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eq
equiv
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Et
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hexane
HRMS
i-Pr

IR

M

m

Me
mp
MS

n

acetyl

aryl

beta-site amyloid precursor protein cleaving enzyme
benzyl

broad

butyl

benzoyl

concentrated

doublet

1,2-dichlorobenzene

doublet of doublets

doublet of doublets of doublets
doublet of doublets of triplets
doublet of quartets
diatereomeric ratio

doublet of triplets

equation

equivalent

electrophile

electoro-spray ionization
ethyl

hour

heteroaryl

n-hexane

high resolution mass spectrum
isopropyl

infrared

metal

multiplet

methyl

melting point

mass spectrum

normal



ND not detected

NMDA N-methyl-D-aspartate

NMR nuclear magnetic resonance

NOE nuclear Overhauser effect

NOESY nuclear Overhauser enhancement and exchange spectroscopy
Nu nucleophile

Ph phenyl

PTLC preparative thin layer chromatography
q quartet

quant quantitative

quint quintet

r room temperature

S singlet

S1P sphingosine 1-phosphate

SNRI serotonin—norepinephrine reuptake inhibitor
T temperature

t triplet

TCA trichloroacetic acid

td triplet of doublets

Tf trifluoromethanesulfonyl

TFAA trifluoroacetic anhydride

THF tetrahydrofuran

TLC thin layer chromatography

TMS trimethylsilyl

« M bEMOMm4IE, JFRIE LT Chemical Abstracts DNZIEIIEST-M, AT MLT—H DL
RN, TERAZR S OEEH LT,
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72 UHIEE < ORBRYP LAY R DS MR RS T Y | 2
DM ERIEORBILAHAE R F EEERHBEOOESTH D, K, =F I
BEOZF I FEOoB- EREMKIEDN, ZEBRT IV FEERONENERIEL L
THAZED TS, ' AFEF, = IV FEEROBM TRETH & G L&, &
it B A R ERICREERIS AN D 2 RN EAREIETH D, T = I U E RO
B-E AR LIS I\ T REET AU & IV TR L& AT X RIE, RORETI
BREETH - =S ERT IV HEEROGRBHIFETE D,

T I THEHRIT, ZEET I VFERODRNEKIELZHET O2HNT, =7 IF
R (N-7 ATV I NEEIE NT AR T 2 0) OF o HREEL
KIS DR%IZETF L= (Scheme 1), AFEORKMIZ. N-O A OB EZFIA LIz F
S UHEROP- RIS E B H OIS L L, O TAERT 54 3 v h R~
DRI 2 —BEBEHORIGETDHZ LIk » T, —FICHEHBRT I VB8R E
BHTELORTHD,

(N-omanRAEOITITRELES) (F2EEELRG)

g o g
X = COR3®
4 3 Nu NH
Y = COR4 R3JJ\N OYR Nu Nu NHCOR . 2
T _Nu R1>§(o\n/R e R OH
X O, -7 O
N“TY R R2 O R?
’ R? B-amino alcohol
R1 AN B
R2 .. Ar-M XN Nu_ NHX
e A Nu 1&”
X +Y = -(CHy)s- R1ﬂ\( r == R ]
2 R
R multi-substituted phenethylamine

Scheme 1. a,p-Difunctionalization of enamine derivatives.

GEFBNEBRREZLATHB-T Y —N-B-T I ) T a—LiEEIL, %< OEWENE
ICLEMECEEINDBERERENOOESTH D, P F9, GEHNERKELA
TLB-TV—-B-T I TN A= VOREHERIEORELZ AL LT, [33]-v 7~
e E—dEfL 2 FH L7z N-X VA A F =T 2 ROo,p- BRSO BZIC
HT L7z (Scheme 2) (3 1#), *© +/hbb, 6 BEA2AT5F 3 F1OBHIZ N-O
WAORHEEMEI[BI]-V I~ brE—iail ' ZRHAL TR A FF A EA
L%, B CAEERTEN-FY 7t a7vFrrs I IR A ~ORENT U —
IACSOE Z BT S5 Z L A Lo, o, NEBLISICEIVHEOR5 2



ORI ANVEBIR N 7t T B F VRITMAKSRICEVRETE D720, B-
TU=N-B-T I/ TNa— L 3~EHEICES ZLENTELLEEZLND,

o] 0
.O._Ph Os_-Ph RZNH A
FsC)La“ PO e ERab oR'
el ol
L . 2 (R' = Bz, R? = COCFj) -1
1 A 3 (R1 = R2 = H) € - m - m e |

Scheme 2. a,B-Difunctionalization of N-benzoyloxyenamides.

9.6 BERAEATD NV YA AT F IR 1 D[33]- 7~ b u v —#afr/
KRBT = = MEROS a2 BRIT, A7 VI =0 AROSH] 2 F W TR
I fREt L72 (Scheme 3), T 72ab b, = F I R1IDO THFRKRICKN Y 72 =T LI =
U AEMZ 3 FEREEG LR, = I K 1 0[33]-v 7~ hr B—iafir, IO N-
TN TF IR A ~DORER T = = LG  ERRICEIT L, BRIDB-7 =
=)V-B-T 2 T )b — )LEBEAR 2A 3 74% (cis/trans = 9.5:1) OILE TH BT,

3 o [ 1
OB i
FoC” NTC Ph3Al M—NH Ph L | FC” N
F A OBz i via OBz
THF !
reflux, 3 h |
74% | L J
1 2A (cis/trans = 9.5:1) ' A

Scheme 3. Sequential [3,3]-sigmatropic rearrangement/nucleophilic phenylation.

WIZ, REFISZ LV ELNT cis-2A BAIFKICB T A2AHREALT T T 0y
I 01G5EE X, UTICRT EREZLEZIT 7= (Scheme 4), 7726, cis-2A
BRI EZOB-7 == V-B-T 2 ) T a— )L 3A ~EEH LT-, Z D 3A &2 #Hn

o) H,N, Ph H,N_ Ph
NH Ph NaOH /4 \\\\OH K20r04 O
F3C \‘\\\OBZ MeOH H2804
rt, 16 h 0°C,45h
81% 3A 70% 4
cis-2A (e}

triphosgene

Et;N, THF
0°C,2h
92%

Scheme 4. Various transformations of cis-2A.
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WCa-7I /7 b 4 O, BEXO 224XV TV UEKROBEGIT- T2 (B 1

WIZ, =F I FD33]-> 7~ b v B —8RAREEW 7 = = WAL EOG O 58 w6 FH & %
RTHHMT, MOKREIDORR LT I FEHWTARERKISZ B L7z (Table
1, entries 1 and 2), =D #EH, Ak S5 BBRBLIONTERZATH NV AL
FX T FIRNCHEHATELZERH LN E o7 (B 1 ES 1#Hi).

WIZ, a7 V—NVEEZEATLHENT, NITUV—=ATAI=ULEHNWT
FIRL1D[B3]-v 7~ b ¥ —dshi SRR T U — ML G & #EF L7 (Table 1), Z 0
fEd, NWIMICEFHRGETHELIA NI VEBIUOATFTAEKEZET LT U — L EIT%)
FMIEANTE, BIOB-T U —-B-7T X/ T/ 3 — LiFE K 2B, C NHRREOIE
MOENT T AT LA BRIRVE T S 407z (Table 1, entries 3and 4), — 5., /XTI 7 v
ReFT L7V = VEOBANERF LA, BO 2D IXRINET LGN o7
(Table 1, entry 5), VA EDOFERNSG, MU T U —ATNVI =0 LEZHWZN-T V7T
IUANORBET Y — U ERISICEBWT, B GEE AT 5TV I = U ARISHID
BWHRZ L5225 Z ENRHLNE -T2 (8 13ESE 2 ),

Table 1. Sequential reaction of several N-benzoyloxyenamides with Ar;Al.

Q O
FSC)J\N/OBZ ArzAl >~NI/-| Ar
————  F,c A WOBz
THF
reflux, 3 h ;
n
1,6,7 2,8,9
entry substrate aluminum reagent product yield (%)  cis/trans
1 6 (n=0) Phs;Al 10A 8A% Ar = Ph 41 >20:1
2 7(n=2) Phs;Al 10A 9A: Ar = Ph 50 2:1
3 1(n=1) (4-MeOC¢H,):Al 10B  2B: Ar = 4-MeOC¢H, 69 17.5:1
4 1(n=1) (4-MeC¢H,):Al 10C 2C: Ar = 4-MeC¢H, 54 10.5:1
5 1(n=1)  (4-FC¢H,)sAl 10D 2D: Ar = 4-FCgH, 13 >20:1

2 Stereostructure of cis or trans isomer has not been established.

WIZ, AIEEAFZEIC BN THMR~T o G EREZEATLIHNT, FA 7= 2HF7
HRERIRT VR =7 ARGHIZ W T N-R Y A v FFvmF I R1D[3,3]- 7~ |k
0 B — LR A~T v T U — LS & fEt L2 (Table 2), £ DfER, ¥ A F 1 (2-
FT= )T NI =0 A (1UE) Z WA ICAREG KIS RO IEREEITL, BHY
D 2E A 71% (cis/trans = >20:1) OUIKRTEH LN (B 1 =H 3 ),

3



Table 2. Sequential [3,3]-sigmatropic rearrangement/nucleophilic 2-thienylation.

o @*AIR O
F3C)]\N/OBZ 2 >¥

S -
@ e €
reflux, 3 h
1
entry aluminum reagent yield (%)*
1 (2-thienyl)3Al (R = 2-thienyl) 10E 7
2 (2-thieny)AlMe; (R = Me) 11E 71
3 (2-thienyl)AIEt, (R = Et) 12E 62

& cis/trans = >20:1

WIZ, fkalp~TuT7 )=V HEKEEBEATHHNT, VAFAANTET U —1LT L3I
= LEHWEZF IR 1 DO[33]-v 7~ ha B —REN~T e T U — U bKG
ZiRat L7z (Table 3), ZDfEHR, 5 (Llltkx REFIREEEZFTL2F A7 = BLD
TIUNBANTE, BT T U —b-B-7 2 ) T )b a— LiFEK 2F-1 53 B A7 IR H
OEW cis IBIRPETE O L (BB 1 EE 3 Hi),

Table 3. Sequential [3,3]-sigmatropic rearrangement/nucleophilic heteroarylation.

0
o)
F3C)J\N/OBZ HetArAIMe, SNH Hetar
> AL OBz
THF FaC .
reflux, 3 h
1 2F-|
R R
Q S 2F:R=Me (83%) O 0 2H: R = H (80%)
NH NH
A OBz 2G:R=O0Me (74%)" F.C 0Bz 2I:R=Me (71%)°

& cis/trans = >20:1

X BT, ARG 2 A LT NMDA S8 REKHEH 2 A3 % Tiletamine HEfg 2
DERIZEF LTz (Scheme 5), £9°, =7 I K 1 O[3,3]-v 7~ b a & —#x(L/REZH
2-F == JUHERISIZ LV biTe 2E KGR L TR-2-F ==1)-B-7 I / 7/ a—
b 3E ~EEH LTz, FEWVWT, 3E ZHEIEICES T N-=F Lk, Jones BE{kIZ LD
Tiletamine %z Ak L. Tiletamine HEfetE ~ L EH < Z L ICRkEI L7 (55 1 =56 4 ).



0
_OH 1)BzCl @AlMez
N 2) TFAA /M\N/OBZ

FsC S
é 74% over 2 steps @ 71%
1
1) MeCHO, NaBH3;CN STN STN
> 0]

2) Jones reagent Et,0
acetone * HCI

o quant
3E 78% over 2 steps Tiletamine Tiletamine<HCI

Scheme 5. Synthesis of Tiletamine hydrochloride.

IO B3]V~ br E AR L NV A A F S X ROH
Ho,B- B REIALS ORI E) LTe, REHINE, N-7 2o F I RIS
a7 ) — LV HEEBATE L7, GEANBRRELHTHB-T ) —L-p-7 3/
TAA—VFEEERRICART 52 ENTE D, & bICAERER S 2 FIH LT,
IR LB A R C & 5 Tiletamine YRR O G IS HERF L2 (55 1 %),

T XFNT I VHEEERIIZ L OMREEMECERMIE TN BE (LA
Thb, B EHIT, e RhBREZ2AT5 723 F A7 I UHEROHRERIEE
B+ 2 BT, MRS D ZRALEN-TLvax S U Da,p- BRI
FIGDOBEICEF L, T 42bb, 7TVFE RUAIKA VYRV U DU BIOAEKT L
REUARIGAIEMZ D E, N-Tvax o) I B a2fRE Lok, N-O RS DR
L EBITREHB-7 = = MEOE R EIT T2 E 265, i\ T, RPTERT D
A IR CICHE ZREAIZMA 5 &, A4 I ~ORBEMAMES b @8HAICIT S Z
EMTE, I5NEB LN D & E X7 (Scheme 6) (3 2 &), ® § 72 b ARG, N-
TNhaxs TSI B DA VT ¢ UEITELR D REFENLEIRIRAIEA SN D
B _EREBIETH D,

[ b [ [
j\ 1) N, Pheal | S© N OAPh2 | o) Num Nu HN/P?/\OH
HOY T > I > ph | T - HX(
p
R Hkﬁ HJW/ R
R R
14 B c 15

Scheme 6. a,B-Difunctionalization of N-alkoxyenamines.



IZLOIZ, 7AT e RGO LAEN-TLaxs o) I 2D ZEHRERIGD
AR O—EE LT, —BEMBEICHYT 2 I B ORENR-7 = = /WL KIE %2 BEt
L7- (Table 4), 72¥. B-7 = = MEUGRITERT 24 I UHRBHKIIARZE TCH DT
Dy MAKDRIZEVa-7 ==/LT LTk F16 & L CHBEELZ, £9. n-~FHF—n
AAVERF SV UAFET, NV 72 AT A= LE 0°C TRGEESE, =F
TUDORBHIB-T = = ABOE A EIT L, BRDa-T7 = = ~FHF— L (16a) B
82U DINKRTHE LN, KIZ, =F I B ORBEMB-7 = = WALSUE D HE — et %
RTH2HMT, xR T7 LT REHAWTARKIEZRR Lz, TORE, BALIZT =
SANEEETDZTATE R, RIMELIINTEA L7 0 2 HT 57078 R, BLUB
Mg E /T 27T e FEHWESEES, BRORIGHEITL, a7 = =17
T B R 16b-e BDHEEDONERTEONT, ULEORENS KIS, xR Eik
EEHETLHTLTE RHEDON-TAaF T F I ICHEHATEDZ ENHALNE 2
7= (5 2 A 1Hi),

Table 4. Umpolung B-phenylation of N-alkoxyenamines.

»: s

N . i
0 H (2equiv) o |
Ph3Al (3 equiv) . via )\
H/u\1 CH,Cl, H/M\T/ ! R
R 0°C,2h R !
14 16 ! B
0 (@] O (o) (@]
Ph
H/M\T/Ph H/M\I:Ph H/M\I;vyA\\ H/u\{:iij/me H/M:I:Ph
n-Bu Ph A Z Me”™ 'Me
16a (82%) 16b (68%) 16¢ (70%) 16d (65%) 16e (57%)

WIZ, N-TvaxyrzF I o "B REOSERT L, 37205, n-~F¥J—
v (14a) ICHKRT =) I D ORBHBR-7 = = /LIS D%, # KA L LT
e OFMERKIGHIZ 0°C TMA T, R TX 5|2 2 KA L7 (Table5), Z®
RERLE CREBAIE L TT UL XY AT eI RERHWAET U LENEASL,
BRETUNAT I 15aA 8 78% (dr=3:1) OIETEL N, T2, B REAIE LT
N TTFNANAXT = REHWD ET JEPNEAINTFHER., 7/ =KV 15aB
23 53% (dr=1.5:1) QPR TH LNz, S HICKFETAI =T LI TFULEZHNDS &
ERYU RBREASHTERER, 723 F L7 2 UFEK 15aC Y 82% DR TH LD
TERHL N ot (B2 2 ).



Table 5. Sequential umpolung phenylation/nucleophilic addition of N-alkoxyenamine.

0
N .
H (2 equiv) / \ : \
Q PhsAl (3 equiv) OA|Ph2 nucleophile HN™>""0H
Ph
H)bsu CH,Cl, H)\ p H)J\(Ph 0°Ctort,2h Nu)\g
0°C.2h n-Bu n-Bu e
14a D E 15aA-15aC
entry nucleophile (equiv) product yield (%) dr
1 AllylIMgBr (3) 15aA: Nu = allyl 78 3:1
2 BusSnCN (3) 15aB: Nu = CN 53 15:1
3 LiAlH, (1.5) 15aC: Nu=H 82

WIZ, N-Tvaxsromt I U ORBEB-7 = = WAL OGRS O 528 — i
PHEFRT AR T X R T VT & FEa R W AR G2 5 Lz (Table 6), 7235,
BORERE LT, TIMEKISIZIET VA7 2 a7 0l e, o7 LK
WX RNV T TFAAR T = Feflnwle, TO/RE, RinEIINBA V740 2 /T
LT7NT R R, BLOB-SET7T VT e REHWESAE, WTnd B Yok s H3 i

1TL., TN T HARET VLT 2 15cA-eA B L7 2/ =k UL 15¢cB-eB 7
HREE D B RINECTHEON, £/, ol 7 ==V EZETHT AT E REZHW
A LGOS ITHET L, B0 15fA, B A E BT (8 2 34 2 fii).

Table 6. Substrate scope for sequential umpolung phenylation/nucleophilic addition.

isoxazolidine AN
Q PhaAl 4N OAIPhz | nycleophile  HN OH
. Ph
HJj " /Lr
CH,Cl, H/H\T/Ph 0°Ctort U
R 0°C,2h b R
14 c 15
HN">""0H HN™ " 0H HN" """ 0H HN OH
Ph Ph
Nu Nu Ph Me Nu NU Ph
6N = Me”~ “Me Ph

15CcA: 62%, dr = 3:1  15dA: 72%, dr = 3.5:1 15eA: 72%, dr = 4:1 15fA: 71%

(Nu = allyl) (Nu = allyl) (Nu = allyl) (Nu = allyl)
15¢cB: 47%, dr = 1.5:1 15dB: 56%, dr = 1.5:1 15eB: 61%, dr =3:1 15fB: 61%
(Nu=CN) (Nu=CN) (Nu=CN) (Nu=CN)




Eloy N-T X V2T IV ORBIB-T = = /MLBIE T / LBUEIC K0 550
Tea-7 X/ = kUL 16fB Z RIGH TR 5 & HERRMa-7 I/ W 17T ~ L5
A5 LITkEh L7z (Scheme 7).

HN™ """ OH conc. HCl HN” """ OH
N Ph - y Ph
c reflux, 7 h 0,C
Ph 65% Ph
158 17

Scheme 7. Conversion of aminonitrile 15fB to unnatural amino acid 17.

EHIC, MBEMRFZELATD 72X F AT I UVBEROAREZANE LT, 271
~FH v (18) POHFAM LI N-Trax o) I U ORBENR-7 = = LG &
KTFIUVHBRF ~OT VLR IEE OV T b Z it L7z (Table 7), < ®
FER. W OB IS 2RI HEIT L, BRIDOT I U 19A, B 28 BAF R IR T
v (55 2 &5 2 #).

Table 7. Sequential B-phenylation/nucleophilic addition of N-alkoxyenamine from 18.

isoxazolidine / -
o PhsAl N OAIPh, nucleophile NU HN/P\h/\OH
g Ph - .
ij CH,Cl, 0°Ctort é/
O°Ctort

18 F 19A, B
entry nucleophile (equiv) product yield (%) dr

1 AllylMgBr (6) 19A: Nu = allyl 65 15:1

2 BuzSnCN (3) 19B: Nu=CN 71 8:1

ZOXIIE N-Thaxy=f I rORBENR-7 = = /bR ZFI A L2 #Hi Hlo,B-
CEREMCOSORRBICHEE LT, RERRINE, =T I VORI T = =V ofif
TV T 2 EBEXOR RY REZBEATELD, xR 7 = XF LT IV
BANRMANCARTE D, £, RERSOSITT 7 m~FH ) HKRDO N-7 L= %
vrFIvIchb#EATE, WBRIREEZFT LT IVEBARTEL (F2E), ©

LED L D12, N-O W& ORAPEE 227 I Vi E RO M ao,p-—HRER(LX
JIEDOBRFEISRE LTz, ARERESUGIZ XY | PEORIETIE =T I VRO BALITE AN
AR MR EMIESL T = = VBB ANTE DL EMRT I VFHEROMES RIEZ 12
ez enTERL,



2\
At

FH1E Y7~ bhr bt =G zfH L7 NN AL
FHF I I FDao,B-ZEREAAV UL DB %

T, % BHIREEZETDHP-T Y —L-B-T X ) TN a— &2 EHTHEW
EHLAEWIC /azari»%ioﬂ\é ZOXOEEERT HEELEMEEIX. B
15 b E IR EEA L &% Td D Fedotozine (k-4 B4 A FZFKRIEEIER). %3 %ﬁﬁﬂ:
JETE ML B4 T 5 GSK 1842799 (S1P, Z KAWL E ). 3 L OV BACEL BLEEH
BET DT NI NA < —IRIGRGEMIL AR ERNmbEN W5 (Figure 1), ™ 7z,
B-T UV —NB-TI /)T Na—=ANLFEETEH0-T V= b-0-7T X /7 b b EIEM
ICEENDLEELFH THY . NMDA Z AW 1EA %~ 3 Ketamine (Ketalar®, —
=48, Y B X O Tiletamine™ 72 Eix. MEEEMERRERAI S L CRIH SR TCWS, b D
EIEHEALEIE, WIT RO NERKFEZRTHB-7I /T Va— LiFE8KTHD T
EMD . ZOEEITEMENEE TR T OOEEREREMODE SO TH 5,

OMe NH2
OMe
MezN’ Mel,l
Me 2 o
Fedotozine
(x4-opioid receptor agonist) BACE1 inhibitor
H2N Me F\ _
ch&OH I H ?\)LM
B-aryl-B-amino alcohols N\ \S s RS e
bearing tetrasubstituted
carbon center HZNJ\\N g
n-CgH17_O CF3
GSK 1842799 F
(S1P4 receptor agonist) BACE1 inhibitor
cl STN
MeHN EtHN —
(o) 0]
a-aryl-a-aminoketones Ketamine Tiletamine
(NMDA receptor antagonist) (NMDA receptor antagonist)

Figure 1. B-Aryl-B-amino alcohol and a-aminoketone motifs in bioactive compounds.



B-7 X T3 — VEHER DG MIEITBEIC R 2 fe FIER A SN TWDER, 20k
TR EEBNERIRFEEZ AT DHR-T U —IL-B-7 2 J T a— LiFEkD A KIZ
W AT RE7e F1E% Scheme 8 (2R, EHIX, TNOLOFEE THEAR I SOBHRELETH
LEBEMIL MEEGIL. BLOT Y — LV EOBAIEICLI VU TO 40258 LI,
—oHIZ. HFRNICHMBEBERELZ AT Da-T A IF 7 F I 2010, AHEARERIGH
ERAWCTT U — VA E AT S 5ETH S (Scheme 8, method a), *® ATFiEi1T, i 7]
RRA I VBLXOREAOHM I &6, W%ﬂmém537)~w57 J
TN a— LFEESRIETH D, ZORIE. T U —A 222102, AEBRER A H
THHFBEHRILEZE AT 5 HETH S (Scheme 8, method b), *° 723k AKFi4:1L. method a
ERERIZA L ~ORBEMINBOSIZ L 0 EBRRFEEZBEL T D, =281, o1
NIZT V=NV EEFETDHTIR22HNT, NN LV BRERLZEANT D
F1ETéH % (Scheme 8, method ¢), 2° ATFiEIL. MOARIE L IZRARY | T TICIUEH

RFEFTHHREEZFEHALTCWD, WoHIEZ, 7V —AEEFETHZARFT R 2312,

AAERREZA & LCEMB Y I VAW TERERILEZE AT S H1ETHD (Scheme 8,
method d), # ATFIETIE, F1H/T I VBN RF U R 23 ~MLE RIS RIZLES S
LIk o TERBEBHRENEASN, B-7T U —W-B-T I /T a—ARERINTH
Do TNHOFEF, WITRH S THIC 2 DO FEEeEBEEZ T HEEE AV T,
B 3 SHOBEBIEZEALTWNDS, LOLARD, WEMBRRKREZELHETLH-7 U —
VB-T X T — VEERIIZ L OEMIERICE ARl oEETH DD, RO
ARIECINZ, X0 EENOREORFHRAERIEORERNLEENRL TV D,

NJ“ OR4 Jd R3
o 0R4 Ar-Mm
RO
R? TQQQQQ; 4;;?5§;f
20
method a method b
- - - i 3
R1 H Pd cat. R°NH, 1
/ \ R)<?/ R2
5 method ¢ method d Ar
R H
22 23

Scheme 8. Known synthetic methods for B-aryl-B-amino alcohols bearing tetrasubstituted
carbon center.
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ZZT, LVfEIOSOWHMEO B WG ERINERRFZELAGT HB-7 UV —L-B-7 I/
TN a— VEEBKRERIEOHLZANE LT, EREREZAETIEEEZH VT, B
FEHILOBFEAN, 7V — VHEOEA 5L O EBRRSEOHEEEZ — 21T 5 A K
EORBEEBEE LEZ, /bbb, =) Foo,p- “BREMEKGZFATIZ, =)
I NOBALICEERERIL A EAN L%, T D N-T AT F I UHRHIRICT U —r
EEEHALT, B-T U —=p-7T I/ T a— i EBREHEICERTE L5 2T
(Scheme 9), K EHI Il 1 DD T T AW T 2 ODILNEITT D2 T VR
NETHDEBZEZBND,

o 0 0
NH
4 2
R3”\NH R0 R3”\N A RINH A on
ol - > al o > 4 T > R
RJ\;& R1ﬂ\(OR Rﬂ\(OR g
R? R? A Re

Scheme 9. Synthesis of B-aryl-B-amino alcohols from enamides.

TS FOBM~DOBEFRERILEALIEOOE DI, N-0O a2 T25xF I R
DI[3,3]-> 7~ b B —ER(L N E ST 5, # Prabhakar 38 X O Lobo 5i%. N-O f&
EATDHNTUNAETXTZFT IR 24 MOR-TUNAAFT TIN5 28K LTWD
(Scheme 10), ** ALUSIX, N-O fAOBAEEZFA L2[3,3]-v 7~ ko B —HE1IC &
DT} I ROBRLIZR Y ANV AF VENEAI N, N-T A I HREE G M
BT D, W T, AERMEER T IR 25 AMELNATWDS, ZD X HIZ, N-
TIYNFFRTF I RD[B33]-v 7~ bu B —laid, =) I FOBALICERHE B IL %
BANTHIODOENRTETH D,

O B o 7 O
Ph)J\N,O\n/Ph Y o oA

(@] > OBz
B toluene o
reflux
NOBz NOBz

NOBz |
24 G 25

Scheme 10. [3,3]-Sigmatropic rearrangement of N-benzoyloxyenamide.

ZOXEIBBEEND FEHIIBIMICEERNERKFELAT HB-7V—-B-T /7T
N — )L OFHERIEOREE BN E LT, [33]-v 7~ b E—@EMZFH L7 N-
N ANFF S I FOFH#la,B- BRSO B 2 51 L 7= (Scheme 11),
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Thhbb, MPREAGFETT N-XU Y A A xR 1 2083 hiE, [3,3]-
V= b E—Gf, BXON-T 7 F I KR A ~ORENT U — AL KE A
IS HEIT L, BMOBR-T U —-B-7T 2 /) T A a— L8R 2 B’ 550D E& 27,
Fo, EFREF LIZROWVE RSN EZHFT L2 FIRNLIEZHWDLE, AIZBITS A
VIRFBORBIENE LT D70, =7 I R26 ~ERMET DL HEH, 4 I~
DOREMIMBIE DN EHNHET T O EWFF LT, £ 2T, B REMENBNT &
NIEELTRI 7V AFa T FVEEER L, N 74 a 7 2 F V3K #E
LR OVEDIZHREARTH L0, BERESEICAER LT 2 02 63-7 Y —-B-T X/
T a—)L 3L <ozf%ﬁﬂ&%z%ﬂé

1 R :
.0 Ph _
FaC” "N Ar-M >~NH Ar
O  TIIitTooes > N > F,C Oo.__Ph
[3,3]-sigmatropic nucleophilic \ﬂ/
rearrangement arylation o
1 A 2
Xy tautomerization + hydrolysis
v v
0]
. HoN_ Ar
F;C~ "NH OH
O\H/Ph
(0]
26 3

Scheme 11. Sequential [3,3]-sigmatropic rearrangement/nucleophilic arylation
of N-benzoyloxyenamide.
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BLH N-RUYAAAFR LTSI RORIY v b a B
KB 7 = = AL

X UDIT, SCERO FIEIZHEVERREIEEZ G T2 N-XU VA v F X I REHK
L7- (Scheme 12).6 BERB L O5 BREZ AT 5= I N 1,6 1%, il A ¥ A 13,27
O A AL Lizth, TFAA TN-R) 74 a7 F b ® 52 Lick -
THR L7 (Scheme12,eql), £72, 7TEBRZAT 5=+ I N7, Hilkov 7 m~7
5 )28 HOCHR 2 DHEICHE S THF T A~E B LT, e L FEEIC O-_v Y
A, N-R U 7t a7 F k3252 L2k > TAE L7 (Scheme 12, eq 2),

O
.OH 1) BzCl, pyridine
N 2) TFAA F3c:)]\N/OESZ
(1)
1: 74% over 2 steps (n = 1)
n 6: 39% over 2 steps (n = 0)
n
13 (n=1) 1(n=1)
27 (n=0) 6(n=0)
1) NH,OH+HCI, NaOAc 0
0] 2) BzCl, pyridine
3) TFAA F3C/M\N’OBZ
> 2)
33% over 3 steps
28 7

Scheme 12. Preparation of N-benzoyloxyenamides.

