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Abaft-act - me l ddltlon of some lodlne-based electrophlllc reagents to the 
cyclic vlnylsllanes (1) and (4,R-&l L,R’-H) and (4,R-H,R’-CWa) occurs ulth 
hlgh re 

k 
lo-and etereo-speclflclty to glve (Z,X-Ctle,N, and WCS) and 

(5,R-Bu ,R’-H.X-One and N,) and (5,R-H,R’-One,X-OWeI. Slmllar addltlona to 
2-trlrthylsllylhcpt-l-one (6) are lee.8 efflclent ana occur ulth lower 
regloselectlvlty. !3ae of the adducts (2) and (5) have been transformed lnt0 
functlonsllsed organosllanes. Compounds (10.X-CMe.N,. and NCS) and (12)-(15) 
are thereby obtalned. 

The llterature on reactions of electrophlllc reagents ulth vlnylsllanes (o8wWaturated 

sllanes) has been well surveyed by Colvln.’ In many ln~tances overall electrophlllc 

substltutlon of the sllyl group ensues. thereby acccuntlng for the synthetic Importance of the 

process. particularly where a carbocatlonlc reagent 1s lnvolved. In other case3 actual adducts 

have been isolated. 

In thls paper we dsscrlbe an lnvestlgatlon of the addltlon of lodlne-based electrophlllc 

reagents (“IX.) to some vlnylsllanes.’ choosing those reagents where the fOrYtlOn of Isolable 

adducts could be expected by analogy ulth the behavlour of other oleflns.’ Ye ulshed to 

determine the reglo- and stereo-chmlstry of addltlon for comparison ulth the mode of rlng 

opening of the corresponding d-spoxyellanes’ wlth the lntentlon of lsprovlng the understanding 

of the controlling influence exerted by slllcon In such reactions. It was l l8o hoped that 

further chemical traneformtlons of the “IX” adducte might provide useful routes to 

functlonallsed organoslllcon compounds. 

RESULTS 

Adducts (2) X-OMe, N, and WCS were obtalned In reasonable yleld by addltlon of the 

approprlate lodlne-based reagents to l-trlmethylsllylcyclohexene (1) as sumarlsed In Table 1. 

Only ln the case of I,-LlOAc as reagent wae lododesllylatlon a slgnlflcant process. The adducts 

(2) were ldentlfled by a comblnatlon of spectroscopic data (000 experl~ntal mCtlOn) and 

further chemlcsl trsnsformatlone (see belou) especially the ellmlnatlon of HI on treatment with 

DBU to glve 3-substituted 2-trlmethylsllylcyclohexenes. In the ‘H n.m.r. epectra. the Me,Sl 

signal for compounds contalnlng the Me,SlC-I system ahowcd (I characterlstlc downfield Snlft of 

~a. 0.1 p.p.m. compared to that ln non I-contalnlng capounde. For coQparlson put-poem, the 

reaction of I,-LlSCN ulth cyclohexene under the condltlons uwd for (1) was carried out glvlng 

the 1odothloCyanate (3)’ as mln product. 



. J. 

tt 



loclm-based eleclroplulrc reagents 4089 

(7) (8) (9) 

Having successfully prepared ‘IX’ adducts from the I-rrlmethylsllylcyclohexenea (fables 1 
and 2) we decided to explore briefly thelr utlllty as precursors of functlonallsed 

organo-slllcon compounds by eubstltutlon and ellmlnatlon reactions. mu3 the doduct (2) were 

converted into 3-substituted-2-trlmethylsllylcyclohexenes (10) by treatment with DBU :n benzene 

under reflux. In this way the wthyl ether (10.X-One). the allyllc azlde (10,X-N,) and the 

lsothlocyanatc (10,X-NCS) were prepared, thereby provldlng chemical evidence for the reglo- and 

stereo-chem!stry of the adducts (2). The allyllc ethers (10 and (12) were obtalned slmllnrly 

by ellmlnatlon of HI froo thelr respective precursors (5. R-But, RI-H, X-Me) and (5. 

rw,R’-X-one,. 
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(10) (11) 
(12) 

