% 4”) qt % DOI: 10.6023/cjoc201406006

TR E R

Chinese Journal of Organic Chemistry

NOTE

4,5-— FAE-2-= A EEREN-3-PERITEMR S R A7

BRI
T

B8]

A R
2 g

(TN R E R R B T 450002)
CFAUR Q0T 55 R R AR S K 450002)

R Boh 7 4,5- 7 P2 S UREREREWEWY - 3- FH AT B R 5 OB T 15, 1207 8 AR B 53 45 10 3-3i46-2- T i Al
PRI R R JsURE, 38 I YRR YR IR T A WY R PRI KA A A S R, 5 T H R4 (RIS P bR
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A New Procedure for Synthesizing 4,5-Dimethyl-2-(trimethylsilyl)-
thiophene-3-carboxamide Derivatives
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Abstract A new procedure for synthesizing 4,5-dimethyl-2-(trimethylsilyl)thiophene-3-carboxamide derivatives was ex-
plored. Using commercially available 3-mercaptobutan-2-one and methyl propiolate as starting materials, the target com-

pounds were obtained in four steps via silylanization of methyl propiolate, cyclization, selective hydrolysis and amidation.

And the promoters involved in silylanization, cyclization and selective hydrolysis were screened. The procedure exhibited

several advantages such as easily available raw materials, mild reaction conditions, easily purified intermediates and high sin-

gle-step yields. It had potential to be applied to scale production.

Keywords silylanization; cyclization; selective hydrolysis; synthesis
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PGS, PSRN 2 £ h SR PR e AT A2 4
TEEHAEL LDA [WAAAE TS = SRR FH 801
N R, R RS BOBCR A gt i, (R4
WERAN T PRSI H ANy JsUR e R R B LDA R4
F. At SR o T e AR SRR R N = 3
WEE BB 7%, AR JSURFRERAS S T — AN HE Ui ek
() ) . g A A I e 4 e B S I NRE T R )
TR AR T e AL I 4 e T B A 2% 1) T A B
I, A7) ) (RIS ASE FH -t H DA e

DAL, FRATI 456 JORMIE SRR AR T AR R R IE (18T
G TTE, ETTE LA BR B RN 3-35 L -2- T I A B
BE, Gl AR RO AR G . BEMY AL TR A
Sl D5, 7 e R T Bk EY), S Rad R
Scheme 1 fAi7w. [AI, 3% ABRER G IO ke b . BEW)
I I REE K AR S TR P E J I s AR E AR EAT T 0
EFIRZR. Prievt ik ke 7 5t 8 U 4 8 R
TUER S BA IR SRR e S B B LDA RS, BAT e v 5
B ORI S 15 . WPk K = i o 1o 3 4l
A EFRFAE.

O>\ __ TMsCl O\S _ L
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Scheme 1

1 ZR5i41E
1.1 -ZHREEEAHRBREREQ)MEK

3- = F ek 5k R e R P 1) 5 1 b BT b e 1 TR e
1% FR S ) DL Ak . s A i R R B AL . TR
RS 7 (bR b bk, A3 SCERIkIE
T L Sm/ZnCL™, Sn(OTH),*, Zn(OTH),*, ZnCly
RoN-SiMes P R Zn By (8 0 (0 Rk e b 7 25, SR
BT S T AN A A R X T A P it S e 1
i 2 AR A B e e S Bk LDA I1EH Rk
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PP P AR el LDA IR OB, PR T
MR N . A T 83— DR &R LU B R F R O Uk}
AR 3-— AR DA b 1 R R 1 A U, Bl 24K
T NaH®® NaNH,, %4 @i ik, mbwe, = 294 %
(DABCO), NEt; %52 P i AR R, [V 45 Rk 1 .

R 3 HIILRERE YRR HY R 75 A
Table 1 The synthesis of methyl trimethylsilylpropiolate

Load/

Entry Promoter . 7/C  Time/h Solvent Yield/%
equiv.