Wi, 6 BREATD NV AL FFv oI R 1 DB3]-v 7~ b v —#afr/
RKEH 7 = = /WL BOG 2 /a5 BRI T, RS0 —BERERE THLH-FI N1 D
[33]-v 7~ b v B —HR(LIZ DWW THFET L7z (Table 8), £3. =7+ I K 1® THF B
AR T 48 B L7 2 A, B Da-_ Y A LA %27 b 29 [HKIER T
LT, 1FE A ENEREILTH - 72 (Table 8, entry 1), ¥&iZ. THF &mikH 3
REEIRIE T 5 &0 B OERALIK 29 7% 88% DIYLR THF HiL7- (Table 8, entry 2), Zi1 5
DFERNS, =F I F1D[33]-v 7~ b —iafii%, THF @HRSGUENLETH D Z
EWHBEMNE TS T,
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Table 8. [3,3]-Sigmatropic rearrangement of N-benzoyloxyenamide 1.

o) o ]
FacJ\N/OBZ F3CJ\N i OB
THF é/ OBz é/
T(°C), t(h)

1 B A N 29

entry T (°C) t (h) yield (%)

1 rt 48 19 (72)?

2 reflux 3 88

®Yield in parentheses is for the recovered starting material.

KT, N-_U A A F 2SI R1D[33]-v 7~ b B —ifa D% ICKIGEENT
AT AN-FY ZAFdaTEFoyrF I o difiE A ~DRBEH 7 = = VALK S % ot
T2 BT, dx R AA R CA 2 AV CARER G &2 st L7z (Table 9), 97,
RIS T L7z N-XU VA F o) I ROV b -2 U KIGEREN T U —
WALEOE 2 B W CRE R AHMERKEAI THL M) 7= AT LI =0 L% A
T, =FIRF1DOB3]-> 7~ hu B—MRENT = bsEBRat Lz, 3T72b
H, ZTFIR1OTHFERICHIRDO bV 7 2= 7V =7 A&l x 3EEKT 5
L WIFE D [3,3]-v 7~ br E—EEAL & A I BRSO REEN T = = AL 23

Table 9. Optimization of the sequential [3,3]-sigmatropic rearrangement/nucleophilic

phenylation.
O o E o
F3C)J\N/OBZ Ph-M NEPH L F3CJ\N
ij - F3C @ z i via ij/OBZ
reflux, 3 h E
1 2A° L A )
entry Ph-M yield (%) cis/trans
1 Ph;Al 74 95:1
2 PhAIMe, 67 45:1
3 PhAIEt, 65 75:1
4 PhLi ND -
5 PhMgBr ND -
6 PhZnl ND

% The stereostructure of cis-2A (major isomer) is described.

14



ERCHEAT L, B-7 = =/L-B-T 2 J T/ a— LB 8K 2A 28 74% DI | cis/trans Hd
9.5:1 T/E 6= (Table 9, entry 1), *1 &kic, 7 I =T A LOBEBRLNELR D VA F
NI 2= LTI =L F LT 2 =)L TV =7 A0 THF B %2 iV CTARHE S
K& % fat L7 (Table 9, entries 2 and 3), = DR, W OHA & AE K SO 1L HET
TANR, N 72T AI =T AOESICHRT2ADNEME T L, £/, 7L
L=V A EOBEBREN AR E R WIE EREFGERISICB T 5T AT LA RN
REL RDMEMD A DNTZ, 7B, RSSO SEARIERMEIZ B 253 %R 4 2
(FBLEHE2H 21 =), T, AET7 LI =0 ARISHIUN D 7 = = {bH & L
TT7x2= VI TF UL Tx=Aw XA 7al N, BT o= Aiigha—T
AW TARER S ZRFT LI WToGE b EMRIEEM NGOG EO 2A 13
S oo 7= (Table 9, entries 4-6), LA EOFERNS N-X YV A v AF T F I R 1
D[33]-+ 7~ hu B =L/ RN 7 = = /W bEEISICEWT M) 7 ==L 7 VI =y
LANEWFEREE 2D Z EAVHIBA LT,

2%, Table9,entry2 BJL Wentry3 THAH L7272 = ARUSANL, T2 ©JF
EaBBIZRO LS T insitu THE L7, 7LV KRR F, 7==/13—Y KO THF
BRI n-7F V) F 7 L%-T78°C Tl F L%, 10 i L7z, i\ T, KIGHKRIZ
KT HTTAFATAI =Ll R F L%, |IRT 30 oMEHETLZ &
IZ &k > Tinsitu THE L7z (Scheme 13),

n-BuLi R,AICI
Ph—I >  Ph—Li -  PhAIR,
THF —78°Ctort, 0.5h
—78°C, 10 min (R = Me, Et)

Scheme 13. Preparation of aluminum reagents.

BoT 2A O TEARY OSSR E TR O L 512 L CTHER L7 (Figure 2), 'H NMR
AT FIZBWT, 1MLOKFHEE 6 MLDOKFEE OFEREKN 105,45Hz TH-7= 2
EnD ., LALOKFET axial KFETH D EHEELTZ, & 512 NOESY A7 MLz
T, INEDKFEE 3L axial KFERIZZ7 v 2 —7REllsh=2L, BXO1Hro
KFEELT I ROKERICZ v A= BN ESNR2hoToZ LT D 2A DAY
IZcistKThHD EHEE LT,

LB 2 12T B cis, trans K ECIE . BERE T 5 R E IR L OB IENEN O &\ B
ETHHERBEHIL L FRBELRILD, BV ICK LTH CAITHIVT cis (&, B2 514
ThiiE trans (K& 4 L=, 2B, 2 OSAKEEIZEICHE Y N2 W R Y cis K THKED
LTCTW5A,
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NOESY
H 3-Hax 8:2.08 ppm 0

1-H 5: 5.38 ppm (td, J = 14.5, 3.5 Hz) NH Ph

dd,J=10.5,45H 2
( Z) H 3 F3C 2 \\\\OBZ
H Ph

cis-2A (major isomer)

H H

N\
COCF;4

Figure 2. Stereochemistry of cis-2A.

F72. 2A OREIAERRY OSLEREEIZRO X 912 L ChER L7z (Figure 3), ‘H NMR %
R MVICBWT INVDOKFZELE GNLD 2 ODKFELDFEEEIN 55, 3.0Hz ThHh-7-
ZEMD, LALDOKFET equatorial KETH D EHEE L=, & HIZ NOESY A7 kL
IZBWT. 7 X ROKFE L 6D axial KFERICZ v A =7 B@BHlsh/Z Li2kD,
2A DEIER X trans (K TH D EHEE LT,

(\HN/COCFS 0

6-Hgy 8: 1.94-1.87 ppm (m) >~NH Ph

FsC OBz
H

1 1-H 6: 5.70 ppm
(dd, J = 5.5, 3.0 Hz) trans-2A (minor isomer)
OBz

H

Figure 3. Stereochemistry of trans-2A.

WIZ, ARSI L > TELNE cis-2A ZHWT, WEHRKEZLFATHB-7 ==
JV-B-T X ) T a— b 3A ~DOiEEEMF L72 (Scheme 14), 37205 Cis-2A & A ¥
J—VHKEEEFT P D ATUET L E, XUV ANVEBLIORN) 7 A r T 2T L
HEN—RICBmESN, BAROB-7 == 1--7 2/ T/ a—/L 3A% 8 81%D IR TH
b,

o
H—NH Ph NaOH H.N, Ph
FyC @\\\\\osz @\\\\\OH
MeOH
t, 16 h

cis-2A 81% 3A

Scheme 14. Conversion to cyclic -phenyl--amino alcohol.
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EHiC, AEERIGOFRAEEHLCT D720, BRAK LEZE-7 = =/L-B-T 3
T a—)L3A RN & LT 2 O ERERLEH 41T - 72 (Scheme 15), T 72
H. 3A Z Jones iRt H L a-7 X /) b 4P ~EWTE, £ 3AZ N F AT
SUTFHET PUBRAF TS B L 24XV UV ) 0 50 ~ BT HZLRT
=7,

(0]
H,N_ Ph H,N, _Ph .
o K,CrO4 4 OH triphosgene ~ ph HN’%O
H,SO, Et;N, THF H
0°C,4.5h 0°C,2h
4 70% 3A 92% 5

Scheme 15. Conversion of 3A to a-aminoketone 4 and 2-oxazolidinone 5.

WA, RSO E A ZMER T OHM T, MOKRE DR = F IR
ZMWT[33]-v 7/~ b r B —HRfL RN 7 = = /W bRIS & #FT L7z (Scheme 16), 5
BERZATHIZFIIFN6EZTHRO MY 72=/LT7 /LI =L THF FiEii$T 5 &, 8A
D AL%DINETH—-DOYT AT L A~v—¢ L THbN, £/, 7T BREZAT HF
S R7TERHWESS, BBUO 9A 28 50%DIFH, cis/trans thix 2:1 THE L, BLED
RN TEERZATL2TINTOLRESEBEBLV6EEZAT LT ING B
FO L OEFHRKISITHERTY T AT VABIRMEDNRKRESIEFTLTWD Z &G, A
BRI BWNWT, BOREENT T AT LI RIREDOEHICRKES S EEL TS L
MWLM E 2o,

By -
_OBz Ph,Al NH Ph
FsC™ N ’ FsC OBz
é THF
reflz)1<:)/3 h 8A
6 ° (dr = >20:1)
o) o)
_OB NH Ph
F3CJ\N z PhsAl F3C>; "L OBz
THF
reflux, 3 h
50% 9A
7 (cisltrans = 2:1)

Scheme 16. Substrate scope for sequential rearrangement/nucleophilic phenylation.
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B . SBBEAAETH8A DOVIAREIEIZIHNMR 27 MANLHEET S 2 & 2SN
Tholzl-d, BEOL ZAFRHATH S,

TEREZHAT 5 9A O EARYE X ORIZERY OSLAEEEITRO X512 L THRR L
(Figure 4), NOESY A7 ML ZWIE L7-fE R, 9A ORIERWIZIZ Lo KFEET 2
ROKFZEMIZZ v A8 —7 BDBH SN0, 9A DEEEDIITHR I N> T, £
DIz, 9A DREIAERIE trans A&, 9A O FAMMIL cis (K & HEE L 7,

H 1-H3:5.32 ppm
F3COC, H 1-H 3:5.40 ppm Ph |, (dd, J=10.0,4.5Hz)
NH (dd, J = 9.5, 1.5 Hz)
1 OBz
OBz
I
I HN.
Ph COCF;
trans-9A (minor isomer) cis-9A (major isomer)

Figure 4. Stereochemistry of 9A.

W, SEREAETIR-T==/L-B-T X/ TILa— )L~ FHETH-0HDIT, 8A & A
& ) —HoKEgb T B U U LTS S & (B-7 = =B-7 X/ 7L z— /L 30A 7D 60%
DL THF B 47 (Scheme 17), & HIZ, 55472 30A % b URAL » TRE L T,
FEXBSY Y3~ LR LT,

0
Q .
>~NH Ph NaOH H,N_ Ph triphosgene _ ph HN"{o
FsC {if7/052 MeOH <ii7/OH Et;N, THF iiir(H
t, 16 h 0°C,2h

8A 60% 30A 7% 31
Scheme 17. Transformation of 8A.
UEDXHIC, EHIIBREEEZAT DNV A LFF VTS FDR3]-v 7~
kv B —8RALREE) 7 = = UL DOBRFSIC S LTz, 72, 56 N72B-7 = =/L-B-

TR T a— )VFERE, BRELENFIEERB-T I ) T a— R ITHE
THIEMTERE,

18



Wl T U—ATAI =T ARIERIERW DS I RO
HENT SRR T Y — AL s

RTINS Y A LA F 2T R RO[33]-2 7= b a B —RALRE 7 = = L1k
RIEOBRICH LTz, WIZ, 7= = VBRSO T U — L& AT 2 HIT, bhx
BREVTV—=ATAI = LEZHNE NRUYALFFTTF I RD[3,3]-> 7~
0 B — RN RIEE T U — AL O & e LTz,

AW R T U =TI =0 MR o FikEe25EIC, 7350 K., Bk
TNLI=ULDTHFRKIZ3IYEDOT Y — L~/ x> L7123 REZ0°C T FL-
%, |ETIMMEHT D Z Lk o> Tinsitu THH L7~ (Scheme 18),

3 ArMgBr + AICl ArzAl + 3 LiCl
THF 10
0°Ctort, 3h
R MeQ
<R@A| Al | MeO Al
3 3 3
10B:R=0OMe  10J:R=OMe 10L
10C: R = Me 10K: R =Cl|

10D:R=F

Scheme 18. Preparation of triarylaluminum.

BRANZ, NRIMICEFHEETHIA NV EEHETHT U —LEOEAEZRGL
T2 BEBREZATDHN-U AN AFTTF IR 1O THRFIEKIZ, p-A Xy 7 z=
N TR A7 RPLRELENY T U =TV = A 10B O THF K % if
TLE#%, BT oE. PH@EYI[33]-VF~ b B —Ha( /KT U — AL G 23
TL. BHIDOB-T U —/-B-7 2 J T /b3 — LiBHEK 2B 7% 69%DIL K )>> cis/trans L
1% 17.5:1 THE L L7 (Table 10, entry 1), F7o, NILICA F A HF T 5 10C O THF
WiRZHWTESETH, BROAERY N HREOIE TH G417 (Table 10, entry 2),
THUCH LT, NI T v FEEFTDH 10D O THF ImiRE WA Tk, B
2D IXIF L A LB LN Do T (Table 10, entry 3), ZHHDFERENS, “BEERO Y
TYV—=NATNAI=gLhEZHWEN-F) 7 daT7vFrrF I v A~OREMS NG
IZBWT, BFHEGELZATOITAI =T LARKIGHNBWHERE 522 2 LB 6
LT NT AN MIICA NV EEZFETL7 YV —VEDOEAZKE LT (Table
10, entry 4), T DR, N-T L7 F I A~D 0-A MF V7 = =)V EEOE A 38h=R
BT L, 23 3 70%D LR > cis/trans i 10.5:1 TH O, —FH. A0 ML
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yuanikiEfFT 2% 10K O THRE IR E O CARER S Z G L& 2 A, BIO G
ITHEITES, EHERIE AW E 5 2 7= (Table 10, entry 5), & 52, 2 OD A b %
ATH RV TY—=ATNI=0510L O THF ERE AWEGAETIE, BO 2L 23
FEE DL TR 57 (Table 10, entry 6),

Table 10. Sequential [3,3]-sigmatropic rearrangement/nucleophilic arylation.

i o [

_OB |

FoC” N2 ArzAl >~le| Ar N NN

—  FC A OBz 1 via OBz

THF !
reflux, 3 h i

1 2 : A

entry Ar Ar;Al  product  yield (%) cis/trans

1 Meo©—§ 108 2B 69 17.5:1
2 Me4©—§ 1c  2C 54 10.5:1
3 F@—g 10D 2D 13 >20:1

OMe
4 10J 2J 70 10.5:1
Cl
5 @’%' 10K 2K ND ----
MeO

6 z > § 10L 2L 51 >20:1
MeO

ek, REFGKISICEVE LT 2 O EAERYOSLIEREIX, 2C 26k X 91
L CHs8 L7z (Figure 5), "H NMR AXZ7 R LIZEBWT, LMLDOKFEL 6 (fLOKFELE D
O EBN 11.0,45 Hz Tho72Z &b, LLD/KFE T axial KETHDH EHEE LT,
E 52 NOESY A7 MLIZEBWT, LALDOKFEL 3 Lo axial KEMICZ B AL —7
DR SN2 Sk, 2COFEAFM T cis K THD EHEE L=, £z, cis-2C O
'HNMR A7 hLid, RO cis-2A D 'HNMR A7 LB L TWD Z ENnD
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by CistKTHD EHETE LT, thDB-7 U —/L-B-7 2/ 7 /b2 — )LiEE Kk 2B, D, J, L O
FARY OSTAEBEE L. 205 O ' HNMR 227 kL2 cis-2A B X W cis-2C @ *H NMR
AR BV ERBRICHEBPL L TWD Z &b, cis K TH D EHEE LT,

NOESY NOESY
- (\H 3-Hyy 6: 2.07 ppm (\H 3-Hyx 0: 2.08 ppm

1-H 8: 5.37 ppm (td, J=15.0, 3.5 Hz) 1-H 8:5.38 ppm (td, J = 14.5, 3.5 Hz)
(dd, J = 11.0, 4.5 Hz) 3 (dd, J=10.5,45Hz) H |3

H Ar H Ph
H N. H HN
COCF4 COCF;
cis-2C (Ar = p-MeCgH,) cis-2A

Figure 5. Stereochemistry of cis-2C and cis-2A.

WIT, REFINZB T cis KR FEERME L THLNTZEBSDWTELRLE
(Scheme 19), 6 EERAZ AT 5= I N1 0>[3 3]-v 7~ bm B —EALIZ L Y AT D N-
Ny Zngduar7eFulrdI oK A BT, U T U =TI = A0 N-
TA R /@%%E%EJ\//%/I/%%/%@iXTW RFEICENAL L. H OfE %
LbEBZOND, FEWT, MEMIZEFEWT VI =0 ARINANL, 7 F I oK
D 3L & 5ALD axial K & ONAKREE %4 kE 1T T equatorial WENELT H720, cis-2
MEEEME L THONEEBEDLEZAZEZTND

Ar- O
5 + Ar3AI m’/ - C}*NH Ar OB
e 3 N
3y 2 4 T
H equatorlal @
A~ 0. NCOCF;
HI r ézAI attack COCF3 cis-2 (major isomer)
Ar3 \/
H

@)
A \ aX|aI >~NH Ar

attack _ ~OBz
B0 COCF3 = FC
1 Ar

trans-2 (minor isomer)

Scheme 19. Stereoselective feature in arylation to N-trifluoroacetylketimine.

PEDORERNG, NRUYVANAF TV ZF IRV TV AT AI =T LENL
THET 5 & [3,3]-> 7~ bu B —a{(iREZHT U — AL E DN EIT T2 2 & B 6
melpolz, Flo, RKEAIE LTEFMREEELEAET LT VI =0 ARISH ZH W25
BT, AEGE DI RICHETT D EBRHL N E oz, 1O



WA ~T T U— LTS o ARSHI RS RO
AN SR IEEZE)~T a 7 U — WAV i

mfuﬁ% 3% < ORBYPLERMCE TN D BEERBREMN TH D, 3 AR
CBWTIH, RUBUVREANT B FRRICEWRT 5 LIERNS - EKERBEETERL.
i%%@@ﬁi OB DLEIH L, TDOTD, ~T 1B EFBR OB AIHEETE M B
WROFEE > TWD, ¥ 2, ~TaR T EOIEFEETMIIVA AELE LT
@<kb\%EE$®EM%&LT%EET%5O_@iok\ATDﬁ§ﬁ®ﬁﬁ
PEIZZIEIZ D> THE Y, ZORMHREANEORBITAHENILT LEETH L,
DLEoBEZNE, FEHEFRIEH E TORENT V— b Kbt E~T a7 U — ALK
R & X, KERKSIZE > TERT2B-~7T80 7 Y —-B-TI /)T Lba—
BEARORE R ARIEC R0V GDEEZT, T2 T, NV A FF o F IR
D[3,3]-v 7~ b v B—afL [ REH~T a7 U — AL DOBRRICHE T Lz,

INETICHE SN TV EABMICHEERINERRFELAE T HB-~7T 0T U —/L-B-7
TN VFEEROSGRANITIEE AR, EHNMDHIRY AR D Scheme 8,
methodc C/RLZZBIDOHRTHD (55 13 10 2—0), &I Shi HIE, /XT Vv AffieF
EF, 228V =V EAERTLZT7 I R4S ) UBEKEMEE L%, B-2-EY
P=)W)-B-T R ) T A a— L EAR L TWS (Scheme 20), ® ARUSIE, C(spd)-H iEME
CEFIHLTAF Y U VBREAHBEL T, BV AL C-HIEHEID - OICH
EREHEZRIZL WL, BV UNDO~T o T )=V EEGT58-T7I /7
Na—VERICITEANRETH D, TOD, FEaxle~TaT U — LHHE A FHE
T, WHEOEWB-~T a7 U —)L-B-7 X/ T/ a— VFEEROERIENEE N T
5o

R2

Pd(OAc), R NH
1 2
o HNAO CuCl,, ACOH s N=  Hcl R\ on
X H toluene | = 120 °C | N R
| N R'120°C2anar L _N R Z

Scheme 20. Known method for the preparation of B-heteroaryl-p-amino alcohols.

OIS N-RY A VA F I F1D[33]-v 7~ b B —iaii/KIEH~T a7
U= bLRIEZMNTTF A7 = VEBEOBAZRF L, 47 =03, RRORFGE
AT LERILEMTHY . IR P Uit WBT 3L X —2HF L TW5E 2
LD, HEBEMEB I OHEAEERR B EEELTWS, 20D, RTIv 7
THPA BN TR BV REF A7 = BB LI LED S LIELIEARSh T
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b, BT, FAZ7 =2 VBREGUREREMIEZ<AONTEY, filxidtr b= -
JNVT R F U R IALBEEMNZRT L TR DEE L THOLA TN D
Duloxetine (Cymbalta®, Eli Lilly), 1= UV > EA &2 A+ 2 2 & TREXILER E LA
& TV % Tiotropium (Spiriva®, Boehringer-Ingelheim and Pfizer), % Xa [K-FHL5E /B 12
X vHimkE L L)< Rivaroxaban (Xarelto®, Bayer) 72 & 2K THEHA STV 5
(Figure 6), 3% 2o, FA7 v BOBATHEHATHD L EXT-,

Duloxetine Tiotropium Rivaroxaban
(SNRI) (anticholinergic) (Factor Xa inhibitor)

Figure 6. Medicines containing thiophene motif.

FPLREI TR LT 2 RDO[3,3]-v 7~ b a B —dsfr /RN T U — ALK G D f
RV, =F I 1O THR BRI Y (2-F =)7L I =v A (10E) ® THF
WikE Mz TR LIZEZ A, PRICK LT, BHOB-2-F==/\)B-TI /) T /La—
IVIBEAR 2E 1L T%DIE T LG LN/~ 7= (Table 11, entry 1), £Z T, 7/ =
UL EOBEMIENEI DT VI =0 AROGEIE VT, B0 TAELEE R & BRET LT,
P, DAFALQR-F=/)T NI =7 A (11E) © THF ik % N CASE g SO &2 1T
H& . HBRENZ S, BB KINIIERSEIT L, 2E B 71% DR
cis/trans k£ 23>20:1 T 547 (Table 11, entry 2), #\WC, Y= FNQ2-T==/L)T L
I =U A (12E) O THF &k % N TAOEE SO 22 s U 7o il R i foe SO T IRV RR 12
ITLEEA, 2E OILRIZA LK F L7z (Table 11, entry 3), 26 DFERENS, N-F U 7
nAa 7 FALTF I UHFBEA~DOT AT 2 VBROBANIITATF AT T Y — LT
NI ARBWHRZLEZXD ZEBHLNE 5Tz,
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Table 11. Optimization of the sequential rearrangement/nucleophilic thienylation.

L pom L) |
AlR, !
F3C)J\N/OBZ S L FgC)J\N
rovia
THF i OBz
reflux, 3 h '
1 2E L A )
entry aluminum reagent yield (%) cis/trans
1 < | Ma 10E 7 >20:1
S /3
2 Q*A”V'ez 11E 71 >20:1
3 QNE’Q 12E 62 >20:1

728, Table 11, entry 1 THH L7 b U @-F =)7L =7 KL SCHR P D FikIC
B TWD X ST in situ TRHB L=, TLIUKFHF. F47 = O THF BRI n-
TFNY F U LE-T8°C T F L7tk 0 °CIZHIR L7z, HiV T, 30 i L7=%.
FOSRIZHEAL T VR = hx iz, 3 FEREERT 2 2 L2k - T in situ TR L7
(Scheme 21, eq 1), 7=, Table 11, entry 2 B L Wentry 3 THEH L 72T 7 L F L (2-F
=IWVTOVR =T AT, XY OFEEBBICRO L O ICHHEL L 72 (Scheme 21, eq 2),
—78°CICHAI LT 2-F ==L U F % 5D THF IRIEIC. SIS T BT AF AT A I =
Lrm Y R Lk, |iRT30aMEHET 22 &2k > Tinsitu TR L 72,

-BulLi AICI
3@ n-BuLi ‘3®7Li s <|S\AI (1)

S THF S 0°C,3h
—78°Cto0°C,0.5h

@ n-BulLi E\>7Li R,AICI R @AIRZ @

S THF S —78°Ctort,0.5h S
—78°Ct00°C,05h (R = Me, Et)

Scheme 21. Preparation of (2-thienyl)aluminum reagents.
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WIZ, Halo~TaFEFEREZEANTHZEEZHMNELT, ARLEYATFLA~TE
TYV—=NNTNAI=gLEHNT NV A VvEF I FO[B3]-v 7/~ e b —
ALK ~T a7 U — b S ZRat L, WY AFe~r7a 7 ) — L7 0
=T AT, BIROTAFALR-FZo )T LI =L EREEC, H YT o hEERSE
WL TCHBEL L7 (Scheme22), T74hbb, TLAITURKEF., fnd 5 ~Fa7L—r0
THF @RI n-7 F U F U L %A-T78°C Tl F L72#%.0 °C I 5 L 30 /o RIf#E L 72,
FHO-78 CIZWA LIEKISHRIZ, YAFATAI=varal) RE#HTF L%, ik
T30y REE R L Cinsitu TR L 72,

n-BuLi Me,AICI
R ) - R@—Li - R@*AIMeZ
X THF X —78°Ctort,0.5h X
~78°Ct00°C,05h

1
Jf\>—A|Me2 JI\/\>—A|Me2 m AlMe,
R™ S R~ O X

11F: R=Me 11H:R=H 1IN: X=S8
11G: R = OMe 111: R =Me 110: X=0
11M: R=ClI 11P: X = NMe

Scheme 22. Preparation of dimethyl(heteroaryl)aluminum.

E9.SMICEMBELZATHT A7 =2 8ATLHNT, 6 BREZATHZF IR
1O THRFERICIHAB L2 A TF AT a7 ) — 7TV =7 50O THF IR & KOt S &
7= (Table 12), T DFER, A FNLERA PRV EO L > REBEFLEREZAT 5 1IF B X
O 11G @ THF ik &2 MW 1288 Tk, RERRUS A BRI EIT L, BRDB-(2-F =
=IV)-B-T R ) T VEEER 2F BL O 2G NMNEKRBLEONTE, L LAERD,
saniEAT 5 1IM O THF R 2 AW 2854 Tk, BRI O 2M 1 35% D IR T L )
Bonhole, TNHDORRNDL, REMT U — W ALKIS L RIS, ~T 7 5 HER
FICETHEEAETATAI T AKIGRIREWEREZ 525 2 E BB LN E 725
oo W, IO NV TV —ATAI=ULEH0nzF I FOB3]-v 7/~ kb
BB REM T U — AL DO E ERI CEM TH 5 (B 1 FH 2 i 20 <—),
MNT, =TI F1I~DT7 T VROBAZHRF LT, PAFALQR-ZI )T AI=T A
(IH) BEIOAFNLEEZBETDEZOAF G- AFA2-7 VW) T LI =74 (111) ©
THF AR ZA W E A, WTRLEMO 2H B X2l BERLS S LT,

25



Table 12. Sequential rearrangement/nucleophilic heteroarylation.

X °
.OB NH HetAr
FoC” N7 HetArAIMe, . C>\* ‘% OBz
- 3 W
THF
reflux, 3 h
1 2F-IL M

2F: R = Me (83%)*

@)

2G: R = OMe (74%)?
FsC 2M: R = CI (35%)®
Q 2H: R = H (80%)®
FiC 21: R = Me (71%)*

d cis/trans = >20:1

EHIz, RUBUVERPER LIAT T U=V THIRV YT ATz RV
770 BEOENAFAAL U F=VOEAZRFT L, £7T. XYy FA 72 0B &
ORI T EGATIHOATFAANT AT =TI =T LA1IINB LD 110 D THF
VIR % SCHER T 0 FEE S B L CHEEREL L, ARG 21T o 72 (Scheme 23), %
DFEF. WITHH HMNO 2N B LI 20 DB LN, fIROF A7 =007 7 2tk
AT D RIEITAR L7,

N AlMe,

O X

)]\ OBz 1IN: X =8
FsC N~ 110: X=0 @)
. >‘N',"

THF FsC A

@ reflux, 3 h

1 2N: X = S (26%, cis/trans = 13.5:1)

20: X = O (33%, cis/trans = 5.5:1)
Scheme 23. Sequential [3,3]-sigmatropic rearrangement/nucleophilic

2-benzothienylation and 2-benzofulylation.
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—H N-AFNLA Y F—=LVDEANERFLIZEZA, TRICKLTA Y R—LD 3
PR FE &S LT2B-(3-14 > R U W)-B-T 2/ T/ 2 — )LiFE K 2P 2% 42% D ULHE TH: 6
7= (Scheme24), ZhiE, RV F AT =L RV T T DA TIL, 20K#E
B LTz AE R 2N 38 LTV 20 RS DR R & 13 e 2 BIBREWER CTH 5,

3

o @;AIMG}Z
)J\ -OBz N
FsC~ N

Me 11P o>;
THF FsC
reflux, 3 h
42%

1 2P (cis/trans = >20:1) not detected

Scheme 24. Sequential [3,3]-sigmatropic rearrangement/nucleophilic 3-indolylation.

