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A&S@IIC~Z On the basis of the newly pqaed hypotbis on the mechanism of asymmetrk induction, highly efficii 
(salen)man~) complex (3) was conSructed as a catalyst for asymmeaic epoxidation. With this catalyst, the 
highest level of uumtioselectivity was ted&d in the epoxidatioa of various conjugated cis&zfii. 

Recent introduction of optically active (salen)manganese(III) catalysts (hereafter referred as Mn-salen 
catalysts) made a great progress in the asymmetric epoxidation of simple olefins.**2) Especially the 
epoxidation of cis-olefins conjugated with alkenyl, alkynyl. or aryl group shows high enantiosekctivity. This 
interesting substrate-specific enantiosekctivity observed in salen-catalyzed epoxidation can be explained by 
the newly ptqosed pathway a for olefin’s access to metal 0x0 species (Fig. l), wherein two factors, repulsive 
steric and electronic interactions between the oncoming olefin and the salen ligand, are considered to be 
responsible for induction of asymmetry: the steric repulsion between C3’-substituent in the salen ligand and an 
olefinic substituent and n,lr-electronic repulsive interaction between the salen benzene ring (A) and the 
oletinic substituent bearing x-bond direct a bulkier and more electron-rich olefinic substituent (L) away from 
the C3’-substituent.3) (For the convenience’ sake, discussions in this paper are limited to the reaction on the j3- 
side of Mn-salen catalysts. The same discussion holds for the reaction on the a-side due to CZ-symmetric 

sauctme of the catalysts). Accordingly the above described cis-olefins ate generally good substrates for salen- 
catalyxcd asymmetric epoxidation. We have already reported that Mn-salen catalysts possessed of axial 
chirality such as 1 showed good level of enantioselectivity in the epoxidation of conjugated cis-olefins.4~) In 
this paper, we describe the construction of more efficient Mn-salen catalysts by the modification of 1 on the 
ground of our new proposal3) on the mechanism of asymmetric induction by Mn-salen catalyst and their 
application to the epoxidation of cir-olefins.6) 

Modification of Mn-Salen Catalyst 
Salen complex 1 that is characterized by the presence of axial chirality has a wide applicability to the 

epoxidation of conjugated ci.r-olefins and shows a good kvel of asymmettic induction (86-91% ee). However, 
the newly proposed approach as) suggests that further improvement of enantioselectivity will be achieved by 
the mpdification of 1 along the following lines: i) if a sterically bulky and ekctron-rich group is placed into the 
space over the Cl’uubon, it causes the,strong steric and electronic repulsion against the larger and mote 
electron-rich group on the oncoming olefin with tbe undesired orientation that kads to the minor enantiomer of 
epoxides, thus resulting in the increase of enantiosekctivity. Fortunately the substituent X is dimcted toward 
the desired space and, therefore, it is expected that the replacement of the methyl group in 1 (X= Me) with 
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0x0 species 
LA S 

V 

1: R= Pb, X= Me 
2:R=Ph,X=W 
3: R= 35-(CH3)2C&, X= Ph 

Fig. 1 

more electron-rich and bulky group such as phenyl group enhances the enantioselectivity. ii) Although the 
olefim’s approach along another Mn-N bond axis (pathway ent-a) that diminishes enantioselectivity is 

disfavored by the presence of Cl”-phenyl group, the phenyl group does not seem possible to block pathway 
ent-a perfectly, since the Cl”-substituent takes quasi-equatorial orientation. Accordingly, we can also expect 
that enantioselectivity is improved by the replacement of Cl”(Z”)-phenyl group with a substituted phenyl 
group that blocks pathway ent-a more effectively. Although or&-substituted phenyl group (RI- alkyl. RL 

0 
R2 ’ 

= C2”-carbon 
lk lllcphenylringdc?cfibcdwilhbddlii 

iS-tOC2”-C&OlldthCOllCWlUl 

namwlinctoCl”-carbal. 

Fig. 2 The side view of the ethylenediamine part of salen complex 1 
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H, Fig, 2) seems apnopriate as the substituted phenyl group, its introduction is problematic from following 

two masons: i) The ortho-substituted phenyl group strongly blocks pathway ent-a but it also bans the pathway 
a. ii) The orrho-wbstituent (RI) existing near the metal 0x0 bond probably causes a steric repulsion with the 
larger substituent on the olefin approaching with the desired orientation and decmases enamioselectlvity. On 
the other hand, a me&z-substituted phenyl ring (R1= Il. R2= alkyl) only blocks pathway ent-a and, 
fmthermcne, Rg on Cl”-phenyl ring locates quite far from the metal-oxo bond so that its steric interaction with 
the bulkier oleftic substituent should be weak. Based on these considerations, we planned to synthesize the 
new Mn- salen complexes 2 and 3. 

