L

(0]

4,5-dihydrobenzo[c]oxepin-1(3H)-one (5)

20 mL % 7 5 2 =iz THF(4.65 mL), {t&4 9b (0.427 g, 1.40 mmoD) /M %, KISHEEREK
W2, 7v{bT v n-TF
7 =7 (2.8 mL, 1 mol/L in THF, 2.80 mmo)Zf F L., FDH%EE T SEMER L, B
BrF)eKEMA, BT /L CHIE Lz, BB L BafEEK THRY., it~/ R 7 AT
Bl X WA BEEE Ui, AERMIIS )V ANV T A7 a< N7T 7 4 —(AcOEt/ hexane
=110y TR L, BBDO/IAEY 5 % 0.161 g(0.992 mmol, 73%) TH7-,
IR (ATR) : 3070, 2861, 1716, 1604, 1468, 1453, 1387, 1356, 1321, 1295, 1279, 1257, 1223, 1199,
1162,1111, 1094, 1058, 1035, 1003, 955 cm'!
H NMR (CDCls, 300 MHz): & 2.09-2.18 (m, 2H), 2.91 (t, J = 7.3 Hz), 4.16 (t, J = 6.3 Hz), 7.21-7.54 (m,
5H)

///"OTS

prop-2-ynyl 4-methylbenzenesulfonate (12)

500 mL A7 F A2z pr b Zk= 7 1 Y R(66.0 g, 294 mmol), 7 & 12735 /L (100
mL). £V ¥2/(31.6 ml, 392 mmol)Z A#L.0°C TLO4RHE#R Lz% . 2-7 a ¥ i-l-4—/)b (11.3mL,
196 mmol) & o> < VT L7z, 7WRE# L&, JXoKEMA, Y=Fro—F L THEL, A
B & HER(IN), SaFnREE/KR T b U U LKESIKR, fafMEEk CENZNIEE Lz, g~ /2
VU LTHBRSEE, BEZEEEREL, HAERY 9 2EEAOT AL LTHER,

OEt

Z
ethyl 2-acetyl-2-methylpent-4-ynoate (13)

1L =0+ A7 Z AafTRET MY 7 24(14.0 g, 50 % in mineral oil, 294 mmol )& ~F % T
3 BV, THF (500 mL) & N2 HEgM &7 NI E#E LT, 0°C T 2- A F AT & NEEEET F/1(42.0
mL, 294 mmol) %

W< Y EHT L, 50°C £ THESHOD 1 Bflfiish Lictk, MAERM 12 23 T LT 4 ki
R L7z, WiR%E 0°C IZWmEI L ThbiafiE(b 7 =0 AKERE M X, BiER=F /L Tt L
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Tz FHE &SR BIIK T, B~/ XV A THBIE%, BEZBEEEL, HE
e )TN T AT a~ 87T 7 4 —(AcOEt / hexane = 1 : 7) TR L, L& 13 % 25.0
g(137 mmol, 70% for 2 steps) DEBD A A L& LTHEZ,

IR (ATR) : 3289, 2985, 1713, 1450, 1360, 1238, 1190, 1106, 1019, 858, 652 cm!

IH NMR (CDCls, 300 MHz) : 8 1.27 (t, J = 7.2 Hz, 3H), 1.49 (s, 3H), 2.02 (, J = 2.7 Hz, 1H), 2.20 (s, 3H),
2.73 (t,J = 3.2 Hz, 2H), 4.21 (dq, J = 6.9 and 7.2 Hz, 2H)

OEt

SPh
ethyl 2-acetyl-2-methyl-5-(phenylthio)pent-4-enoate (14)

300 mL O F A7 7 2 2{bEW 13 (5.243 g). R (100 mL), 2,2°-7 V' ER(Af VT Fnr
= hF U ) (1.62 g 9.5l mmol)& AiL, TNVI U FEKTIZ Lk, NErFA4—1(3.40mL, 31.7
mmol)Z T L7z, BRMAME T C2ERERE L%, 0°C [ZHALTH DL 10%AKERILT MU T A
KR E %, BRIV ChitE Uiz, BHE 2 8afathk T, Bk~ 7 X0 A THERES
Witk BEEBEEE Lz, HERME VISV DT A7 a~< N 7T 7 4 —(AcOEt/ hexane =
1:6)THE L., 14 % 7.25 g(24.8 mmol, 86%)DIREED A A L & LTHET,

