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SYNTHETIC COMMUNICATIONS, 30( 18), 3245-3253 (2000) 

A STEREOSELECTIVE SYNTHEHC ROUTE TO 

COMPOUNDS 
Q-t~-ORCANOSTANNYL~-a,P-UNSATlJRATED CARBONYL 

Ping Zhong, Zhi-Xing Xiong' and Xian Huani  

Department of Chemistry, Zhejiang University (Campus Xixi), 
34 Tianmushan LA. Ilangzhou, 3 10028, P. R. China 

ABSTKACT: Hydrozirconation of acetylenic stannanes 1 affords gem- 
stannazirconocene allwnes 2. Intermediates 2 are treated with acyl halides to 
obtain (a-a-organostiinnyl-a$-unsaturated carbonyl compounds 3 via Zr-Cu 
transtrit.tallation. 

Vinylstannanes which can Icad to carbon-carbon bond formation under a 

variety of conditions are of' increasing importance 2s intermediates in synthetic 

organic chemistry.' (4-a-organostannyl-a$-unsaturated carbonyl compounds are 

important synthons in organic chemistry, but fern convenient routes to such 

compoiinds are known For examplt:, the hydrostannation of conjugated alkynones 

gives (f<)-a-organostannyl-a$-unsaturated carbonyl compounds or a mixture of E 

and Z isomers.' 

' I'wnoitmr uddrrss: Ikpanmenl of Chcmistry. Yichun Normal Instilute. Yichun. 336000. P. R. China. 

* I o wliom thc corrcspondencc should be addrcsed. 

Copyright Q 2000 by Marcel Dekker, Inc. 
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3246 ZHONG, XIONG, AND HUANG 

Recently, it was reported that syn-addition of Schwartz’s reagent I Into a 

alkyne followed by treatment with electrophiles provides access to functiomlized 

alkenes with a high level of stereochemical purity.’ For example. treatment of 

ricetyleriic stannanes, which can be synthesized in good yield according 10 the 

method of Bottaro? with CpzZr(H)CI’ followed by treating with a,p-unsaliirated 

enones or allylic halides afforded polysubstituted a l k e n e ~ . ~  But the coup1 ing of 

gem-stannazirconocene alkenes with acyl halides has not been reported. 

Considering the electrophilicity of acyl halides, we managed to treat them with the 

gem-stannazirconocene alkenes (2) produced by hydrozirconation of acetylenic 

stannanes (1). 

Cp2Zr(H)CI adds to acetylenic stannanes (1) in THF at room tempcsrature 

stereospecifically with high regioselectivity to yield (4-vinylic Zr(1V) complexcs 

(2) which react with acyl halides in the presence of CuI to afford (&a- 

organostannyl-a$-unsaturated carbonyl compounds 3. 

1 2 3 

R’ = Ph, n-C5H11, CH3OCH2; R2 := Ph, Bu; R3 = Ph, CH3 

Scheme 1 

When the acetylenic stannanes 1 are acetylenic triphenyl stannancs, the 

yields are good (see table 1). Howeker, the reaction ol‘acetylenic tributyl staiinanes 

hardly proceeded under similar conditions. The reason is that the a-tributylslannyl 

conjugated enones are very sensitive to acidic conditions, and attempted 

purification by preparative TLC on silica gel resulted in coriiplete 

protodestannylation.2 
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CARBONYL COMPOUNDS 3247 

Table 1 Synthesis of Compounds 3a-g 

Product R ‘  RZ R3 Mp(”C) Yield( YO)’ 

3 1  Ph Ph CH3 95-96 61 

31) n-Csll I Ph C H3 113-1 14 611 

34- CH30CH2 Ph CH3 105-1 06 73 

3Cl Ph Ph Ph 95-96 62 

34. n-CsH I I Ph Ph 89-90 70 

3f CH3OCH2 Ph Ph 99- 1 00 58 

31: CH3OCH2 Ph 4-MeCbH4 102-1 03 55 

311 CH30CH2 Bu _--C!3 -- I ^___: 

_ -  -.. ----I- ----_ --I---_I- ~ -__ 

a. Isolated yields based on acetylenic stannanes. 

