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Abstract : The 8te~8088lectiv8 eyntheeio of 2-iaoprdpyl l,P-dienes through the erose-coupling 
P8CCtiOn of .?-bens8n88UlfOn@E 2.4~di8?~8 U?!d i8oprOp&kUgne8iWt! chloride W&V tmneition-metat 
Cataly8i8 i8 deecribed. IrOn 88lt8, which Were better catalysis than plladiwn OF niokel mm, 
led to eubetitution, of the sulfonyl group with )97X stereoepecificity and without iaomerieation 
of the iaopropyL GI+~d moiety to the npropyl derivative. Notable amount8 of the compound 
reeulting from reduotion of the auZfonyl group were aleo formed. 

The stereoselective synthesis of vinylsulfones is readily achieved by condensation of 

a-sulfonyl carbanions with aldehydes, acetylatfon of the intermediate 8-hydroxysulfones 
1 

and a-elimination of acetic acid . Vinylsulfones are stereospecifically converted into disubsti- 
2 tuted olefins by hydrogenolysis with sodium dithionite . This latter transformation has also 

been achieved with n-alkylmagnesium halides under nickel or palladium catalysis in 97X or 98% 

stereospecificity, respectively 3. Recently, these techniques have been applied to the prepara- 

tion of 1,3- 
4 

and 1,4-dienes from E-benzenesalfonyl 1,3- and 2-benzenesulfonyl 1,4-dienes . 

Reduction of the sulfonyl group of E 2-benzenesulfonyl 1,3-dienes with Grignard reagents in the 

presence of nickel or palladium complexes led to 1,3-dienes>97% EE 5,6 . In the case of 

2-benzenesulfonyl 1,4-dienes, sodium dithionite was reconxnended for the hydrogenolysis of the 

sulfonyl moiety and yielded 1,4-dienes >97% EE 6. 

During this latter study, the unexpected formation of a mixture of cross-coupling and 

hydrogenolysis products was observed in the reaction of 2-benzenesulfonyl 1,4-dienes with 

Grignard reagents under nickel OF palladium catalysis. Purification of the substitution pFOdUCtS 

04 isomers) on a silica gel column containing 10% of AgNO3 afforded a fraction containing l-22 

of an isopropyl 1.4-diene according to 'H NHR analysis. Phenylmagnesium halides are known to 

couple with vinylsulfones under nickel OF iron catalysis 
7 

while only nickel salts catalyse the 

cross-coupling reaction of these compounds with methylmagnesium halides 7b. The iron-catalysed 

cross-coupling reaction of n-alkyl Grignard reagents with vinylsulfones is an efficient technique 
8 for preparing trisubstituted olefins . However, even in the presence of iron salts, set-aikyl 

Grignard reagents lead almost exclusively to hydrogenolysis products. The present paper reports 

the study of the isopropylation of 2-benzenesulfonyl 1.4-dienes whereas the application of this 

technique to the synthesfs of the pheromone of Yellow Scale is described in the following paper. 

E t-Benzenesulfonyl 1,4-dienes were prepared according to literature procedures 1,4b . 
Thus EE 4-benzenesulfonyl 2,5-dodecadiene j_ was obtained in 71% yield, >98% EE, according to 

HPLC, 'H- and 13C NMR analyses as previously described 4b. l-Benzenesulfonyl Q-methyl 3-pentene 2 

was prepared from l-bromo 4-methyl 3-pentene ' and sodium benzenesulfinate (UHF, 18h, 20". 

74%) '0. Treatment of 2 with n-butyllithiun at -78°C (THF. 0.5h) followed by heptanal at -35*C 

III 
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(1Sh) afforded 85% of 2 (thteo/erythro " : 56/44). Acetylation with acetic anhydride (CH2C12, 

Et3N. MAP. 4h) l2 yielded 96% of a-acetoxysulfones 2 (threo/erythro : 56/44) which were 

converted into dienesulfone 4 (Et20, NaOH powder, 5h. 95%). After chromatography, dienesulfone 4 

was >99% E according to HPLC and 'H NMR analyses. 