IR (ATR): 2983, 1736, 1711, 1583, 1479, 1440, 1297, 1240, 1184, 1094, 1023, 956, 858, 739, 690 cm’!
'H NMR (CDCls, 300 MHz) : 8 1.23 - 1.30 (m, 3H), 1.40 (s, 3H), 2.16 - 2.19 (m, 3H), 2.53 - 2.82 (m, 2H),
4.16 - 4.25 (m, 2H), 5.61 - 5.80 (m, 1H), 6.20 - 6.37 (m, 1H), 7.18 - 7.32 (m, 5H)

O
OH

SPh
3-(hydroxymethyl)-3-methyl-6-(phenylthio)hex-5-en-2-one (15)

300mL ZHF A7 7R AEBREEKT

TYA Y Fa VT 2 2(5.21 mL, 37.2 mmol), THF (64 mL)%Z AL, -78 °C IZ#HE L72#%. n-Buli
(14.3 mL, 37.2 mmol, 2.6M)%§ii T LT 0°C T30 53$H#: L7z,-78 °C £ THA L T 30 LRHE#R L.
{bE# 14 (7.25 g, 24.8 mmo) & T L C 3 BFfEiE#R L7z, 100 mL 7 A7 7 2227 V3 U FEK
TTARFEET VI =T LY F 7 A(1.12 g, 27.3 mmol)iZ THF (80 mL)Z M1 X 72 b D& FTBIZTHE L=
BRI T LIz, -40 °C ECHIBE U CRERE L2, BEBEQ N)Z AL, Y=F Lz —F L CHi

97



HL7-, BHBEHEE~ RV U ACHBEIE%, BEAZBEZEE L, HERDMEZY ) Y
NHT A7 a< 7T 7 4 —(AcOEt/ hexane =1:3) THELL .15 % 3.85 g (15.4 mmol, 62%) DK E
BOFANE LTHERE,

IR (neat) : 3460, 2972, 1703, 1583, 1479, 1440, 1357, 1084, 741, 691 cm’!

 TH NMR (270 MHz, CDCls) : & 1.22 (s, 3H), 2.22 (S, 3H), 2.40 -2.57 (m, 2H), 3.60 - 3.74 (m, 2H), 5.70 -
5.86 (m, 1H), 6.23 - 6.37 (m, 1H), 7.21 - 7.35 (m, 5H)

1-((35",4aS",10bS")-3-methyl-5-(phenylthio)-2,3,4,4a,5,10b-hexahydropyrano[3,2-c|chromen-3-yl)etha
none (16)

300mL “HAF A7 T A2 bz (200ml), U FAT AT E K (2.68 mL, 26.95 mmol), 7
U RXEE R Y AF )L (1.92 mL, 18.5 mmol), p- b /LT R)LIR EE—IKFIH (1.28 g, 7.70 mmol) %
MMz CEIET20 SREER L% (LA 15(3.85 g, 154 mmol) & MM 2 |IE T 3 BMHER L., 10%
KERAET b Y U LK Z A BRIV CHIE L, ARE 2R~ 7 R U A TR S ET2E,
BIEABERE L, Yo FALc—F L CTEEZTH SR A® L, 16 % 2.87 g (8.10 mmol,
53%)DWEADERE & L TR,
IR (ATR) : 2983, 2880, 1705, 1609, 1581,’ 1484, 1458, 1224, 1208, 1078, 1026, 976, 826, 759, 747, 690

cm’!
'H NMR (CDCls, 300 MHz) : 8 1.09 (s, 3H), 1.54 (m, 1H), 2.23 (s, 3H), 2.30-2.40 (m, 1H), 2.53 (dt, J=3.0,
13.2 Hz, 1H), 3.59 (d, /= 12.4 Hz, 1H), 4.46 (d, /= 11.3 Hz, 1H), 4.56 (dd, /= 2.6, 12.2 Hz, 1H), 5.69 (d,
J=3.4Hz, 1H), 6.82-7.01 (m, 4H), 7.17-7.54 (m, SH)

0]

1-((3S",4aS",10bS")-5-hydroxy-3-methyl-2,3,4,4a,5,10b-hexahydropyrano[3,2-clchromen-3-yl)ethanon
e(17)

1L F A7 T Z2al{bEW 16 (548 g, 15.46 mmol). 7K (40 mL), 7 & =k U/ (200 mL)% /N
Z0°CIHHEILEE, 7 b= UL 200mLICIEB LIZN-T0ERT7 VA 2 K827 g, 46.38
mmol)Z > < WIMA IR T 1 BFFRHE Uiz I 2 BIE B £ LEMKRBKET b U LKERZ
A, BEgcF L CHIH L, BB LHEET Y U LA THBRIS L%, BELABEEELL, ¥
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TF ) —F )V CEEEHH S EEF AE LT % 2.60 g (9.90 mmol, 64%)D A@EEE LTHEZ,
IR (ATR) : 3340, 1770, 1698, 1609, 1582, 1487, 1457, 1199, 1144, 1063, 974, 749 cm’!

