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W o

EELESCERLEGYDOERICEWVT, RE-RRBGETHICLSZBRBEIEOEEN
DHROKRRETH S, 1992 Flc 7 XY WBRMEERB(FDA) »' REREEFZHOER
mISRREDEEY TRIBL, BNDHZ2—ADRBEILET 22T LIcTd L. BEY
DEXTHRIT BHFEICRIAEDORERENEETHSIEZARAI S L, WS, Wbk
% "SEIVIRAYF) ODHAARSA 2R U TLK, FADREREEGRZZRBRNICEN
TE5FE IRDODEAFERICEITZ2HULVWFEDORE, KICRR-RABEERICKZDAHT
ROBEICEZL DEREEEDEIEANETR > TV,

REBE-RFEERRIGIC L > TREROLZBET 5FEE UL TEHI DO SHMAD BN, ]
ETREBRLCZOAPIEICHOZDUKBENTH SN TVWE DD A FREEBRIG, Wb
B2 S2RIGTHS. 5,2 RIS, KIZAINHRHMEDOEENSKET B ERER(S,2inv)
TETI BN, COBRRUEGSHEREDIZE (S2ret) ICid C—X BEED LUMO & KAl

D HOMO & DHIiENEbLRW T EICLKD b0 EHER TSI NTWLWS (Scheme 1),

1) FDA, Development of New Stereoisomeric Drugs,
http://www fda.gov/drugs/guidancecomplianceregulatoryinformation/guidances/ucm12288
3.htm

2) Vollhardt, K. P. C.; Schore, N.E. RJL/\JLb - 37— BARE#IE, F£6HR L% p263,
fLZEA.



Scheme 1

Sp2

\ /
Nu®f+\jC —/)(‘4» Nu—C
W) TR E N
Sn2inv Sn2ret C-X
Z C-X .
i @»coex )
SNu@B@» CcoeX ) x4 / LUMO (o)
HOMO X \l( LUMO (o) ¢ NuHomo

0

SR RIDICETBIRBERZAE ULTETZILTZII)FOLT 7 )—=I)LYFILBEN—
BT, INSDOBERKADRRKIF sp” BRBDO TKEADRRREFLICFZUT 1134
Uaw, Ffe, EREENICEDBERLBT NP IXFILOT/L—Kb, fcEXAIRZ
WED a fIicFZUT—Z2BLTWTS, 7O MEICE>TIT/ L— MR fcERFE
TFIVTAIEHEERTD, U U, RYIINTFZAYPTIILT =AY 2 D &5 ICHERR sp’
RELICRELV T ZAVPHEICL > TEESNZHBE, NOATVETILFILDOLSHE
REFHEDORISEFHIZ2DT, KKFKRKLE (RVIILGL, FZYUIAL) TOIZEEFEDM

BEN4ET S (Scheme 2).

Scheme 2
Li CHs
H4C AN b HC— — H3C/\(
’ CHj CH3
Li, R H;C R?2 HsC R2
R/\)*;\R1 * H3C—| R/\)él:v * R/\/*(FU
2 rentention product inversion product

bS5, LD 52 RIibZEXREZA (1, 2) OANSENE, UFVLAAYDLS BN
AAVZBREEE T2 - FREFEMR (5.2) RIDERZ DI ENTES. S22 RIGDILK
BREE, WIET S 52 RIbEEHRNIC, IZERE (S2ret), MERE (S2inv) O

NERINTED, MBEHRICHERINEDEFZMmIZL TWS (Scheme 3). IR0 5,



Figure 1 IERT &SI, YFAAILNZAYDHOMO ENOAT LT ILFILD C—X EE
D LUMO HHEE(ER T 2BRICBEDMENRIS . o2, S2inv OBE, HhILNZA VKK
D sp’ BREMEDONY 7 O0—T EDHEERTH DIHHEDEDLD HNE LR TARFITK
ZAEEMIFH D, UL, BEEEOHBICL > TAHINZAYIAFERIEWEZES &

NTENIFCORERFEESNS.

Scheme 3 Figure 1
Sg2ret Sg2ret Sg2inv
X X L X
Y = + Y = | Y = )S ).(
\ ¥ B } . yEl VG Hog C—X [ Y& HOMO
z z El >Q @‘G*
\
LUMO
Sg2inv (@)
v Br W& 04
Li — EI--}----Li% B—=
Z Z Z

ZD&S57, KREBFBERIGDIIFLE (S 2ret, S.2inv) RT3 /cHiclE, KEF
BleDRIGDY A LRAT =)L TILHRCERNBERERFAERBAILNZA Y ZERLBTNE
B5BWN, TRbE, RESETLFIIAINZAY 3 EXEFHEDORGEE (k. k)
DNAINZAY 3DFEIHDORE (k) KD HETDITERS RIFNIER SRV (Scheme 4).

FINNIWNZAY 3D EIHMDEE LA EFHRENE) BANLNZA YRR LEDER

2, BE BERELCEI>TKRELEILT S,

3) (a) Gawley, R. E.; Low, E.; Zhang, Q.; Harris, R. J. Am. Chem. Soc. 2000, 122, 3344-3350.
(b) Gawley, R. E. In Stereochemical Aspects of Organolithium Compounds, Topics in
Stereochemistry (Eds. R. E. Gawley, J. Siegel), Wiley, New York, 2010, Vol. 26, ch. 3. (c)
Gawley, R. E. Tetrahedron Lett. 1999, 40, 4297-4300. (d) Clayden, J.; Organolithiums:
Selectivity for Synthesis, Pergamon, Oxford, 2002. (e) Basu, A.; Thayumanavan, S. Angew.
Chem. Int. Ed.2002,41,716-738.



Scheme 4

I|EI

C ~5 Sg2ret product

VT
R

- planarlzatlon

XYl;O rac Y -
3 \ l
Y—C Sg2inv product
|
El

FINAIMNRZA YO ROELIFEERN G <, 1950 F T Letsinger (&
(-)-2-iodooctane M SEBRMRIDICE > TRESERLUFANILNZ=ZAY 4 % -70 C,
D% CO, TYVIVFITBE20%ee THINTDHNIMRVESZEZ 2 EZRELTWVNDS
(Scheme 5)." UML, COLSBRIFCENICREEFEINDTILFILBRAIL/INZA

YTH, O CETHREIDERRICTEINT 3.

Scheme 5
sec-BuLi
petrol/Et,O (94:6) CO,
P o2
—70 °C, 2 min
| or 0 °C, 20 min 4 Li 5 COOH
(-)-2-iodooctane ozroo{?/oe:e

ZD%, NIVNZA Y DIPEZENLEMRIFBEICKEIKEFET B D Curtin 51 -
TRHEIN® 97405, pentane FTHRLESI B/ (5)-2-lithiobutane I& -40°C T 4 ki,
-8 'CTH 30 #EZENZN 83%, S5RIMILZEZREFT SD, Et,0 Z 6% MABEIFT
ERICTEIHT D EVWSBERFEERT

PILFILEICELE > TOHBRESNTAINNZA VB HI2EEDIIREENTEREZREE

4) Letsinger, R. L. J. Am. Chem. Soc. 1950, 72, 4842—-4842.
5) Curtin, D. Y.; Koehl, W. J. J. Am. Chem. Soc. 1962, 84, 1967-1973.
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B ENEESNCE LD, BERIGE ULTOERICINAS2HD TR, LML,

1980 F(c Still 51T & > THENAREREN LI N/ (Scheme 6).° IbE, a-F7ILIF
VARG VF Y ant-7, synT h SEBRIEBICK > TRES B AIINZA Y anti-8, syn-8 %
TFENYTOIIVFITDERDT ZMHME anti-9, syn-9 EIEFEMNICEZDZEVWSHD
T, a fIICZINIAFVBBRENFET D EICL>TAILNZ AV FEDBCES =30 CT
15 AEDOIMEZENBERZRER/DIENREIN. PILIAFIVEREDATORFER
BEDFHEICEL ST, FIIWNINZAYOBFENRBREREZNERKEEESX >7h, 7=A
VERETBICHICEAX-UFILAEBRBRIGZERT 20ENHD, Xfc a-7)LIF

VEBREICLDITCENREEDBROEHLBES M EINEH > T,

Scheme 6
Me
B Li HO
s N
PN — 7 P — :
Ph M
Phﬁ/\o OMe Yo OMe Ph/Y\O/\OMe
cho 1 MrBusSnLi Me Me Me
ph~ 2. MeOCHCI anti-7 n-BuLi, THF anti-8 acetone anti-9
> —78°C, 15 min Me
Me 3. separate SnBu, Li HO
A~ - PN I
Ph M Ph M
/\K'\ 0" > OMe 0" ome T 0™ one
M
Me e Me
syn-7 syn-8 syn-9

A-AFINIVINZAVICEET 2FERZEREIE Hoppe Blick>THIS5E Nz (Scheme

7). S, ARYINLTFILA=ILPTUILTILA—=ILD O-AILINEAILFEER(H+)-(R)-10 %

Buhigf, tetramethylethylenediamine (TMEDA) OF#E T sec-BuLi ThtZ70O bk k9

6) Still, W. C.; Sreekumar J. Am. Chem. Soc. 1980, 102, 1201-1202.

7. (a) D. Hoppe and T. Krdamer, Angew. Chem. Int. Ed. 1986, 25, 160-162. (b) S. Dreller, M.
Drybusch and D. Hoppe, Synlett 1991, 397-400. (c) D. Hoppe, A. Carstens and T. Krdmer
Angew. Chem. Int. Ed. 1990, 29, 1424—-1425. (d) Carstens, A.; Hoppe, D. Tetrahedron
1994, 50, 6097-6108. (e) D. Hoppe, F. Marr and M. Briiggemann, in Organolithiums in
Enantioselective Synthesis, ed. D. M. Hodgson, Springer, New York, 2003, pp. 61-137.
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BZEIRESTHINZAVERESITEZZENTRET, ER LRV IILTZAV(R)-11
I$-78 CTREBEBFHIC L » THIEFRELREED A L ENEEE.2FEB85 &2 RUE.
CDWERIE, AILNEAINEDOWBFLZENRICE S a-AF>7OMN Y DRERIBIEE

DEREFL—YaVILELBDVFILAAYDORZERFADEELIRICEDIDBDEEINT

W3,
Scheme 7
NPri,
(Me0),CO o) A o)
. . > =
NPTz ProN retention KCOZMG
PN , >:o Ph " “Me

e} O sec-BuLi, TMEDA J -‘ (-)-(R)-12

:_H . L -(R)12

K —78°C, hexane oL NPri,

(4)-(A)10 (A1 | MeocOCI

~inversion /i\\COZOMe
Ph ™ “Me
(+)-(5)12

BEREVRIE, REFHOBHICKEL TIALKEENYET S5 2 & T, dimethyl
carbonate TIFXIZAERFFAIMER (-)-(R)-12 A, methyl chloroformate TIXIZ AR ERLIE
1 (+)-(S)-12 NERT 5. CDIAEFFEMEL, KZEDE VY dimethyl carbonate DIHE &
UFILAAYANDEAMICED, —A, RIGEDIEL (LUMO DI RILF—HYEWL) methyl
chloroformate Ti&, FEL LY FADINZA VABEEOEEREICKL > THEINT
W5,

SSICUAREDMAIE, LDFZEIHULEV QIR EZHNICARER), —EEFE 7T
ZILEOBICRESEAILINZAY 14 TH-50 'CTH 30 pEEZ I T ICIZEL
FERFIDIENTE, e, CORERRFBRICEL > TKRELEFHIZLERELE

(Scheme 8).°

8) Ikemoto, H.; Sasaki, M.; Kawahata, M.; Yamaguchi, K.; Takeda, K. Eur. J. Org. Chem.
2011, 6553-6557.



Scheme 8

NPriy iPr,N NPriy NPriy
n-BuLi %o
0/§O —50°C, 5 min v El o/go O/&O
T H : - O, b _— . Bl 4 /\/'QEl
Me /\/<Ph solvent Me X Ph Me X Ph Me ™ X pyp
13 14 15 ent-15

a UNBREREFTHD a-7I/AHDINRNZAVICEALTIE, TFF@#EBHEELT
formamidine ZFAWL\% Meyers 5IC & 2 EMMBAER ZHH & LT, Beak, Gawley 5
&> TE & U T piperidine, pyrrolidine O K SRR EICERES B RAI/NZAY 16 ZHD

ICREIICHEN RSN TE . (Scheme 9)."°

9) Meyers, A.1.; Fuentes, L. M. J. Am. Chem. Soc. 1983, 105, 117-118.

10) (a) Beng, T. K.; Fox, N. Tetrahedron Lett. 2015, 56, 119-122. (b) Beng, T. K.; Fox, N.;
Bassler, D. P.; Alwali, A.; Sincavage, K.; Silaire, A. W. V. Org. Biomol. Chem. 2015, 13,
8647-8651. (c) Seel, S.; Thaler, T.; Takatsu, K.; Zhang, C.; Zipse, H.; Straub, B. F;
Mayer, P.; Knochel, P. J. Am. Chem. Soc. 2011, 4774-4777. (d) Krishnan, S.; Bagdanoff,
J.T.; Ebner, D. C.; Ramtohul, Y. K.; Tambar, U. K.; Stoltz, B. M. J. Am. Chem. Soc.
2008, /30, 13745-13754. (e) Wilkinson, T. J.; Stehle, N. W.; Beak, P. Org. Lett. 2000, 2,
155-158. (f) Beak, P.; Lee, W.K. J. Org. Chem. 1993, 58, 1109-1117. (g) Shawe, T. T_;
Meyers, A.1.J. Org. Chem. 1991, 56, 2751-2755. (h) Beak, P.; Lee, W. K. J. Org. Chem.
1990, 55, 2578-2580. (i) Beak, P.; Zajdel, W. J. J. Am. Chem. Soc. 1984, 106, 1010-1018.
(j) Beak, P.; Zajdel, W. J.; Reitz, D. B. Chem. Rev. 1984, 471-523. (k) Beng, T. K ,;
Gawley,R.E. Org. Lett. 2011, 13,394-397. (1) Beng, T. K.; Gawley, R. E. J. Am. Chem.
Soc. 2010, 132,12216-12217. (m) Stead, D.; Carbone, G.; O’Brien, P.; Campos, K. R ;
Coldham, I.; Sanderson, A. J. Am. Chem. Soc. 2010, 132, 7260-7261. (n) Coldham, I.;
Raimbault, S.; Whittaker, D. T. E.; Chovatia, P. T.; Leonori, D.; Patel, J. J.; Sheikh, N. S.
Chem. Eur. J. 2010, 16, 4082—-4090 (o) Gawley, R. E.; Zhang, Q. J. Am. Chem. Soc. 1993,
115,7515-7516.



Scheme 9

Beak (1991)
BuO \(O BuO o] BuO (0]
sec-BuLi, Et,O i
N SnBug == =, N Li I\/Ie3_S|CI> N SiMe;
7™ Secsom () r
pyrrolidine 16 15%
93% ee

ZTNERRTBBIC, KDIZFEZHNICALEREHRFIEMRICEAL TRIBMEFN DNV,

Pearson 5(C &% N-oxazolidinone (X = O) & &' N-imidazolidinone (X = NMe) &T
RESNIC a-F I/ VFAAINNZAVICET ZHMRINEEE NS (Scheme 10)." X,
INSICRET DI TFATLAXY Y IIRINA T XA ZBREITZENT, BE—DIFYFAY

—17 ZAWHIHA Chong SIC &> THRESTh TWS.?

11) (a) Pearson, W. H.; Lindbeck, A. C. J. Org. Chem. 1989, 54, 5651-5654. (b) Pearson, W.
H.; Lindbeck, A. C.; Kampf, J. W. J. Am. Chem. Soc. 1993, 115, 2622-2636.
12) Chong,J. M.; Park, S.B. J. Org. Chem. 1992, 57, 2220.
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Scheme 10

Pearson (1991)

O  SnBu, 0 Li O snBu
3
)L 1 nBuli, THF JJ\ 1 mBugSnCl )J\ /k
XTONT Me T o X7 ONT TMe T T
Me Ph Me Ph O Me“ “Ph
%(\
>
X = 0, NMe T &
j\ SnBujg j\ Li j\ SnBug
: n-BuLi, THF : n-BugSnCl :
X N TMe ——— > X7 N Me —— 75 X7 N7 Me
/ ~78°C \_/ \_/
Me~  Ph Me~  Ph Me~  Ph
Chong (1992)
SnBu;0O Li O COHO
-BuLi, THF 1. CO, 2
Me Bl THE /'\ — M /L
Vk'}‘ OBu' g5°c,10min ITIJLOBut 5 HO* N )Losut
. |
Me Me ® Me
17 18 19

97%, 94% ee

LEDLSIE, a-AFIELY a-ZI/ZRMJILAILNRZAVIE, BREULIREERE
FLEDBocEPHILNEANED LS BRBFREMBIREICK > TUMEENICRENLS
nsZENPESHICE->TE. LML, ERNEES (macroscopic time scale) (&L
TIUMMEENLZEREDERSNDDIE, ThbE, FPoAVRKERKREFAEORIGDY A
LRT=ITT7EIHTZEHEBLUKEZENARZITOIENTEDZDE, IRV Y
WP ZAVI2DBRFETHD, BARNICT =AY DREICIFIRAX-UF I LARMERIG, n-Buli
BEDRBEDOERNMATIRER D, Uit > T, FERUERRAFAVIEY FIAICRE
SNFRUTLPHYDLEES ZENTERWEYD, [RAFAYOECICHS IEBED
ZICBEI 2 BHREBD I EIFRARETH > Ik

—7, YHRETIEHURINS, ThY, TXFI, ZhJIILOLSBHEEEFKRIED

BEEALICERRICF ZILNINZA VY ZHRESE, SIS EHER<HETEDIRIN



DREFKZEMNE U THRZT>TER.” ZOMBELEE 72D, bhbhhNIRFI IV
B & BT fc Brook ERfizEEE T2 7 =AY L —T, TFYFABRZR B-ZUI
-a,B-TIRFIFZITERD O-AILNEAILYT /ERYY 20 ZRIEXRY IV ILOFEETIE
BEZFRASE2 L 40 WEEDITF Y FAV—BRIRT a- XV ILED-21 BESNS

(Scheme 11). "

Scheme 11
NPri, NPri iPr,N
2
0 A oMMBrgumesio o A 0 °
/<(ID/QH o 0 _Li
BuMeSi ~ " " "TCN  toluene " CN R,SIiO HJ\)*<CN
—-80°C (9)-21 22
20 35% ee
B oz - o0
ph NC —2/—k[\H
ocb™1/_
Si
23 Ry

COFERIE, BEREXWITIEFZIL a-Z MY ILAIILNZAY 22 AELICIEZT I I HIE
SNBTEICBRTZEEZZOSNDD, a-ZNJIILAILNZA Y DI EZENRE M,
Carlier IC&2BEDHEICLDEZDERBIIF 10°WIEEL FEFaE2HILAEVLWDT

(Table 1), 23 ICRF LS Brook (it &R Y V)LD BENICET LI D EEZ 2.

13) (a) Sasaki, M.; Takeda, K. Synlett 2012, 23,2153-2164. (b) AR KEF, HH W 55
1, 2013, 71, 136-148.
14) Sasaki, M.; Kawanishi, E.; Shirakawa, Y .; Kawahata, M.; Masu, H.; Yamaguchi, K ;
Takeda, K. Eur. J. Org. Chem. 2008, 3061-3064.
15) (a) Carlier, P. Chirality 2003, 15, 340. (b) P. R. Carlier, D. C. Hsu, S. A. Bryson in
Stereochemical Aspects of Organolithium Compounds, Topics in Stereochemistry, Vol. 26

(Eds.: R. E. Gawley, J. Siegel), Wiley, New York, 2010, chap. 2.
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Table 1

a-= RN UILHILINZ A Y DT F 2 F o A U (L REEE

Hézl ‘iéz\ <;§Z
Y CN CN H

24 25 26
0.03 kcal/mol 5.2 kcal/mol 12.47 kcal/mol
(gas phase) (gas phase) (gas phase)

IFVFAAVCBERS L CRE L 5 IO+ & OBR

tip(rac)
AG* (kcal/mol)  —100 °C -78°C 0°C 25°C
10 0.41sec 1.4x102sec 6.2x10%sec 1.2 x10-6sec
12 2.3 min 2.4 sec 25x10%sec  35x10-5sec
14 13 h 7 min 9.8x103sec 1.0 x10-3sec

INET, a-ZhUYILAIWNRZAYD S EIET ICHIES 1B Walborsky I X3

o700y =KL 27 DEKRRRBRIEDHZDHTHS (Scheme 12).° Zhid>

2070/ OAVITHICERTZFERILOBEEICLZEDTHD, EE>7O070/(0=

NUIWAIVKNZAY 26 DT FUFAXVLREEE TN MU 24 DENELBT S E

KI70FEOKRESTHS. LHL, ZTORICEWTH, LDA T-78°C, 10 WENIEL fc#&

KTUVIVFIBEREICTEINLT S.

