YAKUGAKU ZASSHI 131(9) 1323—1327 (2011) © 2011 The Pharmaceutical Society of Japan 1323

—Review—

BB ELOREEZ#EE §5 3 - FRIERICORMASR

SULRE =

Novel Iodocyclization Method Based on the Controlling
of Oxidative Aromatization

Takashi OKITSU

Kobe Pharmaceutical University, 4-19—1 Motoyamakita-machi,
Higashinada-ku, Kobe 658-8558, Japan

(Received May 17, 2011)

We have developed a new method of iodocyclization based on reagent-controlled oxidative aromatization. Our
strategy takes advantage of the dual nature of iodine as both an iodinating and an oxidizing agent. This approach ena-
bled ‘‘product switch’’ and enhanced the flexibility of the synthetic pathway toward pyrazoles and isoxazoles. In addi-
tion, the iodo moiety of the cyclized product could create further diversity. The utility of our methodology was demon-
strated in the synthesis of valdecoxib and its 2,5-dihydro analogs.

Key words

1. [FL®IC

Lo 3 T Fid#EZ2 A5 3 — RELONIE, B
bR Z2&27-D0FEELTORRST, £U 53
U EEAL DI D EHREEALTRRE/R Z &S, 2k
HicEDMLEME AR T 5 FEE L THRIWNRST
HHRERETH S (Scheme 1, endo BIBR(L D A3
). RILICARD, YIVFCEREEELZI—R
AL IR OBFEIHS T TIEFRIITODN TN 57,
AFEERAYPEE S ZEML 2T — RBRIEKR
EZDRAEICONWTIIEZZ DT DI, Zh
L, EFESEIT7INVFOEREBHE LI — RERE
MIRZEIERAL, ZHETIIR>Y [b] 77 KD
AEOEFROGHIEZRAFEL Tn5. 3 T 2T
FH O A LEIET D0, BKOH D HIF5IHGE
EHBEIZLUTHEERWN,

—EBET 2 DORIBN—BITHEITT 55 > T LK
ST HEE - FHHOTREZ2ERTE SO/ A
b, fEH#Rl, RBEERORICBWTEREICENT
W3, EFIIMOITRAED 13— MMUEE &

HE KPR (T658-8558 i i sl [X A (LI -{L BT 4—
19-1)

e-mail: okitsu @kobepharma-u.ac.jp

AL, ERE 22 FFE H ARSI E (L
HREE) OZEEHAEL CGERLAZHDTH 5.

iodocyclization; oxidation; pyrazole; isoxazole; alkyne

Mefbee) D2 DOOMBEICEBHL, 256 2#l#H T
ENNTH—RIEEY > T LARICDY D BEZ ZITA S
bOEEZT. ThbE, ADI— RRI{IERRIC
K 0AU BB AR B A, T UERALED It
BEL KD FHFNINTCEERTHDTHIUL,
UHRAEOREZHIET LS L TB & COfE
DT L& 72 % (Scheme 2). A&
T, EFZEMEE LAY O RKAIRIH ZZFH L,
I—RBRIERBZEBETLIE T IV KU1V F
WRVESIVEE ¢ 0) - £ AONN I Aibb X (AP =R
Iz DWW THEEL .

2. EZYV—IILBBOBE

AFRRER T O IVFENT I a=I ET7TLEY
EDOHIERIEIITED 1 TRTESIES NS T 0
JOIVFIE RSP RlazEEEL TI— RRIEK
JhZEmE Uz (Table 1), ZD#EHE, IUHFERAEEL
L T bis (2,4,6-collidine ) iodonium hexafluorophos-
phate [I(coll),PF¢]®Z A5 & 2,5-P RotE S
V=)l 2a MEIERTHE SN2 DIZK LT (Entry 2),
NIS/BF;-OEt, DA GO EMEICHTEE T —
W3IN—FNICELNEZEZBEWH L~ (Entry
5).D ARIED—E % Table 2 IZ;x L7208, 7L
FUOOBEBHER N7 IVEELZEZIVED
BRIC BT 78 R CERALRAE RS 5 NS DA 5



