precipitate forms. The end product can be filtered
as eluent. According to this method, eight different 2-quinox- and washed with 95% ethanol and acetone 5 times each. The

Wu et al.

alinol imines Baa—ah) were prepared (Table 2). The yield of
final products ranges from 65% to 94%. Wheni®a hydrogen
atom, this diamino-2-quinoxalinoll§) is not stable and was

precipitates were directly identified by NMR and MS. The
purities of the precipitates are very high. All of synthesized
salens 4a—1) are of low solubility in water, hexane, methanol,

found to decompose on exposure to air. Because of this, it wasor ethanol. When Ris H, these ligands are very soluble in

directly used for the following reaction with 1.2 equiv of
salicylaldehyde under nitrogen gas protection without purifica-
tion after the reduction reaction. In fact, it is the undehydro-
genating diamino-2-quinoxalindlH that directly reacts with
salicylaldehyde derivatives. The major byproducts 2a¢1
(11.0%) and3ak-1(10.0%). The expected produ@aj and3ak

Xqﬁn ooy
g *(f

3aj-1 3ak-1

may not be obtained. For sam@#ai, a modified procedure was

DMSO or DMF, but not in DCM or CHG| whereas other salens
are, in contrast, soluble in DCM or CH{ but of low solubility
in DMSO.

Combinations of different R Ry, and R groups were tested.
Altering the R group does not appear to affect the reactivity
of the 6,7-amino group. When intermedi@ais reacted with
the first salicylaldehyd@ containing the Rgroup 3tert-butyl,

R3 of the second salicylaldehyd? added could be H or 3,5-
di-tert-butyl and the yields of these asymmetrically substituted
2-qunioxalinol salens4@, 4b, 4d, 4e 4q, 4h, 4j, and4k) are
50.0-70.0%, whereas whensRs a hydroxyl group, there is
no expected product; however, whenif3,5-ditert-butyl, there

is only one combination that has a good yield of the asym-
metrically substituted 2-qunioxalinol salens, that is =R3-tert-
butyl, and the yield is a bit lower~45%). The reason why
these combinations can form and other combinations cannot
form asymmetrically substituted 2-qunioxalinol salens is not
entirely clear yet, but presumably it is due to steric hindrance
in the transition state. This will be the subject of further
investigations.

used. After heating to reflux temperature for 4 h, a red precipitate cgnclusion

(3ai) forms. The red solid was filtered off and washed with
95% ethanol followed by acetone resulting in the pure final
2-quinoxalinol imine B8ai). Unlike the previous reactions,

We have identified the exact structure of 2-quinoxalinol
imines using isotopé®N labeled compounds. Based on this,

prolonging the reaction time did not increase the yield of product we have successfully developed a series of new compounds,

(3ai). Other salicylaldehyde derivatives with different functional
groups in the 3 position were tried, but the expected final
2-quinoxalinol imines (e.g3a) were not obtained. In contrast,

the 2-quinoxalinol imines, and we have used these to generate
a series of asymmetrically substituted 2-quinoxalinol salens.
With the imine functional group in these compounds, we will

in some cases, low yields of the symmetric 2-quinoxalinol salens continue with the development of artificial amino acids and
were obtained. Presumably due to steric hindrance, we foundlabeled peptides, as well as secondary amine products for
that primarily when the 3 position has a bulky group such as screening for bioactivity. With the asymmetrical 2-quinoxalinol

thetert-butyl group, the 2-quinoxalinol imine8#) were formed
as the major products. Thegai is a special case, but when
another intermediatel)] with a different group Rreacted with

salen ligands in hand, we will prepare metal complexes to
identify their chiral character and develop complexes as potential
new chiral catalysts. We also hope to be able to use the method

2,3-dihydroxysalicylaldehyde, the expected products are notused to prepare the asymmetrically substituted ligands in the
formed. These results demonstrate that the 2-quinoxalinol preparation of ligands that can be mounted on solid phase
aromatic system and 3 position bulky group of salicylaldehyde supports. Finally, we will prepare new metal complexes and
are necessary to the regioselective effect. All of the final characterize their solid-state structures using X-ray diffraction
products were identified and characterized by NMR, 13C for comparison with symmetrical salens.
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Synthesis of Substituted 2-Quinoxalinol Salen Ligands

Experimental Section

All amino acid methyl esters, DFDNB (1, 5-difluoro-2,4-
dinitrobenzene), HCI (37%), ammonium hydroxide (5.0 N), and

