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Abstract  Allylsilanes have emerged as synthetically useful intermediates that can undergo a variety of chemical
transformations and have been found versatile applications in C—C bond construction as well as in preparation of complex
molecules. Exploration on the stereoselective route to functionalized allylsilanes is of great significance for the development of
organic synthetic methodology. An efficient pathway to a series of novel alkoxy-substituted homoiodio-allylsilanes via the
Julia olefination of silylmethyl cyclopropyl carbinols was described. Carbinols derived from cyclopropyl aryl ketone were
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evidenced to be superiorer in controlling the stereoselectivity of the products than the alkyl equivalents.
Keywords allylsilane; Julia olefination; cyclopropyl carbinol; Grignard reagent
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Scheme 1 Synthesis of iodo-substituted allylsilanes based on
the Julia olefination
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Scheme 2 Stereoselective synthesis of functionalized allylsilane
compounds
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Scheme 3  Synthesis of compound 1
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Table 1 Effect of solvent and temperature on the reaction
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( (1) Mg, 1, Et,0 Mglye (OEty), -Si

Na:

Si O (2) 4a, CeCly, THF% Solvent, T Ao~
1 6a

v)?\ J\/v'

Entry Solvent 7/°C  Yield/% E:Z 6a:7a
1 Et0 50 18.6 1:21  34:1
2 PhH 50 433 1:1.0 25:1
3 DME 50 24.0 1:45 41:1
4  1,4-Dioxane 50 36.7 1:34 3301
5 THF 50 19.5 1:27  36:1
6 MeCN 50 412 1115 71:1
7 PhMe 50 39.2 1:15  17:1
8 Et0 30 53.0 1:16  15:1
9 Et,0 0 47.8 1:15 29:1
10 PhH 30 41.2 1:1.1  23:1
11 PhH 0 34.1 1:18 35:1

“ Reaction conditions: tertiary alcohol Sa prepared from the reaction of 1 (5.0
mmol), 4a (3.4 mmol) under the presence of Mg (5.0 mmol) and CeCl; (5.0
mmol), Mgl,+(OEt), (1.0 mmol) in dry solvent (20.0 mL). ® Isolated yields of
6a based on the loading of 4a.  Determined by 'H NMR.
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Figure 1 Chemical shift of the vinyl-H in silimar allylsilanes
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Table 2 Synthesis of allylsilanes with different substituents
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R
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i JL/\/
R |
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Entry 6 Solvent Yield”/% E : Z° 6 :7°
1 / PhH 72.8 1:18 56:1
o
\)
Si— |
—/
2 — Et,O 545 1:13 771
6b
3 / PhH 59.6 1:13 40:1
O,
N
si— __J
4 _ Et,0O 66.1 1:12 4201
__ 6¢c
5 o~ PhH 69.6 1:7.1 5111
|
Sif
6 el EL0 6170 1:29 3511
6d

¢ Reaction conditions: tertiary alcohol prepared from the reaction of 1 (5.0
mmol), 4 (3.35 mmol) under the presence of Mg (5.0 mmol) and CeCl; (5.0
mmol), Mgl,+(OEt), (1.0 mmol) in dry solvent (20.0 mL) at 50 °C. ® Isolated
yields of 6 based on the loading of 4. ¢ Determined by 'H NMR.
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). WHFERW, DL Mgl (OEY), fE MMM, Hedkfn sk
BUR I BB IR 2 e 15 5 Z sU BN £/ Y. I
L RISEAAEFRNE S R EHIATOK, D7 SRR fE LA
AP FEAR B 2 SRR DI IERE. TS 2% 0%
AL SRR AFAE B S5 T C—C XU AR SR 1
WL, & FEE I B EA LG i a4

3 SLIEES
3.1 UES5HF

WM ILIRE VS B R F 5% [ 22 5816 Aglilent DD2
RGN E, CDCl; AR, TMS NWFR; &5
iR R Acquity SQD VA €3 — 53 65T 15 5 A G e .
BT A S0 R I R L T 45, KRR IR ULEH, W
FII AL PR PR e E TR B S A, R85 2 K 5 B
BEAE . 8 F 2 (3% (TLC, GF254 REIHR) HA M 2
NIEFE, TOFIRABHERR . AR, SRR SRR
BRI, SRR 4a A 4d TEDILIESEAZE], 4b, 4
A 2 M8 O SCRR T AT .
3.2 LWHE
321 AP A-FAAEFE-—F AR (1)E9 AR

