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Viridicatin derivatives were synthesized from cyanoacetanilides utilizing the CN groups as electron-withdrawing
groups and leaving groups. Also, the key scaffolds of glycocitlones were constructed via the intramolecular Houben-
Hoesch-type reactions of cyanoacetanilides where the CN groups functioned as electrophiles. It was found that Houben-
Hoesch-type reactions of cyanoacetanilides were promoted by a-functionalization such as perfluoroacylation and N,N-
dimethylaminomethylenation and that introduction of such substituents at a-position with respect to the CN groups
greatly influenced the physical properties and chemical reactivity of the CN groups.
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Scheme 1. Cyanoformanilides (1) and Cyanoacetanilides (2)
as Versatile Synthetic Intermediates for Nitrogen-containing
Heterocycles
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TR IR 5 DAY IR B R TFE D BT IR 1T HE
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SERALIIRR 2 IRBRE S FIEETH D, 2T S H DM
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2. 27/ EOBFRIIGERVEBEREZFATS
viridicatin 38D TR S A E D BFES
Afficy)—IIVEEET S 2-F /02 FEKE
(Fig. 1) &, HidA - P11V AIEEIR E DR %
IREYNEEZRT ZENHSNTHBD, 0D HELL D
BRI O OIEHEICBE T 270t Tnws, L
7/ L, viridicatin (8),® viridicatol (9)% <2 3-O-meth-
ylviridicatin (10)19 D X S5 1Z 3 fLIC/KEEEZHT S
FBERT OARICBE LTI, B0 A L1 Al
S5NTNEDAHTHD, TNH6DHEIILHRE
HE2ETHHEROERICHEL TR, ZI T,
I & DB R, R 2 H 9 5 viridicatin #
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Fig. 1. Biologically Active 4-Arylquinolin-2 (1H) -one Deriv-
atives
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Scheme 2. Strategy for the Synthesis of 3-Hydroxy-4-aryl-
quinolin-2 (1H) -ones 7
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Scheme 3. Optimized Conditions for the Synthesis of 3-Hy-
droxy-4-arylquinolin-2 (1H) -ones 7
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Table 1. Substrate Scope of Cyanoacetanilides 2¢

R? CN1) Eﬁﬁﬁ?d?ngza)’ 2 o
N” 70 2) tBUOOH, KF, MeCN N No
R n,24 h m,5h R
5 (one-pot) 7
Entry 2(R!, R?) 13 (yield %) 7 (yield)
2b(Bn, H) — 7ba (40¢)
2 2¢ (PMBY9, H) — Tea (729)
3e 2¢ — 7ca (82¢)
4 2d (PMB, Me) 13da (49) 7da (99/)
5 2e (PMB, Br) 13ea (88) Tea (85/:¢)
6 2f (Me, CI) 13fa (69) 7fa (92/:¢)

@ Unless otherwise noted, all reactions were carried out with 3.0 mmol of
2. b Isolated yields in two steps from 2. ¢ Isolated yields in three steps from
2. 4 PMB=4-methoxybenzyl. ¢ Carried out with 30 mmol of 2¢. / Isolated
yields from 13. ¢ 13ea and 13fa were consumed in 24 h.

iR SN GR LT H I EMTELDT, X
IR 2 OEHIE (RL,RY) 269527 /Mgy =
U R2bf ZHWTRIEZIT> 2 (Table1). 7 2
REZRET LOo@EHE RVUIREKIE (13—-7) 12
WETHD, RIEMXD)VHE (Bntry 1), /NT X
N X2P)VHE (Entries 2-5) A F)L%& (En-
try 6) OB E, BREFBRNETHIET 28RILAK T =
H Ak, —h, RRPEREDODHD (R'=H) T
BRI 2 <#ET LMo 7219 FHER EOER]
HER2NFFNETREIFEDEE, KIZDTEITDOR
R 229 2500, BKEK T2 RIFRIRTHS
7~ (Entries 5, 6). F/=, Table 1 iIZIFI;RL TW
SN, R2RNIRETFREIE (R2=CF;) D
BITIRIERONTE T Liniho 7z, AFETIE, T
RFEI R B EHEMERCHNTILIOARMT 7 4 —
RO —REARE LU THEET S I EBHREETH D
7% (Entries 4-6), 7L AJ2—Y > 7 ZF|HL T13
OHMEZTOTICRILKR T NGO ND T EHRET
NEHTHS (Entries 1-3).