Syntltesls of New Mu-Salen Catalysts 2 and 3 
(a&3-Formyl-2-hydroxy-2’-phenyl-1,l’-binaphthyl (4) and (lS,2&l,2-bis(3,5-dimethylphenylphenylene- 

diamine (5) required for the synthesis of 2 and 3 were synthesized as described in Schemes 1 and 2. 
The synthesis of aldehyde 4 started from (ti)-binaphthol. Treatment of (aR)-binaphthol with N- 

phenylbistrifluoromethanesulfonimide gave monotriflate 7 which was further treated with phenylmagnesium 
bromide (4 equiv.) in the presence of NiC12(dppe)z to give 2-hydroxy-2’-phenylbinaphthyl8. Compound 8 
was protected as a MOM ether 9. Successive treatment of 9 with t-butyllithium and NJUimethylformamide 
afforded aldehyde 10 which was deprotected with trimethylsilyl bromide to give the requisite 4. 

OH -WW &45-ceEhE= OH PtWIJk NKY z(dPPe) 

OH 
L * 

DMAP, Cl@&, 40 “C OTf EtZO. reflux 
90% 90% 

I 

OH MOMCl. i-Pr2NEt 0~0~ 1) r-BuLi. TM? -78°C 
Pb w m 

m?c32 
w 2) DMF 

OMOM 

Ph 

83 % W 91% 

9 

4 

Scheme 1 
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The synthesis of diamine 5 started from rruns-3,3’,5,5’-tetramethylstil~ne 11 which was readily 

prepad fnm~ commercial 3,5-dimethylbenzoic acid via 3.5dimethylbenxyl alcohol in a conventional mamter. 
Sharpless asymmetric dihydroxylation’) gave (R,R)-diol 12 with high enantioselectivity. Compound 12 was 
mesylated and subsequently aated with sodium azide to give (S,S)-diaxide 13 stereospecifically. LAH 
reduction of 13 gave diamine 5 which was unstable and hence used for the preparation of complex 3 without 
pmikation. Complexes 2 and 3 were prepared from 4 and (.S,S)-diphenylethylenediamine and from 4 and 5, 
respectively, according to the literatme procedurela) with slight modification. 

AD 
e 

67%. 99% es 

ownd+J 
L 

2) NaNs. DMF 80 Oc 
43% 

LAH 1) 4. EtOH 
w b 

l-m NH2 2) -wd 24-w. 9 
EtOH, refiux 

5 43% hm l3 

Scheme 2 

Asymmetric Epoxidation with Catalysts 13 

With these complexes l-3 at hand, we first examined the epoxidation of trans-stilbene and 
dihydronaphthalene using iodosylbenzene as a terminal oxidant (Table 1). Enantioface selectivity of truns- 

stilbene was only slightly improved by the use of the catalyst 3 (entries 1 and 2). This result seems to be 
reasonable from our proposal: truns-olefins approach metal-oxo bond along bin-N bond axis not ftom the side 

but from the upper side for steric mason. 3a) Since Cl”-substituent takes quasi-equatorial orientation as 
discussed above, it can not disturb the approach of truns-olefins along the pathway ent-a leading to formation 
of the opposite enantiomer of the epoxide. Accordingly the enantioselectivity observed with catalysts 1 and 3 
are poor. On the other hand, enatioface selectivity of dihydronaphthalene was improved by the use of 
modified catalysts up to 97% ee (entries 3-6). Use of sodium hypochloriteb) as a terminal oxidant in the 
epoxidation of dihydronaphthalene was found to slightly improve enantioselectivity up to 98% ee (entry 7). 
We also synthesized catalyst 148) in which the substituent in binaphthyl moiety is f$dimethylphenyl group, 
expecting further improvement of enantioselectivity in the epoxidation of cis-olefins. Contrary to our 
expectation, however, 14 showed the diminished enantioselectivity (entry 8). 3,5-Dimethylphenyl group is 
probably too bulky as a binaphthyl substituent. 