H NMR (CDCls, 300 MHz) : 8 1.06 (s, 3H), 1.48 (t, J=12.7 Hz, 1H), 1.85 (t, 1H), 2.25 (s, 3H), 2.44 (dt, J
=2.8, 3.0 Hz, 1H), 3.56 (d, J= 12.2 Hz, 1H), 4.46-4.55 (m, 2H), 5.46-5.48 (m, 1H), 6.67-7.51 (m, 4H)

OH OH

2-((25%,3 R",5.5%)-5-(1-hydroxyethyl)-3-(hydroxymethyl)-5-methyltetrahydro-2 H-pyran-2-yl)phenol

(18)

200mL A7 7 A 2Z{LEW 17 (1.23
g, 4.69 mmol), KFEMTVEFT LY T A
(0.548 g, 14.07 mmol), A ¥ /—/L 50 mL %N
Z. EBIRT2FEER LR, BELBER
E LU 1 REREREZMA FlETF /L TR L.

906, 753 cm’!

TH NMR (CDCls, 300 MHz) : § 0.79 (s, 3H),
1.26 (d, J = 6.4 Hz, 3H), 1.39 (t, J= 12.9 Hz, 1H),
2.20-2.27 (m, 1H), 3.37-3.40 (m, 2H), 3.96-4.01

(m, 1H), 4.16-4.20 (m, 1H), 4.38 (d, J = 10.4,
1H), 6.83-7.20 (m, 4H)

B % tafn ik T Lz, BT b~ Y
UATEHRELEOL, BEAREZELT,
HHAE R 18 21572,

IR (ATR) : 3342, 2959, 1456, 1245, 1066, 1018,

OH-

OH “OTBS
2-((258* 3 R",55)-3-((tert-butyldimethylsilyloxy)methyl)-5-(1-hydroxyethyl)-5-methyl
tetrahydro-2 H-pyran-2-yl)phenol (19)

100 mL ZHF A7 7 2 aiZliba®m 18 #MA, TAIVEERKTICLz0b, #AkY7an
AZ @25 mL), hUZF AT 2 (1.00 mL, 6.81 mmol), P71 u R X U NEMEI T NN-V
AF 4TI /Y T(0.0.58 g, 0.454 mmol) &Mz, RISHE#EIKBITR LItk tert-7 F v
CAFNr7ar T (0905 g, 5.90 mmol)E A1 x, EiR T 2 B Uiz, BEER= TV & AEFNE L
T RS U AKEIR, KEMZ, B CHE Lo, AHMBARET N U A THBEIER
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Db, BIEABEEE L, ERMES Y B SNV AT A7 a~< 8T 7 4 —(AcOEt / hexane =
15)THERL, BRBDLE® 19 % 0.757 g(1.99 mmol, 44% for 2 steps) T/,

IR (ATR) : 3345, 2954, 2928, 2856, 1586, 1373, 1250, 1069, 903, 833, 776, 752, 667 cm’!

"H NMR (CDCls, 300 MHz): 6 0.004 (d, J = 2.7 Hz, 6H), 0.76 (s, 3H), 0.89 (s, 9H), 1.23 (d, J = 6.3 Hz,
3H), 1.22 (¢, J = 5.7 Hz, 2H), 2.08 (m, 1H), 3.27 (m, 1H), 3.31-3.35 (m, 2H), 3.93 (dd, J = 9.6 Hz, 1H),
4.13-421 (m, 2H), 4.45 (d, J= 11 Hz, 1H), 6.78-7.14 (m, 4H), 7.75 (s, 1H)

OH

oTf OTBS
2-((28%,3 R",5.8)-3-((tert-butyldimethylsilyloxy)methyl)-5-(1-hydroxyethyl)-5-methyl
tetrahydro-2 H-pyran-2-yl)phenyl trifluoromethanesulfonate (20)

20 mL A7 7 2 212{bE84 19(0.190 g, 0.50 mmol), 7 & b=k U /(9.0 mL), ¥4 Y Fu
EA=F T 20131 mL, 0.75 mmo) M % . KIEE#wE 0CIZHRLizDB, N-7 = =)Lk
Y7gdnu Az 2k rA 2 R(0.273 g, 0.75 mmol) &% T 0°CT 24 BRRAHEER Lz, Bz
BEEESE, Filg=F/L, K, 1 HEEBREMNZ, BEA-F L CHH Lz, BHBEZHREB~ S
AV LATHBEISEIZOLEEEZBEEE Lic, MERMEL VATV BT A< 57 4
—(AcOEt/ hexane = 1:5) THR L, BBIDLEH 20 % 0.123 (0.240 mmol, 48%) TH:7-,

IR (ATR): 3450, 2930, 2857, 1725, 1421, 1249, 1209, 1140, 1071, 878, 835, 774, 594 cm!

