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Abstract: Olefins and acetylenes were hydroiodinated with titanil-ent of Til, was found o give the best yield. Hydroiodina-

um tetraiodide to give alkyl iodides, vinyl iodides, and alkyl diio-tlon of a variety of olefins was carried out under optimum

dides in good yields. In the presence of acetals, the reaction g&Rnditions and the results are summarized in TaBle 1.

intriguing C—C bond-forming products. Cyclooctene (Table 1, entry 3) andE){6-dodecene
Key words: titanium tetraiodide, hydroiodination, alkene, alkyne(Table 1, entry 5) gave iodocyclooctane and 6-iododode-
Prins reaction, alkyl iodide, alkyl diiodide cane in 51% and 54% yields, respectively, whereas only a

trace amount of iodide was obtained from cyclohexene

(Table 1, entry 4). Regarding the terminal olefins, 4-phe-
Hydrohalogenation reaction is one of the most fundamenylbutene and styrene gave secondary iodinated products
tal yet important reactions in organic synthesis. Amonggioselectively in good yields (Table 1, entries 6 and 9).
them hydroiodinatiohof olefins and acetylenes providesThe presence of 4 A molecular sieves did not noticeably
alkyl and alkenyl iodides, which are important buildinglter the product yield, whereas the addition of water
blocks due to their high reactivity compared with theidecreased the yield (Table 1, entries 7 and 8). Electron-
bromo and chloro counterparts. However, conventionpbor olefins are not good substrates for the present
methods using hydrogen iodide often suffer from loaydroiodination, although diisopropyl succinate gave the
yields of products and side reactidfis. desired product in 34% yield and the starting material was

We have recently described useful reactions using titafzcovered inbthg czzselo;‘_ CZ‘?‘(;CO” (T_ablehl, %r:jt_r les 10 ?jnd
um tetraiodidé, where the ability of titanium tetraiodide +1)- Tétrasubstitued olefin did not give the addition prod-

to iodinate and reduce organic molecules is responsiBigt (Table 1, entry 12). Furthermore, chloroiodination

for the success of facile transformations. In an effort §0duct4 was observed when the reaction was carried out
utilize more effectively the iodination ability of titanium I the presence of NCS (Scheme 2).

tetraiodide, we examined the hydroiodination reaction of

olefins 1 and acetylene® with titanium tetraiodides “ Tie (L0 equiv ' o

(Scheme 1). This paper describes a convenient method NCS (L0 gquiv)

the synthesis of alkyl and alkenyl iodides as well as alk

diiodides, and intriguing frs-type reactions promoted raClz 22

by titanium tetraiodide are also reported. 4

Scheme 2

|
R/\ +Tily, —— R/k

) When hydroiodination was carried out with alkynes, ei-

| ther hydroiodination or bis-hydroiodination was obtained

R = Anyl R)\ depeno_ling on the sqbstrates_(Scheme 3). Phenylace_tylene
gavea-iodostyrenes in 59% vyield, whereas bis-hydroio-
R—= +Til dinated producté were obtained from aliphatic counter-
2 \ Lo parts. This selectivity may be explained by considering
R = Alkyl R>< the instability of 1,1-diiodo-1-phenylethane, which on

standing at room temperature under the present reaction
conditions gaver-iodostyrenes.® Furthermore, the inter-

nal acetylen& gave a mixture of vinyl iodid8 andgem-
Treatment of cyclododecene with Ji{0.5 equiv) in diiodinated compoun8 in 30% and 18% yields, respec-
CH,CI, at room temperature gave iodocyclododecane tively (Scheme 4).

83% yield. Optimum reaction conditions were examine
utilizing hydroiodination of cyclododecene, one equiv

Scheme 1

ﬁinriguing C—C bond-forming reactions were observed,
Ahen the hydroiodination reaction was carried out in the

) presence of acetal®a—c (Schemes 5 and 6). Styrehe
SYNLETT 2005, No. 16, pp 2516-2518 underwent a Prins-type additfofollowed by iodination
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Tablel Hydroiodination of Olefind