KiZ, HrxOBEMRMIELER Z2HT 57 )T E R 12
IZDOWTHF 2T > 7= (Table 2). ZOHER, &
it 5.4 (Entries 1-3) & T:Kk5[3 (Entries 4-6)
EHTDHZNXA7IITE RFEAKRZITTRLS, R
MATOEROYE (Entry 7) BRI 2 ERAAK T
MEHRINBETHS N, BfRE R ITRE KR
(13—7) BT B HIIVRHFF P HEOAERITEHF G L
THy, EFHGHoEHREZET 5EE (En-
tries 1-3) TIXRIEKIENHEIR THESONITHETL 72

Table 2. Substrate Scope of Aldehydes 12
1) R3CHO (12), R

CN Piperidine,
DMF, rt, 48 h H.S0,4 ~ oM
(13)
N"So MeCN .

s 2) tBuOOH, KF, it 5 h N0
rt,24 h R
2 (one-pot) 7
Entry 2(RY) 12 (R?) 13 (yield®) 7 (yield)

1 2¢(PMBY) 12b(3-HOC¢H,) — 7cb (59)
2 2a(Me) 12¢ (4-MeOC¢H,) 13ac (70) 7ac (89°)
3 2a 12d (1-naphthyl) 13ad (87) 7ad (90°)
4 2a 12e (4-BrC¢H,) 13ae (86) 7ae (86<°)
5 2a 12f (4-CFsCH,)  13af (78) 7af ( 09)
6 2a 12f 13af Taf (71</)
7 2a 12g (2-thienyl) —  7ag (38Y)

« Isolated yields in two steps from 2. ¢ Isolated yields in three steps from
2. < Isolated yields from 13. ¢ PMB=4-methoxybenzyl. ¢ 13ae was con-
sumed in 24 h. / 13af was treated in trifluoroacetic acid at 100°C (reflux)
for 24 h.

o of

H,SO,
O o OH anisole . OH
trifluoroacetic acid O
L e reflux, 24 h N0
PMB H
Tca(X=H) viridicatin (8), 73%
7cb (X=OH) viridicatol (9), 64%

Scheme 4. Deprotection of N-PMB Derivatives

DITHL, BWEFRGIEEZHT HEE TIImESE
HERNETH-> = (Entry 5 vs. Entry 6). F/z,
Entry 12138 L TWAR WA R3 2% -Bu 72 & D EH5
BEOBEHE DG E IR INE R < ET LR -5
7z,

BIRIZ, INTARFIRD)NVEERRET S Z
L 12 & > T viridicatin (8) &N viridicatol (9) D&
k% Rk L 7z (Scheme 4).

3. L7/ EEKREFEIELLTHATZERY
/ B BIREBUEDRRE

31. 27/ EaffiORLT7LADT I IUEICE
> TR & 1% Houben-Hoesch Y [ i D B 517

Houben-Hoesch 202213 = b U )L DB F K
BTFEBXIGTHD, TOHFHRNRIIGICELD 1-57
croOo R oy, 4-F/ 02 ENDKRLIBRER
WIEEYINAERT S, = M UMD VIR B
BARTHHHEI7 O RiaE &R U THRDFNIE
STHBHKME, —WANTSORENZ L <, sRWEEE
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ZETEMET BT Th<ETEERARRZM
AU B RICRIZE S NN, EFHIETLD
1B F1 7245 T D Houben-Hoesch iz Hig L, LA
TOXS E¥KFHZN. T/~ (Scheme 5). T 75
B, 27 ) afiEBMT S LIk THRIE
OZNUIORREZEN EXE, MbEREET S &
WOIHEDTHS. £z, afLDBER &L RN —
ZITHEFT I UL, EREE LS NARIKZ REICHE
% EINARRICIR S,

¥9, 7 /BT =V R 2 2HWTHE Ot
Zfro> 7 (Table3). HBREWI &I, 2 O DMF
BHIZ U 7))L A ORERIEEKY) (TFAA) % SOB S
e lAh, 7/ HafiNnO M) T7)AOT L
F)L{t.& Houben-Hoesch D st —281T 7T L
3Ly 7 A a7t FINEEETSF /0K

Ne o 0

R NUR" H* andlor Lewis acid R! R2
0 (R'=EDG) 3
X X Houben-Hoesch reaction X X

o functlonallzatlon X=C,N, 0,8
(R?=
milder condition . O
¢ B (R' = EDG, EWG) Fi\ FG
§ |
CL g
X=N

Scheme 5. Synthetic Strategy for a-Functionalized Benzene-
fused Cyclic Ketones

Table 3. Survey and Optimization of Reaction Conditions®?