JOC Article

DMSO-dg): 6 163.8, 159.8, 155.8, 155.2, 145.3, 136.8, 133.2,
132.1, 131.7, 130.4, 125.0, 120.3, 119.0, 117.6, 97.8, 41.7, 34.9,
29.7, 26.8, 23.1. Formula: 5H,gN40,. MS (M + H): 392.0.
HRMS: found 392.2206, calcd 392.2212. IR: 3392.8 (br s), 2954.9,

palladium on carbon (wet, 5%) were purchased and used as2924.1, 2866.2, 1710.0, 1626.0, 1600.9, 1371.4, 1232.5L.cm

received ®N-Labeled ammonium hydroxide was purchased from
Cambridge Isotope laboratories, Inc. All melting points were
recorded, and the values were uncorrectecand*C NMR spectra

Melting point: >300.0°C.
3ad: 'H NMR (250 MHz DMSO4g): 6 1.43 (s, 9H), 2.09 (s,
3H), 2.86 (t, 2H), 2.97 (t, 2H), 5.82 (br s, 2H), 6.59 (s, 1H), 6.93

were recorded on a 250 MHz NMR spectrometer (operated at 250 (¢, 1H), 7.37 (d, 1H) 7.51 (d, 1H), 7.53 (s, 1H), 12.11 (br s, 1H),
and 62.5 MHz, respectively) or 400 MHz spectrometer (operated 13 59 (br s, 1H)13C NMR (62.5 MHz, DMSO€L): ¢ 163.9, 159.8,

at 400 and 100 MHz, respectively). Which instrument was used

1555, 153.9, 145.5, 136.8, 133.3, 132.3, 131.8, 130.4, 125.0, 120.0,

and when is indicated in the data provided. Chemical shifts are 119.0,117.6,97.8,34.9,32.8,30.9,29.7, 15.2. FormulaaN,0.S.

reported as) values (ppm). NMR data were collected by using

MS (M + H): 410.0. HRMS: found 410.1767, calcd 410.1776.

DMSO-ds. D,O/water exchange experiments were run in some |R: 3469.9 (br s), 3334.9 (br s), 2920.2, 2954.9, 2918.3, 2875.9,
experiments. The solvents used are indicted in the experimental1710.8, 1662.6, 1626.0, 1429.3, 1234.4-émMelting point:

details. Reaction progress was monitored by thin-layer chromatog-

raphy (TLC), using 0.25 mm silica gel precoated plates with
visualization by irradiation with a UV lamp. HRMS data were

225.0-227.0°C.
3ae: 'H NMR (400 MHz DMSOs): ¢ 1.31 (s, 9H), 1.44 (s,
9H), 4.05 (s, 2H), 5.81 (br s, 2H,D exchangeable), 6.58 (s, 1H),

collected with electrospray ionization mass spectrometry or direct 7 20-7 55 (m, 8H), 8.99 (s, 1H), 12.15 (br s, 1H,®exchange-
probe ionization. IR spectroscopic data were collected with use of gpje) 13.32 (br s, 1H, D exchangeable}3C NMR (100 MHz,

KBr solid samples. Samples for melting point, IR, and NMR were
purified by flash column chromatography. Calculations were run
with Gaussian 03.

General Procedure: 3aa-ai. The synthesis of 2-quinoxalinol
imine (3a) begins with the addition of 1.0 equiv of the intermediate
2-quinoxalinol () dissolved in 4 mL of methanol to a solution of
1.2 equiv of substituted salicylaldehyde derivativ@sif 6 mL of
methanol. The two are combined with stirring for 14 h, monitored
by TLC. Once starting material) can no longer be seen by TLC,
the reaction is considered complete. Pure 2-quinoxalinol imB&s (
are obtained by purification, using flash column chromatography

DMSO-dg): ¢ 168.2, 162.4, 160.5, 159.5, 145.7, 142.7, 141.4,
137.7,137.5,134.1, 133.0, 132.8, 131.8, 131.0, 130.6, 123.4, 121.8,
102.9, 40.0, 39.8, 38.9, 36.2, 34.2. FormulagHGN4O,. MS:
482.0. HRMS: found 482.2681, calcd 482.2682. IR: 3491.2 (br
s), 3375.4, 2955.08, 2870.18, 2821.98, 1718.68, 1653.0, 1626.0,
1502.6, 1238.0 cri. Melting point: 248.0-250.0°C. 3ae45N:
IH NMR (400 MHz DMSO¢): 6 1.31 (s, 9H), 1.44 (s, 9H), 4.04
(s, 2H), 5.81 (br s, 2H, BD exchangeable), 6.58 (s, 1H), 721
7.55 (m, 8H), 8.98 (d, 1H), 12.14 (br s, 1H,® exchangeable),
13.32 (br s, 1H, BO exchangeable).