1 #BuOK 1.0 40 5 CHCL® 0
2  CH;ONa 1.0 40 5 CHCL® 0
3 NaH 1.0 0 5 CHXCL® 0
4 NaNH, 1.0 0 5 CHXCL® 0
5  pyridine 1.0 40 5 CH,ClL® Trace
6 DABCO 1.0 40 5 CHXCl, 45
7  DABCO 1.0 40 5  Toluene 43
8 DABCO 1.0 40 5 CHCN 39
9 NEg 1.0 40 3 CHClL, 89
10 NEt; 1.0 40 3 Toluene 82
11 NEt 2.0 40 3 CHClL, 34
12  NEt 0.5 40 5 CH.Cl, 31
13 NEt; 1.0 Reflux 10 Hexane 0
14 — — Reflux 10  Toluene 0

© 2014 Chinese Chemical Society & SIOC, CAS

“ 1.3 equiv. of chlorotrimethylsilane was used in all reactions. b CH,Cl,, tolu-
ene and CH3CN were all screened. ¢ Isolated yields.

45 9L IR LA -BuOK, CH;ONa, NaH #l NaNH, A1
R NARR, KN 5 h JFAERTIE A T3R8 21
HINPEYI(FZ 1, Entries 1~4), JFRAHLER TR SR AF
1E, A RBERIE AR AR NP =42, nTREZ N
JRPE R R AT S B E SR G P LA DA f 1t 7 0 e
PithZR, JUHE]TIREY)(E 1, Entry 5). =K
e (DABCO)R I T — & MR dE i vk, L& FHih
WA, 755 NIRR H RS =) DABCO f#1E T,
DL 45% IR 3515 T IR =Y (GR 1, Entry 6), #7111
BE— DA 5 HEEIBCR W 54540 (3R 1, Entries 7, 8).
X R RRAT T — SR AR 3, M3 DABCO
o4 NEt I, W I3 R s Ik B A B Wl o4, DA —
A BTN 1 equiv. i) NEGAFAE NNV 3 h 348 T
89%IMILA (3 1, Entry 9). ¥R # A HORIN, Wi
Wik F] T 82%(F 1, Entry 10). ¥t NEt; [f) ] &
F 2 equiv. B, WCRBEAA MDA, ki bFAL 2]
34%(3 1, Entry 11). 1Mijk/> NEt; I & 2] 0.5 equiv. i,
SN T RIAERE 2] 5 h, Wt AT 31%((5R 1, Entry
12). s AR 9 AR 9 I 8 BE NEG 775 B,
SN AR R BRISEAE [ B2 OREF 10 b, PBRER A %
HIRAEHEA(E 1, Entries 13, 14). %45 5% W] NEt; AMY
P& SRERF, X SN A e B s R VR P . RN
BRI LA SRR, 76 1 equiv.[¥] NEt; ££7E
T 40 CM 3 h.
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1.2 45-"FE-2-Z REFEEY-3-RRARQG)HE
B

3-Stdk-2- T W T LA 3-40-2- 1 S i A AL B
JVARR U SRAT, SR G RA RN P, A
SCRRARAE T BUBUT I B0 A A 771 5 1l Wy i ik R IS 114
Jrid, SRITBCR U 20%~58%. A7 Uik T LA
BT 5 A R 7 A PR B 6y Bk I G 11 77 VR, AR
X732 & TR s IR, A 3- = A e Rk P
F2 Il DR B B 4,5 FR 32— P R i g gy -
3- W W R R 7 VE B 00, T TR RIZ RN K AT AT
P, BT 2 T B =5 B (PhaP) P R =T
(n-BusP)P?. = 2% T H(DABCO)P ), = 2 g0
PN 25 DA WA 1) S 1A 2 AR AN [ 8 A 82 2% F,
WA S5 R 2 s
F2 - HIRRESEN IR R S 3-500E-2- T Wl iR SR ¢
Table 2 The cyclization reaction of methyl trimethylsilyl-
propiolate and 3-mercapto-2-butanone

Entry  Promoter 5:13(\1//. 7/°C Time/h Solvent Yloe/ldb/
1 PhsP 1 Reflux 10 Toluene 24
2 (n-Bu);P 1 Reflux 10 Toluene 29
3  DABCO 1 Reflux 10 Toluene 0
4 NEt, 1 Reflux 10  Toluene 0
5 NEt;/NaOCH; 1/0.2 Reflux 10 Toluene 41
6 NEt;/NaOCH; 1/0.5 Reflux 10 Toluene 45
7 NEt;/NaOCH; 1/1 Reflux 10 Toluene 58
8 NaOCH; 1 Reflux 10  Toluene 83
9 NaOCH; 0.5 Reflux 15 Toluene 40
10 NaOCH; 1.5 Reflux 15 Toluene 67
11 NaOCH; 1 80 3 Toluene 61
12 NaOCH; 1 r.t. 15  Toluene 0
13 NaOCH; 1 80 15 DMF 37

“1 equiv. of acetic anhydride was used in all reactions. * Isolated yields based
on methyl propiolate.