OH O
QL Lz g
solvent t,24 h = N o
Me
2a,14 15a
Substrate X . Yield of 15a¢
Entry (R) (equiv.) Solvent (%)
2a(CN) 1.0 DMF 14
2 2a 2.0 DMF 38
2a 3.0 DMF 84
4¢ 2a 3.0 DMF 89
5 2a 3.0 — 0/
2a 3.0 DMA 0/
78 14 (CO,Et) 3.0 DMF 0/

@ Unless otherwise stated, all reactions were carried out with 3.0 mmol
of each substrate. ® TFAA=trifluoroacetic anhydride. < DMF=N,N-
dimethylformamide, DMA=N,N-dimethylacetamide. ¢ Isolated yields.
¢ 15 mmol of 2a was employed. / No reaction occurred. ¢ 1.0 mmol of 14
was employed.

BanfGonsZ 2R 0WHUZ (Entry 1), 334
BOD TFAA 235 2 & TINEIL 84% £ Tl L
L (Entries 1, 2 vs. Entry 3), KJIED A —)L7 v
TORGBIATD TEMNTE 2 (Entry 4). [Ub % 1
BIEEMEDP NN-DAF IV T7 2 7 2 K (DMA) H
T &z e<#ETLiahokZ &5 (En-
tries 5, 6), DMF 2VEE /2% &2 L TW5 Z &R
XNz, /- Entry 7T DFERKD, Ay 57 LR
FIMZIZS Y JEDNBAETH D ENbrok. &
& T LELNY 7))V A 07 v FIVE-RL KIS E
BRI Y /MY =) RE 2h-k I B
AHETHD, ﬁmﬁé#/m/%whk#¢ﬁﬁ
NS BIHRINERTHE S5 /- (Table 4, Entries 2-5).
if:, HLTO)’\JI/7)I/Z‘E17)I/77‘/@ﬁﬂ(%’&ﬂ%)f:
HFD Y > 5 AR L, HINd 2
:F/ O 5 1820 MEWINER TH S5/~ (Entries 8
qm —7i, mmM@%mmﬁué&%Wﬁéﬁt
I3 E 2 < #f7 L 72/n o 7= (Entries 6, 7).
Twm4f@mbtﬁwm/@ﬁm%@@mL;
3 ONTEDEZ T 5720, WK 2127 25
BAERL, TNo50T T JEORMAEIL (IR) A

Table 4. Scope and Limitations¢

OH ©
1 '—(j\ LCN (RCOR0 @0equ) NN\ R
R N"So DMF, 1t, 24 h R NS
R? R2
2 15-20
Entry 2(R!, R?) Anl‘g{d)ride Product, Y(is/ic)lb
1 2g(H,H CF; 15g, 0°
2h(p-Me, Me)  CF; 15h, 82
3 2i(p-Br,Me) CF, 15i, 60
49 2j (0-Me, Me)  CF, 15j, 55
5 2k CF; 15k, 60
CN OH O
L L 408
” ° (Y e
Et
6 2a (H, Me) CH, 16a, 0¢
7 2a CeH; 17a, 0¢
8 2a CF,Cl 18a, 85
9 2a CF;CF, 19a, 86
10 2a CF;CF,CF, 20a, 84

@ All reactions were carried out with 3.0 mmol of each substrate. ¢ Iso-
lated yields. ¢ The reaction resulted in a complex mixture. ¢ The reaction
was carried out at 50°C. ¢ No reaction occurred.
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Table 5. Comparison among 3C NMR and IR Spectra of CN
Groups

RCOX (1.0 equiv) N\\ R
@\ LCN MgCl,, Et;N @Y\OH
N o) MeCN, r1, 4h 'Tl (o]
Me Me
X = Cl, RCO,
2a 21-27
Yield¢ 13C NMR?® IR¢
Entry Product (R) (%) (ppm) (cm-1)
1 21(CH3) 75 115.2 2211
2 22 (C4Hs) 53 116.1 2212
3 23 (4-NO,C4H,) 85 115.1 2213
4 24 (CF;) 58 110.8 2223
5 25 (CF,Cl) 20 111.2 2222
6 26 (CF;CF,) 40 110.6 2224
7 27 (CF5CF,CF,) 11 110.6 2224

“ Isolated yields. ® Chemical shifts of CN groups observed in CDCl;.
¢ Wavenumbers of C=N absorption bands.