Reduction of the lodoether (2.X-We) ulth LAH ln THF gave a 1:l mlxture of cls- and - 

trana-2-methoxy-1-trlwthylsllylcyclohexane presumably by a radical mechanlm’ which would be 

non-stereospeclflc. The allyllc amine (10.X.NH,) was obtalned by reduction of the allyllc azlde 

(10.X-N,) by LAH in Et,O. freatrnt of the lodoazlde (2.X-N,) with LAH In Et,0 resulted In 

reduction-cyclleatlon to the atlrldlne (13) uhlch was only obtained a5 the crude materlal; no 

evidence for formstlon of 2-amino-1-trlmethylsllylcyclohexane uaa obtained, presumably C-I 

c:eavage does not occur prlor to aria0 reduction as In 3oQe acyclic case3.’ The 

lodolsothlocyanate (2.X-NCS) underwent cycllsatlon to the Lhlarollne (14) on troatsant ulth KOH 

In MeOH. uhlle the allyllc lsothlocyanate (10.X-HCS) gave tne thlocarbanate (10.X-NHCSWe) 

under slcllar conaltlons. Acldlc hydrolysis of the en01 ether (12) gave the unsaturated ketone 

(151.’ 
SIMC, 

(T 

0 

SiMe, 

H 

03) (10 (15) 

3ISCUSSION 

Addltlon of the various lcdlne-based reagents to I-trlmrthylsllylcyc;Ohexene (1). 

4-t-butyl-l-trlmethyisllylcyclohexene (C.R-Bu t,R’-H) and 3-methoxy-2-trlwthyl~!lylcyclohexene 

(4.R-H.R’-Wee) occurred reglospeclflcally ulth the lodo-group attacking o- to sl:lcon. The 

stereochealcal result 1s that. expected for dlaxlal anti-addltlon. Ye consider that the 

condltlone used are wch as to favour an lonlc machanlsm. probably lnvolvlng an lnterxedlate 

lodonlum lon. rather than a free rad:cal mechanlx.” Reversible !odonlum lon formation 

lnvolvlng lnltlal attack from either slde 1s presumed,” to accounL for the formatlor. of ddduct~ 

(S.R-Liut.R’-H) ulth I cl3 to But - In the conformatlona:ly blaseC system. There would appear to 

be two ways of ratlonallslng the reglochemlcal result. One 13 to postulate Lhat the translclon 

StaLe for lodonlum lon rlng Opening has eufflclently hlgh sN2 character that the orlentatlon 1s 

governed by the Sterlc effect of Me,Sl. The other 1s to propose an SRI like translt:on state 

thereby appeallng to the stablllslng effect of the C-S1 bond on the B-carbonlum ion” as the 
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1-frlmcthylallylcyclohexene (3.85 g, 15 mol) was added. The mlxture was stirred at 18.C for 
24 h: IL was poured lnto dlatllled water (100 ml) and extracted ulth ether (3 x 75 ml). The 
ethereal soolutlon was washed successively with uater (50 ml), saturated aqueous sodl~ 
bicarbonate (50 J), water (50 II) saturated aqueous sodlum wtablsulphlte (2 x 50 ml). water 
(50 ml) and brine and wan dried (H&W.). Evaporatlon of the ether at 18.C gave crude 
t-1-loao-c-2-wthoxy-r-1-trlmthyle.llylcycl~exane (7.38 g, 891) as a brow 011. It was 
~urlfled i;y p.1.c. uaTng llght petroleum-ether (b:l) as eluant to give the adduct as a 
colourlesa 011. ( Found : C. 40.25; Ii. 7.0. C,,H,,OSlI requires C, 40.55; H. 7.151); a.18 
(9H,s..SlWe,). 0.7-2.5 (8H.11, 3.24 (3H.s.CMe). 3.64 (1H,t..J 3Hx.2-HI, 6, (CDCI,) 82.2 (d. C-3) 
56.0 (q. OCH,) 52.7 (8, C-l). 31.7 CL). 23.6 (t). 23.0 (t). 19.9 (Cl. 0.0 (9. R(s), -1.2 (9. 
SlHe,). 

