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Synthesis of a-Alkoxycarbonyl-a-siloxyamides by the Reaction of
a Carbamoylsilane with a-Ketoesters

Li, Weidong” Han, Shenghua” Lui, Yanhong® Chen, Jianxin™*
(“ College of Chemistry and Material Science, Shanxi Normal University, Linfen 041004)
(® College of Chemistry and Engineering, Shanxi Datong University, Datong 037009)

Abstract N,N-Dimethylcarbamoyl(trimethyl)silane reacted with a series of a-ketoesters in anhydrous toluene at 60 C to
afford a-alkoxycarbonyl-a-siloxy amide derivatives in good yields (70%~99%). When the alkyl of a-ketoesters was
L-2-isopropyl-5-methylcyclohexyl, the reactions possess stereo selectivity. The experimental results showed that the electronic
property of the substituted group on the aryl ring affected both the reaction ratio and the yields of products. The structures of
the products were characterized by element analysis, 'H NMR, *C NMR and IR spectra. A reaction mechanism is proposed.
The mild and no catalyst conditions, simple procedure, less byproducts and good yields provide an effective method for the

preparation of a-alkoxycarbonyl-a-hydroxy amides.

Keywords carbamoylsilane; a-ketoesters; a-alkoxycarbonyl-a-hydroxyamides; nucleophilic addition; synthetic methods
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BRCS295 e ME pg PO g b, — BT -
Wil a-FRIEMENLG . TR a-FREEMENZ, TR FRATAEER
R R BEIEEFCR G R a-F2FE-a- ot AR FE R I 1) 7
. BEURIUN a-BREEBR AR R JFOR), T 5 2 T B
TEERE AN RS N, BE T i ROt B R - F 3k -a- ot SR PR
FERE, F5 45 R O AR AR, Ao 4
WX — W LAR, FNRIEL RN SR a-F2
He-o- A ML ) 2G5 R . IR TTmmwi T, &
Il o-FRIEBR BRI AL B AT FAERR Y L-T 0 B B A,
TER TG B ], RSN ARIEFEE A R (Scheme 1)
W FC R I B BAT — 8 X WOE B, 30— B s 74Ty
fEHEAT .

o] o] | 0o o
toluene
Messr/ﬂ\N// * R/ﬂ\ﬂ/o\”// o \\N/Mixjﬂ\o/ﬁ\\
| ) 60°C | R “OSiMe;

1 2 3
(0] (0]
)J\ . 0 toluene
MeSSi ’Tj R 60 °C
(0]
1 4

Me;Si0, ,R MeySio, (R
vea, 20 Meay >0
O [e) (0] (0]
5 5

B 1 ZPEIERESE 1 5 a-BRIEBR SN G B a- = HJETE S
H-o-fe AIRIEBEEAT )

Scheme 1 Synthesis of a-alkoxycarbonyl-a-siloxy amide deriv-
atives from a carbamoylsilane and a-ketoesters

1 HR5TR
1.1 a-=REEEE-o-REREMERITEYNE R
NN-— HISLE P = WS (D) S a-FREEBRAE
FAKTEH 60 C. HEEAEGEFIMFAT T IREL, /£ a-F
S (B RO e B BERS A A SR AN, FER B A =
HEESINRRY D Trh, — PR T o-= IR
- o B EFRIE AL AT, IR 70%~99%(K 1), K
R T BEEEEE 1 SRR, R et U PN IE A
PEORAO I, AU SRR e P v, &% Ak
HORTRELL, XA R 1 B T S B IR B
WPt BT BB AT e, JF B AR A R,
AT 2 D& BB R R R DR, A
T TR SV, E IR AR IR o PR EEBR 5 R
I RESE 1 O, GNPNERER LB (Entry 1), AIURM
X A b 1 AR AL, BRI A REfS
BB A, X RE A T a-BREE IR S 1 TR
A A TE G SNLG R, BRATE AR W 5 2
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FERERE 1 PN, AR B Rl S S SR, &
PR RS ek o 1 A 2 2l — PP 2 R A,