WIZ, 3AALATINGR 2P L@ SIS DB 2 B8 L7, &IF Mayr 51X, 2-
A RUNV MY TAFaRL— e REFHEIESED &, BEREND SI12A1
R—®D 3 NLIRFIREFREDMERRICEAINDS Z E2HE L TWD (Scheme
25), ¥ P51k, N-AF LA F—=nD 2 b 7rFduRb— b aAT 584,
MERFBOREMERED HNDTZD, A F—D 3N R#ELREAADIET D &k
RTEY, FEHBRG INEZFFL TN D, RISEERIZOWTIZRO L D IZ#HB LT
W5, 7. NI TZAF R — e G754 R—NL O IALRFE L RETFHID IS

H
MezN
+
3 Me,N” ‘ ‘ “NMe, * BF, i O NMe
+e DL
; ges

I\\/Ie Et3N, MeC([\l, 15 min N\
91% Me
E* l T —BF;
E H E
- — H
@i‘)fg% - @gF
N+ hydride shift N+ =3
Me Me

Scheme 25. Activating effects of the BF3;K group on vicinal position in indole.
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L T Wheland & | X4+ %, VW T, E RU K7 hE R 704 RT D
WiBE 20 L CRUSDEEITT 2 & _TWn 5,

FEI, RURLRABELTETHLT VI = A0 LEUOMEEEZET L EE X
7ol Mayr 6 OREEZSEZIZ, TV =0 ARISHIHAREFZ 2.4 > FU LY F 04
EVAFATAI=L 0 RILT VI =T L7 — MERR2NER LTS LS
% 7= (Scheme 26), Z D7 — MEKR 321X, 2-4 » RU LMY 7 AR L — b &R

AV RV 2R FBICHART IMIRFEOREENEDO LN TND EEZ NS,

@ n-BuLi mu Me,AIC| @—NMez @—Aﬂ\mzm
N N N N o
Me Me M Me

+ LiCl 32

Scheme 26. Preparation of the aluminum ate complex 32.

UbDELZEZS LIS, B-T X T3 —/LiBEK 2P AR T 2 IGHRE 2 E8R LT
(Scheme 27), £7. N-XU YV A A F T =F I F1D[33]-> 7~ hr E—EAIZ L5
THERLEN-R) ZAdaT7eFrF I o flE A RNERT S, RIS, Bk L
727 — NEEIR 32 O 3L FEDALERINAIZ A I 2 pRFE 2 REZL B L T, Wheland H1[#]
KIZBHKT D, VT, BERY R 7 RERTHRE K BNERLZEZ, TLI=0
LOPBEZED 4 RV OFHFEIZLD . SMAIE 2P XLz EBED & 2

AEZEZTND
_ CIMezAIm
O + N
C Liv
_OB Me
)J\ Z A FBC)J{N 32
- A
workup
hydride
shift

Scheme 27. Proposed reaction pathway of the nucleophilic 3-indolylation.
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bk oic, FEIFZ NV A AT ) RDO[3,3]-7 7~ b u B—#zfr/5R
BH~T a7 ) — LIS ORI Lz, © KBRS, FA 7 =0 7T,
BLOHEA~T R 5 BRZ2LEOE FRER~T 0 FHFRZ RHMICEATE 50
RFETHD, Flo, 224 RIATAI =T LA EHOTARERISZIToT2546. 3
AT IR 235 & 40 2 BLER TR WS R 35 D AT,
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A Tiletamine ¥ EAYE O A AE

AT E TR LI NNy A FdF ) I RDo,B-ZBREXILKISIX., ka7
GEFRNEBRIRFZEHT DHB-7 UV —-B-7 2 ) TV a— LiFBRO— A RIEIZ RS
ZEEWLMT LT, IT, RERICTERLER~ERAT L Z L2 LT,

TEIBRNBEBMBIRFELAT LEMEELEHE LT, 7= Za~F i LT IV
RIREERI A BN TWD, FEHIX \:@MA%ﬁwﬁf%KmMm’ﬁ%éméw7
U—b-o-7T 2 )7 b EEEAT LTV =7 a7 2R FREANIC
L7z (Figure 7),

Cl SN
MeHN EtHN =
(0] @)
* HCI
a-aryl-a-aminoketone Ketamine Tiletamine<HCI Zolazepam-+HCI
(NMDA receptor antagonist) Telazol®: TiletaminesHCI and Zolazepam+*HCI

Figure 7. Arylcyclohexylamine dissociative anesthetic agents and Zolazepam.

AlEl, AR Z =7 v MOBER L7=D1E, NMDA 52 &AM K75 % A 3 2 i e P R e
o> Tiletamine Ml CTod 5 (Figure 7). HAREN TITAGR I TV 2203, KETIX
Zolazepam it 37 L ® 1:1 DEHITEH % Telazol® & LT Zoetis #1725 Wl S 4L, W
?L@J%ﬁﬁ DIFFIEIE 8 L L TR ST\ 5, Tiletamine HEEHT I, 1970 4% 106
AR DBFICBNWTIFR SN TV DICE b b  ZOEAMITRTFE LTlEINE 1
@JO)%L“C“Z%; %, '? Great Lakes Chemical Corporation #1:1%. + 7 v~ % o Jj LR )
5 5 L, UL 51% T Tiletamine M2 & L T\ % (Scheme 28), Great Lake
Chemical Corporation D& iEIX. MG TRENDARNWI 2, ZOELFT L Aa—
VU RIGEE THh Y . S HICHMO Tiletamine HEAE # KEBEAK TE 58 T7 k%
EFRNCIEF BN TN D, LLARRE, EHEOBRNERESL 1,2-V7mnxr By
DEEM . 3 L OBRIER RISV Tilalg 7e 56 (180 °C) MM ER TIERMF(ET D, €
DIz, =F I RO [33]- 7~ hr E—iE5 R ~T a7 U — AbRSZ R L
T, EEE 7R S 2 LB L L Tiletamine et OB A IEOBREICE T L1,

B2 L Ra—r SRE SR KOS TH, BAFOLZITV, SOSERY 2 B+
HZ L REHMOFER L L TR TREIZHWAKISEZ W S,
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n

Q/CO2H Polyphosphoric acid . . i, Br .
75°C,2h |/ DCB |
NEt STN S \
EtNH, HO EtHN = HCI ( gas) EtHN
bcB \ / DCB n- Bu20
180 °C, 15 h

Scheme 28. Known method for the synthesis of Tiletamine hydrochloride.

ZH51E,. LT X 912 LT Tiletamine f &t # & 1k L 7= (Scheme 29), F 3, N-X»
YANFFTZFIRNLIE, B LER LS TRRZEIICHRO Y 7 ma~xH ) o
FUA (13) & O-X VA b L=, TFAA TN-hNU 7t a7 T b3 5 2 L
Lo TE L, WIZ, B-R-F==)-B-7T X ) T/ a— LFEK2E 1T, &6 1EE
3 TR EHIICEF I RLILEDAFALQR-FZ=/ )T LI =7 AD[33]-> /7~ b
E—HRNLREE) 2-F == U RSIZ L > TEM LTz, VT, 2E & A X/ —/LHIK
figfb b U O LA TULELL C, B-2-F==/V)-B-T I /) T/ a—)L 3E ~L LW LTz, &

S5, B-7 2/ T ha—)b 3E BHEEICHE ST N-mF UL Lk, B4 L7 <
% O F F Jones figft L T Tiletamine % & h% L. Tiletamine Mgt ~ L8 < = LIZpEh L
2o 723, ARk L7z Tiletamine Hifgti %, £ ® '"HNMR 2227 RV Hiflk @ Tiletamine

BREoENE B LI L bER LT,

o
_OH  1)BzCl . @AIMez 0
FaC” N’ M

N 2) TFAA 5 s
FsC
74% over 2 steps 71%

13 1

1) MeCHO, NaBH3;CN SN SN
AcOH, MeOH EtHN — 1M HCl EtHN —
0] O
2) Jones reagent Et,O
acetone quant «HC

78% over 2 steps ) . ) .
Tiletamine Tiletamine*HCI

Scheme 29. Synthesis of Tiletamine hydrochloride.
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UEDE I NN AN F TS I RD[3,3]-v 7~ b r B — 83 REN~T
a7V — b RIGEEFIHL T, Tl Y7 a~xH% ) 4% A (13) 25 NMDA %
RRIEWTIE TH 25 Tiletamine HEEEHE 2 7 TR KUK 4% TEKT D Z & IZHSI LT,
ARERIEIL, BEF OGBS TR Z2 54T Tiletamine MMIE A2 A3 2 2 &N

T& D,
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2% MM ERMALIEZN-TLrax oI D
o, B- B RE AL S D B 3

2 ODRFP-IRFBIREESRSEE AWz F I VB EROa,B- EREFRAL KN, K
RICESAET DL EBRT I VS EROFREFEIEL LTHHATHY . ZORBITE
BERILFICBWTEHETH DL, FFiZ, =7 I FHEOoB-ZHREEMKISIX, 5 FN
FIGE IO TR EZ GO TEERESIRTEY ., P 20— sikElx, =
T I ROBALTREBEFAIE RIS LT2tE, ARKT D N-T AL I =05 (F70F N-T
A 2 V) HERE RERIN KRS 5 G TH S (Scheme 30), >4

J?\ ?L ?L
R3 E* + RS Nu~ R3
2 - 2 - 2 -
RZ °N R ll\l _ RZ "N _
R R R

Scheme 30. Traditional o,B-difunctionalization of enamides by two C—C bond formations.

EHEIZ. INFETHEIN TN D 2 5D HIRFEIRFBAEG TG 2 W=
2 NED,B- EREREALK N E LU T O 4 12 KB L7= (Scheme 31), Type | 1% Eik L 7=B
NI RE T, oI REERENENEASNDSUETH D, > ZOFIEE, £H
SRR RBTAI L REAINFIACTE 2700, WAL X OERAEDO B WER TG KT
HECThD, Fmit, REGFEIE T, BIICT PHVHE, of LI REFE 2 AT 5 MG
HE Sz (Scheme 31, type 1), ¥ flich . ofiB L OPILICENEN T VP H LTl %E
BAT HRINR, BT REAZEANLTote. ofZIZREFAZEANT DS HF 6

1 1
R2° °NH 1) E* 1R R2° °NH
E 2) Nu~ 2) Nu™ R
Nu ) Nu)\(
R! type | type Il R1
1) R 1) Nu~
O 2)R-

2)E* ﬁ\
2
type Il type IV R® 'NH
)\(R )\(NU
R E

R! R’

Scheme 31. o,B-Difunctionalization of enamides by two C—C bond formations.
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TV % (Scheme 31, types Il and IV), " Zod Xk H1c, =F 2 FEODa,p- - BREMSIK
JE, A AT DNV E O 2 IR A RIS LTSI E T
SUVHAEBETCE O FEARTIETH D,

E BT, AMBRALES ([2+2],% [4+2],° [6+42]*) 2 WA =T 2 U E Do, B-
EEGS  Bex IRBREE AT 57 IV HHABE T 2H M2 FIETH S (Scheme 32),

R? O 2 < R?
NH — RENH \_/ HN”
SN < 5 > R'
’ o
\ l:[ [2+2] cycloaddition = [4+2] cycloaddition O
~-- 1
R R

Scheme 32. Cycloaddition of enamines with alkenes.

F 7o, RE AL E REAALZ R — 2 FHICET 26 34 #fHVvWT, =3I 33
DBALTIFRE AL & ofif TITREEAL & ZNENIRF-IRFRE D EZ LT 5 a,p-
TUERERALSE B K< M BTV S (Scheme 33), ¢ AR S TIE, = F I 33D
B-ERERAL G DT T DAL ERA I =0 AFMIE L OARE FIRFIZREZHFID
ELICRTE D &9 0 FRICREEA 2 5 34 Z T o,

RY O\ [Reon R?
NH 34

N N
- E Nu > [B_E
ag P intermolecular J\( intramolecular N %
R R
L

R’ electrophilic nucleophilic
33 addition addition 35

Scheme 33. Traditional a,p-difunctionalization of enamines.

Scheme 33 O IGERA THEATT 2= I VEH Do, B-ZHREE(EKISZFIH LT, &
Masson Hi%, ¥ Z/L72 U R 38 F/E T, 747 B K36 BRI YV —/LT I 37
M 13-PT7 I T T U039 AR LTV (Scheme 34), ® AKSTiE, #h %

THAFDOBBLRITNKIELTT FT IV NEEHELEE. D D 01D 36 BB
ISLTHBO 3 NELN TS, 20X 211, =F I VEO,B- B HEHRAL SO0 134K ©
RERILEMEERTEDLAEHRFIEL LTI THN S,
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CHO OzN 38 ~IL_ .ph
e T
Ph NH, “INH Ar
|
A 0
36 37 - M

0. -0
Pl

A - A O "OH
r I
N CHO N OO )

)

Ph o 36 wPh 28
Ar=24 6-(i—Pr)306H2
"/’NH ',,/N/\/ Ph

| |
Ar Ar

N 39

Scheme 34. Preparation of tetralin skeleton by using o,B-difunctionalization of enamines.

ERDO X IEkO T IV E O B-ZERAMESIE, CBREROA I H LD
134 2 =7 APREA~DO RN ISICB W T, 5FNICHFET S REENEANSh
L0, BIRICEVDREONLHRL ., —F ., ZEEBEOA I K~ RS
IMEJSIZHBNT, o FRIISC LD REM 2B AN CEE, FEBRIRT I VA2 RHM
AR TELAHRFIECRVED, £, —BEEEO=F I OBR-BREE(LKISIC
BOWTRBEZEAT LI ERTENX, EROZT I VEHOB-ZEFREE(LKE T
XA RN E e ZERT I VFEEEOGRBHFETE 5, £ TEHIT. ZHLE TITH
DIRN2 DODoy FIKFE-RFBR AT LA D =F I VD o,B- ZH RS DBRFE I
#%F L7~ (Scheme 35),

R2 RZ+_H R2
NH Nu’ ll\l Nu? NH
A BT > Nu' | ------------- > 2 Nu'
intermolecular intermolecular Nu
R'  nucleophilic R! nucleophilic R’
addition addition

multi-substituted amines

Scheme 35. a,B-Difunctionalization of enamines by using two external carbon nucleophiles.

TS IV OBMLAS~DORBEFEE AL & LT, DRTYIFEETIX, 7 b HEED N-7
ax v I AORBENB-T Y —MERREBI%E LTS (Scheme 36), 7
bbb, FhreA VXYV ® pHAERTHN-TLaxy=F I 0(X=0) 12
FUTU=ATAI =L EHSED L, A VXYY VDU OBBIRFICT VI =
U LANENL LTZSEIR Q AT D, HtW T, N-O A DBZ L & I RN =T
YOBAAZEAS IV, T F I A R BNERT D, mBEISMAKSIRIZE D a-7 U —b
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(D { o

N N
Q 1 H 0 1 H ., MgSO, O
R B — RA& > RAK(N
R2 2) E* 1 2) ArzAl =2
42 40 41
workup <N/X workup
H
<+> E* [ X ArzAl Z oy [ OAIAr,
N N N ="AlAr,
E Al Ar
wjkr' X = CH, WA\] X=0 R“kﬁfgr 1ﬂ\(
R2 R2 R’ R2
s O (X=0) Q R
P (X = CH,)

Scheme 36. Umpolung B-arylation to N-alkoxyenamines from ketones.

FhUALBNELOND, 2D 400D 4 ~O—HO KT, =) 2 2 OMBIERHR R
YT %, T7hbb, ErlPr2HANnz@EOTFT I P(X=CHy) Tix, BALIZK
BIAINBAINTE, SERBLTR2 PG00, A VXUV ZHWER
FOS TIEBALISSREFENBEA SN TS, 2O X, N-Thaxot I v oREM
B-7 U —ALRISIE, =F IV OBMLIZREFAN KD HANKEE /R T ) — V4
ANTHIENRTED, IHIZ, TP TERT LA I FPHKRICIREREE L EANT D
ZENRTENE, T3 TFAT I UFHEERE AR TE D H RS DRFEIZ O N
Do

ZOEDREENS, MRS ZFIH LT 2 D00y 1R IR E ARG
EESTILTE RHED N-Taxs o) I rdo,p- ~EHREMIGOREEZ BT L1
(Scheme 37), T 72 b, HIEDZ7 F o XL VELNTZ N-7 /LX) I U OREMB-
7l:wmﬁﬁ%7w?tPm%@M7w:%Vi%:yB:Lmﬁghi RHFT
TAYIUHREIRCRERT D, 20 CICHE _KEREZMZD &, A4 U HRE~D
RAZAT B 3 2R 5 (21 #6&%ztoit NEEIRA I AR C 23 NO-T &
Z—N T ELTHEETIX, 4 I HREEE NI AT TEH7D, 4 IRy
RS2 Z &M < ERMICE SREMENBEATED EERT,
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<_\ 2)Nu-M Ph
.0 Z OAIPh
0 2 - R
O 1) H . AAl N N 15
)‘J\ -------------- = )\‘ﬁ ----- = H)J\(Ph
H HS ~
R R " ; Ph Alm
A
14 B C 2 ><(Ph
H
R
T

Scheme 37. a,B-Difunctionalization of N-alkoxyenamines.
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A N-7axi o) I UORENB-7 = = /UG

AE T, aB-ZHRERISO—EREHICHYT S N-7/rafxs o) I U ORERN
B-7 = = MALBUS DFAFIZOWTIRA S, AR X 910, FHFIT EHREOSIZEBIT
HA I BRSO RBEAIMBEIGIZIB N T, 7Y I U RHRIEE 5 SRR E A
TEHLeTPHLIZ, 201D, FTT747 8 REHERON-Tvax I 20z
KEZHIB-7 = = LG & Fist L7= (Scheme 38), 7238, B-7 = = /WAL KIS I E RS
HA I VHFBBIIARZETCH DD, MAKZBIEVa-7 ==L T VT FELTH
BEL 72,

o  ROR R2 OR? R? 0
J\ H N Ph-M N workup Ph
H ----------- » L mmmmmmmm--- > Ph ------ > H)K(
ks g P 8
R'  p-phenylation R'

Scheme 38. Umpolung B-phenylation of N-alkoxyenamines derived from aldehydes.

a-7 U —=NAT LTt Rit, o7 V=V DIVRUVBRLT AT ILV~LERGICEBTE D
ARFEFELELTHHATH D, FlziX, TR EHMIERZ AT 5 2 & TR &
L Tf#j < Methylphenidate (Ritalin®, Novartis etc.), 3 7 v 4% > 4~ F—+ (COX) FHLEE
AICEVIERAT o4 RHERIAIESRK (NSAID) & L CEA S TW5 Naproxen, /&
HEAMEEMRICE Y PUBEMEEEA & L THO STV % Vinblastine (Exal®, H A{L3K)
RECIFa-T V= VIR VR E NS E TS (Figure 8), 0

O HN
OMe
HO Y
Me
Methylphenidate Naproxen Vinblastine
(CNS stimulants) (NSAID) (Mitotic inhibitor)

Figure 8. Medicines including a-aryl carboxylic acid derivatives.
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INFETICHEINTWDa-T U —AT AT e REOEGEIEZ, N7 Uy Atz
AN hy 7V o IROSHIELS b T, Miura 5. *° Buchwald 5. % Bk
Hartwig & °' 13, EEMESLG T, 7ArT7e Rena X b7V —Loh v 7 ) v 7K
JEFENENWAE LT 5 (Scheme 39, eq 1), £ 7= MacMillan 1%, ¥ 7 U —/L 39—
RO ABBLOMBICHBE LA IFXY VY ViAW Ca-7 V=L T LTk
R&&R L TuWa (Scheme 39, eq 2), 2 2 b DT WTN S EINE Ta-7 Y —/L
TNATE REAERTE2ENTETFIETH D, L LN G, MacMillan & OHF] % FRuNT
Al 7 B 4 B IS X OV T AEAE T MAAGRERARETH D720, KBS
ECHEITT Da-7T V=T ATt REKREREETNLTWS,

M
Q Pd catalyst/ligand o) Q
A S Q—
R base, A & R
Me (0]

hpd
tBu’(N Ph [ Me, O ]
o H -TCA Nﬁ o
- CuBr ,4
OTf
H)HJ' tBu™ N~ ~Ph _,H)H\\Ar (2)
Ar

N "

r NaHCOs, rt )\ ‘
R HTX R

R

Scheme 39. Known methods for the preparation of a-aryl aldehydes.

FEHITN-TAaFF I 0 TEHRERICOMBO—B L LT, £ —BKME
DRI YET 5277 e ROLHRE L N-7 vax o) I U ORBEHB-7 = =1
S E T LTz, ARG OBRREIZEB W TIE, T TICHFIRETHEL WS b
D N-7 L aFx o) I U OREMB-7 = = LG (5 2 3 35 ~— ) &3 i
T&EDLEEZT, LOLARL, TATE ROEWKIGHEICEKT 50 20 OF| K
JAINHEITS S Z L B E 2 bz (Scheme 40), T 72 b, TATE ROEFA, 7 hll
HRTHNARZVRERA I =0 ARFEOAREEDN /NS W=D, HERIERENZ
WO EEEREA IS T B AREEN @< e, TAha— L a3 B8LOT I v 44 O
PR SN, £, =FIVBEAI=VAURKIEL, B-7 I/ T AT E K45
DAERT LA REELE X LI,
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N N Z LO._ ZN OAIPh,
H)J\‘ -----:\-* _4::::; """" > ‘) (‘FI)h - Ph
R VI H HT™S H™ S H
H20 R R R

R
14 U B ' c
N PhsAl PhaAlXy == workup !
\ Y RN \

HO Ph [ /b 1 0 0
)H N o N Ph
H /}\/R M H

R H H R

43 44 45 16

Scheme 40. Proposed side reactions of umpolung B-phenylation of N-alkoxyenamines.

I BBELO MM DEREIMZ DO, REAELTR) 7= T7 VI =0 A
EFHWLZ EEFHBE L, T72b6, MEMICESWRY 72 =17 L =7 A%,
FRNZT AT E RIARA I = AFEUDBTFELTHLINR = VRFERCA I =T A
IRFBICEBZEREMAMT 52 L72< AR LI N-T AV ax =) I 2 BITx L TR
WZB-7 = = LG EIT L, B Da-7 ==AT ATk K16 B’ Ebhnb &5 27,

Fo, 5 DOEREMZ DD, =F I BOARKEREMB-7 = = LG & T
VRY FTHTY L EEHBE L, B T bbb, ULRy FRIGETIE, ER L N-T L
aAX TS IVBIEEA I =V LGB U ERIET DR b RRNISIFEET 2 KISMED
BV 72= AT VI =0 AERIETHEEZEZLNSTZD, BID 7 = = VLK
DHPIBINANCHEITT D EE T2, IHIC, KSHRNICBEED FY 72 =17 L3
S ANGFEETIIE, TAVTE REAYXH Y U D UOMAIC LY AEKRT DKD %
MR TE 510, BAFIIEFEETFTH N-Tbax ot I 0 B OARMEES L, K
BHIB-T = = WALBUR SRR HEIT T 5 L B 2 T,

ZUHIZ, n-~FHF— (14a) ZHWOVTN-T/Lax oI DOV Ry M-
7 = =)L & e L7 (Table 13), 7235, LRGP L7 b HI2RO N-7 /L= %
VEFIVDU YRy -7 == BRI ESEIL, N-Tafde T I e LT Y
IV OrE, AReRICHE LTHRO M) 7 2= AT VI =y b ZnEN
MWTAKRISZHmFI LTz, £, ZF FHERO N-Tvafx oI 0V Ry FB-
T U= LRGSO RIS R -> T, A VXV VD M) T 2= T LI = A
HENEN2Y&MNNT, 0°C T2RRE#HLIZEZA, THEBEY N-TLvaF o)
2 UDOREHIB-T = = LIS EIT Loo-7 = = b~F P — L (16a)*° 23 66% DI
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L TH LT (Table 13, entry 1), KIZ. 3B EBDO M) 7=2=AT A= LEHNT
ARG EHatLizE A, BfDa-7 ==L 7L T & K 16a 2% 82%DINEKTH L NT-
(Table 13, entry 2), 72, 1 ¥Y&EDA VX H Y UV VU EFHWTARKIGZMRET LI=R, H
B Da-7 ==/ 7 /LT b R 16alL49%D UL T LG b L7 - 7= (Table 13, entry 3),
LEDORERENS, entry 2 DSUSKEN N-T L ax o) I v OREEMB-7 = = LK
JRICBWTRWHEREZ G256 Z ERH LN E ST,

Table 13. Optimization of umpolung B-phenylation of N-alkoxyenamine.

L ¢ K 0
N’O N

o N, PhsAl Q | via
> Ph | N
H H | H
CH2C|2 ! -B
n-Bu ° n-Bu ' n-Bu
0°C,2h |
14a 16a | D

entry  isoxazolidine (equiv)  PhzAl (equiv) yield (%)

1 2 2 66
2 2 3 82
3 1 3 49

WIT, N-T 3 F v mF IV OREIB-7 = = MERISIC B 54 Y 4 U P
DEENZHERT D720, n-~FHF—(lda) Ekkx 72T I v & W TARIG & Bt
L7 (Table 14), £, A VX H Y U P OROVIZN-OFEGEZHT 56 BEROT b
Zb Rr-12-4F% v * ZHWSE BODo-7 = = v~F ¥ F—/L (16a) H
52% DR TH: H AL/ (Table 14, entry 2), — 77, BRON-T L aX T I TH D O-
RUVNVN-AFALT I ¥ ZHVWTRKIEEIT) &, BDo-7 ==L T AT E R
16a I3 b 72 d o 7= (Table 14, entry 3), WIZ, ¥ r U P& HWTARIRZ BT L
2L A BWMOISITETE T, EHERIEGME 5 2 7= (Table 14, entry 4), LA LD
FERND, ARISICBT A4 YFXF VP ORENCHOWTLU T L HICER L,
A istE, Scheme 40 (/R T LI N-T/axv =) I B OREVBR-T7 = =LK
JEICE VA I VFBERCERE L Ca-7 2= AT AT E FIERELND EEZ TS,
F. 6 BEO N-TALaXFUTIVEAVESEE, =F 0 ORBEMB-7 = =LK
JSIEEIT L8, 5 BIBO N-TA XL T I 0EA L H_TARYOINERET L
22 e REIGOHEITICIZROTAICER T2 N-O G OHEOES S NEET
bHIENFRIN, ThROL, A VXYY YT T FTE Fr12-4F )V
WCHARTEBOTHNR KX N-OEASNEZ LT WD . KRS ZIRIICEIT LT
LEZBND, WIT, ER UV ERONERA TERRORIGHSET LNk I b
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Mmoo, BTV =0 ARSI EHWIEARRIS T, N-O & DEFEENLAETH D &
ExT, T b, Lewis BAMER K OSREME 2 R RO 7 L 2 = 7 ARUSHNE. N-7 v
AX T I VOB FICENMNT D E T N-ORBAEOHABIOTF I OB~
DOREFEOEANENRHIEITSIEDLEEL LN, LEOR»D ., AKISIZE W
TAVYFH VIV PURELEWVWN-TLIF T T IV THLDLIERNHLNE ST,

Table 14. Umpolung B-phenylation with various amines.

amine (2 equiv)

)OH PhsAl (3 equiv) j\(Ph
H CH,Cl, H
n-Bu 0°C.2h n-Bu
14a 16a
entry amine yield (%)
1 ( 0 82
H
2 @ 52
N
H
3 Me\N,OBn ND
H
4 <N> ND
H

RIZ, N-TvaFxeo) I UOREHB-T7 = = /W EEOS D REE — ikt il 42 3
BT, k2727 VT B REHWTAKRISZMREF L7 (Table 15), BT VX LV EZ2 AT
HN-U T hF— (149) B, A VYFIF VSV UFEETF, P 7 =2= AT =04
L0 CTRIGEEDE, N-Thaxro) I v ORBEMNB-7 = = LIS HEST L,
HDa-7 ==L T ) — (169) M EAIHFRINETE L= (Table 15, entry 1),
Flo P T 2=V EEETAET LT R 14b o, RiGEZIINEA L7 0 v 26T
HT7 T R lde, d DGAE S FERICBHOENEIT L a-7 = =L 7 /LTt K 16b>
(68%). 16¢ (70%). 16d (65%) 23 Z AL ZAVHFEE DI T H4v7- (Table 15, entries 2-4),
WIZ, DA FTHT7 AT e REAWTARKISEZRF Lz, ZTO/E., BALIZ 44
EHTHAVANLAT TR R (148) ZHWTEEEIE, RSN IEMICHET L, H
HDo-7 ==L T LTt K 16e° M S5T%DINERTH LN, £72. af iz A7
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5AYTFATATE R (14h) #HOTESE,
16h* (ZKINE T L B oo, KREKISEZRRTIT2 &, BROT AT E K
16h 73 46% DI T HAv7z (Table 15, entries 6 and 7). LA EOFEREMN D | AMGPE R
FiE, #Ex RBHEEAETE7 LT FHEDO N-7LaXs o F IV ICHEATE S

ZENHL M ER ST,

L b

N
H

(2 equiv)

0°C CTIIMUHIKFZFEFT HT7 VTR

Table 15. Umpolung B-phenylation of various N-alkoxyenamines.

