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Stereoselective Pinacol Coupling of Planar Chiral
(Benzaldehyde)Cr(CO)3, (Benzaldimine)Cr(CO)3,
Ferrocenecarboxaldehyde and (Dienal)Fe(CO)3
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Abstract: An intermolecular pinacol coupling of the planar chiral tricarbonylchromium complexes of
o-substituted benzaldchydes or benzaldimines with samarium(Il) diiodide in THF produces exclusively
threo 1.2-diols or 1.2-diamines in an optically pure form, while the corresponding racemic o-substituted
benzaldehyde or benzaldimine chromium complexes give a mixture of threo and eryrhro pinacol coupling
products in a various ratio depending upon the nature of o-substituent. Similarly. planar chiral 2-
substituted ferrocenccarboxaldehydes and (dienal)Fe(CO)3 produce the carresponding 1.2-diols with high
stereoselectivity.  The gencrated transition metal-complexed ketyl radical intermediates are
rm\fmurqhmmllv stable with restriction to a rotation about Co-Cinon bond
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Introduction
Enantiomerically pure 1,2-diols or diamines and the related compounds have found widespread use as
chiral ligands in asymmetric reactions.! While the optically active 1,2-diols have been conveniently synthesized
by a catalytic asymmetric dihydroxylation of the olefins in good yields with high enantiopurity,? the generally
accepted method for the plcpdratlon of chiral 1,._-dlamme§ involves an optically resolution of racemic

compounds with certain chiral carboxylic acids.- 3 The reductive coupling of car bonyi compounas plnd(,ol
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CO'u'ph"ng, is the miost dii‘eCt way to synthesize 1,2-diols. Al Oug this reaction can be achieved in high yield by
lanthanoid metals or low valent transition metals,* highly diastereoselective formation of 1,2-diols is problematic
under conventiona l reductive coupling methods; e.g., ber 1.&..!dchyd gave ca. 2 | : | mixture of threo- (dl) an
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erythro (meso) pinacols bv reductive coupling of benzaldehyde with samarium diiodide(II).5 The utilizati
some modified reducing agents in the catalytic or slmchlomeu ic reaction have been developed recently for the
achievement of high stercoselectivity for the pinacol coupling.0 However, the threo 1,2-diols can not be
obtained in an enantiomerically enriched form by this type of coupling of aldehydes or ketones.

(n%-Arene)tricarbonylchromium complexes have some characteristic properties due to the strong electron-
withdrawing ability and steric bulkiness of tricarbonylchromium fragment, and significant applications in
organic synthesis have been developed.’"? The tricarbonylchromium group is well known to stabilize both the
benzylic carbanion8 and carbocation? intermediates. However, the reactivity, stability and stereochemical
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behavior of the chromium-complexed benzyl radical intermediates are little investigated.10 In this paper, we
wish to report that the ketyl radicals derived from tricarbonylchromium-complexed benzaldehydes,
benzaldimines and the related metal-complexed substrates with samarium diiodide are stereoselectively coupled
to give the corresponding pinacol adducts with threo-configuration.

Results and Discussion
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with In. The major product was assigned as the th/ eo (dl) configuration by a comparison with authentic
sample.!12 Thus, the tricarbonylchromium complexation of benzaldehyde resulted in extremely high threo
selectivity by Sm(ll)-mediated reductive coupling. Other results of the pinacol coupling of the
tricarbonylchromium complexes of o- ar p- substituted benzaldehydes are summarized in Table 1, and several
facts are worthy of comment.!3 In addition to the unsubstituted benzaldehyde chromium complex, ortho or para
substituted benzaldehyde chromium complexes afforded predoeminantly the corresponding rhreo pinacols.
Slightly reduced threo selectivities were observed in a case of the hetero-atom substituted benzaldehyde
chromium complexes at the ortho position (entries 7-10). In a striking contrast to the threo selectivity for these
chromium complexes, o-bromobenzaldehyde chromium complex gave the corresponding erythro pinacol as a
major product (entries 11,12), while the concspondm;_, p-bromobenzaldehyde chrormum complex ploduccd the
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Table 1. Pinacol Coupling of (benzaldehyde)Cr(CO); Complexes

R! p R2 R! R2
A T HYT

)%,J\ Smly, THF 2 N cd I3, CHyCly Z .
27/ TR 28 - , b8 CrCO)3 —— s

Cr(CO)3 -78°C Rz X g1 OH RZJ\/L r1OH

Cr(CO);3
1 2 3
Entry Complex 1 Temp (°C)  Additive Yields (%) Ratio of 3
a, b (threo : erythro)

1 R!=R2=H -78 none 78, 92 91:9

2 Rl =R2=H 0 none 78, 92 90 : 10

3 RI=R2= 0 HMPA 80, 87 60 : 40

4 Rl =Me, R2=H -78 none 85, 91 95:5

5 Rl=Me,RZ=H 0 none 83, 91 95:5

6 Rl =Me,R2=H 0 HMPA 80, 85 20 : 80

7 R!=0Me, R?2=H 0 none 81, 91 80 : 20

8 R!'=0OMe, R2=H 0 HMPA 81. 89 8:92

9 R =0OP/, R2=H i none 79, 90 79: 21

10 R!=NMej R2=H -78 none 74, 92 73:27

11 RI=Br,R?2=11 n none 84, 89 16 : 84

12 R =Br,R2=H 0 none 85, 89 34:66

13 R!=H,R2=Me 0 none 78, 93 98 :2

14 R! =H,R2=0Me 0 none 73, 91 91:9

15 Rl =H, R2=(0Me ~78 none 73, 91 92:8

16 R!=H, R2=Br -78 none 75, 82 71:29

a; Pinacol coupling. b; Demetalation step with iodine.



essential for the pinacol coupling. Thus, the chromium free o-bromobenzaldehyde produced a carbonyl-pheny!
coupling product having a linkage between the para-position of the phenyl ring and carbonyl groups, (3-bromo-
4-formylphenyl)-2-bromophenylmethanol, in 35 % yield as the major product along with 7 % yield of the
desired pinacol coupling product by treatment with samarium diiodide in THF.14 On the other hand, the pinacol
coupling of (benzaldehyde)Cr(CO)3; complexes in the presence of 5 eq of HMPA resulted in an increase of the
erythro 1,2-diols (entries 3,6,8). Thus, tricarbonyl(o-methoxy benzaldehyde)chromium gave predominantly the
corresponding erythro 1,2-di-o-methoxyphenyl-1,2-ethanediol in a ratio of 92 : 8 by the reductive coupling in a

mixture of HMPA and THF solvent. These results indicate that the threo coupling products can be
predominantly obtained by a simple chromium complexation of benzaldehydes excepi of o-bromobenzaldehyde,
and the addition of HMPA into the reaction solvent was changed 1o the erythro predominance.

