100ml ®F X7 Z A 2|2 2-(4-pentylphenyl)- propane-1,3-diol (0.32g, 1.4mmol), kb
B2 (—JKkFasm) (0.008g, 0.04mmol). THF 5.0ml # AN LK< EHIEH, FZIZ
1,1-dimethoxy-3-bromopropane (0.31 g, 1.7mmol) %=/ L9 -2/ %, 50°C T 12 BFfEliR# L
7o PUZFATILVTIZTUFLIEHIC EteO THIHELZ, = AR L—Z—% FA W TEHE
L7z ERD G, BT b7n< N7 40— (~NFH Y EfBE=TFL=T7:1), <V 7
Lorua<w IS5 74— (~NFHr EEAFLL=2:1) 2LV BBWESL, IR T0%
HEE R

1H-NMR(CDCls, 300MHz) § 0.77-0.82(m, 3H), 1.12-1.24(m, 4H), 1.44-1.54(m, 2H),
2.09-2.17(q, 2H), 2.47(t, 2H), 38.00-3.11(m, 1H), 38.37-3.42(t, 2H), 3.66-3.74(t, 2H),
3.98-4.09(dd, 2H), 4.70 (t, 1H), 6.88-7.10 (q, 4H)

13C-NMR (CDCls, 300 MHz) § 14.14, 14.30, 22.62, 27.89, 31.23, 31.59, 35.61, 37.93,
40.92, 71.99, 99.91, 127.57, 128.84, 134.70, 142.19

(2r,51)-2-((B)-3,4-Difluoro-4-(4-propylphenyl)but-3-enyl)-5-(4-pentylphenyl)-1,3-dioxane

CsHy

BRI EE2O0T A7 T RAa%k Ar B L.
(2r,51)-2-(2-bromoethyl)-5-(4-pentylphenyl)-1,3-dioxane (0.22 g, 0.64 mmol). dry Et20
13ml % - 7T8CCH#E L7z, £ 212 £BuLi(0.85 ml, 1.35 mmoD# W >< W & F L, - 78C
T 30 43, -40°CT 10 HEHE#HR L7z, &IZ-40CThY 74 k3 (0.14 g, 0.71 mmol)
R TF L, 2FE#%. HCl (IN) WEZ2Mx, Et20 THHL, = AR L —Z—%HWNT
BiE L-HARY IS, hTb7u~v N TT7T7 04— (~FH v BT IL=14:1), %<
AT hru<w bl TT7 40— (AFVUHEEAFLY=2:1) XY BHHESEC, BES

(EtOH., —40 C) TEXHIZHBRE L7z, IR 44%(trans) BHEBEIKE
IR(KBr) 3331, 2953, 2928, 2855, 1693, 1626, 1515, 1466, 1215, 1141, 1100, 1048, 974,
824, 593 cm ™1
1H-NMR(CDCls, 300MHz) § 0.86-0.97(m, 6H), 1.31-1.32(m, 4H), 1.53-1.67(m, 4H),
1.96-2.02(m, 2H), 2.53-2.76(m, 6H), 3.19(m, 1H), 3.80(t, 2H), 4.19(dd, 2H), 4.69(t, 1H),
7.10(q, 6H), 7.53(d, 2H)
19F-NMR (CDCls, 376 MHz) § -157.85(d, J= 122.0, 6.1 Hz, 1F), -147.53(dt, J = 122.0,
24.4 Hz, 1F)
13C-NMR (CDCls,100 MHz) § 13.82, 14.06, 22.46, 22.55, 24.45, 31.18, 31.53, 35.5
4, 37.83, 40.83, 72.02, 100.85, 125.11, 125.22, 127.54, 128.50, 128.77, 134.76, 142.17
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1.1. Y. Hoshino, M. Oyaizu, Y. Koyanagi, K. Honda, Synthetic Communications 2013, 45,
2484-2492.

