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- 1.3.2-Benzodioxsborole readily hydroborates alkynes t o  form 

vinylboronie es ters .  The e s t e r s  can be hydrolyzed t o  the correepmding 

vinylboronie acids  which react with sodium iodide and chloramine-T t o  form 

isomerieally pl re  (E)-idoalkenes.  

INTRODUCTION 

1,3,2-Benmdioxabrale (1) has proven t o  be a v e r s e t i l e  hydroboratingl12 and reducing reagent.3 - 
The reaction of 1 with alkynes produces the corresponding vinylboronic e s t e r s  ( 2 )  which are 

The boron i n  Z ,  or 2 ,  i s  readily replaced by  halogen^,^^^ and deuterium.' The 

react ions  are generally s tereospecif ic ,  producing the  plre E-alkenyl derivatives.  

We wish t o  report tha t  vinylboronie acids  can be readily transformed in to  the isomericslly pure 

E-alkenyl iodides v i a  the reaction of 3 with sodium iodide and chlorsaine-T.~ The reaction 

conditions are mild and t o l e r a t e  a number of functional groups. The reaction should prove useful 

i n  syntheses involving radioiodine labeling.9 

We have synthesized a var ie ty  of funct ional ly  subst i tu ted vinyl iodidea end our r e su l t s  are 

summarized i n  Table I. 



Table I 

Isoletedc 
Yield. I 

 he slkynes vere hydrotorated v i th  1.3.2-benradloraborole (eetecholborane) end then hydrolyzed 
t o  the  eorrespondlng vlnylboronic aelds. b ~ h e  vinylboronic acids were reacted with sodlum 
I n d l d e  and ehloramine-T t o  vield  the  oroduct. CYlelds based on boronic selds.  d ~ r o d u c t  is e - - -. -. . . - - -. . .- - . - 
mixture of the 9- and 10-iodo isomers. 

EXPERIMENTAL 

General Procedures 

(a) Boronic acids vere prepared via the hydroboration of the appropriate slkyyne v i t h  

1.3.2-benrodioxaborole st 70DC f o r  6 hours1 followed by an overnight hydrolysis v i t h  a l a rge  

excess of weter.5 The so l id  b r o n i e  aeide were f i l t e r e d .  dissolved i n  tetrahydrofuran and dried 

over anhydrous magnesium su l fa t e .  The lUP solut ion was f i l t e r e d  and the product precipi ta ted by 

the  addition Of dry petroleum ether .  

(b) Vinyl iodides were prepared by dissolving the boconie acids i n  su f f i c i en t  aqueous 

tetrahydrofuran (50:50); the solution was shielded from l i g h t ,  cooled t o  O'C, and one equivalent 

of aqueous sodium iodide (1M) waa added followed by tvo equivalents of ehloramine-T (0.5 M, 50:50 

H20/THP solvent).  After 15 minutes, petroleum ether  (100 mL) vaa added; the so l ids  vere removed 



and t h e  organic layer was separated, dr ied,  and the  solvent removed. I n  ge r r ra l ,  the  products 

were 98% pure. Further pur i f i ca t ion  was performred v i a  chromatography ( s i l i c a  ge l ,  pentane-ethyl 

aceta te ,  90:lO). 

Products 

(E)-1-Iodohexene. 1-Hexyne (4.lg. 50mmol) was hydroborated with catecholborane (5.46 ml, 

50mmo1).5 The hexenylboronie acid  (256 mg, 2 -1) was reacted sequent ia l ly  with aqueous sodium 

iodide (2 mnol) and chloramine-T (0.908g. 4mol) .  The y ie ld  of (E)-1-iodohexene was 346 sg 

(83%). The product exhibited epectrs l  cha rac te r i s t i c s  i n  accord with an authent ic  sample.5 

(E)-L-Iodo-5-chloro-I-pente11e. 5-Chloro-1-prntyne (5.12g. 50 mol) was hydrotorated with me 

equivalent of c a t e ~ h o l b o r e n e . ~  The boronic aeid  (296 mg. 2 mmol) was reacted sequent ia l ly  with 

s o d i m  iodiode and chloroamine-T. The yie ld  of (E)-1-iodo-5-ehloro-l-pentene was 390 sg (85%). 

The color less  l iquid  exhibited spec t ra l  cha rac te r i s t i c s  i n  accord with an authent ic  s e m ~ l e . ~  

Hethyl (E)-11-Iodo-10-undecenoate. Hethyl 10undeeymate5 w a s  hydroborated with ceteehalborane. 

me vinylboronic aeid  (484 w. 2 -1) w a s  reacted sequent ia l ly  with sodium iodide and 

chloromine-T t o  y ie ld  525 mg (81%) of the methyl (E)-11-iodo-lhndecemate.. The product 

exhibited spec t ra l  cha rac te r i s t i c s  i n  accord with an authentic s a m ~ l e . ~  