TH NMR (CDCls, 300 MHz): 8 0.01 (d, J = 6.0 Hz, 6H), 0.89 (s, 3H), 0.93 (s, 9H), 1.35 (d, ] = 6.3 Hz, 3H),
1.39-1.53 (m, 2H), 2.57 (m, 1H), 2.82 (s, 1H), 3.38 (m, 1H), 3.50 (d, J = 12 Hz, 2H), 4.05 (dd, J = 2.7 and
12 Hz, 1H), 4.29-4.36 (m, 2H), 4.64 (d, ] = 11 Hz, 1H), 7.37-7.84 (m, 4H)

phenyl 2-((25%3R"559-3-((tert-butyldimethylsilyloxy)methyl)-5-(1-hydroxy ethyl)-5-methyl
tetrahydro-2 H-pyran-2-yl)benzoate (21)
10 mL 72 7 T 2 2 {Z{bA&% 20(0.174g, 0.339 mmol), FEL” = =,1(0.083 g, 0.678 mmol).

MY =F L7 22(0.094 mL, 0.678 molZMz. T/IVIUVERIKTIZLEZDL, KT A=
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U A mL)EMZ-IREWE., L35 2% 4(0.0067 g, 0.0101 mmol), ¥ 7 ==/LiRAT 4
J 7 x=u¥& i (0.041 g, 0.0288 mmol)ZMZ T I FHK TIZLTRBWZ 20 mL —OF AT T X
2%, 80°CT 24 BefliR#E L7, FEER—F L, KEMA T, FiEt—F /L THIH L7z, F¥E%
BRI AWK T 720b ., R~/ RV U A TS, BEEZBEBRE L, HERDE Y
HENTIT AT a<w kT T 7 4 —(AcOEt / hexane = 1:5)THRI L., 1b&% 21 % 0.106 g(0.219
mmol, 656%) THE7-,

IR (ATR): 3457, 2955, 2855, 1735, 1594, 1487, 1386, 1246, 1190, 1160, 1040, 957, 913, 834, 775, 747,
695, 667 cm’!

'H-NMR (CDCls, 300 MHz): & 0.004 (s, 6H), 0.903 (d, J = 2.7 Hz, 9H), 0.86 (s, 3H), 1.25-1.40 (m, 4H),
2.59 (m, 1H), 3.42-3.47 (m, 1H), 3.29 (d, J = 12 Hz, 2H), 4.06 (d, J= 12 Hz, 1H), 5.21 (d, J= 10 Hz, 1H),
7.32-7.86 (m, 8H), 8.21 (td, J=7.5 Hz, 1H)

(35",4aR*11bS")-3-(1-hydroxyethyl)-3-methyl-3,4,4a,5-tetrahydro-2 H-benzo[c] pyrano[2,3-¢]
oxepin-7(11bH)-one (22)

20mL —HF AT T 22Z{LEY 21(0.105 g, 0.217 mmol) & AL, T VI FEHKATIZLZOE,
/K THF(1.2 mL)Z %, KIGREREKBIZOT 2%, 7 vbT I n- 7 FAT 8= 5(0.434
mL, 1 mol/L in THF, 0.434 mmoD) & T L. IR T 24 BE{R# L7z, Bie—F /L, KEIZ T,
Hefg = F /L CHtE L7z, BB ZBMAE K CHRo0b, R~/ 2V U ATHESE, BE
ERERE L, HAERDE Y BN H T A< s 7T 7 1 —(AcOEt/ hexane = 1:3) THHL L .
{b-E% 22 % 0.043 g(0.156 mmol, 72%) THE7z,
IR (ATR): 3454, 2965, 1723, 1604, 1455, 1385, 1294, 1238, 1126, 1077, 1036, 911, 799, 764, 711, 671,
620 cm!
'H NMR (CDCls, 300 MHz): § 0.827 (d, J = 8.4 Hz, 3H), 1.18 (d, J = 6.6 Hz, 3H), 1.70 (t, J = 13 Hz, 2H),
1.94-1.99 (m, 1H), 3.25 (d, J= 12 Hz, 1H), 3.92-4.24 (m, 3H), 4.35-4.42 (m, 2H), 7.37-7.74 (m, 4H)