Enantiomerically Enriched Bicyclic Hydroxamic Acids in One Step from

-Aminohydroxamic Acids and Keto Acids via Cyclocondensation

Abstract: New enantiomerically enriched bicyclic hYdroxamic acids,
1-hydroxy-dihydro-1H-pyrrolo[1,2-alimidazole-2,5(3 H,6 H)-diones, have been synthesized by
the cyclocondensation of Li- - -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 oformylbenzoic 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 MNmethyl-D-aspartate (NMDA) receptor, immunosuppressing
activity, and antimalarial activity.[l'¥! 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.[10] This cyclocondensation
reaction provides a potentially attractive method to stereoselectively prepare the
2,5-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!11]
or alkenylsulfonamides(? or simple olefins[i3], oxidation of sulfides,4 and reduction of

ketones!sl, On the other hand, chiral cyclic hydroxamic acids, to the best of our knowledge,
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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,[10 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.[102-chl 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.!7 Herein we report the first synthesis of
enantiomerically enriched 1-hydroxy-dihydro-1A-pyrrolo[1,2-alimidazole-2,5(3 H,6H)-diones,
a kind of 2,5-substituted 3-hydroxyimidazolidin-4-one derivatives, by means of the
cyclocondensation of L- + -aminohydroxamic acids lae 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
(38, 7aR)-1 H-pyrrolol1,2-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.l8! 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 3a 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 CHs led to a positive
NOE for the CHs. These 'H-NMR data provide an evidence for the cis stereochemistry of the
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
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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.l17.19] The
procedure using Dean-Stark apparatus is also applicable to the condensation, giving the

same results (entry 2).

o] R!
O ;
. . 0 N//L o
NHOH )J\/\co L .
2

NH2 Me ¢
OH

1a-e 2 (1.3 equiv) 3a-e

Scheme 1. The cyclocon densation of L- + -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 le rPr toluene, reflux, 4h 3c 59

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

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

Ph,
o) CH,

H/r
2.0% N//@ o
N
CH30 1.2%
3a

Figure 1. NOE experiment of 3a.

182



Ee)
Figure 2. ORTEP 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 3b and 3c 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 le 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-propanol and water were
distilled off azeotropically with toluene. This method gave the desired cyclic hydroxamic
acids 3d 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 possibility 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 dbtained 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.

(0] Ph Ph

0 /g Q

+ keto acids or —_— N N

Ph/\/U\NHOH formylbenzoic acid N O or &{\N ©

NH2 Me oH H oH
1a 4-7 (1.3 equiv) 8 9

Ph COzH A~coH CHO COMe
4 5 6 7

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
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 above 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.20l For the reaction with oc-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.

To expand this method, benzoic acid derivatives were next examined. While the
reaction of formylbenzoic acid 6 with aminohydroxamic acid la in the above 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
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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 frans-orientation of H3 and H9b was reported in the related condensations_by

Katritzky et al.20] 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

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, 2.35
mmol) 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 8a (0.397 g, 84%). The stereochemistry of 8a was determined by
NOE experiments and X-ray diffraction analysis.

(35, 7aRP) -3-Benzyl-1-hydroxy—Ta—methyl-dihydro~1H-pyrrolo[1, 2—a] imidazole-2, 5 (34
6H)—dione (3a). Colorless crystal; mp 205 °C; Rt 0.35 (ethyl acetate); [0]p25 +118 (¢ = 1.0,
CHCIs); IR (KBr) 3127, 2928, 2867, 1727, 1700, 1666, 1458, 1332, 702, 574 cm; 1H NMR
(270 MHz, CDCls) 0 0.99 (s, 3H), 2.17-2.45 (m, 3H), 2.61-2.76 (m, 1H), 3.07 (dd, /= 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); 13C NMR
(68 MHz, CDCls) O 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. Caled for C14H16N203: C, 64.60; H, 6.20; N, 10.76. Found: C, 64.34; H, 6.17; N, 10.66.

Crystal Data for 3a: Ci14H16N203; 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), c= 8.520(3) A,
V=1317.(1) A3, Z=4, Dc=1.31 g cm'3. F000) = 552, O(CuKD) = 0.769 mm1.

