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Abstract: Alkenyl lphenyl) iodonium tctrafluoroborates 3 were 
synthesized from alkenylsilancs 1 by the react 10; with 
iodosylbenzene and boron trilluoride-diethyl ether or 
trrethyloxonzum tctraf luoroboratc. The reaction proceeds 
stcreospccifically with retention of configuration of 1. X-ray 
diffraction analysis of (4-terr -butylcyclohcxenyll phenyl- 
iodonium totrafluoroborate (3&l revealed the hrghly ionic 
5tructure with the distorted T-shape arrangement. Jodonium 
salts 2 behave like the highly activated species of vinyl 
iodides due to the high leaving ability of the iodine(III1 
substrtuents. Thus t a variety of substituted olefins including 
s-cyano and s-nitro olefins, vinyl sulfides, vinyl halides, and 
3, e-unsaturated esters, were synthesized from 1 under mild 
conditrons. A liqand coupling mechanism gia the formation of 
10-I-3 intermediate 27 containing a copper(II1) _.- ligand is 
proposed for the substitutions of 2 with nucleophiles. 

The versatility of alkenylsilanes in orydnic synthesis has been wcli 

recognized. 
1 

They serve as vinyl anion equivalent species and react readily with 

a wide range of clectrophiles in a regio- and stereoselectivc manner to give 

substitution products. In order to increase the synthetic utility of this 

important class of compounds furthermore, we are interested rn devising a new 

method for achieving the reactivity umpolung of vinylsilanes. Our approach to 

this problem involves the conversion of alkcnylsilanes to vinylif compounds 2, 

which should have a qood leaving group X and therefore may act as vinyl cat ion 

equivalent species. The choice of a hypcrvalent iodine11111 substituent as a 

leaving group X seems to be highly dcsrrable, because iodine{1111 at the 

hypervalent state is known to be an excellent leaving group. 
2 
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Scheme 1. 

In spite of numerous studies on the chemistry of diaryliodonium salts, the 

synthetic method and utility of the vinyl(ary1)~odonit.m salts are limited and 

often inefficient. 2h A few K-chlorovrnyliodonium salts have been prepared and 

they are mostly utilized as the source of acetylene itself. 
3 Vinyl (aryll iodoniun 

4095 
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Table 1. Synthesie of alkenyl(phcnyl)iodonium tetrafluoroboratea 3 
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a) See the experlmental section. b) Isolated yields. c) RT : room 

temperature. d) The reaction was carried out using 1.2 equiv. of 

ISD and 1 equiv. of triethyloxonium tetrafluoroboratc. c) Dee-1-yne 

vas obtained in 9Ot yield (CL.C yield). f) Reference 4a. 
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Table 2. 
1 H and l3 C Chemical shifts of alkenyliodonium 

salts3 and alkenyl iodidesa 

compd lt4 ’ 6 (Ppm) 13C , 6 (ppm) . 

Ha HB Ca CB 

3b - 1.04 118.5 141.9 

x 6.78 6.98 96.5 155.9 
3d 

6.90 6.70 
- b - b 

30 6.81 7.11 98.0 153.4 

31 7.40 7.19 96.0 151.6 

3k (2) 6.58 - 95.3 159.1 

11 5.95 6.50 74.4 146.6 

al The numbering system is as follows: R-C It =CoHo-X. 
R 5 

b) Not detemlned. 

activated ISB than a vinylsilyl group and a regloisomeric mixture of diaryl- 

iodonlum salts 9 and 10 in a ratio 64:36 was obtalncd. - - 
FdSt atom bombardment (FAB) and secondary ion mass spcctromctry ISIMS) arc used 

extensively for the analysis of organic onium salts such as ammonium, phosphonlum, 

and sulfonium salts. 19 The positive ion FAB mass spectra of vinyliodonium 

tctrafluoroborates 3 showed relatively abundant fragments corresponding to the 

Lntact cat ions: for example, iodonium salts 3a and _3b produce abundant ions -- 
assigned to (H-BF41 + at m/c 205 and 341, respectively (See experimental section). 

Busch has reported that the positive ion secondary ion mass spectra of I_b, !c, and 
3 .-_ 

3i also contain the intact cations as the base peak.lye IH spectra of 3 showed - 
very large broad bands at 1100-1000 cm -1 characteristic of the BF - anion. 

