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Recent Advances in Direct C—H Bond Functionalization of
Phenylalanine Derivatives

Li, Xiaofang Xiong, Weikang Ding, Qiuping™
(College of Chemistry and Chemical Engineering, Jiangxi Normal University, Key Laboratory of Small Functional Organic
Molecule, Ministry of Education, Nanchang 330022)

Abstract Phenylalanine derivatives are widely found in a broad range of pharmaceutical molecules and exhibit significant
biological activity. Direct C—H bond functionalization of phenylalanine derivatives to offer an efficient approach to construct
C—I, C(sp>)—C(sp?), C(sp*)—C(sp), C(sp>)—C(sp*), C—N, C—B and C—O bonds is described. The transformation involves
ortho-C—H bond iodination and the following intramolecular amination, ortho-alkylation, ortho-arylation, ortho-alkenylation,
ortho-alkynylation, ortho-acylation, ortho-acetoxylation, ortho-amination, ortho-boronation, meta-arylation and meta-alky-

lation.

Keywords phenylalanine; C—H functionalization; alkylation; alkenylation; arylation
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Figure 1 Selected bioactive molecules of phenylalanine deriva-
tives
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1.1 SRIRE R &2

AR 75 B A D — o B 2 (1) e 2 i ) i 2% 245 )
e A, S R S R 2 BT O, BT
FER TR U SR AZ A S B, 38 475 O ik
PAEARIREF. 2007 4, Barluenga /NS T 2K 5
IREERNAY) 6 HIEFEAA SR il ) Bi(Eq. 1). HH
(1)L TR TR () B AU, AR UL P24 25 o —2F
M N-C BB LR A M T DU 2 5, (R H
T SO S BRARG; A H — R C B S OR A R BRI A
TEPERE B A AR 4r, B b CLARAL AL B R
T AZARALE B AL P s A A A G R
Re PR AR R AR B =, IR PP A T 1 R I 4
JeB B M LA R A e R AR A AL B A T — ok SR S,
R AR AR S B BE e T At

CO,Me  IPy,BF4/HBF, X CO,Me o
—_—
mx CH,CIo/TFA, r.t. |,\/ NHX
|

6 7
X =H (7a), 53% (o/p = 1/1)
X'=COCHj3 (7b), 32% (o/p = 2/1)
X =COCFj3; (7¢c), 95% (o/p = 10/1)

#F Barluenga U4 AL [ B, Chen /NIEITE
2012 AFEARIE T A N-2-Bt LA BE (PA) DRI D i 7 e
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HKHAMREE 8 TEALMEALAN PhI(OAC), EALAEFH T & s
WEIRRATAY 9 T VE(Eq. 2), RN RELEIR A& T
HAT, HFEZiERCRE BT R A A s, Ry R
FENEE e (PA)TEUR AN IR 26 A R AT A% By Bk 25, IF HiX
FHLL PA ORI = 4iE it 4840 C—H i fb gt —
AT B RERML. thn, RIFZTE, EESRILT &

FCH SR (betanin) P 2 BEE HH TR] 4405 Jik A4 1| o bk 2 71 1)
#%.
Pd(OAC),
COMe o1 0Ac)
[:fﬁ@m Tolvens, A (j:}m%m o
8 60°C, 24 h N
o 9, 81%
N
| _N
PA

1.2 SR

2014 4, Shi MNP, EHUELT, 2-FEEaLne
(PAYRPHIZETH EER G 10 HE &A= ARA ik S Ak [
N, IR T C(sp?)—B 4, Ak, %7 R RN RiE
1B C(sp®)—H BT HEERVEMIL, HE C(sp’)—B #,
KA B R R R S FLATT AR BRI TR SRS (Eq. 3).
R AR, FESSIRPE SRR, HAEAE N RA N
AT, R — R A 11, AV ETE
T AT M 55 S SRR, [RIE AR A A
HIRIRF= 3 it 7 — 2% Bt HoA R & 7 7.