Functionalised dienesulfones, model compounds for yellow scale, were prepared according 

to the two methods indicated in scheme 1. Sulfone 2 (pKad0) was metalated with n-butyllithium 

while alkoxide 5 (pKa_18) was obtained upon treatment of the hemiacetal with either n-butylli- 

thium or LDA. Path a, or controlled reduction of 6 -valerolactone with DIBAH 13, Path b. Both 

condensation reactions. Paths a and b (2O"C, 18h) yielded 86-87X of a mixture (threo/erythro : 

52148) of hydroxysulfones 5. Selective silylation of the primary alcohol by a known method 14a 

(TBDMS-Cl. DMAP. Et3N. CH2C12. 0°C. 18h) followed by chromatography furnished 79% of compounds E 

along with 10% of disilylated derivatives and 5% of unchanged e. In a similar way diols s were 

selectively tritylated (Ph$Cl, DHAP, Et3N. CH2C12, 20°C. 18h) '4b at the primary alcohol to 

furnish 6c in 92% yield. Acetylation of e, 

4h) l2 - 

E and 6c in the usual way (CH2C12, Et3N. DMAP, - 
followed by elimination of acetic acid (Et20, NaOH powder, 5hl completed the syntheses of 

dienesulfones 7-a. E and &.HPLC and 
1 H NHR analyses indicated dienesulfones 7b and 7c were - - 

)99X E whereas 2 contained 2% of another isomer. 

/hy 
& 

2 

941 911 

/ o7sDms . 

Scheme 1 
+ + 

OCPh, 

II z 
7b 7c 

The results of the reaction of dienesulfone 1 with isopropylmagnesium chloride in the 

presence of various transition-metal complexes are conected in Table 1. Nickel and palladium 

catalysts afforded mixtures of dodecadiene 8, 5-isopropyl 2,5-dodecadiene 2, and n-propylation 

products lo. In all cases )90% conservation of the double bond configuration was observed. Iron 

salts led to mixtures of olefins 8 and 2 with excellent, >96%, stereospecificity. Moreover, the 

n-propylation product, 10 could only be detected in the experiment in which a phosphlne ligand - 
was added to the iron salt, entry 12. Smith and Kochi l5 have pointed out that using iron salts 

instead of nickel ones leads to the suppression of alkyl rearrangement of the Grignard moiety in 

the cross-coupling reaction of alkenyl halides with Grignard reagents. Ether proved to be the 

best solvent and led to acceptable yields of 2 with either FeC13 or Fe(acac13, entries 11 and 14. 

An experiment with n-propylmagnesium chloride. entry 15, furnished a mixture of 8 and 10 which - - 
confirmed that isomerisation of the Grignard reagent was negligible under these conditions. 

Lehmkuhl and ~011. 
16 

have shown that ~1~2-4-alkenylnickel complexes are stable to B-hydri- 

de elimination. It is possible that a similar interaction between this double bond and the 
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TABLE I Reaction of dienesulfone 1 with isopropylmagnesium chloride catalyscd by various 
transition-metal complexes. 

Solvent _ 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

'0 

1' 

'2 

13 

14 

15 

I HLn I 

MLn 

Conditions a 

Solvent RHgCl b 

Nl(acac12 THF A 

NiC12DPPP II B 
00 Et20 I, 

Pd(acac12 THF II 

Pd(acac12 + 2 nBu3P " II 

II II II A 
II II Et20 II 

II II 
CgH6 

II 

Fe(DBH13 THF B 
1, Et20 II 

Fe'acac13 I, II 

Fe'acac13 + nBu3P ' II 

FeC13 THF I, 

II Et20 II 

II II II 

a Ia 

Products %(EZ/EEIC 

8 9 '4 

63 (90/10' 

19 (92/8) 

25 (95/5) 

70 (90/1Ol 

63 (92/8) 

50 (90/10' 

23 (90/'0' 

30 (9D/lOl 

40 (96/4) 

35 (96/4) 

39 (98/2) 

48 (97/3l 

62 (98/2) 

37 (98/2) 

27 (99/l) 

13 

5 

5 

2 

3 

2 

5 

4 

5 

'0 (97/3l 

27 (97/3l 

6 

8 (98/2) 

28 (98/2l 

5 products 
II 

10 (90/'01 

'7 (93/7' 

'9 (92/8l 

37 (90/10' 

38 (90/10) 

1 

8 

60 (98/2' d 

a 1 mnoi of 1.5ml of solvent ; 16h at 20°C. b 

THF. 
A iPrHgC1 1.8-1.2'4 in ether ; B iPrMgC1 0.9M in 

Capillary GLC 'n-tridecane-internal standard). n-PrMgCl 1'4 in ether. 