S Rk
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G. WFEHEE

1. FRXCHER
Y. Hoshino, M. Oyaizu, Y. Koyanagi, K. Honda, Synthetic Communications 2013, 43,
2484-2492.

Enantiomerically Enriched Bicyclic Hydroxamic Acids in One Step from

-Aminochydroxamic Acids and Keto Acids via Cyclocondensation

Abstract: New enantiomerically enriched bicyclic hydroxamic acids,
1-hydroxy-dihydro-1 H-pyrrolo[1,2-alimidazole-2,5(3 H,6 H)-diones, have been synthesized by
the cyclocondensation of L- + -aminohydroxamic acids with keto acids in a highly chemo- and
stereoselective manner. The cis configuration between the amino acid side chain and the
methyl group at C7a in 1 H-pyrrolo[1,2-alimidazole-2,5-dione was unambiguously established
by X-ray crystallographic analysis. This method could also be applied to the

cyclocondensation with o-formylbenzoic acid, giving a tricyclic hydroxamic acid in a good
yield.

Keywords: chiral compounds, hydroxamic acids, cyclocondensation,

N-hydroxyimidazolidinones, keto acids

INTRODUCTION

Cyclic hydroxamic acids are widely distributed in nature such as siderophores,
antibiotics, microbial pigments and exhibit several biological activities, e.g. inhibitory
activities of matrix metalloproteinases, human hypoxia-inducible factor (HIF) prolyl
hydroxylase, phosphatase, interleukin IL-1 *+ converting enzyme (ICE), and HIV-1 integrase,
and antagonistic activity of Nmethyl-D-aspartate (NMDA) receptor, immunosuppreésing
activity, and antimalarial activity.[1'9) The synthetic methods of cyclic hydroxamic acids have
attracted the attention of many research groups. One interesting area of research is the
cyclocondensation reaction of - - -aminohydroxamic acids with carbonyl compounds, giving
monocyclic hydroxamic acids, 3-hydroxyimidazolidin-4-ones.[100 This -cyclocondensation
reaction provides a potentially attractive method to stereoselectively prepare the
2,56-disubstituted 3-hydroxyimidazolidin-4-ones, which allows diverse elements to be
incorporated at the C2 and C5 positions.

Chiral acyclic hydroxamic acids have recently received increasing attention as a chiral

ligand in the field of asymmetric transition-metal catalysis such as epoxidation of alkenols!l1]
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or alkenylsulfonamides!!? or simple olefinsl13l, oxidation of sulfides,l4l and reduction of
ketones!15l, On the other hand, chiral cyclic hydroxamic acids, to the best of our knowledge,
have never been examined as a chiral ligand candidate in asymmetric metal catalysis. The
structural diversity of 2,5-disubstituted 3-hydroxyimidazolidin-4-ones makes this compound
class convenient for exploration and optimization of chiral cyclic hydroxamic acid ligands and
necessitates the development of stereoselective synthesis of such molecules. Although the
reaction of glycine hydroxamic acid or some racemic - -aminohydroxamic acids with
aldehydes or symmetric ketones have been reported,19 the examples of diastereoselective
cyclocondensation of . -aminohydroxamic acids to 2,5-disubstituted
3-hydroxyimidazolidin-4-ones have been fairly limited and have not indicated the
selectivities.[10aehl In addition, the competitive O-alkylation of hydroxamic acids may result
in the unfavorable formation of 1,2,5-oxadiazinan-3-ones,[102.16] though N-alkylation of amide
N-H preferentially occurred in the condensation of - -amino acid phenylhydrazides with
levulinic acids and carbonyl compounds.” Herein we report the first synthesis of
enantiomerically enriched 1-hydroxy-dihydro-1H-pyrrolo[1,2-alimidazole-2,5(3H,6H)-diones,
a kind of 2,5-substituted 3-hydroxyimidazolidin-4-one derivatives, by means of the
cyclocondensation of L- - -aminohydroxamic acids la-e with levulinic acid (2) or
5-oxohexanoic acid (5), which has a feature that enables the facile combinatorial synthesis of
the libraries of chiral cyclic hydroxamic acids from commercially available or easily prepared

-aminohydroxamic acids and carbonyl compounds. The stereochemistry of
(35,7aR)-1 Hpyrrolo[1,2-alimidazole-2,5-dione 3a was unambiguously confirmed by X-ray
crystallographic analysis. This method also could be applied to the cyclocondensation of -

-aminohydroxamic acids with o-formylbenzoic acid (6).

