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Reactlorl olh(1.5 mole eq)  w x ' ~  BHI.N(CB+PII (I cq 1 ui benmle at room lcmpmarure gwri R l i  N(C:H,):Ph reagent 
The BIi reagent prepaicd In th~a  way oil rcact~ou wllh CIICOOH glve5 HI ~ 1 1 ~ 1 1  la !useful for hydroiodinatmn o f  
alkenes and alkymcs io &tam alhyl 2nd dhcnyl mdidcs In 74 to 84% jields. The BIi reagent 1s also useful for cicavigc 
o t  N~caihnn~ntes to secondary amloz\. Appl~oarion of this rzngent i b r  cleavage of ethers, esrers and suiphonnies is also 
d r c l h e d  
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1. Introduction 

The BFi:OEt? is the most readlly accessible boron halide reagent and has been widely utilizcd 
as an acid' BClj and RBrj reagents are also commcrcially available and are useful in several 
applications'. In many reactions ulilizing BClj and BBr; reagents. the halogen moiety 
participate in tbc reaction to give halogenated products (for cxample cleavage of ethcrs by 
RDri). Although the Bli reagent should also be useful for such applicalions, utilization of this 
reagent has not been studled in detail. We wish to report the results of a derailed mvestigation 
of the synthesis of B I I : N ( C ~ H % ) I P ~  in benzcne and utilization of this reazcnt in organlc 
synthesis. 

2. Results and discussion 

It has been found that various iodoborane-N, N-diethylaniline complexes can be prcpared 
through the reaction of H;B:N(C2H5)2Ph with appropriate arriountr o r  12. 

The iodoborane complexes prepared in this way exhibited spectral pl-operties reported for 
similar haloborane derlvatives3~". Whereas thc IR spectrum of the BH.1 complex showed a 
doublet absorplior~ at 2400, 2450 cm-I. the BHI? appeared as a singlet at 2500 cm-'. The Bl; 
reagent doer not exhibit the >B-H absorption in this region as expected. 



Hydraiodination using HI,:N,h-ditthrlaniiine and acetic arid syrtern 

(a) For enrrlcs 1-5. 7 and X the ui>rarurated hydrocarbons (I0 rnrnol). tnmdoburane -nnune cornpier ( 5  mrnal) and 
acerr :tiid (15 mrnoll were utilized. For entry 6. the uniarurnled hydrocarbon (30 mmoli rr~~odohorane- ,immc 

colnplcx IS rnmoil and scerlc m d  (15 rnmol) wele utllired Aftcr warkup the product was sepsinred Ro~n the 
Ftanmg d m e  hy tractional disrilla~ion under reduced pressurc (0.5 rnmi8O CI Opttmm result\ werc obtarned 
when 10 mmol of a l k e m  and ilhynea Ire ur l lmd for 5 mmol of El,: anme complex and rhe yields are based 
on rhe rarm of reagents utilized. 

(b) Products were liolated by ~ o l u m n  chromaiogiaphy (sllica gellhexancj ilnd cdennfled by ipcctrai dare (IR, [H 
NMK and "C N M R l  2nd comparison wull rhe d m  icpuited ~n the Imrarure. 
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2.2. Hydroiodination of alkenes and aikynes using BIj:N(C2Hs/2Ph and CHjCOOH 

Reaction of BI3:N(C2H&Ph complex with CHsCOOH gives hydroiodic acid. The reagent 
generated in this way readily undergoes addition with olefins to give alkyl iodides in 
moderate to good yields (Table I), under mild conditions. The reaction of I-alhyne stops at 
the 2-iodoalkene stage (Table I). Reaction of 1,5-cyclooctadiene gives 5-iodocyclooctene in 
82% yield. The conditions tolerate an ester group as illustrated by the conversion of methyl 
undecenoate to the corresponding iodideS 

Shibasaki et a16 reported that this reagent is useful for the conversion of an alkyne to 
iodoalkene in the presence of keto groups. 