17a-(~-2-iodovinyl)-~~.~.~-estratrien-3,17&di01-3-Herhyl Ether. k s t r a n o l  (3.lg. 10 mmol) was 

hydroborated with estecholborane (3.27 m 1 ,  M m o l ) .  The vinylboronie acid  w a s  p l d f i e d  by 

precipi ta t ion from 2WP using perroleum ether; nmr (CDC13) 6 0.9 (e ,  3H, -CHj), 1.1-2.9 ( b r a d  

envelope. 15H, s t e ro id  nueleua), 3.6 ( 6 ,  38. -0CH3). 5.4 (d. 1 H .  -CH-*(OH)2. J - 17.5 HI), 

6.5-7.2 (complex m. 4 H. ArH and -cE-CHB-). lo 

The vinylboronic aeid (357 mg, 1 -1) wee reacted sequent ia l ly  with sodium iodide and 

ehloramine-T. The prodvcr was extracted i n t o  ether, dried over anhydrous magnesium s u l f a t e ,  and 

i s o l a t e d  by preparative TLC ( s i l i c a  g e l  GP, ZOO0 microns) using p e t r o l e m  ether-methanol-ethyl 

ace ta t e  (200:35:35) [Rf - 0.51; the yie ld  was 364 sg (83%); nmr (CCl4) 6 0.9 (s, 3H, -CHJ), 

1.1-2.8 (broad envelope, 15 H ,  s t e ro id  nucleus), 3.6 ( 8 .  3H, -0CH3). 6.2 (d, l H ,  -CH-ClJ), 

6.4-7.2 (complex m. 4H. ArH and  CH CHI).^^ 

(E)-4-Iodooctene. 4-Oetyne (3.67 ml, 25 -1) w a s  hydroborated with catecholborane (2.73 ml, 25 

m o l ) .  The react ion w a s  s t i r r e d  f o r  8 h a t  80DC. The eatecholborane ester w a s  i sola ted by 

chromatography on s i l i c a  ge l  ueing petroleum e the r  as eluent.l l  The y ie ld  was 4.65 g (81%). 

Ethanol (40 m l )  and water ( M  mL) were added t o  the e s t e r  and the mixture s t i r r e d  

under nitrogen for  20 mi". The product w a s  extracted i n t o  p e t r o l e m  ether  and washed with 

copious amounts of water t o  remove the eatechol. The y ie ld  was 2.3g (60%); nmr (CDC13) 6 0.9 

(broad s, 6H, -CHj), 1.5 (broad envelope, 4H, -%CH3), 2.4 (broad m l t i p l e t ,  4H, -CHCHH-), 6.7 

( t ,  l H ,  -C-CHCH2-). The vinylborode aeid  (312 mg, 2 m o l )  was dissolved i n  lWP (7.5 m l )  end 



reac ted  s equen t i a l l y  with sodium iod ide  ' (2 mmol) and chloramine-T (4  mmol) t o  y i e l d  180 iq( 

(38%)12 of the product which was i so l a t ed  v i a  column chromatography (alumina) us ing  petroleum 

e t h e r  as, eluent ;  mass spectrum, mle 238.6 (caled.  238); nmr (CDC13) 6 0.9 ( t ,  6H, -CH3), 1.5 

(broad m ,  4H, -C&-CH3), 1.9 (m, ZH, -CBCH-C), 2.4 ( t ,  ZH, C-CICg2-1, 6.2 ( t ,  l H ,  -CH-CI-). 

Mixture of (E)-9 and (E)-10-Iodooetadecen-9-oate. Hethyl 9-oetadeeynoate13 (11.8g. 40 mmol) waa 

hydroborated with catecholborane f o r  8 h a t  80°C. The product was d i s t i l l e d  (bp 200D12m) t o  

y i e ld  13.0g (78%).12 The catecholborane e s t e r  (415 mg. 1 mmol) wae hydrolyzed i n  ethanol (10  m l )  

and water (2 ml) for  15  minutes under a nitrogen atmosphere. The product was ext rac ted  i n t o  

petroleum e t h e r  and t h e  e x t r a c t  washed v i t h  water ( 3  x 50 ml) t o  remove the catechol.  The y ie ld  

of the  vinylboronic a c i d  was 305 mg (89%); nmr (CDC13) 6 0.9 (broad s, 3H, CHj),m 1.3 (broad s. 

24 H ,  -CHZ-), 2.2 (broad envelope, 4H, C-CHC2-), 3.6 ( 8 ,  3H, -Om3) 6.6 ( t ,  l H ,  -C-CH-). 

The vinylboronic a c i d  (340 mg. 1 mmol) was dissolved i n  M F  (10 ml) and reacted s equen t i a l l y  w i th  

sodium iodide  ( 1  -1) end chloremine-T ( 2  -01) to y i e l d  345 og (82%) of the product; mass . 

spectrum. 423 ( W l ,  caled. mle 422); nmr (CDC13 S 0.9 (broad 8 .  3H, -CH3). 1.2 (broad s, 24H. 

-CHz-), 2.2 (broad m. 4 H ,  -%CH-CI9-). 3.6 ( 6 ,  3H, -0CH3). 6.2 ( t .  1 H, -CH-CI-). 
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12. The conversion of internal vinylboronie acids to the correspmding vinyl iodides is 

complicated by a rapid addition-elimination eequeoce which produces iodoketones. 

13. Prepared via the brodnationdehydrohalogenation of methyl oleate (b.p. 140° at 2 torr.). 
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