SR, BRI RE ) = R =T A
IR % R AR BETE TE A, 76 1 equiv. = REEREE =T
FEBRMAEAE N, FERIAEREE RV 10 h HARAFAF 30%01)
FE# (3R 2, Entries 1, 2). 4% 2 H T Baylis-Hillman J
I 1) = 2 i AL 71 DABCO Fll = Z it i A7 R I H e 1
i (FR 2, Entries 3, 4). X1, 2R = &R RPN
0.2 equiv. [ EEANINT, I Solice A il o, JEbE
F PR A R 38 N 4 (3R 2, Entries 5~7). %45 %
PRATFRAT )2 2 B A Y PR b PR 80CR,, FRATT A Y
AL 1 equiv. (R EERNE, 7= SRR 2] T 83%I[K17K
*F(3 2, Entry 8). AR Y4 HEEANFER] 0.5 equiv.if, &
JI R ZEF) 15 h, e U 40%(3K 2, Entry 9). 3
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— R AN B ORI AR RS IR R,
SRR B — D AL xRN IREP AL A 1
TV R R, A 1 equiv. FEEAR G AEAE R R S Y
10 h.

M B Y &5 R BATT 4 T i S N 1R e B AL i
Scheme 2 ffr7r: $ide | BHAELE 5 571 251 (W1 RONa)[FI{E
MR RAFTFAS A 0 S A, BRAAET A JEI3-
PR N B R R A U S T B, i R
S3 B RERAE >R R =4 D vl LAS BIUESE, %8~
B RN R AR O R SO A A A
B CPY E AT ST R A H A K B, IR AR
FSCJE A A7 B . AR B B A B N R R A ER
1M E LERRIAE N KA e 5 =9 3. {515 — 1102,
T BB 5 2N, %R RN AT B (1) 7 o
Pk, A R B — 1 2-= F i fk R ey -3 R S

=Y.
(0]
O
T
S Si
D |

Scheme 2

1.3 4,5-—HE-2-= B EAEEEN-3-HEL B A5 (3)AYiE
kiR

P T = R A X AR U B RE 4, 4,5- — H -
2- = P L A L I 1y - 3- 1R S 110 /K At gl ok HL AT e v
(e, AT BRATT A SRR 4 Sl AT sl P/ 7K A A
PL KOHP”, NaOHP¥, LiOHPV Ay Bigixt 4,5- - Fi J-2- = F
AL WE Wy -3- H R FH R R AT UK A, &5 SR R IRAE AR 1)
WA, KIBAGER A, LEIRIA A N ey -3- FH iR
R ELAR RS 52 A /K MR, (BTG — Wl s A B T it be ik
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(1) 4, 5-FIIEBEWY-3-HIR. {7 SCHR[40~44]4R1E T LA
AICL;, FeCL3™, ZnBr,1 %), Me;SiTl’*], 1,114t 5} iy ik
PN LR A5 A N K AR IR ) T 0. 2R K, FRATER
T LA D 3R 1 2 B8 Ry R R e R /K A 4,5- —
HE-2- = WAL Rk SR ey -3- FH R A I 1) 7 vk, LB &5 R
% 3 .