Pd(OAc),, (Bpin),, Pr,s  BPIN

XA COMe LiCO,, LiF, NaHCO; XA, -CO2Me
L4 NHPA L s @
‘ MeCN/PhCN, O,, 80°C o
10 1
Bpin @@i" Bpin NHPA
NHPA )
©/V _-CO:Me '\;)/"COQMe
COMe NHPA ~
11a, 63% 11b, 82% 11¢, 70%

1.3 Mt EAL R N

5 I 1) e B Ak Jz 87 2 B R SR FH 48 i 1) 48 o e 2R
SN Minisci OB, JT4ER T C—H 85 1b B BE LR
NFPGER R, T SrEEN C—H iR
LA 75 1 B SEAR G 2T BE. 2013 4F, Chen /NI
FOAEALTR, i AR B 8 A e 3545, S T ne v
Jiie S 1) 328 3 C(sp?)—H AT C(sp®)—H B ke Ak [ M (Eq.
4). LA Ag,CO; AT HLEEER (BnO),PO,H {F A fiE it 5,
T o-H FIBLH Be A 2 1R 2BV ke R4 iRk, FI %
LR T RN RAREERTED 12 BSR4k B,
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NHPA HPHA
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= Et (13¢c), 62%

13a, 90%
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13b, 82%

2017 4E, Ma /NHMHRGE T N-2-H BEILIE (PA) -3
28 PR BR TP G 14 FEAR AL S, BREREVERR, T H &1
WA, 7E 120 CRIZAE R R BE SR, A AR AL
BUAR (4 F B AT AR 15 (Bq. 5). AR, 3% 3@ ik 4
AL A AR XU JEAL S B, FEIR AN 4624 T 7T LA 0
151 % (S)-N-Boc-2,6-— LB Z BR(17), FEPA 21
JEIL(Eq. 6). (1S4 H M2 & IR E BRI EWA T
B SR B AT, kb HEsh T XSRS TS
BN, BeE, %05 0t AT DART AR B A e e S A
TR K o-BURBS ERR IRTAEND, AU 2454 K BRI s
B PR TR, (HZINER L Z A TR
Jai R A K AR S AR A B —

NHPA Pd(OAc), NHPA
K,CO; Me
CO,Me +Mel ———» CO,Me (5)
Air, toluene Me
120°C, 24 h
R
14 15
NHPA NHPA NHPA
Me Me Me
co,Me CO,Me COMe
Me Me Me
BnO EtO,C Cl
15a, 85% 15b, 20%

15c, 10%; 80% (DCM)

(1) Pd(OACc), (5 mol%), K,CO3, Mel
toluene, air, 24 h, 120 °C, 90%

(2) HCI, H,0 then Boc,O, NaOH
dioxane/H,0, 93%

/@/YNHPA
TBSO COMe

16 (20.7g, 50.0 mmol)
Me

/@(YNHBOC ®)
HO e O2Me

17 (99.3% ee)
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SAAAREE. R 2R A R BR AT AR A F LR S T e H
FA T DL R BB L L. 2015 4, Carret-
ero /INARIE T DL N-2-IEBE R IE (SO, Py) (- I 25 1A
AR 18 X HRRSEIRAT AP NI, KA N-3- 2,4,6-
= BRI = U R SR A A 2 AL T, AL
S T B R AE AR A A S OBI(Bq. 7). Mkl
RERATAEWE R R IR EERIIE N, Reis kst
P A B U=, FE B P Mk B v AR, 4
PEFEAL T Y 19 RERSPOE B BOHAT I N-CRY L B,
%kﬁz"%ﬁa (RTINS A 2 82 3R A5 % ok S ) A ' 4 11