3af: IH NMR (400 MHz DMSOdg): ¢ 1.18 (d, 6H), 1.26 (s,

with a solution of hexane:ethyl acetate (3:1) as eluent. For samplegH), 1.28 (s, 9H), 4.00 (sept, 1H), 5.67 (br s, 2H), 6.59 (s, 1H),
3ai, a modified procedure was used. The product begins to form 7 40 (s, 1H), 7.54 (s, 1H), 7.58 (s, 1H), 9.04 (s, 1H), 12.06 (br s,
as a red solid3ai) after heating at refluxing temperature for 4 h. 1) 13.36 (br s, 1H)13C NMR (100 MHz, DMSO#€): 6 164.3,

The red solid was filtered off and washed with 95% ethanol 1596 157.5 155.1, 145.2, 140.7, 136.0, 133.0, 132.3, 128.2, 127.4,

followed by acetone to obtain pure final 2-quinoxalinol imingai).
4a—i. This procedure is the same as that for preparing the

2-quinoxalinol imine; however, when the starting materigldan

no longer be observed with TLC, a second salicylaldehyde

derivative2' can be added directly to the reaction mixture. The

mixture was then allowed to heat at refluxing temperature for an

additional 14 h resulting in a large quantity of precipitates. These

124.8, 119.4, 117.6, 97.7, 35.1, 34.4, 31.8, 29.8, 20.8, 14.6.
Formula: GgHzN4O,. MS (M + H): 434. HRMS: found
434.2675, calcd 434.2682. IR: 3489.2 (br s), 3387.0, 2958.88,
2910.68, 2870.18, 2819.98, 1739.88, 1651.1, 1620.2, 1502.6, 1240.1
cm~1. Melting point: 275.6-276.0°C (color changed).

3ag: *H NMR (400 MHz DMSO«dg): 6 0.94 (d, 6H), 1.32 (s,
9H), 1.44 (s, 9H), 2.20 (m, 1H), 2.59 (d, 2H), 5.76 (br s, 2H), 6.59

precipitates were isolated by filtering, and then washed with 95% (s 1H), 7.40 (s, 1H), 7.54 (s, 1H), 7.57 (s, 1H), 9.01 (s, 1H), 12.06
ethanol and acetone 5 times each. The pure products were identifieqr s, 1H), 13.36 (br s, 1H):3C NMR (100 MHz, DMSO#€):

and characterized by NMR, IR, MS, and HRMS.

Experimental Data: 3aa: 'H NMR (400 MHz DMSO¢) 6 1.44
(s, 9H), 4.04 (s, 2H), 5.84 (br s, 2H), 6.59 (s, 1H), 6.80 (s, 1H),
6.59-7.74 (m, 9H), 8.98 (s, 1H), 12.15 (br s, 1H), 13.58 (br s,
1H). 13C NMR (100 MHz, DMSO#dg) 6 167.4, 164.0, 159.8, 155.5,

164.4, 157.5, 155.8, 155.0, 145.3, 140.7, 136.0, 133.0, 132.4, 128.2,
127.5,125.0,119.4, 117.6, 97.7, 41.7, 35.1, 34.4, 31.8, 29.8, 26.7,
23.1. Formula: @H3zeN4O,. MS (M + H): 448.0. HRMS: found
448.2839, calcd 448.2838. IR: 3489.2 (br s), 3400.5 (br s), 2955.0,
2866.2, 2818.0, 1653.0, 1626.0, 1500.6, 1234.4 crivielting

154.2 145.6, 138.8, 136.8, 133.4, 132.3, 132.2, 132.0, 131.8, 130.4,point: >300.0°C.
1295, 129.2, 128.7, 126.6, 125.0, 120.0, 119.0, 117.1, 97.7, 40.0, 3ah: 'H NMR (250 MHz DMSO4dg): 6 1.31 (s, 9H), 1.44 (s,

35.0, 30.0. Formula: £H26N4Oz. MS (M + H): 426.0. HRMS:
found 426.2051, calcd 426.2056. IR: 3470.0 (br s), 3375.4 (br s),
3182.6, 2956.9, 2927.9 crh 2870.1, 1728.2, 1656.9, 1624.1,
1271.1 cm?. Melting point: 196.6-199.0°C.