16. (a) Walborsky, H. M.; Youssef, A. A.; Motes, J. M. J. Am. Chem. Soc. 1962, 84, 2465—
2466. (b) Walborsky, H. M.; Motes, J. M. J. Am. Chem. Soc. 1970, 92, 2445-2450. (c)
Fleming, F. F.; Zhang, Z. Tetrahedron 2005, 61, 747-789. (d) Carlier, P. R.; Zhang, Y.
Org. Lett. 2007, 9, 1319-1322. (e) Patwardhan, N. N.; Gao, M.; Carlier, P. R. Chem. Eur.
J. 2011, 77, 12250-12253. (f) Gao, M..; Patwardhan, N. N.; Carlier, P. R. J. Am. Chem.

Soc. 2013, 135, 14390-14400.
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Scheme 12

0.1 equiv
NC Ph NaOMe NC Ph

H Ph 25 °C D Ph NG Ph

27 28
>99.9% retention W
Ph

1. LDA, Et,0, NC 30

1OSec -78 °C Za, <

racemlzatlon

STER LV Walborsky SICLZHERIE, FT) a-ZhYILAILNZAVERESESE
SEESEZCERKHITBIDIEEFEARARTH DI EZRLTVWSED, Scheme 11 ORIt
AN GES: ]t LTWBZEDHEIEER/ZENT, O-AINECILY 7/ ERY VFEEK
31 ZBEXRY YL DFET LDA TRIBLIEZ 3, FREICKRLU 10% ee BETIEH D HE

DILTEIHMTZEBLIRY YA 32 M5z (Scheme 13).'*

Scheme 13
NPri NPri,
(0] ) i O/&O
2 H LDA (1.1 equiv.) CH_Ph

: BnBr (5 equiv.) @/\X
©/\/<CN CN
toluene _
31 —-80°C, 1 min 32
40% (11% ee)

CORRIE, a-Z MY IILYFADILINZA DL & —ERIF IR EENBERE LD
ICEELB2CEEZRBLTWS, 22T, UFAAILNZAVFBEEZREBEL TWSATEE
HCDOWT, (R)-a-UIIL7ZIILa—IL33 0D tert-7 % ./ —)LH tert-BuOLi i (C & B Brook
B/ 7A M MERIGICE T 2ABFFRICER U TRIES 1/ (Scheme 14), 9405, VU
FAHINN=ZAY 36(M=Li) Z2RBITZ20THNIE, ERITDZ=RVILD a-70O K V{bik
5D VFAN—LIE O-BREDIFEENTENMIMRICK > TKELEH I SET T,

—7, 36 ZRATITHENTON VMEICE > TRBFEENR I > TVWBDTHNIL, ZE(L

12



MROEBWICEDRHERDBWIT THS. RBRICIE, O-2VILk 33a & 36% ee, O-7
JVINEA LA 33b 13 63% ee T a-70O bk fbfk (35a, b) MESnfch’, BEZE-tert
T/ —=VNCEZDE, O-2J)E33a DEEIF 18% ee ICEULKET LA, O-AILN
E )L 33b TIE 65% ee ERBRBEDHENTELLAED Tc. TOBRELTNLD
HDOMBEBHNRERBROBRICEIVNT, YAREOBERICL > TROLSBEENIEESN
727 (1) a-AINRZAVICHT ZIEEFENEREMHRNNS BRI VIILEDBE, StE31
DEGWE, YUT—hdhEEISBENLRTONELERTERE 35 5 (B B),
X450 a-Z K UJILAINZA Y REG 36 ZRED (BRI A-B,) TRESZN, REDHS
FABREMFTETICIEIMT S, (2) DILNEAILFERDEE, 34 DEENTO
MbIFHE 5 TICHENBA T ILEICE>TXFYO a-Z MU ILAIINZ AV HEE 36 H
ARUE IHRRETTON b (5)-35 25250, ZEILTEIREICADIND

Uleht> T, AILNEANEIIL & > TEBREERICREMSNIEEFZIL a-= KU LA
A2(5)-36b I, TNEFTOERICRL, BRICLDZTOMMED LS BRBH THRVWRISZ

RWhiEZ0x7 U7« Z2RETEDAEEIEE >

17) Sasaki, M.; Fujiwara, M.; Kotomori, Y .; Kawahata, M.; Yamaguchi, K.; Takeda, K.
Tetrahedron 2013, 69, 5823-5828.
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Scheme 14

anti

protonation Ho.. . OSiR3
—
OBu! p?(m BS'R N ox N
u =
X (D)(H' H o e (S)-35a, b
OH O~ .
+BuOM N:\ Z NN, — path B; A retentive
= — /H 4
BuMe,Si CN t+-BuOH OX S M X =Cb | protonation
(R)-33a, b 34a,b Rj M
anti H,l .
a: X = SiMe,Bu' metalation o OSRs
b . X = C(O)NPI"2 —_— H
path A NC OX
X=SiR, (5)-36a, b
X=Cb path B,
X = SiRj racemization
X=Cb
/\)O<XH protonation OXM
~~———————
R3SiO x CN R3SiO X CN
rac-35a, b rac-36a, b

UARZEDOTIINEZ DFERICEDE, Y7 /e RYVEERERI7 #HAVWTHE 70O N1/
BFAIC &L DHRRIGICH T DAFFLZMT U (Scheme 15). KEE EOWBEFRIE
LBHBRE X 0ESE, BEELKREFAOEEEUE[HR BE BEREORHFRSZHEN
IKTofc& 23, MLIVARTEAERYYIL/LDA DEEETIEDLIN11% ee 207D
A, THF-Et,0 (2:1) REFHRE LTI 7/ FBIFILOEET, -114CT LDA ZMZ 3
EWSEEEAWD E 80% ee (er = 90:10) EF TABFWNENE LT ZZ ENbho7.®

Scheme 15

i Me,N
LDA (3.0 equiv) (0]
@ H NMe2 NCCO,Et (3.0 equiv) O>i ii

B ‘. —
CN THF-Et,O XX CN
~114.°C, 5 min |
=

37 38

39
92%, 90:10 er

FII a-ZhYIAINZAY 38 ZHRESETEIMTIHICHETE LW, Ih

XTOHEBENEHRZEBIR/RIZ, NILNEAINAFIEICKIDZHAILNZA Y DILFEEN

18) Sasaki, M.; Takegawa, T.; Ikemoto, H.; Kawahata, M.; Yamaguchi, K.; Takeda, K. Chem.
Commun. 2012, 48, 2897-2899.
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ZEADEREZEZSNTE LU LEICBOTRKEVWTERLTWS,

AIVNRZA Y DIBEENLTEDELZZE EZBRIL, NILNEAILAFIE 40 27
LA RE 4T ICEZDEAIDNGEIN. VLA RE 4T BAINEAILAFIE 40 R
LT, BREFLOBFEEDLRICLDYFIL-RREED L DBABEELEAILINZ

AVICHETIZERRFLTCOEERNOREICLLIBREEDEROMENTFERINE

(Figure 2).
Figure 2
MesN Me,N MesN MesN
e A o o
O/I/<i_i MeN%Li +o><Li MeN/<
R~ “CN R~ “CN R™ “CN R~ “CN
40a 41a 40b 41b

IS, A2 87 I/ BHOSHEENRE THICHE—DIF VY FAN—DAFNBEZ TH
5EVSHRBMATWE. 37 DHEEHERL TKEFH, A RILEFHEOETOXEEIE
HoltbDOD, FREDEFEFZTEBRIFVFARRETHNT 2ERE 43 BMFonrk
(Scheme 16)."° BITEEINERIE, FATIERECE > TERTZEI SV FAT—N
WEITDIVWDODDZITFVYFATAN—I Y NI Y FAERMEZRIT AT, LDA TIFIL
FRERBEE(R)- 43 1, MN(SiMe,), (MHDMS, M = Li, Na, K) DI5& AR EEE(S)-

43 NERT 5.

19) Sasaki, M.; Takegawa, T.; Sakamoto, K.; Kotomori, Y.; Otani, Y.; Ohwada, T.; Kawahata,
M.; Yamaguchi, K.; Takeda, K. Angew. Chem. Int. Ed. 2013, 52, 12956—12960.
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Scheme 16

NM62
1. ArCOCI (3.0 equiv) /&
; MeN
2. LDA (3.0 equiv) e COgr or = up 10 99:1
Ph \/L
NMe, | THF, -100°C CN
inversion
MeN /#o (R)-43
; = NMe
Ph < oN v 2
(S)-42 1. ArCOCI (5.0 equiv) MeN o) _
2. MHMDS (5.0 equiv) \/§<COAr er=up to 1:99
Ph :
THF, -100°C CN
M =Li, Na, K (S)-43

retention

BEICKET DIV FATAN—=I 1V RF, LDA LHBU TEEMEHIEL MHMDS
ROEETIF, HEITDZREFH (BEFOCIL) OAILRZIILBREFIMEEDOTAFA
VICERNT DI &Ik > TIREMMNERL, ZOBRXYILAFAYOEFICELZOAI
NEETDZEICHD, MERERBEAOEREINETEVWSZETHBEAINLTWS
(Scheme 17). Fiz, BENEH (DFT) EZAWCBBRREOEEL TRXILF—DER
RHIDORFMEXFLTWS., —7 LDA OIFZERIBEUNKE L, XU FUA-REES
OEHEHFEEUNFT N TLPAYTLEERLUTEWY, AEFZU T Z2RFELEYF

AAINZA VHEERERZIBENMREINTWS.

Scheme 17
MHMDS LDA
MeoN
)\ O-----Li
— O\ MezN % S
MeN _Cl ) S ' . .
c =N-- -M---O=C - —— retention MeN w, S —\ Inversion
--- v - ,/ Ar R v ' C=N
R Ho N ~siMeg ﬂ
SiMe =Lj
3 M =Li, Na, K ArCOCI
a4 45

CORBICED L, ILERBMNEI DDICIENILINZA VRENFEIL LT NIER

530D, a-ZhYILAILNRZAVDOBERFT MY I/ L—hRECHBTHEEHRT
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“nucleophilic chameleons” E DEZZ & 3IFE, BBRE, BAE RE WAFAVERED
FEZTTENRT S, ZOBAIOAAFAVIIRELELVERLOMAIRCEET 22N
AIRETH D, FhITH-> T solvent-separated ion pair 46, C-X ¥ OHILIN=FH > 47,

N-AZOAIINZAY 48, AFOATTUVAIX— M 49NEZDEEZELSE S (Figure

3).
Figure 3
M+ Y M ’//," _j . + /Il"'—C _
““““ C=N “Q_CEN C=N--M — _N\M
46 47 48 49

a-ZNY AN ZA Y OKREFERRISDILFBAEZHASMNCT B1cHICIF, LELOHE
BEEMNEVWCENFHRLWL, 805, C-XF¥ONIINZAY 47 OEETKEFAHIICK
DEENE CNISIZAERIGED, £, N-XFYOADIWNZAY 48, A5O5F7V1IX—h
49 TRIBILEHNEREZELA> TWVWEZDO TS EIARNBLAT IAEEIS V.
solvent-separated ion pair 46 D& F, BHREICHEET DD, X T IL-RRDEEH Y]
HichTWaDT, TLEAEMEFRBEZ#HFL TWTHIEIMLTWSHEEEN SV
WINICLTH, bonNPARZRBIT SRR TIE, a-=ZhUILAINZA Y REFEHLR
RIGDIFBERIEE 2D, FZ7UTAIKALTERLTWSRH@EXIE, Y7070/ =KV
WD LS BRHRBHEEZRVWTIIERTH I,

a-ZhYIANNNKRZAYDOREFERRICDIFBEOMARICE T E2onbndr 70O
—FiE, AINZAVOBEEICHETE 2 RE CHIEAELRES, RKEFH, LUK
INEREZREHT I ETHS. LEIODNONOARNSHSMNCR>TWS Z &IF, -100°C
BEORET, BFOKEFAOFETEROEETHION MEZITSONRETH B E

WS Z&ETHD, ZITEAMRTIE, BEOBERCZIHITSAEELT, —DREF =Y

17



IWAHIWNRZAVEZRECRESEZEPICERBL, 2- 7/ EXRY I VFEK B0 OKRIG%ZE
WETBDI &L, £, a-ZMNYILHILNZA Y DIFEEBEICIE a MITHEET S Wik
FREMBRENAKESKFETZIIEN DD >TVWEZDT, BERLEOBBREE UTHILNE
1J)LE 50a, BocE50b OMAICEB L. &, S5ICBERZR/IHIC, HIROEE
IKDOWTa-AF>ZMNYJLFEEMAKRDTa, 51b, a-73 /=~ U JLFEEHRK 52a, 52b OKIG
ZHEU, a-Z YA ZAYOREFERRIGOIZFBEDHMZRAT S ZH
HICHARICEF LT,

Figure 4

50 51 52
a:Y=NMe, a:Y=NMe, a:Y=NMe,
b:Y=0Bu b:Y=0Me b:Y=0Me

20) Gawley, R. E.; Low, E.; Zhang, Q.; Harris, R. J. Am. Chem. Soc. 2000, 122, 3344-3350.
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#F1E N-Boc-& & U N-carbamoyl-2-cyano-6-methylpiperidine @z 70 k > {b-7 )L
b RIS D I @R
E1E BR
1984 £ (T Beak 5lc & - T N-acylpiperidine 5&1& 53 % sec-BuLi TUET % &~
OB > TP LFILEEICTILTE ROLSBREFHIERIDT DI L, £z

R, RISHDTH Y FZILELGRIRNICETS 3 2 & RES N (Scheme 18)."

Scheme 18
R__O R.©
R OH
b sec-Buli PhCHO NCOR  __ Ph
NN R \mCH(OH)Ph—
R'\mu- 0
R R
53 54 55

R =(CoH5)sC; R = CeHs
R = 2,4,6-triisopropylphenyl; R' = C(CH3)3

Z 0%, %< D piperidine FEMADKBEBFBRRISHRE S N2 2MICEHREZ

21) Beak, P.; Zajdel, W.J. J. Am. Chem. Soc. 1984, 106, 1010-1018.

22) (a) Mitchell, E. A.; Peschiulli, A.; Lefevre, N.; Meerpoel, L.; Maes, B. U. W. Chem. Eur.
J. 2012, 18, 10092-10142. (b) Beak, P.; Basu, A.; Gallagher, D.; Park, Y.; Thayumanavan,
S. Acc. Chem. Res. 1996, 29, 552-560.

23) (a) Beng, T. K.; Fox, N. Tetrahedron Lett. 2015, 56, 119—-122. (b) Beng, T. K.; Fox, N.;
Bassler, D. P.; Alwali, A.; Sincavage, K.; Silaire, A. W. V. Org. Biomol. Chem. 2015, 13,
8647-8651. (c) Seel, S.; Thaler, T.; Takatsu, K.; Zhang, C.; Zipse, H.; Straub, B. F.; Mayer,
P.; Knochel, P. J. Am. Chem. Soc. 2011, 4774-4777. (d) Krishnan, S.; Bagdanoff, J. T.;
Ebner, D. C.; Ramtohul, Y. K.; Tambar, U. K.; Stoltz, B. M. J. Am. Chem. Soc. 2008, /30,
13745-13754. (e) Wilkinson, T. J.; Stehle, N. W.; Beak, P. Org. Lett. 2000, 2, 155-158. (f)
Beak, P.; Lee, W. K. J. Org. Chem. 1993, 58, 1109-1117. (g) Shawe, T. T.; Meyers, A. 1. J.
Org. Chem. 1991, 56, 2751-2755. (h) Beak, P.; Zajdel, W. J.; Reitz, D. B. Chem. Rev. 1984,
471-523.
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B % piperidine FEAED 2 ICH T 2BRRIGOIIFBERICET 2MRIFIFEAEMSN
TWRWL, UM U, Gawley 5 (& (R)-N-Boc-2-phenylpiperidine56 Z-80 “C [IC&HEWT
sec-BuLi THIEL = (C MeOD #MMA % &, MAMERTEKRLENRIZ I EERE L

(Scheme 19).°

Scheme 19
BUO 0 BuO 0 BuO o)
-BulLi i MeOD D
N ~\\H sec-BulLi N ;\LI N_ s o
~Ph  THF Ph
-80°C, 1 h
56 57 58

retention:inversion = 92:8
& 5 Coldham 5 (& (R)-N-Boc-2-arylpiperidine 59 et L, KEFH & LTI DX

Fb, 7O00FERTFIL, BEFZVILZAVTS FEEELBRE TILAREFEER 61 1

24) (a) Beng, T. K.; Gawley, R. E. Org. Lett. 2011, 13, 394-397. (b) Beng, T. K.; Gawley, R.
E. J. Am. Chem. Soc. 2010, 132, 12216-12217. (c) Stead, D.; Carbone, G.; O’Brien, P.;
Campos, K. R.; Coldham, I.; Sanderson, A. J. Am. Chem. Soc. 2010, 132, 7260-7261. (d)
Coldham, I.; Raimbault, S.; Whittaker, D. T. E.; Chovatia, P. T.; Leonori, D.; Patel, J. J.;
Sheikh, N. S. Chem. Eur. J. 2010, 16, 4082—4090. (e) Coldham, I.; Leonori, D.; Beng, T.
K.; Gawley, R. E. Chem. Commun. 2009, 5239-5241. (f) Coldham, I.; Raimbault, S.;
Chovatia, P. T.; Patel, J. J.; Leonori, D.; Sheikh, N. S.; Whittaker, D. T. E. Chem. Commun.
2008, 4174-4176. (g) Pizzuti, M. G.; Minnaard, A. J.; Feringa, B. L. Org. Biomol. Chem.
2008, 6, 3464-3466. (h) Coldham, 1.; O’Brien, P.; Patel, J. J.; Raimbault, S.; Sanderson, A.
J.; Stead, D.; Whittaker, D. T. E. Tetrahedron Asymmetry, 2007, 18, 2113-2119. (i)
Coldham, I.; Patel, J. J.; Raimbault, S.; Whittaker, D. T. E. Chem. Commun. 2007, 4534—
4536. (j) McGrath, M. J.; Bilke, J. L.; O’Brien, P. Chem. Commun. 2006, 2607-2609. (k)
Bailey, W. F.; Beak, P.; Kerrick, S. T.; Ma S.; Wiberg, K. B. J. Am. Chem. Soc. 2002, 124,
1889-1896. (1) Gawley, R. E.; Zhang, Q. J. Org. Chem. 1995, 60, 5763-5769. (m)
Gawley, R. E.; Zhang, Q. J. Am. Chem. Soc. 1993, 115, 7515-7516. (n) Gawley, R. E;
Zhang, Q. Tetrahedron, 1994, 50, 6077-6088.

25) Beng, T.K.; Woo0, J. S.; Gawley, R. E. J. Am. Chem. Soc. 2012, 134, 14764—14771.
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BohdZexRELTWLWS (Scheme 20)*°

Scheme 20
BuO (o] BuO o] BuO (0]
n-BulLi i
N gH J— N :‘LI L» N :‘El
~Ar  THF —Ar —Ar
—78 °C, 5 min
59 60 61

El = Mel, EtOCOCI, CH,=CHCH,Br
FU—=ILEDIDDICOT /ENEASINEEE T, £HT2HILNZA Y DILEKEE
MEEUENZELETITSH, Coldham 51, bhbhOHROEEDHERICEDE,"
(S)-N-Boc-2-arylpiperidine 62 Z#-107 °C ICEW TN IRV U AEETUEBL&ICT &
hrZMA2EBVWIFYFARRETHER 63 NBSNBZIEZHRELTWVDS
(Scheme 21).7 LML, BEFE GBI IIEMELNIESNT, HENBEDREICHEE>TW
BW, Ffe, YOXRVOLEBEZFIALTWSREY, 2-7U—)LFERKR B9 L DEENLGE

BISRAIRETH 5.

Scheme 21
BUO o) 1. TMPMgBr BuO )
Et,0 \|7

N -107°C, 10 min N $N CHs
—H 2. acetone OH
30 min CHs

62 63

er=91:9

Rychnovsky 5 (& trans-N-Boc-2-cyano-6-methylpiperidine trans-64a % LDA THLiE

Ufc, 3 UAFILEMZA D E trans-I A FILFHE R 65aB W"EWEBIRETERT 52 &

26) Cochrane, E. J.; Leonori, D.; Hassallb, L. A.; Coldham, I. Chem. Commun. 2014, 50,
9910-9913.

27) Barker, G.; Alshawish, M. R.; Skilbeck, M. C.; Coldham I. Angew. Chem. Int. Ed. 2013,
52,7700-7703.
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ZHELTWS (Scheme 22).” COEB(F 6 fLICXFILENGFEET 5126, MHERERFE K
QU EREBEBEAN Y P AT LAY —0OBERICKE S, Thbs, LARETCRIGHET
ITNIL cis-sI XA FILFEER 65aA N, ITAERETRIGHETINIE trans-> X FILFEK

65aB NAEMT BT &ICRB.

