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Abstract

Stereoselective allylation df-p-methoxyphenyl (PMP)-substituteghydroxy aldimines is described. Several
Lewis acids (BE OEb, SnC}h, TiCls, ZnCh, and MgBg-OEt) were employed to mediate the allylation
reactions. The addition of the allyl group genesaaew stereocenter and affordsfyrevicinal amino alcohol.
Formal synthesis of-§-p-conhydrine {) was accomplishediia syn-selective allyl addition toN-PMP-
substitutech-hydroxy aldimine.
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Introduction

B-Amino alcohols or vicinal amino alcohols, the stures of which range from simple to complex, are
crucial structural motifs in natural products anedisinal agent$.For example, conhydrines, sphingosines, and
docetaxel hav@-amino alcohol substructures (Figure 1). Conhydritas isolated from the seeds and leaves of

Conium maculatum L., which is a poisonous plant, in 1856, and fitacture was confirmed in 1933.
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Figure 1. Structures of natural compounds that hfagmino alcohol substructures

The typical synthetic strategies used to acdeasnino alcohols are i) addition reactions deamino

aldehydes;ii) addition reactions ta-hydroxy aldimines;iii) reduction ofa-amino ketones;and iv) reduction



of a-hydroxy ketimines (Figure 2)Recently, we have reported stereoselective nubléomddition too-amino

B-hydroxy aldehydes to afford various vicinal amiloohols’ In the current study, as a part of our ongoing

research, we have focused on addition reactiongigdroxy aldimines to afford vicinal amino alcohols

i) Addition reactions to a-amino aldehydes ii) Addition reactions to a-hydroxy aldimines
1 In our previous research :In this article
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iii) Reductions to a-amino ketones iv) Reductions to a-hydroxy ketimines

Figure 2. Typical strategies for the synthesis of vicinal amalcohols

Nucleophilic addition to aldimines requiresrtirular conditions because of their lower reatyivthan
that of carbonyl compounds® One of the strategies used to increase the eplicity of the azomethine
carbon and thus increase the reactivity of thendltk is the use of an electron-withdrawing groupV(g) to
protect the imino nitrogeff. In addition, the coordination of a Lewis acid witle imino nitrogen has an
activating effect, increasing the electrophilicitf the azomethine carb&ii® Conversely, protecting the imino
nitrogen using an electron-donating group suchaarg moiety results in a less reactive aldintthe.

In case of less reactive aldimines, the electramating group can strengthen the coordination batvthe
Lewis acid and the imino nitrogéfi Diastereoselective nucleophilic additions to aidies are stereocontrolled
according to the Felkin-Anh model and chelatfdhmediated by Lewis acid8.Thus, using a Lewis acid can
both increase the reactivity of the aldimine andnpote diastereoselective nucleophilic additionttd@a verify
this, we explored Lewis-acid-mediated nucleophitiddition reactions to less reactive aldimind&p-
methoxyphenyl (PMP) aldimine was selected as the fieactive aldimine because of its facile deptinet®

Although nucleophilic addition to othéf-protecteda-hydroxy aldimines has been investigated by several
researchers, for example, FadndfisDas’® Akiba® Saksend’ Cainelli!®* Evans'® Yamamotd®? and
Claremor®® nucleophilic addition td\N-PMP a-hydroxy aldimines remains relatively unexploredd d_ewis-
acid-promoted addition t@-hydroxy aldimines is also relatively novel.

We established the formation method f&#PMP aldimines based on the ketimine formation weth
reported by Menche et &.The allyl group was selected as a nucleophile teafithe versatility afforded by
its possible subsequent transformations, whichuiel ozonolysis, olefin metathesis, hydrogenatiamj a
dihydroxylation**®

We herein present a method for stereoselectiveenpbilic allyl addition toN-PMP a-hydroxy aldimines

and its application to the formal synthesis-9ff-conhydrine {).
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Results and Discussion

Allylation of O-protected a-hydroxy aldimines

The enantiomerically pur®-benzyl-protectedi-hydroxy aldehyde was prepared by a previously ntepo

method*** O-t-Butyldimethylsilyl (TBS)-protectedi-hydroxy aldehyde was afforded by a similar metkod.