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
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(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 Na2COs and
stirred vigorously for 1h. The precipitated crystal was filtrated and washed with diethyl
ether to give bicyclic hydroxamic acid 3d (0.516 g, 95%).

(38, 7a®) -1-Hydroxy—-3— (1#indol-3-ylmethyl) ~7a—methyl-dihydro—-1Fpyrrolo[l, 2-a]im
idazole-2, 5 (34, 6H)-dione (3d). Colorless crystal; mp 219-220 °C; R¢ 0.34 (ethyl acetate);
[O]p25 +74.7 (c = 1.0, methanol); IR (KBr) 3311, 2658, 1698, 1509, 1459, 1427, 1354, 1136, 751,
595 cm; 'H NMR (400 MHz, CDs0D) O 0.65 (s, 3H), 2.07-2.34 (m, 3H), 2.61-2.70 (m, 1H),
3.21-3.37 (m, 2H), 4.52 (t, J= 4.9 Hz, 1H), 6.95-7.08 (m, 3H), 7.30 (d, /= 8.1 Hz, 1H), 7.50 (d,
J= 8.1 Hz, 1H); 13C NMR (68 MHz, CDsOD) O 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. Caled for C16H17N3Os: 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 (1a) (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.[20]

(35, 9bR) —3-Benzyl—1-hydroxy-1, 9b-dihydro—imidazo[2, 1-al isoindole-2 (34), 5—dione
(9). Colorless crystal; mp 189-190 °C; Re¢ 0.51 (ethyl acetate); [0]p25 +153 (c = 1.0, CHCls); IR
(KBr) 3063, 2924, 2831, 1716, 1695, 1374, 1215, 742, 706, 695, 507 cm'1; 'TH NMR (400 MHz,
CDCls) O 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); 13C NMR (68 MHz, CDCls) O 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. Caled for C17H14N203: C, 69.38; H, 4.79; N, 9.52.
Found: C, 69.22; H, 4.79; N, 9.48.

Supporting Information: Full experimental detail, 1H and 3C NMR spectra. This material

can be found via the “Supplementary Content” section of this article’s webpage.
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Stereoselective Synthesis of Bicyclo[3.1.1]lheptane Derivatives via Intramolecular
Photocycloaddition Reaction

Optically active 1,3-bridged cyclobutanes 10 of the bicyclo[3.1.1]lheptane ring system and
1,2-bridged cyclobutanes 11 of the bicyclo[3.2.0lheptane ring system were produced by UV
irradiation of o.,B,y,8-unsaturated esters 9a and 9¢-f. The preference of endo-stereochemistry
at C-6 bridged head was observed in cross-adducts 10. On the other hand, irradiation of

conjugated dienol 9b led via only parallel cycloaddition to 1,2-bridged cyclobutane 11.

Keywords: bicyclo[3.1.1]heptane ring system, photocycloaddition, synthesis of optically

active 1,3-bridged cyclobutanes,

East Indian sandalwood oil contains some 4 to 8% of (-)-exo(2)-a-bergamotol ((-)-1), which
has bright, somewhat sweet woody fragrance, and is considered to be responsible for the
basic sandalwood note [1]. Several synthetic procedures of its representative hydrocarbon
counterparts 2 and 3 have been reported. endo-a-Bergamotene (2) has been prepared by
Gibson and Erman in 12 steps starting from O-pinene [2]. Corey, Cane and Libit have
prepared exo-o-bergamotene (3) using a photochemical [2+2] cycloaddition of 1,5-diene in 21
steps from geranyl acetate [3]. Larsen and Monti have prepared endo-a-bergamotene (2)
and exoisomer 3 using intramolecular ring closure for the formation of the cyclobutane ring
in 13 steps [4]. Although the direct construction of the acid-labile
2-methylbicyclo[3.1.1]hept-2-ene skeleton and the unambiguous stereocontrol of the
quaternary C-6 carbon center have only been partially achieved by these earlier endeavors,
these methods do not permit the accumulation of large amounts of material owing to many

complicated steps and low overall yields.