Scheme 22
BuO ¢} BuO 0o BuO o]
\’?H \’?Me \’%Me
Me, _N_:= 1.LDA Me, _N_: Me, _N
- —~=CN ————> - —=CN + N ~+1CN
2. Mel
THF
trans-64a 65aA 65aB
(retention product) (inversion product)

65aA:65aB = >1:20

CORERIE N-UFATTVAIXR—hK 66a lcxT2IATXAFILOKEN, 7+
(LD 6-AFIEEDIEREICE > TARMICED ), BULLIFLDBHREKEEZES LD
IKRELU: CGUFAZNYILEENRK cis-67a ICX T 23 T X FILDILFERFERRISH
BETcfcHEHBASINTWS (Scheme 23). XFILEN 7TV v IVEEERZ DT &IF,
N-Boc E & @ A -strain DFFEICERT 2 2 ENNMR EREPHELMZICK > THEIZISNT
W32 =4, a-UFAZRNJILTORERICE>T 65aBAERT DI &iE, N-BocEET
JF7RITZINIFIOLDEIDRERFL—YaVBEICLZHDEINTWS, LN ST,
DR TOIMKRERIER 65aB DAL, THYFABRFOEHROBEICKEIFTZ T3

[CHIHLUTWBCEERET S, £, COFERIE, 2-7U—ILERY I VHERIIERD

28) a) Wolckenhauer, S. A.; Rychnovsky, S. D. Org. Lett. 2004, 6, 2745-2748 .b)
Wolckenhauer, S. A.; Rychnovsky, D. Tetrahedron 2005, 61,3371-3381.

29) (a) Wilkinson, T. J.; Stehle, N. W.; Beak, P. Org. Lett. 2000, 2, 155-158. (b) Beak, P.;
Lee, W.K.J. Org. Chem. 1993, 58, 1109-1117. (c) Beak, P.; Lee, W. K. J. Org. Chem.
1990, 55, 2578-2580. (d) Chow, Y. L.; Colon, C.J.; Tam, N.J. S. Can. J. Chem. 1968, 46,
2821-2825. (e) Fraser, R. R.; Grindley, T. B. Tetrahedron Lett. 1974, 47,4169—4172. (c)
Hoffmann, R. W. Chem. Rev. 1989, 89, 1841-1860.
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ZUETIUFRRBREEES5 2% & WS Gawley, Coldham IC & %% (Scheme 19,
Scheme 20) &EFWBHBREDTHD, a-ZMNYILAILNZA Y DIFEIEERNARLZES &
~UTWS,

Scheme 23
N
% Boc
Me .\/Mel /O/ OBut
O \\ N Me
Mel "NLj “Boc N%\
66a — . Me .0
OBt Me L|
u CN

N
R— 65aB CN
Li-.

; -0 1,3_ctrai
Me \—rMeI Al3-strain

cis-67a

U EDRERE, BEICLZRTON MDA KREFAINEFELBVWERHTITONTVWSDT,
ERNEEETOMIALENETEREBLBRWV a-Z MV ILALNZA Y DIBE, BRDIRE
TlEH3. LML, XKEFROFETHR7ONbZTSE, IIRBEREZR>TITVAI
Z*—h 66 [ 2BEREKRBFHICK > THIESNDBENFEEI DI LICKRD. ZOE,
IAHRRFEER 68A NERITNIEKEFRICLZBIROERENT TV A I X— MOFEH
EtOFNEDENCEEZRLTWS (Scheme24), 771 IXx—hZ2RBHAIT D &1L,
a-=Z N UIILANNRZA VDI EREZF > THIES NS, Wbk 3 S.2inv i TRISHE
TT2ARENEH DD, AILNZAVIBLEICEESIN TWSs, HROBEEHRLT
COMEBIFIMEIINZ Z EMNFRING. £, HBRICTEULLLS ICHROBEERIFLRY
VA ILEET, MHMDS (#ic NaHMDS, KHMDS) TR U 12355 (& IFIF e &IR 4 TaL
ERERBEARDNBOND I ENESNCHE>TWVWEDT, PR EHINSDEEEZRW:
56 O REBEERICN T 2 I HRRBRERDEIGIE, a-= 8 YIILAIILNZA Y DIZEL
FRLREMZRRT 2AREENEN. ZORBR, REFAORIGEDE, XLEWNBFRE
EEBMED a-Z MY IILAIINZA Y DIIFEEENLTEMEICH T BMRDENZE ILHEREE - R
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BREARDERLE UTRHMET 22 &N TE, 51, MOEHZEEI NIE L, Na, K* &
WO TeAFA Y DEWVWEIMMEENREREPEENLEEEDBFREWVDS, IhETIEE

AMEBESMTENTVWAWBRICDOWTHESNDEEENT W,

Scheme 24
X\fo XYO x\fo
H M Sg2ret COPh
Me. _N_: CNM, Me,, NG e Me, N_:
w5 (T (T
trans-64 trans-67 68A
Se2inv X o
X E
NT( — YCOPh
» Me,, N
| O N ""CN
Me !
\\ /,M
66 N 68B

e, WIHT 3 cis-64 Z[RELE L TRWBE, X FILEIC K BILHEMNR/N\A 7 AH 8
5. 9805, TV IX—h 66 BETRIGU TGS DEEAD, LA RFFEAR 68B
ERRB. Ulch - T, cis-64 TH, LDA LITMP ZBWIBBICIE A FILEDIHREZDE

E%2%E U CHROEB CARKIC S2invEETEIT I 200 E S DMTEEKDFFcN 5.

30) (a) Stork, G.; Boeckman, R. K., Jr. J. Am. Chem. Soc. 1973, 95,2016-2017. (b) Zook, H.
D.; Gumby, W. L. J. Am. Chem. Soc. 1960, 82, 1386—1389. (c) Kronzer, F. J.; Sandel, V.
R.J.Am. Chem. Soc. 1972, 94, 5750-5759.
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Scheme 25

X
N
j{ x\fo
i O —— C
Me Me., _N_:
\ «"M Sg2ret coPn
66 N E
? 68B

X O

X_ _0O X_ 0O
YQN 1. PhCOCI TCN Sg2inv TCN

Me ., H — > Me,, ——— > Me,,
Q‘H 2. base UM .1COPh

cis-64 cis-67 68A

% Z T, N-Boc-2-cyano-6-methylpiperidine 64a & & 0%, WiBEFLZELBEBREDEEN
RIFTHEEZRTITZDHICHIET 2 N-HILINEAIIE64b ZHVWTELDEEEZHL

fERIGERF TS &l UL

31) (a) Pearson, W. H.; Lindbeck, A. C. J. Am. Chem. Soc. 1991, 113, 8546-8548. (b)
Pearson, W. H.; Lindbeck, A. C.; Kampf, J. W. J. Am. Chem. Soc. 1993, 115, 2622-2636.
(c) Beak, P.; Reitz, D. B. Chem. Rev. 1978, 78, 275-316. (d) Beak, P.; Brubaker, G.R.;
Farney, R. F. J. Am. Chem. Soc. 1976, 98, 3621-3627. (e) Beak, P.; Farney, R. J. Am.
Chem. Soc. 1973, 95,4771-4772. (f) Gawley, R. E.; Zhang, Q. J. Am. Chem. Soc. 1993,
115,7515-7516. Also, see: (g) Reich, H. J.; Kulicke, K. J. J. Am. Chem. Soc. 1995, 117,
6621-6622.
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rand

28 N-Boc-& & U N-carbamoyl-2-cyano-6-methylpiperidine @& E Y 7 4 X —

/7

AT

\

3
trans-N-Boc-2-cyano-6-methylpiperidine trans-64a I& Rychnovsky 5ic &k > THRE
SnfcFE ®ICLEMN > T, 2-methylpiperidine 69 % N-Z7 O0O4 L, lithium
2,2,6,6-tetra- methylpiperidide (LITMP) Ic K 2 B8 /KCN (c &3> 7 /L& TV

2-cyano-6-methylpiperidine 71 & U7z#, Boc,0 & RIS €2 Z & THE T (Scheme 26).

Scheme 26
M N - L;glfcﬁé% Eri?ilrim M N_ _CN M N .CN
e - ) e, e, N
NCS (1.1 equiv) Me N THF
Et,O U 2) KCN (2.8 equiv) *
0°C,1.5h MeOH/H,0 (3.3:1)
69 70 -78°Ctort, 17 h trans-71 cis-71
55% (2 steps)
ButO @]
y w T
Me., _N CN Boc,0 (1.0 equiv)
‘ Me, _N CN
60 °C (bath) :
19.3 h
trans-71 trans-64a

cis-64a (& trans-64a = NaHMDS Tl 7Ok b L, BFER B 7ONV{bd 5 2 & TH

Tz (Scheme 27).

Scheme 27
ButO o) 1) NaHMDS (1.2 equiv)  g,to e}
10 min
2) AcOH (1.2 equiv)
Me, _N_ _LCN Me, _N_ .CN
- -100 °C - )
THF
91%
trans-64a cis-64a
trans-N-carbamoyl-2-cyano-6-methylpiperidine trans-64b I

2-cyano-6-methylpiperidine trans-71 % triphosgene XX \\ T dimethylamine & RIS & &

T1#E7= (Scheme 28).

26



Scheme 28

1. triphosgene (0.4 equiv) Me,N e}
H EtgN (1.2 equiv) \f
Me /, N CN 0°C.1h

' ’ Me, _N CN
2. Me,NH (1.8 equiv), 0°C '
3. EtgN (1.2 equiv), 0°C tort, 6 h

96%
trans-71 trans-64b

cis-64b &, cis-71 % Scheme 28 LREKDE G TUIES % 2 & TH T (Scheme 29).

Scheme 29

1. triphosgene (0.4 equiv) Me,N

H EtsN (1.2 equiv
Me ., N ‘\\CN 0 éSC (1 h q ) \f
‘ : ’ Me , N .CN

Q 2. Me,NH (1.8 equiv), 0°C
3. EtsN (1.2 equiv), 0°C tort, 18.5 h

, 78% ,
cis-71 cis-64b

0]

R8I & 7% N-Boc-& & U N-carbamoyl-2-cyano-6-methylpiperidine trans-64a, b @
BRATOAVTAX—=2 3 VIEDWTDERZ/DENT, THF-d, 28U THAWT
'H-NMR ZRIEULTc& 2, C2MD7AONVHEROE—I BN AY TV T ERL
fc (Figure 5). 975, trans-64a Tld 4.80 ppmic J=4.1 Hz T, trans-64b Tl&
430 ppm I J=4.6 Hz T, M4 &®H doublet of doublets (apparent triplet) D E—72
EUTEHEENk. LD >T, INSOREBRFI—MRNICKEEEZS5NS chair B TIRA
<, Y7 /& AFILEOTAD pseudo axial* T#H % twist-boat LD AV T A X—Y 3>
ZEDTWBIENTEREINDG., Inid, AFIEEERLEOEBHRE (Boc &, NIL/NES
IVE)E DIERKRF (A'P-strain) Z# T 278, Ffe, 7/ X—WR® (BRLEICHILRZIL

ENGFETZLHOBBLTVWBARELEEH D) ICL>ToT7 /ED axial REZ & 5cd, &

32) (a) Tait, M. B.; Butterworth, S.; Clayden, J. Org. Lett. 2015, 17, 1236—-1239. (b)
Acquadro, F.; Oulyadi, H.; Venturello, P.; Maddaluno, J. Tetrahedron Lett. 2002, 43,

8759-8763. (c) Watson, P. S.; Jiang, B.; Scott, B. Org. Lett. 2000, 2,3679-3681. (d)
Paulsen, H.; Todt, K. Angew. Chem., Int. Ed. Engl. 1966, 5, 899-900.
33) (a) Booth, H.; Mark Dixon, J.; Khedhair, K. A. Tetrahedron 1992, 48,6161-6174. (b)

Bonin, M.; Romero, J. R.; Grierson, D. S.; Husson, H.-P. J. Org. Chem. 1984, 49,2392~
2400.
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EZo5N5.

Figure 5
/\ 4.80 ppm (appt, J= 4.1 Hz) /\ 4.30 ppm (appt, J = 4.6 Hz)
NC NC
H OBu H  NMe,
H ¥ H O H ¥ H O
H Me H Me
frans-64a trans-64b
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%38 N-Boc-& & U N-carbamoyl-2-cyano-6-methylpiperidine @iz 70 k b & KO
REFAHI & DRI

Rychnovsky 5\ trans-64a O X F )Lt %= 1T > I D&M, trans-64a @ THF AR&IC
-78°CIlc&W\WT DMPU OFET LDA ZMZ, 15 KERICIAVEXFILZMZAETSIC 1.5
RERSIE2EVWS2HDTHS, R7ONMEIC T5REET S EFEZICS W,
trans-64a Z-100 °C ICEWT 1.5 HED LDA T 10 2ELEL 2% 3.0 HEDIE R Y
VAINEMZTcE T3, T5%DNETB68aB NE—DI T AT LANY—ELTHELN
(Table 2, entry 1). 68aB I& Rychnovsky 5D X FIL{LEREKIC a-YFAZ MU ILHIL
HBREZE UIBITBIENY VA IO RIG U Te g G RERER) TH D &5,
-100°C, 10 2EWVWSEHETE a-UFAZNIILDIAFBERIFRERFI NG, W52
MR Iz, LITMP, LIHMDS, NaHMDS, KHMDS ICDWTHRKDOEH TRIGZIT o 2
(entries 2-5). LIHMDS ®i5& (&, -100 °C Tk 7 A~ {EAETT U ah > fzfe b, -60 °C
TRIGZET-> &3, 88%DINET 68aB M5 lc. ZDMDIBE TIE—ERREINEIIN
ENdHDD, -100 °C TRIGHETL, 68aB DAHNELSND & WSHERICENLIEHEDL

1.
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Table 2

BulO o] ButO (0]
YH 1) base (1.5 equiv), 10 min \’%COPh
Me, _N_° 2) PhCOCI (3 equiv), 15 min pme, N
’ CN THF . --||CN
-100°C
trans-64a 68aB

(inversion product)

yield (%)

entry base 68aB 64a
1 LDA 75 16
2 LITMP 88 -
3 LIHMDS 61 23
4 NaHMDS 50 28
5 KHMDS 68 6

’Reaction was conducted at —60 °C.

N-DIVINEAIVEEBAK trans-64b [CDWTHAKDRN Z{Tofc&E 23, -100 °C T
708 M ET LM o Tcfcs, -60°C TRIGZITofc (Table 3). Fiz, ZDRRICHE
Y% a-X5OARDPRRETH D, H2D DEIGTHEIE B, BEIC K 2B
Z= 37MICEMEL . 272U LIHMDS 0% &R 7 0 N EDBEEIEW T 15 2E & L
fo. ZDHER, WINOBEEZAWCHEDIEREGMER 68bB M'E LV ERKE (93:7~
98:2) TS NTc. DI MICILFRFFAER 68bA NERL TWB DI, 7O LD 3
DTERE/LBWD, BNV AN ZMABRICRTON DR S IEREEZS

ZENTES.
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Table 3

Me,N (0] Me,sN (0]
? YH 1) base (1.2 equiv), 3 min ? YCOPh
Me , N = 2) PhCOCI (2.4 equiv), 10 min pe . N
—60 °C
trans-64b 68bB
(inversion product)
yield (%)
entry base 68b (68bB:68bA) 64b
1 LIiTMP 36 (96:4) 18
2° LIHMDS 36 (93:7) 40
3 NaHMDS 48 (98:2) 29
4 KHMDS 35 (98:2) 39

’Reaction time for deprotonation is 15 min.

Table 2 £ &V Table 3 DFERMN S, trans-64a, b hSERK U XY OKIERI—DRE
BiEE (66 H UK X cis-67)=2BH L T 68aB, 68bB WA LIcEEZ S ENTE

% (Scheme 30).

Scheme 30
NC(O)X
X 0 — Mo v PhC(O)CI —
b N NC(O)X
) 66 — , C(O)Ph
X Me
N CN
trans-64 > %I\N — 688
- -0
Me | \_pncioyci
CN
cis-67

RIC, BNV AIEFEET, BEEZMZA S EVWSFHETRISZITS 2 &IC LT (Table 4).
trans-64a DIBE, IKBEHRZ K> BB ICIIERGRBEENERT 5 &S, THERE

BEADF S NN, ZAEBHRZRSH, SWMEINIF 66 U <3 cis-67 ICE{LT BRTIC
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BENRVYAIIERIGULcEWS Z&EZ2RY. RRIC trans-64a Z-100 ClcEW T3 HE
DIBIERVYAILEET, 3YHED LITMP T 15 2BEREBULIzE 23, 7T6%DIETRY Y
1)ULtk 68 HMESNfc (Table 4, entry 1). ILARFFRHER  MIEREIREADEI S
(68aA:68aB) (& 10:90 TH D, ILAREFFAEMR 68aA BbEMT B ENHASMNER S L.
LIHMDS Z BB WSS ICIXERIEIN DO H TR YV 1 )LEIE 68 B 5k - b,
NaHMDS T 68aA:68aB = 60:40, KHMDS Tl& 68aA:68aB = 80:20 &, & 5K
REFRER 68aA DEIEN LR U (entries 2~4). RIitEE%#-60 °C Ic RS TRIG
Z{Tofc& 3, LITMP, LIHMDS T3 XA RERER 68aB D& &7k - o (entries 5,
6). NaHMDS, KHMDS T6-100 °C Oi5& & D I iARERH&EAR 68aB OEIGHEM L /<

(entries 7, 8).

Table 4
Buo \(2 1. PhCOCI (3 equiv) \f Buo \f
Me N - 2. base (3 equiv) COPh COPh
Q_CN o U Q
15 min
trans-64a 68aA 68aB
(retention product) (inversion product)
entry base temp. ('C) yield (%) retinv (68aA:68aB)
1 LiTMP -100 76 10:90
2 LIHMDS -100 - -
3 NaHMDS -100 85 60:40
4 KHMDS -100 95 80:20
5 LiTMP -60 96 2:98
6 LIHMDS -60 92 2:98
7 NaHMDS -60 95 47:53
8 KHMDS -60 93 50:50

trans-64b ICEA LU THRKDORIGZE RS Uz, 72/2U-100°C TR0 k> {EAET L

Bhofcfeth, -60°C TOHRIG%ZIT o>z (Table b)), ZDHER, WITNODIEETH,
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trans-64b %#-60 °C T U =i (Table 5, entries 1~4) & D H K RIEREEXRDES
MNEFLU, LITMP, LIHMDS Z B WI5E TH A REBRBEAENTHER (68bA:68bB =
74:26, 77:23)&7/->7fz. KHMDS ZEWiig&EIClE, -40 °C TRIGZE1T> THEIRMEIE

94:6 M5 8723 EDLIMNCIETITZ2DHTH > (entry b).

Table 5
Me,N O Me,N
1. PhCOCI (3 equiv)
M \I\TH 2. base (3 equni4 YCOPh YCOPh
e”"O—CN THF U N Q "CN
15 min
trans-64b 68bA 68bB
(retention product) (inversion product)
entry base temp. ('C) yield (%) retinv (68bA:68bB)
1 LITMP -60 83 74:26
2 LIHMDS -60 86 77:23
3 NaHMDS -60 75 76:24
4 KHMDS -60 78 94:6
5° KHMDS -40 69 87:13

°2 equiv of KHMDS was used.

o, ARIGTIF, RIDOETE & ICHEMEIETH S LiCl, NaCl, KCI B4R T 5. LiCI* &
LTMP R E DR ERERBRETR T I ENBEINTED, TNSOEMIRIGEDE
REICHEZSZTVWSAREENH S, RIVEBZIRT IS LTZOREZHESNMLTH
KEMNH D60, H5MUH 1 HED LICI ZIMA TREZ{T>% (Scheme 31) .ZD#E
R, LICIEFE/DIZE (Table 5, entry 1) &HE®UL T, INEFE, RIGEICKEHBELIERE

ot

34) (a) Hall, P. L.; Gilchrist, J. H.; Collum, D. B. J. Am. Chem. Soc. 1991, 113,9571-9574.
(b) Hall, P. L.; Gilchrist, J. H.; Harrison, A. T. J. Am. Chem. Soc. 1991, 113,9575-9585
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Scheme 31

MeoN e} 1. LiCl (1 equiv) Me,N

PhCOCI (3 equw
\|&H 2. LiITMP (3 equiv) YCOPh

A \(COPh
Me , N

" —=CN THF
—60 °C, 15 min

trans-64b 68bA 68bB
93% (68bA:68bB = 76:24)

Me,oN

IS5 ICRHEVEREZRLU I KHMDS Z AW RIS (Table 5, entry 4) ICF¥FL—¥ 3
VEBREY S HMPA*Z 5 UEMA TRIGZIT o fcht, BIRENKESETI 2 &FHH

> 1z (Scheme 32)

Scheme 32
Me,N _ O 1. HMPA (5 equiv) Me,N Me N
PhCOCI (3 equiv)
Me \E§? 2. KHMDS (3 equiv) \f§COPh \T§00Ph
—=CN THF CN nCN
—60 °C, 15 min
trans-64b 68bA 68bB

55% (68bA:68bB = 89:11)

ZZT, trans64b zAWERIGICEWT, BEE U TLTMP ZBWoBEE I RE
FiER 68bA MBS T B LICEB U, WIHT 2HROEE (5)- 42 ODRISTIF

LIHMDS, NaHMDS, KHMDS %z AW 3B & [ IR R RER (5)- 43 HMBET Y, LITMP
ZAWCHEERIFEFTERIF Y FABRETILFARERER (R)-43H4EKT 22 &NV

S5MICiE>TW3 (Scheme 33).