RZ M)VKOBCNMR ZR7 MV Z &KL 7=
(Table 5). X)L 7))V A0 7 2 )LLIK 24-27 (En-
tries 4-7) O 7 J D C=N fEIRSE)IC & 2 WKIY
122222224 cm ' TH O, 7 UMLK 21-23 (En-
tries 1-3) O (2211-2213cm 1) KD H 9-13
em ! M TH o7z, NS ORERIT, 24-27
D C=ENFEGDREN 2123 EHRTEWI £ &5
LTW3, F£72, 27/ OB CNMR{LFES 7 b
i 5 &, )L 7)bA 0T )UK 2427 O
M7 IR 21-23 L D % 3.9-5.5 ppm & G5 T
»HUO (24-27: 110.6-111.2 ppm, 21-23: 115.1-116.1
ppm), 2427 D7 ) OB TEENEHITEL L
STWBZ ENbho Tz,

I 50T, 21 LT 27 @O X Rk A2 2 @bt L
mEZA, 21O C=N#EAE (1.136(2) A) 1321
(1.157(4) A) L U TIEBICELS B> TNWBH I L
WS M E72 >~ (Fig. 2).

KIZ, 7B 21,23 RO R 7))V A a7 &
FIVLR 24 O G g U7z (Table 6). kU
7))V F a7 v F )UK 24 ® DMF {E#KIC 2 B ED
TFAA ZER S E % &N I KIS HETT U 152
NESNZDIZK L (Entry 3), 73Uk 21 K&
C233RUCRBEHETTC2<KRLAEN> &
(Entries 1, 2). 7=, 24 OB % DMA Ik
DIVEMSEMTIT D CINRDE TARA SN Z &
% (Entries 5, 6), 24 OB NIC DMF WEE /L
HEEL TWD ZEDRBINE. 512, TFAA

Fig. 2. ORTEP Diagrams of 21 (left) and 27 (right)

Selected bond length and angles (deg) of 21 (A): C(10)-N(2) 1.157
(4); C(9)-C(10)-N(2) 175.0(3) . Selected bond length (A) and angles (deg)
of 27: C(1)-N(1) 1.136(2); C(2)-C(1)-N(1) 176.70(18).

Table 6. Control Experiments¢

N R OH O
AR reagent
OO &5 s
N~ 0 solvent
i i, 24 h e
€ Me
21 (R=CHj) 16a (R = CHy)
23 (R = 4-NO,CgH,) 28a (R = 4-NO,CgH,)
24 (R = CF3) 15a (R = CFy)

ield
Entry Substrate(R) Reagent Solvent Product, Yield

(%)

21(CH;) TFAA DMF 16a, 0¢
2 23(4-NO,C¢H,) TFAA DMF 28a, 0
3¢ 24(CF,) TFAA DMF 15a, 89
4de 24 TFAA DMF 15a, 80
5 24 TFAA — 15a, 0¢
6 24 TFAA DMA 15a, 50
7 24 TFA DMF 15a, 0¢
8 24 Ac,0 DMF 15a, 0¢

< Unless otherwise specified, all reactions were carried out with 0.3
mmol of each substrate. ? Isolated yields. ¢ No reaction occurred. 7 1.0
mmol of 24 was employed. ¢ 1.0 equiv. of TFAA was used.

DEDLVIZNY 7)) A OFEEE (TFA) * HEKEERE
(Ac0) ZHNTH 24132 < KIEET (Entries 7,
8), TFAA 324 DIELKRICHATH 2 Z END
Mmooz,

EOREREID, K O F LRGSO ISR LA
TOXDOITEZDZENTES (Scheme 6). F
T, AL TIVA DT IVH B DMF &R L
T Vilsmeier ORI A 24T 5. 292 OIFEMHER
FLoRRE AL T DIMbE N, FREEK 24
21%52%. BTEEOHKLEZ24210D7 )
FHITRETFH GAEA HDHVWIEEAR) 7))V AT
TV ) ICKBHIEREEZ T 5 <D, EORk
R, Bt < BALRIEDVEE S NUBRILIKR 1520 2 5.2 5.