3ab: IH NMR (400 MHz DMSO#s) 6 1.20 (d,J = 6.8, 6H),
1.44 (s, 9H), 3.61 (sept, 1H), 5.77 (br s, 2H), 6.60 (s, 1H), 6.94 (t,
1H), 7.38 (d, 1H), 7.53 (d, 1H), 7.55 (s, 1H), 9.03 (s, 1H), 12.07
(br s, 1H), 13.64 (br s, 1H):3C NMR (100 MHz, DMSO€s) o

9H), 2.11 (s, 2H), 2.83 (t, 2H), 2.96 (t, 2H), 5.80 (br s, 2H), 6.59
(s, 1H), 7.40 (s, 1H), 7.56 (s, 1H), 7.70 (s, 1H), 8.99 (s, 1H), 12.12
(br s, 1H), 13.33 (br s, 1H}3C NMR (62.5 MHz, DMSO¢): o
164.5, 157.5, 155.5, 153.8, 145.4, 140.7, 136.1, 133.2, 132.5, 128.2,
127.5,125.0,119.4, 117.6, 97.6, 35.1, 34.4, 32.8, 31.8, 30.8, 29.8,
15.2. Formula: G@H34N40,S. MS (M + H): 467. HRMS: found
467.2475, calcd 467.2480. IR: 3473.8 (brs), 3333.0 (br s), 2956.8,
2912.5, 2870.1, 1711.08, 1662.6, 1626.0, 1500.6, 12345.cm

170.8, 163.8, 159.8, 159.6, 155.1, 145.3, 136.8, 133.1, 132.1, 131.8 Melting point: 239.5-240.5°C.

130.4, 124.8, 120.1, 119.0, 117.7, 97.8, 35.0, 29.9, 20.8, 14.6.

Formula: GoH2eN4O,. MS (M + H): 378.0. HRMS: found

378.2052, calcd 378.2056. IR: 3442.9 (br s), 3402.4 (br s), 2958.8,

2872.0, 1710.9, 1651.1, 1626.0, 1502.6, 1234.4 'cnvielting
point: 250.6-253.0°C (color changed).

3ac: 'H NMR (250 MHz DMSO«g): ¢ 0.93 (d,J = 6.6, 6H),
1.43 (s, 9H), 2.19 (m, 1H), 2.58 (d, 2H), 5.77 (br s, 2H), 6.59 (s,
1H), 6.93 (t, 1H), 7.37(d, 1H), 7.52 (d, 1H), 7.55 (s, 1H), 8.99 (s,
1H), 12.06 (br s, 1H), 13.62 (br s, 1H¥C NMR (62.5 MHz,

3ai: 'H NMR (400 MHz DMSO«g): 6 4.04 (s, 2H), 5.87 (br s,
2H, D,O exchangeable), 6.57 (s, 1H), 67834 (m, 8H), 7.49 (s,
1H), 8.94 (s, 1H), 9.26 (br s, 1H,,D exchangeable), 12.13 (br s,
1H, D,O exchangeable), 12.47 (br s, 1H;Mexchangeable}3C
NMR (100 MHz, DMSOsg): ¢ 162.6, 155.5, 154.0, 149.0, 146.0,
145.8, 138.8, 133.4, 132.8, 129.5, 128.7, 126.6, 124.9, 122.9, 120.8,
119.3, 119.2, 117.4, 97.5, 39.0. Formula3gN4Os. MS (M +
H): 387.0. HRMS: found 387.1452, calcd 387.1457. IR: 3489.2
(br s), 3429.4 (br s), 3394.7 (br s), 2941.4, 2877.8, 2818.0, 1656.8,
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1626.0, 1500.6, 1465.9, 1275.0, 1236.4 émMelting point:
260.0-261.0°C.
3aj-1: H NMR (400 MHz CDC} and DMSOdg): 6 1.40 (s,

Wu et al.