35) Reich, H. J.; Kulicke, K. J. J. Am. Chem. Soc. 1996, 118,273-274.
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Scheme 33

NMGQ
1. ArCOCI (3.0 equiv) /&
2. LDA or LiTMP (3.0 equiv) MeN 0
THF, =100 °C oh \/L\\COAr
/’iﬂe? inversion CN
MeN ’ o _ | (R)-43
1. ArCOCI (5.0 equiv) /&
(5)-42 2. MHMDS (5.0 equiv) MeN 0
: _COAr
THF, =100 °C Ph :
. ~<en
M =Li, Na, K
retention (5)-43

ZDZTENS, HROBEEEFERD, BROBETCRIAREZ SR (S 2inv)H'E
FEULRWHREENTE I N, 22T, cis-64a,bZzZAVWTHEEDORIGZEET U (Table
6). AEBDFE, F1HICEELILELDIC, IAKREHER 68A B SNIBER, S2inv
WETETLILZ LIRS, ZOFR, WITNOEREZRAWHEEH, FICLTMP ZHAWT

H B6BARERLAED S Tc. CDRERSE S2INVEBNFELBRWC EEZXFIZHDTH .

Table 6
X (0]
X\f(H) 1. PhCOCI (3 equiv) YCOPh
Me, _N 2. base (3 equiv) Me, N
"U~HCN THF "O----CN
15 min
cis-64 68B
(retention product)
entry cis-64 base temp. ('C) yield (%) s.m. (%)

1 64a LITMP -100 60 19
2 64a LIHMDS -100 14 86
3 64a NaHMDS -100 55 17
4 64a KHMDS -100 70 18
5 64b LITMP -60 84 -
6 64b LIHMDS -60 82 -
7 64b NaHMDS -60 72 -
8 64b KHMDS -60 80 -
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£z, Hoppe 5%, XYY FAFER (R)-72 EKEFEH EDRIGH, UFILAF
AV EDBWFL — 3 YHATERARGREFRHODOHEZRVWT, EXRNICIFIIAKREE TE
TI2DICHL, BIRD T-indanol FEBEAE 75 TRIFEAEDGZEIKRGETETIZI &
ZHREL TWSB (Scheme 34).*nld, bhbnORBER—DERZRLTWS. &5
i, COERZ, FELMZRICLZIRETICKD, T-indanol FEE 75 O AILINZFA > FiLH

RECEESINTWSZEICLZ2FERILEED ERICEZ2HDEERIITTVWS,

Scheme 34
0 [ PN ] 0
. s-BulLi =0 .
0] N'Pr v e} NiPr
l‘\\H 2 TMEDA 0] v\\\LI El ; El 2
hexane AN inversion
CHs T | ] CHs CHs
Z
(R)-72 73 74
O - —_
JJ\ iPr,N 0
0 NiPr, S-BuLi =0 .
H TMEDA v El e} NiPr,
N O L = LEl
hexane retention ‘
-78°C
75 76 77

El = CO,, MeO(O)Cl, Me,SiCl
ULDOEBHERICEDE, UTOLSBRIGEEZIRE TS (Scheme 35). (1)
twist-boat DAV T A A=y ahSiFAON NI D, ERLEXASONINZA
VIEF L —Y g B trans-67 £33, (2) TOAY 7 A X—Y 3V EERFULIRETEL
RUVALINERIET % &, S 2ret % & TIRMRIF ARG 68A NNERT B, (3) trans-67
BNV VAN ERIBT BHICT T VA I RX—KNBONEEWMEINIHEICIZ68B &2 5,

EVWSHEDTHD. TOEBICEDWT, Tabled B LU Table5 DERZBINT B ELT

36) (a) Hoppe, D.; Carstens, A.; Krdmer, T. Angew. Chem. Int. Ed. Engl. 1990, 29, 1424—
1425. (b) Derwing, C.; Frank, H.; Hoppe, D. Eur. J. Org. Chem. 1999, 1999,3519-3524.
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DESICRD. $bL, HILINEAILFENR trans-64b H 5 DEHERD Boc FEA
trans-64a N5 DH D & D HIIFRFHRBEFRDEIENTVWDIE, trans-67 ICHITHFL —
YaVENDAINESNEDANBVWC EZRMRLUTWBEEZISNS. e, WIThD
BOREMEVEIARENEFDOEENELBZDE, trans-67 DT TV Ix—hk

66 NOEBMM©MFSNHEREZEINPSHBARTHS. FIOEEINES R, BEOXA
FAUN, UFIL, FRUDL, AVUDL, EAAVENSLRBICONTILARFRE
AEHNEL B> TWBZETHD. 1 AVENELL BB EAINZAVFRLEDHBEREEHEN
BEDLEDICHINZAYDIIBTEZRICARREICHRZ D, ZNICEINDS T, ILFRFRE
BEARDEIENEVWE WS 2 &E, AILNZAVYDNKREFHICE > TLDRIFREINS

(trans-67—68A) T=h&EZ 513,

37) Peoples, P. R.; Grutzner, J. B. J. Am. Chem. Soc. 1980, 102, 4709-4715.
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Scheme 35

X (e}
NC
Me, _N_: H X
i —CoN = N—
YH o
trans-64 Me
1. PhCOCI
2. LiITMP or MHMDS (M = Li, Na, K)

X (0]
'V' \fcoph
N PhCOCI Me., _N_:
YH - —=CN
rate: M =K >Na > Li

trans-67 68A
(retention product)

i rate: X = OBut >>NMe,

XT7O

\IN

Z{:::I:%Z C(O)X PhCOCI Me, _N GOPh
, : - 1CN
Me N\ “PhcoOCI [;v;j

xH* .\\
phcoci M 688
66 (inversion product)

ZIT, AINZAVICNT ZROEDERBZZREFHZRAWNT, ERICHILNZA>VD
HIRRENIIARET | UAREGHICHEZRIFTONE SN ZHESMNCT S I &Ic L, I
HFHLRERERNRICT 2o, REFHE LT, EBURYYCILEDBRIGEDEWNEL
P-ARNFIRYIAINBELICRBEDOEWEL o-Z ARV YA I ZRHWR I EEE R L.
ULHL, 81 p-= hOXRY VA IVIERIGEEGETAE LIz, 8k o-v OOV 1)L ZH
Waz&licbfe, LML, ZACILIAZA RIE, AINRZIIVBREFHNEHF A4 ICEA
I2IEIEDRIGZINRY DML HD. DFAVICHT DEAREIE, KEFHELT
DRI &I o7 OAXRY Y A )L, IRV A, B p- X NFIRYYAILDIE
iC@m< B3, £, oBREDEREGEDIANGERR EICELD RIGEH TR T 2 AR
HLHD. FIT, BERRICLDODRIGEDEVWERER I D2 &ic Uiz, Ihbs, R

UCTZREEOKREFHID] : 1 DEREVMEETEEZMZNIEL (Scheme 36), RIGEDS
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WREBFAIDRIG U RIEEDINNER AR T 53T THS. BEELTIE, LITMP &
LIHMDS ZRWe. Z0#ER, WINOBEZAW GG FERED, Bl p X hFIRY
VAIREBER YV AILED & RIGHEDNMEL, B o/ OAXRY Y A ILIERIGED EWL & L
STENERTER., Ffe, AVEXFILEBUERYYAILOFEEERHE TTo. £

DIER, XFIEEEFE<KERTET, FRELTWHDD, BIERVYYAILOADNERD

RISHENEWE EHBESMITH - .

Scheme 36
MeoN 0 1) PhCOCI (1.5 equiv) MeoN (0] Me.N 0
z \f 4-MeOCgH,COCI (1.5 equiv) \( 2 \f OMe
N H 2) base (3 equiv) Mo N cN N oN
Me I, : CN THF 8 + Me Ie,.
—60 °C, 15 min
o o)
trans-64b 68b 78b
LiTMP 66% 34%
LiHMDS 66% 25%
1) 2-CICgH4COCI (1.5 equiv) MeoN e)
Me:N \fo PhCOCI (1.5 equiv) z hd Me:N \léo
N H 2) base (3 equiv) Me N cN . N oN
Me... —=CN THF T Me:..
—60 °C, 15 min
(0] Cl 0
trans-64b 79b 68b
LiTMP 65% 30%
LiHMDS 64% 23%
Me,N fe} 1) PhCOCI (1.5 equiv) MeoN (0]

MezN (6]
Mel (1.5 equiv)
\'\TH 2) base (3 equiv) \f \f

: —~CN THF = Me ., AN T * Me . NN
U —60 °C, 15 min OMG

Me ..,

(0]
trans-64b 68b 65b
LiTMP 90% 0%
LiHMDS 81%

0%

KEFHBORIGEDEWNDIBESNMCER DT, I o X REFIRYY AL, EERY
VA, Bl o OARYYAILELTIAVIXFILZBWTKRIGZT1T> 2 (Table 7). 1&
HEUTLTMP 2 AWGE, MARBEER | IARERERLED, Bl o X MFIN

VA ILTIE 48:52 (entry 1), BIERNY V1 ILTIE 74:26 (entry 2), 1k o-7OANY
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VAILTIE 89:11 (entry 3) &, REFHIDORIGKELE K RZBIKRFREXRDEIEN S
KBBEWSFREDOEREGR 2. VXA FILTRIFFELRICIIERGEERD HH
B5nifc (entry4). #8E & UL TLHMDS ZAWeHEES, LITMP SR UERIERESI N
(entries 5~8). LM >T, aYFAZRNYILEREFHE ORIGIZEERWICIZIFREFT
EITT5H2E, OO RERBEFRHEDORIGOREFEZ N UILAILNZA VDT
TUAIR—NCEBMEINZEEEREETH DI ENASHICR >, BEEULT
NaHMDS, KHMDS ZFW/ciZ&cid, =ZBEOIBE 77O IILEICKEREVIEREEI NG
Motz (entries 9~11, 13~15). ThicD2WTlF, ZFZAYOREBENLE W, KEF
B ORIGHEDEZEVWHDRBH S NBN > LARENEZSNS. 2L, Bt oryOORYY
1L Z AW RIGTIE, NaHMDS Ti& 22%, KHMDS Tld 27% & {LZUEEAME L (entries
11,15). chld, b o7 O0ARYYVAIDEEERIGUZZHTH D AREENSL, h
ICE > TREFHIOBELETIZDILICBRDDT, BMICHERT B EFTERW, &,
FEFEIANEZ LI, VEXFILORIGICEWTH, NaHMDS TIEIIZAERFFRAMER @ 31K
REHAEARLE D 57:43, KHMDS Tld 75:25 &, A RFREEI MBS U2 (entries 12, 16).
IUEAFIVE, FIRRFNIEBAFAVICELLU D DIERIF T S22 RISHNE 2 BHtE
FHENTEDOERERDSHFRINGEWeS, RKEFADEBAFAVICERAT S EELIL

HRETETLED & WS e ERSI N
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Table 7

Me,oN

Y

) MeoN
1. El (3 equiv)
2. base (3 equiv)

)
E

Me,N

Me CJ—CN THF Me KJ—CN Me U CN
15 min
trans-64b 65bA, 68bA, 78bA, 79bA 65bB, 68bB, 78bB, 79bB
entry base Electrophile product yield (%) retinv (A:B)
1 LITMP p-MeOC,H,COCI 78b 93 48:52
2 LITMP C,H,COCI 68b 83 74:26
3 LITMP o-CIC,H,COCI 79b 91 89:11
4 LITMP Mel 65b 75 1:99
5 LIHMDS p-MeOC,H,COCI 78b 87 2773
6 LIHMDS C,H,COCI 68b 86 77:23
7 LIHMDS o-CIC,H,COCI 79b 83 97:3
8 LIHMDS Mel 65b 71 3:97
9 NaHMDS p-MeOC,H,COCI 78b 96 82:18
10 NaHMDS C,H,COCI 68b 75 76:24
11 NaHMDS o-CIC,H,COCI 79b 22° 80:20
12 NaHMDS Mel 65b 88 57:43
13 KHMDS p-MeOC,H,COCI 78b 86 93:7
14 KHMDS C,H,COCI 68b 78 94:6
15 KHMDS o-CIC,H,COCI 79b 27° 94:6
16 KHMDS Mel 65b 83 75:25

‘Recovered 64% of the starting material. > Recovered 54% of the starting material.

BiEAEDENEE X, N-Boc

FEEONY Y 1)ULk 68aA & N-HILINEAIILFEED

O-ARNFIRYYAILIE T8bA D X iRiERBERETICE D W TRE UL (Figure 6).
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Figure 6

68aA

78bA

Z 2T, Boc FENR trans-64a & HILINEAILEEEL trans-64b ICHIFHERY I VIR
DIFREDEWVWCEB U REDERREFZEL I DOBEDEEADM® (a+b+c)
i&, 68aA H* 357.0°, 78bA »' 333.9°Tdh o 7. £z, pyramidalization angle®(d 68aA
M175°, 78bA N 43.1°TH>Tc. DI &lF, N-Boc FEIX trans-64a DEFRRTHN K
DIEELTWEZEZRLTWS, FEHIELTWRSEWS Z &, BEDERRFHSAN
IWRZIEICEDBEFNRNAATNE ZEZRUTED, INEBBRRRFOANEZRRTF
EDHBREMEENREVWC LICRATZHDTHS. Lich>T, N-Boc FEHR
trans-64a DANRNDERFEFLICHKEUVU TWBEBRNKREVNE VWS ZETHD, D
ZEMS, N-BILINEAIVEER trans-64b K D LR TO R VENE T D P ITHh > IiERH
SEATIEETH . Ffe, TOEBFICI > TRELVICANINZAYDPRENSNZERKE

FAICH T BRIEEMES D, MIHEREHREFEOEGNMET LICFRELS H 5.

38) Derwing, C.; Frank, H.; Hoppe, D. Eur. J. Org. Chem. 1999, 1999, 3519-3524.
39) (a) Wiberg, K. B.; Castejon, H. J. Org. Chem. 1995, 60, 6327-6334. (b) Fleming, F. F.;

Shook, B. C. Tetrahedron 2002, 58, 1-23.
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N-Boc-& & U N-carbamoyl-2-cyano-6-methylpiperidine trans-64a, b Zi&{t7 04
IWOFET7Z I NEETURUCIBEOKREFERRIGIE, EXRNICIIARETETIST
EDBSMICAR 5T (Scheme 37). AL XYODILIN=A Y trans 67T BNT TV 14 I X
— K66 ci@ o RIS/ O I & RIST NIFIIEREREENERT 50, ZDEIEE,
BB FLENEBREDTF L —2a VEE WAFA YOI AVYE, KREFAORBHICKEL
FEIND. IB0E, KDFL—YavEOEWAINEAILEDAL Boc BELDDH, F
fo, REFHORBUEDNEWELAREDOEENS A0, KORIEOSW\WAILINZ=A Y,
FTRBROENAFAYOA AV ENEWEE (K> Na> L) ZIHRRFOEENEL KBS, BE
DIERIE, AINZA Y DIEZRRIGEDIBR E &EHICIZPMMEENEEEIFETIEEWNS
—ROEBE S FETHD, a-Z b VIILAILNZA Y OEVWRZEICERT 2EEEVANRT
HB.

Scheme 37

Me, _N_= H X
) —CN = N—
YH o
trans-64 Me
1. PhCOCI
2. LiITMP or MHMDS (M = Li, Na, K)

rate: M =K >Na > Li

Me
trans-67

l rate: X = OBut >>NMe,

NC X_ _O
M " PhCOCI Me Tgoph
S - "~Q—CN

68A
(retention product)

X O
TCOPh

N
“C(O)X PhCOCI Me ,,
N ' CN
Me \ PhCOCI
N N\
NM 68B
PhCOCI . .
66 (inversion product)
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F28 HERFINa-AFIEIOPI/ZNIILEEFORZON -7 2 ILERIGD
AVAZS Y

F1E BR

a-ZX/VFARINZA Y DIFCERNRERICH U THBEGOBRENZEZ RIF
2D, 1991 FIC Pearson 5k > TRES e (Scheme 38)." 45, AFHY
YUY/ v#EEHA 80a %z nBuli TMIEL TYFALL 5 AEIC n-Bu,SnCl 2Nz 5 &, B
*80a &%, LML 80b ZEKDRIGICMUIcZEIF, TIEBMULLY FAEK B3 MR
E%k 82 [CEMEAL U e#IC n-Bu,SNCl E RIGL T 80a“ M 4Emd 5. CDfERIF, £ LT
UFARINZAYRE RLRNICERET DI EZ2RLTWS, —F, VL1 RFEHXR81b
%z n-BuLi TAEL T 15 2&IC n-Bu,SnCl ZMMZ =B &S 81a: 81b = 1.0:2.4 OEHER
NESN. I7@bs5, JLARBEEENSERULILY FADINZAYOANERE{ELIC

<V, EWSZENREINT.

Scheme 38
O  SnBu, O----Li SnBu
. 3
P 1 mBuLi, THF Py /L BugSnCl )J\ /y\
XN TMe T XD ONT TMeT
Me’ Ph Me’ Ph Me~  Ph
80a: X =0 82 80a: X =0
81a: X =NMe T 81a: X =NMe
O  SnBu, i':l O  SnBuj
: n-BuLi, THF : n-BugSnCl :
X N TMe ——— > X7 N Me ——— 5 X7 N7 “Me
/ ~78°C / /
Me Ph Me Ph Me Ph
80b: X = O 83 80b: X = O
81b: X = NMe 81b: X = NMe

IFPATLAXY Y TIRINA T AN SR WEEICDWTIE, Chong 5hY 1992 &, a-

S/BHYFULDBoc REK 8L RAESE, “RIERFERINSERIHFR, -95 °C,

40) ERICE TS Y FAY—ZAVWTWVWSED, SHAZBEICT IOBEREEZRLL TV,
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10 AETIRE<ZEILAVWC EZRELTWS (Table 8, entry 1)." 78 °C Tl
M™MTZE3I{L, -55°C Tld 24% ee FTHREBRMEBREIRMNMET I3 (entries 2, 5). Fre,

HMPA #1123 &, BEEICTEINE TS (entry 4).

Table 8
SnBuzO Li 1 co CO,H O
n-BuLi, THF . 2
M Me > M
) Vk'?‘ J\OBU‘ ~95°C, 10 min _ V'\ OBU Zor Vk'}' )LOBut
Me Me Me
84 85 86
94% ee
entry temp. ('C) time (min) additive yield (%) ee (%)
1 -95 10 - 97 94
2 -78 10 - 93 92
3 -78 180 - 76 80
4 -78 180 HMPA 50 0
5 -55 120 - 69 24

Chong 5IET LA RFEFEDANZTEZIHLITK WEWS Pearson 5 DFERICEDE,
LA RFEKR 8T TCRAKDRIGZIRETUTED, ZVILED 1,2-5UNEI S ENRESH,

ICi > 1fc (Scheme 39). i, ARBICEWTTZ VILEFREBIIAFRIETCEASI KLY

Scheme 39
SnBu;0 Ov NMe;
P4 n-BuLi, THF :
_— .
o~ N NMe, T oos Me >y
Me I\Ille
87 88
- 88:12 77%
er = 88:12

COESBEMAETLTUESY, $HIRD a-7 X/ UFARILINZA Y DOIIKLZER
ZEMICTULT, ZILAFIAHILKRZILEE AILNNEASIENRIFITEZELBEIZLLERL 26

FBINFTTICFEELGBD>Tc. UL UREDbhbNIZE, (5)-42a ZB{IE7O1ILDFET,

41) Kells, K. W.; Ncube, A.; Michael Chong, J. Tetrahedron 2004, 60, 2247-2257.
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LDA TR 2 &, PYINEDHMAEIEI ST, BEBRUAREGZMH > TP O1ILLE

(R-43 MW E5nd &%= RHE UL (Scheme 40).”°

Scheme 40
NM62
1. ArCOCI (3.0 equiv) /&
2. LDA (3.0 equiv) MeN CO(A)r or = up 10 9911
Ph
NMe, | THF, -100°C CN
inversion
MeN /5 o) (R)-43
Ph p — NMe,
Zen v
(S)-42a 1. ArCOCI (5.0 equiy) MeN o b 10199
2. MHMDS (5.0 equiv) \/?<COAr er=uptol:
Ph :
THF, =100 °C CN
M =Li, Na, K (S)-43
retention

UL ->T, I 57ILAFIAIRIIILBFEFRZBVWTEERORIDZITAE, Zh5
DBBRENRIFINRELBETEZEEZ 2. T5IC, ARETIE MN(SiMe,), (MHDMS, M
= Li, Na, K) OBEIIHRRBBEEIERT D2 EVWSTFYFATA/N—I ¥ NuEIRE
HNEHEINTWS, COBREICHT Z2EREDTZEICEHEERNFRcNS. 2I T, Figure 6
ICRY 4BEOEEZRAWVWTHENICRN IS &lc U,

Figure 6

NMe,

A

MeN (0]
: H

Ph < oN
42a
N-AIVINEA ILFHESE
NM62

0" o
T _H

o /\/<CN

42c
O-HILINEAIVGEER

OMe

A

MeN H @)
Ph -
\/<CN
42b
N-A N F I HILRZILHESE
OMe

0" o
T H

o~

42d
O-A M F T AIIIRZILEER
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F28 methyl (S)-(1-cyano-2-phenylethyl) (methyl)carbamate(42b) & &
(S)-1-cyano-3-phenylpropyl methyl carbonate (42d) D &5

N-FIVINEAIIFEEE 42a X *ICLIc>TL-7 2P 525, O-AILNE
A IVFEEERA42c IR IC U ch’ > TEERICE DAZDEITHELAEREE 7 /e RU VD
S5ERU L.