#E YLK W FeCls, ZnCl,, ZnBr,, TiCly 7ETIE ST,
WA PEREEE KM IEE, 20t 16 h JEEEMR A AEGR
3, Entries 1~4). AICL ¥ OB R A= Bfig, H¥EH B r=
WA (R 3, Entry 5). #R1M0, AICL 76 N,N-— LR s
AR, RO TIEEEM KBS E(GR 3, Entry 8),
TE 3 Y b K S N I TR), W EE T AN 59% i€ v F
82%(3% 3, Entry 9). A BR[IIJE, AHALIEE 2 Wil FeCl; A
TiCly A INY) NN-—FIEREIAAAE S, TSR
i 7 [P E FR) ilih J5E % A 8 A 2 IR H R K A 1 i
(3 3, Entries 6, 7). T/ZIAILL AICL % 5 iR, % %¢
ANTELAS IO K AR e, R = @S s B —
SEPEREZK RGP, AR M S PEAAIR(3R 3, Entry 10). 1M
IR A e AN HAT (R B K iR IS (K 3, Entry 11). 18
A AICL SR I NN-— FF L 28 1 (1K) AN [ 6
MM, BRATRIN, 4 AICL 5 N,N-H IR % H
A 3, 4 equiv.INE] 5, 10 equiv.i, 7ERIFERIR
WIS ) AL 08 AT R AR W] W AR A (36 3, Entry 12). 1M
75 N,N-—— TR IR 1) FH B AN AR 4 15 ALCL [ B,
W S BRAR(E 3, Entry 13). %45 BEW], AICL 5
N,N- FRE SRR AO] LOAGI R % S N A G E . #
A HIAC AT A LSRR 7, AICL AT N N-—H
FER B 539 3, 4 equiv., Zilk NV 24 h.

FR3 45 TR R RLE ) -3- R R I 1 1 B MK A
Table 3 The selective hydrolysis of methyl 4, 5-dimethyl-2-
(trimethylsilyl)thiophene-3-carboxylate

Load/

Entry  Promoter . 7/°C t/h Yield’/%
equiv.

1 FeCl; 3 r.t. or reflux 16 0

2 ZnCl, 3 r.t. or reflux 16 0

3 ZnBr, 3 r.t. or reflux 16 0

4 TiCly 3 r.t. or reflux 16 0

5 AICl 3 r.t. 16  Degradation
6 FeCl;/PhNMe, 3/4 r.t. orreflux 16 0

7 TiCly/PhNMe, 3/4 r.t. orreflux 16 0

8 AICI;/PhNMe, 3/4 r.t. 16 59

9 AICI;/PhNMe, 3/4 r.t. 24 82
10 AICIy/Et;N 6/8 Reflux 24 39
11 AlICl3/Pyridine  3/4 Reflux 24 0
12 AICI/PhNMe, 5/10 r.t. 24 83
13 AICIl;/PhNMe, 6/4 r.t. 24 31

“CH,Cl, as solvent in all reactions; bIsolated yields.
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DL 3-2 05 -2- 1 Wil AT P B I Ay ke 4y U, i o
NBRTR S REEA . EWY BRIk PRI et 55
4 B RNITHEHE R T 4,5- 7 F - = H R L ey -
3-H AT A4, %07 iR AT DU SRR A (VBT
SRR B AE S SN, BRI ST Q)R N AR
Ly, Wb T BT ol LDA 25 5 5t i PR BE U i
RHAAE R Q)FITEs B G s N AR (1) 7K il AT 358 e 113
PEE, HROSE] T R — B () RNARR T,
(A4 5 1o s gl (5) S b e m, R A,

3 ZRAMH
3.1 X5

GC or HPLC JJ T* [ S (R RIUAI 43 4T, 'H NMR, *C
NMR ] Agilent-NMR-vnmrs 400 ¥ 3E3R{X(CDCl; A
W, TMS I AR); Jiit ] Bruker micrOTOF-QIT Ji i
3 JTCE N E Elememtar Vario-III 2402 4347
0 J4 r ) WRS-TA B4 s A% i gk Y sl 8 = 1 45
AR { CP Zik iR & aif B4 .
3.2 HERE BIREEMRIERK
3.2.1 3-= VAR AR T B (2)896 M

+4 0.84 g (10 mmol) 4R FHBEFI 1.41 g (13 mmol)
IR SRR BB 5 mL SRR = 1 R N
W SR IS 1.0 g (10 mmol) = Zf%(#) 5 mL — 5
PRI, IHe, RNAR R AR iR 3
h. RIVEER R, REHHE NI S mL K,
T pH HARMME, #ESZE, AYUZ AN A
IKESHBES 2 K, AU TCKBR A T4 g, ik
i, 13 1.4 g WHOWE 3-= FIRLRERE LR R (2),
% 89%. 'H NMR (400 MHz, CDCls) d: 3.76 (s, 3H,
OCH,), 0.23 (s, 9H, SiCH;); GC-MS m/z: 140.9 [M—
15]".
322 45- =90 = P 3koak ey 3-F B ¥ B (3)
ERREOY