‘H and l3 
4 

C NHR chemical shifts of vinylic protons and carbons of 3 are shown in 

Table 2. Comparing the 
1 
II and 13 C NMR chemical shifts int’-1-decenyliodonium salt 

3c and S-1-iodo-1-octene salt 3c the - l_l, it is observed that ln the iodonium 

a-hydrogen and a-carbon are much more dcshielded (0.83 ppm for Hn and 22.1 ppm for 

Cal than the B-hydrogen and E-carbon (0.48 ppm for IIs and 9.3 Ppm for CK) I 
respectively. The observation may be partly interpreted in terms of the higher 

electroncgativity of the phenyliodonium group compared to that of iodine. 2o In 

contrast to the above results, it has been shown that the B-carbons in 

mcthyl(vinyl)-bromonlum and -chloronium salts are much more dcshicldcd than the 

a-carbons. 24 

Crystal Structure of Phenyl(4-tert- ---_ - butylcyclohexe&liodonium Tetrafiuoroboratc -_ 
(3b) 

Single-crystal X-ray diffraction analysis of alkenyl (phenyll iodonium 

tetrafluoroborate 3b was carried out to determine the stereo-structure. The - 
structure of the bimolecular unit formed in the crystal of 3& (Figure 1) reveal 5 

the distorted T-shape arrangement with the three bonds to iodine (I-Cl, I-C.1, and 
. 

I-Fl) . The configuration is similar to other trivalent organoiodine compounds. 25 

The selected bond lengths and bond angles arc surmnarlred In Table 3. 

The I-F1 bond distance (3.037 Al is much longer than the computed covalent 

single bond length of 1.97 i.26 This fact clearly indicates that the iodonium 

salts 3b is considerably Aonic in character. Sunilar ionic structure for - 
diphenyl iodonium tetrafluoroborate (51 with I-F bond distance of 2.96 i has been _. 
reported by Struchkov and Khotsyanova. 

27 
The crystal structure contains three 

secondary hnds 28 between the electropositive trivalent iodine and the three 
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the unsaturated ester 21 (E:Z = The - 11:891 stereospecifically in 66 t yield. 

stereochemistry of 19 and 21 was determined by NOE experiments. - - 

The mechanism for substitutions of alkenyliodonium salts 2 vith nuclcophiles 

containing copper fIl 1s not yet clear. As one of the possible reaction pathway, 

the single electron transfer mechanism (Scheme 5) involving the formation of 9-I-2 

intermediate 22 radicals should be - followed by its decomposition to yield 

considered. Such a pathway has been proposed in the cuproue chloride-catalyzed 

thermal decomposition of diphenyl iodoniwn chloride to chlorobenrene and 

iodobentenc. 37 In the cleavage of 22, path a is favored over path b because of 

the higher stability of a combination of vinyl radical 23 and rodobenzcne than - 
that of phenyl radical and vinyl iodide 24.38 This explain% the exclusive - 
formation of vinylic compounds 25 instead of the phenylation of - nuclcophilcs 

producing 26. However, the - the electron transfer mechanism seems unlikely since 

complete retention of stereochemistry in the phenylation of 3k is not - compatible 

with the formation of vinyl radical intermediate 23 which rapidly loses the 

stereochemistry. 
40 

We propose a reaction pathway involving the f0110w1ng three 

steps (Scheme 6): 1) Oxldative addition of cuprates with formation of 10-l-3 

species 27, in which the copper(II1) ligand probablyoccupiesan equatorial position 

because of its low electronegativity. 2) Ligand coupling on the iodine atom 

producing the vinyl coppertIIIf species 2-9 with retention of the stereochemistry 

Of the double bond. 41 
31 Ligand coupling on the copper atom between the alkcnyl 

group and X to give the substitution product. Similar mechanism involving the 

ligand coupling of tricoordinate iodinetIII1 species has been suggested. 42 _ 

R’R2C=CRt(+Ph HCuX2 
R’R*C=CR%?h 

‘,1 ---+ 
3 

BF -- 
8 -MBF,, cux2 b- 

M=Li,K 

Rt R3 

x 

MCuX* 

. 