The details of the experimental methods are desdrib the Experimental Section. The aldehydes asiye
converted to the correspondiNgPMP-protected:-hydroxy aldimines using-anisidine and Ti(@Pr),.%°
Each aldimine was subjected to allyl addition riesnst with different Lewis acids and allyl reagertée

results of the allylations of tHe-protectedy-hydroxy aldimines are shown in Table 1.

Table 1.Lewis-acid-mediated nucleophilic allyl addition c&ians ofO-protectedy-hydroxy aldimines

Lewis acid,

NPMP /\/M l?\JHPMP NHPMP
H . . AN 2
OR CH2Cl, OR OR
temperature
2aR =Bn 7aR =Bn 7a R=Bn
2b R=TBS 7b R=TBS 7b'R =TBS

Entry Aldimine Lewis acid Allyl reagent Temp (°C) aBo (7a:7a) Yield (%)

1 2a SnC) AllylSnBus -78 8:1 72%
2 2a TiCl AllylSnBus -78 Trace Trace
3 2a MgBr>OEL AllylSnBus 0 2:1 45%
4 2a BFsOEL AllylSnBus -78 5:1 48%
5 2a N/A AllyIMgBr 0 1.3:1 72%
2a ZnC} AllylMgBr 0 45:1 67%
2a SnC) AllylSiMe; -78 N.R. N.R.
& 2a snd AllylSnBus -78 N.R. N.R.
9 2b Snd) AllylSnBus -78 6:1 45%
10 2b TiCl AllylSnBus -78 4:1 65%
11 2b MgBr>OEtL AllylISnBus 0 4:1 60%
12 2b BFsOEL AllylSnBus -78 4:1 61%
13 2b N/A AllyIMgBr 0 1.2:1 85%
14 2b ZnCJ AllylMgBr 0 8:1 62%

#Ratio determined by the method described below.
®Yields refer to three-step yields of mixed isomers.
°THF was used as the solvent instead ofClK

The reactions 00-benzyla-hydroxy aldimine2a with the Lewis acids TiG) MgBr,- OEb, and ZnCj did
not give satisfactory results (entries 2, 3, andTé)e Grignard reaction in the absence of Lewisl @iil not

afford the stereocontrolled product (entry 5). WBéR- OEt, was used as the Lewis acid, the reaction affoeded



moderatelysyn-selective product (entry 4), and the reaction akedi by SnGlafforded asyn-selective product
(entry 1). In our previous study, AllylSiMavas used as the nucleophile and gave severalasatis results.
However, it did not work well in this case (entry When tetrahydrofuran (THF) was used as the sbjvube
reaction did not progress (entry 8), so dichlordraae (CHCI,) was adopted as the solvent to allow the Lewis

acids to work sufficiently.

In order to investigate the influence of théwydroxy protecting group, reactions wi@TBS a-hydroxy
aldimine2b were conducted. The Grignard reaction without wikeacid was not stereoselective, and reactions
with the Lewis acids Sngl TiCl,, MgBr,- OE}, and Bk- OEt did not give satisfactory results (entries 9-12).
The Grignard reaction in the absence of a Lewid @il not afford the stereocontrolled product (eritB).
When ZnCjwas used as the Lewis acid, the reaction affordgeh-aelective product (entry 14). In the case of
7a and7a’, thesyn/anti adducts were separated by silica column chromapdyr and thesyn/anti ratios were
determined by NMR. However, in the case of silydtpction,7b and7b' were inseparable by TLC. In order to
determine thesyn/anti ratios, the TBS group was removed, benzylation emglucted, and the diastereomers
were separated by silica column chromatography. rHaetion conditions are decribed in the Experimkent
Section. By the formal synthesis of){3-conhydrine {) the syn-configuration of the amino alcohd@la was

confirmed.