o

In order to clarify a reaction mechanism of the pinacol coupling of tricarbonylchromium-complexed
benzaldehydes, the relative ster eochemistry of both threo and erviho tricarbonylchromium-c omplexed pinacols
obtained from a racemic (o-brombenzaldehyde)Cr(CO)3 was next investigated. The tricarbonylchromium
complexes of both threo and erytho pinacols could possibly exist as three stereoisomers based on two chiral
planes and two stereogenic centers, respectively. However, the samarium diiodide-mediated reductive coupling
of the racemic (o-brombenzaldehyde)Cr(CO)3 (4) at -78 °C in THF gave a single threo pinacol SA among three
possible threo isomers, SA - 5C, and a single erytho pinacol 6A in 19 % and 46 % yields, respectively
(Scheme 1). Proton signals of both rhreo pinacol SA and erythro isomer 6A exhibit a symmetry. Thus, two
benzylic protons of O,0"-dimethyl ether derived from the threo compound SA appeared at 4.44 ppm as a sharp
singlet and the corresponding protons of dimethyl elher of 6A showed a sharp singlet at 4.57 ppm. Methyl

protons of the dimethyl ether compounds appeared at 3.34 ppm for the threo-isomer, and at 3.71 ppm for the
erythro-isomer as a sharp singlet, respectively

Br,

CHO oH NN OHBK,;\
/Y Sm‘g, THF NS S/L\._ﬂ o~ ,,:._ < l\ U
Q/"\ ~ sY s> A
SBr 78°C < | Cr(CO)3 | Cr(CO)s
CrCO) S e OH /sy OH

CrilUjs Cr(CO)a
4 5A  (19%) 6A  (46%)
Br, Br Br Br,
WO OH NAN OH YA QH N

7~ B OH 4 OH 3 g OH Br H
Cr(CO)3 Cr(CO)3 Cr(CO)3 Cr(CO)a
58 5C 68 6C

a; one enantiomer is shown for clarity

The relative stereochemistry of both chromium-complexed threo- and eryrhro-pinacol coupling products
was finally determined by X-ray crystallography.!5 The threo pinacol 5A has 1(S%),0(S*),a'(§%),1'(S*)-
configuration,!6 while the stereochemistry of erythro pinacol 6A is found to be 1(R*),a(R*),a'(S*),1'(§%)-
configuration.!® These stereochemical results indicate that each benzylic stereogenic center of both coupling
products SA and 6A is controlled by its adjacent chromium-complexed planar chirality, respectively. And, the
threo pinacol SA is consistent by the both rings with identical planar chirality, while the both rings of ervthro
pinacol 6A have different planar chirality. In other words, the threo pinacol SA was obtained by a homo-



coupling of the same planar chiral (o-bromobenzaldehyde)Cr(CO)3, while the erythro pinacol 6A was formed
by a hetero-coupling of different planar chiral (n0-arene)chromium complex to each other.

These stereochemical results of the chromium-complexed pinacols predict that an enantiomerically pure (o-
substituted benzaldehyde)Cr(CO)3 could produce only threo 1,2-diol as a single coupling product. Indeed, the
enantiomerically pure (15)-(+)-tricarbonyl(o-bromobenzaldehyde)chromium (7)17 was treated with samarium
diiodide in THF at -78°C to produce a single threo pinacol complex 8 in 75 % yield without formation of the
erythro isomer (Scheme 2). Similarly, the optically pure (1R)-(-)-(o- melhylbenzaldehydc)Cr(CO)z (9) gdvc the
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ligand in the asymmetric rcactions, since these compounds have both planar and central chiralities with Ca-
symmetry.

Scheme 2. Pinacol Coupling of Enantiomerically Pure (Arene)Cr(CO)3

(1SCHO oH YY) (ACHO : ,
A sm, e~ L ) o A BN

o 7 S ~% L "o
- , Cr(co 4 :
L‘\)\Br -78°C 75% J 8 (l)H (e0) / Me 71% L/\/ILM 0! (O
Cr(CO)a CrCO)s Cr(CO)3 Cr(CO)3
7 8 9 10
{ajo22 1062 []p? 58.2 [o)o® —660 [a]o® -97.5
(¢ 0.60, CHCl3) (¢ 0.27, MeOH) (¢ 1.0, CHCl) (c0.51, MeOH)

Reaction mechanism of the pinacol coupling of the benzaldehyde “hron >XES
be proposed as follows (Fig. 1).18 A carbonyl oxygen of thc (.hlomlum c,omnlexed mtho wbsmmed
benzaldehydes possessing an electron-donating substituent tends to be an anti-conformation to the ortho
substituents 11 in both solid and solution states due to the stereoelectronic effect.!9. An exo-attack of the
samarium to the anti carbony! gave a ketyl radical 12 which incorporates a substantial amount of the exocyclic
double bond character 13 owing to an interaction of d-orbital on the chromium with p-orbital of the benzylic
carbon. This, in turn, implies that a rotation about the Cqy-Cipgo bond giving 14 will be restricted. Then, the
generated tricarbonylchromium-complexed ketyl intermediate is coupled with the carbonyl group of other
(benzaldehyde)Cr(CO)3 from the opposite side to the tricarbonylchromium fragment, in which both
tricarbonyichromium-complexed arene rings are located in anti-orientation to each other due to a dipoie—dipoie

and steric lc,pu:munb Similar (IIPUIC uipunc interaction has been plupuscu in ul&uly enantioselective reactions of
the metalcarbonyl coordinated substrates.20 Taking into account the Newman model, the both arenes coupled

via an intermolecular coordinated transition state 15 of the samarinm with the carbonvl oxveen to oive the threo
via an intermolecuiar nsion state 15 of the ¢ ony! oXygen to give the fhreo
pinacol. In the case of the chromium comple ng O- and N-he atoms at the ortho position, the

alternative coordination structure 16 of lhe samarium with the ortho hetelo atom would compete with the
transition state 15, giving the pinacol coupling products in a various ratio. The presence ot HMPA, however,
precludes such coordination of the samarium with carbonyl or o-hetero-atoms. Therefore, it seems reasonable
to assume that the erythro pinacols would be formed by the bimolecular coupling of the generated radical 12 via
the transition state 17 with minimized stereo-electronic conformation. In any event, it 1§ interesting that the
tricarbonylchromium-complexed benzyl radicals could be generated stereoselectively. and caused pinacol
coupling giving the threo 1,2-diols without stereachemical isomerization at the benzylic position.