13C NMR (100 MHz, DMSOdg): 6 164.6, 164.1, 160.8, 160.5,
154.8, 146.0, 137.3, 137.1, 134.4,132.1, 132.0, 131.7, 131.0, 130.6,
120.5, 119.7, 119.6, 118.7, 118.0, 117.0, 105.7, 34.9, 33.2, 30.5,

9H), 1.41(s, 9H), 3.87 (s, 2H), 4.04 (t, 1H), 6:37.50 (m, 8H), 29.6, 15.2. Formula: £H3N4OsS. MS (M"): 514.0. HRMS:
8.78 (s, 1H), 8.84 (s, 1H), 10.49 (br s, 1H), 14.09 (br s, 1H), 14.16 found 514.2039, calcd 514.2039. IR: 3419.8 (br s), 2914.4, 2864.3,
(br s, 1H).13C NMR (100 MHz, CDC} and DMSO#€): 6 166.0, 2787.1, 1658.8, 1608.6, 1483.3, 1392.6, 1207.4, 1143.8.cm
163.8, 161.2, 160.3, 160.0, 137.9, 137.0, 136.9, 135.7, 132.6, 131.6 Melting point: 229.0-230.0°C (color changed).
131.2, 130.0, 126.7, 119.7, 118.8, 105.5, 103.7, 60.2, 34.9, 29.7. 4f: 'H NMR (400 MHz CDC} and DMSOel): ¢ 0.92 (s, 9H),
Formula: GoH34N4Os. MS (M): 498.3. HRMS: found 498.2628,  1.01 (s, 9H), 1.04 (s, 9H), 1.80 (s, 3H), 2.62 (t, 2H), 2.82 (t, 2H),
calcd 498.2631. IR: 3386.9 (br s), 2955.8, 2877.8, 2818.0, 1680.2,6.46-7.31 (m, 7H), 8.28 (s, 1H), 8.40 (s, 1HJC NMR (100 MHz,
1609.6, 1519.4, 1430.6, 1303.4, 1143.5 émMelting point: CDClz and DMSOe€l): 6 170.4,170.3, 169.1, 168.6, 165.5, 165.3,
255.0-256.0°C (color changed). 164.9, 163.0, 149.4, 149.3, 145.3, 143.7, 143.4, 142.5, 141.7, 138.9,

3ak-1: 'H NMR (400 MHz CDC}k and DMSOe): 6 1.35 (s, 136.9, 136.4, 136.2, 135.9, 135.5, 135.3, 133.0, 131.8, 123.9, 123.7,
18H), 1.47 (s, 18H), 4.10 (s, 2H), 4.11 (t, 3H), 6.60 (s, 1H), 6.79 123.1, 122.7, 39.6, 39.0, 38.0, 37.9, 36.2, 35.4, 34.1, 34.0, 20.2.
(s, 1H), 7.26-7.47 (m, 4H), 8.63 (s, 1H), 8.67 (s, 1H), 9.38 (br s, Formula: GH4N40sS. MS (M*): 626.0. HRMS: found 626.3277,
1H), 13.55 (br s, 1H), 13.64 (br s, 1H¥C NMR (100 MHz, CDC} calcd 626.3291. IR: 3466.1 (br s), 3329.1 (br s), 2955.0, 2899.0,
and DMSO¢dg): 6 169.7,163.2, 146.4, 145.3, 141.7, 133.1, 132.0, 2873.9, 1662.6, 1618.3, 1492.9.6, 1427.3, 1236.4, 1205.5, 1172.7
123.1, 39.8, 38.9, 36.3, 34.2. Formula:zgdsgNsO3. MS (M): cm~1. Melting point: 240.6-241.0°C (color changed).
610.4. HRMS: found 610.3883, calcd 610.3891. IR: 3489.2 (br  4g:H NMR (400 MHz CDC} and DMSO¢g): 6 0.92 (d, 6H),
s), 3379.4 (br s), 3232.1 (br s), 2957.0, 2871.0, 2869.0, 1709.1, 1.22 (s, 9H), 1.30 (s, 9H), 1.32 (s, 9H), 2.24 (m, 1H), 2.69 (d, 2H),
1686.0, 1614.6, 1515.0, 1297.5, 1250.5 émMelting point: 6.74-7.58 (m, 7H), 8.58 (s, 1H), 8.66 (s, 1H). 13.23 (br s, 1H),
250.0-251.0°C (color changed). 13.41(br s, 1H), 13.56 (br s, 1H¥FC NMR (100 MHz, CDC} and