Based on these results, we next examined the epoxidation of various conjugated cis-olefins with 3 as a 
catalyst (Table 2). All the reactions with iodosylbenzene as an oxidant proceeded smoothly with high 
enantioselcctivity even at -20 OC (entries 2, 5 and 8). except for the epoxidation of cis-B-methylstyrene. 
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~0.~). PM0 (2 eq.) of NaClC (5 eq.) -X 0 

Table 1 Epoxidation of ~y~h~ene and tronF-stilbene using Mn-sahm cataIyst X,2,3, or 14@ 

em-y olefin catalyst oxidant time(h) temp yield(%) %ee (am&n.) (%ee)@ 

1 W+pb 1 PhIO 24 T.t. 52 oe) (-1 WV) 

2 n 3 ” 24 r.t. 27 l!@(lR,2R) 
\ 

3 0 L, 1 PhIO 24 r.t. 77 8@) (l&2&) (9I)Q 

4 ” 2 ‘* 24 r.t 96 93 (i&2&) 
5 “ 3 ” 24 r.t. 61 % WGW 
6 3 ” 4 O°C 80 97 W;up, 
7 n 3 NaClO 4 O°C 78 98 &Vi?) 

b) 
c) 

The highest 96 ee report& to date for catalytic asymmetric epoxidation. 
Determined by HPLC @AIC!EL CHIRALCXL OJ, hexane/MrOH = 9/l). 

d) Reference 3a. 
e) 
0 

For the determination of 46 ee, see the experimental part. 
RGfance2a 

Reaction at -20 OC! showed a slightly improved asymmetric induction as compared with that at mom 
temperature (cf. entries 4 and 5). However, in accord with the epoxidation of ~hy~naph~~ene, the 
reactions with sodium hypochlorite as a terminal oxidant generally showed further improved enantioselectivity 
which was the highest ones mported for the each substrate to date (entries 1, 3,6,7, and 9). except for the 
epoxidation of cis-p-methylstyrene. The low enantioselectivity observed for cis-~methylstyrtm especially in 
acetonitrile is surprising (entry lo), since even 1 showed much better asymmetric induction of 8991, ee for the 
cis-esxide. This suggests that an attractive force is operating between the olefmic phenyl group and the 
phenyl group in the bin~h~yl moiety. Recently it has been reported that two benzene rings whiih can 
partially stack in parallel to each other interact ~vely.e) Since the phenyl ring of c~-~rn~y~~ is 
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L 
\-/= 

3 (O.O25eq), PhlO (2 eq.) or NaClO (5 eq.) L 8 

-td 

Table 2 Euoxidation of conjugated ck-olefms using Mn-salen complex 3 as a catalysta) 

entry oleti oxidant time(h) temp yield (96) % ee (confign.) (% a)@ 

a) 

i] 
4 
4 
0 

E; 
0 
j) 
k) 
1) 

1 

8 

9 

10 

11 
12 

NaClO 0.7 

PhIO 24 

NaClO 

PhIO 

PhIO 
NaClO 

2 

24 

24 
3 

NaClO 3 

PhIO 24 

NaClO 

PhIO 

NaClO 
PhIoP) 

1 

3 

1.5 
2 

o”c 80 SW) (3S,4s) 96a) 

‘-20 “c! 60 SW) (-)tJ 9@ 

o”c 75 99@ (-)‘> 

rt 53 92h) (&IF!) 889 

-20 OC 82 94h) (l&2@ 

0°C 55 98h) (lS,2R) 

o”c Sai) 96 (3R,4R)k) 92 (3SJR)k) 93’) 

-20 Y! 41 7oh) (-)‘) 57m) 

OT 40 77h) (-)9 

OY! 25”) 43 (lR,2R)h) 64 ( 1S,2R)h) 928) 

OY! 16”) 40 ( 1R,2R)h) 90 (lS.2R)“) 
OT 16s) 51 (1R,2R)h)73 (lS,2R)h) 

13 II PhIW) 4 oOc 149) 80 (lR,2R)h) 66 (l&2@) 
Reacaons were camed out m acetomale m the presence of pyndine N-oxide by using PhIO as a termi& 
oxidant or in dichloromethane in the presence of 4-phenyl-p@IineN_oxide by using NaClO as a terminal 
oxidant, unless otherwise mentioned. _ 

_ - 

The highest % ee teportcd toedate for catalytic asymmetric epoxidation. 
Dckp HPLC analysis (DAICEL CHIRALCEL OJ, hexa&-PrOH = l/l). 