All compounds 3 were purified by preparative TLC on silica gel and fully 

characterized by NMR, MS and IR spectroscopy. The stereochemistry of (a- a- 
organostannyl-a$-unsaturated cartlonyl compound:; was easily establishcd by 

consideration oftin-vinylic hydrogen coupling constants in the IH NMR spectra of 

products 3 (average value 130 Hz, [runs Sn”’/ For comparison, the 

average cis coupling constant of Snl”/ - vinylic hydrogen in 3 is 60 Hz.’ 

The configuration of compound 3a could be confirmed viu compound 4 

\vhich ”as obtained hy treatment of 3a with n-butyllithium in THF followed by 

hydrolysis; the reaction occurs stereoselectively (Scheme 2).’,* Partiwlarly 

tliagno!tic for the stereochemistry of 4 was the coupling constant between the 

3a 4 

Scheme 2 
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3248 ZHONG, XIONG, AND HUANG 

vicinal protons H, and Hh which sliow a typical value of Jtlfl of 16 Hz wliich is 

consistent with an E’ configuration. Therefore, we could confirm that the 

compounds 3 have Z configuration. 

(Z)-a-organos~innyl-cL,P-un~,atiirated carboriyl compounds (3) are 

importent useful synthetic intermediates and are effective precursors for the 

preparation of conjugated enones. For example, the coupling of compound 3a with 

tliphenyliodonium chloride at room temperature in tlie presence of Pd(PPh;L and 

Cul affords (E)-3,4-diphenyl-3-buten-2-0ne 5 in 80% yield. (Scheme 3) 

3a 5 

Scheme 3 

Intermolecular coupling of tho alkenyltriphenylstannane groups (:.in be 

effected by CuCl in I M F .  For example, treatment of compound 3c with CuCI in 

IIMF at room temperiiture gave the coupled product 6 in 74% yield. (Scheml.: 4) 

3c 6 

Scheme 4 

The hydrozirconationkoupling stategy provides a direct route to t a-a- 
organostannyl-a$-unsaturated carbonyl compounds from acetylenic stannanes. 

The mcthod has sonic: attractive advantages such its mild reaction conditions. 

simple procedure, short reaction time and high regio- and stereoselectivity . 
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CARBONYL COMPOUNDS 3249 

ISXPEItIMENTAL 

1-1 N M R  spectra were recorded on AZ-300 spectrometer with TMS as internal 

standard. Mass spectra were obtained on Finigan ti230 mass spectrometcr. IR 

spectra were determined on PE-683 instrument as neat films. All reactions were 

carried out in pre-dried glassware (140 "C, 4 h) and cooled under a stream of dry 

nitroycn. All solvents were dried, deoxygenated and redistilled before use. 

(;enera1 procedure for the synthesis o f  3a-g: A suspension of zirconocene 

hydrochloride (0.3 1 g. I .2 mmol) in THF (2 mL) WE, stirred at room temperature 

under nitrogen. A solution of acetyltmic stannanes (1 .O mmol) in THF (2 ml  1 was 

added 4fter being stirred for 30 min, this reaction mixture was transferred to the 

solutioii of acyl halide (1.5 mmol) and CuI (0.19g, 1.0 mmol) in THF (4 mL). 

After being stirred for 8 h at room temperature, thc mixture was quenchtd by 

pouring it into saturated aqueous NIH4CI (10 mL) and was extracted with EtzO (3 

K 8 nil,). Normal handing and chrirnatography af'forded (2)-a-organostnnnyl- 

cc.P-unsaturated carbonyl comounds 3. 

(Z)-4-phenyl-3-triphenylstannyl-3-buten-2-one 3a: a pale yellow solid, mp 95 - 

06 'C* (from methanol). (Found: C, 68.03; H, 4.90. Cdc. for C28H240Sn: C, 67.92; 

li. 4.88); v,,,, (KBr),cm-': 3080. 1760. 1605, 1580, 1500, 1490, 1440; 8~ (300 

I 

MHz; CDCh): 7.60 - 6.90 (m, 21H, Ph, HC=), 2.00 (s, 3H, CHj); d z :  479 (M - 
17, 3.85%), 453 (M - CH,CO, 6.32), 419 (M - Ph, 6.41), 377 (loo), 351 (SnPh,, 

58.97), 197 (SnPh, 58.87). 