Fig. 1. Proposed reaction mechanism
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Pinacol Coupling of 2-Substituted Ferrocenecarboxaldehydes and (Dienal)Fe(CO)3
We demonstrated that the pinacol coupling of enantiomerically pure tricarbonylchromium complexes of o-
substituted benzaldehydes produced single 1,2-diol with the threo-configuration. As part of our asymmetri

gxp!(_)_ran n of the transition metal-cooordinated planar substrates, we next studied the intermolec
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of the 1,2-diols based on the ceniral and planar chiralities. However, an enantiomericatly
pure (R)-2-mcthylfen‘occnccarboxaldehyde (18) (R = Me) was reacted with samarium diiodide at 0 °C to give
the corresponding three pinacoi coupling products 19, 20 and 21 in aratio of 92 : 4 : 4 in 98 % yield (enury 2).
The reductive coupling at lower reaction temperature (-78 °C) produced a single pinacol coupling 19 (R = Me)
with the rhreo-configuration in 92 % yield (entry 3). Similarly, the planar chiral 2-trimethylsilyl, bromo or iodo
substituted ferrocenecarboxaldehydes afforded the corresponding 1,2-diols 19 with extremely high
diastereoselectivity under same reaction conditions (entries 6~8).

The relative stereochemistry of the major coupling product 19 (R = I) was determined by a single crystal
X-ray analyms” ahen conversion of the diol to the corresponding acetonide, and found to be the

the other siereoisomeric coupling pro
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18 19 20 21
Entry R Temp (°C) Yield Ratio (19 : 20 : 21) 19 (alg (CHCl,)
1a H 0 95 25:25:50 -

2 Me 0 98 92:4:4

3 Me =78 92 100:0:0 +89.5
4 TMS 0 88 91:8:1

5 T™S -78 87 93:6:1 +69.5
6 I 0 94 92:4:4

7 I -78 92 100:0:0 +37.4
8 Br -78 93 100:0:0 +44.2
9b PPh; 0 41 52:24:24 -

10¢ PPhy n 80 30:40: 30 c

a; The compounds 19 and 20 are enantiomer to each other when R is hydrogen.

5. No pinacol coupling of 18 with 2-dipheny i"‘ osphino substituent proceeded at -78 *C.

c; Ref. 22

pinacol coupling of 2-(diphenylphosphino)ferrocenecarboxaldehyde. Thus, (S)-2-diphenylphosphino ferrocene
18 (R = PPhy) produced all possible stereaisomers of the pinacol coupling products 19, 20 and 21 in a ratio of
52 :24:24 in only 41 % yield along with ferrocenylmethyl alcohol of 20 % yield (entry 9). A similar result
was recently reported by Kagan et al,2? in which the ratio of the diols was 30 : 40 : 30 (entry 10).

Similarly, enantiomerically pure planar chiral (E-3-methyl-5-phenyl-2,4-pentadienal)Fe(CO)3 complex
(22) was treated with samarium diiodide to produce a single coupling product with the rhreo-configuration in 76
% yield (Scheme 3). The stereochemistry of the coupling product 23 was determined as 1(5),a(S),a'(5),1'(S)-
configuration by X-ray crystallographical analysisi3.

Scheme 3. Pinacol Coupling of Enantiomericaily Pure (Dienal)Fe(CO)3

t 7 ! ’ - \).—\
Ph—y  ,~CHO Smil,, THF o H 32\ ,q/s/;\\—Ph

Me -78°C  76% Me

The reaction mechanism of stereoselective pinacol coupling of the planar chiral 2-substituted
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ferrocenecarboxaldehydes and tricarbonyl(dienal)ii
reductive coupling of the planar chiral (o- subsmuled benzaldehyde)Cr(CO)3 complexes, because the relative
stereochemical relationship between the pseudo benzylic stereogenic center and the metal-complexed adjacent

planar center of 19 and 23 are identical with those of the pinacol product 8 derived from enantiomerically pure
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,nmpIPx_ ould be an: 1Inonnx to the samarium-mediated



(o-bromobenzaldehyde)chromium complex. The carbonyl oxygen atom of 18 and 22 would be an anti-
configuration to the «-substituent due to stereoelectronic effect. Then, the samarium metal attacks the anti-
carbonyl23 from the exo-side to generate the corresponding ketyl radical intermediates 24 and 25, respectively,
which incorporate a substanttal amount of the exocyclic double bond character owing to an interaction of d-
orbital of the metal with p-orbital of the carbon. But, with 2-diphenylphosphino substituent of ferrocenyl
compound, the initially formed ketyl intermediate 24 might be isomerized to diastereoisomerically configuration.

Fig. 2

18 24 22 25

Pinacol Coupling of Tricarbonyl(benzaldimine)chromium Complexes
One of the most straightforward methods for the preparation of 1,2-diamines is an inter- or intramolecular

3 -

reductive coupung of the aldimine compoun(]s 24 As a further extension of the plndLOl coupung of the pianar
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chromium complexes 26 was initially evaluated for the reductive coupling with samarium diiodide (Table

From the reaction results, it can be scen that N-alkyl substituted benzaldimine chromium complexes produccd
the desired coupling products as diastereomeric mixtures along with benzylamine in a various ratio. The
aldimine chromium complexes having an electron-withdrawing substituent gave the C-N double bond reduced
product without formation of the coupling product (entries 5,6}, and N-heteroatom substituents resulted in a
complexed mixture (entrics 7.8). Therefore, we next investigated stereoselectivity of the pinacol coupling of

(N-alkyl o-substituted benzaldimine)Cr(CO)3 complexes.

€

NHR (ﬁ
ANINR 1) Smiy, 1t 1 | P AN NHR
@ ~ NG
I 2) 1 S NHR
Cr(CO)s
26 27 28
Enry R 27 (%)  Ratio of 27 28 (%)
{thian, aruthiren )
e (.Iv}llll 7 )
1 Me 71 41:59 14
2 Bu# 31 50: 50 48
3 Pr! 48 50: 50 41
4 CH,Ph 42 50 : S0 48
5 Ph - 80
6 SO2Ph - 95
74 OMe - 10
84 NMe, - 10

a; Complexed mixture.



Racemic tricarbonyl(N-methyl o-methoxybenzaldimine)chromium was treated with samarium diiodide in
THF at 0°C to give the corresponding coupling products, threo- and erythro-diamines, in 63% yield as a mixture
(ratio 43 : 57) accompanied with 17% yield of N-methyl ¢o-methoxybenzylamine complex. Although a high
diastereoselectivity was not observed in the pinacol coupling 1,2-diamine product of the racemic (o-substituted
benzaldimine)Cr(CO)3 complex, particular attention should be given to the relative stereochemistry of the
tricarbonyichromium-complexed 1,2-diamine. Either threo- or erythro-1,2-diamine chromium compiex derived
from the racemic (o-substituted benzaldimine)chromium complex was obtained as a single compound,

rocnanrtively ac wall ac tha ninacral raiinling -f raromisce fa_cnhetitntod hanaaldahudalrchraminm cramnlavac
IVDP\J‘\JI,IV\AI ¢+ QAD VYLAL AD LiIu Plllu\/Ul DUUPIII.E il FuLcrriee \ ATHULIDLILUICG UL"LGIU‘/'I,U\J}\J'[“U.l'lull‘ \fUlllPlL/\bb
Both chromium-comnlexed threo- and ervihro 1 2-diamines have the symmetrical structure. as evidenced hy
BOth the chromium-ComplCxed threg- and erythrg 1 2-Gramines have the symmetnical structure, as evigenced dy

as mennonod above, it can be e.:mly ploposed lhdl Lhe tricar bonylchxommm complexed threo l dumme (C»
symmmetry) would possess the identical planar chirality in the chromium-complexed arene rings, while the
corresponding erythro (meso-) complex (C; symmetry) would be formed by a hetero-coupling of the
(benzaldimine)chromium complexes with distinguishable chirality to each other.