TABLE II Reaction of dienesulfones 1, 4, 7b and 7c with isopropylmagnesium chloride cata- 
lysed by FeC13. 

c 2. hydrolysis b 

Products d 
Entry Dienesulfone ' Hydrogenolysis Isopropylation n-Propylation 

1 e 1 ( 99' 8 37 (98/2) 2 28 (98/2l - 

pf 4 (99/l) 11 22 (98/2) 12 32 (98/2) U 1 

39 7a (98/2) 14 42 (97/3) fi '7 (98/2' 16 0.3 

4 7b ( 9971' 14 43 (98/2l fi 36 (98/2' 16 0.5 

5 7c ( 99/l' 14 40 (90/10' Is 32 (92/8) 16 0.3 

a 1 rmnol of dienesulfone. 3% of FeC13. 2 mm01 of iPrMgC1. Et 0. 
b Removal of the primary alcohol group protector. ' Hp'c. 

d2 
20°C. lh. 

Capillary glc. e 2% of FeC13. 

f 18% of 1(3-methyl 2-butenyloctyllsulfonyjbenzene were also recovered. g 4 mmol of iPrMgC'. 
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transition metal promotes the cross- coupling reaction of E-benzenesulfonyl 1,4-dienes with 

alkylmagnesium halides with regard to the hydrogenolysis. 

In the presence of 3% of FeC13 in ether, all of the dienesulfones except the acetoxy 

compound 7a gave acceptable yields of isopropylated 1,4-dienes, Table II. Some reduction of the - 
double bond G to the sulfonyl group took place with dienesulfone 4. This secondary reaction has 

been reported in the cross-coupling reaction of vinylsulfones with n-alkyl Grignard reagents in 
8 the presence of iron salts . Slight loss of olefinic purity was observed with the tritylated 

derivative 2 possibly due to the conditions used for removal of the protecting group. Thus the 

t-butyldlmethylsilyl moiety appeared to be the most efficient protecting group for primary 

alcohols in this reaction. 

The cross-coupling of Grignard reagents with vinylhalides catalysed by nickel l7 or 
iron 18-20 

salts is a well-known reaction. However, the starting materials are not always readily 
21 available with high olefinic purity . Various vinyl substrates such as enolethers 22, en01 

23 24 silylethers , enolphosphates , 25 
phosphates , vinylsulfides 26 and vinylselenides 27 also 

undergo this nickel-catalysed cross-coupling reaction. 

Financial help from the UA 1110 is gratefully acknowledged. We thank Miss Michon, Miss 
Derouet and Hrs Horin for recording NHR and GLC- mass spectra and Mr Mulot for skillful technical 
assistance. 

EXPERIMENTAL 

Elemental analyses (see Table VI were conducted at Paris VI, Cytre de Spectrochimie. 
Soectra were recordad on the followina : Cameca 250 or Bruker AM 400 for H NMR. Bruker WH-90 or 
Bruker AM 400 for '% NMR, Perkin-Elder 599 for IR and Varian-Hat CH7 or Riber Nermag RlO-10/B 
for m/z. Analytical GLC were performed on a Girdel 30 equipped with a capillary Chrompack column 
(CP Sil B CB). Preoarative GLC was conducted on a Fractovap 4200 (Carlo Erbal equipped with a 
Pyrex column (3m x 7mn, 15% OV 101 on chromosorb W DMCS-AH 60-80 mesh). Flash chromatography was 
performed accordinq to ref. 28 usina +ierck silica ael ( 0.063-0.2 mm or 54Own. Art. 7734 or 
77361 with a pen&e/ether gradient -unless stated otherwise. Basic silica gel ;as prepared by 
treating 2009 of Merck silica gel with 500ml of a saturated aqueous solution of NaHCO , 
filtering, washing (successively with water, methanol, ethyl acetate, ether and pen#el aid 
drying. Silver nitrate-charged silica gel was prepared according to a known procedure Analy- 
tical HPLC was conducted on a Du Pont 850 Liquid Chromatograph equipped with a Du Pont B 1500 
Zorbax Sil (4.6mn x 25cm) column. 