T 150 mL = FUE A I B 4T 85 8T 4 1)
Mg 44(200.0 mmol, 4.8 g, 1.0 equiv.)F1 HgCl, (6.0 mmol,
1.6 g, 0.03 equiv.), BE#HSIASEMA THF (20 mL).
RMNIRGRE T —20 CREAAE A, LR
S 2 H AL BF(MOMCY, 2)ff1J8 THF ¥#7(40 mL)5| &
B BN, B S oK S S RA #1282 — 25 °C, T IR R #)
MOMCI ¥ ¥#i(15.2 mL, 16.1 g, 200 mmol, 1.0 equiv.), 7
Isetes, RN IRA R ZEE N4 S bk v 2 h 15
B A 3, HEHT T2 &M

W R )2 15 2 A ) 3 IR 2 —30 C,
N, PR3 R N & 28 — A Sl e(15.8 mL, 17.2 g,
120 mmol, 0.6 equiv.)[fI T} THF %% (40 mL), % h05¢
BeJE, AReRmidE R BOS . R B (TLC) M i 5
YIS, IMNFREEQ0 mL)yH KRR, B REREL, &3F
APV JE W KA AT & Eh 7K P, TE7K Na,SO, T
e, BEZERR LIRS, WOEZETE(0.09 MPa), YiEE 65~
67 T4y, 135 8.4 g LB 1, F“F N 46.0%. 'H
NMR (CDCls, 400 MHz) §: 3.34 (s, 3H), 3.20 (s, 2H), 2.84
(s, 2H), 0.15 (s, 6H); >C NMR (CDCls, 100 MHz) 6: 64.3,
63.4, 28.7, —6.1; IR (KBr) v: 3850, 3744, 1518, 1244,
456,420 cm ™.
322 FaR MR A 6a~6d 694 A%

No {49 R 25 mL FH = FOH 0 5 6E 4T B (65
JE(5.0 mmol, 120.2 mg). —HRiFITE EL,O (2.0 mL),

Chin. J. Org. Chem. 2019, 39, 3454~3459

© 2019 Chinese Chemical Society & SIOC, CAS

U RN L S s R AR R T R R (1, AR
T 3.0 mL T EO ), Inka] &R IR R (L R
%, BEGER), REZEHMETH 1 (5.0 mmol,
763.5 me)ff] EL,O VAW, 4kEPr v B 2 A BEE 58
Ik, BEMT T8 R

T 50 mL = EF A TG7K CeCly (5.0 mmol,
1233.0 mg), HZ&KM Tk ZE 170 CRIZIHEFE 2 h
(CeCly 2B TLBN M A ElE AN oK), KRB RN
Ny, FFAHZEREJE, MATH: THE (8.0 mL), JBIZIH
F£ 2 h TR CeCls (135 5 B (PR UFTC &5 8, s A
RTR 3 LA (4, 3.4 mmol)f¥) T THF ¥¥i(6.0 mL),
TR 2 h 5, REIBEREEHZE 0 C, A
K IR 3. WNsE G, RNAAREEF R =R, TLC
W PE AR 4 584 KL 30 min), 0N
NaHCO; ¥ (3.0 mL)A K N, LR OFEAIL, &7
HUAH, 1BAIEEhKuEss, oK MgSO, T, W4, s
=9 5 HEH T 0 B

N BREF, K R & 15 20 = i 5 R =205 R
T T % 7(20.0 mL)F, 50 C FHIA Mgl,* (OEt),
[0.0625 mol/L in Et,0/Benzene (V/V=1/1), 16.0 mL]#%
W, WINTEEE S, kSR R N2 TLC Wil i k) 58 459
&, MEAT NaHCO; iEWi(6.0 mL)EE KRN, LR LA
B, E3FA MU, KR NayS,05 i H,0 Fiif
A 2Kk, /K MgSO, T, iRk4E, HEEMT[V(HA
k) @ M2 ZH8)=100 : 11153174 6.