The possible transition states for nucleophilicitioid are summarized in Figure 3. The preferenceHeE-
aldimine configuration has been reporféevhich is in accordance with our suggested confaomatThe
observedsyn-selectivity for allyl addition tdO-benzyl a-hydroxy aldimine2a can be explained by-chelation
(via a five-membered cyclic transition state) bedwehe hydroxy group and the aldimine nitrogenn@ition
state A) (entries 1, 6). The unexpecsya-selectivity reported in entry 4 seems to be duthéosteric repulsion
between the Lewis acid and ethyl group in the itemsstate B and C. Consequently, reaction woulitcped
through the more favored transition state C as shiowrigure 3. Similarly, the addition of the allidagent to
O-TBS o-hydroxy aldimine2b proceeded according to the anti-Felkin-Anh modelnGition state C) (entries
9-12, and 14).
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Figure 3. Proposed mechanisms of allylation reaction®-@frotectedr-hydroxy aldimines

Formal synthesis of {)-p-conhydrine (1)
These results allowed the formal synthesis-9fp¢conhydrinel (Scheme 1). Thé&N-PMP-protected3-

amino alcohol7a was subjected to PMP deprotection in the presefig@nmonium cerium(lV) nitrate. The
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PMP group was removed and the addition of Boto afford theN-Boc-protected3-amino alcohol8 was
accomplishedVarious N-protection groups were tested for the next stejpdortunately, theN-PMP-protected
and N-Cbz-protected dienes gave unsatisfactory resths. installation of the allyl group onto nitrogerasv
accomplished to afford dier@e The ring-closing metathesis 8fwith Grubbs’ 2° generation catalyst produced
compoundl0. The spectra and specific rotation of compofifidvere in good agreement with reported déta.
Compound 10 has previously been transformed inte)-[§-conhydrine 1), thus completing the formal

synthesig®

OBn OBn (:JBn

¢ | NBoc Ref. 14(b) NH
- -
OBn OH

75%
10 (-)-B-Conhydrine 1
Reagents and conditions : (a) (i) CAN, ACN/H,0 = 2:1, 0 °C to r.t.; (i) Boc,O, TEA, CH,Cl,, 0°C tor.t;
(b) AllyIBr, NaH, TBAI, THF, DMF 0 °C to 50 °C; (c) Grubbs' 2nd generation, CH,Cl,, reflux

Scheme 1Formal synthesis of§-B-conhydrine(1)

Conclusions

This study describes the Lewis-acid-mediated ssalective nucleophilic allyl addition w@hydroxy aldimines
and its application to the formal synthesis-9ff§-conhydrine {). The reaction 0D-benzyla-hydroxy aldimine
mediated by SnGlafforded thesyn-selective product. The reaction mechanism invol+ekelation between the
hydroxy group and the imino nitrogen. The result&MP-protected-amino alcohol was used for the formal
synthesis of{)-p-conhydrine {). Further study and the development of other appitins of this methodology

are underway, and the results will be reporteduie cburse.

Experimental Section

General Experimental Methods

Optical rotations were measured with a polarimetehe solvent specifiedH and*C NMR spectroscopic data
were recorded with an FT-NMR spectrometer at 105, 200, or 500 MHz. Chemical shift values are ragub

in ppm relative to TMS or CDglas an internal standard, and coupling constamtgeported in Hz. The IR
spectra were measured with an FT-IR spectrometes. miass spectroscopic data were obtained with & hig
resolution mass spectrometer using a magnetic rseleiatric sector double focusing analyzer. Flash

chromatography was performed using mixtures of letlogtate and hexane as the eluents. Unless o#eerwi



stated, all non-aqueous reactions were performe@ruan argon atmosphere with commercial grade néage
and solvents. THF was distilled from sodium andzog@ihenone (indicator). GBI, was distilled from calcium
hydride.

General procedure for the allylation reactions

ref 14(b) 0 a NPMP

D-Mannitol ——, H - R — H -
OBn OBn
2a

Reagents and conditions : (a) Ti(OiPr)4, p-anisidine, CH,Cl,, r.t..