c-2-Arldo-t-l-lodo-r-l-trlmethylsllylcyclohexane. - Standard procedure for lodlne/llthlum 
axlae add= Lo vlnrlsllanee.- Iodine (9.15 R. 36 mmol) was aadeu ln small quantltles ulth 
stlrrlng during lh to-dry sulpholane (SO ml). dry chloroform (50 ml) and llthlum atldt? (2.2 g. 
45 maol) at 0%. The mlxture was stirred at O°C for 1 h. 1-Trlmethylsllylcyclohexene (I.3 8. 
15 -1) was added and the mlxture was stirred at 18.C In the dark for 24 h. It was pour00 into 
water (200 ml) and the chloroform layer separated. The aqueous layer was extracted with ether 
(3 x 100 cl). The ethereal extract3 were cmblned ulth the chloroform solutlon and washed ulLh 
water (100 ml), saturated aqueous sodium bicarbonate (100 ml). water (100 ml). saturated aqueous 
sodium metablsulphlte (1OO ml). water (100 ml) and brlne and were dried (W.0.). The solvent 
“as removed at 18.C yleldlng crude c-2-azldo-l-1-lodo-r-1-trlmethylsllylcyclohexane a5 a pale 
brown 011 (3.85 g. 791). Purlflcation by p.1.c. using light petroleurether (4:1) a5 eluant 
gave the lodoazlde as a colourless 011. (Found : C. 33.65; H. 5.65: N, 12.75: I, 38.95. 
C,H,,N,SlI requires C, 33.45; H, 5.6: N. 13.0; I. 39.25s). 6H 9.8 (9H,s,SlHe,). 1.5-2.8 
(8H,m). 4.06 (lH,brs,Z-HI. 

t-l-Iodo-c-2-1X)Chlocyanelo-r-l-trlmethyl~llylcyclohexene. - standard proWCure for 
lodlne/ll%a thlocyanate addltlon to VlnylslIanes.- Iodine (9.15 g, 26 mmol) was added In 
small quantltles ulth stlrrlng during 1 h to dry sulpholane (50 al), dry chloroform (50 ml) and 
llthlum thlocyanate (2.9 g, 45 pmol) at O°C. The mixture Ma3 stirred at O°C for 1 h. 

l-Trlmethylsllylcyclohexene (2.3 g. 15 mol) was added and the q lxture was stirred at 18OC In 
the dark for 24 h. It was poured lnto water (200 ml) and the chloroform layer separafed. The 
aqueous layer was extracted ulth ether (3 x 100 ml). The ethereal extracts were ccnblned ulth 
the chloroform solution and washed ulth water (100 ml), saturated aqueous sodium bicarbonate 
(100 ml). water (1OO ml). saturated aqueous soalum metablsulphlte (1OO ml). water (100 cl) and 
brlne and were dried (HgSC.). me solvent was removed at 180~ glvlng crude I-1-lodo-c-2- 
lsothlocyanato-r-1-trlmethylsllylcyclohexane as a brown 011 (3.25 g. 6b I). Purlflcatlon by 
p.!.c. us!ng light petroleum-ether (b:1) as eluant gave the adduct as a colour?ess 011. 
(Found: C. 36.15: H. 5.11; S, 9.b5; N, 4.25: I. 37.15. C,,H,,SNSlI requlres C. 35.4: 
!i, 5.35: S. 9.45; N. U.15; I, 37.4s). 6H 0.22 (9H,s..Slflc,). 1.5-2.8 (81i.m). 4.11 
(lH.brs,Z-H). vmex (film) 2lOO (-N-C-S). m/e 339 (Y’). 266 (Y- 73. SlHe,). 212 (II-127, I). 

Reaction of Cyclohexene with Iodlne and Llthlum Thlocyanate.- Cycloherenc (0.41 g, 5 ml) 
was treated ulth lodlne (3.05 R. 12 ~101) and llthlum thlocyanate (0.975 E, 15 mmol) ln dry 
chloroform (25 ml) and dry sulpholane (25 ml) according to ;he SLuldarC procedure. The crude 
product was obtalneC as a yellow 011 (2.25 g) con3ldered Co be mainly trans-2-lodo-1- 
thlocyanatocyclohexane on the basis of: 6H 1.3-2.65 (8H.m). 3.48 (lH.=,l-H). 4.28 (‘H.e.Z-H). 
(lit.‘. 6H (Ccl.1 3.52 cm). 4.3b cm)). vmax (Tllm) 2150 cm-’ (-S-CiN). 