DY JHEHD oIV TIVA O Y DIViE N
BAINDE, 27 EOYENEEEET TR
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OH O OR* OMe OH
CN 3
QL o (L™ 504 S
N o DMF,rt,24h I‘|\| 0 / N"So N o
Me Me R2 R Me
2a 15-20 .
29 glycocitlone A (30, R = H)
A - perfluoroacylation glycocitlone B (31, R = OH)
< activate ) workup glycocitlone C (32, R = OMe)
the CN group
Fig. 3. 4-Alkoxy- and 4-Hydroxyquinolin-2 (1H) -ones
high
electron
density N
@Y@ @Y )
—_— .Me
promote OH Cyclization H™ N
Me cyclization 4 & Me
24-27 XX 2CHO | Functionalization .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 29 m— R“:— 3 ——— SN CN
(30-32) = i
o N™ 70 Rl >
A - Q o) R? N"0
S LD WS s v
RF)J\O Rp ————— RF/KO g o Re 2
G NN
Re=0F;, OF,0l, acfivated by DMF H 'I‘ Scheme 7. Synthetic Strategy
CF;CF,, CF3CF2CF2 A

Scheme 6. A Plausible Mechanism for Perfluoroacylation-in-
duced Cyclization of Cyanoacetanilides

TN RE LS EIL, 7 TN Houben-
Hoesch RIGME#E I ND Z ENBH SN ETR S 7.

32, DT/ EafIOCAFILT I/ AFL AL
RIS(Z & > T{RAE E 1.5 Houben-Hoesch &R IED
BA%E & glycocitlone S A~ DIGHSY 4 71T
KEHEDHDNITINIFEEETSHF / O0R
29 13 glycocitlone 38 (30-32)29 2150 < D KA
WEENZ2HEKTHD (Fig. 3), i1V AiEHE
IREDRAIREMEEZRT ZENMS5NTY
% 20

EHL, 3IMETALICENTNEMAIEETH S
BHReE (RVIIVEKRWKERE 2635F /0>
%%&3ﬁ§%@29%Am?6t®®EE@$ﬁ%

WZR0DEDEEBZ, 33 ONENRERIEDMH %
HigU/z. 33 13miHE PO G RKREIRICE > T
7T =) R2EDMF NS &R TEDRHD &
# % 7= (Scheme 7).

2 DWE 21T o 72 #5R, 2a @ DMF i5#IC 3
YEOE/AKRNI 7L ADORASY > Z)VKR B (THO)
ZEREIES E, EHEAFL ORI I E
2T ) DTN EGERE T BRSNS —21THE
1L, EOF /0 KR 3BanNBiFRINERTHESNS
ZEZBEWHL /= (Table 7, Entries 1-3). X%
FTHRATHEFHRIND N Z)LADORAY > )V

Table 7. Survey of the Reaction Conditions“

R OH
@\ L reagent X, -CHO
N™ 0 DMF
1 N (e}
t,12h |
Me Me
2a, 14 33a

Entry Substrates(R) Reagent? (equiv.) Yield of 33a¢

1 2a T£,0 (3.0) 71
24 2a T£,0 (3.0) 84
3 2a T£,0(1.0) 26
2a TfOH (3.0) 0°
5  2a T£,0 (1.0) + TfOH (2.0) 29
6/ 2a T£,0 (3.0) 0°
7 14(CO,Et) Tf0(3.0) 0¢

@ Unless otherwise noted, all reactions were carried out with 3.0 mmol of
substrates in N,N-dimethylformamide (3.0 ml, 13 equiv.). ? Tf=trifluo-
romethanesulfonyl. ¢ Isolated yields. ¢ 15 mmol of 2a was employed. ¢ No
reaction occurred. / The reaction was carried out in N,N-dimethylace-
tamide (DMA). ¢ 1,2-Dihydro-1-methyl-2-oxoquinoline-3-carbaldehyde
was obtained in 799% yield.