For the &t&nation of % ee, see the experimeptsl part. 
~~~u~conflguration has not been determmed. 

DetenGned by tH NMR analysis in CDC13 

m) Refemnce 2f. 
n) A mixtme of (lS,2R)- and (1R,2R)-qoxidcs in a ratio of 2.4: 1. 
o) A mixtute of (1&2/Z)- and (lR,2R>epoxides in a ratio of 8.5: 1. 
p) Reaction was carried out in dichloromethane. 
q) A mix- of (l&M)-and (lR,2R)-epoxides in a ratio of 1.9: 1. 
r) Reaction was cat&d out in acetonihile in the presence of phosphate buffer. 
s) A mixtmr. of (lQR)-and (lR,2R)-epoxides in a ratio of 1:3.8. 
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perpendicular to the double bond due to ally& strain, it can pattially stack in paralkl witb the pbenyl group at 
the binaphtyl moiety fm its way to the oxo bond. We speculated that the attractive interaction between these 
two phenyl rings cancels out the above described steric and electronic npulsion, resulting in the decmase of 
enantioselectivity. In contrast to the reaction in acetonittile, the reaction in dichloromethane with aqueous 
sodium hypochlorite as an oxidant showed a considerably improved enantioselectivity (entry 11). ‘Ibis result 
is probably attributable to that, in the naction in a mixed solvent of ~chl~~~ and water, CH-s 
interaction (CH2Cl2) or OH-n interaction (I-IS) competes with the partial stacking of two phenyl rings. This 

is supported from the results that the use of dichlmetane as a solvent or the addition of small amount of 
water to acetonitrile improves the enantioselectivity to &ome extent even when iodsobenzne is used as an 
oxidant (entries 12 and 13): 

In conclusion, we could show that tbe Mn-salen complex 3 synthesized based on the newly proposed 
asymmetry-inducing mechanism,3) was so far the best catalyst for the epoxidation of conjugated cis-olefins. 

Experimental 
NMR spectra were recorded at 400 MHz on a JEOL 0X-400, at 270 MHz on a JEOL m-270, or at 90 

MHz on a JEOL FX-9OQ assent. All signals were expressed as ppm down field f&m ~~e~yls~~e 
used as an internal standard (&value in CDCl3). IR spectra were obtained with a JASCO IR-700 instrument. 
Optical rotation was measured with a JASCO DIP-360 automatic digital polarimeter. Column 
c~a#~phy was conducted on Silica Gel 60,70-230 mesh ASTM, available from E. Merck. pnparative 
thin layer chromatography was performed on 0.5 mm x 20 cm x 20 cm E. Merck silica gel plate (60 F-254), 
Solvents were dried and distilled shortly before use. Reactions were carried out under an atmosphere of 
nitrogen if necessary. 

To a solution of (~~(-)~m~h~l(286 mg, 1.0 mmol) in Cl-I$?.12 (4 ml) was added 2,4,6collidine (132 pl, 

1.0 mmol), 4-(~,&limethylamino)pyridine (15 mg, 0.12 mmol), and TfiNPh (357 mg, 1.0 mmol) and the 
resulting mixture was *fluxed for 12 h. The mixture was cooled and then concentrated in vucw. The residue 

was purified by column chromatography (SQ, toluene) to give 7 (378 mg, 909b) as an oil. [a]g +12.59O (c 
4.01, CHc13). ‘H NMR (270 MHz.): 6 8.13 (d, J= 9.24,lH). 8.02 (d, J= 8.25, lw), 7.97 (d, f= 8.90, lH), 7.88 

(d, J= 7.59, lH), 7.61 (d, J= 9.24, 1H). 7.60 (a J= 8.25 and 8.25 Hz, lH), 7.45 (d, J= 3.63,2H), 7.39-7.26 