4a: '"H NMR (400 MHz DMSOs#g): ¢ 1.31 (s, 9H), 1.36 (s, DMSO-dg): ¢ 165.0, 164.0, 163.0, 160.5, 158.6, 155.7, 144.7,
9H), 1.42 (s, 9H), 4.18 (s, 2H), 6.900.56 (m, 11H), 7.97 (s, 1H), 1445, 140.5, 138.6, 137.7, 137.6, 137.1, 131.4, 131.1, 130.9, 130.7,
8.94 (s, 1H), 9.13 (s, 1H), 13.49 (br s, 1H,M exchangeable), 130.5,128.7,127.1,119.1, 118.9, 118.3, 118.1, 117.8, 105.6, 42.1,
14.01 (br s, 1H, BO exchangeable}3C NMR (100 MHz, DMSO- 35.0, 34.8, 34.1, 31.4, 29.4, 29.3, 26.7, 22.7. FormulgH4N4Os.
de): 0 167.1, 164.9, 160.4, 158.4, 145.0, 140.7, 138.2, 137.8, 137.2,MS (M*): 608.0. HRMS: found 608.3730, calcd 608.3726. IR:
136.7,131.7, 130.6, 129.6, 128.6, 128.1, 126.7, 119.6, 118.6, 118.33421.7 (br s), 2955.0 (br s), 2910.6 (br s), 2872.0, 1662.6, 1606.7,
35.1, 34.9, 34.3, 31.7, 29.7, 29.6, 25.7. FormulaiHgN,O3. MS 1492.9, 1425.4, 1317.4, 1276.9, 1134.1, 1089.8 cnivlelting
(M™1): 642.0. HRMS: found 642.3559, calcd 642.3570. IR: 3437.2 point: 260.0-261.0°C (color changed).
(brs), 3423.7 (br s), 2955.4, 2910.6, 2870.1, 1658.8, 1610.6, 1577.8, 4h: IH NMR (250 MHz DMSO4dg): 6 0.98 (d, 6H), 1.37 (s,
1431.2.9, 1392.6.0, 1195.9, 1168.9 ¢mMelting point: 251.6- 9H), 2.27 (m, 1H), 2.70 (d, 2H), 6.867.98 (m, 9H), 8.90 (s, 1H),
253.0°C. 9.12 (s, 1H). 12.36 (br s, 1H), 14.01(br s, 1H), 14.48 (br s, 1H).

4b: IH NMR (400 MHz DMSOs¢): o6 1.38 (s, 9H), 4.17 (s, 13C NMR (62.5 MHz, DMSOdg): ¢ 164.5, 164.1, 161.9, 161.6,
2H), 6.88-7.88 (m, 13H), 7.96 (s, 1H), 8.90 (s, 1H), 9.11 (s, 1H), 160.8, 160.5, 155.2, 145.8, 144.5, 137.9, 137.2, 137.1, 137.0, 134.3,
12.12 (br s, 2H), 14.46 (br s, 1H}C NMR (100 MHz, DMSO- 132.2,132.0,131.6, 131.4,131.1, 130.7, 130.6, 120.5, 119.7, 119.6,
de): 0164.7,164.2,160.8, 160.5, 155.0, 146.2, 137.9, 137.3,137.1,119.4, 119.1, 118.9, 118.6, 118.1, 117.9, 117.0, 105.8, 42.1, 34.9,
134.4,132.2,132.0,131.7,131.1, 130.6, 129.7, 128.9, 126.9, 120.529.7, 26.6, 23.1. Formula: ;g¢H3,N;0s. MS (M*): 496.0. HRMS:
119.7, 119.6, 118.7, 118.0, 117.0, 105.7. FormulazHEgN4Os. found 496.2472, calcd 496.2474. IR: 3435.2 (br s), 3423.7 (br s),
MS (M*): 387.0. HRMS: found 530.2320, calcd 530.2318. IR: 2953.0, 2916.4, 2868.2, 1656.9, 1610.6, 1473.6, 1431.2, 1392.6,
3425.6 (br s), 3147.8 (br s), 3394.7 (br s), 2920.2, 2864.3, 2785.2,1276.8, 1193.9, 1143.8 crh Melting point: 271.6-273.0°C (color
1660.7, 1608.6, 1483.3, 1384.9, 1201.7, 1147.7cnvielting changed).
point: 239.6-241.0°C. 4i: IH NMR (400 MHz CDC} and DMSO#dg): ¢ 0.91 (d, 6H),