N-X ~F 2 HILIRZILEFEEBER 42b DERIE Scheme 41 ICRT LS ICfTofe. L-7 =
W75 =z HORIOOFBAFILERBEAKRST N VLATRIELT N-X MFZAHILR
ZILER89 & LTt THFHR N-XFILEILT7AYUY (NMM) EET, 7O00FEITFILT
WBUBRICTVEZTKEZMZ 1T HT7IROOANEEBUL, RWT, 90 Z DMF &, ¥
PXIWEI7OZARTUIEIEZIETN-ARNFIAHIRZIILZMNYILEIT = 3 TiE 68%
TiRfc. REIC, DMFHRI VX FILEET, KEEF NI DLTUREYT S ETAFIL
RIGZITV, BHO N-X ~F 2 HILRZILFESHE 42b Z 95% (er = 99:1) THEZ I EMNT
=re.

Scheme 41

OMe OMe
1. CICOEt (1.1 equiv) /&
NH, NaHCOj3; (4.4 equiv) HN 0] NMM (1.1 equiv) HN 0]
H CICO,Me (1.5 equiv) H —10°C, 30 min H

Ph. __ _OH Ph_ __ _OH Ph_ __ _NH,
V\[( H,0 W 2.NHzag, —10°C, 1 h W
5 t, 22.7 h Y

e} THF
L-Phenylalanine 89 90
. . OMe OMe
cyanuric chloride /g NaH (1.0 equiv) /&
(1.9 equiv) HN o Mel (8.0 equiv) MeN H 0

DMF Y DMF :
-30°C,3h  Ph __~ 0°C,30min " \/<CN
68% (3 steps) CN  95% (>1:99)
91 42b
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O-X MFIAIRZILFEER 42d (3, BRICLZHZDEITHELAEEFERY 7 /ER
V> 92 % THF F7 O00FBAFILE LN IIFILTIVTUETZIET, 79% (er =

2:98) TE SNz (Scheme 42).

Scheme 42
OMe
OH NEtg (1.2 equiv) /g
‘«=H  CICOMe (1.2 equiv) Q H )
©MCN THF, 1t, 1.5 h :
N CN
79% (2:98 er) |
=
92 42d
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B3FH BERFINa-AFVELOTI/ZNIIILFEXRORE 7O VB L OREFH
& DRI
4TBEDEE 42a~42d Z THF F-100 °C Ic B W T, BIER Y V1 IILOFEETEE (LDA,

LIHMDS, NaHMDS, KHMDS) TH#IE Uz (Table 9). ZD#ER, HMEEDI SV F AN —
thlic KREBEWHER SN, N-AILINEAILGFEER 42a 1 51d, LDA OHERIIAEKRER
BUER, ZOMOIBETRIIARFREANIEFTEA/IF Y FARRETHE SN
LIHMDS OZ&ICIFPPLRIREDETHAE SN (er=93:7). N-XNFIAHIILIRZILFEE
420 NS/ ESNTHBERTIHERICK > TRRENKESE(L L. £I, LDA DBHE
(& N-AILINEAIVFEER 42a & RtkE VBRRE CIARERESNE SN i, LIHMDS @
BRI 42a £ IFRB D IIEREREEIESLL, BRI 37:63 EHREETH It
NaHMDS, KHMDS T REFREFIMEE L 2hS, KHMDS oA EWEREZRU

(80:20vs 91:9). O-AILINEA ILFFEEK 42¢ TIRBREDNZEL ETURD, LDA 0I5
B REREERD, NaHMDS, KHMDS Q5 & [d IR FREARIMESL T 2 & WS E—
DEA%ZRLUE. 722U, LIHMDS T 7O N ERNET LRI o2, O-X MF VAR
ZIVEEER42d 1 5FENTC43d FIRTODEREDHETRER I EIAELTESNE.
IFVFABRREOE S ZHRITZE, a-AFIRIIILEDS a- 7/ ZKNJILDOANR

(42a vs 42c, 42b vs 42d), A RFINDIRZIVFEEERLD HHILNEAILEEERDT
H (42a vs 42b, 42¢c vs 42d) FBRUED S WMERICH S, BEFICDOWTIE, Pearson 5

I &2, E (Scheme 37) &—E T 3.
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Table 9

Y Y Y
/& PhCOCI (Z equiv) /& /g X =N, R = CH,Ph
X O base (Z equiv) X O X O X =0. R = (CH,).Ph
- H - _COPh + COPh ;R = (CHo)d
K THF P Jo base = LDA, LiTMP : Z = 3
R CN  —400°C,10min R CN R CN base=MHMDS:Z=5
42a—d (S)-43a—d (R)-43a—d
42a 42b 42c 42d
X =NMe X = NMe X=0 X=0
Y = NMe, Y = OMe Y = NMe, Y = OMe
yield yield yield yield
entry base SR SR SR SR
(%) (%) (%) (%)
1 LDA 96 199 70 496 86 4060 92 5050

2 LIHMDS 10 937 49 3763 O - 29 50:50
3 NaHMDS 96  99:1 92 80:20 92 5446 99 50:50
4 KHMDS 81 99:1 92 919 92 5347 95 50:50

RiiEls 43b DIENEEE I 42b ZXV YV AL 054 REFEET. KHMDS TLEL TESh
TeTF Y FAT— 14:86 ODRHEFRZIRA N F 2 AIRZIMELIZDBIC, ENEERERN “DU L+

RFEKR43a ICEE, FIINTLICEZDMEITS ZETRE LR (Scheme 43).

Scheme 43
1. triphosgene (0.4 equiv) NM
OMe H EtaN (1.2 equiv) €2
HBr/CH;COOH MeN 0°C,1h /§
MeN neat \/?<COPh 2. Me,NH (1.8 equiv), 0°C Ml com
COPh ] Ph : -Me; .8 equiv), 0° H Ph
Ph 0 Ctort CN  3.EtgN (1.2 equiv) Ph '
\/<CN 15 min 0°Ctor,19.5h \/<CN
43b 75% 93 o . 43a
1488 or 59% (16:84 er)

ARISDIT Y FARBREICEEZRIFIRFIE, HILNZAY 94 OIIFEZENREN
(Scheme 44, k) DA TIEEW, 94 ERBFHIEDRIGEE (k) ICbHEZZIT B0
NH3. 905,94 EXREFHEDRENIBEWFEEANILNZAYDOZ I NI SNS.
T, IIARE  AARREOEE (K., K., )JIKbFEBEZZT5. T#&m U 7z piperidine

FEEKBED a-V T /S HIWIKZAYDBEIR, T VA1 I X— N> TEKBERZE LD
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WERD IR TREBFAIERIDT B EDBESMICHE > fhY, HIROEE 42 = LDA T
BURBBICIFIIEREGHERNMBET 2 NS, NILNZA YD UKRETREFA &
RIGS %12 (94 — inv-43) NEETS. LIch > T, AIUNRZAUNTEILELSE

b, AARE, IBEREDO2DOORBIHEL TWNE, BNTLEIFYFAY—HIKET

9 3.
Scheme 44
Y
=0
x><|'v|
R™ "CN
rac-94 %
k. Ko x/go
1 2-ret /?<C(O)Ph
v Y R™ "CN
/g MNR'; =0 ret-43
X" S0 ——> X, ,M —PhC(O)CI
et r S on 1
R en A
L » X
42 94 kz-inv J\ C(O)Ph
inv-43

9, 42a-d E REFHREDORBEENIF VY FAY—ICH U TEEZRIFLTWSH
BREICDOVWTOBERER/ZHICHEAERRZITS> 2 &IcUic. 9405, 42a (1.0 ¥8)&
42b (1.0 HE)D THF BRICERIZ (24 HE) O LDA #/MZ-85 °C T3 HMELIET S

Elc&>T42a,42b chickEICR7OMN L IZRIC, -100°C ICBHL 1.0 HED
BV A )L ZEMA Tz (Scheme 45). ZD#ER, 42a D>V A1 )Ltk 43a H' 34%4
BU, 57%D 42a M ERES DT L, 42b TIER> Y 1 )L{LiE 43b HY 65%4ER L,
27% D 42b HEINE Nz, 42a, 42b O 7O K V{EDTERICEITL TWBS Z &I, B
Infcd42a & 42b Mo EIILLTWBR I ENSHER L. ZOBERIEY FAEK 94b-Li O

AN, 94a-Li LD EKREFEFAICHT ERIGEENENC EZ2RLTWS, KEFARIOFET
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RIGZEIT>BOITF Y FANY—LIE 42a H¥ 1:99, 42b 1 4:96 DT, ZDHFE, RN

BENIFYFAVY—HICEENICRKEENTIEWEWT EDBES NS .

Scheme 45
/"Q"ez NMe; NMe,
MeN H o MeN /L_&O MeN /&O
p ! COPh
Ph Ph K K
< CN ~ CN Ph oN
42a(10€d) 1pA(24eq ~ 94ali  PhCOCI (1.0 eq)  43a34% (43a 57%)
+ oMe THF, —85 OC + OMe THF, —100 DC + OMe
/g 3 min 2 min /g
MeN H @) MeN L ) MeN )
p ' COPh
Ph %\/k
< CN ON Ph on
42b (1.0 eq) 94b-Li 43b 65% (43b 27%)

FTERDHEEERRZINRTOEEDHEAGLEICDWT, LDA, NaHMDS ZAHWTITo fe.
122U, 42d BSEMT 57 ZA YV RBARET, KEFAFFET CRABELIIZSH, RN

Ufc. #5828 % Table10 lcRT.
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Table 10

Y Y Y
X /&o X /go X /go
X M J< COPh
R CN R™ "CN R ON
42 (1.0 eq) base (Z eq)_ 94-M PhCOCI (1.0 eq) 43
+ THF, temp. * THF, —100°C '
. T y' 2 min /L
X'-/# o) X /N%O X" copn
¢ K K
R” CN R CN R™ ON
42' (1.0 eq) 94'-M d

X =N, R =CHyPh; X=0, R =(CH,),Ph
LDA: Z=2.4, temp.=-85 °C; NaHMDS : Z=2.2, temp. =-90 °C

43a (42a) 43b (42b) 43c (42c)
X = NMe X = NMe X=0
Y = NMe, Y = OMe Y = NMe,

s.m. base yield (%) yield (%) yield (%)
42a and 42b LDA 34 (57) 65 (27) -
42a and 42c LDA 24 (57) - 65 (11)
42b and 42c LDA - 49 (37) 48 (30)
42a and 42b NaHMDS 12 (74) 79 (0) -
42a and 42c NaHMDS 65 (5) - 23 (67)
42b and 42c NaHMDS - 76 (0) 16 (75)

FAEERROBERNS, YFARINZAYORIGEF 94b-Li ~ 94c-Li > 94a-Li, V¥
AHIWNKZA Y DORIGEF, 94b-Na > 94a-Na > 94c-Na DIETH D Z &Ehbh >

(Figure 7). WHF AV DEWCEKRF LU TRIGVEDIEEDELT % & W5 DIFEERRWESR
TH5. Y=NMe, DEETHURI DL, UFATZAVDHBER a-AF2HIN=ZAYD
A, VIAANWNZAYDBEEF a-7 X/ AINZAYDOAIKRIGED BV (94c-Li >
94a-Li, 94a-Na > 94c-Na ). VFATF AV DEFE, afurBZRREFOANEE-HILIR
SIBEREDOF L —2arhmlah, REEMET U EEANEHRATETHS. RIG
ENMBEWCEIDDET, FEAERTERIFYFABRETRIONETT DERIE, D

FL—avICLBNINNZA Y DIABIEENLEEILNENINEDREVWEEZ S ENT
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ED. VIAAINZAYDOHBER)FIOLEEKRULTFL—2 3 VERBEIN/NS WD

94a-Na DORIGHEMMET UGB WAIEEM LB B DY, BENRE I 2 ICIEBRICDOWTIRIEEDE Z
5REATHSD. X=0Me @ 94b-Li, 94b-Na O RIGENEWVDIE, X =NMe, DHFE L
BUTCIUIEREENNES VWS EZRRUTWSAREENH D, WIhICE® K, A=AV &

REFRIEDRIGEEICL > TIF VY FAT—UAFHHEINTWSDIFTIEEWT ENES

AN AESY Fel
Figure 7
NMe, NMe, OMe
MeN/fTO o/féo MeN/lbo
< | = LI
Ph J< )< \)<
CN Ph~ > CN Ph CN
94a-Li 94c-Li 94b-Li
NM NMe,
/£>e2 /£§ OMe
0" o MeN™ O ,&
Na Na MeN 0
/\)< < Ph CN < Na
Ph \)<
Ph CN N
94c-Na 94a-Na 94b-Na

Ric, BEDORT7OMNMEOREESHREERRTHRI B &lc L. 70NV {LDOEE
F—RIBETFVFABREICESIBLSICEEIBVD, KRIGDIBE, BIEXVY
TIVEREBE 42 OREBRICEEZMZA 578, HEE 42 OIBEICKL Bl 7AN L (k) &
BERYVAINICHT ZIEEDKZBE (k)DHRET D (Scheme 46). T7bs, BEEDH
Z7OKVEABWGS, BV YA IDEEEDORIGTHESN TREMMET I 5728
AWNRZAY OEIRBREIMETL, HBRELTITEIMDRIDPI K BIAEEELH S,
e, BEORERNLBEREEICH T 2RBFREMBEHLEDOEBEOZEICOHEKN SN

.
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Scheme 46

=2
x><M
R~ "CN
rac-94 %
Y
A R .
X o T2t /?<C(O)Ph
R CN K3 =0 ret-43
42 > X//<M —1 PhC(O)CI v
+ R7+ CN /g
MNR' — 94 — X 0
2 ] ko.iny JQC(O)Ph
K, 0 CN
+ > inv-43
Ph NR',
PhC(O)Cl ] 95

ZIT, 42a(1.0 HE)E 42b (1.0 HE)BLWEERY Y AL (1.5 HE)D THF BRK
I-100 CICEWT 1.5 HE®D LDA ZHNZ 7= (Scheme 46). ZDH#ER, 42a DXV YA
ILbtk 43a HY 38%A4RL L, 60%D 42a HEINE iz, 2L T 42b DRV 1 )L1bik 43b
(F 30%ERL, 63%D 42b NEINRE . EIXEic 42a & 42b DZNZNDREHREL
ICEAIFEMN 272D T, R7ARMN MR I > TVBRICEIDNDSITRYY A )LET R TL
BWEWSTRRERRA SN, b5, 7O MEENLEERINTEERY VA
IWERIBUTZ &ICTa 3T, 42a DAL LIMNCHTIONEARNE WS Z EABHS M

[Cig> Tz,
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Scheme 47

NMe,
MeN /&O MeN /go
: _H : ,COPHh
Ph : Ph .
\/<CN LDA (1.5 iv) \/<CN
. .5 equiv o o
42a (1 .0 eqUIV) PhCOCI (1 5 eqU|V) 43a 38% (423 60 /O)
THF OMe
/1“"6 100 °C
MeN (0] MeN (0]
: _H : ,COPh
Ph . Ph :
\/<CN \/< CN
42b (1.0 equiv) 43b 30% (42b 63%)

LEEDHEERBRZINTOEEDOHEAETLEICDWT, LDA, NaHMDS ZFWTITo L.
f&R%Z Table 11 [c7R9. 7cf2UL, 42d Z NaHMDS TR U 1B & RN E i 42d HY

ZEIfELTWefied, BRALE. LHLIDEELS, 42d i NaHMDS IC L5770 b~

MEDFEBICELS, NOKEFH EDRIGEEIMBOEE ICLLE U TEL

EWS T EDHE
AEns.
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Table 11

Y Y
: : ,COPh
R/<CN base (1.5 equiv) R/<CN
. . uiv
42 (1.0 equiv) phcOCl (1.5 equiv) 43
v THF v
-100 °C /&
X,/go X =N, R = CH,Ph X' 0
/f<H X=0,R=(CHyPh "= _copPnh
R CN R CN
42' (1.0 equiv) 43'

X =N, R =CHyPh; X=0, R = (CHy),Ph

43a (42a) 43b (42b) 43c (42c) 43d (42d)
X = NMe X = NMe X=0 X=0
Y = NMe, Y = OMe Y = NMe, Y = OMe

s.m. base yield (%) yield (%) yield (%) yield (%)
42a and 42b LDA 38 (60) 30 (63) - -
42a and 42c LDA 32 (66) - 66 (28) -
42a and 42d LDA 38 (48) - - 61 (34)
42b and 42c LDA - 17 (72) 60 (37) -
42b and 42d LDA - 21 (77) - 34 (63)
42c and 42d LDA - - 55 (44) 36 (59)
42a and 42b NaHMDS 10 (84) 81 (0) - -
42a and 42c NaHMDS 46 (50) - 40 (60) -
42b and 42c NaHMDS - 71 (22) 9 (87) -

HARBOBRNS, LDAICLZBR7ONMEDEIDYP TSI, 42¢>42d >>42a>
42b, NaHMDS I &5l 7H kv bkDEI DO P I =IE, (42d >) 42b >> 42a > 42¢c DIRE
THBDEDRESMTHE > (Figure 8). Licht>TAR<ED, lR7ONEDEID P
SEITF U FARRECEENGEBRREGWC ENb >, e, B7O0M1MED
REDOEEDEEDEWCL>TEN L. LDADIBZEE, a-AF2FEHE42c, 42d D
AN a-7 I /FBE 428, 42b SO HBRTO M MEDEN. CNIBERRERFOADERR

FEODEESEUEBENKRZEVWCENSTONVYOBUYENS L B> TWB EEZ NIXSED
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fETHD —MNICEERIBEEN, BVWION Y ZR 7O ML TERLZAILINZA
VIFZEIMHMUPTWVMERICH DD T, ERIC 42¢,42d BNFEAETEI(LLTVWDHER
EBHT . NaHMDS DFEIF, afiDRFEDOIREDEBREY OFEZKRERITT
W3, 974105, Y=NMe,D 42a,42c DIEFS5H, Y =0Me @ 42b,42d LD 670
N AEANEL. Zhid NaHMDS AAEJEWesh, BEBEDMAHREBEEDFEL RELRIF S

TIEBWHEEZZTWS,

Figure 8
Base : LDA
OMe NMe, OMe NMe,
MeN ) o} Mel\J/H&O o) ) o} Q/H&O
B < : << B < H
Ph : Ph ' : '
\/<CN < CN Ph /\/<CN Ph A~ X CN
42b 42a 42d 42c
Base : NaHMDS
NMe, NMe, OMe OMe
Q/go MeN/gO MeN/gO o/go
/\/?<H < Pn \/< H /< < /\/<H
Ph CN CN LN CN Ph CN
42c 42a 42b 42d

U EDBRFOER, 7ZAYORGE, B7ONMEORERITF Y FAT—tLEDHRL &
HEEEEVWEWND NS>, 2ITEWIFYFANV—EIERREINE a-
72 /5EMR42a,42b OFERICOVWTEERT S, 42a (Y =NMe,) D7 H 42b (Y = OMe)
EDHEITFYFARIRENBWZ &L, Pearson 5c & 2R (Scheme 38) &H—9
50T, —RI2EI LA REOFEVWFL—YaVEBICEDWTHAARDOLSICRZ 3.
LH U, Scheme 44 TRUTcK DI, LEREFEIERGOREINHREG L TWSAIEED