As expected, the enantiomerically pure tricarbonyl(benzaldimine)chromium complex?6 could produce only
threo coupling product as a single compound by the reductive coupling, irrespective of the ortho substituents as
follows. For example, an enantiomerically pure (15)-(N-methyl o-methoxybenzaldimine)chromium (29) (Rt =
Me, R? = OMe) was treated with Smij to give the corresponding rhreo 1,2-diamine 30 as a singie coupiing
product in 67% yield along with 10% of the benzylamine chromium compiex 31 (Table 4). No eryihro 1.2
diamine was observed by using enantiomerically pure complex. The absolute stereochemistry of 30 (R! = Me,

'22 (\Mp\ wae confirmed hy X_rav I‘l‘\!&‘?‘)]lﬁ(!')r\‘\\lls 1nd the nrvlic canter wae fonund to he the S
1S AT ) wds LURNHINCU Uy Acldy Ciyswanulgiapii ang e oenzyuC Conier was oung ¢ o e b
configuration. Similarly, other enantiomerically pure benzaldimine chromium complexes gave the

corrcsnondmg threo 1,2-diamines as a single pinacol coupling compound. Thus, the 1,2-diamines can be
prepared as an enantiomerically pure form by the reductive pinacol coupling of planar chiral tricarbonyl(o-
substituted benzaldimine)chromium complexes. These enantiomerically pure 1,2-diamines would be useful
compounds for the asymmetric reactions.

Table 4. Pinacol Coupling of Enantiomerically Pure (Benzaldimine)Cr(CO);

C( CO)3
AN NR!T Smlp R HN T N “ > NHR!
RS /\./\K\/ KA
C:(CO)g THF v\ R2 NHR! C}(CO)g
Cr(CO)3
29 30 31

entry R! R2 30 (%) 30 ajp (CHClz) 31 (%)
1 Me Me 65 +86.2 25
2 Me OMe 67 -234 10
3 Me Br 45 -313 41
4 Me Cl 48 -6.7 46
54 CH,Ph Me 54 +20.9 38
64 CH,Ph OPY 51 +126 29

a: The antipode of 29 was used as a starting material and the coupling product was an enantiomer of 30.

The reaction mechanism for the stereoselective coupling of the planar chiral (o-substituted
benzaldimine)Cr(CQO)3 complexes would be analogous to the samarium(I)-mediated pinacol coupling of the (o-
substituted benzaldehyde)chromium complexes. The samarium attacks an ¢nti C=N double bond to generate



configurationally stable radical intermediate which react with imine double bond of the arene chromium
complexes.

In conclusion we demonstarted that the planar chiral tricarbonylchromium complexes of benzaldehydes,
benzaldimines, 2-substituted ferrocenecarboxaldehydes and (dienal)Fe(CQO)3 gave the corresponding metal-
stabilized ketyl radicals stereoselectively without racemization at the radical carbon positions, and produced
pinacol coupling products with the threo-configuration by treatiment with samarium diiodide.

Experimental Section

Al cnnmrzrslatinme tmunlarime Arconmnaanealllng tormen ool A o e Vi e amenem -
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Schlenk techniques. Solvents were distilled under an argon atmosphere from sodium benzophenone ketyl

(THF), CaH2 (HMPA) or P05 (CH2Cl). Melting points were uncorrected. 'H NMR spcctra were recorded
on JEOL GX-400 (400 MHz), JEOL LA-300 (300 MHz) and JEOL EX (270 MHz) spect
an internal standard. IR spectra were taken with a JASCO A-100 spectrometer. Mass spectra were measured on
a JEOL D-300 instrument in the EI mode (70 eV). Elemental analysis was performed on a Perkin-Elmer Model
240 elemental analyzer. Optical rotations were obtained on JASCO DIP-370 automatic polarimeter at 589 nm
(sodium D line) using a 1.0-dm cell with a total volume of 3 mL.

Typical Procedure for Pinacol Coupling of Tricarbonyl(benzaldehyde)chromium
Complexes with Samarium Diiodide. A solution of tricarbonyl(benzaldehyde)chromium (100 mg, 0.41
mmol) and Sml3 (0.1 M in THF, 10 mL, 1.0 mmol) was stirred at —78 "C for 30 min under argon atmosphere.

[PaYat

The reaction mixture was qucnchcd with saturated aqueous NAHLU3 and the resulting mixture was fiitered

he filtrate was extracted with eiher, and the exiract was washed with brine, dried over

ometer with Me4Si as
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gel (eluted with ether/hexane) to give 78 mg (78%) of pinacol coupling product, a mixture of threo and erythro
icomere 2 (R = R2 = n 160-163 °C (dec.): TH NMR (400 MHz, CD30D) & 1.15 (brs, 2H for threo)
ASVILIVI O M (BN AN M AW | vig ATUY IVLL kL, RSy SRS L.dy/ \ULY, L8151 kUL 4717 E07 ),
1.23 (brs, 2H for erythro), 4.2 (s, 2H for threo), 5.23-5.58 (m, 10H); IR (CHCl3)
3350, 1980, 1910 cm—!; MS (relative mrencmeq\ m/ 426 M+ . 15), 430 (48), 402 (39), 374 (27), 346 (36),

318

(76), 300 (50), 266 (10()) 230 (84), 179 (74). Anal. caled fox Cz()HMOngz C, 49.39; H, 2.90. Found:
C, 48.99; H, 2.80. The demetalation of the chromium-complexed pinacols was carried out with iodine. To a
solution of the pinacol 2 (R! = R? = H) (78 mg, 0.16 mmol) in CH,Cl; (3 mL) was added iodine (40 mg, 0.32
mmol) at room temperature. After the reaction mixture was stirred for 30 min, saturated aqueous NaHSO3 was
added. The resulting mixture was stirred for a few minute and extracted with ether. The extract was washed
with saturated aqueous NaHCO3 and brine, dried over MgSOj4 and evaporated under reduced pressure. The
residue was purified by column chromatography on silica gel (eluted with ether/hexane) to give 32 mg (92%) of
demetalated pinacol 3 3 (R} =R? = H) as a colorless crystal. The ratio (91:9) of threo- and erythro 1somers was
determined by the proton area of methyne (CHOH): 4.72 ppm for methyne protons of rtareo pinacol 3 (R! = H,
R2 = H) !2b and 4.84 ppm for the corresponding protons of erythro pinacol 3 (R! = H, R2 = H).16b TH NMR

(300 MHz, CDC‘I?) 8 2.85 (bl\, 2H), 4.72 (S, 2H for thireo), 4.84 (b, 2H for ¢/ vihiro) 7.12-7.30 {(im 10H)
Thsa mathunse nratanc in thiroa icamer T anmmaare at oo (Y 1_.N D) nnm highar fiald than the namracnanding Anac in
11K HIILLIL Y HIV IJIUI.UIID ML r O/ 1DUNICt 7 app\,alo at Lu. v .14 Illlll lllbll\,l LICIU raltl une vuig lbb}JUllulllE VLICS i1
erythro isomer 3.50.12 The physical data of the other pinacol coupling products are as follows.