(m, 3H), 7.02 (d, J= 8.25, lH), 5.04 (br s, H-I). IR (KBr): 3537,3061,2928,1622,1599,1508,1420,1383, 
1346, 1271,1213, 1169, 1140, 1069,974,951,862,835,814,750,677,619,4% cm-t. HRFABMS m/z, 
CaIcd for &H13F@,$S: 418.0487. Found 418.0488 (M+). 

(aR)_2-Hy~xy-2’-p~nyl-l,l‘-~~phthyl(8) 
To a mixture of 7 (209 mg, 0.5 mmol) and NiClz(dppe) (5.3 mg, 0.01 mmol) was slowly added an 

etheteal p~ny~a~e~~ bromide solution (0.8 M, 2.5 ml, 2.0 mmol). The nsulting mixtum was tefluxed 
for 1 h and then quenched with aqueous NH&l. The reaction mixture was extracted with I&O. washed 
successively with aqueous NaHCO3 and brine, dried over MgSO4, and concentrated in vacua. The residue 
was purified by column c~~~o~phy (Sit&, hexane/toluene=4/6) to give 8 (156 mg 90%) as colorless 
crystals. mq. 174 “C. [a]~ +27.2* (c 1.00, CHC!l3)- tH NMR (400 MHZ): S 8.10 (d, J= 8.30 Hx, lH), 7.79 
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(d J= 8.30 Hz, Hi), 7.78 (d, J= 9.28 Hz. w), 7.72 (d,J= 8.79 Hz, lH), 7.54-7.50 (m. lH), 7.36-7.20 (m. 4H), 
7.15-7.04 (m, ?H), 4.82 (s, 1H). IR (KBr): 3483, 3418, 3057. 3020, 1618. 1597, 1518, 1493, 1468, 1379, 
1354, 1265, 1205, 1184, 1148, 1128, 816, 748, 698, 586 cm-t. HRFABMS m/z. Cakd. for C&1180: 
346.1358. Found 346.1358 (M+). 

(aR)_2-Methoxymethoxy3’-phenyl-l,l’-binaphthyl(9) 
To a solution of 8 (365 mg, 1.1 mmol) in CHgCl2 (4 ml) was added ~~-~~ylc~yl~i~ (530 @, 

3.0 mmol) and chloromethyl methyl ether (230 ~1, 3.0 mmol). The resulting mixture was stitmd fm 24 h at 

room temperature and quenched with water. The mixture was extracted with CH$Ig, washed with water, 
dried over NagS04. and concentrated in vacua. The residue was purified by column chromatography (Si@, 
~x~e~t2~19/1) to give 9 (346 mg, 83%) as colorless crystals. m.p. 86-88 OC. [o@ +59.6O (c 0.55, 
CHC13). lH NMR (90 MHz): 8 8.22-7.00 (m. l?H), 4.90 (ABq, J= 7.07 Hz, 2H), 3.11 (s, 3H). IR (RBr): 

3055,2891,1622,1591,1506,1474,1240,1200,1148,1084,105?, 1036,1015,922,820,764,?50.702cm-1. 
Anal. C&d for C&Ia@: C, 86.13; H, 5.68. Found: C. 85.92; H, 5.77. 

t-Butyllithium (1.5 M in pentane, 530 pl, 0.8 mmol) was added to a solution of 9 (140 mg, 0.36 mmol) in 

THF (1.5 ml) at -78 ‘C! and the mixture was stirred for 3 h at the same temperature. After N,N- 
dimethylfonnamide (140 ~1, 1.8 mmol) was added, the reaction mixture was allowed to warm to mom 

temperature and &red far 1 h. The reaction mixture was quenched with aqueous NH&l, extracted with Et@, 
washed successively with aqueous NaHW and brine, dried over Na2SO4, and concentrated in vucuo. The 
residue was puritkd by column chromatography (Siti, hexane/Rt20=19/1) to give 10 (139 mg, 91%) as a 
yellow oil. [a]p -12.6’ (c 0.17, C!HC13). lH NMR (90 MHz): 8 10.42 (s, lH), 8.50 (s, HZ), 8.18-7.00 (m, 

15H), 4.53 (ABq, J= 6.17 Hz, 2H), 2.94 (s, 3H). IR (KBr): 1690,1653,1618,1587,1558,1541,1506,1501, 
1456,1157,1069,964,924,?64,?00 cm-l. HRRIMS m/z. Calcd. for C29H&3: 418.1568. Found 418.1552 

(M+). 

(~~3-F~~-2-hy~xy-2*-ph~~-l,l*-binapbthyi (4) 
Bromotrimethylsilane (195 ~1, 1.5 mmol) was added to a mixture of 10 (154 mg, 0.37 mmol) and MS 4A 