Reaction o.C 1-Trlmethylsllylcyclohexene ulth Iodlne/Llthlum Acetate - Standard procedure 
for reactions of lodlne/llthlum acetate ulth vlnylsllanes.- Iodine (3.05 g. 12 mmol) was added 
In small quantltles during 1 h Lo a stirred mixture of dry sulpholane (25 ml). dry ch?orofor= 
(25 ml) and llthlum acetate (0.975 g. 15 -1) at O*C. The mlxture was Stirred for 1 h at C*C. 
I-Trlmethylsllylcyc:oMxene (0.77 g, 5 oxnol) was added and the mixture stirred at 18OC In t3e 
dark for 24 h. Yater (75 ml) wae added and the chlorofon layer separated. The aque0b.s layer 
wa5 extracted ulth ether (3 x 50 ml). The ethereal extract3 and Lne chloroform solutlon were 
cOmblned and washed ulth water (50 ml). saturated aqueous sodium bicarbonate (50 ml). water 
(50 ml) saturated aqueoua sodlus metablsulphlte (50 ml). water 00 ml) and brlne and were drlea 
(flgS0, ) . The solvent was removed at 18.C glvlng a brown llquld (3.975 g, 701) uhlch wa5 
ldentlfled after dlstlllatlon as 1-lodccyclohexeno. b.p. 48-C at 1 mu Hg (lit.“. b.p. 53.C at 
5 ~DI Hg). (Found: C. 34.85; H, 4.6; I. 6C.35. Calc for C,H,I: C. 34.65: H. 4.35; 
I. 61.01). 6H 1.5 - 2.6 (8H.m). 6.25 (‘H,brs.Z-t!:. 

t-b-t-Butyl-t-l-l~o-c-2-~thoxy-r-l-tr:~Lhyl~llylcyclohexane. L-t-Butyi-1-Lr:neLhy:- 
sllylcyclohexene (1.057 5 ~1) was treated ulth lodlne (3.05 g, 12 -1) In dry methanol 
(50 ml) and dry sulpholane (20 ml) by the standard procedure. The crude proCucL ~83 isolated as 
A Dale brown 011 (1.52 (1. 831). Purlllcatlon bv ~.l.c. uslnn llnht oetroleum-ether (4:l) as 
el&c gave L-4-t-bu;ul~~-l~l~o-c-2-~thox~-r-~r~methyl~lly~~y~~ohe~ane as a colourless 011. 
( Found : C. 46.25; H. 8.3; I ., 3b.3. C,.H,.OSlI requires C. 45.65; H. 7.9; I, 34.45s). 
6 0.18 (9H,s,SlMe,). 0.88 (9H,s,Buc), l.l-2Il (7H.m). 3.25 (3H.s.One). 3.75 (1H.bra.2-H). 
m/e 311 (M- 57. CM,). 264 (y- 104. CH,OSlM,). 

I In this and all subsequent experlmenLs lnvolvlng lodlne, the apparatus was wrapped In 
alumlnlum roll Lo exclude light. 
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N-(2-Trl~thylsllylcyclohex-1-~-3-~~0-~thylthlocarb~te.- 3-Isothlocyanafo-2-trlwthyl- 
sllylcyclohexene (0.25 g, 1.18 awl) ln ether (15 ml) was added to potasslum hydroxlde (0.2 8. 
3.6 mol) in methanol (4 ml). The mlxture was stlrred at 18.C for 6 h. Water (20 ml) was 
added and the mixture extracted ulth ether (2 x 20 ml). The ethereal extracts were washed with 
brlne and dried (PIgSO.). The product was lsolated as a yellow 011 (0.19 g, 66%) uhlch 
subsequently solldlfled. It was recrystallized from llght petroleum (b.p. 30-U0.C) at -72-C 
giving N-(2-trlmethylallylcyclohex-l-~-3-~L)O-wthylthloarba~te as a yellow Crystalline 
solld. m.p. &X. (Found: C, 54.9; H, 8.9; N. 5.8. C,,H,,ONSSl requlres C. 54.3; H. 8.7: 
N. 5.751). 6H 0.02 (9H,s,SlHe,). 1.5 - 2.3 (6H,m). 3.92 (3H.s.We). 4.8 (rH,br.NH). 6.2 
(lH.brs,l-HI. 