[,O
N

)H Ph3Al (3 equiv) * oh i via )\
> : H AN
: CH,Cl, H/H\T/ ! R
R 0°C,2h R !
14 16 - B
entry substrate product yield (%)
(@] (@]
1 H 14g H/M\T/Ph 169 83
n-CgH1g n—C9H19
(0] O
2 H/ﬂ\l\ 14b H/M\I:Ph 16b 68
Ph Ph
(0] (@]
Ph
3 HJW\M& l4c H 16¢c 70
IS 6 X
(@] (@]
4y Me 144 4 Ph _Me 164 65
P P
) o)
5 FrJ%:l\ 14e rrj%:I:Ph 16e 57
Me Me Me Me
) 0
6 25
Me 14h /Jj7(Ph 16h
78 HJW/ H 46
Me Me Me

® The reaction was carried out at room temperature.

WIZ, N-TvaxdroF I U ORBIIB-7 = = MERIED SR A ELZ LTI, K
FIGiE, 77 REAYFH VSV onbAElT o N-TLvaxyoFI B, 7
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N =T ARSHIZER &85 L REMIB-7 = = MBS EIT L TA 2 ik C
WAL TWD E T IINS (Scheme 41), FHE 1T, AKIS ORISR O % BEY &
LTC.N-TaxsoF I BBIOS UK CODFEELEZHERT DD EREY
?‘J—‘O 71::0

(0]
N PhsAl orkup o)
_— B — —_—
H Hkﬁ H Ph — Ph
R
R R
14 B C 16

Scheme 41. Nucleophilic B-phenylation of N-alkoxyenamines.

P MERNTERL VWD EEZXLND N-T L aFx =) I v OFEE R
HZEEHMELT, i~ 732U LFET, n-~FHF—L (14a) BELOA YV F
PV EBEY I A X CEBERCRKRES L. N-T a3k o) I o BEEEE
UERDLTEN, REETHLHTZOHBET L LILTE -7, LirL, ZOHAERK
MDOMHNMR AT LB (E)-N-7 /L 3% mF 3 v d6a AR LTS Z L D3RR
T&=, bbb, ALV 7 4 KFEOTZF I §5.81 (1H, dt, J = 14.0, 1.5 Hz) B &
Y §4.96 (1H, dt, J=14.0, 7.0 Hz) (@l S N7 Z &)L HERR L7 (Scheme 42), Z Ok
B REISIXE)-N-T /L ax =) I 46a ZRFRHE L THITTDZ ENHLNE
ol

1 0 / \
0 N .0
H 1N 1-H &: 5.81 (1H, dt, J = 14.0, 1.5 Hz)

H)H H 2-H 5: 4.96 (1H, dt, J = 14.0, 7.0 Hz)
n-Bu MgSO, H)\ﬁ

CD20|2 n-Bu
14a 46a

Scheme 42. Formation of (E)-N-alkoxyenamine.

HIZ, N-TvaxsxF I UORBB-T7 = = WLBOSDEITIC L D AT 51
LA DGFIE A R T D 72010, n-~FHF—L (14a) A YV FH VU O UIFET,
R 7227 A=A EEE, Bon-MAERY O 'H NMR % JIE L7
(Scheme 43), T DO#EH. N,O-7 & # —/L 47a ODFEEHER LT-, T748bH, 'H NMR
AT MZEWT, 8428 BL 840917 X —VKEOT T TN 2R LT, &
. BELNTHAERY D BCNMR 227 R LIZBWT, §91.7 B L8903 (27 & & —
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WIRFED Y T F N ERHER LIz, A4 2 48a DIFEIX, 'HNMR A7 b LiZB W T
BEOLEFBEOY TN EBER ST TZOHERTE RN o722, P®C NMR AX7 kb
2B W, 6%57%&@6%52’v7%n¢@WWéMK_&bwﬁ&mbtoit@%
RNz L, HARY O NMR fi##T Cid, B Da-7 == VT VT & RO Y 7 F i
EALERRB I N2 oTe, ZTDOZENB, NO-TEH—/L 47a B LA I > 48a i3,
RISk O VBTN T AT a~x 8T T 7 0 —%& R0 REER IR RS,
HWDa-7 == VT NAVTE RNEEBRINTNWDLEEZLND,

L b

N .
o) H (2 equ_lv) [ ¢
PhzAl (3 equiv)  workup Hm N o
HJ\ - Ph * Ph
L CH,Cl, H H
n-Bu 0°C,2h n-Bu n-Bu
14a 47a 48a

'H §:4.28 (d, J=4.0Hz), '3C&:165.7, 165.2 ppm
4.19 (d, J= 5.0 Hz)
13C 8: 91.7, 90.3 ppm

Scheme 43. Confirmation of N,O-acetal and imine.

INHDORERNG \m«%%%—wm%ﬁNjw:%VIfin®ﬁﬁ%&7l
ZIALROSIFIR D X S ITH#EIT LT 5 & HEE L7- (Scheme 44), £73°, n-~FH+F— L
(da) LAY XH VU DOPKMBEEICEY N-TvaxsmF I DBRERT D, Hit
WT, = F I DOB-7 = = ALRE LT L7tk R AAERIZ K 0 1 X 48a 35 LTV N,O-

§:

N > .
Q PheA ((3 : qLTiI\\II; Q
3 q N Ph
H CH,CI } :
2Clp
n-Bu 0°C.2h n-Bu
14a 82% 16a
N Sio,
H
| |
{ .0 4 OH Y
N PhsAl - workup N HN. _O
- - Ph Ph
HOX H H
n- Bu n-Bu n-Bu
48a 47a

Scheme 44. Umpolung B-phenylation of N-alkoxyenamine.

45



TR = ATa BERT D, TRHITFEEESGYME L THEELTEBY, VAT
Fohrnax b7 74— VOB REBERITNKHI., BDo-7 = =/~ %
Tr—L (16a) WEKLIZEEZ NS, B, o7 /VT & RHEEKRD N-7 Lz F%
TF I U DORBEMIB-T = = MBSO S RO SOGHERE CTHEITL TV D & 2TV 5D,

VLED L D1S, OS2 MM L7277 b7 e RERO N-T /b af =) I
DRZIB-7 = = NMACSIE DBRFENZ R BN Uz, ARSI, BB RE T, Bk e
REATHN-Taxy= T I VICHEATETSH D, 72 NMREEITIZL D 1 I 2
MENFELTWDLZERHALNE oz, ¥ ZOEOEHIT. N-TLaxy o) 3
Y DB-T = = NMALIE DRIZE ZREAIZ M2 D & A I IR~ O REA IS
MEFEANZHEIT L, N-7 b aFx oo I OALERRo,B- T H RS A BRI T &
% L HIFF L7= (Scheme 45),

o) N Pheal 4 OAIPh, NU-M HN™ """ 0H
HJLj ................ - N | - Ph
R CH2C|2 y 0°C H)KR( R

Scheme 45. Sequential umpolung B-phenylation/nucleophilic addition of N-alkoxyenamines.
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F2H N-T/axi =) I OREMB-7 = = AL SR
AN

RIEIC. 74T E FEED N-7A3% U mT 3 ORBHIB-7 = = LIS O B %
SR LT, KIS, N-T A% S S OREEIB-7 = = AL R A IS %
BE L, AESERSIZTLTE R, A VX H VU hY T2= LTI =4
(F—RIZHA), 35 L O RAH O U R 45 8 B T b 5

OIS, n-~F P —1 (14a) ZH\\T, N-7/hax =) I D OREMNR-7 =
=ALIGIT U MBS 2 Rat Lz (Table 16), A Y 4V U VU IFE T, n-~F 4
F—v (da) OTVrrBAZ U ERIC, N 7= T7 VI =0 L% 0°C THx 2K
MR L7t B RERIE L TT UL~ 32y A7 8 RE0°C TMAT, Eil
T DHIZ 2R LTc, ZOREE. BIffB0 =7 I D OB-7 = = /WL T U v
BRI EIT L, BIOKRET U AT I 2 15aA 28 78%DINR, U7 AT LA ~—lt
1% 3:1 TESL- (Table 16, entry 1), — 5. & _REAELTT I AL NY AF LT
YEMAWEEA TR, BRORIGIEEETET, —BEEEOB-7 = = LIS D &
MNHEFT Liza-7 = = b ~F % —)L (16a) A 79%D UL TH 57z (Table 16, entry 2),

Table 16. Sequential umpolung phenylation/nucleophilic addition of N-alkoxyenamine.

N’O :
Q Pr:AI g :3;'\\//)) QO q\OA'PW nucleophile HN™>""0H
H)H CHCl, Hﬂ\ﬁ —>H)K(Ph 0°Cto rt,2h=N“)\(Ph
n-Bu - o°c 2h By ny n-Bu
14a D E 15aA-15aC
entry nucleophile (equiv) product yield (%) dr
1 AllyIMgBr (3) HN™ " 0H 78 31
2 AllyITMS (3) _ Ph ND (79)
n-Bu 15aA
3 EtAICN (3) HN- " 0H 56 1:1
4 Bu;SnCN (3) NG Ph 53 1.5:1
5 TMSCN (3) n-Bu 15aB 33 1.5:1
6 NaBH, (13) HN™ >""0OH 60 (8)° ----
7 LiAlH, (1.5) H Ph 82
n-Bu 15aC

®Yields in parentheses are for the obtained a-phenylhexanal (16a).

47



FEWNT, FE KRB E LTy TV E0BEAZBRF L, 56057 I/ =KV /L 15aB
FIERBRILT 2V BREROBIRIKE /e b 72D FHTHL, =F I D ORENB-7 =
=WV D%, 2T AT NAI =T LAY T2 RBLORN ) TFARAXTT = REH
TR SO & fR T L7 R, Wifr@E 0 B OB-7 = = Wb G la-+ 7 /7 AL 23
HEITL DTN HIRIERBEEDOINERTHOT 2/ = VYL 15aB »3%5F 5 7= (Table 16,
entries3and 4), 2B, KLV EBRWAEG R T /LRI THDL FU AF ALY LY T =
R Z W CAEE OS2 fRat L7223, IR | L7227y > 72 (Table 16, entry 5), & 5
W2, BICAlE LTARFEARTYEZEFT NIV T LEZHNT, =F I OREHB-7 = =1k
B E i< A X v OFRICKIG ZMRF L2 (Table 16, entry 6), N-7 /L2 ¥ =)+ I D
B-7 = = AL G DO RINEA IR & DO KFIF VR T NI T LD AL ) —LIE
WEMFTDE, BMOZ7 =3 F LT 2 15aC 2% 60%DULE T LTz & [FIFIC
a-7 = =T F— LN BUNDIRTH LN, £Z T, L@ RELH TH HK
FTNI =T L) FULEZRANTAREGSZHBRF LIE ZA, BHIIO T =2 F L
7 2 15aC 8 82%DINFR T L7z (Table 16, entry 7)., ZH 6 DFERE NS, N-T /L
XS I VDOREMB-T = = WAL RISEREZA NS IZ 8 W T, 8 SRR E LT
TIN= T XL TaI R, P TFALRRAT =R, BLXOKEATEST RV
vAhERWLE, FRENT U, VT M BXOE RY RBREATELHZ LN
Ao E o7,

BOREAIELTT UM~ vh7a ReEfOWEEA1C, BB Ok G
REEATLZBBIZHOWTIRD L 9 I2EZ L7z (Scheme 46), N-7 /L= % = 3
YORERB-T = = AEISICE VAR LA S VR EE, TV L= XV T A

Z o)
7 /\/\

o 1) N . PheAl HN OH
HJj _ /\/kr%
n-Bu 2) /\/MgBr n-Bu
14a 15aA

Np
H . PhsAl

4—\ 0A|F>h2

N OAIPh, /\/MgBr g
Mg
A i j
H
n-Bu
- E

Scheme 46. Nucleophilic allylation to imine intermediate.
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T REOHAEERIZLY 6 BIREBIREEW 2B 252 & T, 4 I VRBNIENME
fbEnRE\EFERT ELTWS, 0=, I/ LET UV AALRIERE S IZHEIT L,
HEIOERET VLT I 15aA NINERLELNTEEEZEZTWVWD,

Table 17. Sequential umpolung phenylation/nucleophilic allylation of N-alkoxyenamines.

1 0
N AN OAIPh, A~MgBr

H (2 equiv) PN
0 Ph3Al (3 equiv) (3 equiv) HN OH
H)H H)K(Ph /\)\(Ph
CH20|2 O°Ctort
R R R
14 c 15A
entry substrate product yield (%) dr
0 HN™ """ OH
1 H 14 =~ Ph 15gA 78 3.5:1
n-CgH1g n—C9H19
0 HN™ """ 0OH
2 HJKL 14b /\)\Eph 15bA 75 2:1
Ph Ph
0] HN/\/\OH
3 HJW\M/\ l4c Z Ph 15¢A 62 3:1
6N X
i HN™""0H thro/th
erytnro/tnreo
4y Me 140 -~ Ph _Me 154A 72
=3.5:1
= =
'e) HN/\/\OH
5 H)i 14e /\)Iph 15eA 72 4:1
Me Me Me Me
o) HN/\/\OH
6° H)K(Me 14h Mph 15hA 42 ----
Me Me Me
o HN" >""0H
7 H)H 14f N\(Ph 15fA 71
Ph Ph

® The B-phenylation of N-alkoxyenamine was carried out at room temperature.
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WIZ, N-Tax o) I U ORBEHBR-7 = = MERIGI T Y ALES D FEE — i
FHERTHHT A 27 VT b K& AW TARER S % R L7z (Table 17), 7233,
FBOREANZT VAT xr AT a REfAnz, 9, RETALXLVEEZET S
n-v 7 hF— (14g) BLO3-7z=L7 a4 T /NLT kb R (14b) % A CAH
RSt Lic, TO/RE. WINogE s BMOER OSSN EITL, AET VL
7 X 2 15gA I KUY 15bA 23 RAFZR IR T B hu7z (Table 17, entries 1 and 2), &I, R
MBLONEBAL 7 4 2 ATET AT FEHWTARERRIGCEZRF LI 25,
HIOOKRET VLT I > 15cA B IO I5dA BN ZF LI 62%5 L U 72%D L TEL N
7= (Table 17, entries 3 and 4), i\ C. PN FE 721X LI/ I8 2 A3 5 SEARAIIZ i
TAT e RERHWTAREGRIGZRGF Lo, ZO/RER, B-Ak7 V7 e REHnics
AT B RINETHBIORET VLT I v 15eA BB SN0, a-lE 7 L7 b
ROLGEILIARET VLT 22 15hA 2 42% D IR TS 7= (Table 17, entries 5 and 6),
EHIC. . fIC 7 2=V EEFET A7 2= AT T AT E R (14f) 20 CARERK
JEERBRET LR R ARET VAT 2 U ISFAR T1% D ILHE T S /- (Table 17, entry 7).,

WIZ, 7T e R1AdHBEKDON-T/Lax ot I U ORBEMB-7 = = WALKIGIT Y
IMEBJSIZ E 0 ELNZARET VLT 2 15dA O EARMOSLAEEE 2RI 5 H
() C.15dA O EARY & BRe LA HIC L VW 19C ~ L #E L= (Scheme 47), 72 b,
7 2 2 15dA %5 " HHAX Grubbs filkfiE A2 W2 PHBR A ¥ v R b e < IR ITIC LY
19C ~E AL, TDO HNMR ZHIE L7z, £ OfER, 16dA 76 OFREFEZHRIZ LY
BHT- 19C 1T, Bk B2 EH 2H 53 X—) oy ru~dHh /LB bnT-
Cis-19C & AT MAT =R —FK L7clzd, ol 19C L cis (K TH D EHEE L,
ARET VLT I 16dA O EAEW I erythro (K TH D LHEE L=, 7B, TR
ET VAT IV 15A ONEEEIIBIED L Z AR TH D,

HNT"pH  Grubbs I "0 HN™ >""0H
(5 mol%) Pd/C, H
Ph Me _~ = Ph Ph
=
_ toluene MeOH
reflux, 5 h rt, 30 h
erythro-15dA 42% 49 32% cis-19C

(major isomer)

Scheme 47. Confirmation of relative stereochemistry for homoallylamine 15dA.

WIZ, N-7Tvaxy ot I v ORBEVIB-7 = = WALKIGI > T 7 ALRG O HE — b
EHERTHAMT, H KEAELTHR) 7FARAXTT = Fa AW TAEG G
ET L7 (Table 18), ik D7 U MALKIS LR U7 T & REZ AW THRFILIZE 2 A,
WITNOBES VT JALISITEIT T2 Z ERH LN E o7,
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Table 18. Sequential umpolung phenylation/nucleophilic cyanation of N-alkoxyenamines.

{ b

N
H (2 equiv)

/ ) BusSnCN
() 3 - NN
)H PhsAl (3 equiv) N OAIPh, (3 equiv) HIN o OH
H g Ph X NC
L CH,Cl, HJLW/ 0°Ctort !
R
14 c 15B
entry substrate product yield (%) dr
0 HN™ " OH
1 H 14g NG Ph 159B 74 1.5:1
n-CoHig n-CoHg
(0] HN/\/\OH
2 H/H\L\ 14b  nNC Ph 15bB 73 1.5:1
Ph Ph
3 rrJLw\bd/\\ l4c  NC Ph 15¢B 47 1.5:1
6 o X
o HN™ " OH
4 H Me 144 NG Ph _Me  154B 56 1.5:1
Z =
@ HN" """ OH
5 H/H:J\ l4e  NC Ph 15¢B 61 3:1
Me Me Me Me
6° H/H\T/Me 14h NG Ph 15hB 26 --e-
Me Me Me
0 HN™ """ OH
7 H/ﬂ\] 14f NG Ph 15fB 61 —
Ph Ph

 The B-phenylation of N-alkoxyenamine was carried out at room temperature.

X5, N-TaxyoF I ORBEHB-7 = = WAL GE TE RS O 8 — kit %
BT HHMT, F _REAIE LTKBILT VI =T L0 F 7 5% CTAER G

51



ZHEI L7 (Table19), ZDOfER, WFNoOT7 LT REHWESEAICEWTEH, HEY
OEBEENET L, FREND BRIFRIETT = 3 F AT I UFFEERN G LT,

Table 19. Sequential umpolung phenylation/reduction of N-alkoxyenamines.

L b

N , .
o H (2equiv) LiAIH, AN
PHOAL (3 o) AN OAIPh, (1.5 equiv) HN - OH
HJ\ CH,CI H)K(Ph 0°Ctort H)\(
R 2%12 R
R
14 c 15C
entry substrate product yield (%)
© HN™ """ OH
1 H 14g H Ph 15gC 78
n-CgH1g n—C9H19
o HN">""0OH
2 H)KL 14b H)\[Ph 15hC 72
Ph Ph
O HN™ """ 0H
3 HJW\M/\ l4c H Ph 15¢C 75
6\ 6\
o HN™ """ 0H
4 H Me 144 H Ph _Me  154C 65
= _
O HN™ " 0H
5 HJ]\ 14e H)Iph 15¢C 52
Me Me Me Me
6° H)K(Me 14h H)><Ph 15hC 54
Me Me Me
O HN™ """ 0H
7 H)H 14f H)\(F’h 15fC 77
Ph Ph

# The B-phenylation of N-alkoxyenamine was carried out at room temperature.
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PEDXsic, - RkEHELTTIAST R TATEIR, NUTFLARY
T=F, BEXOKFEUTAI =LV FULEHNTT AT E RHED N-T7 /L3 F%
TF IV DORBEWIB-T = = WALOGER A IS 24T\, B2 R RET VLT X 2,
TI/)=bINBIRT72XF AT IVEERTHZ LKL,

WIZ, IO N-7 v a kv ) I v ORBEMB-7 = = MBS T 7 ALRSIZ LD
BonNlz7I /=R NVEFERRMT I JB~EHL Z L E2KRF L7 (Scheme 48), a-
72/ = kY 15fB R TR ST 5 &0 HODa-7 I /B2 17 78 65% D IR
THE LT,

/\/\ /\/\
HN OH conc. HCI HN OH
N Ph > H Ph
c reflux, 7 h 0,C
Ph 65% Ph
15fB 17

Scheme 48. Conversion of 15fB to unnatural amino acid 17.

WIZ, RER S D E e 5 E AR OI KA HRE LT, 77 b Bk N-7 L
aF T IO TEHRERISERE Lc, AERLIG T, 7 F I RRIRIC R

Table 20. Sequential B-phenylation/nucleophilic addition of N-alkoxyenamine from 18.

P

N H/—\
PhsAl (3 equiv) N OAPh: nucleophile  NU AN on OH
CH,Cl,, 0 °C tort [:%:I/Ph 0°Ctort [iiiI/
18 F 19A-C
entry nucleophile (equiv) product yield (%) dr

Ph cis/trans
1 AllylMgBr (6) 65 - 151
19A s

2 BusSNCN (3) 71 8:1

. Ph cis/trans
3 LiAIH, (4) 76 -
19C -




KN EASIND ENERRFEFLATOITIVEARTELLLOAHTHD, v 7
aAFY 2 (18) MO L N-Tvafx ot I OREMBR-7 = = VLG &
fe< rF IR F ~OT7 U ABOE . 7 LB, BTG E T E G L
7= (Table 20), EDfER, WTNORINIZEWTHELD T I 5 19A-C 23 B AT 72T
RTHLNEN, TATE FHED N-TLax o) I o~D EHREGICHENT
WRIOF SRR P LETH T,

2B 19A O T AR OSLERE G X RO X 912 L THERR L= (Figure 9), 'HNMR %
R MIZBWT, 20LDKE & 3IMLDOKFEE OFEGEED 13.0,40Hz ThHho72Z &
N 2D KFET axial KFETH D EHEE L7, & HIZ NOESY A7 hLIZEWT,
MDA VT 4 KFELE PMNOKEMICZ e A= NBRIESZZ L1280, 19A
DFEARML cistKTH D EHEE LT,

o, HN " 0H
— «£_Ph
H H H
(2(;—tHJ8:=21.;20p2r8 H2) \) NOESY cis-19A (major isomer)

Figure 9. Stereochemistry of cis-19A.

F72. 19A OREIAERRY OSLAHEE IZRO X 912 L THER L= (Figure 10), 'H NMR
AT MIZEBWT, 2AL0KFE E IMLOKFE E OREEEED 125,35Hz Th-7-2
LD, 2ALDOKFET axial KFETH D EHEE Lo, S HIT NOESY A7 hLizisn
T, T UNMAKRFE E 3L axial KFEM, BLUPE FrXx 7oL Eo 3iiKkHEL 2
NOKFERIZZ B A —7 DB SN2 L2 8 Y. 19A ORIERY T trans (K TH 5
EHEE LT,

@ED) —ny

NH S AHNT>""0H
3 _— N Ph
Ph -
3'-Hax 6 1.97 ppm /
(qd, J=125,3.5Hz) H m trans-19A (minor isomer)

2'-H 6: 2.90 ppm
(dt, J=12.5, 3.5 Hz)

Figure 10. Stereochemistry of trans-19A.
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19B ONAEREE L, 'THNMR 2227 MW OHEETHZ E RN TH - 7272, BIE
DEZARHATH S,

19C O LA KM O SEARREE TR D X 512 L CHERE L 7= (Figure 11), '"H NMR Z~%Z
MUZEBWT 2L DOKFE L SNMLDOKE & OFEAEEHMN 13.0,35HZ Tho7=Z Lnnb,
2ALDOKFEIT axial KFETH D EHEE L7z, & HIZ NOESY A7 fMLZBNT, EHE
o EDKFE L 320 axial KZMIZZ7 v A —7 Rl SN2 L2k, 19C D +E
ERIT cis A TH D EHEE LTz, £72. 19C OFIERRY OSLIEHEEIX., NOESY AL
7 NVIZEBWTHRENRMEEIXIER N> 722, HRMS DOfER M5 4 1 i
CisHuNO [M+H]Y THDHZ L. BLWIR A7 FLiZBWT 3298 cm™ 127 2 /M
L0t RaXxvEoWINE/RLIEZ EnD, cis-19C ONAKBRMER, 37205 trans (K
ThdEHTE L,

NOESY
/\HNMOH R
H HN OH
.

H — Ph

2'-H &: 2.89 ppm

cis-19C (major isomer)
H (dt,J=13.0,3.5Hz)

Figure 11. Stereochemistry of cis-19C.

WIZ, vra~xy ) VEEON-TLraxy=F I v EA0VERGKED Y B, K
BHIB-7 = = AL S 2 TC SO O SRR IOV TE 22 L 7=, Hutchins 51X N-7 =
ZV2-AF v aAnF A Iy (50) ARENARTET NI U AEHAWVTCET
HET I Ncistrans =31 THEOLND Z EaHE L TEY  Fx OFER (cis/trans
=25:1) LML LT 5 (Scheme 49), *

NPh NaBH NHPh NHPh
Me abha Me + ~ Me
i~-PrOH O
25 °C
50 cis-51 trans-51

cis/trans = 3:1

Scheme 49. Reduction of imine 50 with NaBH.,.

P o3 Z DONRBIRVEICONWTEL T O L S IZHHI L TWD (Scheme 50), T 72 b,
A4 2250 121X, 2 LD A F VI equatorial fZIZH D X & axial fLizdH D XD 2 DD
SEARBLEE S TFAET D, A FILIEN equatorial (I8 D X DA, BHEIFF EoE#HIL L
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ORI A -strain (2 X DS IRKIENAE L D720, A 22 50 DAL SARECEIL, A F

JVEEDS axial MLz D X Th D, HWT, & FU R XA F L L ONIRES 28T T

AFIVEDOFCHA NS O axial ZENESET D720, cis KR EERD L L THLND

IR TWD, B 5%, BIERY Th 5 trans (KNS 2 FEMHIFER X TV 720,
H Me

NHPh
//\\ ;%Me

/ trans NHPh \

H_\ NPh mef
A M’Q« l
e D o
Zi_ll H‘/ NPh
X X'
Me
\ NHPh /
H ,
Me cis

Scheme 50. Proposed stereoselectivity in the reduction of 2-methylcyclohexyl imine
with NaBH,

vrastHt ) RO N-T v aFxs S I UORBNB-T = = WIS IZ L o T
AT D4 2 AR F X, Hutchins H283 WA 2 v LU OEEZH L TR,
[FARDSLRBEIRME CEICRICDEIT Lz, 207, O OMEEZSEITA I
K F~DBETKIGITONWTEE LT (Scheme51), +72b b, —BHORENB-7 =
SIS AT L2, 207 ==V 2T 54 I P RENERT D, 20

H-

2' .
axial attack
H‘/ NR

H

S

A p):( ; NHR

| axial attack Ph
>

H-
Y _ trans-19C (minor isomer)
equatrorial
1 attack %ﬁ' /N
NHR

cis-19C (major isomer)
Y' R = -(CH,)5-OAIPh,

Scheme 51. Reduction of N-alkylketimine with LiAIH,.
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A I FMEIE, 2620 7 = =L equatorial (22 H D Y L oaxial fLiZHD Y D 2D
DNARELEZ &V 5 503, 260D 7 = =)L I3 axial BLiE L7z Y203 K 0 BAL 722 SEAREL
THEELTWVWD EBEXOLND, LIER-oT, KFILTAI=ZT AV TFULNRAI U %
BILTABRBIZEBNT, ERY RE7 2=V OV RKEELZRIT C 7=V EOK
KA B O axial WENMEET D720, cis-19C BNEAEM E L THE LN EBED L
ZAHAEZT WD,

KIZ, Tablel17,entry4 T/RL7, 77 & FI4AdHED N-T LV aF o) I DK
BHIB-7 = = WAL EOSIT U WALEUS D NAREBIRVEIZOWTEL T DO L S IZBEL LTz, T
725, Felkin-Anh E 7 /VICHE S eI RBEIL Z B LR Z2HBB X2 6508, 6 BERE
BIRIEZ R L7127 U VEOREAIISIZB W T 22T R ESLIREENE L 5720,
TV IERIENEIT LIZK WEBZX BND, LIeR o TRERKISIX, Z ONLARELE
IZBWTA 2O LUMO O#LED T 6 BB U= fER . erythro-15dA 23 FE4 W) &
LTHELNTEEE Z TS (Scheme 52),

i Br
14 NR RN~ R =
Ph
S Ph - 1/ R? = -(CH,)5-OAIPh,
H VY
Z z
HN™ " OH HN™ " OH
/ Ph _Me > _ wPh _Me
= =
erythro-15dA threo-15dA
(major isomer) (minor isomer)

Scheme 52. Nucleophilic allylation to imine intermediate.