R2 I ‘P? 
-MBP4 

3 BF, M=Li,U 

Scheme 5. 

R’R’C=CR? + Phi + CuX2 -3 R1R2C=CR3X 

R’R2&R31 l Ph. l CuX -PhX 
2S 

24 2 !28 

Scheme 6. 

Conclusions 

We have developed a general method for the synthesis of alkenyl(phenyl)iodoni~ 

tctrafluoroborates 1 from vinylsilanes 1 utllitinq the Lewis acrd-activated 

iodosylbentene. X-ray data show that the iodonium salt s adopts a distorted 

trigonal bipyramidal configuration. Vinyliodonium salts _! are highly effective as 

the activated species of vinyl iodide9 and a variety of nucleophrles can be 

introduced to the double bond of 1, accompanied by the reductive elimination of 

rodobenzene. Vinylsilanes 1 usually act as vinyl anion equivalent species. 

Therefore, the reaction described above offers a new methodology for the wnpol unq 

of reactivity of vlnylsilanoe. 
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343 [(n-BF4)*]. Anal. Calcd for Cl6H248F41: C, 44.68: H, 5.62. Found: C, 44.43; i(, 

5.52. 

Z-Phenyl (1-decenyl) iodonium tetraf luoroboratc (3d) . ‘H NM? (400 MHz, CD2C12)6 

2.43 (2H, ml, 6.70 (lH, dt, 516.0, 7.0 Hz), 6.90 (1H. d, J-6.0 IIt), 7.49 -7.59 

(2H, ml, 7.71 (lH, ml, 7.92 - 7.98 (lH, ml. 

E-Phenyl(3-phenyl-1-propcnyl)iodonium tetrafluoroborate (3e) _-L Pale yellow 011: 

II? (film) 3080, 1600, 1560, 1440, 1050, 730 cm-‘; ‘H NHR (400 MHz. CDC13) 0 3.62 

(ZH, d, J=6.8 Hz), 6.81 (lH, dt, J=13.7, 1.5 Hz), 7.05 - 7.15 OH, ml, 7.15 -7.12 

(lH, ml, 7.22 - 7.29 (ZH, ml, 7.40 - 7.47 (2H, ml, 7.55 - 7.62 (1H, ml, 7.92 - 

7.97 (ZH, ml; 13c ~wR (25 MHz, CDC13) 6 40.8 (t), 98.0 (d), 110.1 (s), 127.1 (d) , 

128.8 (d) , 128.9 (d), 132.3 (d), 132.7 (d), 135.4 (d), 136.0 (sl, 153.4 (d); MS 

(FAB) m/e 321 I W-BF4)*l. 

E-Phenyl[)-(p-bromophenoxyj-1-propcnyll~odon~um tetrafluoroborate of). Ye1 low 

011; IR (cycle) 3040, 1590, 1490, 1240, 1060, 820 cm-‘; ‘11 NHR (100 MHz, CDC13) 5 

4.72 (2H, IO), 6.64 - 6.88 (ZH, ml, 7.04 - 7.72 (7H, ml, 7.88 - 8.08 (Zl(,ml ; MS 

(FAB) m/e 415 lPl-BF4)+l. 

E-Phenyl(4-phenyl-1-butenyl)iodonium tetrafluoroborate (3g). Colorless oil: IR 

(film) 3070, 1605, 1445, 1070 cm-‘; ‘H NMR (100 MHZ, CDC13) E 2.44 - 3.0 (4H. ml, 

6.66 (lo, d, J-14.2 Hz), 6.80 - 7.90 IllH, m); MS (FAB) m/e 335 IWl-BF4)‘l. 