2.3. Cleavage of N-carbamates, ethers, esters and reduction of sulphonates 

The N-carbamates of tertiary amines can be readily prepared from tertiary amines7. It has 
been observed that the BI;:N(C?Hs)?Ph complex cleaves such N-carhamates at room 
temperature (Scheme 1 j7 

After workup the corresponding secondary amines are obtained in moderate to good yields 
(Table 11). This method should serve as a good alternative to the existing methods of 
cleavage of N-~arbamates~- '~  

We have also observed that the BI3 reagent cleaves 3,4-dihydro-2H-pyran to 4 
iodopentanal in 76% yield. 

Recently, Kabalka er al" reported several applications.of this readily accessible B13 
reagent. The reagent is useful for the cleavage of ethers and geminal diacetates". 

B13:N(CzHs)2Ph 
Ph-0-CH3 -c PhOH + CHsI 

HOAc 

BI3.N(C2Hs)zPh 
~ - C H ~ C ~ H ~ C H ( O A C ) ~  4-CH3CsHmCHO 

HOAc 
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Table I1 
Cleavage of N-ethglcdrbamates using 13B:N(C2H5)~Pha 

$1 no Qihsnar? Pluduci ' Yield (%jC - 

(a )  All reactions were canted our using N-ethylcarbarnate (5 mmol) and I I B . N ( C I H ~ ) J P ~ ( ~  rnmol) at 2 Y C  for 8 h 

(b )  N-carbarnares were obtalned from the coneaponding N-benryl tertiary mines by refluxmg ternary amine (5 mmol) 
and ethyl ehlorofoma~e (6 mmol) m d~chlaroethane (20 ml). 

(cj  Products were ~dcn t~f ied  by IR, ' H  NMR and I3C NMR and physrcal constant? dam and cornpanson with the 
data reponed in I~terature. 

(dl Yiclds are of isolated and pwificd products 

Certain esters" and la crone^'^ have been cleaved with the BI, reagent to give useful 
products 

Bll N(C2Hs)zPhiCsHs 
RCOOR' ---+ R-GGX 

80'C. 2 h, HX 

X= OH, OR, NHCsHs, NHCHzPh 
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The UI; rragent ts also usctul Ibr the conversion of sulphonlc a c ~ d  derivatives and 
sulphoxl(ies to the corl-esponding disulphides and sulplildes" 

Bls.N(CpHs)lPh/CsHs 
d s o o x  - -- - USSR 

22-9% 

813 N(CZH'I)ZP~/C~H~ 
RSOR - RSR 

71-80% 

Attempted iodoboralion-oxidation of 1-decy~ie wlth thls reagent, resulted in todoaldehyde 
in low yicld. 

B13:N(C2H5)~Ph I 
R-Cd-H - R-CH-CHO 

NaOAclHzOe 
30% 

3. Conclusions 

The BI;:N(C?H5)&'h reagent can be r ead~ ly  preparcd by thc reaction of la with the 
BI I I :N(CIH\ )~P~  complex. The reagent preparcd in this way has been used Ibr hydro~odrnatiim 
ot alkenes and alkynes, cleavage of N-carbaniates and ethers, and iodoboration of I decync.  
The synthetic utriities and ready acceshibility of this reagent system should make the reagent 
atlractive for applicalions in organic synthesis. 

I. Experimental 

Boranz-N, N-diethylanil~ne complex was prepared in siru by bubbling diborane, yenerated 
by drupwise addition of lodine (10 mmol) in diglyint: (35 ml) to NaBH, (20 mmol) in 
diglymc (5 ml j  at 2 5 T ,  into a solution o i N ,  3-diethylaniline (5 mniol) in dry benzene (60 
rnl) for I h". Iodine (7.5 mmol) in benzene (20 ml) was added at 10YC and then stirred for 
'2 h at room temperat~lre to convert the borane-aniline complex into trilodoborane andine 
complex. 