B 3-5iHE-2- THid(1.15 g, 11 mmol) LKA 10 mL
FR2K ) 25 mL P i e VO, SRS 1) e B BN 3-=
LS AR FHE(2) (1.56 g, 10 mmol). ZEHEEE RN
N EE9(0.54 g, 10 mmol), 1898 FHE RN RN, AR
TR, ELEIRMNIEA, AT 10 he KNSEAE, T
S NAKZZ TN ZBRET(1.02 g, 10 mmol)Zk&: i nl it
3 he BRI ORER S (R, HEH 10% BREREN K
Ve, HEUFREAI, JCKERERE TR TS AL
FHAGAE S R, AR5 P RE A AT 7 s, 13
2.0 g HRE ORI 4,5- 32— HILAE L HEmy -3- FH R
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R E R

FIE@3), Y& 83%. '"H NMR (400 MHz, CDCl;) J: 3.84
(s, 3H, OCH3), 2.35 (s, 3H, ArCH3), 2.30 (s, 3H, ArCH;),
0.31 (s, 9H, SiCH3); “C NMR (100 MHz, CDCl;) o:
165.05, 144.53, 138.65, 138.03, 136.63, 50.96, 13.70,
13.37, 0.08; GC-MS m/z: 242.0 [M]".

BF= 4 3-(3- 1 Wil-2-Bit Jk ) -3- — P BL Ak L T4 s 1R P 6
(D): 'H NMR (400 MHz, CDCly) d: 6.01 (s, 1H, =
CHCO), 3.84 (q, J=7.6 Hz, 1H, CH;CHS), 3.67 (s, 3H,
OCH,), 2.24 (s, 3H, CH;CO), 1.47 (d, J=6.8 Hz, 3H,
CH;CHS), 0.29 (s, 9H, SiCH;). Anal. caled for
C11H005SSi: C 50.73, H 7.74, S 12.31; found C 50.51, H
7.79, S 12.25.

323 45— W D = Vst Ry 3-FEL ()04
A,

¥ 243 mg (1 mmol) 4,5- " I FE-2-= F Lk FLIE
Wy-3-FH I S AT 484 mg (4 mmol) N,N-— L FE RN
A 5 mL SRR RNV, EE N A
A\ 400 mg (3 mmol) AICL;, ZEiff [V 24 h J&5 7KK
2, AHUZE 10% NaOH /K¥EWGHS pH=10; 40
(KA, FEHR IR pH<4, T LR ZBEAI. T
P i, 73 187 mg A4 4,5- — F -2 — FRLAE I
BEWY-3- IR (4)), % 82%. m.p. 138~141 °C; '"H NMR
(400 MHz, CDCLy) 6: 2.37 (s, 3H, ArCH3), 2.36 (s, 3H,
ArCHj), 0.35 (s, 9H, SiCH3); GC-MS m/z: 228.0 [M]".
324 N-FAK-4,5-=F 3-2- = ¥ 3 ek o o-3-F B
iz (5a~5e) b9 A A%,

¥ 457 mg (2 mmol) 4,5- " FHE-2- = F L pe FE g
Wr-3- IR BEENEA S mL 2R 37 R A AR
WCBE I = 1 S N, ARSI 310 mg (2.6 mmol) (1)
SFUEIEOA, 7Rl ROV 2 hy, SN AR G A A
RN AR AR A RN R K RO, 6 I
FUF = SRS, 10 RN ANIN 5 mL B fef
IR, BB 2.4 mmol (EBUIE. InEeE I KN 30
min J5 5 1) SN AR R N 10% 0 E S8 AL B K 960
mg; WIEAREE RN, W EYEREE 60 °C, VAT (1 R
BN Ea ik, 295 3 h NI 3 mL K,
FE 2, AU FEK DS 2 IR(BHK 3 mL), R a1
JEVESR DB AR, EW 25 R, SR T
Tl 3 1, 1908 6 [ AR B B B R A i Sa~Se.