323 fuhdheykir

2- I FE- 1 -[(F 4R 25 PP 0 ) — R R ik 2 )2 -2- I (Sb):
THRY). "TH NMR (CDCls, 400 MHz) d: 3.37 (s, 3H),
3.16 (s, 2H), 2.17 (s, 1H), 1.49~1.54 (m, 2H), 1.29~1.43
(m, 8H), 1.08 (s, 2H), 0.82~0.89 (m, 4H), 0.39~0.41 (m,
2H), 0.29~0.32 (m, 2H), 0.10 (s, 3H), 0.07 (s, 3H); *C
NMR (CDCl;, 100 MHz) d: 71.7, 67.4, 63.3, 44.6, 32.0,
30.0, 28.7, 24.4, 22.7, 21.7, 14.1, 1.2, 1.0, —2.5,
—2.6; IR (KBr) v: 3360, 2851, 2379, 1657, 1633 cm
HRMS caled for C;sH3;NaO,Si [M+Na]"™ 295.2064,
found 259.2059.

(E,E)-2-FR TR 5=~ 1 -[(F 480 P S ) — R AR RE 2K )-6,10-
T —25,9- T-2-F(5¢): LEHCIRY). 'TH NMR
(CDCls, 400 MHz) 8: 5.14 (t, J=6.8 Hz, 1H), 5.09 (t, J=
6.8 Hz, 1H), 3.37 (s, 3H), 3.18 (br, 1H), 3.16 (s, 2H),
2.04~2.18 (m, 4H), 1.96~2.00 (m, 2H), 1.68 (s, 3H),
1.52~1.62 (m, 8H), 1.11 (s, 2H), 0.81~0.88 (m, 1H),
0.38~0.42 (m, 2H), 0.28~0.36 (m, 2H), 0.10 (s, 3H),
0.08 (s, 3H); *C NMR (CDCl;, 100 MHz) J: 134.7, 131.2,
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124.8, 124.3, 71.6, 67.3, 63.2, 44.4, 39.5, 28.8, 26.7, 25.6,
23.0,21.6, 17.6, 15.9, 1.2, 1.1, —2.5, —2.6; IR (KBr) v:
3447, 3084, 2964, 2926, 1445, 1250, 1097 cm'; HRMS
caled for C,yH;sNaO,Si [M—|—Na]+ 361.2539, found
361.2530.

1-3 7R - 2-[ (B 48035k B 3 ) — PR LR L 12K 2185 (5d):
TR, 'TH NMR (CDCly, 400 MHz) J: 7.45~7.48
(m, 2H), 7.29~7.32 (m, 2H), 7.18~7.22 (m, 1H), 4.20 (s,
1H), 3.33 (s, 3H), 3.02 (d, J=12.4 Hz, 1H), 2.88 (d, J=
12.8 Hz, 1H), 1.58 (d. J=14.8 Hz, 1H), 1.47 (d, J=14.8
Hz, 1H), 1.20~1.27 (m, 1H), 0.32~0.53 (m, 3H), 0.23~
0.29 (m, 1H), 0.01 (s, 3H), —0.39 (s, 3H); “C NMR
(CDCl;, 100 MHz) 6: 149.2, 127.7, 126.1, 125.1, 73.6,
66.9, 63.2, 30.8, 25.6, 2.1, 1.4, —2.7, —3.6; IR (KBr) v:
3405, 2815, 1446, 1250, 1224 cm™'. HRMS calcd for
CysH,4Na0,Si [M+Na]" 287.1443, found 287.1453.