H3. %ic, LIHMDS ZRWciBa, 42a Hh5 ORGERISILARE ( IIARE =93:7, 42b
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WS DRERIF AR | I ARE: =37:63 &, BIRMENTEEL TWAERIF, £U07=
AYDOZEIAMDODUPTILIFTEREETZIENTERL, bhvbhid, XUF, 42a DT
FUFATAN=I TV RZUTOLSICHBALE. I40b5, LDA EHEU TREMINE
W MHMDS RDIEETIF, #EFEITZRKEFH (BL7O1IL) OAIILKRZIIBRREFHIIEE
DONADFAVICERMT B EICKk > TEEUEMERL, ZORBRAYILAFAYDEEICE
E7OAIDEET D EICHRD, IFRFBEERDERMEAIET (Scheme 48). —7 LDA
DIFEFEEENKRE L, U FIVALA-REBEDOHEEHEERUEN T MU TLPAY DL EL
BRLUTEW), BEFZVT1Z2EFEL, D OEEIKELEBVWLYFADILN=A VR
Bk 45 ZR CIUIAFRETETIZEWSHDTHS. BENBELH (DFT) EZ2AWCER

REOEEEIRILF—DHERRD CORFEXFLTWNWS,

Scheme 48
MHMDS LDA
Me,N
)\ O----- Li
=0 R MezN % ///
MeN _Cl ) SN ) )
czN---M---0=C_ ——> retention MeN, . _\  ——— inversion
...... = e Ar R ~—C=N
R Ho N ~siveg ﬂ
SiMe —1i
8 M=LiNaK ArCOCI
44 45

ZOF, BNV YAIICLZDIBBEDONAFAUYANDRADPARZELHEZRIELTVSED
THNIE, ELEEORZTHBEBEIIBMR YV AL ZRAVWNIE KD IFREREROEIEN S <
BB EEZBADIBATOAINZRAVWTIRIEGZIT> TWS (Table 12). AIZ(E, &L p-X
hEFIRVYAIIE, XNFIEDBFHREMEICED, BERNYYAILEIDBLAFAVIC
A 2h, REFHIE LU TORIGEREND. BIE p-X MF IRV A I ZRAVWTRIGETT
S>fc& 3, LDAZIBEE UV TAHAWIGEICKE, TFHYFAZRED 4:.96 h5 19:81 ICE

TULRDICHL, NaHMDS TiF 97:3 15 955 L iFEAEEMNR SN > T, ILAEKR
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B CHEITI % LDA DIZEDHEREINMET TS L VWSHERIELLDRHZEXIHIZHDT
H5. \BiLo-7ILAARYY 1), BLOELL oo/ OAXRY Y LIV p-X b F iR & FE
IC, NFAUADEAMENRELS, RKEFAEULTORIGEREEW. chsDKEFHZHA
WISBRICIE, TFYFAN—HICFEAERED B ST, TNIRELDES & RIGHED
PSR THBIEEZISNS. UEDLSIC, BEICHT 2 KEFAI DA IZLE
REFBEEOERICEDL > TWBHEERRBE N, RENNEIF Y FARRKICET

I35, BREDENNS HERIOITBICEESBI ST

Table 12
NMe, NMe, NMe,
Me"! /50 1. ArCOCI (3 e.quiv) Mel\?l /fogr + MeN égr
L S T TN S N S
42a (S)-43a(Ar) (R)-43a(Ar)

p-MeOCH,COCI  CH.COCI  oFCH,COCI  o-CIC,H,COCI

yield er yield er yield er yield er
entry base
(%) (retinv) (%) (retinv) (%) (retinv) (%) (retinv)
1 LDA 83 19:81 81 4:96 84 6:94 69 7:93

2 NaHMDS 90 95:5 95 97:3 91 97:3 90 98:2

ZNIENHU, 42b BTV FARRENFREETH S, BEDDHDPIT VDO TER
WheEEZ, RROREF%ZTo/ (Table 13). ZD#ER, LDA, LIHMDS D5 & (& KEFAI
ZRESETHOREBEDERER NG D > chd, NaHMDS DiFEIF, &L ooy OONRY
VAL TIF 65:37, #B{IENY YV A ILTIF 80:20, &k p-X KhFINYYAI)LTIF90:10 &,
BN LRI B ICONTURRITEBHOEISGHEZICER L (entry 3). 2D &
5, NaHMDS D55, REFHIDEEICRMT 5 &lic k> TLBRRFTRIENERID
PILBOTWBRZENBCTREEIND, £, BIEpARNFIRYYAILED B RIGHED

BWE o-7O00XRYYAILTIF Y FABRIREMNMETLTWBERIE, 3T <,
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FIIWAIIWNZA Y DIFEREZH SR (S.2inv) DMHEFELTWS I EZTRET 5.
LIHMDS D#%B&(C LDA & B L THEZEICEREMETLTWS 2 &H, LIHMDS TIEHt~
A~ VEDOBRICKREFARIDEALL TULARREFETEITI DB (S2ret) &, £URkAILINZ
AV OEBEISRKREFHANKIL U CIURKRIETEITT 21K (S .2inv) BEFL TWSER
THD, 42a DHBALD HBEORBEIMBELILEEZ SN S, 42a @ LIHMDS, &R
VAN EDRIGIFEZUEZEN 10%THZDICH L, 42b TIE 4% THZD I EN5H, 42b
FDE< EB—EBIFKREFHIDNAALT 2 Z &< LDA-like REERBIC K > TRIDHETTL S
52&ZRLTWVWS, UEDKREDNSHRDa-ZI /ZNYIWAINRZAVIEWT DKEF
FlORISIE, BIRO piperidine FEM&KE FERD, MEREE MEREOMA QR THEST

U, 20&EIGIE, KEFHRDONDFAUANDERMENICKREBRTEZ S TDIENHESMICRK

o .
Table 13
OMe OMe OMe
MeN /I_%O 1. ArCOCI (3 equiv) MeN /go + MeN /go
: : : _COAr COAr
Ph : 2. base (3 equiv) 4
\/<CN -100 °C, 10 min Ph V<CN Fh CN
42b (S)-43b(Ar) (R)-43b(Ar)
p-MeOC_H,COCI C.,H,COCI o-CIC,H,COCI
yield er yield er yield er
entry base
(%) (retinv) (%) (retinv) (%) (retinv)
1 LDA 82 6:94 70 4:96 58 5:95

2 LIHMDS 50 54:46 49 37:63 49 44:56
3 NaHMDS 97 90:10 92 80:20 90 65:35

42a (Y = NMe,) & 42b (Y = OMe) TOZERMEDEWRIREFBRICEDE, UTDLS
ICHERI T 3. IEEM DBV LDA ZRWEEE, EEOATHRIONVENREID, £UK

UFADINZA VDG ZEEFERICLEENIARES K EL I, IHRREBETETTS.
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DO, 94a-Li 8LV 94b-Li WA LS, BNV AILEDRIGDY A LRAT—ILICHEW
To5E3IT B2 &EBL. MHNDS (M = Li, Na, K) ZEW5E, EE7 01 ILICEk
UAMSE7TAN MRS 57cd, IIRRFETEITIS. 42a DiFEIEF, UTD2 D0
HTLDIEREBOEENEL B (1) BR7ONVLDEEHIEW (Table 11 BR)Z &M
5, BEZ7OAMDERMUT B> TEEUNS T > LBEICL > TR 7O~ {EdNEE
ZBEIENEW, 2) YA REDEBWFL— 3 VEEIC K > THILNZ A Y OFEEE A ]
Eh3. 42b DHEE, HBRDIGREBEORENHFHEL, TOEEEF Li>Na>KOIEICE
K%, InlF, TIROD piperidine FEMEDIZE EAKIC, WAFA Y ORIGEDFGWEE
(Li<Na<K) ¥H{EITZELDEERSAINZAVYDNEREINDHTIERWHEEZS
ns. $%, HIILNZAViE94a-M, 94b-M, 94a-Li, 94b-Li ofE&E™, 70Kt
DBBREOBEZHELFICL>TRDZIET, ZDORFDRIEITZ DD TIERWVWD
EEZEZTWS, a-AFVFEEHKR42c & 42d B U TE AR ELAEREMNIFIX 1:1 TE
TUTWB AR SBRMAETER WD, LDA ZRAWHEE THRRENMBEVWD T, RBED L
Z3Z7EIMHUTVWRAREENEVWEEZ TWS. TNIEDWTHEHELFIC L ZRIEHE

FEns.
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o

BA4E 5w
ATBEOVBFREBIREEZE T HRO = MY ILFEK42a-42d (Figure 9) %181t
RYVALINDEET 7 I REETNEL, KEFEBRKGDIABREICOWTHREZTo /.

8K

S

ZDfER, a-7 I /FEk42a, 42b DG IcE VERENERRER S, piperidine
ERERD, IARE, MAEREBEOMATORBTRIDNETIZIENHSHICR ST, T
BP5, BEETHS LDAZHAWVD EIERETETL, LDA CHRTHEHWVEETH

BAFHAFINIVZIRZAVCHERICIIIIERETETY 5. 42a DHEEIR>IVWITNOE
ZRWEE S RIFEERILERIRE THRBEEIF S NS, 42b DBE LILERE / ILIEF
REDOEENFEEIT DI EICED, BRENLENT L 42a LD HELBDE. WBRFLREE
BEDORIRBEDEWL (Y=NMe,vsY =0Me) Ic&>T, HINRZAYDZEI{LDIE

ENRT BLF TR, REFERRDDOIMFCBERENEERYT & C & IFELRRL.

Figure 9
NMe, OMe NMe, OMe
P <on P <on o ~on o~ cn
42a 42b 42c 42d

ERIERICEDE, ARIDOEBZREDDEUTDLDICESD (Scheme 49), B ~7 O
MbDBRIC, BEOH TR ZONENE IS stepad U IFE(LT O ILHAMERICHAL
LTHhoE7AON NIRRT 2 step bW FET . step a DIFE, HILNZA VD RK-F
BREGLDUIMENS C ER<FHEILT B(step d) ERZKEWCHENS KREFHID R
5D TURREBRIBERNERT 5. step b DIFE, RKEFHIDNAYOAHFA Y DEFEICHE
TEI 2D, IFRRFTRIGNVETLLI KRS (step ). 2L, KEFHIORIGHEHIME
WSEIEDILNZA Y OEENELL (step ), MERKRETETI Z2HEKLHD. Ihic

MAT, —ETHAILNZAYROLORR-ZBEGDVIMI SN, ZEIUET 5.
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Scheme 49

Y Y
o8 o3
: r r

R /<CN R /L CN

(S)-43 (retention product) (R)-43 (inversion product)

g TArCOCI h T ArCOCI
Y o 0
=0 Y /2 \lM\ YA{/ :'I “‘
a X c SN d A
> cN--M | Xl N AP
)KC . /o= r— =N
R H----N_., R
| R
X ’ O M-NR',
R/<CN f
42
M = Li, Na, K i Y 7 5 ol
R' = Pri, SiMe;
b X \O\\ CI e YA(/ ,'M‘\ O:<
N Ar C=N
R H f\ll\R. R
L R' ]
i | ArcOCI
Y
x/go
: _COAr
K
R” CN

(S)-42 (retention product)
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INETOAINZA Y OREFERRSDILFBRICET AKIFE, NV IILAILNZ
AYDESR, HIBREILAECZENICEELLSNICHDICROSNTED, EREOEEICHA
SNBEZHEUEFRIIED a fICRESELAINNZAVICOWTIHEBREFIN G > . X
fo, Ry IO T O NV EICIE sec-Buli BEDBIBENRETH D, JHAFAY
DR (Li, Na, K) 2RI D EEARAIETH > fc. FEESIE, -100 °CTD a-= kY
IWAHILNRZA VDB 7 OAINICKZHRENTEICDRELEHET DIF EENE WD HHF
RETESNIAMBICEDE, a-Z MY ILAILNZAY OKREFERKIGDILIFIBIEZ i
ICIRET U 7e.

BEEEULTRE, BROY 7/ EXRY I VLK trans-64a, trans-64b & LU, #HIRD a-
XV ZNYIFEEK 42c, 42d,a-7 =/ = NV ILEEEK 42a, 42b (Figure 9)Z B\,
BERNBRIGEREE, BE7OCILOEFEET, KR (-60° ~ -100°C)lcHWVWTF I NGE
ZMATZRUIAINZAYZRESED, EVWS5DTHD. ZOFR, UTOZ &N

S MMCR o fe.

Figure 9
BuO e} MeoN \’40
\’?H Me N H
Me II"ENJ—CN IlUCN
trans-64a trans-64b
NMe, OMe NMe, OMe
Ph Ph -
\/<CN \/<CN Ph /\/<CN Ph /\/<CN
42a 42b 42c 42d
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1) RECEESNEXYONINN=ZAVIE, FHRAEDTXILF—EENEWD, BERN
ISR CETT 5. LAHRRFOEEIF, WBFLEBBREDFL —2 3 VENK
Z< (NMe, > OBU), MAFAY DA AVEDIFEWEE (K> Na>L) KRE<KE5B.

2) #HIRD a-Z b JVILAZORILNNZAY TS, a-7I/FEHE 42a, 42b DiHE, 5
IR DIMFEIETNS.

3) HIRD a-Z hUIILXYOAAINZAVIFARGICTFEILT S5 ENAETH B, I
FRER, MAERFOMADORELNHET 5. TOEGIE, NBTFLRECELEDBE,
BEHORMERE, BEEDMS, WHFA Y OEREMYE, KEFAORMUE D/INTVRICK

> TRESNS.

U EDHERIEE, a-ZhJILAINZA Y DREFERRISDILFBEREZHIH THSMICL
EbDTHB. e, WIVNNZAYOBENEMNEKBEEN S FEBSICELT 2BIEICE
FEKREFAICKDHERDY A I VTN, ILERE | IBEREBEOERZREL TWSHEWD
ZENRBRENTe. S HECRICLIBRHEEAIGDESILICL ST, LDFHICR

IGDEEENASNMCRED I ENRFTEIND.
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KERDER

General. All moisture-sensitive reactions were performed under a positive pressure of nitrogen.
Anhydrous MgSO, was used for drying all organic solvent extracts in workup unless otherwise
indicated, and removal of the solvents was performed with a rotary evaporator. Dry solvents and
reagents were obtained by using standard procedures. Thin-layer chromatography was performed
on precoated glass-backed silica gel 60 F-254 plates. For routine chromatography, the following
adsorbents were used: silica gel 60N of particle size 63-210 mm or 40-50 mm. Liquid
chromatography under medium pressures (MPLC) was carried out using prepacked columns (22
mm x 100 mm (5 mm silica gel) or 22 mm x 300 mm (10 mm silica gel)). '"H NMR spectra (500
MHz) were taken in CDC]l, with reference to CHCI, (6 7.26) or in C,D, with reference to C;DsH (0
7.20). “C NMR spectra (125 MHz) were measured in CDCI, with reference to the CDCI, triplet (&
77.2) or in C,D, with reference to the C,D; triplet (& 128.0). The assignment of 'H and "C NMR
spectra was based on H-H decoupling and HMQC experiments.
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£ 1 EICEHITZER

Preparation of trans-2-Cyano-N,N ,6-trimethylpiperidine-1-carboxamide (frans-64b)
o
H
Me., N CN 1. triphosgene, Et3N Me , T CN
2. Me,NH "
3. EtgN

trans-71 trans-64b

MeoN

To a cooled (ice-water) solution of triphosgene (793 mg, 2.94 mmol) in Et,0 (24.2 mL) was added
triethylamine (1.23 mL, 8.82 mmol). After being stirred for 10 min, a solution of
trans-6-methylpiperidine-2-carbonitrile® trans-71 (913 mg, 7.35 mmol) in Et,0 (6.85 mL) was
added. After being stirred for 1 h, dimethylamine (2.0 M in THF, 6.62 mL, 13.23 mmol) and
triethylamine (1.23 mL, 8.82 mmol) were added successively. After stirring for 6 h at the room
temperature, the mixture was filtered through a pad of Celite using AcOEt and concentrated. The
residual oil was subjected to column chromatography (silica gel (40-50 um) 70 g, elution with
hexane/AcOEt = 1:1) to give trans-64b (1.37 g, 96 %) as a colorless oil. R, = 0.29
(hexane:AcOEt=1:1); IR (NaCl) 2941, 1659 cm™.; 'H NMR (CDCl,) 6 1.08 (d, J = 6.2 Hz, 3H),
1.31-1.43 (m, 1H), 1.65-1.77 (m, 3H), 1.83-1.94 (m, 2H), 2.92 (s, 6H), 3.35-3.43 (m, 1H), 4.08
(app t, J = 5.2 Hz, 1H); "C NMR (CDCl,) 6 18.2,19.5,29.3,31.7,37.2,47.3,50.4, 118.3, 163 4;
HRMS-ESI-LTQ Orbitrap (m/z): [M + Na]* calcd for C,,H,;N;ONa 218.1264, found 218.1260.

'H NMR Data in THF-d; (trans-2-Cyano-N N 6-trimethylpiperidine-1-carboxamide
(trans-64a))

'H NMR (THF-dy) 6 1.20 (d,J = 6.7 Hz, 3H), 1.42 (s, 9H), 1.50-1.58 (m, 1H), 1.67-1.77 (m, 2H),
1.89-2.06 (m, 3H), 3.87-3.95 (m, 1H), 4.80 (app t,J =4.1 Hz, 1H)

'H NMR Data in THF- d; (trans-2-Cyano-N N 6-trimethylpiperidine-1-carboxamide
(trans-64b))

'H NMR (THF-dy) 6 1.11 (d,J = 6.2 Hz, 3H), 1.32-1 .44 (m, 1H), 1.65-1.79 (m, 3H), 1.87-1.93 (m,
2H),2.94 (s, 6H), 3.30-3.38 (m, 1H), 4.30 (app t,J = 4.6 Hz, 1H).

Preparation of cis-2-Cyano-6-methylpiperidine-1-carboxylc acid fert-butyl ester (cis-64a)

BuO (0] BUO 0

N 1. NaHMDS \T?

N
Me"'-UC 2. CHCOOH Me,,,.LNJ»‘CN

trans-64a cis-64a
To a cooled (—100 °C) solution of trans-64a (200.6 mg, 0.894 mmol) in THF (16.8 mL) was added
dropwise a solution of NaHMDS (0.98 M in THF, 1.1 mL, 1.07 mmol) over a period of 7 min. The
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mixture was stirred at the same temperature for 10 min before addition of CH;,COOH (1.0 M in
THF, 1.1 mL, 1.07 mmol). The mixture was diluted with Et,0 (20 mL) and saturated aq NaHCO,
(20 mL). The aqueous phase was extracted with Et,0 (20 mL x 2). The combined organic phases
were washed with saturated brine (20 mL), dried, and concentrated. The residual oil was subjected
to column chromatography (silica gel (40-50 um) 15 g, elution with hexane/AcOEt = 7:1) to give
cis-64a' (182 mg, 91%) as a colorless oil.

Preparation of cis-2-Cyano-N,VN ,6-trimethylpiperidine-1-carboxamide (cis-64b)
MeoN o

H
MEI, N ‘\\CN : Y
. : 1. triphosgene, EtgN_ 0 N «CN
2. Me,NH ’
3. EtsN

cis-71 cis-64b

To a cooled (ice-water) solution of triphosgene (252 mg, 0.934 mmol) in Et,O (7.7 mL) was added
triethylamine (391 upL, 2.80 mmol). After being stirred for 10 min, a solution of
cis-6-methylpiperidine-2-carbonitrile' cis-71 (290 mg, 2.34 mmol) in Et,0 (2.2 mL) was added.
After being stirred for 1 h, dimethylamine (2.0 M in THF, 2.1 mL, 4.20 mmol) and triethylamine
(391 uL, 2.80 mmol) were added successively. After stirring for 18.5 h at the room temperature, the
mixture was filtered through a pad of Celite using AcOEt and concentrated. The residual oil was
subjected to column chromatography (silica gel (40-50 um) 35 g, elution with hexane/AcOEt =
1:1) to give cis-64b (357 mg, 78 %) as a pale yellow solid. Recrystallization (hexane/AcOEt) gave
colorless prisms. R, = 0.19 (hexane:AcOEt = 1:1); mp 78-79 °C; IR (KBr) 2959, 1647 cm’; 'H
NMR (CDCly) & 141 (d, J = 7.1 Hz, 3H), 1.55-1.63 (brd, J = 13.1 Hz, 1H), 1.63-1.84 (m, 3H),
1.94-2.07 (m, 2H), 2.86 (s, 6H), 3.81-3.90 (m, 1H), 4.56 (dd, J = 2.5, 5.0 Hz, 1H); "C NMR
(CDCL,) 6 16.2,17.8,29.0,29.7,38.7,43.1,51.0, 121.2, 164.6; HRMS-ESI-LTQ Orbitrap (m/z) :
[M + Na]* calcd for C,,H,;N;ONa 218.1264, found 218.1258.