Scheme 2Preparation 0©-benzyla-hydroxy aldimine

To a solution ofO-benzyla-hydroxy aldehyde (143 mg, 0.75 mmol) in anhydr@i$Cl, (7.5 mL) Ti(QPr)
(330 mL, 1.12 mmol) was added at room temperafline solution was stirred for 5 min, apeanisidine (110
mg, 0.9 mmol) diluted with C}Cl, was added dropwise. The reaction mixture wasestirat ambient
temperature for 2 h. The mixture was filtered tlylowa pad of Celite and concentratadzacuo. The resulting
aldimine2a was used immediately without further purificati@cheme 2).

A solution of SnCJ (0.9 mL, 1.0 M in CHCl,, 0.9 mmol) was added slowly to a solutior2afin anhydrous
CH,CI, (0.9 mL) at -78 °C. This solution was stirred $min, then allyltributylstannane (0.7 mL, 2.25 nimo
was added dropwise to this reaction mixture at *€8 The mixture was stirred at -78 °C for 30 mirheT
reaction was quenched with aqueous saturated NgHfilGted with EtOAc, and the organic phase washeds
with saturated brine, dried with Mg$Qhen concentrateih vacuo. Purification by silica gel chromatography
(hexane/EtOAc, 70:1) gave produdta as a yellow oil in 64 % vyieldind 7a’ as a yellow oil in 8% yield,
respectively.

N-((4S,55)-5-(Benzyloxy)hept-1-en-4-yl)-4-methoxyaniline (7a

[a]® +31.5 € 0.5, CHCY); IR (neat)ymax 3725, 3708, 3624, 2924, 2854, 1716, 1619, 1513614241, 1041,
818, 689 crit; *H NMR (400 MHz, CDC}) § 0.90 (t,J = 7.2 Hz, 3H), 1.67 (dsx§, = 16.3, 7.2 Hz, 2H), 2.35 (t,
J=7.2 Hz, 2H), 3.38-3.49 (m, 2H), 3.73 (s, 3HR34(d,J = 11.5 Hz, 1H), 4.67 (dl = 11.4 Hz, 1H), 4.99-5.06
(m, 2H), 5.78 (ddt] = 17.5, 9.8, 7.6 Hz, 1H) 6.48—6.54 (m, 2H), 6.7.246(m, 2H), 7.26—7.39 (m, SH}’C
NMR (101 MHz, CDCJ) § 10.6, 23.3, 36.0, 55.2, 55.9, 72.4, 80.9, 11415.Q, 117.0, 127.7, 127.9, 128.4,
136.0, 138.7, 142.2, 151.6; HRMS (EI+) [(W)wz calcd for GiH,sNO, 325.2042; found 325.2044.

N-((4R,59)-5-(Benzyloxy)hept-1-en-4-yl)-4-methoxyaniline (7a

[0]2 +64.6 € 1.0, CHC)); IR (neat)ymax 3725, 3706, 3625, 3597, 3387, 3064, 3029, 2932528831,
1638, 1618, 1509, 1455, 1409, 1356, 1237, 12089,11039, 913, 819, 736, 698 ti'H NMR (400 MHz,
CDCly) § 0.97 (t,J = 7.5 Hz, 3H), 1.61 (dg} = 14.3, 7.1 Hz, 1H), 1.72 (dd= 14.3, 7.1 Hz, 1H), 2.28-2.46 (m,
2H), 3.42-3.52 (m, 2H), 3.73 (s, 3H), 4.46 Jd; 11.6 Hz, 1H), 4.60 (d] = 11.6 Hz, 1H), 4.99-5.12 (m, 2H),
5.87 (ddtJ = 17.1, 10.0, 7.2 Hz, 1H) 6.47—6.53 (m, 2H), 6627 (m, 2H), 7.25-7.38 (m, 5HYC NMR (101



MHz, CDCk) 6 10.2, 23.8, 34.1, 55.8, 56.0, 72.6, 76.8, 77.14,731.6, 114.9, 115.1, 117.0, 127.6, 127.7, 128.4,
136.1, 138.9, 142.0, 152.0; HRMS (EI+) [(W)wz calcd for GiH,sNO, 325.2042; found 325.2044.