UEoXolz, BHIEIN-T VX T IV ORBEHB-7 = = U LKIG Efi< A 2
VRSO REAA MBS Z 0 | 2 DDy TR HE-RFBAEE TR SOE % £ 5 N-T L
aX v I U OH Mo, E RS OBIREITHE) Lz, 1 AR S T, R
72 E R, B IREBREELE LT 7 o=V EE, B RFERERELE LTT U LVEE
FOVT )V EEEATDHIENTELIENT-TIETH D, TOD, ARG % F
MIiE, e hBHRIEELZATH 723 F AT I VB EKRERBICAERKRT S Z &N
T %,
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HEIL. N-O #i& OBRMNEEG T 2@kt s 2 A L =7 I 8w o Bla,p-
THBRE RIS OIS I LT,
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5 3FE REROH

All reactions were carried out under an argon atmosphere with dry solvents under anhydrous
conditions, unless otherwise noted. Reagents were purchased at the highest commercial quality
and used without further purification, unless otherwise stated. Silicycle silica gel (SiliaFlash®
F60, 40-63 pm) was used for flash column chromatography. Preparative thin-layer
chromatography (PTLC) separations were carried out on 0.25 or 0.50 mm E. Merck silica gel
plates (60 F,s4). '"H NMR and "*C NMR spectra were recorded on a Varian Mercury 300 MHz,
or a Varian VNS AS 500 MHz operating at 300 MHz/75 MHz or 500 MHz/125 MHz for ‘H
and '3C acquisitions, respectively. Chemical shifts are reported in ppm with the solvent
resonance or tetramethylsilane as the internal standard. Multiplicities are indicated by s
(singlet), d (doublet), t (triplet), g (quartet), quint (quintet), m (multiplet) and br (broad).
Infrared (IR) spectra were recorded on a Perkin-Elmer SpectrumOne A spectrometer using
NaCl plates. High-resolution mass spectra (HRMS) were obtained by ESI method on Thermo
Fisher Scientific Exactive Instrument. Melting points (uncorrected) were determined on
BUCHI M-565 apparatus. The following reagents were purchased: Ph;Al (1.0 M in n-Bu,O;
Aldrich), ArMgBr (Aldrich), Me,AICI (1.0 M in hexane; Aldrich), Et,AICI (1.0 M in hexane;
Aldrich), n-BuLi (2.6 M in hexane; Kanto), AllyIMgBr (1.0 M in Et,0; Aldrich) and Grubbs
2" generation catalyst (Aldrich). Isoxazolidine was prepared by the reported procedure.*®
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General Procedure for Preparation of N-Benzoyloxyenamides [Scheme 12]. To a solution
of corresponding oxime (20 mmol) in hexane/CH,CI, (66 mL, 10/1) was added pyridine (1.62
mL, 20 mmol) and benzoyl chloride (2.32 mL, 20 mmol) dropwise at room temperature. After
being stirred at the same temperature for 4 h, the reaction mixture was diluted with H,O (40
mL). The organic layer was washed with H,O (30 mL x 3), dried over MgSO, and
concentrated in vacuo to afford corresponding O-benzoyloxime ether.?* The O-benzoyloxime
ether was used to next reaction without further purification. To the solution of
O-benzoyloxime ether in CH,CI, (30 mL) was added TFAA (13.8 mL, 100 mmol) dropwise at
0 °C. After being stirred at room temperature overnight, the reaction mixture was concentrated
under reduced pressure. The residue was purified by flash column chromatography
(hexane/EtOAcC = 50/1) to give N-benzoyloxyenamide.

N-Benzoyloxy-N-(cyclohexen-1-yl)-2,2,2-trifluoroacetamide (1) [Scheme 12, eq 1]. The
title compound was prepared according to the general procedure from cyclohexanone oxime
(2.26 g, 20 mmol). 74% vyield (2 steps). A white solid; Mp: 34-36 °C; IR (CHCI;): 1776, 1721
cm™; *H NMR (300 MHz, CDCl3) (2.5:1 mixture of rotamers): & = 8.08 (2H, d, J = 7.5 Hz),
7.66 (1H, br t, J = 7.0 Hz), 7.51 (2H, br t, J = 7.5 Hz), 6.36 (5/7H, br m), 6.21 (2/7H, br m),
2.37-2.21 (4H, m), 1.79-1.71 (2H, m), 1.66-1.58 (2H, m); **C NMR (75 MHz, CDCls) (2.5:1
mixture of rotamers): 6 = 163.4, 162.7, 152.4 (q, J = 36.0 Hz), 136.0, 135.2, 134.7, 134.4,
133.6, 130.1, 129.8, 128.8, 127.8, 126.4, 126.0, 116.1 (q, J = 286.0 Hz), 115.9 (q, J = 286.0
Hz), 26.4, 25.3, 25.0, 24.4, 22.1, 21.1, 21.0, 20.8; ESI-HRMS m/z: calcd for CisHisNO3zF3
[M+H]" 314.0999, found 314.0998.

N-Benzoyloxy-N-(cyclopenten-1-yl)-2,2,2-trifluoroacetamide (6) [Scheme 12, eq 1]. The
title compound was prepared according to the general procedure from cyclopentanone oxime
(1.98 g, 20 mmol). 39% yield (2 steps). A pale yellow oil; IR (neat): 1782, 1724 cm™; *H NMR
(300 MHz, CDCls) (4.5:1 mixture of rotamers): 6 = 8.10 (2H, brd, J=8.5 Hz), 7.71 (1H, t, J =
7.5 Hz), 7.54 (2H, t, J = 7.5 Hz), 6.22 (2/11H, br m), 5.84 (9/11H, br m), 2.77 (2H, br m),
2.48-2.43 (2H, m), 1.99 (2H, quint, J = 7.5 Hz); "*C NMR (75 MHz, CDCl5) (4.5:1 mixture of
rotamers): & = 163.3, 153.3 (q, J = 36.0 Hz), 138.3, 135.0, 130.2, 129.0, 125.4, 118.6, 115.7 (q,
J = 286.5 Hz), 31.7, 30.4, 21.7; ESI-HRMS m/z: calcd for C;4H13NOsF; [M+H]" 300.0842,
found 300.0846.
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N-Benzoyloxy-N-(cyclohepten-1-yl)-2,2,2-trifluoroacetamide (7) [Scheme 12, eq 2]. The
title compound was prepared according to the general procedure from cycloheptanone oxime®
(2.54 g, 20 mmol). 33% yield (3 steps). A pale yellow oil; IR (neat): 1776, 1722 cm™; 'H NMR
(300 MHz, CDCls) (1.5:1 mixture of rotamers): 8 = 8.07 (2H, d, J = 8.0 Hz), 7.66 (1H, brt, J =
7.0 Hz), 7.51 (2H, br t, J = 7.0 Hz), 6.46 (3/5H, br m), 6.33 (2/5H, br m), 2.50 (2H, br m), 2.24
(2H, br m), 1.79-1.61 (6H, m); *C NMR (75 MHz, CDCls) (1.5:1 mixture of rotamers): & =
163.4, 162.6, 152.6 (q, J = 36.0 Hz), 141.7, 139.6, 139.3, 134.7, 134.4, 133.2, 130.1, 129.8,
128.9, 128.8, 126.5, 126.1, 116.1 (q, J = 286.5 Hz), 115.8 (q, J = 286.5 Hz), 31.6, 31.2, 30.6,
27.0, 26.1, 25.7, 25.6, 25.3; ESI-HRMS m/z: calcd for Ci6H17NOsF; [M+H]" 328.1155, found
328.1153.

2-(Benzoyloxy)cyclohexanone (29)*° [Table 8, entry 2]. After a boiling solution of
N-benzoyloxyenamide 1 (31 mg, 0.10 mmol) in THF (2.5 mL) was stirred under an argon
atmosphere for 3 h, the reaction mixture was quenched with water at room temperature. The
resulting suspension was extracted with CHCI; (20 mL x 3). The combined organic layers
were dried over MgSO,, filtered, and concentrated under the reduced pressure. The residue
was purified by PTLC (hexane/EtOAc = 10/1) to give a-benzoyloxyketone 29 (19 mg, 88%)
as a white solid. IR (CHCI5): 1718 cm™; *H NMR (300 MHz, CDCls): & = 8.10 (2H, br dd, J =
8.5, 1.5 Hz), 7.58 (1H, tt, J = 7.5, 1.5 Hz), 7.45 (2H, br t, J = 8.5 Hz), 5.42 (1H, br dd, J = 12.0,
6.5 Hz), 2.62-2.40 (3H, m), 2.18-1.63 (5H, m); *C NMR (75 MHz, CDCl;): & = 204.3, 165.5,
133.1, 129.8, 129.6, 128.2, 76.9, 40.7, 33.1, 27.1, 23.7; ESI-HRMS m/z: calcd for C;3H14,05Na
[M+Na]" 241.0835, found 241.0835.

General Procedure for Sequential [3,3]-Sigmatropic Rearrangement/Nucleophilic
Phenylation [Table 9, entry 1]. To a solution of N-benzoyloxyenamide 1 (63 mg, 0.20 mmol)
in THF (3.0 mL) was added triphenylaluminum (1.0 M in n-Bu,O, 0.40 mL, 0.40 mmol)
dropwise at room temperature under an argon atmosphere. After being stirred at reflux for 3 h,
the reaction mixture was quenched with aqueous Rochelle’s salt (1.3 M, 10 mL) at room
temperature. The resulting suspension was extracted with CHCIl3 (20 mL x 3). The combined
organic layers were washed with H,O (25 mL), dried over MgSQ,, filtered, and concentrated
under the reduced pressure. The residue was purified by PTLC (hexane/EtOAc = 5/1) to give
cis-2A (52 mg, 67%) and trans-2A (6.0 mg, 7%).

(1R*,2R*)-2-Phenyl-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate (cis-2A). White
crystals; Mp: 114-116 °C (hexane-EtOAc); IR (CHCIs): 3427, 1736 cm™; *H NMR (500 MHz,
CDCl3): 6=7.81 (2H, brd, J =8.5Hz), 7.55 (1H, brt,J =7.5 Hz), 7.41 (2H, br t, J = 7.5 Hz),
7.34 (2H, br d, J = 8.5 Hz), 7.28 (2H, br t, J = 7.5 Hz), 7.20 (1H, br t, J = 7.5 Hz), 6.91 (1H, br
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s), 5.38 (1H, dd, J = 10.5, 4.5 Hz), 3.13 (1H, br d, J = 14.5 Hz), 2.16 (1H, br dd, J = 13.5, 4.5
Hz), 2.08 (1H, td, J = 14.5, 3.5 Hz), 1.95-1.90 (1H, m), 1.79-1.71 (2H, m), 1.66-1.57 (1H, m),
1.52-1.43 (1H, m); NOE was observed between 1-H (6 5.38) and 3-Hy (6 2.08) in NOESY
spectroscopy; *C NMR (125 MHz, CDCl;): § = 164.8, 156.3 (q, J = 36.0 Hz), 140.3, 133.4,
129.4, 129.3, 128.7, 128.6, 127.8, 125.2, 115.9 (q, J = 288.5 Hz), 77.4, 63.8, 32.9, 28.0, 23.6,
21.2; ESI-HRMS m/z: calcd for CyHyoNOsF;Na [M+Na]* 414.1288, found 414.1289. Anal.
calcd for C,1H,oNOsF3: C, 64.44; H, 5.15; N, 3.58. found: C, 64.34; H, 5.09; N, 3.58.
(1R*,25*)-2-Phenyl-2-(2,2,2-trifluoroacetamido)cyclohexanol  1-Benzoate (trans-2A).
White crystals; Mp: 113-116 °C (hexane-EtOAc); IR (CHCIs): 3427, 1736 cm™; 'H NMR (500
MHz, CDCls): 6 = 7.84 (2H, br d, J = 8.5 Hz), 7.55-7.49 (3H, m), 7.39 (2H, br t, J = 8.5 Hz),
7.28 (2H, br t, J = 7.5 Hz), 7.20 (1H, br t, J = 7.5 Hz), 6.81 (1H, br s), 5.70 (1H, dd, J = 5.5,
3.0 Hz), 2.69 (2H, br t, J = 5.5 Hz), 2.08-2.02 (1H, m), 1.94-1.87 (1H, m), 1.86-1.80 (1H, m),
1.76-1.60 (3H, m); NOE was observed between NH (& 6.81) and 6-H,y (& 1.94-1.87) in
NOESY spectroscopy; *C NMR (125 MHz, CDCls): § = 165.5, 155.5 (q, J = 36.0 Hz), 140.6,
133.3, 129.6, 129.5, 128.41, 128.38, 127.8, 126.4, 115.5 (q, J = 288.5 Hz), 73.9, 61.3, 29.3,
27.2, 21.3, 20.6; ESI-HRMS m/z: calcd for C,;H,NOsFsNa [M+Na]® 414.1288, found
414.1289.

General Procedure for Preparation of Dialkylphenylaluminum (0.30 M solution)?
[Scheme 13]. To a solution of Phl (0.17 mL, 1.5 mmol) in THF (3.0 mL) was added n-BuL.i
(2.6 M in hexane, 0.60 ml, 1.5 mmol) dropwise at —78 °C under an argon atmosphere. After
being stirred at the same temperature for 10 min, corresponding dialkylaluminum chloride
solution (1.0 M in hexane, 1.5 mL, 1.5 mmol) was then added dropwise to the reaction mixture.
The resulting reaction mixture was stirred at room temperature for 30 min and was used for

the following reaction.

[Table 9, entry 2]. To a solution of N-benzoyloxyenamide 1 (63 mg, 0.20 mmol) in THF (3.0
mL) was added PhAIMe, (0.30 M in THF, 1.3 mL, 0.40 mmol) dropwise at room temperature
under an argon atmosphere. After being stirred at reflux for 3 h, the reaction mixture was
quenched with aqueous Rochelle’s salt (1.3 M, 10 mL) at room temperature. The resulting
suspension was extracted with CHCI; (20 mL x 3). The combined organic layers were washed
with H,O (25 mL), dried over MgSOy, filtered, and concentrated under the reduced pressure.
The residue was purified by PTLC (hexane/EtOAc = 5/1) to give cis-2A (43 mg, 55%) and
trans-2A (9.5 mg, 12%).
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[Table 9, entry 3]. To a solution of N-benzoyloxyenamide 1 (63 mg, 0.20 mmol) in THF (3.0
mL) was added PhAIEt, (0.30 M in THF, 1.3 mL, 0.40 mmol) dropwise at room temperature
under an argon atmosphere. After being stirred at reflux for 3 h, the reaction mixture was
quenched with aqueous Rochelle’s salt (1.3 M, 10 mL) at room temperature. The resulting
suspension was extracted with CHCI; (20 mL x 3). The combined organic layers were washed
with H,O (25 mL), dried over MgSOy,, filtered, and concentrated under the reduced pressure.
The residue was purified by PTLC (hexane/EtOAc = 5/1) to give cis-2A (45 mg, 58%) and
trans-2A (6.0 mg, 7%).

(1R*,2R*)-2-Amino-2-phenylcyclohexanol (3A)*® [Scheme 14]. B-Phenyl-B-amino alcohol
derivatives cis-2A (39 mg, 0.10 mmol) was stirred in 5% methanolic NaOH solution (2.0 mL)
at room temperature. After being stirred at the same temperature for 16 h, the reaction mixture
was concentrated. The residue was dissolved in CHCI; (15 mL) and washed with H,O (10 mL
x 2) and brine (10 mL). The organic layers were dried over MgSO, and concentrated in vacuo.
The residue was purified by PTLC (hexane/EtOAc = 2/1) to give -amino alcohol 3A (15 mg,
81%) as white crystals. Mp: 115-116 °C (hexane-EtOAc); IR (KBr): 3187 cm™; *H NMR (300
MHz, CDCl3): & = 7.55 (2H, br d, J = 8.5 Hz), 7.37 (2H, br t, J = 7.0 Hz), 7.28-7.22 (1H, m),
3.94 (1H, dd, J = 10.0, 4.0 Hz), 1.98 (3H, br s), 1.85-1.71 (4H, m), 1.68-1.51 (3H, m),
1.48-1.32 (1H, m); *C NMR (75 MHz, CDCl,): & = 146.9, 128.5, 126.7, 125.6, 74.2, 58.2,
38.2, 29.4, 23.8, 21.4; ESI-HRMS m/z: calcd for C;,H;gNO [M+H]" 192.1383, found
192.1384.

2-Amino-2-phenylcyclohexanone (4)* [Scheme 15]. To a solution of B-amino alcohol 3A (57
mg, 0.30 mmol) in 30% aqueous H,SO, (6.0 mL) was added K,CrO, (117 mg, 0.60 mmol) at
0 °C. After being stirred at the same temperature for 4 h, the reaction mixture was filtered
through a pad of celite with Et,0 (20 mL) and solvent was removed under reduced pressure.
The residue was basified with 2.0 M NaOH and extracted with Et,0 (20 mL x 3). The
combined organic layers were dried over MgSQO, and concentrated in vacuo. The residue was
purified by PTLC (CHCI3/MeOH = 10/1) to give a-aminoketone 4 (15 mg, 70%) as a colorless
oil. IR (CHCIly): 3375, 3297, 1712 cm™; *H NMR (300 MHz, CDCls): 6 = 7.41-7.25 (5H, m),
2.92-2.86 (1H, m), 2.50-2.34 (2H, m), 2.14 (2H, br s), 2.02-1.95 (1H, m), 1.82-1.60 (4H, m);
C NMR (75 MHz, CDCls): 6 =213.5, 141.7, 129.2, 127.7, 126.1, 66.5, 39.8, 39.3, 28.2, 22.6;
ESI-HRMS m/z: calcd for C1,H1¢NO [M+H]" 190.1226, found 190.1224.
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(3aR*,7aR*)-Hexahydro-3a-phenyl-2(3H)-benzoxazolone (5)*° [Scheme 15]. To a solution
of B-amino alcohol 3A (38 mg, 0.20 mmol) in THF (5.0 mL) was added triphosgene (59 mg,
0.20 mmol) and triethylamine (0.070 mL, 0.50 mmol) at 0 °C. After being stirred at the same
temperature for 2 h, the reaction mixture was diluted with EtOAc (15 mL). The organic layer
was washed with 1.0 M HCI (15 mL), 1.0 M NaOH (15 mL) and brine (15 mL), dried over
MgSO, and concentrated in vacuo. The residue was purified by PTLC (CHCI;/MeOH = 20/1)
to give 2-oxazolidinone 5 (40 mg, 92%) as a colorless oil. IR (CHCI;): 3440, 1748 cm™; 'H
NMR (300 MHz, CDCly): 6 = 7.46-7.27 (5H, m), 6.64 (1H, br s), 4.68 (1H, t, J = 4.0 Hz),
2.25-2.17 (1H, m), 2.10-2.03 (1H, m), 1.92-1.54 (6H, m); **C NMR (75 MHz, CDCly): & =
159.6, 143.3, 128.7, 127.7, 125.3, 82.2, 61.9, 34.8, 25.7, 19.5, 17.7; ESI-HRMS m/z: calcd for
C13H15NO;Na [M+Na]* 240.0995, found 240.0995.

2-Phenyl-2-(2,2,2-trifluoroacetamido)cyclopentanol 1-Benzoate (8A) [Scheme 16].
According to general procedure for sequential [3,3]-sigmatropic rearrangement/nucleophilic
phenylation, N-benzoyloxyenamide 6 (60 mg, 0.20 mmol) was used as starting material. The
residue was purified by PTLC (hexane/EtOAc = 5/1) to give 8A (31 mg, 41 %) as a colorless
oil. IR (CHCI5): 3429, 1730 cm™; *H NMR (500 MHz, CDCls): § = 8.02 (2H, br d, J = 8.5 Hz),
7.63 (1H, brt, J = 7.5 Hz), 7.55 (1H, brs), 7.50 (2H, br t, J = 7.0 Hz), 7.47-7.44 (2H, m), 7.36
(2H, brt, J =7.5Hz), 7.29 (1H, brt, J =7.5 Hz), 5.51 (1H, dd, J = 7.0, 5.5 Hz), 2.76 (2H, t, J
= 7.5 Hz), 2.28-2.22 (1H, m), 2.12-2.02 (1H, m), 1.97-1.84 (2H, m); *C NMR (125 MHz,
CDCl3): 6 = 166.1, 156.1 (q, J = 36.0 Hz), 140.1, 133.8, 129.6, 129.3, 128.84, 128.77, 128.1,
125.7, 115.7 (g, J = 288.5 Hz), 82.5, 67.8, 32.9, 28.9, 20.4; ESI-HRMS m/z: calcd for
CaoH1sNO3sF;Na [M+Na]* 400.1131, found 400.1130.

2-Phenyl-2-(2,2,2-trifluoroacetamido)cycloheptanol 1-Benzoate (9A) [Scheme 16].
According to general procedure for sequential [3,3]-sigmatropic rearrangement/nucleophilic
phenylation, N-benzoyloxyenamide 7 (66 mg, 0.20 mmol) was used as starting material. The
residue was purified by PTLC (hexane/EtOAc = 5/1) to give cis-9A (27 mg, 33%) and
trans-9A (14 mg, 17%).

(1R*,2R*)-2-Phenyl-2-(2,2,2-trifluoroacetamido)cycloheptanol 1-Benzoate (cis-9A). White
crystals; Mp: 130-133 °C (hexane-EtOAc); IR (CHCI,): 3430, 1736 cm™; *H NMR (500 MHz,
CDCl3): 6=17.81 (2H, brd, J =8.5 Hz), 7.55 (1H, br t, J = 7.5 Hz), 7.42 (2H, br t, J = 7.5 Hz),
7.30 (2H, brd, J = 7.5 Hz), 7.25 (2H, br t, J = 7.5 Hz), 7.17 (1H, br t, J = 7.0 Hz), 7.16 (1H, br
s), 5.32 (1H, dd, J = 10.0, 4.5 Hz), 2.74-2.69 (1H, m), 2.59-2.53 (1H, m), 2.03-1.70 (6H, m),
1.67-1.58 (2H, m); *C NMR (125 MHz, CDCl,): § = 164.5, 156.4 (q, J = 36.0 Hz), 140.2,
133.4, 129.4, 129.3, 128.6, 127.6, 125.1, 116.0 (q, J = 288.5 Hz), 81.4, 65.8, 34.0, 30.1, 26.8,
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22.9, 21.4; ESI-HRMS m/z: calcd for Cy,H,,NOsFsNa [M+Na]*™ 428.1444, found 428.1443.
(1R*,25*)-2-Phenyl-2-(2,2,2-trifluoroacetamido)cycloheptanol 1-Benzoate (trans-9A). A
colorless oil; IR (CHCIs): 3427, 1732 cm™; *H NMR (500 MHz, CDCls;): § = 7.95 (1H, br s),
7.69 (2H, br d, J = 8.0 Hz), 7.53 (1H, br t, J = 7.5 Hz), 7.36-7.23 (7H, m), 5.40 (1H, dd, J =
9.5, 1.5 Hz), 3.09 (1H, dd, J = 15.0, 8.5 Hz), 2.38 (1H, dd, J = 15.0, 9.5 Hz), 2.26-2.17 (1H,
m), 1.99-1.84 (3H, m), 1.78-1.74 (1H, m), 1.70-1.51 (3H, m); NOE was observed between NH
(6 7.95) and 1-H (8 5.40) in NOESY spectroscopy; **C NMR (125 MHz, CDCls): & = 167.1,
155.8 (q, J = 36.0 Hz), 138.9, 133.4, 129.6, 129.2, 128.4, 128.3, 127.6, 126.1, 115.7 (q, J =
288.5 Hz), 81.0, 67.5, 33.0, 30.4, 29.2, 26.1, 22.0; ESI-HRMS m/z: calcd for C,,H,,NO3F;Na
[M+Na]" 428.1444, found 428.1444.

2-Amino-2-phenylcyclopentanol (30A) [Scheme 17]. The trifluoroacetamide 8A (94 mg,
0.25 mmol) was stirred in 5% methanolic NaOH solution (6.0 mL) at room temperature. After
being stirred at the same temperature for 16 h, the reaction mixture was concentrated. The
residue was dissolved in CHCI; (15 mL) and washed with H,O (10 mL x 2) and brine (10 mL).
The organic layers were dried over MgSO, and concentrated in vacuo. The residue was
purified by PTLC (CHCIs/MeOH = 10/1) to give B-amino alcohol 30A (27 mg, 60%) as a
white solid. IR (CHCIs): 3400 cm™; *H NMR (300 MHz, CDCls,): § = 7.47 (2H, d, J = 7.5 Hz),
7.35 (2H,t,J =7.5 Hz), 7.27-7.22 (1H, m), 4.17 (1H, t, J = 5.5 Hz), 2.51 (3H, br s), 2.23-2.12
(1H, m), 2.03-1.59 (5H, m); **C NMR (75 MHz, CDCls): & = 146.5, 128.5, 126.8, 125.6, 78.4,
64.5, 37.8, 31.7, 20.0; ESI-HRMS m/z: caled for CyH;gNO [M+H]" 178.1226, found
178.1227.

Hexahydro-3a-phenyl-2H-cyclopentoxazol-2-one (31) [Scheme 17]. To a solution of
B-amino alcohol 30A (18 mg, 0.10 mmol) in THF (2.5 mL) was added triphosgene (30 mg,
0.10 mmol) and triethylamine (0.035 mL, 0.25 mmol) at 0 °C. After being stirred at the same
temperature for 2 h, the reaction mixture was diluted with EtOAc (15 mL). The organic layer
was washed with 1.0 M HCI (15 mL), 1.0 M NaOH (15 mL) and brine (15 mL), dried over
MgSO, and concentrated in vacuo. The organic layer was purified by PTLC (CHCIs/MeOH =
20/1) to give 2-oxazolidinone 31 (16 mg, 77%) as a colorless oil. IR (CHCIy): 3456, 1748
cm™; *H NMR (300 MHz, CDCl;): & = 7.43-7.28 (5H, m), 6.44 (1H, brs), 4.91 (1H,d, J=5.5
Hz), 2.24-1.86 (6H, m); **C NMR (75 MHz, CDCls): & = 159.3, 143.2, 128.9, 127.8, 124.9,
89.7, 70.5, 41.4, 34.8, 23.7; ESI-HRMS m/z: calcd for C;,H14NO, [M+H]" 204.1019, found
204.1020.
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General Procedure for Preparation of Triarylaluminum (0.20 M solution)*® [Scheme 18].
To a solution of AICI; (200 mg, 1.5 mmol) in THF (3.0 mL) was added corresponding ArMgBr
in THF solution (4.5 mmol) at 0 °C under an argon atmosphere. After being stirred at room

temperature for 3 h, the resulting reaction mixture was used for the following reaction.

General Procedure for Sequential [3,3]-Sigmatropic Rearrangement/Nucleophilic
Arylation [Table 10]. To a solution of N-benzoyloxyenamide 1 (0.20 mmol) in THF (3.0 mL)
was added triarylaluminum 10 (0.20 M in THF, 2.0 mL, 0.40 mmol) dropwise at room
temperature under an argon atmosphere. After being stirred at reflux for 3 h, the reaction
mixture was quenched with aqueous Rochelle’s salt (1.3 M, 10 mL) at room temperature. The
resulting suspension was extracted with CHCI; (20 mL x 3). The combined organic layers
were washed with H,O (25 mL), dried over MgSO,, filtered, and concentrated under the
reduced pressure. The residue was purified by PTLC (hexane/EtOAc = 5/1) to give

B-aryl-B-amino alcohol derivatives as shown in Table 10.

(1R*,2R*)-2-(4-Methoxyphenyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate
(2B) [Table 10, entry 1]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic arylation, triarylaluminum 10B which was prepared from
4-methoxyphenyl magnesium bromide (0.50 M in THF) was added. After purification, 2B (58
mg, 69%, cis/trans = 17.5:1) was obtained as a pale yellow oil. Further isolation gave a single
diastereomer reported here. IR (neat): 3430, 1725 cm™; *H NMR (300 MHz, CDCl;): & = 7.84
(2H, brd, J =8.5 Hz), 7.56 (1H, brt, J =7.5 Hz), 7.42 (2H, br t, J = 8.5 Hz), 7.27 (2H, br d, J
= 7.5 Hz), 6.91 (1H, br s), 6.80 (2H, d, J = 8.5 Hz), 5.35 (1H, dd, J = 10.5, 4.5 Hz), 3.72 (3H,
s), 3.08 (1H, br d, J = 15.0 Hz), 2.15-2.02 (2H, m), 1.93-1.89 (1H, m), 1.80-1.40 (4H, m); *C
NMR (75 MHz, CDCl;): 6 = 164.7, 158.8, 156.1 (q, J = 36.0 Hz), 133.3, 132.2, 129.31, 129.27,
128.5, 126.4, 115.7 (q, J = 288.5 Hz), 113.9, 77.2, 63.1, 55.0, 32.7, 27.9, 23.4, 21.1;
ESI-HRMS m/z: calcd for Cy,H»,NO,FsNa [M+Na]* 444.1393, found 444.1390.

(1R*,2R*)-2-(4-Methylphenyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate (2C)
[Table 10, entry 2]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic arylation, triarylaluminum 10C which was prepared from p-tolyl
magnesium bromide (1.0 M in THF) was added. After purification, 2C (47 mg, 54%, cis/trans
= 10.5:1) was obtained as a white crystals. Further isolation gave a single diastereomer
reported here. Mp: 118-122 °C (hexane-EtOAc); IR (CHCI,): 3428, 1736 cm™; *H NMR (500

67



MHz, CDCl;): 6 = 7.83 (2H, br d, J = 8.5 Hz), 7.56 (1H, brt, J = 7.5 Hz), 7.42 (2H, brt, J =
8.5 Hz), 7.22 (2H, br d, J = 8.0 Hz), 7.08 (2H, br d, J = 8.0 Hz), 6.90 (1H, br s), 5.37 (1H, dd,
J=11.0, 4.5 Hz), 3.10 (1H, br d, J = 14.5 Hz), 2.25 (3H, s), 2.14 (1H, br dd, J = 13.0, 4.5 Hz),
2.07 (1H, td, J = 15.0, 3.5 Hz), 1.94-1.89 (1H, m), 1.78-1.70 (2H, m), 1.64-1.55 (1H, m),
1.51-1.42 (1H, m); NOE was observed between 1-H (6 5.37) and 3-Hy (6 2.07) in NOESY
spectroscopy; *C NMR (125 MHz, CDCl,): & = 164.8, 156.2 (q, J = 36.0 Hz), 137.4, 137.3,
133.4, 129.5, 129.41, 129.36, 128.6, 125.1, 115.9 (q, J = 288.5 Hz), 77.3, 63.6, 32.9, 28.0,
23.5, 21.2, 20.9; ESI-HRMS m/z: calcd for C,,H,,NOsF;Na [M+Na]® 428.1444, found
428.1445,

(1R*,2R*)-2-(4-Fluorophenyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate (2D)
[Table 10, entry 3]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic arylation, triarylaluminum 10D which was prepared from
4-fluorophenyl magnesium bromide (1.0 M in THF) was added. After purification, 2D (11 mg,
13%) was obtained as a colorless oil. IR (CHCI;): 3428, 1736 cm™; 'H NMR (300 MHz,
CDCl3): 6=7.82 (2H, brd, J = 8.5 Hz), 7.58 (1H, br t, J = 7.5 Hz), 7.43 (2H, br t, J = 7.5 Hz),
7.34-7.28 (2H, m), 6.97 (2H, br t, J = 8.5 Hz), 6.91 (1H, br s), 5.34 (1H, dd, J = 10.5, 4.5 Hz),
2.17-1.91 (4H, m), 1.81-1.40 (4H, m); *C NMR (75 MHz, CDCls): & = 164.7, 162.0 (d, J =
245.5 Hz), 156.2 (g, J = 36.0 Hz), 136.1, 133.5, 129.3, 129.2, 128.6, 127.1 (d, J = 8.0 Hz),
115.8 (g, J = 288.0 Hz), 115.6 (d, J = 21.5 Hz), 77.2, 63.3, 32.8, 28.0, 23.5, 21.1; ESI-HRMS
m/z: calcd for C»H1oNO3sF,Na [M+Na]* 432.1193, found: 432.1193.