General Procedure for Acylation of trans-64a: Reaction of trans-64a with (1) LiTMP and (2)
benzoyl chloride (Table 2 entry 2)

BUO .0 ButO_ _0O
. 1)LTMP (1.5 equiv), 10 min T copn
Me, N = 2) PhC(O)CI (3 equiv), 15 min _Me,, _N CN
- —CN THF
-100°C
trans-64a 68aB

To a cooled (=100 °C) solution of trans-64a (22.5 mg, 0.10 mmol) in THF (1.72 mL) was added
dropwise a solution of LiTMP (0.8 M in THF, 188 uL, 0.15 mmol) over a period of 4 min. The

mixture was stirred at the same temperature for 10 min before addition of a solution of benzoyl
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chloride (3.0 M in THF, 100 uL, 0.30 mmol). After being stirred at the same temperature for 15
min, CH;COOH (1.0 M in THF, 150 uL, 0.15 mmol) was added. The mixture was diluted with
Et,0 (10 mL) and saturated aqg NaHCO, (10 mL). The aqueous phase was extracted with Et,0O (10
mL x 2). The combined organic phases were washed with water (10 mL) and saturated brine (10
mL), dried, and concentrated. The residual oil was subjected to column chromatography (silica gel

(40-50 um) 10 g, elution with hexane/AcOEt = 5:1) to give 68aB (29 mg, 88%) as a colorless oil.

General Procedure for Acylation of frans-64a: Reaction of trans-64a with LiTMP and

benzoylchloride (Table 4 entry 1)

BuO (0] B
! \f PhC(0)CI (3 equiv) \|¢ \(
N H LiITMP (3 equiv) COPh COPh
Me ‘e, B CN THF + Me ’,
15 min
trans-64a 68aA 68aB

To a cooled (=100 °C) solution of trans-64a (22.7 mg, 0.101 mmol) and benzoyl chloride (35 uL,
0.304 mmol) in THF (1.61 mL) was added dropwise a solution of LiTMP (0.8 M in THF, 380 uL,
0.304 mmol) over a period of 5 min. The mixture was stirred at the same temperature for 15 min
before addition of CH;COOH (1.0 M in THF, 304 uL, 0.304 mmol) was added. The mixture was
diluted with Et,0 (10 mL) and saturated aq NaHCO, (10 mL). The aqueous phase was extracted
with Et,0 (10 mL x 2). The combined organic phases were washed with water (10 mL) and
saturated brine (10 mL), dried, and concentrated. The residual yellow solid was subjected to column
chromatography (silica gel (40-50 um) 10 g, elution with hexane/AcOEt = 5:1) to give 68a (25.2
mg, 76% 68aA:68aB = 10:90) as a white solid.

(2R*, 6S*)-2-benzoyl-2-cyano-6-methylpiperidine-1-carboxylc acid fert-butyl ester (68aA)

BuO

YCOPh
ik

Compound 68a was obtained from trans-64a (22.7 mg) using NaHMDS and benzoyl chloride in
85% yield (28.4 mg, 68aA: 68aB = 60:40). Separation of isomers by MPLC (elution with
hexane/AcOEt = 5:1) gave 68aA as a white solid. Recrystallization (hexane/CH,Cl,) gave colorless
prisms. R, = 0.20 (hexane:AcOEt = 5:1); mp 139-140 °C; IR (KBr) 2969, 1712 cm™; 'H NMR
(CDCl,) 6 1.24 (s, 9H), 1.49 (d, J = 6.9 Hz, 3H), 1.73-1.80 (m 1H), 1.88-2.07 (m, 2H), 2.24-2.44
(m, 3H), 4.27-4.36 (m, 1H), 7.44 (dd, J = 7.8 Hz, 2H), 7.56 (t,J = 7.8 Hz, 1H), 8.08 (d,J = 7.8,
2H); "C NMR (CDCl,) & 14.1, 22.1, 26 .4, 28.0, 30.5, 48.4,65.1,83.4, 119.3, 128.6, 129.1, 133 4,
154 .4, 191.7; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* caled for C,,H,,N,0,Na 351.1679, found
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351.1680.
(2S*, 6S*)-2-benzoyl-2-cyano-6-methylpiperidine-1-carboxylc acid tert-butyl ester (68aB)

BuO
\fCOPh

nCN

Compound 68aB was obtained from trans-64a (22.5 mg) using LiIHMDS and benzoyl chloride in
61% yield (20.2 mg) as a colorless oil (Table 2, entry 3). R, = 0.17 (hexane:AcOEt = 5:1); IR
(NaCl) 2979, 1694 cm™; '"H NMR (CDCl,, 50 °C) & 1.21 (brs, 9H), 1.41 (d, J = 6.9 Hz, 3H), 1.79—
201 (m, 3H), 2.04-2.20 (m, 2H), 2.20-2.29 (brd, J = 12.2 Hz, 1H), 4.56 (brs, 1H), 7.41 (brdd, J =
7.5 Hz, 2H), 7.53 (brt, J = 7.5 Hz, 1H), 8.09 (brs, 2H); "C NMR (CDCl;) 6 15.5, 16.7 and 17.7,
27.5 and 28.0, 29.3, 33.9, 48.2 and 48.7, 63.9 and 64.9, 82.6 and 84.5, 119.4, 128.3, 128.6, 128.8,
129.2,132.1,132.8, 133.6, 153.8 and 155.7, 189.8 and 190.7 ; HRMS-ESI-LTQ Orbitrap (m/z) : [M
+ Na]" calcd for C,,H,,N,0;Na 351.1679, found 351.1679.

(2R*, 6S*)-2-Benzoyl-2-cyano-N N ,6-trimethylpiperidine-1-carboxamide (68bA)

YCOPh
O

Compound 68b was obtained from trans-64b (19.7 mg) using LiTMP and benzoyl chloride in 83%
yield (25.2 mg, 68bA:68bB = 74:26) (Table 5, entry 1). Separation of isomers by column

Me,N

chromatography (silica gel (40-50 um), elution with CH,Cl,/acetone = 30:1) gave 68bA as a white
solid. Recrystallization (hexane/AcOEt) gave colorless needles. R, = 0.29 (CH,Cl,:acetone = 30:1);
mp 101-102 °C; IR (KBr) 2940, 1643 cm™; '"H NMR (CDCL,) 6 1.24 (d, J = 5.8 Hz, 3H), 1.40-1.52
(m, 1H), 1.76-1.82 (brd, J = 12.9 Hz, 1H), 1.86-2.10 (m, 3H), 2.30-2.34 (dt,J = 12.1, 1.9 Hz, 1H),
3.00 (s, 6H), 3.40 (dqd, J = 12.0,5.8,2.1 Hz, 1H), 7.45 (dd, J = 8.5, 8.2 Hz, 2H), 7.56 (tt, J = 8.2,
1.2 Hz, 1H), 8.08 (dd, J = 8.5, 1.2 Hz, 2H); "C NMR(CDCl,) 6 19.3,21.3,33.4,35.6, 37.9, 54.2,
68.0, 118.2, 128.5, 1294, 1334, 134.6, 164.2, 193.5; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]*
calcd for C,,H,,N;0,Na 322.1526, found 322.1528.

(2S*, 6S*)-2-Benzoyl-2-cyano-N,N,6-trimethylpiperidine-1-carboxamide (68bB)

YCOPh

"CN

MeoN

71



Compound 68b was obtained from trans-64b (19.7 mg) using LiTMP and benzoyl chloride in 83%
yield (25.2 mg, 68bA:68bB = 74:26) (Table 5, entry 1). Separation of isomers by column
chromatography (silica gel (40-50 wm), elution with CH,Cl,/acetone = 30:1) gave 9bB as a white
solid. Recrystallization (hexane/AcOEt) gave colorless needles. R, = 0.22 (CH,Cl,:acetone = 30:1);
mp 146-147°C; IR (KBr) 2964, 1689, 1638 cm™; '"H NMR (CDCl,) & 1.43 (d, J = 6.9 Hz, 3H),
1.74-1,18 (brd, J = 13.3 Hz, 1H), 1.82-1.90 (m, 1H), 1.92-2.01 (m, 1H), 2.01-2.10 (m, 1H), 2.12-
2.24 (m, 1H), 2.33-2.39 (m, 1H), 2.76 (s, 6H), 4.04-4.10 (m, 1H), 7.39 (t, J = 7.8, Hz, 2H), 7.50 (tt,
J=17.8,13Hz, 1H),7.95 (dd,J=7.8,1.3 Hz, 2H); "C NMR (CDCl;)  16.2,17.2,29.3,35.0, 38.2,
51.5,63.2,121.1, 128.1, 129.2, 132.6, 134.7 164.0, 193.6; HRMS-ESI-LTQ Orbitrap (m/z) : [M +
Na]" caled for C,,H,;N;ONa 322.1526, found 322.1527.

(2R*, 6S*)-2-Cyano-2-(4-methoxybenzoyl)-N,N,6-trimethylpiperidine-1-carboxamide (78bA)

Me,N

0]
\f OMe
:
0

Compound 78b was obtained from trans-64b (20.6 mg) using NaHMDS and p-methoxybenzoyl
chloride in 96% yield (33.2 mg, 78bA:78bB = 82:18) (Table 7, entry 9). Separation of isomers by
column chromatography (silica gel (40-50 um), elution with hexane/AcOEt = 1:1) gave 78bA as a
white solid. Recrystallization (hexane/CH,Cl,) gave colorless needles. R, = 0.29 (hexane:AcOEt =
1:1); mp 158-159 °C; IR (KBr) 2929, 1676, 1645 cm™; '"H NMR (CDCl,) 6 1.23 (d, J = 6.4 Hz, 3H),
1.39-1.49 (m, 1H), 1.75-1.84 (m, 1H), 1.84-1.98 (m, 2H), 1.98-2.11 (m, 1H), 2.31-2.38 (brd, J =
13.3 Hz, 1H), 3.03 (s, 6H), 3.40 (ddq,J =119,2.2,6.4 Hz, 1H), 3.87 (s, 3H), 6.92 (d,J = 9.1 Hz,
2H), 8.17 (d, J = 9.1 Hz, 2H); "C NMR (CDCl,) 6 19.3, 21.4, 33.5, 35.8, 37.9, 54.0, 55.7, 67.3,
113.8, 118.7,126.7, 132.2, 163.9, 164.3, 190.9; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* calcd
for C,4H,;N;O;Na 352.1632, found 352.1633.

(2S*, 6S*)-2-Cyano-2-(4-methoxybenzoyl)-N,VN,6-trimethylpiperidine-1-carboxamide (78bB)

Me,N O

\’&\\

OMe

Me .,

Compound 78b was obtained from trans-64b (20.1 mg) using LiTMP and p-methoxybenzoyl
chloride in 93% yield (31.7 mg, 78bA:78bB = 48:52) (Table 7, entry 1). Separation of isomers by
column chromatography (silica gel (40—50 um), elution with hexane/AcOEt = 1:1) gave 78bB as a
white solid. Recrystallization (hexane/CH,Cl,) gave white powder. R, = 0.13 (hexane:AcOEt = 1:1);
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mp 199-200 °C; IR (KBr) 2952, 1680, 1643 cm™; 'H NMR (CDCL,) & 1.43 (d, J = 6.2 Hz, 3H),
1.77 (brd, J=13.4Hz, 1H), 1.81-1.88 (m, 1H), 1.90-2.10 (m, 2H), 2.13— 2.25 (m, 1H), 2.35 (brd,
12.5 Hz, 1H), 2.81 (s, 6H), 3.84 (s, 3H), 4.07 (app quin, J = 6.2 Hz, 1H), 6.88 (d, J = 8.9 Hz, 2H),
8.05 (d, J = 8.9 Hz, 2H); °C NMR (CDCl,) § 16.2, 17.2,29.3, 35.1, 38.2, 51.5, 55.6, 63.1, 113 4,
1214, 1266, 1319, 163.3, 164.0, 191.2; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* caled for
C,H,,N,0;Na 352.1632, found 352.1629.

(2R*, 6S*)-2-Cyano-2-(2-chlorobenzoyl)-N,N ,6-trimethylpiperidine-1-carboxamide (79bA)

MGQN

g
Me., N ?@
’|
) Cl

Compound 79b was obtained from trans-64b (19.6 mg) using LiTMP and 2-chlorobenzoyl chloride
in 91% yield (30.6 mg, 79bA:79bB = 89:11) (Table 7, entry 3). Separation of isomers by column
chromatography (silica gel (40-50 um), elution with hexane/AcOEt = 1.5:1) gave 79bA as a white
solid. R, = 0.50 (hexane:AcOEt = 1:1); mp 150-151 °C; IR (KBr) 2936, 1718, 1661 cm™; 'H NMR
(CDCl,) 6 1.26 (d,J = 6.4 Hz, 3H), 1.40-1.52 (m, 1H), 1.78 (brd, J = 13.1, 1H), 1.81-1.92 (m, 2H),
1.92-2.00 (m, 1H), 2.21 (brd, J = 12.6 Hz, 1H), 3.07 (s, 6H), 3.28-3.37 (dqd, /=119, 6.4, 2.1 Hz,
1H), 7.34-7.44 (m, 3H), 8.00 (dd J = 6.5 Hz, 1.7 Hz, 1H) ; "C NMR (CDCIl,) 6 19.3, 21.0, 33.3,
346, 38.1, 544, 702, 1175, 1264, 130.1, 130.2, 130.6, 132.1, 1359, 1644, 195.0;
HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]" caled for C,,H,,CIN;0,Na 356.1136, found 356.1139.

(2S*, 6S*)-2-Cyano-2-(2-chlorobenzoyl)-N,N ,6-trimethylpiperidine-1-carboxamide (79bB)

o}

\f\\

MGQN

Me o,

O Cl

Compound 79b was obtained from trans-64b (19.6 mg) using LiTMP and 2-chlorobenzoyl chloride
in 91% yield (30.6 mg, 79bA:79bB = 89:11) (Table 7, entry 3). Separation of isomers by column
chromatography (silica gel (40-50 um), elution with hexane/AcOEt = 1.5:1) gave 79bB as a white
solid. R, = 0.44 (hexane:AcOEt = 1:1); mp 147-148 °C; IR (KBr) 2953, 1723, 1640 cm™; 'H NMR
(CDCl,) 6 1.38 (d,J = 6.9 Hz, 3H), 1.70 (brd, J = 12.8 Hz, 1H), 1.77-1.93 (m, 3H), 1.97-2.08 (m,
1H), 2.32 (brd, J = 12.8 Hz, 1H), 2.94 (s, 6H), 4.00—4.07 (m, 1H), 7.33-7.42 (m, 3H), 8.22-8.27 (m,
1H); "C NMR (CDCl;) & 15.9,17.2,29.0,35.0,38.3,51.4,63.2,120.9, 126.2, 129.9, 130.6, 131.0,
1319, 135.6, 164.8, 194.5; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* caled for C,;H,,CIN,0,Na
356.1136, found 356.1139.
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trans-2-Cyano-N,N 2 ,6-tetramethylpiperidine-1-carboxamide (65bA)

MezN (0]

Compound 65bA was obtained from trans-64b (19.7 mg) using KHMDS and methyl iodide in 83%
yield (17.8 mg, 65bA:65bB = 75:25) (Table 7, entry 16). Separation of isomers by MPLC (elution
with hexane/Et,0 = 1:4) gave 65bA as a white solid. R; = 0.18 (hexane:AcOEt = 1:1); mp 74—
75 °C; IR (KBr) 2937, 1658 cm™; 'H NMR (CDCl,) 6 1.00 (d, J = 6.2 Hz, 3H), 1.19-1.32 (m, 1H),
1.39 (s, 3H), 1.53-1.61 (m, 1H), 1.67-1.88 (m, 3H), 1.91 (brd, J = 13.2 Hz, 1H), 3.04 (brs, 6H),
3.08-3.16 (ddg, J = 11.9, 2.4, 6.2 Hz, 1H); "C NMR (CDCl,) & 19.6, 21.6, 25.4,33.3,37.3, 38.2,
53.3, 55.6, 120.7, 163.3; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* caled for C,;H,,N;ONa
232.1420, found 232.1419.

cis-2-Cyano-N,N,2,6-tetramethylpiperidine-1-carboxamide (65bB)

\’4

Me ., N _‘\\CN

Compound 65bB was obtained from trans-64b (19.6 mg) using LiTMP and methyl iodide in 75%
yield (19.9 mg, 65bA:65bB = 1:99) (Table 7, entry 4). Recrystallization (hexane/CH,Cl,) gave
colorless prisms (hexane/CH,Cl,). R, = 0.18 (hexane:AcOEt = 1:1); mp 95 °C; IR (KBr) 2942, 1658
cm™; '"H NMR (CDCl;, 50 °C) 6 1.32 (d, J = 7.1 Hz, 3H), 1.54 (s, 3H), 1.55-1.68 (m, 3H), 1.70-
1.78 (m, 1H), 1.94-2.10 (m, 2H), 2.93 (s, 6H), 3.56-3.64 (m, 1H); °C NMR (CDCl,) 6 16.1, 16.5,
28.2,30.1,37.3,39.6,49.1, 51.8, 124.1, 163.4; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* calcd
for C,,H,,N;ONa 232.1420, found 232.1419.

Me,N o

74



B2 EICHY R

Preparation of methyl (S)-(1-cyano-2-phenylethyl)carbamate (91)

OMe OMe
NH, NaHCO, K 1.ccogt P
: CICO,Me HN O NMM, —10 °C HN @]
Ph OH . ! .
~TN H:0  Ph._ _“_ _OH 2 NHgaq —10°C Ph_ _“_ _NH,
0] )
L-Phenylalanine 89 90
OMe
cyanuric chloride HN o
DMF H
-30°C Ph :
\/\ CN

68% (3 steps)
91

To a solution (25 °C) of L-Phenylalanine (2.0 g, 12.1 mmol) and NaHCO; (4.5 g, 53.3 mmol) in
H,O (16 mL) was added methyl chloroformate (1.4 mL, 18.2 mmol). After being stirred at the same
temperature for 22.7 h, the mixture was diluted with CH,Cl, (40 mL) and H,O (10 mL), and the
aqueous phase was extracted with CH,Cl, (20 mL x 2). The aqueous phase was acidified to pH 1
with 2 N HCI. and extracted with AcOEt (20 mL x 3). The combined organic phases were washed
with saturated brine (10 mL), dried, filtered, and concentrated. The product was used in the
following step without further purification.

To a cooled (in an ice-salt bath) solution of the above crude product in THF (54 mL) was added
N-methylmorpholine (1.30 mL, 11.8 mmol) and ethyl chloroformate (1.13 mL, 11.8 mmol). After
being stirred at same temperature for 30 min, aqueous NHj, solution (4.7 mL) was added over 7 min.
After being stirred stirred for 1 h, CH,Cl, (40 mL) was added and the phases were separated. The
organic phase was successively washed with water (40 mL) and saturated brine (40 mL), dried over
Na,SO,, and concentrated. Hexane was added to the product and the hererogeneous solution was
filtered and concentrated.

To a cooled (30 °C) solution of amide 90 (2.1 g) in DMF (47 mL) was added cyanuric chloride
(3.3 g, 17.7 mmol). After being stirred at same temperature for 3 h, the mixture was diluted with
cooled 0.5 M NaOH (60 mL) and extracted with AcOEt (30 mL x 3). The combined organic phases
were successively washed with water (50 mL x 2) and saturated brine (40 mL), dried over Na,SO,
and concentrated. The residual oil was subjected to column chromatography (silica gel (63-210
um) 70 g, elution with hexane/AcOEt = 2:1) to give nitrile 91 (1.46 g, 59%, 3 steps) as a white solid.
Recrystallization (hexane/AcOEt) gave colorless needles. R, = 0.28 (hexane:AcOEt = 2:1); mp 104—
105 °C; [a]*, —42.9 (¢ 0.52, CHCL,); IR (KBr) 3317, 3062, 3035, 2971, 2936, 1695 cm™; '"H NMR
(CDCl,, 50 °C) 6 3.08 (dd,J=6.9,139 Hz, 1H), 3.13 (dd, /= 5.8, 13.9 Hz, 1H), 3.72 (s, 3H), 4.86
(brs, 1H), 4.90 (brs, 1H), 7.28 (d, J = 6.9 Hz, 2H), 7.30-7.40 (m, 3H); "C NMR (CDCl,) 6 39.2,
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439,532, 11822, 128.2, 1293, 129.7, 133.8, 155.7; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Nal*
caled for C,,H,,N,0,Na 277.0791, found 227.0788.