After workup all organic layers were dried over anhydrous magnesium sulfate. All 
solvents were distilled over appropriate reagents : benrophenonesodium (THF, dioxane, ether). 
P,O, (oentanel. calcium hydride (dichloromethane. chloroformed. sodium (benzene. toluene. xylenel 
mggilesium (methanol. ethanol). Grignard reawts.and n-BuLi were titrated with a 0.5H solution of 
2-butanol in xylene using 2.2'-biquinoline as the indicator. All reactions were run under a 
positive pressure of dry nitrogen. 

IR, m/z and H NMR data for all sulfones are collected in Table III whereas the date 
for olefinic compounds are given in Table IV. 

[14-Methyl,3-penteg?yl)sulfonyl]benzene 2. 8.29 (5omnOl) of 1-bromo 4-methyl 
3-pentene - and 1 (62 1) f sodium-benzenesulfinate dissolved in 50ml of DMF were stirred at 
20°C for 18h and' thenmn:our",d over a mixture of 300ml of ice and water. Extractiofl with 
dichloromethane, workup and flash chromatography (pentane/AcOEt) yielded 8.29 (74%) of 2 as a 
colourless oil. 

Typical procedure for the hydroxyalkylation of sulfone 2 

9-Methyl C-phenylsulfonyl 8-decen 1.5-diol 6a - 

Path a. 1.4ml of n-8uLi (1.5M in hexane) were added to a stirred solution of 44Bmg 
(21mnoll of sulfone 2 in lOm1 of THF at -78'C. The solution was warmed to room temperature for 
0.5h and then coola to -78°C. 
(obtajqed from 150ml of H 0. 

A solution containing 244 mg (2.41mnol) of lithiated lactol 5 

93x1 
12.5ml of HCl (35%). and 509 (0.6moll. of 2,4-dihydropyranne 7 

in 6ml of THF (obtaqned upon stirring 5 with 1.8ml of n-8uLi (or LDA) 1.3M in hexane for 
15 min. at this temperature) was syphoned into-the reaction vessel. The mixture was then stirred 
at 20°C for 18h. lml of saturated solution of aqueous ammonium chloride was added at 0°C and the 
reaction mixture was extracted with ether. Uorkup and flash chromatography furnished 568mg (87%) 
of diols 2 as a yellow oil. 

For the preparation of fl-hydroxysulfones 3a both condensation and hydrolysis were 
carried out at -35°C. In the alternative synthesis ofTa, Path b, 3ml of DIBA-Ii 0.83M in hexane 
were added dropwise to a stirred solution of 240mg (2.bmnoll of a-valerolactone in THF at 
-78°C and this solution was maintained at this temperature prior to condensation. In this case 
the reaction mixture was hydrolysed with a 2.5M solution of aqueous HCI. 



I16 E. ALVAREZ et al. 

TABLE III : IR. m/z and 'Ii NHR data of sulfones. 

b rm. **a. m75. 

m 
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and acetylatlon 
12 
L 

A solution of 1661~~ (l.lmmol) of t-butyldimethylsllylchloride In 3ml of dlchloromcthane 
was added to a, solution of 326s~ (1 nanol) of sulfonediol 6a. 278 Pl (2 an011 of triethylamine 
and 5mg (0.04 anal) of DMAP in 3ml of dichloromethane atTC. The mixture was stirred at 0°C for 
18h. hydrolysed at this temperature with a saturated aqueous solution of ammonium chloride and 
extracted with ether. The usual workup and flash chromatography (basic silica gel) yielded 347mg 
(79%) of monosilylated sulfonediol 6b as a yellow oil along with 10% of dlsflylated material and 
5% of starting sulfonediol &. - 