Bl?:N(C:Hi)2Ph complex (5 mniol) was prepared iri s!ru as above. Acetic acid (0.9 g.  15 
mmol) was added to this reagent at 10°C. The Idecene (1.4 g ,  10 rnmol) was added under 
n i~ rogen  and the contents werc s t~ r red  for 12 h ,  nt 25°C. The reaction was quenched with 
wdter ( I 0  ml) and the organic hyz r  was separalcd and the aqueous layer was extracted with 
ether (2 x 20 ml). The combined organic extract was washed with dil HCI (3N, 20 ml), water. 
brine and d r ~ e d  over anhydrous MgSO,. After evaporation of the solvent and purification by 
coliim:~ chromatography on s~lic:t gel (hexane), 2-iododecane (2.19 g. 82%) was isolated. 
IR(riear)v,,,.,,: 2950. 1460, 720 ~.ni- ' .  'H NMR(100MI-ti. CDCl3j: Gppm 0.8-0.9h(t,-3H), 
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1.08-1.52(m. 14H). 1.8-2.0 ((1, 3H), 4 . 0 4 . 2  (m. 1H). IC NMR (25MHz, CDCI3) : Gppm 
14.1, 22.6, 288 ,  28.9. 29.2. 29.1, 29.7. 29.8, 31.8. 12.9. 

4 5 Cleiivage of 3.4-~/1h?i/ro-2H-p)i'a1? mirig RII.N(C~H~J! Ph 

BI;:N(C?H5)2 Ph complex ( 1  0 mmol) was prepared ill .riru as above. 3.4-Dihydro-2H-pyran 
(10 mmol, 0 84 g )  was added under nltrogen and the content? were ctirred lor 12 h at 25 C. 
The reaction was quenched w ~ t h  water (10 mi). The organic layer was separated and the 
aqueous layer wah extracted with ether ( 2  x 20  ml) The combined organlc extract \bas 
washed with dil. HCI (3N. 20ml), sodium thiosulphnte solution (20 ml), water. brine and 
dricd over &hydrous MgSO,. After evaporat~on of ~ h c  solvent alrtl p u ~ i f i c a t ~ o n  by 
chromatography on d i c a  gel column (hcxanc:ethyi acctatc/9S:Sj, 4-iudo-lpentanal (1.61 g, 
76%)) was iaolatcd. IR(ncar)v,,,:2950.2750, 1720.740 cm-I. "C NMR iXMIHr, CDCl,).Gpprn 
8.0, 24.0. 33.8. 13.7, 203.0. 

1.4. Cleai,iijie uf A'-ef/r~lia~hii~i~uri~ o/ .?,1-di/1hei~vl/~i1inlidf1ie 

Bl;:N(CzHi).Ph complex (5 rnmol) was prepared ;I! sirif a\ above. The N-ethylcarbamale or  
3.1-diphenylpyrrolidine (1.17 g, 5 rrmol) in benzene (20 ml) was added slowly during 15 niin 
under nitrogen atmosphere and the m ~ x t u ~ e  was qrirred further lor 8 h. The react~on was 
quenched w ~ r h  uarer and neutralized using 3N NaOH solurlon. The organlc layer was 
separated and washed with NaOH solurion (3N. .3 x 10 ml). brine and dried over anhydrou~ 
MgSOi. Evaporation of the snivent afforded crud? product which was separated from N, N- 
diethylaniline by column chromatography on alurninu (neutral) nrlng hexane:ethyl acetate/ 
80:20). Yield: 0.95 g (80%). lR(neat)vmJx: 3345, 1600cm-I. 'H NMR(100Mllz, CDC13):Gppm 
2.3 (b. IH), 2.8-3.3 (m. 6H). 6.9(m, 10Hj. [uJ2,0= + 222"(Cl, CHCh), 11t.I~ [a]::= 
-226"(CHCI;). 
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