FREMKATAEY) 20 (Eq. 8).
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R [F*] (3.0 equiv.)
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[F*] = N-fluoro-2,4,6-trimethyipyridinium triflate
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PySO,. N—-SO,Py

l}l X CO,Bu
Me ! AN
OMe

0,
19c, 49% 19d, 71%
CO,Et CO,Et
/Me /Me
N=SO,Py N=SO,Py
X COQBU AN COZBU
Me F
19e, 43% 19f, 40%
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o3k, CEARRIBRER A A R Sz Bl 1 A B A 9 R e AT
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RIEERIXHH G, BEI5IL, Jang 4 108 74U
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Fi ALY 23 (Bq. 10). iZSMETE TR 57 FAL R
77 R, SRADIE VR, O T 2R 5 SR A
PO B R PR, A AT R B HEAT
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CO,Me
Pd(OAC), (10 mol%
NHPA AgiCO3 )(22F5 equiv.)) NHPA
+Ar] ———————— > Ar Ar (10)
{AmylOH, 130 °C
24~36h
21 23

Ar = Ph (23a), 78%; 4-MeOCgH, (23b), 86%;
4-PhCgH, (23c), 85%; 4-FCgH, (23d), 58%:
4-CF3CsH4 (238), 52%; 4-MeCOQCeH4 (23f), 34%
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Bl SRS H EEER, RS BT
(AT S S, R C—H B IEAL R N 2 32
JTE. 2015 4F, Zhao /NHUHRIE T AL a-F1 p-75 3%
FAL LY 24 (ARAE C(sp?)—H B EEAL [N, LEIR AN
FME T A AR R I Ak 55 FE MR G AT A0 25 R4 T 4E
FERA(Eq. 11). NI A I o B e 5 1 225 [ T
N TCAN-EICHAAL S R AU, N- BB 3 (R A TN
RRERTE 1% N 2 P R R 2 5 N, SRAF AN
DARILRRIEAN 2R T R BRBR AT A, OSLFTERI (K724
AT Ak N BAT VA AR 3 T SR AT AR, LA
2.

R2
CO,Me Br Pd(OAc),
R Y \ CsOAc
2 HN_ + e
OA TIPS Toluene
24 TIPS Air, 24 h
‘ ‘ R2
CO,Me (11)
R "
HN
7 “OA
25
o)
NP
OA= EJ\[( 2
0
TIPS TIPS
CO,Me CO,Me
HN HN
~OA AcO oA
25a, 61% 25b, 72%
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| | COzMe
N/OA
H
MeO
25¢, 45%

1.7 SRIBEEALRRIL R N

AL CO A B TR R A R B, 2011 4F,
Garcia /NI FIAR LA 1% S 170 19 C(sp?)—H Haim 1L,
SEHL T RN AR AL B 26 ££ CO FUH R 46 S M,
B R2E 3 N BT A 27 (Bq. 12). %N R FEF)
AR RBEPEAE R, 24 R Ny JEI 43 [ B A P Fha]
REM R B4, (B MR RS o WSk IE 27 T AN 2
JCABERZ. BT GRS ST IR R AR TE (AL 26 1 AT
Resb TFATIRES, M AT EAS CO MR,
K] g~ 47 3 48 S A AR 7S TG S BG4 27, B BA
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HyN
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HN
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CO (101 kPa)
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NH
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2010 4E, Yu @l VR I, A8 i Ak R T TR
PERSEAT, ML N-= 5 FREBEE(TH IR LRt &
YT LA AR AR 2L S R (O AC) L SN, MM IR T &
e 28 FURKEHRAT A2 RIFHIRY). % OB R
7 29 FERMEALSEALAE TR, SR 2.,4,6- = HIJE AL IE =
ST R SR ER R R A, AT DAR AR R A Ay B AL
KN, SRAGAEMIZREVER) 4- 2B A LM WERAT A 30
(Scheme 1). BEANFEALPE K i) =5 FIEAL . 4167 &
BRI A 2 T N BRI =R %A s S A6 I
A, BFE AR, GnEEFIE DL AL E B AR O SR R
AT DA, XM RN EAA YIS P R SR 2
TR (% IR AR TN R IR AT AE WA T B

Pd(OAc), (10 mol%)
Ac,0 (1.0 mmol) e
AcOH (0.5 mmol) NHTT

NHTf
©/\C/02Me MeCO,'Bu (1.0 mmol)

é02Me
28 (0.5 mmol) DMF (3.0 mmol) 29, 71%
DCE (0.32 mL)
70°C, 48 h

X
| . (2 equiv.)