AR E (TTOH) 1 RICBEE L TWhisn Z AR
B X7z (Entries 4, 5). F7/=, A7z DMA T
ABHERBMNELET LR KRB ZENS (Entry
6), R THAT S Vilsmeier B D [ 2D 3
KY OFARISICBNWTHEELSEREZ L TWD L
ZEZAB5N5. 51T, AR TFEBKIRIITEED >
T EBWETHDZ ENDMh>7= (Entry 7).
F/OVERIBAKRDERERIEZMHLT D EN
TE/ZDT, RiICHADEBEHRILR, R Z2HT 5K
BADwEMZil#A7- (Table 8). HFHEIRD/N I L
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Table 8. Tf,0-mediated Tandem Formylation/Cyclization of
Cyanoacetanilides 24

OH
CN s
R'JL\! L THO 30ea) @\/iCHo
INPZN — & R4
N" 7O pmF 1t 12n 7 N0
R? 32
R
2 33
Entry 2(R!, R?) Products Yield (%)<

1 2h (p-Me, Me)  33h 79
2 21 (p-OMe, Me) 331 69
3 2m (p-Cl, Me) 33m 80
4 2i (p-Br, Me) 33i 68
5 2n (p-CF;, Me) 33n 61

330(5-Me) y
6 20 (m-Me, Me) 13307 (7-Me) 78
7 2j (0-Me, Me) 33j 80
8 2p (0-OMe, Me)  33p 69

2k 33k
OH

CcN X CHO
9 O 82
N Q
JE° (rye

Et

@ Unless otherwise stated, the reactions were carried out with 3.0 mmol
of substrates in N,N-dimethylformamide (3.0 ml, 13 equiv.). ® Tf=
trifluoromethanesulfonyl. ¢ Isolated yields. ¢ The ratio between 330 and
330" determined by 'H NMR experiment was 35 : 65.

(Entries 1-5), A4 {if (Entry 6) &2 WidA)l b
fi (Entries 7, 8) WC@EMBHEZETHHEAITH BT
BINETHINT 2RILKIBZZH5A. £k, =R
O EWTH 5 33k HEHNETE S (Entry
9). FFEIREIL, ARBHIEFEITHNEFRGIHE

ThsCRhEZAEITLAHICOHEAMELRR TS
% (Entry 5).
cN  SOCl, or (COCH,
@ L {50 equiv} Complex
N0 DMF mixtures (1)
Me , 12 h
2a
POCIy Ng
(3 0 equiv)
2 T owE @Y )
t, 12 h, 25%
FEHITHRIRN Z LT, &Y 257 AR TF,0

DEDD \_ﬂﬁﬂ_"?ﬂ‘_—)b (SOCL,) = tAFHY
)% ((COCI)Z) FF Y > (POCL) ZH W
EHEAEITEeE<#EF LAV (Bgs. 1,2). %7z,

POCls 75:)33 W26 TIRBRILATIRAE T H 5 & H#HER

oTf
R’ H \?;Tfe 1 N N
R X
S O Y
Z NS0 ZSN"No
2 R? 34 R?
Cl What promotes B
)\\@ » cyclization?
H N” o
| Cl
c . OH
c |
T - SN0
No cyclization 33 R?

Scheme 8. Working Hypothesis for the Tandem Reaction of
2

INBT7ZUIINTZ R34aN25%DNETHES
N7z (Eq.2).282 E£FIL, NS OREROMHEN
KISZH TIAET S Vilsmeier B O K SF O K
WWERT2HDEEZ, LITOX D IREEER %
T7= (Scheme 8). 97235, POCI H¥kD Vil-
smeier JIHF C 13 2 DIEFHEAF L > ERIGL T 34
ZHELC2H00D, 34 2RT DIEHZR /2R,

NITK L, TF,0 M3k Vilsmeier B 7 # B 1%
4 OBRILKIEBMIEEL, 3B EERTIENDIDHD
Tdh 5.

% Z T, Scheme 8 1278 L 7=1EERGZMHIET S
Tewfic D34 250 (Table9), 2D IntEz
Bat L7z (Table 10). 343> 7 JHefE7 =1 K 2
ENN-DAFIHTIVLATY I RPAFIL T Y —))
(DMFDMA) % NMVIZ>H#EAT2 I &1k >T
61-99% DINETHKT 5 &N TE7 (Table 9,
Entries 1-8).