in CH$lz (1.5 ml) and stirred for 1 h. The mixture was quenched with aqueous NaHC!@, extracted with 
CH2Cl2, dried over MgSO4, and concentrated in vucuu. The residue was puritied by column chmmatogmphy 

(SioZ, hexane/toluene=3/?) to give 4 (132 mg, 95%) as yellow crystals. m.p. 205 “C. [a# -50,7* (c 1.00, 
CHCl3). lH NMR (400 MHz): 8 10.41 (s, lH), 10.10 (s. lH), 8.17 (s, lH), 8.05 (d, J= 8.30 Hz, lH), 7.97 (d, 

J= 8.39 Hz, lH), 7.85 (d, f= 7.81 Hz, H-T), 7.65 (d, J= 8.30 Hz, lH), 7.49 (dd, J= 3.42 Hz, H-Q, 7.34-7.19 (m, 
6H). 7.12 (d,J= 9.27 Hz, lH), 7.02-7.00 (m, 3H). IR (KBr): 3180,3051, 1657,1630, 1504, 1460, 1441,1412, 
1385.1342,1292.1248,1180,1148,1115,1026,939,893,860,822,793,751, ?02,683,505 cm-t. Anal. 
Calcd for C!27Ht@: C, 86.61; H, 4.85. Found: C, 86.33; H, 4.85. 

(~~~l~-sis(3~~iimethylphenyl)ethan (12) 
A mixture of r-BuOH (20 ml) and H@ (20 ml), K2~~(0~4 (11.1 mg, 0.03 mmol), and llf709 mg, 3.0 

mmol) were added to a mixture of hydroquinidine rlchlorobenzoate (186 mg, 0.4 mmol), R$e(CN)u (2.96 g, 
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9.0 mmol), and K&XI3 (1.24 mg, 9.0 ml) and stirred for 24 h at room tempera&n& After Na$Q (15 & 119 
mmol) was ad&~& the reaction mixtum was srhred for another 30 min. The layer was and 
~wa~~~~ex~~~~~2* ~~~~~~b~~~~~~~~.~ 
residue was diluted with AcOEt, washed ~uccessiveiy with lMHgSO4, aqueous NaHCXBg, and b&e, then 
dried over Na$304, and concentrated Cn vacua. The residue was purified by cohmm chromatography (SiOg, 
hexane/AcOEt=9/1 to 7/3) to give 12 (550 mg, 67%) as colorless crystals. The optical purity of 12 was 

determined to be ~99% ee by HPLC analysis (DAICEL CHIRALCEL OD, hexane&ROH=l5/1). m.p, 106- 
107 *C. [a]3 +65&P (c 1.00, CHCI3). lH NMR (270 MHz): 6 6.89 (s, 2IQ 6.83 (s, 4H), 4.67 (s, 2H), 2.65 

(br s, 2H), 2.26 (s, 121-I). IR (.KBr)t 3885,2909,2860,1647,1636,1609,1464,1159,1072, g49,727,704, 
687 cm-t. Anal. Calcd for Cl$I~: C!, 79.96; II, 8.20. Found: C, 79.80; H, 8.14. 

Trlethylamine (610 ~1.4.4 mmol) and rne~~su~onyl chloride (340 RI, 4.4 mmol) wem added to a 

solution of I2 (550 mg, 2.0 mmol} in CH$l2 (8 ml) and stirred for 3 h. The naction mixtum was quenched 
with water and extracted with CH$lg. The organic layer was dried over NazSO4 and concentrated in WUU. 
The msidue was ptied by column chtumatography (SiQ, Et20) to give the conesponding mesylate (839 
mg, 98%) as colorless crystals. *H NMR (90 MI-Ix): 7.10-6.80 (m, 6H), 5.74 (s, 2II), 2.86 (s, 6H), 2.23 (s, 
12H). Since the mesylate was unstable at mom ~rn~m~, it was used imm~a~ly for the next ma&on 

A mixture of the mesylate (1.7 g, 4.0 mmol) and NaN3 (572 mg, 8.8 mmol) in ~~~e~y~~~i~ (16 
ml) was stirred for 7 h at 80 OC and cooled to room tempcratum. After water was added, the mixtum was 
extracted with AcCBt. The organic layer was dried over Nags04 and concentrated in vocuo. The residue was 
purirled by column c~~~phy (SiOg, hexane) to give 13 (568 mg, 44%) as colorless crysmls. m.p. 39-41 
V. [c@ +1&P (c 1.00, CHCl3). *H NMR (90 MHz): S 7.00 (br s, 2H), 6.84 (br s, 4H), 4.63 (s, w), 2.28 

(s, 12H). IR (KBr): 3314,3015,2920,2864,24842118,2073,1609,1464,1377,1304~ 1290,1244,934,849, 