N~ OAc

£ OTf

M
PA(OAC), (10 mol%) N CeMe
DMF (1.25 equiv.) Tf
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R 1 HH C—H LA KI5 T A%

Scheme 1 Tandem C—H acetoxylation/indoline formation
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7, B A N-(2- ML mE TR 28 ) PR (1 2K C i A9 31 1)
o WSS R B, SR T — R A AR ]
WEIRAT A4 32 1 7772:(Eq. 13). N-(2-NHBE Rk 35 A T
TR F I 2 AT K IR, e 88O A R S P s PR R AT A 470,
PRgF s 2-E e R LA BRAE N Re g PR 2, Big
b AR, ok Bt R R

Pd(OAc), (10 mol%) Rt

PhI(OAc), (2 equiv.) \\
mRZ (13)
Z N

R R2

>

NHPG  pnmMe, 130°C, 4 h

\
PG =S0,(2-Py) R'=H, R?>=CO,Me PG
3 32, 80% yield,
>99% ee

2014 4, Yang /NAUMRIE T SR R ERATAE M K
33 @ AR AL I 2> T A C(sph)—H BERSEE AL T i C—
N G, AR RS R AT A 34 (Bq. 14). 1ZFAMEXT
AR Uiy (4 2 R PRI FH P2, B 2 SRR IR O SRR ik
REBGRT, H3R1S T RAFAISCR, MMy e TR IE .
PN B AR A (DRNJRYI C-A i I BR A7
TEAE R AR R N B Ve, SN R AT 2 HE Hp M P B e
A BA E A A E, it e i A AN H - R A 1)
R R SRR B BRI, &5 AR 2 ol B
AATE IS5, (2) IR BLE& A AR X IR AN, AT ZE R b
BlR, 1 ELA A AR PO Al R R

O. NHR  Pd(OAc), (10 mol%)

. Ce(SOy); (6.0 equiv.) oy 0
DMF (6.0 equiv.
NHTF (6.0 equiv.) |\\ NHR (1)
~H MeOH (0.2 equiv.) NTf
/ | DCM, 120 °C, 2 34
NS
y
R 33
O CO,Me COzMe

QEA RS

34a, 68% (100% conv.)

o J/OAC OAC
NTf @:

34c, 61% (88% conv.) 34d, 58% (8% conv.)

e

34f, 60% (25% conv.)

o

34b, 57% (72% conv.)

O CO,Me COzMe

HLN)"" _iPr
©:NTf H

34e, 57% (68% conv.)

2 [E{IEREHRE
2.1 [EMIEENRR

AR, VAREUK R WA 9B BT, Yo SRS
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RIET 2L IAAL Csp®)—H 4B BEAk R M.
2017 4E, Yu ZEPORRE T EAR AR UK A 3R EAL T, N-Xt
éﬁmﬁmgﬁ%M$ﬁﬁ&$%%MMﬁcwﬁ H

M%ﬁ% gmmucmn Hﬁ%w&ﬁ(miﬁﬁ
FE AT DA B FEVE AL B D I R RAR TS ;. (3) S B BT
A8 PG A S T 85 BRAN 1) 4-BR 2 mibme, RIS S AR fTEL
AR5 11 g 15 B (PO ML E A, 3R A B U AL IR, (4
JSE ) DX 338 B PR 47, AN AT LR RIS AR AL 5 4K 1 i =
Y, (5) A 52K N ZRRER S5 F AR N-XF il 2K
TR (NS) ORI I a-Z 3K A IRER . 2- 05 BRI AT
WIAE 2800 s 37 6 R Sz B0 1) 437 5% JE 4k 2 B (Eq.
15).