HO

exo-(Z)-a-Bergamotol (1) exo-a-Bergamotene (3)

2-methylbicyclo-
[3.1.1]hept-2-ene

endo-o-Bergamotene (2)
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Intramolecular [2+2] photocycloaddition

is an impotant issue in organic synthesis directed towards target molecules. The
intramolecular [2+2] photocycloadditions between enone and olefin moieties have been
extensively studied in 2-, 3- and 4-substituted alkenylcyclohexenones and found numerous
applicétions in synthesis [5]. To the best of our knowledge, intramolecular [2+2]
photocycloaddition of 1,6,8-triene system was hitherto unknown. In this paper we wish to
report regiospecific intramolecular [2+2] photocycloadditions of two 1,6,8-trienes i.e.
o,B,y,0-unsaturated ester and conjugated dienol, each of which has a vinyl terminus.
Irradiation of B-myrcene resulted in a non-regioselective mixture of several intramolecular
products to afford B-pinene in a 22% yield as a result of [2+2] photocycloaddition between two
double bonds among the three olefin moieties [6]. Our approach involves the direct
construction of the target ring molecule by the irradiation of an acyclic precursor having a
distal double bond and an «,B,y,8-unsaturated ester moiety which is expected having strong

absorption in the ultraviolet region.

We reported an MN-ylide [2,3]- and [3,3]sigmatropic rearrangement that provides (2)- or
(E)-trisubstituted olefinic amines with high stereoselectivity [7]. And the [2,3] sigmatropic
rearrangement of ammonium ylides having an ethoxycarbonyl group at the O-position
afforded exclusively (£)-amines [7b]. These amines can be converted to a,p,y,5-unsaturated

esters via Cope elimination of the corresponding N-oxides.

As outlined in Scheme 1, hypochlorous acid, generated in situ from calcium hypochlorite and
COg2, reacted with (R)- (-)-linalool (4) to provide allylic chloride, which was treated with
dimethylamine in aqueous EtOH at room temperature to give the corresponding allylamine 5
via regioselective SN2 reaction. Reaction of 5 with ethyl bromoacetate in EtOH provided
quaternary ammonium salt 6 in a quantitative yield. Treatment of 6 with NaOEt in EtOH
at 0 °C resulted in the formation of ammonium ylide intermediate 7 followed by spontaneous
[2,3]sigmatropic rearrangement to give (Z)-amino ester 8 in 83% yield with 95%
stereoselectivity. Furthermore, treatment of 6 with KO¢-Bu in THF at —-70 °C afforded

Frester 8 in 72% yield with complete stereoselectivity.
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Conditions: (a) (i) Ca(OCl), CO,, CHzClp, 11, (ii) HNMe,, EtOH, rt, 47% (2 steps),

(b) BrCH,CO,Et, MeOH , rt, quant., (¢) KOt-Bu, THF, =70 °C, 72%,

(d) AcO2H, Nay,CO3 , CH,Clp, —60 °C, 88%, (e) AlCI; / LiAlH,, ether, 0 °C, 56%,

(f) TESOTT, 2,6-lutidine, 84%, (g) AcCl, EtsN, DMAP, quant., (h)BzCl, DMAP, quant.,

(i) 3,5-DNBCI, Et3N, DMAP, 84%. Scheme 1.