HIKIEFE TS p-HREAR S & oS R
FAEIERE G 1 SN, 57 05 3k B BRI 1) L RN
R (Entries 2~7). SEEG RN, TEIRIEE o-FRIEEEH
IR 1 AR I 1 M ol R S T s 2 ()3, SR S B
W= e, TERIE R BRI AT %A 4 W T F 2R [ H
Lok A RS, NI TR, PRI R R,
W HL TR R TS, Gngels SER, RS A5k, 152
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S, BT I A A SRR IR N I . R o- BT
2h TE IS AR RN (B2 3 ) B A R RN S T 2,
B 2= A7 BT S SE RIS, s B R B B P2 = 3 5
I FRIE ) a-FRFERE 2¢ FHAL, 350 25 [A) A2 BELGT S B (1)
SN /INEntry 8). o-BikIENE 20 FI 2j 1A 75 A 1 4 AR
MR RTIE My K, B 75 B 5 72 2R 1 P20 (95 %, 87%), Ut
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Table 1 Synthesis of a-alkoxycarbonyl-a-siloxy amide derivatives 3 and 5
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“To complete consumption of carbamoylsilane 1 at 60 °C in toluene; ? isolated yield based on a-ketoesters; 1 :

o
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Scheme 2  Plausible mechanism for the reaction of car-
bamoylsilane and a-ketoesters
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1.2 molar ratio of a-ketoesters and carbamoylsilane.

L Bt = B R (1) 5 o- RIS E TP 26 1R T
—BFERURONL, SN, BRAE TR, JRURARE, AME
FIAEALA, JFEATBGR 1™ 28, AR T BGR, 0% s
RHEA B G RNAHE. AR b, s
SINTVEA B ] LW el A, IR 1 S ARIEHEE
B a-FR 3o B FIRIEBLIZAT E VI 53, SER R
SN BAT R ML R, (HANER, AR BT, [
WO FE B & A B A E BEA%, 8 5 F Vi e 5
7, Ja SRR T TAR IEAERE T .

3 XIERST
3.1 NE5RFA

Bruker ARG600 ZHEILARWEIE(TMS A M FFR); IM-
PACT-410 & F it 21 4h 5% 1% A (KBr J& 7 8L i );
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fis 2 fe SCHR[36~ 381418 J7 ikl 4. =W GlrERE. —
SR IE T4, NN- R R R 2 R R 2 o 4 it
aff, =WRSUERE AR, BRI E R H N
JE A E, ER R R ER AR R e . RO AR
2 (5 (TLC) FE it T AR BR B A 2, A i AR
200~300 H, EIFHIH 60~90 C A ilkAl 2.2 2 g
FHREY). Wi r & &, @i IR A M B
FEY ) 5 B

3.2 ZLWAHE

TETIKTEEAS 0 CHRIESMRI I, 125 mL
Schlenk & I a-FRZEEE(1 mmol)Fl 1 mL Jo/KH 2K,
P PEL) 20 min, 22183 0 N, N-— 1 5 G R R = AR
$E(1) (1.2 mmol), ZKZEAHFE 15 min J5 RUKEFIE 30
min, ﬁk}:bm@u 60 CHaEE N, 72 AR (TLC)MRE:
Rl Fra P BE R AR e se ATl O, OMNEE R, IAEFIIR
45, H}?Tﬁh\%(ZE&Z@a*ﬂE#HﬂM{E%@ﬂ?fU)H a-
= IR A - a- b A R B G AT A4 3 B S.