KIZ, Gk L7z 34 OIS Z X7z (Table
10). THE D, 34 @ DMF {5k % Tf,0 TULHE T
5 EEOBRLKENET L, HIOBRLA 33 7Y 88
% DINKRTESN (Bntry 1). ZOFEHRIT, Ta-
ble 7, 8 ICHBT 25 > F LARIKINA 34 2 L T
ETLTNDHENS ZEZMIRBTEIHDTH
%, DR EFBE, DMF 3R RISICBWTE
TiakEZHo TS EE X515 (Entry 1 vs.
Entry 2). HHWI &1, 3413 POCL; % TfOH %
ANBE&HTIEE< K LaWnw (Entries 3, 4) ,30
TFAA ERRL 3B Z2@mINETHEA S Z & &2 B0
LU7= (Entry 5). TFAA X Tf,0 & 0 &ZMICATF
AREM DRIV IKA 72D, TILATr—ILD
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Table 9. Synthesis of 2-Cyano-3-dimethylaminoacrylanilides
34

OMe
~ OMe g
CN | Mo o
SO NG IE Y o)
N o toluene =3 N (o)
R2 90°C, 1-4 h A
R
2 34
Entry 2(R!, R?») Products Yield (%)?
1 2a (H, Me) 34a 91
2¢ 2a 34a 99
3 2h (p-Me, Me) 34h 85
4 20 (m-Me, Me) 340 61
5 2j (0-Me, Me) 34 76
6 2p (0-OMe, Me) 34p 93
7 2¢ (H, PMB) 34¢ 62
8 2¢ (H, H) 3dg 83

@ All reactions were carried out with 3.0 mmol of substrates in toluene.
b Isolated yields. ¢ 80 mmol of 2a was used.

Table 10. Investigation of the Reactivity of 344

" N7 OH
N>
- @X reagent (2.0 eq) - d\ICHO
SN ——— R'|—
=z DMF =
N = t, 24 h N0
R2 R?
34 33

Entry 34 (R!, R?) Reagent Products Yield(%)?

1 34a (H, Me) Tf,0 33a 88
2¢ 34a Tf,0 33a 04
3 34a POCl; 33a 04
34a TfOH 33a 04

5 34a TFAA 33a 89

6¢ 34a TFAA 33a 88

34h (p-Me, Me) TFAA 33h 91
340 (m-Me, Me) TFAA 330+330 86/

34j (0-Me, Me)  TFAA  33j 83

10  34p(0-OMe, Me) TFAA 33p 70

11 34c (H, PMB) TFAA 33c 95
12 34g(H, H) TFAA 33g 0¢

@ Unless otherwise noted, all reactions were carried out with 1.0 mmol of
substrates in DMF. ? Isolated yields. ¢ Dichloromethane was used as sol-
vent instead of DMF. ¢ No reaction occurred. ¢ 80 mmol of 2a was used.
7 The ratio between 30 and 30" determined by '"H NMR experiment was
35 :65.

BRBBZIATOD ZEMNAETH S (Entry 6). %
ZT, LAF TFAA Z W2 R(LG &t L7z,

TR X R 34g ORACKINITET LR o 2
(Entry 12), 10 @Q DEHIER,R2ZEHT 534D
BRALKISZ M ICHET L, dind 58RIAk 33 2 R

Table 11. The Influence of o-Substituents on Houben-
Hoesch-type Cyclization of 35-41

X OH

N
(:L\\ Z2 TFAA(20eq) Q\)ICHO
) -
DMF
hTme it, 24 h e
Me Me
35-41 33a
Entry Substrates (X) Yield (%)«
1 35 <§— G > 55
2 36 <§—N >> 84
3 37(5N © 62
/
Me,
4 38 /N—Bn 64
s
Me
ol
/=
6 40 <§—N B > 00
=N
7 41 (-OEp) 0°

“ Isolated yields. © The reaction led to a complex mixture. ¢ 56% of 41
was recovered.

HIRINRTHS Z &N TE/ (Entries 7-11).