N-((4S,59)-5-(tert-Butyldimethylsilyloxy)hept-1-en-4-yl)-4-methoxyanline (7b)

[a]® +23.3 €0.5, CHCY); IR (neat)ymax 3728, 3693, 3635, 3624, 3595, 3142, 2924, 28539,16619, 1511,
1463, 1377, 1242, 1079, 836 ¢mH NMR (500 MHz, CDCJ) § 0.05-0.15 (m, 6H), 0.82 ({,= 7.5 Hz, 3H),
0.91-0.97 (m, 9H), 1.45 (dd,= 14.0, 7.1 Hz, 1H), 1.63 (dd,= 14.3, 7.1 Hz, 1H), 2.22-2.36 (m, 2H), 3.26—
3.39 (m, 1H), 3.69-3.73 (m, 1H), 3.75 (s, 3H), 4847 (m, 2H), 5.82 (ddfl = 17.1, 10.0, 7.2 Hz, 1H) 6.48—
6.59 (m, 2H), 6.70-6.82 (m, 2HYC NMR (175 MHz, CDGJ) 6 —4.2, -3.8, 10.6, 18.4, 26.2, 27.0, 36.1, 56.1,
56.2, 74.6, 114.4, 115.3, 116.8, 136.5; HRMS (E@) "] mVz calcd for GgH3sNO,Si 349.2437; found

349.2435. The determination of stereochemistry eeaged out as follows (Scheme 3).

NHPMP a NHPMP
= v - > Z v
= 63% for =
OTBS o steps OBn
7b, 7b' 7a,7a

Reagents and conditions : (a) (i) TBAF, THF, 0 °C; (ii) BnBr, NaH, THF,
0°Ctor.t.

Scheme 3Conversion of protection group to determgye/anti ratio

Preparation of O-TBS a-hydroxy aldimine (2b)

OH OTBS
ref 21 A a

D-Mannitol ——, O : —> QO :

)io 75% )YO

3 4
b OTBS . 0 q NPMP

E— HO/\/K/ —_— HJJ\/\ —_— H
71% OH oTBS oTBS
5 6 2b

Reagents and conditions : (a) TBSCI, Imidazole, DMF, r.t.; (b) 50% CF3CO,H, CH,Cl,, 0 °C;
(c) NalOy4, ACN/H,O, r.t. (d) Ti(OiPr)4, p-anisidine, CH,Cl,, r.t.;

Scheme 4Preparation 0O-TBS a-hydroxy aldimine

tert-Butyl(( 9)-1-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)propoxy)dimethylsiane (4)

To a solution of compound® (129 mg, 0.8 mmol) in dimethylformamide (DMF) (118L), tert-
butyldimethylchlorosilane (607 mg, 4 mmol) and iaedle (220 mg, 3.2 mmol) were added at room
temperature and stirred for 2 h. The reaction waenghed with distilled water, diluted with EtOAq)dathe
organic phase was washed with saturated brined dvith MgSQ, and concentratexh vacuo. Purification by
silica gel chromatography (hexane/EtOAc, 20:1) ganagluct4 (173 mg, 75%ps a colorless oilo]% +28.7 €
0.2, CHC}); IR (neat)ymax 3726, 3705, 3624, 3600, 3324, 3012, 2925, 28586,16609, 1591, 1572, 1493,
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1473, 1455, 1366, 1293, 1237, 1166, 1089, 886, 662,cm™; *H NMR (500 MHz, CDCJ) s 0.06-0.08 (m,
6H), 0.88-0.91 (m, 12H), 1.33 (s, 3H), 1.39 (s, 3H$3-1.57 (m, 2H), 3.70 (td = 5.5, 5.0 Hz, 1H), 3.79-3.85
(m, 1H), 3.97-4.01 (m, 2H}°C NMR (101 MHz, CDG))  —4.4, —4.2, 8.5, 18.0, 25.5, 25.8, 26.7, 27.06,66.
73.3, 108.8; HRMS (FAB+) [(M+H] nvz calcd for G,H3;05Si 275.2042; found 275.2039.
(2R,39)-3-(tert-Butyldimethylsilyloxy)pentane-1,2-diol (5)