RESULTS AND DISCUSSION

L- - -Aminohydroxamic acids la-e were prepared in good yields from their respective
methyl esters in a similar manner to the literature procedure.ll8l When L-phenylalanine
hydroxamic acid (1a) was treated with levulinic acid (2) in refluxing toluene, the sparingly
soluble compound 3a, which gave a positive (purple) color test with ferric chloride, suggesting
the presence of a hydroxamic acid function, was obtained in a good yield (Table 1, entry 1).
The 'H-NMR analysis of the solid 8a suggested a 1:1 condensation product of 1a with 2 but
elucidation of the structure was remained ambiguous. The irradiation of CHs group of 3a
caused a positive NOE for the Ar-H and had no effect on the hydrogen atom of CH - to the
hydroxamic acid moiety (Figure 1). Similarly, irradiation of the benzylic CHz led to a positive

NOE for the CHs. These tH-NMR data provide an evidence for the cis stereochemistry of the
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CHsz group to the benzyl group. Finally, the structure of cyclic hydroxamic acid 3a was

established by X-ray diffraction analysis (Figure 2). It is important to note that the reaction

proceeded in a highly chemo- and stereo-selective manner to give exclusively the cis isomer.

This stereochemical outcome is comparable to the related cyclization reactions.17.19 The

procedure using Dean-Stark apparatus is also applicable to the condensation, giving the

same results (entry 2).

O

NH,
1a-e

2 (1.3 equiv)

0 R

(0]
Ao . mo
NHOH )JV\COQH N

Me bH
3a-e

Scheme 1. The cyclocon densation of L- + -aminohydroxamic acids (1) with levulinic acid (2).

Table 1. Cyclocondensation of

- -aminohydroxamic acids (1) with levulinic acid (2)

Entr 1 R Conditions 3 Yield (%)
y

1 la PhCH: toluene, reflux, 2h 3a 84

2 la toluene, reflux, 18h (Dean-Stark app.) 3a 82

3 1b Me toluene, 80 ° C, 5h 3b 49

4 lc rPr toluene, reflux, 4h 3¢ 59

5 1d indol-3-ylmethyl 2-propanol, reflux, 2h; toluene, reflux, 7h ad 95

6 le imidazol-4-ylmethyl 2-propanol, reflux, 2h; toluene, reflux, 7h 3e 96

P \
O H ,CHp
2.0% N//<: o
N
CHOH /4 59,

h

3a

Figure 1. NOE experiment of 3a.
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&
Figure 2. ORTE? diagram of 3a.

Some representative aminohydroxamic acids were evaluated for cyclocondensation
with levulinic acid (Table 1, entries 3-6). Aliphatic aminohydroxamic acids 1b and 1c gave the
cyclic hydroxamic acids 8b and 8¢ in moderate yields (49-59%). On the other hand, aromatic
aminohydroxamic acids 1d and le were sparingly soluble in toluene and the unknown brown
gum substance appeared in the refluxing reaction mixture. Consequently, the condensations
of 1d and 1le with 2 were carried out in refluxing 2-propanol for 2 h. Then, toluene was added
to the reaction mixture, which was heated to 135 ° C while 2-propanocl and water were
distilled off azeotropically with toluene. This method gave the desired cyclic hydroxamic
acids 8d and 3e in high yields (95-96%). It is noted that all the products obtained show the cis
configuration of methyl group and side chain of aminoacyl moiety.

Next, the possibﬂity to vary the structure of keto acids was examined (Table 2). Phenyl
substituted keto acid 4 was conducted in either toluene or 2-propanol, but the desired
phenyl-substituted bicyclic hydroxamic acid was not obtained at all, presumably because the
first ring closure or the second cyclization might be suppressed by sterically demanded
phenyl group. 5-oxohexanoic acid (5) was condensed with 1a, affording the corresponding 5-6

bicyclic hydroxamic acid 8 in a good yield.