Acetylations were performed in a similar way using 1.1 equivalents of acetic anhydride. 
2241~~ (2.2 nm101) of acetic anhydride were used for the preparation of diacetoxysulfone 6d and the 
reaction was conducted at 20°C for 5h. In this latter case flash chromatography was coiiducted on 
silica gel. 

or the synthesis of vinylsulfones from a-acetoxysulfones. 
lyloxy P-methyl b-phenylsultonyl (tJ-5,E-decadiene 7b -* 

40mg (1 nvnol) of freshly powdered sodium hydroxide were added to a solution of 193mg 
(0.4 mnol) of sulfone 6e in ether. The heterogenous reaction mixture was stirred at 20°C for 5h 
and 0.5ml of a satura=d solution of ammonium chloride were added. After extraction with ether 
and workup, flash chromatography on basic silica gel furnished 159mg (94%) of dienesulfone _7&. 

Elimination of acetic acid from 6-acetoxysulfone 2 was conducted In THF and flash 
chromatography was performed on silica gel. 

Typical procedure for the reaction of dienesulfones with Grignard reagents in the Presence of 
transition metals. 

3ml (0.03 mol)of a 0.01 I4 solution of catalyst in ether (or in the solvent used for the 
reaction) were added to 1 tmnol of dienesulfone dissolved in 6 ml of ether. The stirred solution 
was cooled to -78'C and 2 rmnol (4 mnol in the case of dienesulfone 7s) of Grignard reagent were 

TABLP N : W/r cd +4-m &tad OldlniC capzmch. 

m/z (relat1n &nwMx) 

6 

9 

10 

lla 

19 

166(S). 124(Z). lcFx3). 95(M), 

6lw). bB(irn) 

X8(6). 165(11). 137(12). 123(15). 

lcN70). 95(47). 8lE6). M(W). 

0.66 (t.6.5.H). 0.97(d.7.W). 1.19 to 1.39(m.W4). 1.63(dt, J1-5. 

J2-1. 3H). l.%(q.7.M). 2.20(- W, 7.1H). 2.XJX)(d.5.2li). 

55( lrn) 5.15(t,7.1H). 5.28 to 5.4Bh,2n). 

2C8(8). lM(5). 137(12). 123flO). 

10X16). %(50). 6103). 67(36). 

O.%(t.?.W), 0.86(t,6.5.H), 1.17 to l.sO(m.lM). 1,65s(dc. J1.5. 

J2-1. 31). 1.93(t.7.M). l.W(q.7.2W. 2.699(d,5.5,2+0. 5.12(t,7.UI). 5.23 to 

56( im) 5.Y(m,M). 

160(10). 165(10). 95(W). 62(%). 

67(1W) 

222c1.5). 179(10), 166(10). 123(15). 

10x47). 75ftrn) 

222(4). 179(5). 166(10). 141(11), 

126U6). 123(XJ). lQX32). %(lW) 

16N1.5). 151X2.6). X+5(10). lUX16). 

93(36). 79(x?). 67(1rn) 

210(19). 137(%). 123(%). lol( 

91(69), nP(l?a. 67(1rn) 

0.88(2.6.5.3H). 1.19 to 1.42(m.BH). 1.6Sdt. Jld.5. J2.1.5. 30. 

2.D3(q.6,ZH). Z.X)(t.4.5.2il). 5.26 to 5.52(m.ai). 

0.69(t.6.5.W). 1.19 r0 l.e((m.BH), l.KsJ(br S.ZW). l.W(br d.1.3. 

W, 2.07(q.6.5.W), 2.73(t.6.5.M). 5.OXbr t.6.5.lH). 5.28 to 

5.Wm.DC~llfles to n AB syataa. J,-10). 

0.88(t.6.5.W. 0.95(d,6.5.6+lH). l.lE to 1.4l(m.(H). l.%b(br .,SI). 

l.Wbr d.1.W. 1.99(br q.6.5.2H). 2.20h~,, -. 6.5.lH). 2.71 

(d.6.5.2H). 4.58(br t.6.5.W. 5.12(t,6.5.,,,). 

O.%(t,7,W. 0.66(t,6.~.30. 1.17 ba 1.49hl(30, 1.65(br 1.3). 

l.W(br d.1.W. 1.930~ t.7.2li). 2.Wcbr q.6.5.2H). 2.668(d,7.M). 