(E/Z)-(5-TH-2-F 2 — 3 -2 -4 - 1 - 5 ) (FR AR R ) — H
SERERE[(E/2)-6a]: TLEMPIRY); '"H NMR (CDCls, 400
MHz) §: 4.98 [t, J=4.8 Hz, 0.5H, =C—H(Z)], 4.94 [t,
J=4.8 Hz, 0.5H, =C—H(E)], 3.35 (s, 1.5H), 3.34 (s,
1.5H), 3.09~3.11 (m, 4H), 2.58 (q, J=4.8 Hz, 1H), 2.52
(q, J=4.8 Hz, 1H), 1.68 (s, 1.5H), 1.61 (s, 1.5H), 1.58 (s,
1H), 1.56 (s, 1H), 0.07 (s, 3H), 0.06 (s, 3H); *C NMR
(CDCl;, 100 MHz) 6: 135.6, 135.5, 121.3, 121.1, 66.5,
66.3, 63.4, 63.4,32.8,32.7,26.9, 26.1, 20.6, 18.9, 6.6, 6.0,
—4.0, —4.4; IR (KBr) v: 3842, 3459, 2923, 1638, 1259,
1044, 800, 548, 476 cm ™ '; HRMS calcd for CoH,,INaOSi
[M+Na]" 335.0304, found 335.0298.

(E/Z)-(2-(3-BIAR Y. P 25k ) 7 ) ( P 4 ) — P
FERE[(E/Z)-6b]: LlkY; '"H NMR (CDCl;, 400
MHz) §: 4.96 [t, J=4.8 Hz, 0.5H, =C—H(Z)], 491 (t,
J=48 Hz, 0.5 H, =C—H(E)), 3.35 (s, 1.5H), 3.34 (s,
1.5H), 3.07~3.11 (m, 4H), 2.51~2.59 (m, 2H), 1.90~
1.95 (m, 2H), 1.57 (s, 1H), 1.54 (s, 1H), 1.26~1.30 (m,
8H), 0.87~0.90 (m, 3H), 0.05 (s, 6H); *C NMR (CDCl;,
100 MHz) d: 136.1, 126.7, 69.5, 62.1, 36.8, 33.5, 31.3,
29.2, 27.5, 23.0, 14.1, 5.6, 4.0, —3.7; IR (KBr) v: 3728,
3703, 2921, 1654, 1521, 1167 cm '. HRMS calcd for
CysHs,I0Si [M+H]" 383.1267, found 383.1274.

(2)-[2-3-FIAR T P 3)-6,10- — F 3E-5 9-+— —J-1-
BEV(H AU ) W R REE[(2)-6¢]: LRy, 'H
NMR (CDCls, 400 MHz) d: 5.08~5.13 (m, 2H), 4.99 (t,
J=6.8 Hz, 1H), 3.34 (s, 3H), 3.08~3.11 (m, 4H), 2.50~
2.56 (m, 2H), 2.04~2.14 (m, 4H), 1.92~1.99 (m, 4H),
1.68 (s, 3H), 1.59~1.60 (m, 8H), 0.06 (s, 6H); *C NMR
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(CDCls, 100 MHz) 6: 139.2, 135.1, 131.2, 124.3, 124.0,
120.6, 66.5, 63.4, 39.7, 39.0, 32.7, 26.8, 26.6, 25.7, 18.7,
17.7, 16.1, 6.0, —4.0; IR (KBr) v: 3363, 3205, 2853,
2379, 1636, 837, 736 cm™'. HRMS calcd for CyoH;,INaO-
Si [M+Na]" 471.1556, found 471.1555.

(Z2)~(5-Tllt-2- TR FE— -2 - 1 - 358 ) (FR 4R35 R 3 ) — T 3
ELE[(2)-6d]: TLOIRY); "H NMR (CDCls, 400 MHz)
8:7.23~7.36 (m, 5H), 5.46 (t, J=7.0 Hz, 1H), 3.20~3.23
(m, 5H), 2.88 (s, 2H), 2.72~2.77 (m, 2H), 2.06 (s, 2H),
—0.11 (s, 6H); *C NMR (CDCl;, 100 MHz) &: 144.0,
139.9, 128.1, 127.0, 126.5, 124.4, 66.1, 63.2, 33.2, 18.4,
5.3, —4.3; IR (KBr) v: 3455, 2965, 2928, 1639, 1072,
977, 804 cm™'. HRMS calcd for C;sH,4,INaOSi [M+Na]”
397.0461, found 397.0468.