Table 10 TliZ 34 Ok & 72l #IT KT 2 SR 2
BSMMT U, RICEFIL, RICRKISNEE 34 D
PAFINVT 2 AF L BRI > TREINT
WHDTIRRWNEEZZ, UTFTOXD BERET-S
7z (Table 11). T72b B, 3fLICH 4 DEMHRE (X)
EHETA77UNT = R34 25Kk, TS
@ TFAA ITx9 2 b2 g U 7=,

XICHRIFIEY 2 > iEH L T\ b A E 35-38 D
%6, TFAAIZXKSEMMINIE 34 S FRIERICHEIC
AT L, 33a NHREEMN S BIFARINERTHE SN
(Entries 1-4). Z3Zx L, XIZHEKTY I ONE
L TWDHE 39 TGN - INREBHITIERTFL
72 (Entry 5). 77, XNATORDCIMNFIHED
Ba, BIENT2<#T U7 -> & (Entries 6,
7. INS5ORERIE, BEEX 0BTFHEGEE (T
rbb, BRETNHSOBTFOMUML) 2BRILK
IMICEETHDZEEERL TN,

PlEDHRIDEZX 5N S KN % Scheme 9
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2TfOH B (or DN
(or C)  (or—2HCl

CN
O\ L a-dimethylamino- O\

methylenation
34 R?
\®/
F3;COC. B (or A)
O\Y activation of
CN group
1 (RZ#H)
A CF;,COz DMF
@
OH Ty N
CHO  c¢yclization N |
L | O
\(‘ N" o work-up \/1‘ N0
e LR gR o]
(2), 34 CF3 34—~ CF;
N 2 \,é\:o 2\'C|
A\
i@ 0 5 e
N o N ) | =
H |CF3C02 H ’T]Tfo cl
A B Cc

Scheme 9. A Plausible Mechanism

WWRL7, 20EMHAFL IEHEB (LT C) D
AIZTLRBERINTDZEICE DT AFIVY
SIAFLMLEN, 4EH5Z5. 40Ty )
WBIOAFINVT I AF L BEWBRENS DETOHL
HLIZE->T, MEBHDI2WVITAICKDIEMEL
(FU7I—=MEHZWIE Y 7)LAO7FILb)
5<% GAECRIZEDODLI BT /) HD
TN TERN), ZO/E, BREB (i
A) SO EE SN, RIAK33 252
2.

&R, feo Nk 33 ZFH L T glycocit-
lone 38D &% 247> 7= (Scheme 10). 33 1% 3, 4 fif
WENZENHRIIINEKROKEEEET 50, <
NS DOEREHREZ EHNDICEHKREBMNHETH
5. 7, BAREITHATIVERNT 33a, 33p
DKIgEZE AFIE L. 20%, HoNzAFIL
T —7 )UK 42a, 42p 7 HWE KIFIZ X D o, -
FIZZ 7)) 432, 43p N EAEM L 2. HmEIT 43a,
3p ZRACAFIV T 27 A E KIS B glycocit-
lone A (30) % X glycocitlone C (32) D&M % &
kU 7z,

4. HHYIC

DT HOME - NEE D E<FNGITE L
T, A—OHREETHZ 7 JEHET =D K15
SHREREEZETSF / OCRESGRT S EN
T&E/e £k, NS0k e@E 0T, 7 /HD

oM
© (EtO),P(O)CH,COEL
Ag,0, Mel, MeCN % -CHO NaH, THF
Bap—m
NS0
R Me

42a (R = H, 67%)
42p (R = OMe, 61%)

OMe

2 _CO,Et
30 (43% from 42a) MeMgBr, DME, THF 2

32 (35% from 42p)
rI\I o)
R Me
43a (R=H)
43p (R = OMe)

Scheme 10. Synthesis of Glycocitlones

B\ DIERGAY ST/ H DY BRI S0 OGRS
BlaekEdezmonicliz. > 7/ oy
TS & SOSMEICBES 287z e d R, 7/ ﬁ’&
TG U728 LW ROS DB FESFITRALD B D & it
TWhb,

BE O AMEETOCHLOKBITIRE - JH)
SEBGOEULLEIL #ieE (LK FEREER),
BRI L7 REFEFEE - AR B v Bl T L
WRFER LB LETCR - MR A #EZIC R <
HU B ET. H/2, XOREE S AT o B8lE &
Otk T 268 S 2HE X LA EE
REFEFNEEL - LB DR, HiSsEsehBic
KO L BT ET. 5612, AHFEDOETICT
T ITEW Fo B 1 207 K 3R nB - PRHILE LR
MR 2 < DFEIFEEITEHBL £9. AFFEO—H
WSRER R BB ® - BHFHE (XY —FT v )
DOERICE DTN dDTHD, T JITHEMEL
7.
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