5.02(br tm. J1-7. J2.1.4. lH). 5.10(t.7.lH). 

1.W to Z.IJ(m.lW lrrluli~ 2br s : *1.60.3( ; 11.64,ai). 2.6add. 

J,-5.5, J2&5.i.W). 3.60(t.7.M). 5.OfXbr t.7.M. 5.26 to 5.42 

(ma+ l pllfiea to n M WM. J--lo). 

0.92fd.6.5.6H). 1.1 to 2.34h.lQl Includln(( 2s : 81.60. a ti 

(1.64.3H). 2.666(d,6.5,2H). 3.61(2.6.5,M). 4.%(br t,lH). 5.13 

(L7,lH). 

’ 100 M ‘% J-#kblmUd ICR ~tnm a UrnI . 77.w ; d mmA q - (.). a rrJ t.(-) : 14.CQ(t). 17.755(*). 22x6(*). 22.66s(-). 

25.65(+). 27.76(-), 28.46(-). 29.09(-). X3.11(-3. 31X16(-). 34.57(.). X2.77(+). X24.10(+). 13X61(-). lU.W(-). b lOJ6h 13C 

J-&&lMad rpChu -iW l4.U7(+). 17.65(+). 22.%5(-), %.666(e). %.36(-). 27.22(-). 28.9X-j. 29.566(-). X.76(-). 122.%(.). 126..BX+). 

129x0(*). lax72(-). 
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added. The homogeneous solution, which was initially the colour of the transition-metal complex, 
turned black with formation of some insoluble material and this mixture was warmed to 20°C for 
lh, whereupon 0.5 ml of a saturated aqueous solutlon of ammonium chloride were added followed by 
a solution of the internal standard in toluene (tridecane or heptadecane). The reaction mixture 
was filtered over log of basic silica gel and then this column was rlnced 3 times with 20ml of 
ether. The combined organic layers were washed with a saturated solution of NaHCO followed by 
;;!;;.3$fter the usual workup. removal of the sllyl-protecting 3qroup 

or the trityl-protecting group (HCl 5M. CHCl , lh, O°C) 
(Bu~NF.~?~O, THF, lh. 

was con ucted according to 
literature procedures prior to GLC analysis and tv r%sidue was analysed by capillary GLC. The 
products were separated by preparative GLC prior to H-NMR, m/z and elemental analvses. 

Compound 

2 c12n1602s 

34 Cl9"30035 

3b C21H3204S 

4 C19"2602S 

64 c17n2604s 

6b c2?400455' 

6c w40045 

6d C21n3006S 

74 c19n2604s 

7b c23H3803ss~ 

1. 
2. 
3. 
4. 

5. 

6. 
7. 

8. 
9. 
10. 

::: 
13. 

14. 

;;: 
17. 

18. 

::: 
21. 

::: 
24. 

;:: 

:;: 
29. 

::: 

::: 
34. 
35. 

c4lculat#d \ found % 

C H C H Compound 

64.25 7.19 64.41 7.15 7c %%a035 

67.42 

66.28 

Il.21 

62.55 

62.68 

76.02 

61.44 

65.11 

65.35 

a.93 

a.40 

a.80 

a.03 

9.15 

7.09 

7.37 

7.48 

9.05 

66.98 

65.95 

69.56 

62.05 

62.35 

75.15 

61.15 

65.04 

65.74 

8.87 a 

0.47 9 

a.60 IO 

7.94 II L a.93 12 

6.1 13 

7.22 14 

7.39 15 

a.92 

REFERENCES 

ClP22 

CISHZB 

C15Hza 

c13n24 

c16"~ 

'16"30 

Cll"200 

C14n260 

Calculated t found t 

C H C H 

71.51 6.96 78.35 6.89 

86.66 13.34 86.48 13.27 

86.46 13.54 86.01 13.45 

66.46 13.54 116.25 13.48 

86.58 13.41 86.25 13.28 

86.40 13.60 M.10 13.57 

86.40 13.60 85.99 13.58 

7a.52 11.96 71.23 11.95 

79.94 12.46 79.51 12.3a 
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