t-l-Iodo-c,f-2,6-dlmcthoxy-r-l-trlmethylsllylcyclohexene.- 7-frlwthylsllyl-3-sethoxycyclo 
hexene (2.2 g. 12 mmol) was treated ulth lodlne (7.32 g, 28.6 amol) In dry methanol (25 ml) and 
dry sulpholane (25 ml). A yellow 011 was obtalned (3.72 g. 90.5s). Purlflcatlon of a sample by 
p.1.c. uslng llghf petroleusether (4:l) gave a yellow cryslalllne solid uhlch was 
recrysta:llzed from llght petroleum (b.p. 30-U0.C) at -720C glvlng t-1-lodo-c.t-2,6-almthoxy-r- 
I-trlmethylallylcyclohexane m.p. 38-39.C (Found: C. 38.6; H. 6.9. C,,HI,D,Sll rcqulres 
C, 38.6; H. 6.751). 6H 0.2 (9H,s,S:He,). 1.2-2.7 (6H.m). 3.22 (3H.s.OHe). 3.35 (3H.s.We). 
3.1-3.6 (lH.m,6-HI, 3.75 (lt!.brs,Z-H). 

1.3-Dlathox -2-trlwthylsllylcyclohex-l-ene.- t-1-Iodo-c,v2.6-dlaethoxy-r-l-trlnthyl- 
sllylcyclohexane 3 g, 8.8 ~01) was heated under reTlax ulth_DEU (1.5 g. 9.9 mbl) ln dry 
benzene (50 ml) for 20 h. The preclpltated salts were filtered off and the flltraLe was washed 
ulth water (10 ml) and brlne and was dried (HgSO.). Evaporatlon gave a brown 011 (2.4 g) uhlch 
was Olstllled to give 1,3-dlmethoxy-2-trlmethylsllylcyclohex-1-ene (0.85 g. U3S). b.p. &3-9O*C 
at 30 PnHg. (Found: C. 61.0; H. 10.1. C H 0 Sl requlres C.T.65; H. 10.35S) 6~ 0.05 I, 11 I 
(9H,s,SlYe,). 1.5-2.4 (6H.m), 3.25 (3H,s,One). 3.45 (3H,s.@!e!e). 3.75 (1H.brs.3-HI. 

Reaction o.C 1,3-Dlcethoxy-2-trlwtthylsllylcyclohex-l-one wltn Dilute Sulphurlc Acid.- 
Dllute sulphurlc acid (20 ml. 0.0&25$ v/v) and 1,3-dlmethoxy-2-trleethylsllylcyclohex-1-ene 
(0.05 g, 0123 -1) In ethsr (20 ml) vere stlrred at 18.C for 1.5 h. Sodium carbonate (1 g) and 
ether (50 ml) were added. The ethereal layer was separated, washed ulth brine and dried 
(HgS3.l. Evawratlon gave an 011 (0.046 g) which subsequently crystalllted. 6H 0.05 
(9H,s..SlMe,). 1.6-2.5 (6H.m). 7.C5 (IH.brs.3-H), vmax (film) 1670 (C-0). 159C cm-’ (C-C) UY 
(C,H,OH) 232 nm. and was considered to be mainly 2-trlmethylsllylcyclo+wx-2-cnone (estimated 
yield by u” 41s). Colnjectlon w!th ar. authentic sample on g.1.c. (31 sl!lcone 01’. 1U3.C) 
showed a single peak. 

Reaction of 2-Trlmethy:sllylhept-1-ene with Iodine and Herhanol. - Z-Trlmetnylslly~- 
hept-1-ene CC.85 g, 5 mmol; obtained” by sllylatlon (Na/?le,SlCl) of 2-chlorohept-1-ene itself 
prepared” by treatment of 2.3-dlchloropropene with gu.Cu.gF,“j was :reated with :odlne 
(3.05 g. 12 mmol) In dry methanol (UO el) and Cry sulpho:ane (20 ml) as In the standard 
procedure. The crude product was a brown 011 (1.0 g). N.m.r. lndlcated 1~ to be a ;:xture of a 
single adduc: (estimated yield 581: and neptan-2-one :esrlnated yield 121) ln an approximate 
rat10 of 5:l. A small samDle was aublected to 0.1.~. uslna lluht perroleum-etner (7:3). This 
gave the adduct, 2-lodo-1-kthoxy-2-Lrlmethylsliylheptane is a-pal; brown 011. (Foun& : 
C, CC.6; H. 7.75. C,,H,,OSlI requlres C, U0.25: H, 7.65s). 6i, 0.2 (9lt.s.s1!4e,), :.8-:.8 
(11H.m). 3.3 (3H.s.OC(e). 3.65 (ZH,s.l-H). 