N-J5 A 34,5 F k-2 = PP L ek RE R W)y - 3- Tk fit
()™ FIEER A, R 86%. m.p. 87~89 C; 'H
NMR (CDCls, 400 MHz) 6: 5.97~5.86 (m, 1H, CH=
CH,), 5.68 (br s, 1H, NH), 5.26 (d, J=22.8 Hz, 1H, CH=
CHH), 5.19 (d, J=13.6 Hz, 1H, CH=CHH), 4.05 (t, J=
7.8 Hz, 2H, NHCH,), 2.34 (s, 3H, ArCH3), 2.16 (s, 3H,

2380 http://sioc-journal.cn/
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ArCHj3), 0.31 (s, 9H, SiCH3); GC-MS m/z: 267 [M]".

N-S A He-4,5- — 0= = PR LRk R IgE gy -3 FY e
(5b): WEFER, WK 83%. m.p. 136.9~137.5 C; 'H
NMR (400 MHz, CDCly) §: 5.46 (br s, 1H, NH), 4.28~
4.23 (m, 1H, NCHCHj;), 2.33 (s, 3H, ArCH3), 2.14 (s, 3H,
ArCH;), 1.25 (d, J=6.6 Hz, 6H, NCHCHj3), 0.31 (s, 9H,
SiCH;); '2C NMR (100 MHz, CDCLy) 6: 167.20, 145.96,
139.12, 134.61, 132.94, 41.75, 22.84, 13.29, 12.53, 0.14.
Anal. calcd for C13H,3NOSSi: C 57.94, H 8.60, N 5.20, S
11.90; found C 57.99, H 8.65, N 5.23, S 11.97.

N,N- " HE-4,5- — H JE-2- = F L RE L IBE Wy -3 1
fié(5e): KRB, WE 75%. 'H NMR (400 MHz,
CDCLy) 6: 3.59~3.51 (m, 2H, NCH,CHj), 3.23~3.10 (m,
2H, NCH,CHj,), 2.32 (s, 3H, ArCH3), 2.00 (s, 3H, ArCH;),
1.24 (t, J=7.2 Hz, 3H, NCH,CH3), 1.04 (t, J/=7.2 Hz, 3H,
NCH,CH3), 0.25 (s, 9H, SiCH;); C NMR (100 MHz,
CDClLy) §: 169.12, 145.20, 139.05, 132.06, 131.35, 42.81,
38.50, 13.70, 13.26, 12.77, 12.07, 0.03. Anal. calcd for
C14H,sNOSSi: C 59.31, H 8.89, N 4.94, S 11.31; found C
59.26, H 8.95, N 4.99, S 11.36.

N-Q2- £H5)-4,5-— HI L2 — W RLfi B ey - 3- FT
fi(5d): kg, W% 75%. mp. 89.4~91.6 C; 'H
NMR (400 MHz, CDCLy) 8: 6.06 (br s, 1H, NH), 3.80~
3.72 (m, 4H, NCH,CH,CI), 2.35 (s, 3H, ArCH3), 2.17 (s,
3H, ArCH3), 0.31(s, 9H, SiCH;); >C NMR (100 MHz,
CDCly) 0: 168.02, 144.80, 139.40, 136.12, 132.85, 43.99,
41.51, 13.30, 12.67, 0.06. Anal. caled for C;,H,,CINOSSI:
C 49.72, H 6.95, N 4.83, S 11.06; found C 49.74, H 7.00,
N 4.85, S 11.10.

N-(FR TN 55 F 0 )-4,5- — R L -2~ — R R L WE 9y - 3-
F LI (Se): % s talilAA, W% 85%. m.p. 95.4~96.5
“C; "TH NMR (400 MHz, CDCl;) 0: 5.80 (br, 1H, NH), 3.27
(t, J=5.4 Hz, 2H, NHCH,CH), 2.34 (s, 3H, ArCH3), 2.16
(s, 3H, ArCH;), 1.02~1.06 (m, 1H, NHCH,CHCH,),
0.56~0.53 (m, 2H, NHCH,CHCH,), 0.32 (s, 9H, SiCH,),
0.27~0.25 (m, 2H, NHCH,CHCH,); *C NMR (100 MHz,
CDCLy) §: 167.85, 145.83, 139.17, 134.68, 133.16, 44.78,
13.29, 12.54, 10.67, 3.61, 0.12. Anal. caled for
C14H,3NOSSi: C 59.74, H 8.24, N 4.98, S 11.39; found C
59.69, H 8.31,N 5.02, S 11.37.
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