(1R*,2R*)-2-(2-Methoxyphenyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate
(2J) [Table 10, entry 4]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic arylation, triarylaluminum 10J which was prepared from
2-methoxyphenyl magnesium bromide (1.0 M in THF) was added. After purification, 2J (59
mg, 70%, cis/trans = 10.5:1) was obtained as a yellow oil. Further isolation gave a single
diastereomer reported here. IR (neat): 3429, 1728 cm™; *H NMR (300 MHz, CDCl;): § = 7.84
(2H, br d, J = 8.5 Hz), 7.54 (1H, br t, J = 7.5 Hz), 7.40 (2H, br t, J = 7.5 Hz), 7.27-7.19 (2H,
m), 7.11 (1H, br s), 6.93-6.86 (2H, m), 6.09 (1H, dd, J = 9.5, 4.5 Hz), 3.84 (3H, s), 2.88 (1H,
br d, J = 14.5 Hz), 2.80-2.70 (1H, m), 2.00-1.46 (6H, m); **C NMR (75 MHz, CDCls): § =
165.5, 156.8, 156.1 (q, J = 35.5 Hz), 133.2, 129.7, 129.4, 129.3, 128.4, 127.8, 126.5, 120.7,
115.9 (g, J = 288.5 Hz), 112.1, 74.4, 64.0, 55.2, 29.6, 27.8, 22.7, 21.4; ESI-HRMS m/z: calcd
for C,,H,,NO,F;Na [M+Na]" 444.1393, found 444.1392.
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(1R*,2R*)-2-(3,4-Dimethoxyphenyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate
(2L) [Table 10, entry 5]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic arylation, triarylaluminum 10L which was prepared from
3,4-dimethoxyphenyl magnesium bromide (0.50 M in THF) was added. After purification, 2L
(46 mg, 51%) was obtained as a pale yellow oil. IR (CHCI5): 3426, 1733 cm™; *H NMR (300
MHz, CDCl3): 6 = 7.85 (2H, br d, J = 8.5 Hz), 7.57 (1H, br t, J = 7.5 Hz), 7.43 (2H, br t, J =
7.5 Hz), 6.92 (1H, brs), 6.91 (1H, dd, J = 8.5, 2.5 Hz), 6.83 (1H, d, J = 2.5 Hz), 6.77 (1H, d, J
= 8.5 Hz), 5.37 (1H, dd, J = 10.5, 4.5 Hz), 3.80 (3H, s), 3.70 (3H, s), 3.12 (1H, brd, J = 14.5
Hz), 2.17-2.08 (1H, m), 2.04-1.99 (1H, m), 1.95-1.90 (1H, m), 1.82-1.41 (4H, m); *C NMR
(75 MHz, CDCls): 8 = 164.6, 156.2 (q, J = 35.5 Hz), 148.7, 148.3, 133.5, 133.0, 129.3, 128.6,
127.6, 115.8 (q, J = 288.5 Hz), 111.0, 118.7, 77.1, 63.4, 55.7, 55.5, 32.9, 28.1, 23.5, 21.2;
ESI-HRMS m/z: calcd for Cy3H2NOsFsNa [M+Na]* 474.1499, found 474.1502.
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Preparation of Tri(2-thienyl)aluminum (0.20 M solution)**® [Scheme 21, eq 1]. To a
solution of thiophene (0.24 mL, 3.0 mmol) in THF (3.7 mL) was added n-BuLi (2.6 M in
hexane, 1.15 ml, 3.0 mmol) dropwise at —78 °C under an argon atmosphere. After being stirred
at 0 °C for 30 min, AICI; (133.3 mL, 1.0 mmol) was then added to the reaction mixture. The
resulting reaction mixture was stirred at the same temperature for 3 h and was used for the

following reaction.

[Table 11, entry 1]. To a solution of N-benzoyloxyenamide 1 (63 mg, 0.20 mmol) in THF (3.0
mL) was added tri(2-thienyl)aluminum (0.20 M in THF, 2.0 mL, 0.40 mmol) dropwise at room
temperature under an argon atmosphere. After being stirred at reflux for 3 h, the reaction
mixture was quenched with aqueous Rochelle’s salt (1.3 M, 10 mL) at room temperature. The
resulting suspension was extracted with CHCI; (20 mLx 3). The combined organic layers were
washed with H,O (25 mL), dried over MgSQ,, filtered, and concentrated under the reduced
pressure. The residue was purified by PTLC (hexane/EtOAc = 5/1) to give
B-(2-thienyl)-p-amino alcohol derivatives 2E (5.6 mg, 7%).

(1R*,25%)-2-(2-Thienyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate (2E). White
crystals. Mp: 94-97 °C (hexane-EtOAc); IR (CHCI): 3427, 1736 cm™; *"H NMR (300 MHz,
CDCl3): 6=7.95 (2H, brd, J =8.5 Hz), 7.59 (1H, br t, J = 7.5 Hz), 7.44 (2H, brt, J = 7.0 Hz),
7.13 (1H, dd, J = 5.0, 1.5 Hz), 7.04 (1H, br s), 6.99 (1H, dd, J = 3.5, 1.5 Hz), 6.86 (1H, dd, J =
5.0, 3.5 Hz), 5.29 (1H, dd, J = 10.5, 4.0 Hz), 3.28 (1H, br d, J = 14.5 Hz), 2.16-2.04 (2H, m),
1.89-1.67 (3H, m), 1.62-1.39 (2H, m); *C NMR (75 MHz, CDCl;): & = 164.6, 155.9 (q, J =
36.0 Hz), 145.1, 133.4, 129.4, 129.2, 128.5, 126.6, 124.7, 124.4, 115.5 (q, J = 288.0 Hz), 77.86,
61.2, 33.4, 27.8, 23.0, 20.9; ESI-HRMS m/z: calcd for CyoH1sNO3F;SNa [M+Na]* 420.0852,
found 420.0852.

General Procedure for Preparation of Dimethyl(heteroaryl)aluminum (0.30 M solution) '
[Schemes 21, eq 2 and Scheme 22]. To a solution of heteroarene (1.5 mmol) in THF (3.0 mL)
was added n-BuLi (2.6 M in hexane, 0.60 ml, 1.5 mmol) dropwise at =78 °C under an argon
atmosphere. After being stirred at 0 °C for 30 min, Me,AICI (1.0 M in hexane, 1.5 mL, 1.5
mmol) was then added to the reaction mixture at —78 °C. The resulting reaction mixture was

stirred at room temperature for 30 min and was used for the following reaction.
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General Procedure for Sequential [3,3]-Sigmatropic Rearrangement/Nucleophilic
Heteroarylation [Table 11, entry 2, Table 12, Schemes 23 and 24]. To a solution of
N-benzoyloxyenamide 1 (63 mg, 020 mmol) in THF (3.0 mL) was added
dimethyl(heteroaryl)aluminum (0.30 M in THF, 1.3 mL, 0.40 mmol) dropwise at room
temperature under an argon atmosphere. After being stirred at reflux for 3 h, the reaction
mixture was quenched with aqueous Rochelle’s salt (1.3 M, 10 mL) at room temperature. The
resulting suspension was extracted with CHCI; (20 mLx 3). The combined organic layers were
washed with H,O (25 mL), dried over MgSOQ,, filtered, and concentrated under the reduced
pressure. The residue was purified by PTLC (hexane/EtOAc = 5/1) to give
B-heteroaryl--amino alcohol derivatives 2E-1, M-P.

[Table 11, entry 2]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic heteroarylation, dimethyl(2-thienyl)aluminum (11E) which was
prepared from thiophene was added. After purification, 2E (56 mg, 71%) was obtained as

white crystals.

Preparation of Diethyl(2-thienyl)aluminum (0.20 M solution). To a solution of thiophene
(0.24 mL, 3.0 mmol) in THF (3.7 mL) was added n-BuLi (2.6 M in hexane, 1.15 ml, 3.0
mmol) dropwise at —78 °C under an argon atmosphere. After being stirred at 0 °C for 30 min,
Et,AICI (1.0 M in hexane, 1.5 mL, 1.5 mmol) was then added to the reaction mixture at
—78 °C. The resulting reaction mixture was stirred at the same temperature for 3 h and was

used for the following reaction.

[Table 11, entry 3]. To a solution of N-benzoyloxyenamide 1 (63 mg, 0.20 mmol) in THF (3.0
mL) was added diethyl(2-thienyl)aluminum (0.30 M in THF, 1.3 mL, 0.40 mmol) dropwise at
room temperature under an argon atmosphere. After being stirred at reflux for 3 h, the reaction
mixture was quenched with aqueous Rochelle’s salt (1.3 M, 10 mL) at room temperature. The
resulting suspension was extracted with CHCI; (20 mLx 3). The combined organic layers were
washed with H,O (25 mL), dried over MgSQO,, filtered, and concentrated under the reduced
pressure. The residue was purified by PTLC (hexane/EtOAc = 5/1) to give
B-(2-thienyl)-pB-amino alcohol derivatives 2E (49 mg, 62%).

(1R*,25*)-2-(5-Methyl-2-thienyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol ~ 1-Benzoate
(2F) [Table 12]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic heteroarylation, dimethyl(heteroaryl)aluminum 11F which was
prepared from 2-methylthiophene was added. After purification, 2F (68 mg, 83%) was
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obtained as white crystals. Mp: 90-93 °C (hexane-EtOAc); IR (CHCly): 3427, 1737 cm™; 'H
NMR (300 MHz, CDCl3): 6 =7.96 (2H, br d, J = 8.5 Hz), 7.60 (1H, br t, J = 7.0 Hz), 7.47 (2H,
brt, J=8.0 Hz), 6.95 (1H, brs), 6.77 (1H, d, J = 3.5 Hz), 6.52 (1H, br d, J = 3.5 Hz), 5.27 (1H,
dd, J = 10.0, 4.0 Hz), 3.24 (1H, br d, J = 14.5 Hz), 2.35 (3H, s), 2.17-2.01 (2H, m), 1.89-1.85
(1H, m), 1.78-1.39 (4H, m); *C NMR (75 MHz, CDCl,): & = 164.8, 156.0 (q, J = 36.0 Hz),
142.4, 139.2, 133.4, 129.5, 129.4, 128.6, 124.8, 124.3, 115.6 (q, J = 288.0 Hz), 77.6, 61.2,
33.4, 27.9, 23.0, 21.0, 15.1; ESI-HRMS m/z: calcd for CyH,oNOsF;SNa [M+Na]* 434.1008,
found 434.1009. Anal. calcd for C,0H,0NO3F5S: C, 58.39; H, 4.90; N, 3.40. found: C, 58.22; H,
4.89; N, 3.35.

(1R*,25%*)-2-(5-Methoxy-2-thienyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate
(2G) [Table 12]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic heteroarylation, dimethyl(heteroaryl)aluminum 11G which was
prepared from 2-methoxythiophene was added. After purification, 2G (63 mg, 74%) was
obtained as a colorless oil. IR (CHCIy): 3427, 1735 cm™; 'H NMR (300 MHz, CDCls): § =
7.97 (2H, brd, J = 8.5 Hz), 7.60 (1H, br t, J = 7.5 Hz), 7.48 (2H, br t, J = 7.5 Hz), 6.89 (1H, br
s), 6.62 (1H, br d, J = 4.0 Hz), 5.95 (1H, d, J = 4.0 Hz), 5.24 (1H, dd, J = 10.5, 4.0 Hz), 3.77
(3H,s), 3.20 (1H, br d, J = 14.5 Hz), 2.16-2.09 (1H, m), 2.08-1.97 (1H, m), 1.89-1.84 (1H, m),
1.77-1.39 (4H, m); *C NMR (75 MHz, CDCl,): & = 165.5, 164.8, 155.9 (q, J = 36.0 Hz),
133.5, 130.2, 129.5, 129.4, 128.6, 122.2, 115.6 (q, J = 288.0 Hz), 102.8, 77.4, 61.0, 59.9, 32.8,
27.9, 23.0, 21.0; ESI-HRMS m/z: calcd for C,H,oNO,F;SNa [M+Na]® 450.0957, found
450.0959.

(1R*,25*)-2-(5-Chloro-2-thienyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate
(2M) [Table 12]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic heteroarylation, dimethyl(heteroaryl)aluminum 11M which was
prepared from 2-chlorothiophene was added. After purification, 2M (30 mg, 35%) was
obtained as a colorless oil. IR (CHCIy): 3427, 1736 cm™; 'H NMR (300 MHz, CDCls): § =
7.96 (2H, br d, J = 8.5 Hz), 7.62 (1H, br t, J = 7.5 Hz), 7.49 (2H, br t, J = 7.5 Hz), 6.93 (1H, br
s), 6.77 (1H, d, J = 4.0 Hz), 6.70 (1H, d, J = 4.0 Hz), 5.23 (1H, dd, J = 10.5, 4.0 Hz), 3.26 (1H,
br d, J = 14.5 Hz), 2.19-2.14 (1H, m), 2.04-1.87 (2H, m), 1.79-1.38 (4H, m); *C NMR (75
MHz, CDCl): 6 = 164.7, 156.1 (q, J = 36.5 Hz), 143.5, 133.7, 129.5, 129.2, 128.7, 125.8,
124.0, 115.5 (q, J = 288.0 Hz), 77.4, 61.1, 33.1, 27.9, 23.1, 20.8; ESI-HRMS m/z: calcd for
C19H;7NO;3F3;SCINa [M+Na]" 454.0462, found 454.0462.
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(1R*,25*)-2-(2-Furanyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate (2H)
[Table 12]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic heteroarylation, dimethyl(heteroaryl)aluminum 11H which was
prepared from furan was added. After purification, 2H (61 mg, 80%) was obtained as a yellow
oil. IR (CHCI5): 3428, 1736 cm™; *H NMR (300 MHz, CDCls): § = 7.96 (2H, br d, J = 8.5 Hz),
7.60 (1H, brt, J=7.5Hz), 7.47 (2H, brt, J=7.5 Hz), 7.28 (1H, dd, J = 2.0, 1.0 Hz), 6.90 (1H,
brs), 6.29-6.25 (2H, m), 5.47 (1H, dd, J = 9.5, 4.0 Hz), 2.96 (1H, br d, J = 14.5 Hz), 2.29-2.20
(1H, m), 2.04-1.96 (1H, m), 1.90-1.46 (5H, m); *C NMR (75 MHz, CDCl3): & = 165.1, 156.2
(g, J=36.0 Hz), 152.5, 142.1, 133.5, 129.5, 128.6, 115.6 (q, J = 288.0 Hz), 110.4, 107.4, 75.1,
59.6, 30.3, 27.5, 22.5, 20.6; ESI-HRMS m/z: calcd for CygH:sNO4FsNa [M+Na]* 404.1080,
found 404.1080.

(1R*,25*)-2-(5-Methyl-2-furanyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol  1-Benzoate
(21) [Table 12]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic  heteroarylation, dimethyl(heteroaryl)aluminum which was
prepared from 2-methylfuran was added. After purification, 21 (56 mg, 71%) was obtained as
white crystals. Mp: 90-93 °C (hexane-EtOAc); IR (CHCIs): 3428, 1735 cm™; *H NMR (300
MHz, CDCls): 8§ =7.98 (2H, brd, J =8.5 Hz), 7.60 (1H, brt, J =7.5 Hz), 7.47 (2H, t,J = 8.0
Hz), 6.88 (1H, br s), 6.14 (1H, d, J = 3.5 Hz), 5.85 (1H, br d, J = 3.5 Hz), 5.42 (1H, dd, J = 9.5,
4.0 Hz), 2.93 (1H, br d, J = 14.5 Hz), 2.27-2.18 (1H, m), 2.10 (3H, s), 2.02-1.96 (1H, m),
1.88-1.68 (3H, m), 1.60-1.45 (2H, m); *C NMR (75 MHz, CDCl;): & = 164.8, 156.0 (q, J =
36.0 Hz), 142.4, 139.2, 133.4, 129.5, 129.4, 128.6, 124.8, 124.3, 115.6 (q, J = 288.0 Hz), 77.6,
61.2, 33.4, 27.9, 23.0, 21.0, 15.1; ESI-HRMS m/z: calcd for CyHyNO,F;Na [M+Na]*
418.1237, found 418.1235.

(1R*,25*)-2-(2-Benzo[b]thienyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate
(2N) [Scheme 23]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic heteroarylation, dimethyl(heteroaryl)aluminum 11N which was
prepared from benzothiophene was added. After purification, 2N (23 mg, 26%, cis/trans =
13.5:1) was obtained as a colorless oil. Further isolation gave a single diastereomer reported
here. IR (neat): 3427, 1728 cm™; *"H NMR (300 MHz, CDCl3): 8 = 7.76 (2H, br d, J = 8.5 Hz),
7.72-7.64 (2H, m), 7.59 (1H, br t, J = 7.5 Hz), 7.46 (2H, br t, J = 7.5 Hz), 7.32-7.22 (4H, m),
7.05 (1H, br s), 5.40 (1H, dd, J = 10.0, 4.0 Hz), 3.35 (1H, br d, J = 14.0 Hz), 2.22-2.14 (2H,
m), 1.93-1.90 (1H, m), 1.83-1.45 (3H, m); *C NMR (75 MHz, CDCls): § = 164.8, 156.2 (q, J
= 36.0 Hz), 145.7, 139.1, 138.9, 135.5, 129.6, 129.3, 128.6, 124.5, 124.4, 123.7, 122.1, 121.4,
115.6 (g, J = 288.0 Hz), 77.2, 61.6, 33.5, 28.0, 23.1, 21.0; ESI-HRMS m/z: calcd for
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Cy3H,0NO3F3SNa [M+Na]+ 470.1008, found 470.1008.

(1R*,25*)-2-(2-Benzo[b]furanyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol 1-Benzoate
(20) [Scheme 23]. According to general procedure for sequential [3,3]-sigmatropic
rearrangement/nucleophilic heteroarylation, dimethyl(heteroaryl)aluminum 110 which was
prepared from benzofuran was added. After purification, 20 (29 mg, 33%, cis/trans = 5.5:1)
was obtained as white crystals. Further isolation gave a single diastereomer reported here. Mp:
114-119 °C (hexane-EtOAc); IR (CHCI5): 3427, 1738 cm™; *H NMR (300 MHz, CDCls): & =
7.95 (2H, br d, J = 8.5 Hz), 7.60 (1H, br t, J = 7.5 Hz), 7.50-7.43 (3H, m), 7.33-7.30 (1H, m),
7.25-7.14 (2H, m), 7.02 (1H, br s), 6.67 (1H, d, J = 1.0 Hz), 5.61 (1H, dd, J = 9.5, 4.0 Hz),
3.05 (1H, br d, J = 14.5 Hz), 2.42-2.32 (1H, m), 2.10-2.04 (1H, m), 1.93-1.75 (3H, m),
1.68-1.54 (2H, m); *C NMR (75 MHz, CDCl,): & = 165.2, 156.3 (q, J = 36.0 Hz), 155.1,
154.6, 133.5, 129.5, 129.4, 128.6, 127.7, 124.4, 122.9, 121.2, 115.5 (g, J = 288.0 Hz), 111.2,
104.5, 74.9, 60.0, 30.3, 27.6, 22.5, 20.6; ESI-HRMS m/z: calcd for C,3H,0NO,F3Na [M+Na]*
454.1237, found 454.1235.

(1R*,25%)-2-(1-Methyl-1H-3-indolyl)-2-(2,2,2-trifluoroacetamido)cyclohexanol
1-Benzoate (2P) [Scheme 24]. According to general procedure for sequential
[3,3]-sigmatropic rearrangement/nucleophilic heteroarylation, dimethyl(heteroaryl)aluminum
11P which was prepared from N-methylindole was added. After purification, 2P (37 mg, 42%)
was obtained as a colorless oil. Further isolation gave a single diastereomer reported here. IR
(CHCI5): 3426, 1730 cm™; *H NMR (500 MHz, CDCl;): & = 7.94 (2H, br d, J = 8.5 Hz), 7.77
(1H, d, J = 8.0 Hz), 7.57 (1H, brt, J = 7.5 Hz), 7.44 (2H, brt, J = 7.5 Hz), 7.25 (1H, br d, J =
8.0 Hz), 7.24 (1H, br s), 7.17 (1H, br t, J = 8.0 Hz), 7.04 (1H, br t, J = 8.0 Hz), 7.02 (1H, s),
5.82 (1H, dd, J = 8.5, 3.5 Hz), 3.72 (3H, s), 2.97-2.93 (1H, m), 2.59-2.56 (1H, m), 2.05-2.00
(1H, m), 1.94-1.88 (1H, m), 1.85-1.78 (2H, m), 1.69-1.58 (2H, m); NOE was observed
between indole 2-H (8 7.02) and indole NMe (8 3.72), NH (8 7.24) and 3-H. (5 1.85-1.78) in
NOESY spectroscopy; **C NMR (125 MHz, CDCls): § = 166.0, 155.8 (g, J = 36.0 Hz), 137.5,
133.4, 129.7, 129.6, 128.5, 127.4, 125.0, 121.7, 120.1, 119.5, 115.8 (q, J = 288.5 Hz), 114.0,
109.7, 76.1, 60.8, 32.9, 32.0, 27.7, 22.3, 21.6; ESI-HRMS m/z: calcd for C,4H24N,OsF3
[M+H]" 445.1734, found 445.1731.
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(1R*,25*)-2-Amino-2-(2-thienyl)cyclohexanol (3E) [Scheme 29]. B-(2-Thienyl)-B-amino
alcohol derivatives cis-2E (40 mg, 0.10 mmol) was stirred in 5% methanolic NaOH solution
(2.0 mL) at room temperature. After being stirred at the same temperature for 16 h, the
reaction mixture was concentrated. The residue was dissolved in CHCI; (15 mL) and washed
with H,O (10 mL x 3) and brine (10 mL). The organic layers were dried over MgSO, and
concentrated in vacuo. The residue was purified by PTLC (EtOAc) to give 3-amino alcohol 3E
(16 mg, 84%) as a white solid. IR (CHCI5): 3392 cm™; *H NMR (300 MHz, CDCls): § = 7.21
(1H, br d, J = 5.0 Hz), 7.02-6.98 (2H, m), 3.88 (1H, dd, J = 9.5, 4.0 Hz), 2.33 (3H, br 9),
2.00-1.92 (1H, m), 1.86-1.73 (2H, m), 1.70-1.32 (5H, m); **C NMR (75 MHz, CDCls): & =
153.6, 127.0, 124.0, 122.5, 75.0, 57.8, 38.8, 29.0, 23.1, 21.5; ESI-HRMS m/z: calcd for
C1oH16NOS [M+H]" 198.0947, found 198.0948.

2-Ethylamino-2-(2-thienyl)cyclohexanone (Tiletamine) [Scheme 29]. To a solution of
B-amino alcohol 3E (53 mg, 0.27 mmol) in MeOH (5.0 mL) was added acetaldehyde (0.018 ml,
0.32 mmol), AcOH (0.016 mL, 0.27 mmol) and NaBHs;CN (26 mg, 0.41 mmol) successively at
0 °C. After being stirred at room temperature for 1.5 h, a saturated aqueous Na,CO3; (10 mL)
was added. The mixture was extracted with Et,O (15 mL x 3). The combined organic layers
were then dried over MgSO,, filtered and concentrated in vacuo to afford
(1R*,25*)-2-ethylamino-2-(2-thienyl)cyclohexanol. This structure was confirmed by *H NMR
which the ethyl proton signals were observed at 2.44-2.33 ppm (2H, m) and 1.07 ppm (3H, t, J
= 7.0 Hz). The above amino alcohol was used to next reaction without further purification. To
the solution of amino alcohol (84 mg) in acetone (20 mL) was slowly added Jones reagent (2.3
M, 0.064 mL, 0.15 mmol) at room temperature and the reaction mixture stirred at the same
temperature for 30 min. After completion of the reaction, the mixture was filtered through a
pad of celite with Et,0 (10 mL) and solvent was removed under reduced pressure. The residue
was basified with 2.0 M NaOH aqg. and extracted with Et,O (15 mL x 3). The combined
organic layers were dried over MgSO, and concentrated in vacuo. The residue was purified by
PTLC (CHCIs/MeOH = 10/1) to give Tiletamine (61 mg, 78%) as a pale yellow oil. IR (neat):
3329, 1713 cm™; *H NMR (300 MHz, CDCl;): § = 7.29 (1H, dd, J = 5.0, 1.0 Hz), 6.99 (1H, dd,
J=5.0, 3.5 Hz), 6.88 (1H, dd, J = 3.5, 1.0 Hz), 2.69 (1H, br d, J = 13.0 Hz), 2.48 (2H, dd, J =
9.0, 5.5 Hz), 2.38 (1H, dq, J = 10.5, 7.0 Hz), 2.25 (1H, dqg, J = 10.5, 7.0 Hz), 2.06 (1H, br s),
2.03-1.84 (4H, m), 1.81-1.69 (1H, m), 1.04 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl5): §
= 209.6, 145.4, 126.9, 125.7, 125.2, 67.6, 39.0, 38.7, 36.8, 26.9, 22.3, 15.6; ESI-HRMS m/z:
calcd for C1,H1gNOS [M+H]" 224.1104, found 224.1099.
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2-Ethylamino-2-(2-thienyl)cyclohexanone Hydrochloride (Tiletamine hydrochloride)
[Scheme 29]. Tiletamine (15 mg, 0.065 mmol) was stirred in etheric HCI solution (1.0 M, 2.0
mL) at 0 °C. After being stirred at the same temperature for 2 h, the reaction mixture was
concentrated under reduced pressure to give Tiletamine hydrochloride (17 mg, quant) as a
white solid. The *"H NMR spectrum of synthetic Tiletamine hydrochloride was found to be
identical to that of commercially available Tiletamine hydrochloride by Toronto Research
Chemicals Inc. Mp: 182-185 °C (dec.); IR (CHCly): 1725 cm™; 'H NMR (500 MHz,
DMSO-de): 6 = 9.97 (1H, br s), 9.30 (1H, br s), 7.84 (1H, d, J = 4.5 Hz), 7.21-7.18 (2H, m),
2.92 (1H, br d, J = 13.0 Hz), 2.68-2.64 (1H, m), 2.53-2.33 (4H, m), 1.98-1.94 (1H, m), 1.18
(1H, br d, J = 13.0 Hz), 1.73-1.57 (2H, m), 1.15 (3H, t, J = 7.0 Hz); *C NMR (125 MHz,
DMSO-d¢): 6 = 204.1, 134.2, 130.5, 129.8, 128.1, 68.2, 38.5, 37.2, 34.7, 26.2, 21.4, 11.2;
ESI-HRMS m/z: calcd for C1,H1gNOS [M—HCI]" 224.1104, found 224.1102.
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General Procedure for Umpolung B-Phenylation of N-Alkoxyenamines [Table 13, entry 2
and Table 15]. To a solution of aldehyde (0.50 mmol) and isoxazolidine (73 mg, 1.0 mmol) in
CH,CIl, (3.0 mL) was added triphenylaluminum (1.0 M in n-Bu,O, 1.5 mL, 1.5 mmol)
dropwise at 0 °C under an argon atmosphere. After being stirred at the same temperature for 2
h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M) at 0 °C. The
resulting suspension was extracted with CHCI3. The combined organic layers were dried over
MgSQ,, filtered, and concentrated under reduced pressure. The residue was purified by flash
column chromatography (hexane/EtOAc = 50/1) to give a-phenylaldehyde 16.

a-Butylbenzeneacetaldehyde (16a)* [Table 13, entry 2]. According to general procedure for
umpolung B-phenylation of N-alkoxyenamines, n-hexanal (50 mg, 0.50 mmol) was used as
substrate. After workup, the residue was purified by flash column chromatography
(hexane/EtOAc = 50/1) to give a-phenylaldehyde 16a (72 mg, 82%) as a pale yellow oil. IR
(neat): 1724 cm™; 'H NMR (300 MHz, CDCl3) &: 9.67 (1H, br d, J = 2.0 Hz), 7.40-7.18 (5H,
m), 3.48 (1H, ddd, J = 8.5, 6.5, 2.0 Hz), 2.13-2.01 (1H, m), 1.79-1.67 (1H, m), 1.40-1.18 (4H,
m), 0.87 (3H, t, J = 6.5 Hz); ®*C NMR (75 MHz, CDCls) &: 201.1, 136.4, 129.0, 128.7, 127.5,
59.1, 29.3, 29.2, 22.5, 13.9; ESI-HRMS m/z: calcd for C;,H;s0Na [M+Na]* 199.1093, found
199.1096.