2 (R1=Me, RZ = H): mp 210-213 °C (dec.); 'H NMR (300 MHz, CDCl3) for threo 8 2.01 (s, 6H,), 2.45
(hr. 2HY. 477 (<. 2H) SO06(d J =64 Hz 211 510¢1 J =64 Hz 2H) 545t /=64 Hz 2H). 565 («
(br, 2H), 477 (s, 2H), 5.06 (d, / =64 Hz, 21), 519 (1 J =64 Hz 2H) 545 (1 6.4 Hz 2H) 565
J = 6.4Hz, 2H); for erythro 8 2.09 (br, 2H,), 2.17 (s, 6H), 4.68 (s, 2H), 5.10 (d. / = 6.5 Hz, 2H), 5.23 (1, J
= 6.5 Hz, 2H), 5.47 (t, / = 6.5 Hz, 2H), 5.67 (d, J = 6.5 Hz, 2H); IR (CHCl3) 3350, 1980, 91 cm'l; MS
(relative intensity) m/z 514 (M+ 15), 430 {48), 4()7(39) 374 (27), 346 (?,(,; 3R (76), 300 (50), 266 (100)
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(84), 179 (74); Anal. cal 2H1g
2 (R! = OMe, R2 = H): mp 167 169 C (dec.); lH NMR (3()0 MHz CD:OD) tor er vthm 6 2.04 (br, 2H)
3.43 (s, 6H), 4.96 (1, J/ = 6.3 Hz, 2H), 5.07 (s, 2H), 5.08 (d, J = 6.3 Hz, 2H), 5.50 (1, / = 6.3 Hz, 2H), 5



(d, J = 6.3 Hz, 2H); for threo & 3.56 (br, 2H), 3.72 (s, 6H), 4.87 (s, 2H), 5.06 (1, J/ = 6.4 Hz, 2H), 5.31 (d, J
= 6.4 Hz, 2H), 5.64 (1, J = 6.4 Hz, 2H), 6.04 (d, J/ = 6.4 Hz, 2H); IR (CHCl3) 3300, 1960, 1890 ¢cm'!; MS
(relative intensity) m/z 546 (M* 2), 378 (18), 360 (14), 326 (30), 173 (74), 52 (100). Anal. calcd for
C22H,8010Crp: C, 48.36; H, 3.32. Found; C, 48.68; H, 3.10.

2 (R1=O/Pr, RZ = H): mp 165-167 °C; IH NMR (270 MHz, CDCl3) for threo § 1.31 (d. J = 6.0 Hz,
6H), 1.32 (d, J = 6.0 Hz, 6H), 2.38 (br, 2H), 4.21-4.26 (m, 2H), 5.21 (s, 2H), 5.49-5.56 (m, 4H), 5.67 (d,
J =6.2 Hz, 2H),6.01 (d, J = 6.2 Hz, 2H); for erythro & 1.21 (d, J = 5.9 Hz, 6H), 1.29 (d, / = 5.9 Hz, 6H),

2.20 (br, 2H), 4.19-4.30 (m, 2H), 4.79-4.86 (m 4H), 4.91 (s, 2H), 5.54 (1, ] = 6.4 Hz, 2H), 6.03 (d, ] =
£ 4 TIYX a3 5 AY TYY 4 TV YN 14NN 141 ra 4% NWa W FAYY 5% a4 A ¢ ra
0.4 NZ, 4i1); IK (LHLI}) 35 , 1760, l‘ilU Lm"‘ lVl\ UC[BHVC mtensny) m/z 602 (M7, V.4), 454 ( ) JGL (.5),
172 720N\ 11 1NN Anrmal ~alad €~ 2. LI A Q& ... ™ & N7 LY A £
j Y \JO), 141 \1UVU). Allal. Laitil 1ol \_,‘!() ] )()\JIU\,XZ L Jl 0.) n, ‘0 J.) FUUIIU v, J£L U7, IE, 4,00,

2R!= NMes, R2 = H) mp 128-130 °C (dec.); 'H NMR (300 MHz, CDCl 1) for threo 8 1.92 (br, 2H),
YITFAL fe 1O A Q) fc 2LV AQQ (¢ T - £ A U ML &£ 7Q /A — ALY OLIY £ AS /¢ J — £ A LI DLIN
L I D, lLll}, .7 L \D, Lll}, ~“. /77 \l, Jom U 1L, L l/, J.LO \LI’ J — U.=¢ 114, (_.ll[, P % \l., J o= U L14, J-ll}
RAS (A T — A A Uz YN Far pruthera K8 1 QA (he JLIY 271 (e 1IDHY A AR 7o DHIN S 1NV /(A ] — £ & 15, DL
LU \Uy, I T U LML, £11), LU Ll_ylrllU v 1.0V \Ul, Lll}, P | \D, 141 l}, “*.U0 \D, 1 l}, J.1YU \U Jo— VT 114, &1y),
S§20( I —AS H MHY SA47 (¢ T A5 Hz Y7HY SA7 (A T —AS H> 2L IR /OCHOCLLY 2280 1080 1R800
Taka] \Uy S U.J LEL,y 2 1), J.7V7 \L 4 V.J L1114, Lll}, ST \U o = . 11L&, &LLl1lj, RIN \L.l ILJIJ’ JIAIT, LSOV, 1OV
cml; MS (relative intensity) m/z 572 (M* 1), 516 (48), 402 (13), 460 (25), 404 352 (100), 334 (15).

(15), .

Anal. caled for CosHr4OgN-Crp: C, 50.35; H, 4.23, N, 4.89. Found: C, 50.17; H, 4.18 N, 4.95.

2 (Rl =H, R2 = Br): mp 182-184 °C (dec.); 'H NMR (300 MHz, CDCl3) & 2.25 (br, 2H for threo), 4.30
(s, 2H for ervthro), 4.33 (s, 2H for threo), 5.25 (d, J = 6.6 Hz, 2H for threo), 5.39 (d, J = 6.6 Hz, 2H for
threo), 5.46-5.56 (m, 4H for threo); IR (CHCI3) 3300, 1970, 1910 cm-L; MS (relative intensity) m/z 644 (M+
0.6), 588 (7), 476 (20), 390 (18), 338 (15), 178 (37), 52 (100). Anal. calcd for CagH|208Cr2Bra: C, 37.29;
H, 1.88. Found: C, 36.99; H, 1.91.