2- = F I S i -2- £ S B - N, - — HH O ) Pt 2 (3a):
TEOREFBAR, 772 70.2%. '"H NMR (CDCls, 600 MHz)
5: 4.20 (q, J=7.2 Hz, 2H), 2.98 (s, 3H), 2.91 (s, 3H), 1.65
(s, 3H), 1.24 (t, J=7.2 Hz, 3H), 0.15 (s, 9H); *C NMR
(CDCly, 151 MHz) 6: 172.6, 169.3, 79.2, 61.6, 37.1, 36.7,
25.2,14.1, 1.7; IR (KBr) v: 1747, 1662, 1394, 1253, 1170,
844 cm™!. Anal. calcd for C;;Hp;NO,Si: C 50.55, H 8.87,
N 5.36; found C 50.54, H 8.61, N 5.34.

- = R AR R -2- £ B R -N,N- R K 2
(3b): WECREFIMAA, P75 84.3%. 'H NMR (CDCl;,
600 MHz) &: 7.47~7.17 (m, 5H), 426~4.23, 4.16~4.14
(mm, 2H), 2.96 (s, 3H), 2.71 (s, 3H), 1.22 (t, J=7.2 Hz,
3H), 0.27, 0.26 (ss, 9H); °C NMR (CDCls;, 151 MHz) ¢:
170.4, 170.1, 139.3, 128.0, 127.8, 125.9, 85.4, 62.1, 37.8,
36.6, 13.9, 1.8; IR (KBr) v: 1745, 1650, 1492, 1393, 1250,
890 cm . Anal. caled for C;sH,sNO,Si: C 59.41, H 7.79,
N 4.33; found C 59.51, H 7.60, N 4.31.
A FE-2- L IRFE-NN- R @-F IR 2
I e (3e): 9% 35 R B, 77 % 80.1%. 'H NMR
(CDCls, 600 MHz) d: 7.35~7.15 (m, 4H), 4.25, 4.15 (qq,
J=17.2 Hz, 2H), 3.05 (s, 3H), 2.83 (s, 3H), 2.37 (s, 3H),
1.24 (t, J=7.2 Hz, 3H), 0.26, 0.25 (ss, 9H); *C NMR
(CDCls, 151 MHz) §: 170.6, 170.2, 137.5, 136.3, 128.7,
125.8, 85.3, 62.1, 37.9, 36.6, 21.1, 13.9, 1.8; IR (KBr) v:
1745, 1650, 1448, 1392, 1249, 846 cm™'. Anal. caled for
C17H,,NO,Si: C 60.50, H 8.06, N 4.15; found C 60.35, H
7.98, N 4.23.
A FE-2- LR RFE-NN- " F B (4- FH A )&
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LR IE(3d): TEER, 773 74.9%. m.p. 45.5~47.0 C;
'H NMR (CDCl;, 600 MHz) J: 7.39~6.88 (m, 4H), 4.25,
4.16 (qq, J=7.2 Hz, 2H), 3.84 (s, 3H), 2.96 (s, 3H), 2.74
(s, 3H), 1.24 (t, J=7.2 Hz, 3H), 0.26, 0.25 (ss, 9H); "°C
NMR (CDCLs, 151 MHz) 6: 170.7, 170.2, 159.2, 131.4,
127.1, 113.3, 85.1, 62.0, 55.2, 37.8, 36.6, 13.9, 1.8; IR
(KBr) v: 1743, 1648, 1512, 1251, 1029, 842 cm™'. Anal.
calcd for C7H»7NOsSi: C 57.76, H 7.70, N 3.96; found C
57.52, H7.51, N 4.10.

= R FE-2- Z R FE-NN- T B (450 K 2Bk
fE(3e): WRFEEREFIRAAR, 2% 98.8%. 'H NMR (CDCl;,
600 MHz) d: 7.45~7.01 (m, 4H), 4.24~4.14 (m, 2H),
2.94 (s, 3H), 2.71 (s, 3H), 1.21 (t, J=7.2 Hz, 3H), 0.26 (s,
9H); *C NMR (CDCls, 151 MHz) d: 170.2, 169.8, 163.2,
161.5, 135.0, 127.7, 114.9, 85.0, 62.1, 37.7, 36.6, 13.9, 1.7,
IR (KBr) v: 1746, 1650, 1394, 1251, 1143, 844 cm™'. Anal.
caled for C¢H,4sFNO,Si: C 56.28, H 7.08, N 4.10; found C
56.46, H 7.23, N 4.16.