Preparation of (S)-1-cyano-3-phenylpropyl methyl carbonate (42b)

/ige OMe
NaH
HN ) Mel MeN /go
Ph. DMF Ph.
" CN 0°C ~"cN
o1 95% (>1:99) 42b

To a cooled (0 °C) solution of nitrile 91 (1.00 g), methyl iodide (2.45 mL, 39.2 mmol) in DMF (9.8
mL) was added NaH (60% dispersion in mineral oil, 196 mg, 4.90 mmol). The mixture was stirred
at 0 °C for 30 min and then saturated NH,Cl (30 mL) and AcOEt (30 mL) was added. The phases
were separated and the aqueous phase was extracted with AcOEt (30 mL x 3). The combined
organic phases were successively washed with water (30 mL x 3) and saturated brine (20 mL), dried
and concentrated. The residual oil was subjected to column chromatography (silica gel (40-50 um)
60 g, elution with hexane/AcOEt = 2:1) to give 42b (1.02 g, 95%, >1:99 er) as a colorless oil. R, =
0.23 (hexane:CH,CL:Et,0 = 10:10:1); [a]®, —47.3 (¢ 1.06, CHCL,) (>1:99 er); CHIRALPAK®
AD-H (4.8 x 250 mm), hexane/EtOH = 20:1, flow rate 1.0 mL/min, detection at 220 nm, r = 14.8
min (minor) and 17.2 min (major); IR (NaCl) 2956, 1716 cm™; '"H NMR (CDCl,, 50 °C) & 2.96 (s,
3H), 3.05 (dd, J = 7.6, 13.8 Hz, 1H), 3.14 (dd, J = 8.0, 13.8 Hz, 1H), 3.68 (s, 3H), 5.32 (brs, 1H),
7.21-7.36 (m, 5H); "C NMR (CDCl;) 6 30.8 and 31.1, 37.7 and 38.1, 49.9, 53.6, 117.2, 127.9,
1290, 1293, 134.3, 1553 and 156.4; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* caled for
C,,H,N,0O,Na 241.0948, found 241.0948.

Preparation of (S)-1-cyano-3-phenylpropyl methyl carbonate (42d)
OMe

it CICOMe 9/5 0
W CN —)THF ©/\ /<CN
92 42d
To a solution (25 °C) of 92 (600 mg, 3.72 mmol)'* and triethylamine (623 uL, 4.47 mmol) in THF
(15 mL) was added methyl chloroformate (343 uL, 4.47 mmol). After being stirred at the same
temperature for 1.5 h, the mixture was diluted with H,O (20 mL) and AcOEt (20 mL), and extracted
with AcOEt (20 mL x 2). The combined organic phases were dried, filtered, and concentrated. The
residual oil was subjected to column chromatography (silica gel (40-50 um) 35 g, elution with
hexane/AcOEt = 4:1) to give 42d (645 mg, 79%, 2:98 er) as a colorless oil. R, = 0.34
(hexane:AcOEt = 4:1); [a]*, —40.8 (¢ 1.05, CHCL,) (2:98 er); CHIRALPAK® AD-H (4.8 x 250

mm), hexane/EtOH = 100:3, flow rate 1.0 mL/min, detection at 220 nm, #r = 12.9 min (minor) and
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16.5 min (major); IR (NaCl) 2960, 1762 cm™; 'H NMR (CDCl,) 6 2.20-2.36 (m, 2H), 2.88-2.92 (m,
2H),5.14 (dd,J =69 Hz, 1H), 3.87 (s, 3H),7.19 (d,J=7.1 Hz, 2H), 7.25 (t,J = 7.5 Hz, 1H), 7.33
(dd, J = 7.1, 7.5 Hz, 2H); "C NMR (CDCl,) 6 30.6, 34.0, 56.0, 64.3, 116.5, 126.9, 128.5, 129.0,
138.9, 154.3; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* calcd for C,,H,;NO;Na 242.0788, found
242.0786.

General Procedure for Acylation of (S)-42b: Reaction of (5)-42b with NaHMDS and benzoyl

chloride

OMe OMe
/g NaHMDS (5 equiv) /&
MeN ) o PhC(O)CI (5 equiv) MeN cogh
: THF (0.05M) :
Ph \/<CN -100°C Ph \/<CN
(S)-42b (S)-43b

92%, er = 20:80

To a cooled (=100 °C) solution of ($5)-42b (13:87 er, 32.1 mg, 0.147 mmol) and benzoyl chloride
(85 uL, 0.735 mmol) in THF (2.10 mL) was added dropwise a solution of NaHMDS (0.99 M in
THF, 747 uL, 0.735 mmol) over a period of 6 min. The mixture was stirred at the same temperature
for 10 min before addition of CH,COOH (1.0 M in THF, 735 uL, 0.735 mmol). The mixture was
diluted with Et,O (10 mL) and saturated aq NaHCO, (10 mL) and the phases were separated. The
aqueous phase was extracted with Et,O (10 mL x 2). The combined organic phases were washed
with water (10 mL) and saturated brine (10 mL), dried, filtered, and concentrated. The residual with

solid was subjected to column chromatography (silica gel (40-50 um) 13 g, elution with
hexane/CH,Cl,/Et,O = 10:10:1) to give 43b (43.5 mg, 92%, 20:80 er) as a white solid.

General Procedure for Competition Experiment (1)

OMe NMe,

P 1) LDA (2.4 equiv) OMe NMe:
4 equiv

MeN ) o + o) ) O -85°C,3min MeN ko .\ o/&o
Ph ; ; 2) PhCOCI (1.0 equiv) COPh COPh

\/<CN Ph /\/<CN ~100 °C, 2 min Ph

CN Ph CN
42b 42¢ THF 43b (42b) 43c (42c)
(1.0 equiv) (1.0 equiv) 49% (37%) 48% (30%)

To a cooled (-85 °C) solution of 42b (21.8 mg, 0.10 mmol) and 42¢ (23.2 mg, 0.10 mmol) in THF
(1.70 mL) was added dropwise a solution of LDA (1.2 M in THF, 200 uL, 0.24 mmol) over a
period of 5 min. The mixture was stirred at the same temperature for 3 min. The mixture was cooled
to —100 °C before addition of a solution of benzoyl chloride (1.0 M in THF, 100 uL, 0.10 mmol).
After being stirred at the same temperature for 2 min, CH;COOH (1.0 M in THF, 240 uL, 0.24
mmol) was added. The mixture was diluted with Et,0 (10 mL) and saturated aqg NaHCO, (10 mL).

The aqueous phase was extracted with Et,O (10 mL x 2). The combined organic phases were

77



washed with water (10 mL) and saturated brine (10 mL), dried, and concentrated. The residual
mixture of yellow solid and oil was subjected to column chromatography (silica gel (40-50 wm) 13
g, elution with hexane/CH,CL/Et,0 = 10:10:1) to give 43b (15.8 mg, 49%) as a white solid and 43¢
(16.1 mg, 48%) as a white solid. 42b (8.1 mg, 37%, 47:53 er) and 42¢ (6.9 mg, 30%, 49:51 er) were

recovered.

General Procedure for Competition Experiment (2)

NMe, OMe NMe, OMe
P /& PhCOCI (1.5 equiv) P /§
MeN” SO+ MeN ” O NaHMDS (1.5 equiv) MeN cogh + MeN CO(FJ’h
= f THF Kk
Ph \/<CN P X< CN -100 °C, 10 min Ph CN Ph CN
42a 42b 43a (42a) 43b (42b)
(1.0 equiv) (1.0 equiv) 10% (84%) 81% (0%)

To a cooled (—100 °C) solution of 42a (22.6 mg, 0.098 mmol), 42b (21.3 mg 0.098 mmol) and
benzoyl chloride (17 uL, 0.146 mmol) in THF (1.79 mL) was added dropwise a solution of
NaHMDS (0.99 M in THF, 149 uL, 0.146 mmol) over a period of 3 min. The mixture was stirred at
the same temperature for 10 min before addition of CH;COOH (1.0 M in THF, 146 uL, 0.146
mmol) was added. The mixture was diluted with Et,0 (10 mL) and saturated aqg NaHCO, (10 mL).
The aqueous phase was extracted with Et,O (10 mL x 2). The combined organic phases were
washed with water (10 mL) and saturated brine (10 mL), dried, and concentrated. The residual
white solid was subjected to column chromatography (silica gel (40-50 um) 9 g, elution with
hexane/CH,Cl,/Et,0 = 10:10:1 to 2:1:3) to give 43a (3.3 mg, 10%) as a white solid and 43a (25.5
mg, 81%) as a white solid. 42a (19 mg, 84%,>99:1 er) was recovered.

Methyl (S)-(2-cyano-1-0xo0-1,3-diphenylpropan-2-yl)(methyl)carbamate (43b)
OMe

BN

MeN o)
: ,COPh

Ph \/<CN

43b was obtained from (S5)- 42b (13:87 er, 32.1 mg) using NaHMDS and benzoyl chloride in 92%
yield (43.5 mg, 28:72 er). Recrystallization (hexane/AcOEt) gave colorless prisms. R, = 0.35
(hexane:CH,CL,:Et,0 = 1:1:0.1); mp 151 °C; [a]”,, 86.2 (¢ 0.36, CHCL,) (28:72 er); CHIRALPAK"
AD-H (4.8 x 250 mm), hexane/EtOH = 20:1, flow rate 1.0 mL/min, detection at 254 nm, r = 10.9
min (minor) and 14.5 min (major); IR (KBr) 3388, 2957, 1710, 1692 cm™; '"H NMR (CDCl,)  2.71
(s, 3H), 3.51 (brs, 3H), 3.58 (d, J = 14 Hz, 1H), 3.78 (brd, J = 14 Hz, 1H), 7.25-7.40 (m, 5H), 7.44
(dd,J =17.3,7.5 Hz, 2H), 7.56 (t, J = 7.5 Hz, 1H), 7.88 (d, J = 7.3 Hz, 2H); °C NMR (CDCl,) &
348, 40.6, 67.6, 116.1, 128.1, 128.5, 128.7, 1290, 130.7, 133.5, 133.8, 155.0, 189.1;
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HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* calcd for C,oH,{N,0,Na 345.1210, found 345.1211.

Determination of Absolute Configuration of 43b

OMe NMEZ
_H ,
/& HBr/CH3COOH MeN 1. triphosgene, EtgN /&
MeN 0) eat \/';<COPh MeN 0]
: ,COPh ! Ph ' 2. Me,NH : ,COPh
Ph \/<CN 0°Ctort CN 3 EtN Ph \/<CN
43b 93 43a
14:86 er 75% 59%, 16:84 er

To a cooled (ice-bath) of 43b (81.7 mg, 0.253 mmol, 14:86 er) was added a solution of HBr (ca
0.5M in CH,COOH, 0.8 mL). The mixture was stirred at rt for 45 min and then diluted with CH,Cl,
(5 mL). Saturated NaHCO, was added untile pH 7 was reached and the mixture was extracted with
CH,CI, (10 mL x 3). The combined organic phases were washed with saturated brine (10 mL), dried,
filtered, and concentrated. The residual yellow oil was subjected to column chromatography (silica
gel (40-50 um) 10 g, elution with hexane/CH,CI/Et,O = 1:1:0.1) to give 93 (46.6 mg, 75%) as a
pale yellow oil. R, = 0.33 (hexane:CH,Cl,:Et,0 = 10:10:1); [a]®, 31.0 (¢ 1.47, CHCL,); IR (NaCl)
3336, 3064, 2944, 1684 cm™; '"H NMR (CDCI,) 6 1.80 (brs, 1H), 2.44 (s, 3H), 3.37 (d, J = 13.6 Hz,
1H),3.41 (d,J=13.6 Hz, 1H), 7.29-7.39 (m, 5H), 7.49 (dd,J=7.5,8.4 Hz, 2H), 7.63 (t,J = 7.5 Hz,
1H), 8.42 (dd,J = 1.0, 8.4 Hz, 2H); "C NMR (CDCl,) & 32.3,43.7,73.8,117.9,128.5,128.8,129.1,
130.2, 130.7, 132.5, 133.7, 134.2, 193.8; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]* caled for
C,,H,,N,ONa 265.1335, found 265.1337.

To a cooled (ice-water) solution of triphosgene (17.5 mg, 0.059 mmol) in Et,0 (1.22 mL) was
added triethylamine (25 uL, 0.177 mmol). After being stirred for 10 min, a solution of 93 (39 mg,
0.148 mmol) in Et,0 (963 ul) was added. After being stirred for 71 min, dimethylamine (2.0 M in
THF, 133 uL, 0.266 mmol) and triethylamine (25 uL, 0.177 mmol) were added successively. After
stirring for 19.3 h at the room temperature, the mixture was filtered through a pad of Celite using
AcOEt and concentrated. The residual pale yellow solid was subjected to column chromatography
(silica gel (40-50 um) 20 g, elution with hexane/CH,Cl,/Et,O = 10:10:1 to 2:1:3) to give 43a (29.2
mg, 59 %, 16:84 er) as a white solid and 93 (6.1 mg, 35%) as a pale yellow oil.

2-Cyano-1-o0x0-14-diphenylbutan-2-yl methyl carbonate (43d)
OMe

A

O 0O

SRRV

43d was obtained from 42d (33.1 mg) using NaHMDS and benzoyl chloride in 99% yield (48.3 mg,
50:50 er). a Colorless oil. R, = 0.31 (hexane:AcOEt = 4:1); CHIRALPAK® AD-H (4.8 x 250 mm),
hexane/EtOH = 20:1, flow rate 1.0 mL/min, detection at 254 nm, fr = 13.1 min and 17.7 min; IR
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(NaCl) 3029, 2961, 1768, 1700 cm™; '"H NMR (CDCl,) & 2.48-2.66 (m, 2H), 2.97-3.10 (m, 2H),
3.82 (s, 3H), 7.18-7.25 (m, 3H), 7.30 (dd, J = 7.30 Hz, 2H), 7.51 (dd, J = 7.2, 8.5 Hz, 2H), 7.65 (t,J
=7.2, 1H), 8.10 (dd, J = 0.9, 8.5 Hz, 2H); *C NMR (CDCL,) & 30.3, 39.1, 56.3, 80.8, 115.9, 126.9,
128.5,128.9, 1292, 129.3, 131.9, 134.6, 139.0, 153.5, 188.8; HRMS-ESI-LTQ Orbitrap (m/z) : [M
+ Na]" caled for C,,H,,NO,Na 346.1050, found 346.1053.

Methyl (S)-(2-cyano-1-(2-fluorophenyl)-1-0x0-3-phenylpropan-2-yl)(methyl)carbamate (43b
(Ar =2-FCH,)):
OMe

MeN /&o
‘«a COAr
CN

Ar = 2-FCgH,4

43b (Ar = 2-FCH,) was obtained from 42b (33.9 mg) using NaHMDS and o-fluorobenzoyl
chloride in 89% yield (47.0 mg, 5:95 er). Purification by MPLC (elution with hexane/CH,Cl,/Et,O
= 1:1:0.05) gave 43b (Ar = 2-FC¢H,) as a white solid. R; = 0.35 (hexane:CH,Cl,:Et,0 = 1:1:0.1);
mp 84-85 °C; [a]*, 101.3 (¢ 1.00, CHCL,) (5:95 er); CHIRALPAK® AD-H (4.8 x 250 mm),
hexane/i-PrOH = 30:1, flow rate 1.0 mL/min, detection at 254 nm, #r = 18.0 min (minor) and 19.8
min (major); IR (KBr) 3448, 3032,2961, 1712, 1692 cm™; '"H NMR (CDCl,) & 2.63 (s, 3H), 3.52 (s,
3H), 3.68 (d, J = 14.0 Hz, 1H), 3.83 (brs, 1H), 7.12 (t, J/ = 9.4 Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H),
7.27-7.39 (m, 5H), 7.51 (dd, J = 6.7, 12.6 Hz, 2H) , 7.75 (t, J = 6.9 Hz, 1H); "C NMR (CDCl,) 6
354,403 and 41.6, 53.6, 694, 1153, 1164 (d, J. = 200 Hz), 123.7, 1245 (d, J. = 15.3 Hz),
128.1,129.0, 130.7, 131.8, 133.9, 134.4, 155.5, 160 .0 (d, Jo_r = 250.9 Hz), 188.6; HRMS-ESI-LTQ
Orbitrap (m/z) : [M + Na]" calcd for C,,H;;FN,0O;Na 363.1118, found 363.1115.

Methyl (S)-(1-(2-chlorophenyl)-2-cyano-1-0xo0-3-phenylpropan-2-yl)(methyl)carbamate (43b
(Ar = 2-CICH))):
OMe

A

MeN O
.COAr
CN

Ar = 2-CICgH,
43b (Ar = 2-CICH,) was obtained from 42b (33.8 mg) using LDA and o-chlorobenzoyl chloride in
68% yield (37.3 mg, 92:8 er). Purification by MPLC (elution with hexane/CH,CL/Et,0 = 1:1:0.05)
gave 43b (Ar = 2-CIC¢H,) as a white solid. R, = 0.38 (hexane:CH,Cl,:Et,0 = 1:1:0.1); mp 124—
125 °C; [a]”, —202.6 (¢ 090, CHCL) (92:8 er); CHIRALCEL® OD-H (4.8 x 250 mm),
hexane/i-PrOH = 20:1, flow rate 1.0 mL/min, detection at 254 nm, #r = 8.9 min (major) and 15.0
min (minor); IR (KBr) 3444, 1723, 1691 cm™; 'H NMR (CDCl;) 6 2.66 (s, 3H), 3.52-3.70 (m, 1H),
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3.61 (s, 3H), 3.80 (brs, 1H), 7.25-7.39 (m, 6H), 741 (d, J = 7.8 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H),
7.70 (dd, J = 1.4, 7.8 Hz, 1H); "C NMR (CDCl,) & 35.3, 40.2 and 41.5, 54.0, 68.5, 116.1, 126.0,
128.2,128.6, 129.0, 130.6, 131.8, 132.5, 133.6, 155.8, 190.1; HRMS-ESI-LTQ Orbitrap (m/z) : [M
+ Na]" calcd for C,,H,,CIN,0O;Na 379.0820, found 379.0825.
Methyl (S)-(2-cyano-1-(4-methoxyphenyl)-1-0x0-3-phenylpropan-2-yl)(methyl)carbamate (43b
(Ar =4-MeOC(H,)):

OMe

MeN /go
‘a COAr
CN

Ar = 4-MeOCgH,4

43b (Ar = 4-MeOC:H,) was obtained from 42b (33.7 mg) using NaHMDS and p-methoxybenzoyl
chloride in 97% yield (52.9 mg, 10:90 er). Purification by MPLC (elution with hexane/CH,Cl,/Et,O
= 1:1:0.1) gave 43b (Ar = 4-MeOCH,) as a white solid. R, = 0.23 (hexane:CH,Cl,:Et,0 = 1:1:0.1);
mp 113-114 °C; [a]*®, 118.3 (¢ 1.00, CHCI,) (10:90 er); CHIRALPAK® AD-H (4.8 x 250 mm),
hexane/EtOH = 10:1, flow rate 1.0 mL/min, detection at 254 nm, fr = 14.8 min (minor) and 28.3
min (major); IR (KBr) 2966, 1704 cm™; '"H NMR (CDCl,) 6 2.71 (s, 3H), 3.53 (s, 3H), 3.54 (d, J =
14.0 Hz, 1H), 3.77 (brd, J = 14.0 Hz, 1H), 3.86 (s, 3H), 6.92 (d, J = 9.0 Hz, 2H), 7.25-7.39 (m, 5H),
7.89 (d, J = 9.0 Hz, 2H); "C NMR (CDCl;) 6 34.7, 40.5, 53.4, 55.6, 67.5, 1140, 116.3, 126.1,
1280, 128.9, 130.7, 130.9, 133.9, 155.0, 163.8, 187.3; HRMS-ESI-LTQ Orbitrap (m/z) : [M + Na]*
calcd for C,,H,,N,0O,Na 375.1315, found 375.1318.
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Crystal Data of 68aA

Empirical formula C17 H21 N3 02

Formula weight 299.37

Temperature 100 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2,/n

Unit cell dimensions a=9.00129) A o =90°.

b=11.5929(11) A B =106.1940(10)°.
c=159110(17) A v =90°.

Volume 1594.4(3) A3

Z 4

Density (calculated) 1.247 Mg/m3

Absorption coefficient 0.083 mm-!

F(000) 640

Crystal size 0.480 x 0.250 x 0.070 mm3
Theta range for data collection 2.205 to 26.674°.

Index ranges -11<=h<=11, -14<=k<=14, -19<=1<=18
Reflections collected 15178

Independent reflections 3131 [R(int) = 0.0172]
Completeness to theta = 25.242° 99.8 %

Absorption correction None

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3131/0/202

Goodness-of-fit on F2 1.063

Final R indices [I>2sigma(])] R1=0.0323, wR2 =0.0799

R indices (all data) R1=0.0362, wR2 =0.0827
Extinction coefficient n/a

Largest diff. peak and hole 0.260 and -0.206 ¢.A-3
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ORTEP Drawing of 68aA
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Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Crystal Data of 78bA

C18 H23 N3 03
329.39

100 K

1.54178 A

Monoclinic

P2,/n

a=9.1671(6) A « =90°.
b=11.7222(7) A B =101.7530(10)°.
c=158315(10) A y =90°.
1665.56(18) A3

4

1.314 Mg/m3

0.736 mm-1

704

0.400 x 0.250 x 0.200 mm3

5.167 to 72.652°.

-11<=h<=11, -13<=k<=14, -17<=1<=19
14527

3105 [R(int) = 0.0191]

953 %

None

Full-matrix least-squares on F2
3105/0/221

1.128

R1=0.0358, wR2 = 0.1002
R1=0.0384, wR2 = 0.1094

n/a

Largest diff. peak and hole  0.284 and -0.239 e.A-3
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ORTEP Drawing of 78bA
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