2 (R! = H, R2 = Me): for threo; mp 182-184 °C (dec.): 'H NMR (300 MHz, CDCI3) 8 2.20 (s, 6H), 2.46
(br, 2H), 4.37 (s, 2H), 5.10 (d, J = 6.8 Hz, 2H), 5.14 (d, J = 6.8 Hz, 2H), 5.29 (d, J = 6.8 Hz, 2H), 547 (d,
J = 6.8 Hz, 2H); IR (CHCl3) 3300, 1960, 1900 cm-!; MS (relative intensity) m/z 514 (M* 1), 480 (4), 346
(10), 276 (12), 260 (61), 208 (28), 172 (44), 52(100). Anal. calcd for Cy9Hg0gCry: C, 51.37, H, 3.52.
Found: C, 51.18; H, 3.57.
2 (R! = H, R? = OMe): for threo; mp 165-167 °C; 1H NMR (3()0 MHz CDCl3y) & 2.41 (br, 2H), 3.72 (s,

6H), 4.28 (s, ZH) 5.04-5.06 (m, 4H), 5.45 (d, J = 6.8 Hz, 2H), 5.56 (d, J = 6.8 Hz, 2H); IR (CHCI3) 3300,

1970, 1930 cmt; MS (relative m[ensny) milz 546 (M*, 2), 378 (30), 344 (8), 292 (92), 240 (100), 225 (62).
Aol Aolod £a M AQ L. 1T 1) LDaacad. ™ A0 DD, 1Y 2
Anal. calcd for Coptl 1§00 C, 48.36; H, 3.32. Found: C, 48.22; H, 3.

d 1.

Pinacol Coupling of di-Tricarbonyl(¢-bromobenzaldehyde)chromium (4): The crude product
obtained b h\/ px_nac()l C nunlmg of racemic nm,nhnn\ll(n hromabenzaldehv, dg)chlnmmm () (300 v mg, 093 mmel)
with Sm[z (0.1 M in THF, 18.6 mL, 1.86 mmnH at =78 °C for 1 h under ar gon atmosphere was purified by
column chromatography on silica gel (eluted with ether/hexane) to give 57 mg (19%) of threo pinacol SA and
138 mg (46%) of erythro pinacol 6A. threo pinacol SA. yellow crystals, mp 158-160 °C (dec.); 'H NMR (300
MHz, CDCl3) & 2.59 (brs, 2H), 4.95 (s, 2H), 5.20 (1, / = 7.3 Hz, 2H), 541 (1, J = 7.3 Hz, 2H), 553 (d, J =
7.3 Hz, 2H), 5.94 (d, J = 7.3 Hz, 2H); IR (CHCl3) 3300, 1990. 1940 cm!; MS (relative intensities) m/z 644
(M, 3), 476 (4), 378 (4), 236 (28), 178 (77), 157 (67), 52 (100). Anal. calcd for CygH 2OgBraCra: C.
37.29; H, 1.88. Found: C, 37.25; H, 1.99. ervthro pinacol 6A. yellow crystals, mp 150-153 "C (dec.); IH
NMR (400 MHz, CDCl3) d 2.74 (brs, 2H), 5.16 (t, / = 6.1 Hz, 2H), 5.36 (s, 2H), , 5.37 (1, / = 6.1 Hz, 2H),
5.41 (d, J = 6.1 Hz, 2H), 5.53 (d, J = 6.1 Hz, 2H); IR (CHCI3) 3300, 1990, 1930 ¢cm~!. Anal. calcd for
Cz0H1208B12Crp: C, 37.29; H, 1.88. Found: C, 37.49; H, 2.00.

Pinacol Coupling of (I1§)-Tricarbonyl(o-bromobenzaldehyde)chromium (7): (15)-
Tricarbonyl(¢-bromobenzaldehyde)chromium (7) {[ct]p2? +1062.5° (¢ 0.60, CHCI3)} (100 mg, 0.31 mmol)
was reacted with Smi2 (0.1 M in THF, 6.2 mL, 0.62 mmol) at 0 °C for 30 min under usual conditions, and the



crude coupling product was purificd by column chromatography on silica gel (eluted with ether/hexane) to give
75 mg (75%) of enantiomerically pure threo pinacol 8 as a single product; [at]p?3 +58.2° (¢ 0.27, MeOH).

Pinacol Coupling of (IR)-Tricarbonyl(o-methylbenzaldehyde)chromium (9): (R)-
Tricarbonyl(o-methylbenzaldehyde)chromium (9) {{a]p?® -660.6° (¢ 1.00, CHCI3)} (100 mg, 0.39 mmol)
was reacted with SmI2 (0.1 M in THF, 9.8 mL, 0.98 mmel) and the product was purified by column
chromatography on silica gel (eluted with ether/hexane) to give 71 mg (71%) of enantiomerically pure threo
pinacol 10 as a single product; yellow crystals, [a]p?S -97.6° (¢ 0.51, CHCI3), mp 210-213 °C (dec.): H
NMR (300 MHz, CDCl3) & 2.01 (s, 6H), 2.44 (brs, 2H), 4.77 (s, 2H), 5.06 (d, J = 6.4 Hz, 2H), 5.19 (I J =
6.4 Hz, 2H), 5.44 (1, / = 6.4 Hz, 2H), 5.65 (d, J = 6.4 Hz, 2H); IR (CHCI3) 3300, 1950, 1870 cm~1; MS
(reiative intensities) m/z 514 (M7, 1), 346 (2), 294 (4), 172 (35), 120 (53), 91 (100), 65 (31), 52 (62). Anal.
caled for CppH180gCrp: C, 51.37; H, 3.53. Found: C, 51.66; H, 3.62.

Pinacol Coupling of 2-Methylferrocenecarboxyaldehyde (18) (R = Me). To a solution of (R-
a-methyiferrocenecarboxaldehyde (i8) (R = Me) (128 mg, .56 mmol) in dry THF (0.5 mi) was added a
solution of Smip (0.15 M, 9.3 mL, 1.40 mmol) in THF at -7% °C, and the solution was stirred at the same

fo
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NH4ClI and the resulting mixture was filtered through Celite pad. The filtrate was extracted with ether. The
extract was washed with brine, dried over MgSQ4 and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (eluted with ErpO/hexane) to give 116 mg (91%) of 19 (R =
Me): mp 210-211 °C; 'H NMR (270 MHz, CDCI3) & 1.32 (s, 6H), 2.66 (br, 2H), 3.93-3.97 (m, 4H), 4.07
(s, 10H), 4.20-4.21 (m, 2H), 4.24 (s, 2H); |a]p!? +89.5 (¢ 0.39, CHCI3). Anal. calcd for Cp4H602Fer: C,
62.78; H, 5.79. Found C, 62.91; H, 5.72.