739,694,627,554 cm-t. Anal. Calcd for Cl8HufNe: C, 67.48; H, 6.29; N, 26.23. Found C, 67.65; H, 6.26; 
N, 26.li. 

(~ien)~n~n~~) wmpiex (3) 
To a solution of 13 (32 mg, 0.1 mmol) in THF (1 ml) was added LAH (7.6 mg, 0.2 mmol) at 0 ‘C. The 

mixtute was stirred for 30 mm at room temperature and quenched with aqueous KF (1.59 N, 380 @, 0.6 

mmoi). The suspension was Ntered high a pad of Celite and extracted with AcOEt. The organic layer was 
dried over Na2SO4 and concen~~ in vucuo. To tbe concentrate including 5 were added 4 (75.8 mg, 0.2 
mmol) and EtOH (4 ml) and the mixture was stirred for 1 h at room temperature. The mixture was 
concentrated in vuc~ to dryness and to the concentrate was added a solution of ~(OAc~4H~ (24.6 mg, 
0.1 mmol) in EtOH (4 ml). The mixtnre was refluxed in air for 6 h and allowed to cool to room temperamre. 
The dark brown crystals were separated from the solution by filtration, washed successively with EtOH and 
hexane. ‘Ihe filtrate was concentrated to dryness and the msidue was recrystalized from CH&&hexane. The 
combined fit and second crops of 3 weighed 47.0 mg (43% from 13). IR (KBr): 3053,2920,1599,1493, 
1425,1333,12%, 1223,1188,1148,1128,1045,1028,953,860,733,700,575,548 cm-l. Anal. Calcd for 
C$H~7N$&Mn*2Hfl: C, 78.70; H. 5.45; N, 2.68. FouMi: C, 78.93; H, 5% N, 2.41. 
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(Sden)man~~ complex (2) 

To a solution of 4 (25.3 mg, 68 pmol) in C&Cl2 (1 ml) was added (l&25)-(-)-1,2-dlphenylethylenedl- 
amine (7.2 mg, 34 pmol) followed by addition of a solution of Mn(OAch4Hfi (8.3 mg. 34 mmol) ln EtGH 

(lml)dtopwiseover10mlnandthemlxtmewasstirredinairfor24hatroomtemperatute. ‘Ihedarkbrown 
crystals wem separated from the solution by filtration, washed with water, and dried under vaccum to give 2 
(12.4 mg, 35%). The filtrate was concentrated to dryness and recrystallixed from CHgCl2-RtGH to yield the 
second crop (12.9 mg, 37%). IR (KRr): 3431,3053,1599,1493.1443,1425,1385,1333,12%, 1223,118s. 
1148, 1128, 1090, 1072, 1045, 1028, 999, 953, 860, 733, 700, 681, 575, 548 cm-l. Anal. Calcd for 

C!7tjI-LtgN2t&Ikln*l.5Hfl: C, 79.01; H, 4.93; N, 2.63. Found C, 78.94, H, 5.06, N, 2.53. 

General procedure for asymmetric epoxidation using complex 3 as a catalyst 

(The proccdwe using iodosylbenxene as a terminal oxidant) 
Compound 3 (2.7 mg. 2.5 pmol) was added to a solution of 2,2dimethylchromene (16.0 mg. 0.1 mmol) 

and pyridine N-oxide (2.4 mg, 25 pmol) in acetonitile (1.25 ml) and the mixture was cooled to -20 Y!. 

Iodosylbenxene (44.0 mg, 0.2 mmol) was added at the same temperature and the whole mixture was stlrmd for 
24 h, then allowed to warm to room temperature, and filtered through a pad of Celite. The filtrate was 
concentrated and the residue was purified by column chromatography (Si@, pentane/ethet=l/O to 19/l) to 
give the cormsponding epoxide (10.6 mg, 60%). The optical purity of this sample was determined to be >99% 
ee by HPLC (DAICEL C!HIRALCE.L OJ, hexaneLLptopanol=l5/1). 

(The procedute using sodium hypochlorlte as a terminal oxidant) 
To a solution of 1,2dihydronaphthalene (12.8 mg, 0.08 mmol) and 4-phenylpyridine N-oxide (3.4 mg, 