Ph Ph
0]
+  keto acids or
Ph NHOH formylbenzoic acid

NH Me OH H
1a 4-7 (1.3 equiv) 8

CHO COMe
6

(@] e} COzH COgH
4 5

Scheme 2. The cyclocondensation of L-phenylalanine hydroxamic acid (1a) with oxo acids.
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Table 2. Cyclocondensation of L-phenylalanine hydroxamic acid (1a) with oxo acids

Entry Oxoacid Conditions Cyclic hydroxamic Yield (%)
acid
1 5 toluene, reflux, 7h 8 67
2 6 toluene, reflux, 20h 9 15
3 6 p-TsOH (0.1 equiv), toluene, reflux, 9 40
20h
4 6 p-TsOH (0.1 equiv), xylene, reflux, 9 27
20h
5 6 p-TsOH (0.1 equiv), benzene, reflux, 9 72
20h

To expand this method, benzoic acid derivatives were next examined. While the
reaction of formylbenzoic acid 6 with aminohydroxamic acid la in the abbve reaction
conditions gave poor result (Table 2, entry 3), addition of p-toluenesulphonic acid (0.1 equiv)
as an acid catalyst improved the yield of 9 (40%). Since the white solid intermediate
appeared during the reaction, o-xylene (140 ° C) was used as solvent in order to dissolve the
solid but the yield was not improved. After some trials, use of benzene as solvent and
Dean-Stark apparatus for azeotropic distillation resulted in a good yield (72%). The absolute
configuration of the newly generated chiral center in 9 was determined by NOE experiments.
A similar transorientation of H3 and H9b was reported in the related condensations_by

Katritzky et al.?0! For the reaction with o-acetylbenzoic acid (7), the starting material

aminohydroxamic acid was consumed quantitatively, but complex mixtures were obtained.
No desired product was observed in spectroscopic analysis.

In summary, we have demonstrated that the cyclocondensation of L-
-aminohydroxamic acids with - - and - -keto acids afforded optically active, sterically rigid
bi- or tricyclic hydroxamic acids in a highly chemo- and stereo-selective manner. The simple
experimental procedure along with ready accessibility of reactants is also an attracting

feature. Application of these cyclic hydroxamic acids to catalytic asymmetric reactions using

metal complexes is in progress.

EXPERIMENTAL
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A typical experimental procedure for the cyclocondensation of L- + —aminohydroxamic
acids (1) with levulinic acid: To a stirred suspension of L-phenylalanine hydroxamic acid
(1a) (0.326 g, 1.81 mmol) in toluene (30 mL) was slowly added levulinic acid (0.241 mL,
2.35mmol) at 120 ° C. After the reaction mixture was stirred for 2 h at the same temperature,
it was carefully concentrated to about 10 mL by evaporation and stood at room temperature
overnight. The precipitated white solid was filtrated and washed with diethyl ether to
afford bicyclic hydroxamic acid 3a (0. 397 g, 84%). The stereochemistry of 3a was determined
by NOE experiments and X-ray diffraction analysis.

(38, 7af) -3-Benzyl-1-hydroxy-7a-methyl-dihydro—1Hpyrrolo[1, 2-a] imidazole-2, 5 (34
6H)—dione (3a). Colorless crystal; mp 205 ° C; Rf 0.35 (ethyl acetate); [« 1,2 +118 (c =
1.0, CHCls); IR (KBr) 3127, 2928, 2867, 1727, 1700, 1666, 1458, 1332, 702, 574 cm'; 'H NMR
(270 MHz, CDCls) - 0.99 (s, 3H), 2.17-2.45 (m, 3H), 2.61-2.76 (m, 1H), 3.07 (dd, J=5.9,
13.9 Hz, 1H), 3.16 (dd, J=5.3, 13.9 Hz, 1H), 4.60 (t, J=5.9 Hz, 1H), 7.17-7.32 (m, 5H);
3C NMR (68 MHz, CDCl;) - 24.0, 30.9, 34.7, 36.9, 58.3, 82.3, 127.1, 128.5, 129.9, 135.9,
168.4, 178.6; Anal. Calcd for CiHieN:Os: C, 64.60; H, 6.20; N, 10.76. Found: C, 64.34; H,
6.17; N, 10.66.

Crystal Data for 3a: CisHieNeOs; M = 260. 29, colorless block crystals, 0.30 x 0.30 x
0.10 mm, orthorhombic, space group P212121 (No.19), a = 11.327(7), b = 13.653(6), ¢ =
8.520(3) A, ¥=1317. (1) &, Z=4, Dc =1.31 g em™®. F(000) = 552, + (CuK +) =0.769 mm™.

