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Scheme 1. a,3-Difunctionalization of enamine derivatives.
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Scheme 2. o,,3-Difunctionalization of N-benzoyloxyenamides.
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Scheme 3. Sequential [3,3]-sigmatropic rearrangement/nucleophilic phenylation.
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Scheme 4. Various transformations of cis-2aA.

RIZ, =F I RDB3]-v 7~ b v B —ifr KRR 7 = = /WAL BUG O I #H & esd 4 % B
BT, BOKRE SORR D TF I N AW TARER UG 2 Miat L7 (Table 1, entries 1 and 2), % ®
FER AR NIE 5 BRI TERAAT 5T I Fb,ciCbEATE L Z L3 PALN Lo
7o ENT, A7 V= NVEZEATLAMT, P 7V —AT A=z fnizz) I Fla
DI[3,3]-v 7'~ h v B —#Ef RN T U — AbG Z T L7e (Table 1), ZDOfER, /NI LIZE
HREETHLA PR VEBLUOATAVELAT L7 U —VHITEMIEATE, HYD 2aB, aC
DHREDOIEENDE WY T AT U A RIRME TS 77z (Table 1, entries 3 and 4), —J5, /XLl
TyREATLHT V= AEOBANELE LIy, B O 2aD 13RI T LaMvE Hivie > 72 (Table
1, entry 5), LA EDFERNS . N-T AT F 2 o ~DREHT ) — AR B W T, BG4
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Table 1. Sequential reaction of several N-benzoyloxyenamides with ArsAl.

o 0]
|:3C)]\N/OBZ ArzAl >~NI;I Ar
— > F3C ¢ \\\‘\OBZ
THF
reflux, 3 h -
n
1a-c 2a-c
entry substrate aluminum reagent product yield (%)  cis/trans
1 1b (n=0) PhsAl 2bA? Ar =Ph 41 >20:1
2 lc(n=2) PhsAl 2CA: Ar=Ph 50 2:1
3 la(n=1) (4-MeOCsHa)sAl 2aB: Ar = 4-MeOCesH4 69 17.5:1
4 la(n=1) (4-MeCgHa)sAl 2aC: Ar = 4-MeCgH4 54 10.5:1
5 la(n=1) (4-FCsHa)sAl 2aD: Ar = 4-FC¢H4 13 >20:1

a Stereostructure of cis or trans isomer has not been established.
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Scheme 5. Sequential [3,3]-sigmatropic rearrangement/nucleophilic 2-thienylation.
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Table 2. Sequential [3,3]-sigmatropic rearrangement/nucleophilic heteroarylation.

C)J\N,OBZ HetArAIMe, F3COCHN HetérBZ
THF
reflux, 3 h
1a 2aF-al

2aF: R=Me (83%)°
OBz 2aG: R =OMe (74%)°

2aH: R = H (80%)°

FsCOCHN,
", 2al: R = Me (71%)*

@ cis/trans = >20:1

S BT, RS ZFH LT NMDA S5 AGEWRHEH 2 A3 % Tiletamine YalgHE © OGAUICHE
F L7z (Scheme6), £, =) K laD[3,3]-> 7~ b & —#afi/RKi%H) 2-F = = WALSIT LD
BTz 2aE KSR L TR-(2-FT ==/V)-B-7 X / T/ a—/)L 3aE ~ L EHa 7=, Hi\ T, 3aE
% wIEICHE > T N-=F LAkt . Jones BR{LIZ L U Tiletamine % &% L., Tiletamine Hifigth~ L& < =
LTI LT,

ZDOEIIT B33V~ hu B —Ei AR L7 N-_v A A ¥ ot 2 ROFHap- BHE
FALBIS DB R LTz, ARG, N-7 2 b7 F X U iRICkE 2 227 U — LA B AT
X570, GRBNEBMRREZ AT HB-T V—/-B-7 I ) 73— LiFEkZ2 RHCARKT 5 =
ENTE D, IDICAEGEICEFIHE LT, Wil FEEAl T & 5 Tiletamine R O G HIZ b
L7,



o)
_LOH 1)BzCl [j§>—4uMe2
N 2) TFAA F3C/ﬂ\N’OBZ S FsCOCHN,

> > 4 OBz
74% over 2 steps 71%

1) MeCHO, NaBH3;CN
AcOH, MeOH EtHN 1M HCI EtHN
2) Jones reagent EtzO
acetone quant

0,
78% over 2 steps Tiletamine Tiletamine*HCI

3aE

Scheme 6. Synthesis of Tiletamine hydrochloride.
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Scheme 7. a,B-Difunctionalization of N-alkoxyenamines.
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Table 3. Umpolung B-phenylation of N-alkoxyenamines.

(b 0y

N . |
o H (2 equiv) o !
Ph3Al (3 equiv) . via )\
H)H CH,Cl, H)K( ! R
R 0°C,2h R !
7a-e 9a-e ! B
o 0 ) 0 0
Ph
A Hk[Ph H)K[M& HJ\@MG HJIph
n-Bu Ph BN Z Me Me
9a (82%) 9b (68%) 9c (70%) 9d (65%) 9e (57%)

(i) N-T V2% =F I O ZEREUS

WIZN-T )V aFx o) I O HRES TR LTz (Table 4), 3726 n-~FHF—)L (7a)
WZHET D) I D OREERIB-7 = = /EEUS D%, 5 SRR & U TR~ OF AR BOGH] 2

0°C THIA T, WIRTI HIT 2HFMIEEE LT, ZORRE, H _KREHE L TT VST X T LT
0 REHAWSET UVEREASH, mRET ULT 2 2 8aA 2 78% (dr = 3:1) DINEKRTH L=
(Table 4,entry 1), £7=. F _REAE L TRV TTFAAIT = REMAND EVT 2 ENEAIN
TR, 72/ = MU/ 8aB 23 53% (dr = 1.5:1) DU TH L= (Table 4, entry 2), =512, K%
K7 NVI=0 L FULaflnd et FY RPRHEASNIMR, 7 =X F /L7 I 8aC 7 82% DI
RTHE O (Table 4, entry 3),

Table 4. Sequential umpolung phenylation/nucleophilic addition of N-alkoxyenamine.