E-Phenyl[Q-(p-chlorophenyl)-1-butenylllodonlum tetrafluoroborate Oh) ~-._-_ T Color- 

less needles (recrystallized from dichloromethane-dlethyl ether); mp 45 - 46 ‘C; 

IR (c~C1~) 3040, 1600, 1570, 1490, 1060 cm-‘: ‘H NC(R (400 MHz. CDC13) 6 2.65 (2H. 

q, J- 7.3 Hz), 2.78 (2H, t, J-7.3 Hz), 6.71 (III, dt, J=13.7, 1.2 Hz), 6.96 IlH, 

dt, Jc13.7, 7.3 Hz), 7.02 - 7.05 (2H, ml, 7.17 - 7.22 (2H, ml. 7.44 - 7.50 (211, 

ml , 7.63 - 7.68 (111, ml, 7.83 - 7.88 (2H, ml: MS (FAB) m/e 369 [(~-BF4)‘l- 

,?-Phenyl(2-phenylvinylliodonium tetraf luoroboratc Oil . Colorless powder; mp 

98 - 99 Oc: IR (CHC13) 3050, 1560, 1465, 1440, 1050 cm-‘; ‘H NHR (400 MHz. CDCl 3) 

5 7.30 - 7.39 (3H, m), 7.40 - 7.46 (4H, ml, 7.48 (III, d, J=14.2 HZ), 7.59 (111. t. 

512.7 Hz), 7.79 (lH, d, J-14.2 Hz), 8.01 - 8.07 (ZH, ml; 13C NMR (25 MHz, CDC13)5 

96.0 (d), 110.5 (s), 129.1 (d), 131.3 (d), 132.3 (d), 132.7 (d), 134.1 (s), 135.7 

(d) , 151.6 (d); MS (FAB) m/e 307 [(bl-BF4)+l. Anal. Calcd for C14H12BF41: C, 42.68: 

H, 3.07; F, 19.29: I, 32.21. Found: C, 42.72; H, 3.15; F, 19.20; I. 31.93. 

E-Phenyl(3-cyclohexyl-2-methyl-l-propenyl~~odon~~ tetrafluoroborate __(1;1.)_. 
Colorlcse prisms (recrystallized from ethyl acetate-dlethyl ether); mp 71 - 72 OC: 

IR (KBr) 3030, 1610, 1565, 1440, 1080, 735 cm-‘; ‘H NHR (100 MHr, CDC13) 5 0.8 - 

2.0 (llH, ml, 2.18 (3H, s), 2.38 (211, d, J=6.8 Hz), 6.61 (lH, s), 7.30 - 8.04 (SH, 

m) : MS (FAB) m/c 341 [ IM-BF4) ‘1. 

H-Phenyl(2-methyl-4-phenyl-1-butcnylliodonlum tctrafluoroborate (3k) -.-_ ._._. __*_ Pale 

orange plates (recrystallized from dlchloromethane-hexane): mp 78 - 80 OC: IR 

(KBr) 3050, 1620, 1440, 1260, 1080, 740 cm-‘; ‘H NHR (400 MHz. CDC13) d 2.20 OH, 

d, J=l.O Hz), 2.80 - 2.90 (IH, ml, 6.58 (lH, q, J-1.0 Hz), 7.08 - 7.13 (2H. mn), 

7.16 - 7.27 (3H, ml, 7.39 - 7.45 (ZH, ml, 7.56 - 7.62 (lH, ml, 7.67 - 7.73 (21i, 

m): MS (FAB) m/c 349 I (H-BP4)+l. 

Z- and B-Pheny1(2-methyl-4-phenyl-1-butcnylllodonlum tctrafluoroborate (3K)., 

A mixture of Z- and E-2 in a ratlo 9O:lO: Pale reddish oil: IR (film) 3080, 1600, 

1560, 1440, 1060, 735 cm-‘: ‘H NMR (400 MHz, CDC13) 5 2.17 (0.3II, d, J-1.0 Hz, t’), 

2.23 (2.711, d, J-1.0 Hz, Z), 2.75 - 2.88 (4H), 6.60 (O.lH, q, J-l.0 Hz, 61, 6.61 

(0.9H, q, Jul.0 Hz, 2). 7.07 - 7.74 (1OH): MS (FAB) m/e 349 [ (M-BF4)+l. 