[Table 14, entry 2]. To a solution of n-hexanal (28 mg, 0.28 mmol) and
tetrahydro-2H-1,2-oxazine® (50 mg, 0.56 mmol) in CH,Cl, (1.7 mL) was added
triphenylaluminum (1.0 M in n-Bu,0, 0.84 mL, 0.84 mmol) dropwise at 0 °C under an argon
atmosphere. After being stirred at the same temperature for 2 h, the reaction mixture was
quenched with an aqueous Rochelle’s salt (1.3 M) at 0 °C. The resulting suspension was
extracted with CHCIl;. The combined organic layers were dried over MgSQOy,, filtered, and
concentrated under reduced pressure. The residue was purified by flash column

chromatography (hexane/EtOAc = 50/1) to give a-phenylaldehyde 16a (31 mg, 62%).

a-Nonylbenzeneacetaldehyde (16g) [Table 15, entry 1]. According to general procedure for
umpolung B-phenylation of N-alkoxyenamines, n-undecanal (85 mg, 0.50 mmol) was used as
substrate. After workup, the residue was purified by flash column chromatography
(hexane/EtOAc = 50/1) to give a-phenylaldehyde 16g (102 mg, 83%) as a pale yellow oil. IR
(neat): 1726 cm™; *H NMR (300 MHz, CDCls) &: 9.66 (1H, br d, J = 2.0 Hz), 7.41-7.19 (5H,
m), 3.49 (1H, ddd, J = 8.5, 6.5, 2.0 Hz), 2.12-2.02 (1H, m), 1.78-1.67 (1H, m), 1.27-1.23 (14H,
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m), 0.87 (3H, t, J = 6.5 Hz); *C NMR (75 MHz, CDCl5) &: 201.1, 136.4, 129.0, 128.7, 127.4,
59.2, 31.8, 29.6, 29.5, 29.4, 29.3, 29.2, 27.0, 22.6, 14.1; ESI-HRMS m/z: calcd for C;7H,c0Na
[M+Na]* 269.1876, found 269.1875.

a-Phenylbenzenepropanal (16b)* [Table 15, entry 2]. According to general procedure for
umpolung B-phenylation of N-alkoxyenamines, benzenepropanal (67 mg, 0.50 mmol) was
used as substrate. After workup, the residue was purified by flash column chromatography
(hexane/EtOAc = 50/1) to give a-phenylaldehyde 16b (72 mg, 68%) as a pale yellow oil. IR
(neat): 1724 cm™; *H NMR (300 MHz, CDCl3) 8: 9.74 (1H, d, J = 1.5 Hz), 7.37-7.03 (10H, m),
3.83 (1H, br ddd, J = 8.0, 6.5, 1.5 Hz), 3.47 (1H, dd, J = 14.0, 6.5 Hz), 2.96 (1H, dd, J = 14.0,
8.0 Hz); **C NMR (75 MHz, CDCl;) &: 199.9, 138.8, 135.7, 129.0, 128.3, 127.7, 126.3, 60.9,
36.1; ESI-HRMS m/z: calcd for Cy5H1,ONa [M+Na]* 233.0937, found 233.0936.

a-(8-Nonen-1-yl)benzeneacetaldehyde (16c) [Table 15, entry 3]. According to general
procedure for umpolung B-phenylation of N-alkoxyenamines, 10-undecenal (84 mg, 0.50
mmol) was used as substrate. After workup, the residue was purified by flash column
chromatography (hexane/EtOAc = 50/1) to give a-phenylaldehyde 16¢ (86 mg, 70%) as a pale
yellow oil. IR (neat): 1725 cm™; *H NMR (300 MHz, CDCl;) &: 9.66 (1H, d, J = 2.0 Hz),
7.40-7.18 (5H, m), 5.79 (1H, ddt, J = 17.0, 10.0, 6.5 Hz), 5.01-4.90 (2H, m), 3.48 (1H, ddd, J
= 8.5, 6.5, 2.0 Hz), 2.12-1.98 (3H, m), 1.78-1.66 (1H, m), 1.34-1.26 (10H, m); **C NMR (75
MHz, CDCl3) 6: 201.0, 139.1, 136.5, 129.0, 128.7, 127.5, 114.1, 59.2, 33.7, 29.6, 29.4, 29.2,
29.0, 28.8, 27.0; ESI-HRMS m/z: calcd for Cy;H,,ONa [M+Na]" 267.1719, found 267.1718.

a-(2Z)-(2-Penten-1-yl)benzeneacetaldehyde (16d) [Table 15, entry 4]. According to general
procedure for umpolung B-phenylation of N-alkoxyenamines, (4Z)-4-heptenal (56 mg, 0.50
mmol) was used as substrate. After workup, the residue was purified by flash column
chromatography (hexane/EtOAc = 50/1) to give a-phenylaldehyde 16d (61 mg, 65%) as a pale
yellow oil. IR (neat): 1723 cm™: *H NMR (300 MHz, CDCl;) &: 9.71 (1H, d, J = 2.0 Hz),
7.40-7.17 (5H, m), 5.45-5.36 (1H, m), 5.29-5.20 (1H, m), 3.54 (1H, br ddd, J = 8.5, 6.5, 2.0
Hz), 2.86-2.76 (1H, m), 2.54-2.43 (1H, m), 2.03-1.89 (2H, m), 0.87 (3H, t, J = 7.5 Hz); *C
NMR (75 MHz, CDCly) 8: 200.5, 136.0, 134.1, 129.0, 128.9, 127.6, 124.7, 59.2, 27.6, 20.6,
14.0; ESI-HRMS m/z: calcd for C13H:50 [M—H]" 187.1128, found 187.1123.
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a-(1-Methylethyl)benzeneacetaldehyde (16e)°’ [Table 15, entry 5]. According to general
procedure for umpolung B-phenylation of N-alkoxyenamines, 3-methylbutanal (43 mg, 0.50
mmol) was used as substrate. After workup, the residue was purified by flash column
chromatography (hexane/EtOAc = 50/1) to give a-phenylaldehyde 16e (46 mg, 57%) as a pale
yellow oil. IR (neat): 1725 cm™; 'H NMR (300 MHz, CDCls) &: 9.70 (1H, d, J = 3.5 Hz),
7.39-7.16 (5H, m), 3.18 (1H, dd, J = 9.5, 3.5 Hz), 2.42 (1H, br dq, J = 9.5, 7.0 Hz), 1.04 (3H,
d, J = 7.0 Hz), 0.77 (3H, d, J = 7.0 Hz); *C NMR (75 MHz, CDCly) &: 201.1, 135.5, 129.3,
128.9, 127.5, 66.8, 28.8, 21.2, 20.1; ESI-HRMS m/z: calcd for Cy;H,,ONa [M+Na]* 185.0937,
found 185.0935.

a,a-Dimethylbenzeneacetaldehyde (16h)*® [Table 15, entry 7]. To a solution of
2-methylpropanal (36 mg, 0.50 mmol) and isoxazolidine (73 mg, 1.0 mmol) in CH,CI;, (3.0
mL) was added triphenylaluminum (1.0 M in n-Bu,O, 1.5 mL, 1.5 mmol) dropwise at 0 °C
under an argon atmosphere. After being stirred at room temperature for 2 h, the reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M) at 0 °C. The resulting
suspension was extracted with CHCI;. The combined organic layers were dried over MgSQ,,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (hexane/EtOAc = 50/1) to give a-phenylaldehyde 16h (34 mg, 46%) as a pale
yellow oil. IR (neat): 1723 cm™; *H NMR (300 MHz, CDCl3) 3: 9.50 (1H, s), 7.42-7.26 (5H,
m), 1.47 (6H, s); *C NMR (75 MHz, CDCl,) &: 202.3, 141.1, 128.8, 127.2, 126.7, 50.4, 22.4;
ESI-HRMS m/z: calcd for C1oH1,0ONa [M+Na]* 171.0780, found 171.0785.
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General Procedure for Sequential B-Phenylation/Nucleophilic  Addition  of
N-Alkoxyenamine Prepared from n-Hexanal [Table 16]. To a solution of n-hexanal (50 mg,
0.50 mmol) and isoxazolidine (73 mg, 1.0 mmol) in CH,CIl, (3.0 mL) was added
triphenylaluminum (1.0 M in n-Bu,0O, 1.5 mL, 1.5 mmol) dropwise at 0 °C under an argon
atmosphere. After being stirred at the same temperature for 2 h, the second nucleophile (1.5
mmol) was added at 0 °C. The mixture was allowed to warm to room temperature, and stirred
for 2 h. The reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M) or a
saturated aqueous NaHCO; at 0 °C. The resulting suspension was extracted with CHCI3. The
combined organic layers were dried over MgSQy, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to

give amine as shown in Table 16.

3-[[1-(1-Phenylpentyl)-3-buten-1-ylJamino]-1-propanol (15aA) [Table 16, entry 1].
According to general procedure for B-phenylation/nucleophilic addition sequence,
allylmagnesium bromide (1.0 M in Et,0, 1.5 mL, 1.5 mmol) was added as second nucleophile.
The reaction mixture was quenched with a saturated aqueous NaHCOj. After workup,
purification of the residue by flash column chromatography gave an inseparable mixture of
15aA (108 mg, 78%, dr = 3:1) as a pale yellow oil. IR (neat): 3324 cm™; *"H NMR (500 MHz,
CDClj3) &: 7.33-7.13 (5H, m), 5.85-5.70 (1H, m), 5.14-4.97 (2H, m), 3.81 (6/4H, t, J = 5.5 Hz),
3.71-3.68 (2/4H, m), 2.93-2.86 (7/4H, m), 2.74-2.61 (9/4H, m), 2.31-2.19 (6/4H, m), 1.84-1.63
(4H, m), 1.58-1.53 (2/4H, m), 1.35-1.19 (2H, m), 1.13-1.04 (2H, m), 0.83 (9/4H, t, J = 7.5 Hz),
0.82 (3/4H, t, J = 7.5 Hz); **C NMR (125 MHz, CDCls) &: 142.3, 142.2, 135.6, 135.3, 128.6,
128.5, 128.4, 128.3, 126.4, 126.3, 117.5, 117.4, 64.5, 64.4, 62.33, 62.30, 48.5, 48.3, 48.0, 47.8,
35.3,35.1,31.4,31.3, 31.2, 31.0, 30.0, 29.9, 22.72, 22.66, 13.96, 13.94; ESI-HRMS m/z: calcd
for C1gH3oNO [M+H]" 276.2322, found 276.2319.

[Table 16, entry 3]. According to general procedure for B-phenylation/nucleophilic addition
sequence, diethylaluminum cyanide (1.0 M in toluene, 1.5 mL, 1.5 mmol) was added as
second nucleophile. The reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). After workup, purification of the residue by flash column chromatography gave an
inseparable mixture of 15aB (73 mg, 56%, dr = 1:1).
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a-Butyl-B-[(3-hydroxypropyl)amino]benzenepropanenitrile (15aB). A pale yellow oil; IR
(neat): 3322, 2227 cm™; *H NMR (300 MHz, CDCl3) &: 7.40-7.20 (5H, m), 3.80 (3/5H, d, J =
6.0 Hz), 3.74 (6/5H, t, J = 6.0 Hz), 3.68 (2/5H, br d, J = 7.0 Hz), 3.65 (4/5H, br t, J = 6.0 Hz),
3.14-3.03 (1H, m), 2.97-2.88 (1H, m), 2.80-2.67 (1H, m), 2.00 (2H, br s), 1.95-1.84 (2H, m),
1.36-1.11 (6H, m), 0.86 (6/5H, t, J = 7.0 Hz), 0.85 (9/5H, t, J = 7.0Hz) ; **C NMR (75 MHz,
CDCl3) 6: 138.8, 138.3, 128.9, 128.6, 128.1, 127.9, 127.7, 119.3, 118.5, 63.21, 63.16, 56.2,
55.6, 48.7, 48.1, 47.3, 47.2, 31.9, 31.5, 30.8, 30.7, 29.35, 29.28, 22.5, 22.4, 13.8; ESI-HRMS
m/z: calcd for Ci6H2sN,O [M+H]" 261.1961, found 261.1959.

[Table 16, entry 4]. According to general procedure for B-phenylation/nucleophilic addition
sequence, tributyltin cyanide (474 mg, 1.5 mmol) was added as second nucleophile. The
reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). After workup,
purification of the residue by flash column chromatography gave an inseparable mixture of
15aB (69 mg, 53%, dr = 1.5:1).

[Table 16, entry 5]. According to general procedure for B-phenylation/nucleophilic addition
sequence, trimethylsilyl cyanide (149 mg, 1.5 mmol) was added as second nucleophile. The
reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). After workup,
purification of the residue by flash column chromatography gave an inseparable mixture of
15aB (43 mg, 33%, dr = 1.5:1).

[Table 16, entry 6]. According to general procedure for B-phenylation/nucleophilic addition
sequence, sodium borohydride (246 mg, 6.5 mmol) in MeOH (6.0 mL) was added as second
nucleophile. The reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M).
After workup, purification of the residue by flash column chromatography gave 15aC (71 mg,
60%) and a-phenylhexanal 16a (7.1 mg, 8%).

3-[(2-Phenylhexyl)amino]-1-propanol (15aC). Pale yellow oil; IR (neat): 3301 cm™; 'H
NMR (500 MHz, CDCls) &: 7.35-7.16 (5H, m), 3.73 (2H, ddd, J = 6.5, 4.5, 2.0 Hz), 3.14 (2H,
brs), 2.89 (1H, br d, J = 6.5 Hz), 2.81 (2H, br t, J = 5.5 Hz), 2.76-2.70 (2H, m), 1.68-1.53 (4H,
m), 1.32-1.10 (4H, m), 0.83 (3H, t, J = 7.5 Hz) ; "®*C NMR (125 MHz, CDCls) &: 143.3, 128.6,
127.7, 126.5, 64.0, 55.5, 49.7, 45.7, 34.0, 30.1, 29.5, 22.6, 13.9; ESI-HRMS m/z: calcd for
C1sH2sNO [M+H]" 236.2009, found 236.2002.
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[Table 16, entry 7]. According to general procedure for B-phenylation/nucleophilic addition
sequence, lithium aluminum hydride (57 mg, 1.5 mmol) and THF (1.0 mL) were added. The
reaction mixture was quenched with aqueous Rochelle’s salt (1.3 M). After workup,

purification of the residue by flash column chromatography gave 15aC (97 mg, 82%).

General Procedure for Sequential B-Phenylation/Allylation of N-Alkoxyenamines [Table
17]. To a solution of aldehyde (0.50 mmol) and isoxazolidine (73 mg, 1.0 mmol) in CH,Cl,
(3.0 mL) was added triphenylaluminum (1.0 M in n-Bu,O, 1.5 mL, 1.5 mmol) dropwise at
0 °C under an argon atmosphere. After being stirred at the same temperature for 2 h,
allylmagnesium bromide (1.0 M in Et,0, 1.5 mL, 1.5 mmol) was added dropwise. The mixture
was allowed to warm to room temperature, and stirred for 2 h. The reaction mixture was
guenched with a saturated aqueous NaHCO; at 0 °C and filtered. The filtrate was extracted
with CHCIs. The combined organic layers were dried over MgSQOy, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography

(hexane/EtOAc = 3/1) to give homoallylamine as shown in Table 17.

3-[[1-(1-Phenyldecyl)-3-buten-1-ylJamino]-1-propanol (15gA) [Table 17, entry 1].
According to general procedure for umpolung B-phenylation/allylation of N-alkoxyenamines,
n-undecanal (85 mg, 0.50 mmol) was used as substrate. After workup, the residue was purified
by flash column chromatography (hexane/EtOAc = 3/1) to give 15gA (135 mg, 78%) as a pale
yellow oil. An inseparable 3.5:1 mixture of diastereomers. IR (neat): 3332 cm™; *H NMR (300
MHz, CDCl;) 8: 7.33-7.12 (5H, m), 5.88-5.67 (1H, m), 5.15-4.97 (2H, m), 3.81 (14/9H, t, J =
5.5 Hz), 3.69 (4/9H, br ddd, J = 6.5, 4.5, 2.0 Hz), 2.92-2.88 (4H, br m), 2.77-2.60 (2H, m),
2.30-2.21 (1H, m), 1.85-1.53 (5H, m), 1.28-1.04 (14H, m), 0.86 (3H, br t, J = 6.5 Hz); °C
NMR (75 MHz, CDCl5) &: 142.13, 142.06, 135.4, 135.1, 128.6, 128.5, 128.4, 128.3, 126.5,
126.4, 117.7, 117.6, 64.5, 64.4, 62.4, 62.3, 48.4,48.1, 48.0, 47.8, 35.2, 34.9, 31.9, 31.7, 31.3,
31.02, 30.98, 29.7, 29.6, 29.53, 29.50, 29.47, 29.3, 27.8, 22.7, 14.1; ESI-HRMS m/z: calcd for
Ca3H4NO [M+H]" 346.3104, found 346.3095.

3-[[1-(1,2-Diphenylethyl)-3-buten-1-ylJamino]-1-propanol (15bA) [Table 17, entry 2].
According to general procedure for umpolung B-phenylation/allylation of N-alkoxyenamines,
benzenepropanal (67 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15bA (116 mg, 75%)
as a pale yellow oil. An inseparable 2:1 mixture of diastereomers. IR (neat): 3293 cm™; *H
NMR (300 MHz, CDCl3) &: 7.28-6.98 (10H, m), 5.82-5.65 (1H, m), 5.14-4.97 (2H, m), 3.79
(4/3H, t, J = 5.0 Hz), 3.76 (2/3H, t, J = 5.0 Hz), 3.23-3.16 (1H, m), 3.09-2.73 (20/3H, m),
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2.68-2.60 (1/3H, m), 2.35-2.18 (4/3H, m), 1.81 (2/3H, dt J = 14.0, 8.0 Hz), 1.69-1.55 (2H, m);
C NMR (75 MHz, CDCls) &: 141.3, 140.9, 140.40, 140.35, 135.22, 135.15, 128.94, 128.86,
128.82, 128.6, 128.23, 128.18, 128.0, 126.6, 126.5, 125.7, 117.7, 117.6, 64.3, 64.2, 61.1, 60.8,
50.0, 49.8, 48.0, 47.5, 38.4, 37.7, 35.11, 35.06, 31.1, 29.6; ESI-HRMS m/z: calcd for
C,1H2sNO [M+H]* 310.2165, found 310.2161.

3-[(5-Phenyl-1,13-tetradecandien-4-yl)amino]-1-propanol (15cA) [Table 17, entry 3].
According to general procedure for umpolung B-phenylation/allylation of N-alkoxyenamines,
10-undecenal (84 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15cA (107 mg, 62%)
as a pale yellow oil. An inseparable 3:1 mixture of diastereomers. IR (neat): 3331 cm™; 'H
NMR (300 MHz, CDCls) 6: 7.34-7.12 (5H, m), 5.85-5.66 (2H, m), 5.14-4.89 (4H, m), 3.80
(6/4H, t, J = 5.0 Hz), 3.68 (2/4H, m), 2.90 (2H, br t, J = 5.0 Hz), 2.76-2.59 (2H, m), 2.42 (2H,
br s), 2.29-2.20 (1H, m), 2.03-1.96 (2H, m), 1.85-1.53 (5H, m), 1.32-1.04 (10H, m); **C NMR
(125 MHz, CDCl5) 8: 142.2, 142.1, 139.2, 135.4, 135.2, 128.62, 128.55, 128.45, 128.3, 126.5,
126.4, 117.7, 117.6, 114.1, 64.5, 64.4, 62.42, 62.35, 48.5, 48.2, 48.1, 47.8, 35.2, 34.9, 33.8,
31.7, 31.3, 31.1, 29.63, 29.55, 29.33, 29.30, 29.1, 28.9, 27.8, 27.6; ESI-HRMS m/z: calcd for
Ca3H3sNO [M+H]" 344.2948, found 344.2941.

3-[[5-Phenyl-(3Z)-1,7-decandien-4-yllamino]-1-propanol (15dA) [Table 17, entry 4].
According to general procedure for umpolung B-phenylation/allylation of N-alkoxyenamines,
(4Z)-4-heptenal (56 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15dA (104 mg, 72%)
as a pale yellow oil. An inseparable 3.5:1 mixture of diastereomers. IR (neat): 3327 cm™; 'H
NMR (300 MHz, CDCly) é: 7.32-7.12 (5H, m), 5.88-5.66 (1H, m), 5.35-4.96 (4H, m), 3.80
(14/9H, t, J = 5.5 Hz), 3.71 (4/9H, t, J = 5.5 Hz), 2.94 (2H, br s), 2.90 (2H, t, J = 5.5 Hz),
2.83-2.75 (2H, m), 2.69-2.57 (1H, m), 2.44-2.35 (1H, m), 2.29-2.21 (1H, m), 2.02-1.94 (2H,
m), 1.84-1.73 (1H, m), 1.72-1.54 (2H, m), 0.88 (6/9H, t, J = 7.5 Hz), 0.87 (21/9H, t, J = 7.5
Hz); **C NMR (75 MHz, CDCl;) &: 141.8, 141.6, 135.3, 135.2, 132.8, 128.7, 128.62, 128.55,
128.3, 128.2, 126.8, 126.7, 126.5, 126.4, 117.6, 64.3, 61.5, 48.4, 48.1, 47.9, 47.8, 35.12, 35.08,
31.2, 29.4, 29.0, 20.6, 14.1; ESI-HRMS m/z: calcd for C;9H3NO [M+H]" 288.2322, found
288.2324.

(4R*,5R*)-3-[[5-Phenyl-(32)-1,7-decandien-4-yl]lamino]-1-propanol (erythro-15dA). Major
diastereomer. Pale yellow oil; IR (neat): 3308 cm™; *H NMR (300 MHz, CDCl3) 3: 7.33-7.13
(5H, m), 5.80-5.66 (1H, m), 5.35-5.26 (1H, m), 5.19-4.97 (3H, m), 3.81 (2H, t, J = 5.0 Hz),
2.99 (2H, brs), 2.91 (2H, t, J = 5.5 Hz), 2.82-2.76 (2H, m), 2.65-2.56 (1H, m), 2.44-2.35 (1H,
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m), 2.30-2.22 (1H, m), 2.05-1.91 (2H, m), 1.83-1.73 (1H, m), 1.71-1.56 (2H, m), 0.87 (3H, t, J
= 7.5 Hz); ®C NMR (75 MHz, CDCly) &: 141.7, 135.3, 132.8, 128.6, 128.2, 126.7, 126.4,
117.7, 64.5, 61.5, 48.0, 47.7, 35.0, 31.1, 29.4, 20.7, 14.2; ESI-HRMS m/z: calcd for C15H3;NO
[M+H]* 288.2322, found 288.2327.

3-[[1-(2-Methyl-1-phenylpropyl)-3-buten-1-ylJamino]-1-propanol (15eA) [Table 17, entry
5]. According to general procedure for umpolung B-phenylation/allylation of
N-alkoxyenamines, 3-methylbutanal (43 mg, 0.50 mmol) was used as substrate. After workup,
the residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15eA
(94 mg, 72%) as a pale yellow oil. An inseparable 4:1 mixture of diastereomers. IR (neat):
3328 cm™; 'H NMR (300 MHz, CDCl;) &: 7.32-7.09 (5H, m), 5.88-5.70 (1H, m), 5.14-4.95
(2H, m), 3.80 (8/5H, t, J = 5.0 Hz), 3.74 (2/5H, t, J = 5.0 Hz), 3.17 (2H, br s), 3.11-3.00 (9/5H,
m), 2.89-2.82 (4/5H, m), 2.68-2.54 (1H, m), 2.42-2.31 (4/5H, m), 2.27-1.98 (9/5H, m),
1.79-1.56 (14/5H, m), 0.93 (3H, br d, J = 6.5 Hz), 0.77 (12/5H, d, J = 6.5 Hz), 0.72 (3/5H, d, J
= 6.5 Hz); *C NMR (125 MHz, CDCl;) &: 139.9, 139.8, 135.9, 135.4, 129.7, 129.6, 128.10,
128.06, 126.5, 117.4, 117.3, 64.6, 58.4, 58.3, 55.3, 54.4, 48.3, 47.7, 35.6, 34.7, 31.1, 30.9,
29.7, 28.4, 21.6, 21.3, 20.4, 20.0; ESI-HRMS m/z: calcd for Cy;H,sNO [M+H]" 262.2165,
found 262.2165.

3-[[(1-Methyl-1-phenylethyl)-3-buten-1-yl]Jamino]-1-propanol (15hA) [Table 17, entry 6].
According to general procedure for umpolung B-phenylation/allylation of N-alkoxyenamines,
2-methylpropanal (36 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15hA (52 mg, 42%)
as a pale yellow oil. IR (neat): 3328 cm™; *H NMR (300 MHz, CDCls) §: 7.40-7.18 (5H, m),
5.81-5.68 (1H, m), 5.07-5.00 (2H, m), 3.73-3.56 (2H, m), 2.92-2.85 (1H, m), 2.80 (2H, br s),
2.59 (1H, dd, J = 9.5, 3.5 Hz), 2.37-2.24 (2H, m), 1.93-1.82 (1H, m), 1.62-1.41 (2H, m), 1.35
(3H, s), 1.31 (3H, s); **C NMR (75 MHz, CDCl5) &: 148.0, 136.8, 128.2, 126.2, 126.0, 117.0,
67.9, 64.2, 51.4, 42.4, 36.3, 31.2, 24.8, 24.6; ESI-HRMS m/z: calcd for CisHsNO [M+H]"
248.2009, found 248.2002.

3-[(1-Diphenylmethyl-3-buten-1-yl)amino]-1-propanol (15fA) [Table 17, entry 7].
According to general procedure for umpolung B-phenylation/allylation of N-alkoxyenamines,
phenylacetaldehyde (60 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15fA (105 mg, 71%)
as a pale yellow oil. IR (neat): 3301 cm™; 'H NMR (300 MHz, CDCls) &: 7.36-7.14 (10H, m),
5.84 (1H, ddt, J = 17.0, 10.0, 7.5 Hz), 5.10 (1H, br d, J = 10.0 Hz), 4.99 (1H, br d, J = 17.0
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Hz), 3.86 (1H, d, J = 10.0 Hz), 3.68-3.55 (2H, m), 3.44 (1H, ddd, J = 14.5, 10.0, 5.5 Hz), 2.91
(1H, br ddd, J = 11.5, 7.0, 5.0 Hz), 2.64 (1H, br ddd, J = 11.5, 6.0, 5.0 Hz), 2.40-2.31 (1H, m),
2.12-2.03 (1H, m), 1.55-1.48 (2H, m); *C NMR (75 MHz, CDCl;) &: 142.6, 142.4, 134.2,
128.8, 128.6, 128.1, 128.0, 126.7, 126.5, 117.8, 64.1, 60.2, 56.0, 47.1, 34.9, 31.4; ESI-HRMS
m/z: calcd for CpoHsNO [M+H]* 296.2009, found 296.2005.

(1R*,6R*)-3-[(6-Phenyl-3-cyclohexen-1-yl)amino]-1-propanol (49) [Scheme 47]. To a
solution of major isomer 15dA (29 mg, 0.10 mmol) in toluene (5.0 mL) was added a solution
of Grubbs 2™ generation catalyst (4.3 mg, 0.0050 mmol) in toluene (2.5 mL) under an argon
atmosphere and the solution was heated at reflux. After being stirred at the same temperature
for 5 h, the solvent was removed under reduced pressure. The residue was purified by PTLC
(CHCI3/MeOH = 10/1) to give 49 (10 mg, 42%) as a pale yellow oil. IR (neat): 3299 cm™; *H
NMR (300 MHz, CDCl3) 6: 7.36-7.23 (5H, m), 5.89-5.85 (1H, m), 5.73-5.70 (1H, m), 3.74
(2H, t, J = 5.0 Hz), 3.26-3.21 (1H, m), 3.12-3.07 (1H, m), 3.02 (2H, br s), 2.98-2.90 (1H, m),
2.85-2.78 (1H, m), 2.50-2.48 (2H, m), 2.37-2.31 (1H, m), 2.01-1.93 (1H, m), 1.64 (2H, br
quint, J = 5.0 Hz); *C NMR (75 MHz, CDCl;) &: 142.0, 128.4, 128.1, 126.9, 126.7, 124.7,
64.6, 56.0, 47.6, 41.5, 30.4, 28.63, 28.56; ESI-HRMS m/z: calcd for CysH;,NO [M+H]”
232.1696, found 232.1694.

Conversion of 49 to cis-19C. To a solution of 49 (19 mg, 0.080 mmol) in MeOH was added a
10% Pd/C (26 mg, 0.24 mmol) under a hydrogen atmosphere at room temperature. After being
stirred at the same temperature for 30 h, the reaction mixture was filtered through a silica gel
and the solvent was removed under reduced pressure. The residue was purified by PTLC
(CHCI3/MeOH = 10/1) to give amine 19C (cis-19C, 6.0 mg, 32%). The spectral data of amine
19C were identical with cis-19C which was synthesized by sequential 3-phenylation/reduction
of N-alkoxyenamine prepared from cyclohexanone (18) and isoxazolidine.