(Z)-3-ti*iphenylstannyI-3-nonen-2-one 3b: a white :,olid, mp 113 - 114 "C (from 

methand). (Found: C, 66.41; H, 6.21. Calc. for C27H30OSn: C, 66.29; H. 6.18); 

vlllaX (KBr)/cm'l: 3080. 2980. 2950, 2870, 1760, 1490, 1440, 1375, 1245; 6 , ,  (300 

MHz; CDC13): 7.50 - 7.00 (in, 15H. Ph), 6.10 (t, I€{, J 7Hz, HC=), 1.90 (s, 3H, 

C0CH.A 1.85 (m, 2tl. C'HKH=), 1.40 - 0.65 (m, 9H, C&); d z :  447 (M - 
CH~CXJ, 1.36%), 35 1 (SnPhl. 100). 
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3250 ZHONG, XIONG, AND HUANG 

(Z)-4-niethoxy-3-triphenylstannyI-3-penten-2-one 3c: a white solid, mp 105 - 

106 "C (from methanol). (Found: C, 61.97; H, 5.24. Calc. for C~H2402Sn: C, 

62.24; 14, 5.22); V m a  (KBr)/cm-l: 3080, 1755, 1490; 0 5 ~  (300 MHz; CDC13): 7.25 - 
6.90 (m, 15H, Ph), 6.30(t, IH, J 7Hz, HC=), 3.85(d. 2H, J 7Hz, CH?O), 2.75 (s, 

3H, OCHj), 1.85 (s, 3H, COCHj); m/z: 421 (M - CH3C0, 2.10 %), 351 (SnPhJ. 

100). 

(Z)-1,3-diphenyl-2-triphenylstannyl-2-propen-2-one 3d: a pale yellow solid, 

mp 95-96 "C (from methanol). (Found: C, 71.15; H, 4.74. Calc. for C33H26OSn: C. 

71.13; H, 4.70); v,, (KBr)/cm-': 3090, 3088, 1740. 1490, 1440, 1280; 61, (300 

MHz; CDC13): 8.20 (s, IH, HC=), 7.45 - 7.00 (m, 25H, Ph); m/z: 453 (M - PhCO. 

7.10%). 351 (SnPh3, IOO), 77 (12.94). 

(Z)-l-phenyl-2-triphenylstannyl-2~-octen-l-one 3e: a white solid, mp 89 - 30 "C 

(from methanol). (Found: C, 69.89; H, 5.88. Calc. for C32H320Sn: C, 69.72: H. 

5.85); \',ax (KBr)/cm-': 3080, 2980, 2940, 2870, 1615, 1490, 1440, 1080: 611 (300 

MHz; CDCI3): 7.50 - 7.00 (m, 20H, Ph), 6.53 (t, I H ,  J 7Hz, HC=), 1.85 (in.  21-1. 

(I&CH=), I .40 - 0.65 (m, 9H, C4H:r); m/z: 447 (M - PhCO, 23.33%), 35 1 (SnPliJ. 

1 00), 7'1 (20.00). 

(Z)-4-niethoxy-l-phenyl-2-triphenylstannyl-2-buten-l-one 3f: a white solid. 

mp 99 .. 100°C (from methanol). (Found: C, 66.53; H.  4.97. Calc. for CpJHznOzSn: 

C, 66.32; H, 4.99); vnlax (KBr)/cm-': 3010, 1745, 1500, 1445, 1290; 611 (300 MHz; 

CDCIj): 7.40 - 6.90 (m, 20H, Ph), 6.20 (t, 1 H, J 7Hz, HC=), 3.85 (d. J 7.0 H:?, 2tI. 

OCH2). 2.70 (s ,  3H, CIfJ); m/z: 526 (M', 3.75%), 351 (SnPh.3, 100). 

(Z)-4-niethoxy-l-(4-methylphenyl)3-triphenylstannyl-2-buten-l-one 3g: a 

pale yellow solid, mp 102 - 103OC (from methanol). (Found: C, 66.76; H. 5.20. 

Calc. fix Cj"H2802Sn: C, 66.82; El, 5.23); vmax (KBr)/cm": 3085, 1740. 1625. 

1490. 1440, 1285, 1000,730,700; 6,, (300 MHz; CDC'I3): 7.60 - 6.90 (m. 1911, Ph), 

D
ow

nl
oa

de
d 

by
 [

U
Z

H
 H

au
pt

bi
bl

io
th

ek
 / 

Z
en

tr
al

bi
bl

io
th

ek
 Z

ür
ic

h]
 a

t 2
1:

42
 2

9 
D

ec
em

be
r 

20
14

 



CARBONYL COMPOUNDS 325 1 

0.25 (t, IH,J7Hz, IfC=z) ,  3.85 (d. J 7.0 Hz, 2H, CH20), 2.80 (s, 3H, OCH3). 2.20 

(s, 3H. CH3); m/z: 530 (M - I ,  8.89?6). 351 (SnPh3, N O ) ,  77 (27.78). 