Then amino ester 8 was treated with peracetic acid in CH2Cl2 at ~60 °C in the presence of
NasCOs and the resulting mixture containing the amine oxide was stirred at room
temperature for 30 min to give the desired (Z E)-o,B,y,5-unsaturated ester 9a via Cope
elimination of amine oxide in 88% yield with complete stereoselectivity. The ultraviolet
absorption spectra analysis showed this unsaturated ester 9a has large ¢ value (31500) at
Amax 267 nm. The subsequent reduction of 9a was most effectively carried out with AlHs [8]
prepared in situ from AlCls and LiAlH: to give the corresponding unsaturated alcohol 9b in
56% yield. The ultraviolet absorption spectra analysis showed this unsaturated alcohol 9b

has large & value (24700) at Amax 233 nm.
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Regioselectivity of cross and / or parallel addition is a crucial point in [2+2]
photocycloaddition chemistry. Srinivasan et al. suggested that the initial step, which gives
a diradical, involves preferential formation of a five-membered ring (“rule of five”) on
intramolecular [2+2] photocycloaddition reactions of 1,6-heptadiene [9]. Similar results
were obtained on intramolecular [2+2] photocycloaddition

reaction of 3-methylene-1,5-hexadiene system [10].

Et0,C._~§
} Hog

CO,Et

ﬂ%

HO

Cross mode

<
HO

Parallel mode

CO,Et

HO;

bicyclo[3.1.1]heptane

___CO,Et

bicyclo[3.2.0]heptane

Irradiation of 9a with the low pressure Hg lamp in each of hexane, c-hexane, diethyl ether or
MeOH solution without a photosensitizer gave rise to an unidentified complex mixture of
photoadducts. On the other hand, when 9a was irradiated with the high pressure Hg lamp
in benzene solution including 5-nitroacenaphthene (NAN) as a photosensitizer, a mixture of
cross [2+2] adduct endo-10a and parallel photoadducts endo-11a and exo-11a was formed as a
mixture that could not be separated. Then we confirmed these structures strictly by

conversion of photoadducts into separable optically active compounds, endo-12, endo-13 and

CO,Et OH
2 / g/
hy@66nm) J COEt
-+, OH NAN X
PN L OH + endo-11a
EtO,C benzene *

Y.61% <
9a endo-10a OH

RN
bicyclo[3.1.1]heptane EtO,C

exo-13 [11] as shown in Scheme 2.

exo-i1a

bicyclo[3.2.0]heptane

/@/OH
Ha, PAIC LiAlHg (2 eq) OH
- . endo-13
EtOAc, rt,1d Et0,0°C,7h OH .
Y. 76%(3 steps) v\ﬁ
OH
=18/82 HO

[3.1.4]/[3.2.0] endo-12

exo-13

Scheme 2.
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Thus, hydrogenation followed by reduction with LiAlH4 afforded a cross [2+2] adduct (C-6
stereoisomer) endo-12 and a mixture of two parallel photoadducts endo-13 and exo 13 as
separable diols. The accurate ratio of cross/parallel was determined by capillary GC analysis.
Thus triene 9a gave a 18:82 mixture of two photoadducts which were identified as the cross
adduct 10 and the parallel adduct 11 in 61% yield. This interesting result prompted us to
investigate [2+2] photocycloaddition of triene 9c-f which was supposed to have an inherent
regioselectivity of cross/parallel

addition. Table 1 shows the photocycloaddition results.

M " (366 " - ﬁ
AN OR
Et0,C benzene rt CO,Et

9
cross adduct parallel adduct
11

Table 1: Photocycloaddition reaction of triene 9

entry 9 R Time(h) Yield(%) 10/11a
1 9a H 2 61 18/82
2 9¢ TES 2 52 32/68
3 9d Ac 3 79 30/70
4 9¢ Bz 2 80 41/59
5 9f  3,5-(NO2):2CeH3CO 3 74 25/75

a) The ratio of 10/11 was determined by !H NMR and capillary GC analysis after conversion
into diols 12 and 13 .

The present photocycloaddition reaction depends on R substituents. When 9c¢ was
irradiated in benzene, cross-selectivity increased .going rise to a 32:68 mixture of two
regioisomers, 10c and 1lc in 52 % yield (Table 1, entry 2). Interestingly, when 9e was
irradiated in benzene solution, the yield of photoadducts 10 and 11 increased up to a 80 %

(Table 1, entry 4). In addition, cross-selectivity increased up to 41:59.

o COEt  Et0,C. .~
OR OR

endo-10 exo-10

195