4c: ™H NMR (400 MHz CDC} and DMSOdg): ¢ 1.30 (s, 9H), 1.22 (s, 9H), 1.28 (s, 9H), 1.32 (s, 9H), 2.23 (m, 1H), 2.69 (d, 2H),
1.37 (s, 9H), 1.40 (s, 9H) 4.17 (s, 2H), 6:88.89 (m, 11H), 7.91 6.73-7.58 (m, 7H), 8.58 (s, 1H), 8.66 (s, 1H). 13.22 (br s, 1H),
(s, 1H), 8.86 (s, 1H), 9.07 (s, 1H), 12.53 (br s, 1H), 13.65 (br s, 13.41(br s, 1H), 13.56 (br s, 1H¥C NMR (100 MHz, CDC} and
1H), 13.68 (br s, 1H)13C NMR (100 MHz, CDC} and DMSO- DMSO-dg): ¢ 165.9, 165.2, 163.7, 161.8, 161.6, 160.7, 158.6,
ds): 0 166.8, 166.7, 165.7, 160.7, 160.6, 160.4, 158.1, 154.9, 151.7,155.7, 144.7, 144.4, 140.5, 138.6, 137.7, 137.6, 137.1, 131.4, 131.1,
144.6, 140.5, 138.4, 137.7, 137.2, 137.0, 136.3, 132.1, 131.8, 131.5131.0, 130.9, 130.7, 130.5, 128.7, 127.1, 119.1, 118.9, 118.3, 118.1,
131.2,129.6,128.7,128.1,127.9, 126.7, 119.6, 119.3, 118.9, 118.3117.7, 105.5, 42.1, 35.0, 34.8, 34.7, 31.4, 29.3, 29.2, 26.8, 22.7.
105.9, 35.0, 34.9, 34.3, 31.9, 31.7, 29.6. FormulazHGeN,4Os. Formula: GgHsgN4O3. MS (M™): 608.0. HRMS: found 608.3721,
MS (M*): 642.0. HRMS: found 642.3583, calcd 642.3570. IR: calcd 608.3726. IR: 3500.0 (br s), 2955.0 (br s), 2912.5 (br s),
3373.5 (br s), 2956.9, 2924.1, 2866.2, 1654.9, 1602.9, 1275.0,2872.0, 1662.6, 1604.8, 1492.9, 1431.2, 1356.6, 1207.4, 1138.0
1488.8, 1203.9, 1174.7 cth Melting point: 260.6-262.0°C. cm™L. Melting point: 264.6-266.0°C.

4d: 'H NMR (400 MHz CDC}k and DMSO#): 6 1.17 (s, 9H), 4j: 'H NMR (400 MHz CDC} and DMSO¢g): ¢ 1.21 (d, 6H),
1.25 (s, 9H), 1.29 (s, 9H), 2.04 (s, 3H), 2.87 (t, 2H), 3.08 (t, 2H), 1.30 (s, 9H), 1.33 (s, 9H), 1.34 (s, 9H), 3.49 (m, 1H), 6:7461
6.70-7.54 (m, 7H), 8.52 (s, 1H), 8.61 (s, 1H), 12.13 (br s, 1H), (m, 7H), 8.57 (s, 1H), 8.68 (s, 1H). 12.05 (br s, 1H), 13.22 (br s,
13.15 (br s, 1H), 13.50 (br s, 1HYC NMR (100 MHz, CDC} 1H), 13.58 (br s, 1H)*C NMR (100 MHz, CDC} and DMSO-
and DMSO¢dg): 6 165.8, 165.5, 164.2, 160.7, 159.9, 159.8, 158.5, dg): 6 165.4, 163.5, 160.7, 160.5, 158.6, 158.1, 155.1, 144.7, 144.4,
158.2,155.3, 144.9, 144.6, 140.5, 140.4, 138.9, 138.6, 137.7, 137.0,140.5, 138.5, 137.8, 137.6, 137.1, 131.5, 131.3, 131.0, 130.9, 130.7,
136.9, 131.5, 131.4, 131.2, 130.8, 128.7, 128.1, 127.0, 126.8, 118.8130.4, 128.7, 127.1,119.1, 118.9, 118.3, 118.2, 118.1, 117.9, 105.4,
118.2, 105.6, 35.0, 34.8, 34.1, 33.1, 30.6, 29.3, 29.2, 15.4. 35.0, 34.8, 34.1, 31.4, 30.3, 29.4, 29.3, 20.2. FormulgH£N4Os.
Formula: G7H4eN4OsS. MS (M"): 626.0. HRMS: found 626.3279, MS (M*): 594.0. HRMS: found 594.3566, calcd 594.3570. IR:
calcd 626.3291. IR: 3421.7 (br s), 2953.0 (br s), 2914.4 (br s), 3415.9 (br s), 3138.2 (br s), 2955.0, 2872.0, 2792.9, 1664.6, 1606.7,
2862.4, 1656.9, 1610.6, 1577.8, 1431.2, 1313.5, 1267.2%.cm 1489.1, 1479.4, 1211.3, 1184.3 thh Melting point: 269.6-
Melting point: 244.6-245.0°C (color changed). 271.0°C.