2- = FRERHE-2- L P FE-NN- - H R (4-5) 7K 2.
Jz(3f): TotalE A, FZ 95.4%. mp. 40.0~41.0 'C; 'H
NMR (CDCl;, 600 MHz) &: 7.42~7.28 (m, 4H), 4.25,
4.16 (qq, J=7.2 Hz, 2H), 2.96 (s, 3H), 2.72 (s, 3H), 1.24
(t, J=7.2 Hz, 3H), 0.26 (s, 9H); *C NMR (CDCl;, 151
MHz) §: 170.0, 169.7, 137.8, 133.8, 128.2, 127.4, 85.0,
62.3, 37.8, 36.6, 13.9, 1.7; IR (KBr) v: 1747, 1650, 1490,
1250, 1143, 844 cm™'. Anal. caled for C4H,,CINO,Si: C
53.69, H 6.76, N 3.91; found C 53.45, H 6.52, N 3.81.

- R I -2- IR FE-NN- R (4-1) 2K LTk
[ (3g): W ORI, 773 91.3%. "H NMR (CDCl;,
600 MHz) 6: 7.49~7.28 (m, 4H), 4.26, 4.16 (qq, J=7.2
Hz, 2H), 2.96 (s, 3H), 2.72 (s, 3H), 1.24 (t, J=7.2 Hz, 3H),
0.26 (s, 9H); *C NMR (CDCl;, 151 MHz) &: 169.9, 169.6,
138.4,131.1, 127.7, 122.0, 85.1, 62.3, 37.8, 36.6, 13.9, 1.7;
IR (KBr) v: 1747, 1650, 1486, 1249, 1143, 845 cm™'. Anal.
caled for CH,,BrNO,Si: C 47.76, H 6.01, N 3.48, found
C47.51,H5.81,N3.23.
i -2- S BRI -N,N- I (2- R -5- 5
R 36) 7K 2 (3h): SRS R BAR, P2 79.2%. 'H
NMR (CDCl;, 600 MHz) d: 7.10~6.98 (m, 3H), 4.28~
422, 419~4.14 (m, 2H), 3.00 (s, 3H), 2.87~2.84 (m,
4H), 2.30 (s, 3H), 1.24~1.19 (m, 9H), 0.23 (s, 9H); "°C
NMR (CDCls, 151 MHz) 6: 171.3, 170.5, 148.3, 136.2,
134.8, 130.2, 126.7, 123.5, 86.3, 65.0, 38.7, 36.4, 33.5,
23.9, 20.9, 13.9, 1.8; IR (KBr) v: 1744, 1650, 1490, 1392,
1248, 1133, 844 cm™'. Anal. calcd for Cp0H;;NO,Si: C
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63.29, H 8.76, N 3.69; found C 63.46, H 8.71, N 3.41.

2- = FARESA I -2- S P FE - N, N- — F 6 (2-) K IR 2
i (3i): IR EREFRAA, 723 95.2%. '"H NMR (CDCl;,
600 MHz) J: 7.42 (m, 1H), 6.44 (d, J=3.0 Hz, 1H), 6.39~
6.38 (m, 1H), 4.29 (q, J=7.2 Hz, 2H), 2.99 (s, 3H), 2.98
(s, 3H), 1.29 (t, J=7.2 Hz, 3H), 0.12 (s, 9H); *C NMR
(CDCls, 151 MHz) d: 169.2, 167.7, 151.1, 142.2, 110.5,
109.0, 81.0, 62.3, 37.4, 36.9, 14.0, 1.1; IR (KBr) v: 1750,
1656, 1497, 1395, 1251, 1135, 846 cm . Anal. calcd for
C14sH3NOsSi: C 53.65, H 7.40, N 4.47; found C 53.74, H
7.42, N 4.28.