Trifluoroacetic acid (50% in aqueous solution, 12,mM.75 mmol) was added dropwise to a solution of
compound4 (145 mg, 0.5 mmol) in C¥€l, (5 mL) at 0 °C and stirred for 7 h. The reactiosmsvgquenched with
aqueous saturated NaHg@iluted with EtOAc, and the organic phase washedswith saturated brine, dried
with MgSQ,, and concentratenh vacuo. Purification by silica gel chromatography (hex&t®Ac, 6:1) gave
diol 5 (83 mg, 71%s a colorless oila]s +14.4 € 1.0, CHCH); IR (neat)ymax 3727, 3704, 3680, 3629, 3600,
2955, 2926, 2855 crh *H NMR (500 MHz, CDCJ) 5 0.08-0.12 (m, 6H), 0.90-0.91 (m, 12H), 1.49 (quihd
7.2, 1.5 Hz, 1H), 1.61 (quind,= 7.2, 1.5 Hz, 1H), 3.63 (td,= 6.4, 3.5 Hz, 1H), 3.68 (dd,= 11.1, 3.5 Hz, 1H),
3.76 (quin,J = 5.9 Hz, 2H);**C NMR (175 MHz, CDG)) 5 —4.4, 4.3, 9.7, 18.3, 26.0, 26.7, 63.5, 73.03.76.
HRMS (FAB+) [(M+H)] m/z calcd for G;H,705Si 235.1729; found 235.1726.
(9)-2-(tert-Butyldimethylsilyloxy)butanal (6)

To a solution of diob (83 mg, 0.36 mmol) in 60% aq. acetonitrile (1.8)mias added Nalg(167 mg, 0.72
mmol) in one portion. The mixture was stirred aimotemperature for 4 h and then extracted witb@} The
combined organic layers were washed with brineedddver MgSQ@, and concentrateish vacuo. The resulting
aldehydes was used immediately without further purification.
(S)-N-(2-(tert-Butyldimethylsilyloxy)butylidene)-4-methoxyaniline (2b)

To a solution of the crude aldehy@én anhydrous CECI, (3.6 mL) Ti(GPr), (0.16 ml, 0.54 mmol) was
added at room temperature. This solution was dtiiwe5 min at the same temperature arahisidine (53 mg,
0.43 mmol) diluted with CkCl, was added dropwise at the same temperature. Botae mixture was stirred
at ambient temperature for 2 h. The mixture wasrkid through a pad of Celite and concentratedcuo. The

resulting aldimineb was used immediately without further purification.

Formal synthesis of {)-p-conhydrine (1)
tert-Butyl (4S,5S)-5-(benzyloxy)hept-1-en-4-ylcarbamate (8)

Ammonium cerium(I1V) nitrate (171 mg, 0.31 mmol) wdikited with distilled water and added dropwise to
a solution of compounda (18 mg, 0.078 mmol) in acetonitrile (0.8 mL) af®©. This solution was stirred at
room temperature overnight. The reaction was quethetith aqueous saturated NaH{ @itered through a pad
of Celite, and concentratéd vacuo. The resulting free amine was immediately usetiauit further purification.
To a solution of the crude amine in anhydrous,CIH(0.8 mL), triethylamine (0.03 mL, 0.19 mmol) waidad
at 0 °C and dtert-butyl dicarbonate (0.026 ml, 0.12 mmol) was addempwise at the same temperature. This
solution was stirred at room temperature overnigiie reaction was then quenched with aqueous $atlura
NH,4CI, diluted with EtOAc, and the organic phase wasshed with saturated brine, dried with MgSé@nd
concentratedn vacuo. Purification by silica gel chromatography (hex&i®Ac, 70:1) gave compourtdl (13
mg, 51%) as a red oila]¥ +42.5 € 0.2, CHCY); IR (neat)ymax 3725, 3706, 3624, 3601, 2922, 2852, 1720,