19 (R = TMS): mp 41 °C; 'H NMR (270 MHz, CDCl3) § 0.28 (s, 18H), 1.60 (br, 2H), 4.11-4.12 (m,
2H), 4.15 (s, 10H), 4.29-4.31 (m, 2H), 4.34 (s, 2H), 4. 38-4 39 (m, 2H); l(ﬂn19 +609.4 (¢ 0.55, CHCIy).
Anal. caled for CagH3002Si12Fe2: C, 58.54; H, 6.67. Found C, 58.61; H, 6.69.

19 (R = Br): mp 174 °C; 'H NMR (270 MHz, CDCl3) & 2.44 (br, 2H), 4.14-4.16 (m, 2H), 4.22 (s,
10H), 4.32-4.34 (m, 2H), 4.42-4.44 (m, 2H), 4.54 (s, 2H); [rﬂnuo +44.2 (¢ 0.12, CHCl3). Anal. calcd for
CoaHog02FeaBry: C, 44.95; H, 3.43. Found C, 45.10; H, 3.44.

19 (R =I): mp 170 °C; 'H NMR (270 MHz, CDCl3) § 2.47 (br, 2H), 4.19 (s, 10H), 4
39 (s, 2H), 4.40-4.44 (m, 4H); [a]p24 +37.4 (¢ 0.38, CHCL3). Anal. calcd fwr CaaHap09Fesly: C, 44.95;
3

4
H, 3.43. Found C, 45.10: H, 3.44.

Preparation of 23: IH NMR (270 MHz, CDCI3 6 1.42 (d, 2H, J = 8.9 Hz), 2.07 (d, 2H, J = 8.9 Hz),
2.23 (s, 2H), 2.26 (s, 6H), 3.73-3.77 (m. 2H), 5. 0( H, J = 8.9Hz), 7.15-7.27 (m, 10H); IR (CHCI3)
3250, 2030, 1950 cm!; [a]p!? -503.4 (¢ 0.58, C..\,!g). MS (relative intensities) m/z 626 (M*, 2), 609 (8),
570 (16), 542 (20), 458 (10), 368 (48), 154 (100).

Typical Procedure of Pinacol Coupling of Tricarbonyl(benzaldimine)chromium: To a
solution of 26 (R = Me) (100 mg, 0.39 mmol) in THF (2.5 mL) was added a solution of Smls prepared from
samarium metal (294 mg, 1.96 mmol) and 1,2-diiodoethane (552 mg, 1.96 mmol) in THF (1.5 mL) at room
temperature and the mixture was stirred for | h. The reaction mixture was quenched with saturated aqueous
NaHCO3 and the resulting mixture was filtered through Celite pad. The filtrate was extracted with ether, and the
extract was washed with brine, dried over MgSOy4 and evaporated under reduced pressure. To a solution of the
residue in CH,Clp (2 mL) was added iodine (49.0 mg, 0.39 mmol) at room temperature and stirred for 30 min.
The reaction mixture was quenched with saturated aqueous NaHSO13 and the resulting mixture was filtered
through Celite pad. The filtrate was extracted with ether, and the extract was washed with brine, dried over
?v'lgauz; dllU CVd[)UldlC(] UHUC[ lCUU(_CU PIC\SUIC lIlC lC\lUUC was U‘CdlCU Willl lUUllie, al]u lllCll puuucu U_Y

column chr omatoglaphy on silica gel (eluted with ether/hexane) to give 33.4 mg (71%) of 27 (R = Me) and 6.5
- mine. 27 (R = Me).27 IH NMR (270 MHz, CDCl3) 8 1.30 (s
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1.90 (s, 2H for erythro), 2.08 (s, 6H for erythro), 2.20 (s, 6H for threo), 3.48 (s, 2H for threo), 3.58 (s, 2H
for erythro), 6.97-7.48 (m, 10H); IR(CHCI3) 3400, 1230 cm-!. 28 (R = Me). 'H NMR (270 MHz, CDCl3) &
2.45 (s, 3H), 3.74 (s, 2H), 4.68 (s, 1H), 7.27-7.37 (m, 5H); IR (CHCIl3) 3200, 1430 cm!; MS (relative
intensity) m/z 121 (M* 62), 91 (100); HRMS calcd for CgH N 121.0891. found 121.0905.

Pinacol Coupling of Enantiomerically Pure Tricarbonyl(N-methyl o-substituted
benzaldimine)chromium (29) (R! = Me, R2 = OMe): Pinacol couping was carried out under the same

conditions. 30 (R! = Me, RZ = OMe). mp 150-152 °C (dec.); {H NMR (270 MHz, CDCIi3) & 1.43 (s, 2H),
2.48 (s, 6H), 3.68 (s, 6H) 3.88 (s, 2H), 4.87 (1, 6.2 Hz, 2H), 4.94 (d, J = 6.2 Hz, 2H), 5.52 (1, / = 6.1

Hz, 2H), 5.84 (d, J = 6.1 Hz, 2H): IR (CHCi3) 33()0. 1960, 1890 cm'!; {ajp28 —234 (¢ 0.27, CHCI3). Anai
caled for Ca4H24N20gCro: C, 50.36; H. 4.23; N, 4.89. Found: C, 50.28; H, 4.24; N, 4.75. 31 (R = Me, R?
— MY 1L NMR D70 M O -y 1 AN (ke 101y 9 &1 /¢ LIy 291 /4 £ _ 197 L1, 101y 2 9£ 7o 101y
=UMej. ‘i NMR (270 Mz, CoClg) 140 (or, 1), 2.51 (8, o0, 3.21 (4, J = 12.7 Rz, 10j), 3.76 (s, i0),
384 (d, /=127 Hz, IH), 492 (t, J = 6.0 Hz, 1H), 5.06 (d, J = 6.2 Hz, 1H), 548 (1, / = 6.2 Hz, 1H), 5.71
(d, J=6.0Hz, IH); IR (CHCI3) 1950, 1870 cm b MS (relative intensity) m/z 287 (M+ 2). 285 (20). 257 (55)

’ - ) 57 IV S ¥ ALEARN 7y ZOF A&V, L2722
230 (98), 149 (100); HRMS caled for C1oH10O4NCr 287.0998. found 287.0978.

30 (R = Me, R2 = Me): mp 150-152 °C (dec.); 'H NMR (300 MHz, CDCl3) & 1.24 (br,2H), 2.27 (s,
6H), 2.58 (s, 6H), 3.69 (s, 2H), 497 (1, J = 5.9 Hz, 2H), 5.11 (d, J = 5.9 Hz, 2H), 5.22 (d, J = 5.9Hz, 2H),
5.39 (t, J = 5.9 Hz, 2H); IR (CHCl3) 3350, 2980, 1940, 1880 cm!; [a]p?? +86.1 (¢ 0.61, CHCI3). Anal.
caled for Co4H24N206Crp: C, 53.34; H, 4.48; N, 5.18. Found; C, 53.18; H, 4.49; N, 5.05. 31 (R! = Me, R2
= Me). 'H NMR (300 MHz, CDCl3) § 1.25 (s, 1H), 2.22 (s, 3H), 2.52 (s, 3H), 3.41 (d, J = 13.7 Hz, 1H),
3.65 (d, / = 13.7 Hz, 1H), 5.21-5.25 (m, 2H), 5.34 (d, J = 6.1 Hz, 1H), 5.58 (d, / = 6.1 Hz, 1H); IR
(CHCl3) 1950, 1870 cm-l. MS (relative intensity) m/z 271 (M+ 20), 215 (20), 187 (60), 134 (100); HRMS
caled for C12H1303NCr 271.0892, found 271.0905.