2- = FRESA JE-2- S P FE - N, N- — F 6 (2-) Ry 2L Tk
fE(3j): IR B EREFATAR, P2% 87.1%. 'H NMR (CDCl;,
600 MHz) d: 7.31~6.97 (m, 3H), 4.30~4.23 (m, 2H),
2.98 (s, 3H), 2.93 (s, 3H), 1.27 (t, J=7.2 Hz, 3H), 0.19 (s,
9H); C NMR (CDCls, 151 MHz) : 169.8, 168.9, 143.0,
126.5, 126.0, 125.9, 82.8, 62.4, 37.6, 37.0, 14.0, 1.5; IR
(KBr) v: 1750, 1656, 1497, 1395, 1251, 1135, 846 cm .
Anal. caled for Ci4,H,3NO,SSi: C 50.95, H 7.02, N 4.24;
found C 51.07, H7.13, N 4.23.

2- = W SR ik -2- S B i -V N- - FE R (4- TR 0 )-3-
TIEBERE(3K): IR CEREFRA, 773 97.2%. 'H NMR
(CDCls, 600 MHz) o: 7.44~7.26 (m, 5H), 6.81 (d, J=
16.2 Hz, 1H), 6.73 (d, J=16.2 Hz, 1H), 4.32~4.24 (m,
2H), 3.07 (s, 3H), 2.98 (s, 3H), 1.31 (t, J=7.2 Hz, 3H),
0.23 (s, 9H); *C NMR (CDCl;, 151 MHz) 6: 170.4, 168.9,
136.1, 131.0, 128.7, 128.1, 127.6, 126.8, 82.7, 62.0, 37.3,
36.9, 14.2, 1.8; IR (KBr) v: 1748, 1652, 1494, 1394, 1251,
1206, 846 cm !, Anal. caled for CsHy7NO,Si: C 61.86, H
7.79, N 4.01; found C 61.74, H 7.65, N 4.12.

2- = W fik B -2~ (L -) Y A IO i -V, V- — T (4- 3
KON (5a): PR 99.1%. B SRR 8B 1k,
m.p. 76.0~77.0 ‘C; '"H NMR (CDCl;, 600 MHz) §:
7.43~7.02 (m, 4H), 4.72~4.68 (m, 1H), 2.96 (s, 3H),
2.77 (s, 3H), 2.06~0.73 (m, 18H), 0.21 (s, 9H); *C NMR
(CDCls, 151 MHz) 0: 170.0, 169.3, 163.1, 161.5, 135.8,
128.0, 114.6, 114.7, 84.1, 46.7, 40.1, 38.0, 36.8, 34.1, 31.4,
25.5,22.9,21.9, 20.1, 15.1, 1.8; IR (KBr) v: 1739, 1652,
1508, 1394, 1251, 1141, 885. Anal. calcd for C,HisF-
NO,Si: C 63.82, H 8.48, N 3.10; found C 63.87, H 8.49, N
3.03. WESFMIA: %iEGEA, mp. 73.0~74.0 C. 'H
NMR (CDCls, 600 MHz) 0: 7.42~7.01 (m, 4H), 4.57~
4.53 (m, 1H), 2.99 (s, 3H), 2.75 (s, 3H), 2.27~0.41 (m,
18H), 0.27 (s, 9H); *C NMR (CDCl, 151 MHz) 6: 167.9,
166.8, 161.2, 161.6, 135.6, 127.5, 114.8, 114.6, 84.9, 46.8,

2428 http://sioc-journal.cn/
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39.9, 38.0, 36.6, 34.2, 31.4, 25.4, 23.1, 22.0, 20.4, 15.7,
1.9; IR (KBr) v: 1741, 1652, 1508, 1396, 1252, 1140, 885.
Anal. caled for CoH3sFNO,Si: C 63.82, H 8.48, N 3.10;
found C 63.90, H 8.36, N 3.15.