BT R AR SCRkIRIE, TEE R T AL ALK B 0
A5 10 2 TR R B 1 1 7 Bk S B 5 AR b S B AL B
(Scheme 2). (1)L E 46 /2 A B A0 TR AT A7 Al S Bt vty
WA A 1, FR A BEUK R I B4 N TR B
()R TL. (2) R R4 T R A= e A B S B G A T 1 T 3R
e L, B S R ARE R A EINERE R PA(IV)
HREMA TV, (3) PA(IV)H R TV R AR 38 TR 9 Bk 2B f (17
FEALI PAADYIFY V, B S TR AE B OK O K T B AR 2
PA(ID)H AR TV, iR )5 15 B & & BAs =y, fAd

R
mNs PA(IIL

NHNs
PdL,,
Ar Y side-product \(

Pd”L
\ NsHN._ R

iv X Ar

E 2

sE s a2

SZiR SR
Me CO,Me Pd(OAc), (10 mol%)
AgOAc (3.0 equiv.)
NHNs ~ * A
4-Ac-pyridine (20 mol%)
H Norbornene (20 mol%)
35 TBME, 80 °C, 24 h
Me CO,Me
mNs (15)
Ar 36
Me CO,Me
Me CO,Me
NHNs
NHNs
CO,Me
O CO,Me O
0 Me
36a, 84% 36b, 89%
CO,Me

Me
O NHNs
! NO,

36¢, 96%

PA(ID)FEN T —HEALIEIR. 75 ZE 0 B A 2 P (A4 T AN TV
HRET DAL P A0 JE W B T B3R T b AT A W o R
PR, SCHRER 4y B IR RAE T A A

R
%Ns
H
NsHN\<

A7

Pd”L
I

Bz C—H F5 FAL AT ey EE

Sceheme 2 Plausible mechanism of directed meta-C—H arylation
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2.2 [EIfkREA R R

ST Yu SEHRIE PR S5 S N, S AT
KR T AR R UK A i 2L R AL R, BL AgOAc NE L
A, mb e VRO A, R RCT JE K (TBME) N % 57, 1E
80 CRPMIZIET, N-XF Al FE AR R (Ns) 2 A 2R F i
37 SRR 2 A AR IDE RN, AR BT AR R [
FALF W) 38 (Eq. 16)2Y. % NAE 2 s il #0A h 4%
Z RIS, 3 BA BRI E R R 20, xS,
U3 PR BRI Qo B SV I A 22, Bt 24 PRIl 2 )¢
TE BB SR RAR, A8 2 M T k288 =2k
Jl. TR TR A oK 2 BRI VS MR LT, PR
B R T LA B 92%. 55 2 A i TE] A7 55 364k [ i 2
ABL, 4 ) S8 R IS B AAR 28 H (L AR . B UK R U
T R R B AR AT S B A B R B AE ), E X
BITE T TR e 30 s B Hpr, 03 ) AR 22 A1 1 B UK
0 5o s B AR 0 A5 SR AN B R, R O M R s
2,3- R S TR TR A 1 P A 0K 0 SR Al A SR b 4F,
NIRRT MR B RE S LR R, AT
i SN 8] 437 55 F A S5 S AR ZRALL.

CO,Me Pd(OAc), (10 mol%) CO,Me
Pyridine (20 mol%)
NHNs AgOAC (3.0 equiv.) NHNs
+ RA - (16)
~ l TBME, 80°C, 24 h g |
NS S
¥1
37
NBE' (1.5 equiv)
R'=H, Me, MeO, X (F, CI, Br)
R2 = Me, Et, CH,CO,Me
3 ZEip

B2 o R A T 20 B 2 1 AT 2,
AR T A B R AL A VI C(sp)—H T kA,
R REUE T AR, D2 RIET ZMETH c—1,
C—C [# C(sp?)—C(sp?), Csp’)—C(sp) il C(sp>)—C(sp”)
), C—N, C—B A1 C—O M, B MR N AR
IS K A, 2 0 09 AD B, % T P A I I8, AT A o e
fho AL, 5L, AL, BORfL. BREEIL. B
ALRIT 7, T8 5 5 P R B 5 72, 2 o — M
SR T R AT, S AR AU
1.

e T T W A A LA T B A A e
TN, SR TSR IR AR OS2
92 JE T 4 0 R AL B B 20 553 1 JE B,
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FEARIETT A (DKEEZNE RN %,
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