1461, 1377 cit; *H NMR (500 MHz, CDC}) § 0.90 (t,J = 7.5 Hz, 3H), 1.56 (s, 9H), 1.65-1.74 (m, 2HR12.
(tt, J=20.2, 7.0 Hz, 2H), 3.34 (i,= 20.2, 6.2 Hz, 1H), 3.71-3.82 (m, 1H), 4.36-4m3 2H), 4.99-5.11 (m,
2H), 5.76 (ddtJ) = 17.5, 10.0, 7.5 Hz, 1H) 7.19-7.42 (m, 5HE NMR (101 MHz, CDG)) 5 10.3, 23.6, 27.7,
28.4, 29.7, 37.5, 51.7, 72.3, 81.0, 83.7, 117.2.1,2127.7, 127.9, 128.4, 135.3, 138.5, 148.4; HRHEB")
[(M)*] mVz caled for GgH,gNO3 319.2147; found 319.2148.

tert-Butyl allyl((4 S,55)-5-(benzyloxy)hept-1-en-4-yl)carbamate (9)

To a solution of compoungl (25 mg, 0.07 mmol) in DMF (0.35 mL) and THF (0:3%), NaH (15 mg, 0.35
mmol) andn-Bu;NI (31 mg, 0.08 mmol) was added at O °C. Allyl biden(0.035 mL, 0.42 mmol) was added
dropwise at the same temperature and stirred &iC50vernight. The reaction was quenched with agsieou
saturated NECI, diluted with EtOAc, and the organic phase waasked with saturated brine, dried with
MgSO,, and concentrateith vacuo. Purification by silica gel chromatography (hex&t®Ac, 30:1) gave diene
9 (16 mg, 62%) as a yellow oila] +25.1 € 0.1, CHC)); IR (neat)yma 3051, 2990, 2838, 1625, 1435, 1243,
1053, 925, 725 ciy *H NMR (400 MHz, CDCJ) § 0.95 (t,J = 7.4 Hz, 3H), 1.44 (s, 9H), 1.52-1.70 (m, 2H),
2.20-2.40 (m, 1H), 2.44-2.56 (m, 1H), 3.41-3.56 1ht), 3.74—4.02 (m, 2H), 4.09-4.26 (m, 1H), 4.4634m,
2H), 4.99-5.11 (m, 4H), 5.64-5.97 (m, 2H), 7.1927(#, 5H);*C NMR (101 MHz, CDGCJ) § 9.8, 23.9, 28.4,
28.5,29.7, 34.3, 48.5,57.8, 72.4, 79.3, 82.3,4,1B16.8, 127.3, 127.4, 128.3, 135.8, 136.7, 133RMS (El+)
[(M)*] mVz calcd for G,H33NO; 359.2460; found 359.2462.

(S)-tert-Butyl 6-((S)-1-(benzyloxy)propyl)-5,6-dinydropyridine-1(2H)-carboxylate (10)

To a solution of dien® (16 mg, 0.045 mmol) in anhydrous g, (0.45 mL) Grubbs' %' generation
catalyst (41 mg, 0.05 mmol) was added and the iraatixture was stirred at room temperature fothlZ he
reaction mixture was then concentraiedvacuo and the residue was purified by silica gel chragedphy
(hexane/EtOAc, 10:1) to give compoub@ (11 mg, 75%) as a colorless o] -33.7 € 0.2, CHC)); IR (neat)
Ymax 2966, 2927, 2855, 1694, 1456, 1411, 1365, 12183,11105, 770 cit; *H NMR (400 MHz, CDCJ) & 0.96
(t, J=7.4 Hz, 3H), 1.42 (s, 9H), 1.43-1.50 (m, 1HB1%:1.75 (m, 1H), 2.00-2.13 (m, 1H), 2.34-2.46 (hi),1
3.38-3.53 (m, 2H), 4.06-4.29 (m, 1H), 4.31-4.65 8i), 5.52-5.77 (m, 2H), 7.22-7.27 (m, 5H)C NMR
(101 MHz, CDC}) & 11.3, 28.4, 28.5, 29.7, 30.1, 34.3, 42.3, 59.33,728.3, 82.3, 124.3, 126.3, 127.3, 127.4,
128.3, 135.8, 136.7, 153.1; HRMS (EI+) [(W)n/z calcd for GoH,gNO5 331.2147; found 331.2149.
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