0.02 mmol) in CH2Cl2 (0.5 ml) was added 3 (2.2 mg, 2 pmol) and the mixtme was cooled to 0 Y! followed by 

addition of NaGCl ln phosphate buffer (0.588 M, pH= 11.37) (0.7 ml) at the same temperature. The two phase 
solution was stitred for 4 h. then allowed to warm to room temperature, and separated. The aqueous phase was 
extracted with dlchloromethane and the combined organic phase was dried over NagSO4, and concentrated. 
The residue was purified by column chromatography (SQ, pentane/ethet=lID to 49/l) to give the 
cormspondig epoxide (9.1 mg, 78%). The optical purity of this sample was determined to be 98% ee by GC 
(SUPEL(X j3-DEX 120 fused silica capillary column, 30 m x 0.25 mm ID, 0.25 pm film, col. temp.: 120 “0. 

NMR and d&optical data of the obtained epoxides 

(rs~)-lt-Epoxy-lf3JI-tetrahydronaphthalene (98% ee);[a]g -144.90 (c 0.33, CHC13). 1H NMR (400 
MI-Ix, CDC13): 6 7.40 (dd, J= 1.47 and 7.33 I-Ix, lH), 7.28-7.18 (m. W), 7.09 (d, J= 7.33 I&, HI), 3.85 (6 J= 

4.39 Hz, 1H). 3.73 (m, lH), 2.77 (ddd, J= 6.83, 14.65, and 14.65 Hz, III), 2.55 (dd, J= 5.86 and 14.65 Hz, 
lH), 2.42 (m, lH), 1.77 (ddd, J= 5.86, 14.65, and 14.65 Hz, 1H). 

(3.!&4@6-Acetamido-3,4-epoxy-2,2-dimethy1-7-nitrochromene (>99% ec);[a]g +23.2“ (c 0.25, CHC13). 

lH NMR (400 MHZ, CDC13): 6 10.09 (br s, lH), 8.79 (s, lH), 7.63 (s, 1H). 3.97 (d, J= 4.40 I-Ix, lH), 3.55 (d, 

J= 4.40 Ha lH), 2.28 (s. 3H), 1.59 (s, 3H), 1.27 (s. 3H). 

3,4-Epoxy-2,24methykbromene (99% ee);*o)[a# -0.600 (c 0.93, CHC13). 1H NMR (270 MHz, CDC13): 
6 7.33 (dd, J= 1.82 and 7.43 Hz, lH), 7.23 (ddd, J= 1.82.7.10, and 7.72 I-Ix, lH), 6.92 (ddd, J= 0.91,7.10, and 
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7.43 Hz, H-I), 6.64 (dd, J= 0.91 and 7.72 Hz, lH), 3.90 (d, J= 4.13 Hz, lH), 3.49 (d, J= 4.13 Hz, lH), 1.58 (s, 

3H), 1.25 (5,3H). 

(W,2R)-1,2-Epoxyh1daan (98% ee); [a]? +12.6’ (c 0.23, CHC13). ‘H NMR (400 MHz, CDC13): 6 7.50 (d, J= 

7.32, lH), 7.32-7.17 (m, 3I-I). 4.27 (dd, J= 0.97 and 2.93 Hz., 1H). 4.14 (dd, J= 2.93 and 2.93 Hz. lH), 3.22 (d, 

J= 17.82 Hz, lH), 2.98 (dd, J= 2.93 and 17.82 Hz, 1H). 

(3$4&s-3,4-Epoxy-l-phenyl-l-pentyne; lH NMR (270 MHz, CDC13): 6 7.48-7.28 (m, SH), 3.64 (d, J= 

3.94 Hz, H-I), 3.25 (dq, J= 3.94 and 4.95 Hz, lH), 1.51 (d, J= 4.95 Hz, 3H). 

(3RPR)-~~-3~-Epoxg-l-phenyl-l-pentye; IH NMR (270 MHz, CDC13): 6 7.45-7.42 (m, 2H), 7.34-7.27 

(m, 3H), 3.30-3.23 (m, W), 1.39 (d, J= 5.28 Hz, 3H). 

3,4-Epoxycyclooctene (77% ee);Iu)[a]g -13.3’ (c 0.50, CHCl3). lH NMR (400 MHz, CDCl3): 6 5.80-5.74 

(m. lH), 5.59 (d, J= 11.23 Hz., lH), 3.47-3.45 (m, lH), 3.14-3.09 (m, lH), 2.33-2.27 (m, lH), 2.12-2.01 (m, 

2H), 1.79-1.75 (m, H-I), 1.69-1.60 (m, 2H), 1.50-1.38 (m, lH), 1.31-1.25 (m, 1H). 

(l&220&-l&Epoxy-1-phenylpropane; lH NMR (400 MHz, CDC13): 6 7.38-7.25 (m, 5I-I), 4.07 (d, J= 4.39 

Hz, H-I), 3.35 (dq, J= 4.35 and 5.37 Hz, lH), 1.09 (d, J= 5.37 Hz, 3H). 

(1R~)-bans-13-Epoxy-1-phenylpropane; ‘H NMR (400 MHz, CDCl3): 6 7.36-7.25 (m, 5H), 3.58 (d, J= 

2.20 Hz, 1H). 3.04 (dq, J= 2.20 and 5.13 Hz, lH), 1.46 (d, J= 5.13 Hz, 3H). 
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