2- = W fik B k-2~ (L-) 3 g T G -V, V- Y R (4-50)
K LWRE(Bb): A 97.8% (dr: 11 2.1). EEFHA:
WL, mp. 83.0~85.0 C;'H NMR (CDCl;, 600
MHz) 6: 7.38~7.29 (m, 4H), 4.56~4.52 (m, 1H), 2.99 (s,
3H), 2.75 (s, 3H), 2.26~0.58 (m, 18H), 0.26 (s, 9H); "*C
NMR (CDCL, 151 MHz) &: 169.7, 169.6, 138.4, 133.7,
128.0, 127.2, 85.0, 46.8, 39.9, 38.1, 36.5, 34.2, 31.4, 25.4,
23.0, 22.0, 20.4, 15.7, 1.8; IR (KBr) v: 1740, 1654, 1488,
1398, 1245, 1151, 1024, 887. Anal. caled for Cp4HssCl-
NO,Si: C 61.58, H 8.18, N 2.99; found C 61.67, H 8.05, N
2.89. WESFRIMA: R ERFRIA. '"H NMR (CDCL,,
600 MHz) 6: 7.39~7.31 (m, 4H), 4.72~4.67 (m, 1H),
2.96 (s, 3H), 2.76 (s, 3H), 2.05~0.79 (m, 18H), 0.21 (s,
9H); '*C NMR (CDCls, 151 MHz) 6: 169.8, 169.2, 138.5,
133.6, 128.0, 127.6, 85.0, 77.3, 46.7, 40.1, 38.0, 36.8, 34.1,
31.4, 25.5, 22.9, 22.0, 20.9, 15.9, 1.8; IR (KBr) v: 1741,
1654, 1490, 1398, 1251, 1141, 1018, 884. Anal. caled for
C4H3sCINO,Si: C 61.58, H 8.18, N 2.99; found C 61.62,
H 8.09, N 3.02.

2- — P fi AR -2~ (L-) Ty I I -V, - PR B (4-9)
K OBERE(5e): P23 91.8%. T E MR V8t [ 44,
m.p. 101.0~103.0 ‘C; '"H NMR (CDCl;, 600 MHz) &:
7.48~7.30 (m, 4H), 4.54~4.51 (m, 1H), 2.99 (s, 3H),
2.76 (s, 3H), 2.26~0.41 (m, 18H), 0.22 (s, 9H); °C NMR
(CDCls, 151 MHz) 6: 169.7, 169.5, 138.9, 131.0, 127.5,
121.8, 85.1, 46.8, 39.9, 38.1, 36.5, 34.2, 31.4, 25.4, 23.0,
22.0, 20.5, 15.7, 1.8; IR (KBr) v: 1740, 1654, 1484, 1399,
1246, 1150, 888. Anal. calcd for C,sH3sBrNO,Si: C 56.24,
H 7.47, N 2.73; found C 56.34, H 7.50, N 2.65. CE 54
A R A. "TH NMR (CDCl;, 600 MHz) o:
7.48~731 (m, 4H), 4.72~4.67 (m, 1H), 2.96 (s, 3H),
2.76 (s, 3H), 2.05~0.79 (m, 18H), 0.22 (s, 9H); *C NMR
(CDCls, 151 MHz) 6: 169.7, 169.1, 139.1, 131.0, 128.0,
121.9, 85.1, 46.7, 40.1, 38.0, 36.8, 34.1, 31.4, 25.5, 22.9,
22.0, 20.9, 15.9, 1.8; IR (KBr) v: 1740, 1654, 1488, 1391,
1250, 1143, 1018, 883. Anal. calcd for C,4H33sBrNO,Si: C
56.24, H 7.47, N 2.73; found C 56.35, H 7.52, N 2.68.

B4 B (Supporting Information) HFrib 54 'H

NMR 1 °C NMR &, XLkl ay DA G 2 AT F k
(http://sioc-journal.cn/)_E T %K.
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