Reaction of phenyl(trimethyl)srlane with ISB. Treatment of phcnyl (trunethylj- 

silanc (2.0 g, 13.3 mmol) with ISB (4.68 g, 21.3 mm011 and BF3-Et20 (3.02 g, 21.3 

mmol) in dlchlororncthane at room temperature for 21 h, followed by the qucnchlnq 

of the react ion mixture with a saturated aqueous sodium tetrafluoroborate 
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4-torr-butylcyclohexanone. 46 

Synthesis of the 1,3-diketone 14. A solution of 3b (218 mg, 0.51 mmol) in - 
tetrahydrofuran (5 ml) uas added to a suspension of potassium enoiatc of 

2-hexyl-1,3-indanedione IO.42 mmoi) in tetrahydrofuran 15 ml) at room temperature 

in nitrogen and the mixture was stirred for 30 mm. The react ion mixture was 

poured into water and extracted with diethyl ether. A usual vork-up gave an 011, 

which was chrasatographed on a column of silica gel usrng hexane-ethyl acetate 

(9: 1) to grve 2 (100 mg, 64af. IR (CHC13) 1745, 1705, 1600, 1250 cm-‘; 1H NXR 

(100 MHz, CDC131 6 0.70 - 2.32 (29If), 5.52 - 5.68 (IH, m), 7.78 - 8.04 (4H, ml; M5 

(electron impact) m/o 366 (M+1, 338, 295, 281, 231. High resolution MS: Found 

366.2597. Calcd for C25H3402 (M*) 366.2559. 

Synthesis of the a-nitro olcfln 15 --L A mixture of 3b 130 mg, 0.07 mmol), - CUSO4 

(22 mq, 0.14 mmol), and NaN02 (48 mg, 0.7 nnnol) ln dimcthylformamlde (2 ml) and 

water (2 ml) was stirred at room temperature for 28 h in nltrogcn. The a-nltro 

olef in 15 (7 mg, 551) was isolated by preparative TLC [hexanc-ethyl acetate 

(9:ll 1. IR lCHCl31 1515, 1335 cm-‘: ‘H NMR tlO0 MHz, CDCl3f 6 0.92 (9I1, s), 1.10 - 

2.95 (7H, ml, 7.16 - 7.32 (lH, ml; MS (electron impact) m/c 183 M*), 127. 57. 

High resolution MS: Found 183.1244. Calcd for C10Hl,N02 fM*) 183.1259. 

Synthesis of the vinyl sulfide 16. A solution of ,33 (43 mg, 0.1 mm011 in 

dioxane (2 ml) was added to sodium thiophcnoxidc (0.2 mmol) at. room temperature in 

nitrogen. After being stlrred for 30 mln, the mixture was poured into water, ctnd 

extracted with dicthyl ether. Preparatlvc TLC [hcxane-ethyl acetate (9: 11 i 

afforded the sulfzde 3 (20 mg, 811). ‘H NMR (CM1131 6 0.86 (PH. s), 1.0 - 2.3 

(7lf) , 5.77 - 6.0 (lH, m), 6.90 - 7.23 (SH, ml: !4S (electron impact) m/c 246 (X’l, 

189, 162. High resolution HS: Found 246.1433. Calcd for C16H22S fM+) 246.1142. 

Synthesis of the vinyl chloride 17 (X = Cl). -_..- ._ - -- A mixture of CuCl (50 mg, 0.5 

!nmOl) and KC1 (37 lag, 0.5 mmol! in dimethylfonnamide (1 ml) was stirred at room 

temperature for 1 h in the dark. The mlxturc was added to a solution of !I) (22 mg, 

0.05 mm011 in dimethylformamide (1 ml). After being stirred at room temperature 

for 12 h, the reaction mixture was quenched with water and extracted with dlcthyl 

ether. A usual work-up gave an oil, which was purified by preparative TLC lhexancl 

to give the chloride 1_2 (X = Cl, 8 mq, 9391. ‘11 NMR (400 MHz, CDC13) 6 0.87 (9H, 

9) * 1.23, - 1.40 (ZIt, m). 1.81 - 1.92 (2H, m), 2.07 - 2.15 (lH, m), 2.25 - 2.43 

t2H, ml, 5.76 - 5.81 tlH, m); HS (electron Impact) m/e 172 (+I’), 116, 69, 57. High 

resolution MS: Found 172.0999. CdlCd for C10H17C1 Wit) 172.1018. 