4e: 'H NMR (400 MHz DMSOdg): o 1.38 (s, 9H), 2.15 (s, 4k: 'H NMR (400 MHz CDC} and DMSO¢dg): 6 1.27 (d, 6H),
3H), 2.94 (t, 2H), 3.13 (t, 2H), 6.897.99 (m, 9H), 8.92 (s, 1H), 1.38 (s, 9H), 3.51 (m, 1H), 6.897.99 (m, 9H), 8.91 (s, 1H), 9.16
9.13 (s, 1H), 11.99 (br s, 1H), 12.49 (br s, 1H), 14.47 (br s, 1H). (s, 1H). 12.06 (br s, 1H), 12.43 (br s, 1H), 14.52 (br s, 11’
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NMR (100 MHz, CDC} and DMSO#€): 6 164.6, 164.1, 161.0, Acknowledgment. We would like to express our apprecia-
160.9, 160.6, 160.5, 154.6, 145.9, 137.2, 137.1, 134.4, 133.1, 132.0tion to Dr. Orlando Acevedo of Auburn University and the
131.7,131.0, 130.6, 120.6, 120.1, 119.7, 119.6, 119.5, 118.7, 118.1 Alabama Supercomputer for assistance with computational
117.9, 117.2, 117.0, 105.6, 34.9, 30.4, 29.6, 20.6. Formula: methods, to Dr. Thomas Carrington of Auburn University for
CooHaN4Os. MS (M*): 482.0. HRMS: found 482.2313, calcd  assistance with IR, to Dr. Mike Walla of the University of South
482.2318. IR: 3448.7 (brs), 3145.9 (br s), 2958.8, 2870.1, 2794.9, Carolina for mass spectrometry, and to the Oak Ridge Affiliated
1658.8, 1610.6, 1481.3, 1384.9, 1207.4, 1147.7 'crMelting Universities program for funding through a Ralph E. Powe

point: 265.0-267.0°C. Junior Faculty Enhancement Award
41: 'H NMR (400 MHz CDC} and DMSO#k): 6 1.19-1.30 b '

(m, 33H), 3.47 (m, 1H), 6.727.59 (m, 7H), 8.57 (s, 1H), 8.67 (s, Note Added after ASAP Publication. The Scheme 1
1H). 12.02 (br s, 1H), 13.35 (br s, 1H), 13.43 (br s, 1HC footnote was missing in the version published ASAP October

NMR (100 MHz, CDC} and DMSOde): 0 166.0, 165.4, 164.2, 16 2007; the corrected version was published ASAP October
160.7, 158.3, 155.0, 144.3, 140.4, 138.8, 137.7, 136.9, 131.5,5, 2007

131.1, 131.0, 130.8, 128.1, 126.9, 118.9, 118.3, 118.2, 117.9,
105.5, 34.9, 34.7, 34.1, 31.3, 30.3, 29.3, 29.2, 20.1. Formula:
CaHsgN4O3. MS (MT): 594.0. HRMS: found 594.3572, calcd
594.3570. IR: 3417.9 (br s), 3142.0 (br s), 2956.9, 2877.8, 2868.2
1656.9, 1606.7, 1469.8, 1433.1, 1209.4, 1172.7 crMelting
point: 258.0-260.0°C. JO701395W

Supporting Information Available: Full experimental and
characterization data for all new compounds as reported. This ma-
' terial is available free of charge via the Internet at http://pubs.acs.org.
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