30 (R! = Me, R2 = Br): mp 147-149 °C (dec.); |H NMR (300 MHz, CDCl3) 8 1.25 (br, 2H), 2.54 (s,
6H), 3.72 (s, 2H), 5.04 (1, J = 5.9 Hz, 2H), 541 (d, J =59 Hz, 2H), 543 (t, / = 6.1 Hz, 2H) 591 (d, J =
6.1Hz, 2H); IR (CHCIl3) 3350, 1980, 1890, 1410 cm™!: [a]p2¢ -31.3 (¢ 0.41, CHCI3). Anal. calcd for
CoyH1gN206CraBra2: C, 39.43; H, 2.71; N, 4.18. Found: C, 39.31; H, 2.72; N, 4.04. 31 (Rl = Me, R2 =
Br). 'H NMR (300 MHz, CDCl3) § 1.26 (s, 1H), 2.54 (s, 3H), 3.54 (d, / = 13.5 Hz, 1H), 3.80 (d, J = 13.5
Hz, 1H), 5.20 (d, J = 6.1 Hz, 1H), 5.28 (d, J = 6.2 Hz, 1H), 5.60-5.66 (m, 2H); IR (CHCI3) 1960, 1890 cm-
1. MS (relative intensity) m/z 336 (M* 5), 334 (18), 278 (52), 250(95), 198 (100); HRMS calcd for
C11H0O3NCrBr 336.0154, found 336.0161.

30 (Ri = Me, RZ= CI): mp 150-152 °C (dec.); 1H NMR (270 MHz, CDCl3) § 1.47 (s, 2H), 2.49 (s,
6H), 3.82 (s, 2H), 5.03 (1, J = 6.8 Hz, 2H), 5.32 (d, / = 6.6 Hz, 2H), 549 (1, / = 6.6 Hz, 2H), 590 (d, J =
6.8 Hz, 2H); IR (CHCI;) 3320, 1960, 1890 cm!; [a]p26 —-6.7 (¢ 0.22, CHClz) Anal caled for

ry: C, 45.44; H, 3.12; N, 4.82. Found; C, 45.73; H, 3.40; N, 4.69. Jl( = Me, K‘“”‘(,l).

s

’)
MHz, CDCiz) & 1.43 (s, 1H), 2.54 (s, 3H), 3.52 (d. J = 14.0 Hz, iH), 3.86 (d, / = 14.0 Hz,
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6.i Hz, m)“ 36 u J = 6.2 Hz, m),aum J =6.1Hz, iH), 536 (d, / = 6.2 Hz, iH);

ling dnnlnndp of 29 was used as a cmnmg material:

Rn R
I NMR (270 MHz, CDCl3) & 2 16 (s, 6H), 2.31 (s, 2H), 3.63 (d, / = 13.2 Hz, 2H),
3.2 Hz, 2H), 498 (d. J = 6.4 Hz, 2H), 5.11 (t. J = 6.3 Hz, 2H), 5.49 (1, J = 6.4
H), 7.14-7.38 (m, 10H): IR (CHCl3) 3300, 2980, 1940, 1870 cm-!, [a]p26
9 (¢ 0.22, CI Anal caled tor CigH12N206Cra: C, 62.42; H, 4.66; N, 4.04. Found: C, 62.16; H,
4.48; N, 399 31 (Rl Bn, R?2 = Me). mp 72-73 °C; 'H NMR (270 MHz, CDCl3) 8 1.41 (br, 1H), 2.18 (s,
3H), 3.48 (d, J = 13.7 Hz, 1H), 3.65 (d, J = 13.7 Hz, 1H), 3.83 (d, J = 8.5 Hz, 1H), 3.93 (d, J = 8.5 Hz,
1H), 5.19-5.23 (m, 2H), 5.33 (1, J = 6.1 Hz, 1H), 5.63 (d,J = 6.1 Hz, 1H), 7.27-7.36 (m, 5H); IR (CHCI3)
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1950, 1870 cm-l. Anal. calcd for C1gH |7NO3Cr: C, 62.24; H. 4.93; N, 4.03. Found: C, 62.06, H, 4.96; N,
4.01.

Antipode of 30 (R! = Bn, R? = O/Pr): the corresponding antipode of 29 was used as a starting
material; mp 90-91 °C; 'H NMR (27() Mliz, CDCl3) d 1.18 (d, / = 6.1Hz, 6H), 1.36 (d, J = 6.1 Hz, 6H),
1.43 (s, 2H), 3.68 (d, J = 13.1Hz, 2H). 4.05 (d. / = 13.1 Hz, 7H) 4.18-4.26 (m, 2H), 429 (s. 2H), 4.85 (1,
J =6.4 Hz, 2H), 4.87 (d, J = 6.4 Hz, 2H), 5.56 (1, J = 6.4 Hz, 2H), 5.96 (d, J = 6.4 Hz, 2H), 7.15-7.29 (m,
10H); IR (CHCl3) 3350, 3020, 1970, 1410 cmI; [(x][y(’ +126 (¢ 0.50, CHCIl3). Anal. calcd for
CaoH4gNo0gCr 2 C, 61.53; H, 5.16; N, 3.59. Found: C, 61.28; H, 5.46; N, 3.35. 3i (R! = Bn, R? = OiPr).

P e

NMR (270 Miiz, CDCi3) 6 1.36 (d, / = 6.1 Hz, 6H), 1.40 (br, 1H), 3.41 (d, / = 14.0 Hz, 1H), 3.83(d, J

~
4

B3
2.

——
"
"
-
.

= 13.7 Hz, 2H), 3.94 (d, / = 14.0 Hz, i), 4.32-4 37 (m, iH), 488 (1, J = 6.6 Hz, itD), 5.02 (d, J = 6.7 Hz,
1H), 5.48 (1, / = 6.6 Hz, 1H), 5.78 (d. / = 6.7 Hz, 1H), 7.27-7.36 (m, SH). IR (CHCI3) 1950, 1870 cm;
RAC fralativa intancitu) ma/> 201 A+ Y 222 /20N NS (1NN ’)(‘1 f18Y. HHIDRAC ~nlnd far (e LI .Y N
1S JCduve HnWHSIlY ) 7772 001 (VT I, J553 \2vj, JUd U1VU), £33 (1J), TIRVIO CaiCq 10f LagnZjivgicd
391.0570, found 391.0563.
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