Synthesis of the vinyl bromide 17 (X = Br). The zodonlum salt 3b 122 mg, 0.05 -- - 
mm011 was converted to the bromide 17 (X - Br, 7.5 mq, 69%) using CuBr (72 mg, 0.5 - 
mm011 and KBr f60 mg. 0.5 mm011 according to the procedure for the synthesis or Q 

(X = Cl). 'I! NMR 1100 MHz, CDC13) E 0.84 (9H, s), 1.10 - 2.53 (7H), 5.90 - 6.06 

(lH, ml: MS ielcctron lmpactt m/e 216 (M+), 160, 137, 57. fixgh resolution MS: 

Found 216.0485. Calcd for C10H138r (+i+) 216.0514. 

Synthesis of the vial iodide 17 (X = 11. The iodonrum salt 2 (30 mq, 0.07 - --__. I~-- 
mm011 was treated with a mlxturc of CuI (133 mg, 0.7 mm011 and KI (116 mg, 0.7 

mmO1) kn d;methylformamide 14 ml! at room temperature for 1 h. Analytical GC 

showed the formatIon of 17 (X = I) in quantitative ykeld, _- A pure sample of 1.1 IX = 

I) was obtalned by prcparstive CC. ‘11 NMR (100 !iHz, CDC13) 6 0.85 (9H, s), 1.20 - 

2.13 f%i, ml, 2.42 - 2.68 (ZH, mf, 6.20 - 6.38 OH, ml: MS (electron lmpactl m/c 

264 W+), 57. Reduction of 3b (58 mg, - 0.14 mm011 with lithium aluminum hydride 15 

mqr 0.14 mm011 in tetrahydrofuran (3 ml! at room temperature gave 17 IX = I, 11 - 

mrl, 318). Irradiation of a solution of 3b in dichloromethane at room - temperature 

for 2 h ustng a high-pressure mercury lamp also produced the zodlde 17 IX = I, - 
328). 
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X-ray diffraction analysis of 3b. Crystal data: C16H22BF41, m.w. = 428.1, -- 

triclinic, space group qi, crystal size 0.2x0.2x0.2 m, u@lo) - 1.8 mm-l, d = 

11.348(S), _b - 12.919 (6), 2 = 6.587(2) i, a = 100.29(3), 6 = 98.02(3), y = 

101.65(4)*, z - 2, v - 915.1(7) A3, _Dc - 1.554 g/cm3. Intensity data of 3185 

unique reflections with 20&50° were collected on a Rigaku diffractometer using 

graphite monochromated MO !a radiation. 

The structure was solved by a conventional heavy-atom method. A dlf fcrcnce 

electron density map suggested that the 4-tert-butylcyclohexene rlnq was 

disordered at the two locations I (I) and (II)] related, approxunately, by a 

two-fold axis imagined to lie along the Cl-C4 directron: the ring of II) consists 

of Cl-Cl0 and that of (II) consists of Cl, C2, C103, C4, C105, C6, C7, dnd 

ClOE-Cl10 (the atom-numbering system shown in Figure 1). No hydrogen atoms were 

located. The positional parameters of the non-hydrogen atoms and the anisotropic 

thermal parameters of the atoms excluding those of (1) and (II) for which 

Individual isotropic temperature factors were used were refined by a block- 

diagonal least-squares method. The degree of occupancy of (I) was estimated to be 

dbOUt 609. Final values of _R, _Rw, and S were respectively 0.065, 0.092, and 1.069 

for 2540 observed rcflectlons with IFo1>20(Fo). 

In Figure 1, d bimolecular unit conslstlnq of two molecules related by an 

inversion center in the crystal 1s shown. Symmetry related dtoms in one of the 

pair are prmed rn the other. Although the structure of 4-tart-butylcyclohexenc 

should be shown as d superposition of (I) and (II), (1) and (II) are separately 

drawn for clarity. The cyclohexene rings adopt a distorted half-chair form, in 

which the double bond is dssmed to locate between Cl and C2 for (1) and between 

Cl and C6 for (II) based on considerdtlon of the ring conformdtlon. Bond lengths 

and bond angles are not rcsondble due to the disordered structure of the ring. 

Supplementary material dVdlldble: - Atomic coordinates for >_b has been deposited 

with the Cambridge Crystallographic Ddtd Centrc. The coordinates can be obtdlned 

on request from The Director, Cambridge Crystallographic Data Centre, University 

Chemical Laboratory, Lensfield Road, Cambrrdge CB2 lEW, U.K. 
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