#H B#1 KL (Supporting Information) L5541, 5b~5d
A 6a~6d () '"H NMR Al °C NMR [, X eedipla] L
G % MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.

References

[1] Sommer, L. H.; Tyler, L. J.; Whitmore, F. C. J. Am. Chem. Soc.
1948, 70, 2872.

[2] For recent reviews, see: (a) Ramachandran, P. V.; Nicponski, D. R.;
Gagare, P. D. In Comprehensive Organic Synthesis II, Vol. 2, Eds.:
Knochel, P.; Molander, G. A., Elsevier, Amsterdam, 2014, p. 72.

(b) Diez-Poza, C.; Barbero, A. Eur. J. Org. Chem. 2017, 2017,
4651.

(¢) Schmidt, A. W.; Knolker, H.-J. Synlett 2010, 2207.

(d) Chabaud, L.; James, P.; Landais, Y. Eur. J. Org. Chem. 2004,
3173.

(e) Barbero, A.; Pulido, F. J. Acc. Chem. Res. 2004, 37, 817.

(f) Méndez, M.; Echavarren, A. M. Eur. J. Org. Chem. 2002, 15.

(g) Fleming, 1.; Barbero, A.; Walter, D. Chem. Rev. 1997, 97, 2063.

[3] Langkopf, E.; Schinzer, D. Chem. Rev. 1995, 95, 1375.

[4] For reviews on the synthesis of allylsilanes see 2a, and also see: (a)
Sarkar, T. K. Synthesis 1990, 969.

(b) Sarkar, T. K. Synthesis 1990, 1101.
(c) Suginome, M.; Ito, Y. J. Organomet. Chem. 2003, 680, 43.
(d) Barbero, A.; Pulido, F. J. Synthesis 2004, 779.

[5] Han, J. W.; Hayashi, T. Tetrahedron: Asymmetry 2010, 21, 2193
and references therein.

[6] (a)Chan, T. H.; Wang, D. Chem. Rev. 1992, 92, 995.

(b) Masse, C. E.; Panek, J. S. Chem. Rev. 1995, 95, 1293.

For selected examples on transformations of chiral allylsilanes, see:
(c) Hayashi, T.; Konishi, M.; Kumada, M. J. Am. Chem. Soc. 1982,
104, 4963.

(d) Wang, D. Chin. J. Org. Chem. 2001, 21, 1090 (in Chinese).
(EZR, AMALFE, 2001, 21, 1090.)

(e) Wu, J; Pu, Y.; Panek, J. S. J. Am. Chem. Soc. 2012, 134, 18440.

[7]1 (a)Li, W.-D. Z.; Yang, J.-H. Org. Lett. 2004, 6, 1849.

(b) Yang, J. H.; Li, W. D. Z. Chin. Chem. Lett. 2005, 16, 433.

[8] (a) Shen, S.-J.; Li, W.-D. Z. J. Org. Chem. 2013, 78, 7112.

Chin. J. Org. Chem. 2019, 39, 3454~3459



Chinese Journal of Organic Chemistry

ARTICLE

(9]
[10]

[11]

Chin. J. Org. Chem. 2019, 39, 3454~3459

(b) Gao, H.-T.; Wang, B.-L.; Li, W.-D. Z. Tetrahedron 2014, 70,
9436.

Li, W.-D. Z.; Peng, Y. Org. Lett. 2005, 7, 3069.

Lawrence, N. J. Science of Synthesis (Houben-Weyl), Georg Thieme
Verlag, Stuttgart, Germany, 2002, pp. 579~594.

Methoxymethyl magnesium chloride is known to be obtained at

[12]

© 2019 Chinese Chemical Society & SIOC, CAS

low temperature but decomposes above —20 C to release eth-
ylene gas, see: (a) Normant, H.; Castro, B. C. R. Acad. Sci. 1963,
257,2115.

(b) Castro, B. Bull. Soc. Chim. Fr. 1967, 1533.

Scheiper, B.; Bonnekessel, M.; Krause, H.; Fiirstner, A. J. Org.
Chem. 2004, 69, 3943.

(Lu, Y.)

3459

http://sioc-journal.cn/