N~
H (2 equiv) / \ 4 \
Q PhaAl (3 equiv) NC N OAPh2 1 ucleophile HN">""0H
Ny CHsz /Lj /M\T/ 0°Ctort,2h Y L
C.2h n Bu n- Bu e
7a 8aA-aC
entry nucleophile (equiv) product yield (%) dr
1 AllylMgBr (3) 8aA: Nu = allyl 78 31
2 BusSnCN (3) 8aB: Nu=CN 53 1.5:1

3 LiAIH, (1.5) 8aC: Nu=H 82 —




RIZN-T vk I U ORERIB-7 = = /A BUGRIZATIN S O RE — it 2 fgid 4 % |
BT, Bkx 27 V7 v Ra W TAER RS Zfat L7 (Tableb), 7235, & kEEAIE LT, 7V
JALENZIZT VA~ 32y h7a Re, 7 JAESIZIE M) 7F AR T = RE T,
FOFER, KIEIINBAL 74 2T ETATE N, BLOB-DIET LT b RE W54,
WL S HIYOERES D EIT L, TN ENRHET 2RET7 VLT I 8cAeA BLUT I/ = |
UL 8cB-eB NHRRE NS BRIF IR TH LN, £/, il 7 ==V EE2HFTHT7 VT REH
WA . B SIIRAICET L, B 8fA, B S 57,

Table 5. Substrate scope for sequential umpolung phenylation/nucleophilic addition.

s

N .
H (2 equiv) AN

Q PhsAl (3 equiv) 4N OAIPh; | jycleophile  HN OH

Ph

CH,Cl, H/H\T/Ph 0°Ctort NU
R 0°C,2h R
R
Tc-f C 8c-f
HN/\/\OH HN/\/\0H HN/\/\OH HN OH
Ph Ph
Nu Nu Ph Me Nu NU Ph
6 N Z Me” “Me Ph

8CcA: 62%, dr = 3:1 8dA: 72%, dr=3.5:1 8eA:72%,dr=4:1 8fA:71%

(Nu =allyl) (Nu =allyl) (Nu = allyl) (Nu =allyl)
8cB: 47%,dr=1.5:1 8dB:56%,dr=1.5:1 8eB:61%,dr=3:1 8fB:61%
(Nu=CN) (Nu=CN) (Nu=CN) (Nu=CN)

ELN-Tax oI I UORERIBR-T = =/ ALBORI S T AERISIZ E Vb iza-T X/ =
~ UL 8B ZIRMENE TR RS D & HERBMa-7 I /1 10 ~LFET L2 LTI LT
(Scheme 8),

HN™ " 0OH conc. HCI HN™ >""0OH
NC Ph g HO,C Ph
reflux, 7 h 2
Ph 65% Ph
8fB 10

Scheme 8. Conversion of aminonitrile 8fB to unnatural amino acid 10.

EHIC, WERRELAT L7 22T AT IVHEEROGHREZRNE LT, vYZa~dd /v
(1) 2B L7 N-T v axvmt IV ORENR-7 = = bR Ef< 7 F I F ~D 7T UL
BEISE LY T RS Z fat Lz (Table 6), & DfEHR. W I D@ SUs & SZRAYIHELT L .
WEHLRFEZ AT 57 I U 12A, B DSRBAFRIGER T HAL7c (Table 6, entries 1 and 2),



Table 6. Sequential B-phenylation/nucleophilic addition of N-alkoxyenamine from 11.

L b

N : : \
2
(0] H ( GQUIV) N OA|Ph2 Nu HN/\/\OH

Ph3Al (3 equiv) nucleophile Ph
CH,Cl, Ph 0°Ctort
O°Ctort
11 F 12A, B
entry nucleophile (equiv) product yield (%) dr
cis/trans
1 AllylMgBr (6) 12A: Nu = allyl 65
=151
2 BusSnCN (3) 12B: Nu=CN 71 8:1

ZOXHIT, N-TaxymF I U ORENIB-7 = = /UL EOG R Lz # o, p- B RERLX
JEDOBHFIZRRTY LT, ARG SSIE, =F 2 U OBMLc 7 = =v 8, ol 7 U vEE, o7 B K
Vb RY REEATEX L0, BEART =2 FILT I VHBERNZHNCERTE 5, £-. AH
BLOGIEY 7 and ) VHEON-T A ax v F I LA TE  WBRIRELZ AT LT IV
HENERTE T,

i o

UUED L1, N-O KB ORADBEET 5 ) I FEIROF o, B- B RES(L UG D BHFE IZ Bk
LT, AERLISICE Y | WERIETII=T I U FFEAROBALITE AR NEE R R ERELL T = =
IVIEEDNEANTE DHBLEMRT I VA EROMEGRIE 2Rt 2 nTal,
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FREOF L () e LT, WY EHET D,