1324

Vol. 131 (2011)

Nu I*
R— lodocyclization
I* source Nucleophile

lo, ICI, NIS, C: malonate, ketoester, aryl
IPy,BFy4, N: amine, imine, sulfonamide, azide
I(coll),PFg O: alcohol, ether, carbonyl group

S-R, Se-R, Te-R

R' unit

RNu

——

Functionalization R’

Pd-catalyzed
Mizoroki-Heck reaction

Sonogashira coupling
Stille coupling

Suzuki-Miyaura coupling

Scheme 1. General Strategy for the Creation of Functionalized Cyclic Compounds by Iodocyclization
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Scheme 2. Concept of This Work

Table 1. Iodocyclization of Propargylic Hydrazide 1a

COiPr CO,iPr COLiPr
HN ] N , N
N-CO,Pr Ph 1 “N-COPr 4 Ph o
Ph—— CH,Cl, !
[ [
1a 2a 3a

Temp. Time 2a

Entry [I*] (equiv) Additive? CC) (min) (%) ((3;/?)

1 I(coll) ,PF¢(2) BF;-OEt, rt 30 17 44
2 I(coll),PFs(2) none rt 30 85 0
3 NIS(2.5) none 0 180 19 7
4 NIS(2.5) BF;-OEt, 0 30 o 72
5 NISQ) BF;-OEt, 0 10 0 84
6 IC1(2.5) NaHCO; rt 30 8 48

@ Equivalent of additive is the same as that of [I*].
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VR THE S5/~ (Scheme 3). X 5IZE{LAYFFE(L
ORISR 2~ 5 HITH 'Y 2a 2 NBS/BF;-
OEL flABGDOLERMETUHEL & Z 5 3— Rk
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Table 2. Switchable Access to 2,5-Dihydropyrazoles 2 and
Pyrazoles 3
CO,iPr
l(coll,PFs  RL_ N\ _co,iPr
COiPr CH,Cl, \§—(
HN rt | R?
N—CO,iPr 2
Rl—
R? NIS CO,iPr
1 BF3OEt, 1 N,
I N
CH,Cl, M
0°C | R2
3
Entry R! R?  2(Yield %) | 3(Yield %)
1 2-MeOC4H, H 2b(quant) | 3b(99)
2 3-MeOCH, H 2c(79) 3¢ (74)
3 4-MeOC4H, H 2d(78) 3d (quant)
4 4-NO,C¢H, H 2e(3) 3e (0)
5 2-thienyl H 2f (88) 3f (91)
6 3-thienyl H 2g(84) 3g (90)
7 3- (N-Ts-indolyl) H 2h(83) 3h(87)
8 1-cyclohexenyl H 2i (54 3i (70)
9 n-Bu H 2j (60) 3i (28)
10 Ph Me 2k (97) 3k (80)
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COaiPr NXS (1.5 eq.) CO,iPr CO,iPr
PhNoy-COppr  BFaOB(15ea) o N ph Moy
\§—/ CH,Cly, 0 °C \§_// K_’/
| 10 min | Br

2a 3a 4a

For NIS:  67% 0%

For NBS: 9% 72%
Scheme 3. Transformation from 2,5-Dihydropyrazole 2 to Pyrazole 3
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Scheme 4.
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SFINTIARN)—ICBWTEHEAREZERTHO,
I— RBRILSZFIA LB iEnmE ST\ 5,
Larock H13 O-AFI)IAF T LE2RBELEAYVF
PV = I EkiEE LWL TH D, P Knight 513
N-L2IN 7N aFTT7IadBEqeli25YkE
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Plausible Reaction Mechanism
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EFHZ, BEETEHNINA—-RNTRELEZT IV
JFPT7IUSEIEEEL TI— RBLMSIERIC
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EHVWASEMATIE2,5-CE ROy FH—)L 68
5541, NIS/BF;-OEt, DA HEEMTIZ YV
FHYV I T E2ENTIEIRNICEZ 5 Z &0 h
o7z (Table 3).'® 5 DA )L/)N A — R~ R} FR12D
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Table 3.
ic Hydroxylamines