A typical experimental procedure for the cyclocondensation of aromatic L- -
—aminohydroxamic acids (1) with levulinic acid: To a stirred suspension of L-tryptophan
hydroxamic acid (0.397 g, 1.81 mmol) in 2-propanol (30 mL) was slowly added levulinic
acid (1d) (0.241 mL, 2.35 mmol) at 80 ° C. The mixture was stirred at the same temperature
and monitored by TLC. After stirring for 2 h at 80 ° C, the temperature was raised to
120 ° C and toluene (35 mL) was added in small portions in order to remove 2-propanol
by azeotropic distillation. After an additional stirring for 7 h, the volatile compounds
were evaporated under reduced pressure. To the mixture was added dichloromethane and NayCOs
and stirred vigorously for 1lh. The precipitated crystal was filtrated and washed with
diethyl ether to give bicyclic hydroxamic acid 3d (0.516 g, 95%).

(35, 7aR) -1-Hydroxy—3- (1#indol-3-ylmethyl) ~7a~methyl-dihydro-1#pyrrolo[1, 2-a] im
idazole—2, 5 (34, 6H) —dione (3d). Colorless crystal; mp 219-220 ° C; R 0. 34 (ethyl acetate) ;
[+ 1,5 +74.7 (c = 1.0, methanol); IR (KBr) 3311, 2658, 1698, 1509, 1459, 1427, 1354, 1136,
751, 595 cm™; 'H NMR (400 MHz, CDsOD) -+ 0.65 (s, 3H), 2.07-2.34 (m, 3H), 2.61-2.70 (m,
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1H), 3.21-3.37 (m, 2H), 4.52 (t, J= 4.9 Hz, 1H), 6.95-7.08 (m, 3H), 7.30 (d, J= 8.1 Hz,
1H), 7.50 (d, J=8.1Hz, 1H); ®C NMR (68 MHz, CD:OD) - 23.5, 27.3, 31.9, 36.0, 59.7, 83.6,
110. 8, 112.2, 119.6, 119.8, 122.4, 124.9, 129.6, 137.8, 170.1, 180.8; Anal. Calcd for
CigH17N305: C, 64.20; H, 5.72; N, 14.04. Found: C, 63.79; H, 5.73; N, 13.95.

Cyclocondensation of L-phenylalanine hydroxamic acid (la) with o-formylbenzoic acid.

L-Phenylalanine hydroxamic acid (la) (0.360 g, 1.81 mmol), o-formylbenzoic acid
(0. 300 g, 2.00 mmol), p-toluenesulfonic acid monohydrate (0.038 g, 0.20 mmol), and benzene
(20 mL) were refluxed in a 50 mL two-necked flask equipped with Dean-Stark apparatus for
20 h, after which no more water appeared to be evolved from the reaction. The mixture was
concentrated by evaporation until white solid appeared. The solid was filtered off and the
filtrate was stood at room temperature. The precipitated white solid was filtered and washed
with ether to afford tricyclic hydroxamic acid 9 (0.421 g, 72%). The stereochemistry of
9 was determined by NOE experiments. 2%

(35, 9bR) ~3-Benzyl-1-hydroxy-1, 9b—dihydro-imidazo[2, 1-a] isoindole-2 (34), 5—dione
(9). Colorless crystal; mp 189-190° C; R 0. 51 (ethyl acetate); [ * 1,?® +153 (¢ = 1.0, CHCls);
IR (KBr) 3063, 2924, 2831, 1716, 1695, 1374, 1215, 742, 706, 695, 507 cm; 'H NMR (400 MHz,
CDCls) + 3.15 (dd, J=5.1, 13.9 Hz, 1H), 3.21 (dd, J= 4.1, 13.9 Hz, 1H), 4.59 (t, J=
4.4 Hz, 1H), 4.79 (s, 3H), 7.22-7.35 (m, 5H), 7.53-7.63 (m, 3H), 7.81 (d, J=7.2 Hz, 1H),
9.67 (br s, 1H); C NMR (68 MHz, CDCl;) - 37.1, 58.8, 74.7, 124.3, 124.8, 127.4, 128.6,
129.9, 130.7, 131.8, 133.2, 135.1, 142.1, 172.5, 173.5; Anal. Calcd for Ci7HiN:0s: C, 69.38;
H, 4.79; N, 9.52. Found: C, 69.22; H, 4.79; N, 9.48.

Supporting Information: Full experimental detail, 'H and 13C NMR spectra. This material

can be found via the “Supplementary Content” section of this article’s webpage.
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CHyCly, 1, 1 h

BuO

BocNHOH (1) hexa-2,4-dien-1-0l (2)

Y 99% (3a/3b=79:21)  3a

Scheme 1. Vanadium-catalyzed oxidation of N-hydroxycarbamate.
CHP: cumene hydroperoxide
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Table 1. Nitrosocarbanyl Diels-Alder reaction with cyclic dienes
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