The synthesis of (E)-l-phenyl-3-buten-2-one 4: 1 mL BuLi (1.1 M hexane 

c.olutioii) was added to a THF (5.0 niL) solution of 3a (OSOg, 1 .O mmol) at -78 "C. 

After sliming for 30 niin. the mixture was hydrolyzed with saturated aq. NH4CI 

and esrracted with C'tlzClz (2 X 10 mL). The orllanic extract was dried with 

MgSO4. filtered and concentrated in  vl~cuum. The residue was purified by column 

chromatography over silica gel. eluting with petroleum to give (E)-4-pht!nyl-3- 

tiuten-2-one 4. (0 .12~.  yield: 85%) , is  a pale yellow solid, mp 40 - 41 "c' (lit."I 

T); v , , , ; ~ ~  (filni)/cm-': 1665; (300 MHz; CDCI,) 7.42(d, J 16 Hz, IH. IfC=), 

7.10- i.70(m,51-1, Ph),6.58(d, I H , J  16 Hz,=CH),:?.27(s,3H,CHj). 

The synthesis of (E)-3,4-dipheny1-3-buten-2-one 5: (Z)-4-phenyI-3- 

triphenylstannyl-3-buten-2-one 3a (0.25g, 0.5 nirnol) and diphenyliodonium 

chlorid,:"' (0.16g. 0.5 mmol) were dissolved in DMF (5 mL) under nitrogen at 

room temperature. Pd(PPh3)a (0.06g. 0.05 mmol) and CuI (O.O8g, 0.4 mmol) were 

then added. The mixture was stirred at room temperature and monitored by TLC 

l'or the disappearance of the startirig organostannanc. The reaction mixture mas 

diluted with CHzClz ( I5  mL), filtered and stirred with 20% aqueous K F  (1 mL) 

I'or 30 min before being dried anti concentrated. The residue was puritied by 

c.olumn chromatography on silica gel, eluting with light petroleum to  give 

compoiind 5 (0.089g. yield: 80%) ss ;I solid. mp 53-54 "C (lit." 54-55 "C'I; vmil, 

(fiIni),'cm-': 1670; 611 (300 MHz: CIICI3): 7.60(s, 1 H. HC=), 6.90 - 7.40 (m. 1OCI. 

1'11). 3.23 (s. 3H, CHj). 

Thc synthesis of (E,E)-3,4-di(2-methoxyethylidene)-2,4-hexanedione 6: '1'0 a 

:tirred :;uspension CuC'I (0.IOg. 2 mmol) in dry DMF (8 mL) at room tempcrature 

ivas adjed a solution of 3c (0.46g. 1 iiimol) in dry DMt: (4 ml,). The resulting 

triisttitx was stirred for 12hr. Saturated aqueous NH.$( I (12 mL) and water ( I:! nil.) 
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3252 ZHONG, XIONG, AND HUANG 

were added and the mixture was stirred, opened 110 the atmosphere, until the 

aqueous phase turned bright blue. The mixture was extracted with ether (3 X 8 

mL) and the combined organic layers were washed with brine (2 X 5 nil.) and 

water (2 X 5 mL), dried (MgS04), and concentrated. The residue was puriiied by 

column chromatography on silica gel, eluting with light petroleum to give 

compound 6 (0.167g. yield: 74%) a: a pale yellow oil. (Found: C, 63.56; H. 8.00. 

Calc. fix C12H1804: C ,  63.70; H, 8.02); vmax (film)/cm-': 3090, 1755, 1665; 811 

(300 MHz; CDCI3) 7.10 (t. J 7.0 Hz$ 2H, HC=), 3.85 (d, J 7.0 Hz, 4H, C'H20), 

3.25 (s, 6H, OCH3) 1.85 ( s ,  6H, CH.J.3)); m/z: 226 (M', 0.89%), 183 (M - CIi3CO. 

34.66), 55 (100). 

Acknowledgment: Project 29772007 was supportcd by The National Naturc 
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