General Procedure for Sequential B-Phenylation/Cyanation of N-Alkoxyenamines [Table
18]. To a solution of aldehyde (0.50 mmol) and isoxazolidine (73 mg, 1.0 mmol) in CH,ClI,
(3.0 mL) was added triphenylaluminum (1.0 M in n-Bu,O, 1.5 mL, 1.5 mmol) dropwise at
0 °C under an argon atmosphere. After being stirred at the same temperature for 2 h,
tributyltin cyanide (474 mg, 1.5 mmol) was added. The mixture was allowed to warm to room
temperature, and stirred for 2 h. The reaction mixture was quenched with an aqueous
Rochelle’s salt (1.3 M) at 0 °C. The resulting suspension was extracted with CHCl;. The
combined organic layers were dried over MgSO,, filtered, and concentrated under reduced

pressure. The residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to
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give a-aminonitrile as shown in Table 18.

a-[(3-Hydroxypropyl)amino]-B-nonylbenzenepropanenitrile (15gB) [Table 18, entry 1].
According to general procedure for umpolung B-phenylation/cyanation of N-alkoxyenamines,
n-undecanal (85 mg, 0.50 mmol) was used as substrate. After workup, the residue was purified
by flash column chromatography (hexane/EtOAc = 3/1) to give 15gB (122 mg, 74%) as a pale
yellow oil. An inseparable 1.5:1 mixture of diastereomers. IR (neat): 3323, 2226 cm™; 'H
NMR (300 MHz, CDCly) &: 7.39-7.20 (5H, m), 3.79 (3/5H, d, J = 5.0 Hz), 3.73 (6/5H, t, J =
5.5 Hz), 3.67 (2/5H, br d, J = 7.0 Hz), 3.66 (4/5H, br t, J = 5.5 Hz), 3.12-3.02 (1H, m),
2.97-2.88 (1H, m), 2.79-2.66 (1H, m), 1.98-1.78 (2H, m), 1.75-1.57 (2H, m), 1.22 (14H, s),
0.87 (3H, br t, J = 6.0 Hz); *C NMR (75 MHz, CDCls) &: 138.8, 138.3, 128.8, 128.5, 128.0,
127.8, 127.6, 119.3, 118.5, 62.9, 56.2, 55.6, 48.6, 48.0, 47.2, 47.0, 32.1, 31.8, 31.7, 30.9, 30.7,
29.4, 29.30, 29.27, 29.2, 27.12, 27.07, 22.6, 14.0; ESI-HRMS m/z: calcd for C,;H3sN,O
[M+H]" 331.2744, found 331.2740.

a-[(3-Hydroxypropyl)amino]-B-phenylbenzenebutanenitrile (15bB) [Table 18, entry 2].
According to general procedure for umpolung B-phenylation/cyanation of N-alkoxyenamines,
benzenepropanal (67 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15bB (108 mg, 73%)
as a pale yellow oil. An inseparable 1.5:1 mixture of diastereomers. IR (neat): 3321, 2227
cm™; *H NMR (500 MHz, CDCls) &: 7.38-7.14 (10H, m), 3.72 (4/5H, t, J = 6.0 Hz), 3.70
(2/5H, d, J = 5.5 Hz), 3.68 (6/5H, t, J = 4.5 Hz), 3.65 (3/5H, d, J = 4.5 Hz), 3.37-3.13 (2H, m),
3.09-2.92 (2H, m), 2.67-2.59 (1H, m), 2.49 (2H, br s), 1.72-1.52 (2H, m); **C NMR (75 MHz,
CDCl3) 4: 138.5, 138.2, 138.0, 137.9, 129.1, 128.92, 128.90, 128.8, 128.7, 128.6, 128.4, 128.1,
127.8, 126.7, 126.6, 119.3, 118.3, 62.8, 54.2, 53.9, 50.1, 49.7, 47.0, 46.9, 38.8, 37.5, 31.1,
30.9; ESI-HRMS m/z: calcd for C;9H,3N,0 [M+H]" 295.1805, found 295.1804.

a-[(3-Hydroxypropyl)amino]-B-(8-nonen-1-yl)benzenepropanenitrile (15cB) [Table 18,
entry 3]. According to general procedure for umpolung B-phenylation/cyanation of
N-alkoxyenamines, 10-undecenal (84 mg, 0.50 mmol) was used as substrate. After workup, the
residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15cB (77
mg, 47%) as a pale yellow oil. An inseparable 1.5:1 mixture of diastereomers. IR (neat): 3323,
2226 cm™; '"H NMR (300 MHz, CDCl;) &: 7.39-7.20 (5H, m), 5.86-5.71 (1H, m), 5.01-4.89
(2H, m), 3.80 (3/5H, d, J = 5.0 Hz), 3.75 (6/5H, t, J = 5.5 Hz), 3.68 (2/5H, br d, J = 7.0 Hz),
3.65 (4/5H, br t, J = 5.5 Hz), 3.13-3.03 (1H, m), 2.99-2.88 (1H, m), 2.79-2.66 (1H, m), 2.49
(2H, br s), 2.04-1.97 (2H, m), 1.95-1.76 (2H, m), 1.76-1.57 (2H, m), 1.31-1.24 (10H, br m);

86



3C NMR (75 MHz, CDCls) &: 139.1, 138.8, 138.2, 128.9, 128.5, 128.0, 127.9, 127.6, 119.3,
118.5, 114.1, 63.1, 56.2, 55.6, 48.6, 48.0, 47.2, 47.1, 33.7, 32.1, 31.7, 30.9, 30.7, 29.3, 29.2,
29.1, 28.9, 28.75, 28.73, 27.12, 27.06; ESI-HRMS m/z: calcd for C,;H33N,0 [M+H]" 329.2587,
found 329.2585.

a-[(3-Hydroxypropyl)amino]-B-[(2Z)-2-penten-1-yl]benzenepropanenitrile (15dB) [Table
18, entry 4]. According to general procedure for umpolung B-phenylation/cyanation of
N-alkoxyenamines, (4Z)-4-heptenal (56 mg, 0.50 mmol) was used as substrate. After workup,
the residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15dB
(76 mg, 56%) as a pale yellow oil. An inseparable 1.5:1 mixture of diastereomers. IR (neat):
3320, 2227 cm™; '"H NMR (500 MHz, CDCls) &: 7.40-7.23 (5H, m), 5.52-5.38 (1H, m),
5.27-5.15 (1H, m), 3.86 (3/5H, d, J = 5.5 Hz), 3.75-3.73 (8/5H, m), 3.67 (4/5H, t, J = 6.0 Hz),
3.11-2.95 (2H, m), 2.85-2.64 (2H, m), 2.52 (1H, m), 2.17-1.97 (3H, m), 1.76-1.59 (3H, m),
0.94 (9/5H, t, J = 7.5 Hz), 0.91 (6/5H, t, J = 7.5 Hz); **C NMR (75 MHz, CDCl5) &: 138.4,
138.1, 134.9, 134.6, 128.9, 128.8, 128.6, 128.4, 128.0, 127.8, 124.9, 124.7, 119.3, 118.4, 63.1,
63.0, 54.9, 54.7, 48.5, 48.2, 47.24, 47.15, 31.1, 30.8, 30.1, 29.3, 20.8, 20.7, 14.12, 14.08;
ESI-HRMS m/z: calcd for C17H,5N,O [M+H]" 273.1961, found 273.1961.

a-[(3-Hydroxypropyl)amino]-B-(1-methylethyl)benzenepropanenitrile (15eB) [Table 18,
entry 5]. According to general procedure for umpolung B-phenylation/cyanation of
N-alkoxyenamines, 3-methylbutanal (43 mg, 0.50 mmol) was used as substrate. After workup,
the residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15eB
(75 mg, 61%) as a pale yellow oil. An inseparable 3:1 mixture of diastereomers. IR (neat):
3326, 2226 cm™; 'H NMR (300 MHz, CDCl3) 8: 7.39-7.18 (5H, m), 4.00 (3/4H, d, J = 5.5 Hz),
3.99 (1/4H, d, J = 6.5 Hz), 3.73 (6/4H, t, J = 5.5 Hz), 3.69 (2/4H, t, J = 5.5 Hz), 3.14-3.03 (1H,
m), 2,80-2.66 (1H, m), 2.55 (1H, dd, J = 11.0, 5.5 Hz), 2.44-2.24 (1H, m), 1.76-1.53 (2H, m),
1.14 (9/4H, d, J = 6.5 Hz), 1.01 (3/4H, d, J = 6.5 Hz), 0.81 (3/4H, d, J = 6.5 Hz), 0.74 (9/4H, d,
J = 6.5 Hz); *C NMR (75 MHz, CDCl;) &: 137.9, 136.9, 129.1, 128.9, 128.8, 128.6, 127.8,
127.6, 119.4, 118.5, 62.99, 62.95, 55.5, 55.1, 52.9, 47.2, 47.1, 31.0, 30.7, 29.9, 28.5, 21.3,
21.1, 20.8, 19.7; ESI-HRMS m/z: calcd for C15H,3N,O [M+H]" 247.1805, found 247.1805.

a-[(3-Hydroxypropyl)amino]-f,B-dimethylbenzenepropanenitrile (15hB) [Table 18, entry
6]. According to general procedure for umpolung [-phenylation/cyanation of
N-alkoxyenamines, 2-methylpropanal (36 mg, 0.50 mmol) was used as substrate. After workup,
the residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15hB
(30 mg, 26%) as a pale yellow oil. IR (neat): 3327, 2225 cm™; *H NMR (300 MHz, CDCl5) &:
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7.44-7.26 (5H, m), 3.69-3.61 (2H, m), 3.58 (1H, s), 3.11 (1H, br ddd, J = 11.5, 6.0, 5.0 Hz),
2.65 (1H, br ddd, J = 11.5, 7.5, 5.0 Hz), 1.69-1.60 (2H, m), 1.55 (3H, s), 1.52 (3H, s); 2°C
NMR (75 MHz, CDCly) §: 143.0, 128.6, 127.2, 126.3, 118.8, 63.0, 62.0, 47.8, 40.8, 30.8, 26.1,
24.8; ESI-HRMS m/z: calcd for CiH»N,O [M+H]* 233.1648, found 233.1650.

B-[(3-Hydroxypropyl)amino]-a-phenylbenzenepropanenitrile (15fB) [Table 18, entry 7].
According to general procedure for umpolung B-phenylation/cyanation of N-alkoxyenamines,
phenylacetaldehyde (60 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15fB (86 mg, 61%) as
a pale yellow oil. IR (neat): 3318, 2228 cm™; *H NMR (300 MHz, CDCl;) &: 7.42-7.25 (10H,
m), 4.31 (1H, d, J = 7.5 Hz), 4.26 (1H, d, J = 7.5 Hz), 3.67 (2H, t, J = 5.5 Hz), 3.13 (1H, br dt,
J=12.0, 5.5 Hz), 2.81 (1H, br ddd, J = 12.0, 7.0, 5.5 Hz), 2.04 (2H, br s), 1.75-1.60 (2H, m);
C NMR (75 MHz, CDCls) &: 139.0, 138.8, 128.9, 128.8, 128.5, 128.0, 127.8, 127.5, 118.9,
62.7, 54.8, 53.7, 46.8, 31.0; ESI-HRMS m/z: calcd for C;gH,;N,O [M+H]" 281.1648, found
281.1642.

General Procedure for Sequential B-Phenylation/Reduction of N-Alkoxyenamines [Table
19]. To a solution of aldehyde (0.50 mmol) and isoxazolidine (73 mg, 1.0 mmol) in CH,ClI,
(3.0 mL) was added triphenylaluminum (1.0 M in n-Bu,O, 1.5 mL, 1.5 mmol) dropwise at
0 °C under an argon atmosphere. After being stirred at the same temperature for 2 h, lithium
aluminum hydride (57 mg, 1.5 mmol) and THF (1.0 mL) were added. The mixture was
allowed to warm to room temperature, and stirred for 2 h. The reaction mixture was quenched
with an aqueous Rochelle’s salt (1.3 M) at 0 °C. The resulting suspension was extracted with
CHCI3. The combined organic layers were dried over MgSQy, filtered, and concentrated under
reduced pressure. The residue was purified by flash column chromatography (hexane/EtOAc =

3/1) to give phenethylamine as shown in Table 19.

3-[(2-Phenylundecyl)amino]-1-propanol (15gC) [Table 19, entry 1]. According to general
procedure for umpolung B-phenylation/reduction of N-alkoxyenamines, n-undecanal (85 mg,
0.50 mmol) was used as substrate. After workup, the residue was purified by flash column
chromatography (hexane/EtOAc = 3/1) to give 15gC (119 mg, 78%) as a pale yellow oil.. IR
(neat): 3304 cm™; 'H NMR (300 MHz, CDCls) &: 7.34-7.15 (5H, m), 3.74 (2H, t, J = 5.5 Hz),
3.36 (2H, br s), 2.90-2.69 (5H, m), 1.69-1.51 (4H, m), 1.29-1.14 (14H, m), 0.87 (3H,t, J = 7.0
Hz) ; *C NMR (75 MHz, CDCl;) &: 143.1, 128.6, 127.7, 126.6, 64.0, 53.4, 49.8, 45.6, 34.2,
31.8, 29.9, 29.6, 29.5, 29.4, 29.2, 27.3, 22.6, 14.1; ESI-HRMS m/z: calcd for CyH3sNO
[M+H]" 306.2791, found 306.2793.
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3-[(2,3-Diphenylpropyl)amino]-1-propanol (15bC) [Table 19, entry 2]. According to
general procedure for umpolung B-phenylation/reduction of N-alkoxyenamines,
benzenepropanal (67 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15bC (97 mg, 72%)
as a pale yellow oil. IR (neat): 3303 cm™; *H NMR (300 MHz, CDCls) §: 7.32-7.04 (5H, m),
3.70 (2H, t, J = 5.0 Hz), 3.11-3.00 (1H, m), 2.93-2.74 (6H, m), 2.76 (2H, t, J = 5.0 Hz)
1.66-1.50 (2H, m) ; **C NMR (75 MHz, CDCl5) &: 142.4, 139.7, 129.0, 128.6, 128.2, 127.7,
126.8, 126.0, 64.0, 54.2, 49.7, 47.4, 41.0, 30.1; ESI-HRMS m/z: calcd for C15H,,NO [M+H]"
270.1852, found 270.1844.

3-[(2-Phenyl-1-undecen-1-yl)amino]-1-propanol (15cC) [Table 19, entry 3]. According to
general procedure for umpolung B-phenylation/reduction of N-alkoxyenamines, 10-undecenal
(84 mg, 0.50 mmol) was used as substrate. After workup, the residue was purified by flash
column chromatography (hexane/EtOAc = 3/1) to give 15¢C (114 mg, 75%) as a pale yellow
oil. IR (neat): 3302 cm™; *H NMR (300 MHz, CDCls) &: 7.33-7.15 (5H, m), 5.79 (1H, ddt, J =
17.0, 10.0, 6.5 Hz), 5.01-4.89 (2H, m), 3.72 (2H, t, J = 5.5 Hz), 3.18 (2H, br s), 2.90-2.72 (5H,
m), 2.04-1.97 (2H, m), 1.71-1.57 (4H, m), 1.33-1.22 (10H, m) ; **C NMR (75 MHz, CDCl5) &:
143.3, 139.1, 128.6, 127.7, 126.5, 114.0, 64.2, 55.5, 49.8, 45.8, 34.2, 33.7, 30.2, 29.5, 29.2,
29.0, 28.8, 27.3; ESI-HRMS m/z: calcd for C,oH34NO [M+H]" 304.2635, found 304.2627.

3-[(2-Phenyl-(4Z)-hepten-1-yl)amino]-1-propanol (15dC) [Table 19, entry 4]. According to
general procedure for umpolung B-phenylation/reduction of N-alkoxyenamines,
(4Z)-4-heptenal (56 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15dC (80 mg, 65%)
as a pale yellow oil. IR (neat): 3300 cm™; *H NMR (300 MHz, CDCl;) &: 7.34-7.16 (5H, m),
5.41-5.18 (2H, m), 3.73 (2H, t, J = 5.5 Hz), 3.03 (2H, br s), 2.98-2.89 (1H, m), 2.82-2.76 (4H,
m), 2.43-2.24 (2H, m), 2.01-1.89 (2H, m), 1.68-1.53 (2H, m), 0.87 (3H, t, J = 7.5 Hz) ; °C
NMR (75 MHz, CDCl3) &: 143.0, 133.1, 128.6, 127.7, 126.6, 126.3, 64.3, 54.8, 49.9, 46.0,
32.1, 30.3, 20.6, 14.1; ESI-HRMS m/z: calcd for Ci;H,sNO [M+H]" 248.2009, found
248.2002.

3-[(3-Methyl-2-phenylbutyl)amino]-1-propanol (15eC) [Table 19, entry 5]. According to
general procedure for umpolung pB-phenylation/reduction of N-alkoxyenamines,
3-methylbutanal (43 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15eC (58 mg, 52%) as
a pale yellow oil. IR (neat): 3302 cm™; *H NMR (300 MHz, CDCls) &: 7.34-7.19 (3H, m), 7.14

89



(2H, br d, J =7.5 Hz), 3.71 (2H, t, J = 5.5 Hz), 3.08 (2H, br s), 3.05 (1H, br dd, J = 12.0, 4.0
Hz), 2.84-2.77 (3H, m), 2.53-2.45 (1H, m), 1.91-1.79 (1H, m), 1.69-1.52 (2H, m), 0.99 (3H, d,
J=6.5Hz), 0.72 (3H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCl,) &: 142.2, 128.4, 128.3, 126.5,
64.0, 52.9, 52.5, 49.7, 31.7, 30.2, 21.0, 20.8; ESI-HRMS m/z: calcd for C4H,sNO [M+H]"
222.1852, found 222.1843.

3-[(2-Methyl-2-phenylpropyl)amino]-1-propanol (15hC) [Table 19, entry 6]. According to
general procedure for umpolung B-phenylation/reduction of N-alkoxyenamines,
2-methylpropanal (36 mg, 0.50 mmol) was used as substrate. After workup, the residue was
purified by flash column chromatography (hexane/EtOAc = 3/1) to give 15hC (56 mg, 54%)
as a pale yellow oil. IR (neat): 3318 cm™; *H NMR (300 MHz, CDCls) &: 7.37-7.19 (5H, m),
3.74 (2H, t, J = 5.0 Hz), 3.05 (2H, br s), 2.81 (2H, t, J = 5.0 Hz), 2.78 (2H, s), 1.66-1.59 (2H,
m), 1.37 (6H, s); **C NMR (75 MHz, CDCls) &: 146.8, 128.5, 126.2, 125.9, 64.6, 62.2, 50.9,
38.3, 29.8, 27.2; ESI-HRMS m/z: calcd for C13H,,NO [M+H]* 208.1696, found 208.1696.

3-[(2,2-Diphenylethyl)amino]-1-propanol (15fC) [Table 19, entry 7]. According to general
procedure for umpolung B-phenylation/reduction of N-alkoxyenamines, phenylacetaldehyde
(60 mg, 0.50 mmol) was used as substrate. After workup, the residue was purified by flash
column chromatography (hexane/EtOAc = 3/1) to give 15fC (98 mg, 77%) as a pale yellow oil.
IR (neat): 3297 cm™; *H NMR (300 MHz, CDCl,) &: 7.32-7.17 (10H, m), 4.14 (1H, t, J = 8.0
Hz), 3.73 (2H, t, J = 5.5 Hz), 3.24 (2H, d, J = 8.0 Hz), 2.98 (2H, br s), 2.88 (2H, t, J = 5.5 Hz),
1.67-1.59 (2H, m); *C NMR (75 MHz, CDCls) &: 142.4, 128.6, 127.9, 126.6, 63.9, 54.2, 50.9,
49.6, 30.4; ESI-HRMS m/z: calcd for C;7;H,,NO [M+H]" 256.1696, found 256.1693.

N-(3-Hydroxypropyl)-B-phenylphenylalanine (17) [Scheme 48]. a-Aminonitrile 15fB (31
mg, 0.13 mmol) was dissolved in conc. HCI (2.6 mL). The reaction mixture was stirred at
reflux for 7 h. After cooling to room temperature, the reaction mixture was washed with Et,0.
The aqueous layer was concentrated under the reduced pressure. The residue was purified
through a DOWEX column (50W x8, 50-100 mesh, H"), first eluting with water and then with
an aqueous ammonia solution (1.4 M) to collect a-amino acid 17 (26 mg, 65%) as white solid.
IR (neat): 3326, 1631 cm™; *"H NMR (300 MHz, CD;0D) &: 7.46-7.17 (10H, m), 4.42 (1H, d, J
= 10.0 Hz), 4.33 (1H, d, J = 10.0 Hz), 3.64-3.59 (2H, m), 3,31-3.22 (1H, m), 3.12-3.04 (1H,
m), 1.84-1.79 (2H, m); *C NMR (75 MHz, CDCIls/CD;0D = 1/1) §: 176.2, 140.7, 140.3, 128.7,
128.4, 128.2, 128.0, 126.9, 126.8, 66.5, 61.6, 54.9, 46.5, 31.1; ESI-HRMS m/z: calcd for
C1gH20NO3 [M—H]" 298.1449, found 298.1456.
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General Procedure for Sequential B-Phenylation/Nucleophilic  Addition  of
N-Alkoxyenamine from Cyclohexanone [Table 20]. To a solution of cyclohexanone (49 mg,
0.50 mmol) and isoxazolidine (73 mg, 1.0 mmol) in CH,CIl, (3.0 mL) was added
triphenylaluminum (1.0 M in n-Bu,0O, 1.5 mL, 1.5 mmol) dropwise at 0 °C under an argon
atmosphere. After being stirred at the same temperature for 2 h, the second nucleophile was
added. The mixture was allowed to warm to room temperature, and stirred for several hours.
The reaction mixture was quenched with aqueous Rochelle’s salt (1.3 M) or saturated aqueous
NaHCO; at 0 °C. The resulting suspension was extracted with CHCl3. The combined organic
layers were dried over MgSO,, filtered, and concentrated under the reduced pressure. The
residue was purified by flash column chromatography (hexane/EtOAc = 3/1) to give amine as

shown in Table 20.

3-[[2-Phenyl-1-(2-propen-1-yl)cyclohexyllamino]-1-propanol (19A) [Table 20, entry 1].
According to general procedure for p-phenylation/nucleophilic addition sequence,
allylmagnesium bromide (1.0 M in Et,0, 3.0 mL, 3.0 mmol) was added as second nucleophile.
After being stirred at room temperature for 3.5 h, the reaction mixture was quenched with a
saturated aqueous NaHCOs;. After workup, purification of the residue by flash column
chromatography gave cis-19A (53 mg, 39%) and trans-19A (35 mg, 26%).
(1S*,2R*)-3-[[2-Phenyl-1-(2-propen-1-yl)cyclohexyl]amino]-1-propanol (cis-19A). A pale
yellow oil; IR (neat): 3301 cm™; *H NMR (500 MHz, CDCls) &: 7.32-7.21 (5H, m), 5.74 (1H,
ddt, J = 16.5, 9.5, 7.5 Hz), 5.06-4.99 (2H, m), 3.87-3.79 (2H, m), 3.12 (2H, br s), 2.84-2.80
(1H, m), 2.72 (1H, dd, J = 13.0, 4.0 Hz), 2.68-2.63 (1H, m), 2.21 (1H, dd, J = 14.0, 7.5 Hz),
2.12-2.03 (1H, m), 1.90 (1H, dd, J = 14.0, 7.5 Hz), 1.87-1.82 (2H, m), 1.73-1.57 (5H, m),
1.46-1.40 (1H, m), 1.37-1.28 (1H, m); NOE was observed between 2”’-H (6 5.74) and 2°-H (8
2.72) in NOESY spectroscopy; *C NMR (125 MHz, CDCl,) &: 142.2, 134.6, 129.3, 128.2,
126.6, 117.9, 64.8, 56.9, 50.9, 42.5, 41.5, 32.4, 31.3, 28.4, 26.4, 21.2; ESI-HRMS m/z: calcd
for C1sH,sNO [M+H]" 274.2165, found 274.2163.
(1R*,2R*)-3-[[2-Phenyl-1-(2-propen-1-yl)cyclohexyl]lamino]-1-propanol (trans-19A).
White solid; IR (CHCI3): 3280 cm™; *H NMR (500 MHz, CDCl;) &: 7.32-7.18 (5H, m), 5.71
(1H, ddt, J = 17.0, 9.5, 7.5 Hz), 5.06-4.97 (2H, m), 3.76 (2H, dd, J = 7.0, 4.5 Hz), 3.11-3.07
(1H, m), 2.90 (1H, dd, J = 12.5, 3.5 Hz), 2.83-2.78 (1H, m), 2.60 (1H, dd, J = 14.5, 7.5 Hz),
2.01-1.92 (1H, m), 1.87-1.45 (9H, m), 1.40-1.32 (1H, m); NOE was observed between 3-H (&
3.11-3.07) and 2°-H (8 2.90), 1-H (5 2.60) and 3’-H,, (8 1.97) in NOESY spectroscopy; °C
NMR (125 MHz, CDCly) 6: 141.7, 134.1, 129.1, 128.1, 126.7, 117.8, 64.6, 58.1, 49.6, 41.8,
36.8, 33.0, 31.4, 29.3, 26.3, 22.3; ESI-HRMS m/z: calcd for CigH,sNO [M+H]" 274.2165,
found 274.2162.
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1-[(3-Hydroxypropyl)amino]-2-phenylcyclohexanecarbonitrile (19B) [Table 20, entry 2].
According to general procedure for B-phenylation/nucleophilic addition sequence, tributyltin
cyanide (474 mg, 1.5 mmol) was added as second nucleophile. After being stirred at room
temperature for 4.5 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). After workup, purification of the residue by flash column chromatography gave an
inseparable mixture of 19B (92 mg, 71%, dr = 8:1) as white solid. IR (CHCIs): 3320, 2220
cm™; 'H NMR (500 MHz, CDCls) 8: 7.39-7.32 (5H, m), 3.76 (2/9H, dd, J = 6.5, 4.5 Hz), 3.69
(16/9H, dd, J = 6.5, 4.5 Hz), 2.84-2.76 (2H, m), 2.62 (1H, dd, J = 13.0, 3.5 Hz), 2.43-2.38 (1H,
m), 2.23-2.06 (1H, m), 1.94-1.89 (2H, m), 1.89-1.84 (1H, m), 1.79-1.75 (1H, m), 1.66-1.57
(2H, m), 1.52-1.39 (2H, m); **C NMR (125 MHz, CDCl3) major isomer &: 138.9, 128.9, 128.8,
128.1, 119.9, 63.2, 61.7, 52.7, 43.0, 36.1, 31.5, 29.9, 25.6, 22.9; ESI-HRMS m/z: calcd for
C16H23N,0 [M+H]" 258.1805, found 258.1803.

3-[(2-Phenylcyclohexyl)amino]-1-propanol (19C) [Table 20, entry 3]. According to general
procedure for B-phenylation/nucleophilic addition sequence, lithium aluminum hydride (76
mg, 2.0 mmol) and THF (1.0 mL) were added. After being stirred at room temperature for 13 h,
the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). After workup,
purification of the residue by flash column chromatography gave cis-19C (64 mg, 55%) and
trans-19C (25 mg, 21%).

(1R*,2R*)-3-[(2-Phenylcyclohexyl)amino]-1-propanol (cis-19C). A pale yellow oil; IR
(neat): 3316 cm™; *H NMR (500 MHz, CDCls) &: 7.35-7.32 (2H, m), 7.25-7.22 (3H, m), 3.71
(1H, ddd, J = 11.0, 8.5, 3.0 Hz), 3.65-3.61 (1H, m), 3.37 (2H, br s), 2.95-2.93 (1H, m), 2.89
(1H, dt, J = 13.0, 3.5 Hz), 2.75 (1H, ddd, J = 11.5, 9.0, 3.0 Hz), 2.43-2.39 (1H, m), 2.06-2.04
(1H, m), 2.00-1.88 (2H, m), 1.72-1.68 (1H, m), 1.63-1.38 (6H, m); NOE was observed
between NH (8 3.37) and 3’-H, (8 2.00-1.92) in NOESY spectroscopy; **C NMR (125 MHz,
CDCly) &: 143.6, 128.5, 127.5, 126.4, 64.4, 59.0, 48.3, 46.7, 30.7, 29.4, 26.1, 24.6, 19.7,
ESI-HRMS m/z: calcd for C15H24NO [M+H]" 234.1852, found 234.1855.
(1R*,25*)-3-[(2-Phenylcyclohexyl)amino]-1-propanol (trans-19C). A pale yellow oil; IR
(neat): 3298 cm™; *H NMR (500 MHz, CDCls) &: 7.33 (2H, t, J = 7.0 Hz), 7.26-7.23 (3H, m),
3.66 (1H, ddd, J = 10.5, 7.5, 3.5 Hz), 3.58 (1H, ddd, J = 10.5, 7.5, 3.5 Hz), 2.94 (1H, ddd, J =
11.5, 8.0, 3.5 Hz), 2.88 (2H, br s), 2.70-2.65 (1H, m), 2.59 (1H, ddd, J = 11.5, 8.0, 3.5 Hz),
2.54-2.49 (1H, m), 2.23-2.21 (1H, m), 1.89-1.86 (2H, m), 1.80-1.78 (1H, m), 1.66-1.59 (1H,
m), 1.57-1.49 (2H, m), 1.42-1.35 (3H, m); *C NMR (125 MHz, CDCls) &: 143.2, 128.9, 127.7,
127.0, 63.8, 61.9, 50.3, 46.6, 34.4, 31.3, 30.3, 26.1, 25.2; ESI-HRMS m/z: calcd for C;5H,,NO
[M+H]" 234.1852, found 234.1854.
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