5 . 1) Tily (1.0 equiv) R3
R R CH,Cly, r.t. I
=, ottt N
R R 2) H,0 R?
1 3
Entry Rt R? RS R* Time (h) Yield (%9
1° -(CHp 1o H Hd 19.0 83
2 -(CHy)1¢r H Hd 12.0 91
3 -(CHye H H 11.0 51
4 -(CH,),- H H 13.0 trace
5 CHyy H H CsHys 12.0 54
6 Ph(CH,), H H H 8.0 78
7 Ph(CH), H H H 12.0 74
8f Ph(CH,), H H H 12.0 67
9 Ph H H H 12.0 53
10 i-Pro,C i-Pro,C H H 8.0 34
11 PhCO H H Ph 17.0 0
12 Me Me Me Me 12.0 0
2 Reaction was carried out according to the typical procedure.
b |solated yield.
¢ Til, (0.5 equiv) was used.
d A mixture ofE,Z isomers.
e |n the presence of rigorously dried 4 A molecular sieves.
fIn the presence of 4 A molecular sieves containig@ H equiv)!
1) Tily (1.0 equiv) | stereoselectivity (Scheme 6)These reactions are pro-
_ CHzCl, 1t 8 h osed to occur by the mechanisms shown in Schemes 5
Ph—= Ph :
oa 2) H,0 5 59% and 6. So far, these types of reactions have been success-
1) Tily (1.0 equiv) ' fully carried out only with styrene and phenylacetylene
CHAzCI;, rf‘ 16h L derivatives, and we are currently investigating the scope
= e =< of the reactions in more detail.
2
2b° R = n-CaHo 6b. 2196 Regarding the hydroiodination mechanism, we have not
2¢: R = n-CgHyg 6c, 70% yet confirmed the possible intermediaté8 and 14
(Scheme 7) and we are currently trying to elucidate the in-
Scheme 3
| |
OMe Til, (1.0 equiv)
' . S N PhMAr
n H&ﬁcmg Ar” "OMe CH,Clp, 0°C, 12 h
1) Tily4 (1.0 equiv) Cirlo 1 (1.0 equiv)
. I
CH,Cly, 1., 12 h 8 30% (EZ=11) a 10a: Ar = Ph 11a, 55%
NC4Hg—=—=-"C4Hq + 10b: Ar = p-CICgHy4 11b, 62%
7 2) H,0 Il
nC4H9></nC4H9 OMe Til I_Tit Til
9 18% S g / \\OM ily
Pt Ar)\OMe /\/\ e
Scheme 4 1a 10 Ph MeO™ “Ar
VR
I5Ti-1

atives1la,b as almost a 1:1 mixture of diastereomers i | IK(;;Me Lo
good yield (Scheme 5). In the case of phenylacetylel

(2a), two equivalents of the acetal participated in th |™" Ar 1
addition reaction to give 1,4-died2 in good yield, where

the presence of a good leaving group resulted in hi&ﬁheme5
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I Ph |
OR Tils (1.0 equiv) W
Ph——= + OR I—' Ph Ph
2a (20 equiv) CH,Cl,, 0 T tor.t. 12
18 h
10a: R = Me (2,2):(E,Z) = 76:24, 67%
10c: R = Ac (Z,2):(E,2) = 100:0, 41%
I—Til3
oR Tily Tily
Ph——= + —— | Ph OR
Ph” "OR \\\/-\ﬁ\
2a 10 RO Ph
13Til
I RO K oh I Ph |
TN W
PhMPh Z Ph Ph
12
Scheme 6

termediates by spectral methddsor reactions with ace-

tals, Prins-type intermediates may account for the facile

C—C bond formations.

I [
R/\ Tila {R)\/T"S H20 R)\
1 13
. I N
R _ "l {R&Tih} Ho X
2 14Til3
Scheme7

In conclusion, we have found that [Ji$ a good reagent

for hydroiodination of olefins and acetylenes. When the

@

©)

“4)
®)

reactions were carried out in the presence of acetals, facile
Prins-type C—C bond-forming reactions proceeded to give(6)
1,3-diiodides from olefins and 1,5-diiodo-1,4-dienes from
acetylenes.
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A typical procedure is as follows: To a suspension of Til
(Soekawa Chemical Co., used after sublimatidri,1 mg,
0.20 mmol) in CHCI, (1.0 mL) was added a solution of
cyclododecene (33.3 mg, 0.20 mmol) inOH (1.0 mL) at
r.t. After stirring at r.t. for 12 h, the reaction was quenched
by the addition of sat. ag NaHG@nd aq NaHS©(5%).

The mixture was filtered through a Celite pad. The layers
were separated and the agueous layer was extracted with
EtOAc (3x 10 mL). The combined organic extracts were
washed with sat. ag NaHG@nd brine, and then dried over
anhyd NaSO,. Purification by silica gel TLC (hexane) gave
iodocyclododecane (53.8 mg, 91%) as a colorless oil.
Shimizu, M.; Ogawa, T.; Nishi, Tetrahedron Lett. 2001,

42, 5463.

The reaction of phenylacetylene with ,Jak low
temperatures sometimes gave diiodinated product ofetype
(R = Ph) in the crude reaction mixture. Upon standing at
room temperature, this product underwent
dehydroiodination to give the vinyl iodide
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We have carried out several experiments quenching the
reaction mixtures derived from alkenes or alkynes and Til
with D,O. However, little or no deuterium incorporation was
observed.

1) Tily4 (1.0 equiv) |
CD,Cly, r.t.
Ph/\)\

67%
no D-incorporation

Ph/\/\

2) H,0

Scheme 8

The reaction in CECl, also did not give the deuteriated
product (vide supra). Elucidation of the intermediary species
will be reported in due course.
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