Iodocyclization of N-Alkoxycarbonyl O-Propargyl-

Cllbz
I(coll),PFg rL N,
—_— \ (@)
/COZR3 CHthC|2 ,
HN 3_ | R
b ] (R°=Bn) 6
R——
5 BF3OEt, RL Mg
L =
CH,Cl, —
0°C R?
(R®=Pr) 7
Entry R! R2 6 (Yield %) : 7(Yield %)
1 Ph H 6a(97) 7a (63)
2 2-MeOC¢H, H 6b(95) 7b (80)
3 3-MeOC¢H, H  6c(98) Te (58)
4 4-MeOC¢H, H 6d(80) 7d(70)
5 4-NO,C¢H, H 6e(87) Te (62)
6 1-naphthyl H 6f (95 7f (45)
7 2-thienyl H 6g(96) 7g (79)
8 1-cyclohexenyl H 6h(80) 7Th (66)
9 n-Bu H 6i (95 Ti (53)
10 Ph Me 6j (<96)2: 7j (96)
@ Compound 6j was unstable.
NIS
BF3OEt2 Ph /N\O
CH,Cly, 0 °C \S=<
15 min, 96% | Me
R =iPr i
COR ( ) 7i
HN
o)
Ph—=—
Me
(;)bz
\ I(coll),PF N
2FPFe Ph 1 0
CH,Cl,
rt, 20 min | Me
(R=Bn) 6
(Unstable)
Scheme 5.

spP FLOGHAETSH, WEXSBRIEEERNE SN
7= (Entries 8, 9). 7O /N)VFX LIz E i R2 Y
HBHZEITNTEL DBREK 6 ZIALETH > =
(Entry 10), ZOXE/70x Ay 7 7T
ETRERLER2,5-C ROV FH ) —)LIE
5152 ENHMN o7 (Scheme 5 THER).
EFEIARRISOFERMEZHENOS720, AT O
A RRVIRIEE E L TH 5N 5 COX-2 fHEH val-
decoxib (8) KUNZ?D 2,5-Pk ROk 9 DERRICH
F L/~ (Scheme 5). 5§ (R=iPr) ®3I— RE{LX
/BRI BRI R Do N1 Y FH ) —)L Tj
2, TRD 4- (72 Z)VKRZ)V) X>E> RO
B DWAR-EH N v 7 TR T &I
&£ U valdecoxib (8) DERKZEZEMR L=, £/, 5§
(R=Bn) @3 — RE(LRIETHSN 6§ ZALE
Thd10, TOEEMA-EMA Y TV 27 Kk
%175 Z & T valdecoxib @ 2,5-k ROk 9 % 2
TRAOBNETHEL LKL HHITARE
1¥, Knight 5O FIEICBNTHEL > TWEE
REFALICPED HHEMWICKH L TEE S 0REFIZ£<
MEEBRSRNSZETHD, T DM Heck KRS

B(OH),

H,NO,S N
Ph \
Pd(dba),, PhsP /— 0
20% NayCO3 aq.
Me
THF, reflux
13 h, 54%
H,NO,S
B(OH), valdecoxib (8)
H,NO,S Ebz
Pd(dba),, PhsP P~ o
20% Na,CO; aq. )
THF, reflux Me
13 h, 40% (2 steps)
N-Cbz-2,5-dihydro-
valdecoxib (9)
oo o
2 3/2
EtN Ph \N\O
CH4CN, reflux M
3 h, 52% (2 steps) o ©
M602C 10

Synthesis of Valdecoxib (8) and Its 2,5-Dihydro Derivatives 9 and 10
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BE AWM ERIRY: - AR ET
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T SRR R R B, AT < AP0
JHELTRFIWEL S mERERENIL RITH
1%, WM NS KPR R T B A S e Rk R 5108 B
WESHELHFL BT Ed. BEARATYSEHEEEL
I HETFHE LIRS EHBUL T, LA 0%
WCHEEE W EE £ L /= Taterao M. Potewar 1#
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