Reaction of 2-irlmeLhylsllylhept-l-ene ulfh Iodine and Llthlum Azlde. ?-Trlmetnylsllyl- 
hept-r-ene (0.85 g, 5 amol) was treated ulth lodlne (3.05 g. 12 -1) ant lltnluz~ azlcle 
(0.735 g. 15 XO~) In dry chlorofor:: (25 c!) and dry sulpholane (25 ml). A yellow 011 (1.19 g) 
was obtalnec. which was redissolved ln light peLroleus. (3.~. 30-UOOC! :30 m;) and washed ultn 
water (30 ml). to remove residual sulpholane, and brlne and Cried (HgS0.j. Evaporatlon gave a 
brown 011 (0.55 g), wnlch was subJected to p.1.c. uslng light petroleum. fuo fractions were 
obtalned. The more %blle component on p.1.c. was a brow 011 considered to be I-arldo-2-lodo- 
2-trlmethylsllyiheptane (0.1 g). (Found: C. 36.3; H. 6.9; N. 11.75; I. 37.95. C H N SlI IO II , 
requlres C. 35.U; H. 6.55; NJ. 12.u; :. 37.US). 6~ 0.2s :9H.s.Slfle,). 0.8-1.9 (1rfi.m). 3.8 
(2H.s.l-H). fhe less mob110 ccuponent on p.1.c. was a Crown 011 (0.03 g) tentatively considered 
to be 2,2-Clatldo-l-lodoheptane (Found: C. 28.15; H. U.U; N, 75.05: :, 37.7. C,H, ,N, l 
requires C, 27.3; H. 4.25; Y. 27.3: I. 41.2s) 6~ (CDC:,) 0.8-1.7 (IrH.m), 7.35 ;2H,s.r-H). 

Reaction of 2-Trlrthylsllylhept-1-ene ulth lodlne and Llthlw Thlocyanate.- 
2-Trlmethylsllylhept-l-ene (0.85 R. 5 mmol) was treated with lodlne c3.05 R. 12 mmo:) In dry 
chlorofork (25_nl).and at-y sulphoiane (25 ml) using the standarc metnod. i brown 011 (1 .DS-g) 
was obtained. 6H (CDC:,) C.3 (s.SlMe,). 0.8-2.6 (z). 3.89 (q). 5.5 ;brs). vmax (fl:o) 216C 
(-S-CEN). 1610 cm-’ (C-C), lndlcdtlng :nat It cons!sted of 2-rhlocyanato5ept-r-ene ant 
2-lodo-1-thlocyanato-2-trlmechylsllylheptane In a ratlo of approxlastely 1:2 :esrlmated y!elds 
211 and U8S respecflvely). After 21 days at 18.C. tne n.m.r. spectrum of the mixture lr.alcated 
that the adduct had decomposed to form 2-lodohept-1-ene. A solution of the mixture In ether 
(1 ml) was passed down a short alumlna column, uhlch was eluted flrsL ultn :lghf petroleum 
(b.p. 30-UOOC) (30 ml) and thon ulth ether/light petroleum (b.p. 30-UOOC) (1:99). The first 
oluant gave an 011 (6.1 g). 6H 0.8-2.6 (11H.m). 5.5 (ZH.brs.l-H). vmex (film) 1160 (-S-CiN). 
1620 cm-’ (C-C). uhlch was considered to be 2-thlocyanatohept-r-ene. The second eluant gave a 
yellow 011 (0.1 g). 6H (CC-Cl,) 0.6-1.6 (OH.m), 2.2-7.5 (2H.m). 5.6 (lH.ars,r-Ii), 5.9 
(lH,brs.l-H). vmax (film) 1620 cm-’ (C-C). conslaered to be 2-lodonept-1-ene. 




