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Abstract - Vinylaminodialkylboranes react with ieonitriles to 

give the (4+1) cycloadducta (5). These adducte undergo thewal 

anionotropio rearrangements producing the derivatives of 2-ami- 

no-1.2-azaboroline (I), for which the reactions of splintering 

the exo-cyclio B-U bond are characteristio. On action of 

alcohol-aqueous solution of HC1, the heterocycles (I) turn 

into their oxygenone analogues - the 2-alkoxy-3B-1.2 -oxaborol 

derivatives (10). 

Vbylaminodialkylboranea (VADAB) are valuable starting reagents for the synthe- 

sis of boron-containing heterocyclic compounds. VADAB were formerly shown to 

form the (4+2) cycloadducta with nitriles phenyl isocyanate. and phenyl iso- 

thiooy-to 3. Bow we report an interaction between VADAB and isonltriles rbich 

results in the five-membered boron-nitrogenous heterocycles (see a preliminary 

4 report ). 

The well-known reactions of isonitriles with some boronic oompormder diborane. 

triorganylboranes, and org~11yImercaptodiethglb01.1~1es, are classified as reacti- 

ons of inserting isonitriles into the B-E bond (E- H,C,S) 5. AB a plausible 

exclusion, one can envisage the addition of ieonitriles to the dialkylboryl 

derivatires of H.B'-disubstituted amidines affording the ~ycloaddwte.~ 

however it is iqoseible, in this case, to exclude the possibility of proceeding 

the reaction by way of isunitrile insertion into the B-U bond too. 

It has turned out that ieonitriles add to VIIDAB at the 1,4-position though. 

Depending on the reagsnts structures and reaction conditions, there an, formed 

either five-membered cyclio compounds of the fourcoordinated boron or the pro- 

ducts of rearrangement of the latter compounds - heterocycles with the trivalent 



boron atom. 

A s  i n i t i a l  reagents. r e  have chosen VALUE n i t h  p a r t i a l l y  alkylated Y-C atom of 

the vlnyl group: eas i ly  a m i l a b l e  bL-s tyry l )ph~ laminodia lky lbo~~~ .e s  (1) and 

(cyolohexenyl)org~1aminodiat~lboran.a (2.3) 297. 

On addition of i s o n i t r i l e e  t o  (1-3). an exothermal reaotion oocura which, in 

most oasea, leads t o  the 2-amino-1.2-aeaborolins derivatives (7). but rith the 

w e  of t-BuaC and (1) or ( 2 )  the reaotion terminates in the etage of 3-amino-l- 

azonia-2-borate-3.5-cyolopenfediene derivatives (5) formation. The l a t t e r  compo- 

mde iaomerlze i n t o  correspondkrg (7) only on heating. In general t e w .  oonver- 

eiona of VADAB n i t h  l a o n i t r i l e s  oan be sylabolized as follows (Sohame 1). 

The reaotion begine, probably, with the eleotrophil io at ta0k by VADAB on the C 

atom of i son i t r i l e .  The complex thus formed undergoes o y ~ l i z a t i o n  t o  turn Into 

the compouud (4) whioh formally is the prodnot of (4+1) oyoloaddition. Though 

complex oompomds of VADAB with i eon i t r i l ea  were not detectable, i t  should be 

noted that  the oomplexes EtpSR n i t h  R'BC r e r e  e a r l i e r  described 5. The interme- 

d ia te  oompomde ( 4 )  wem not' ident i f ied  beoawe of f a s t  conversion Into  (5) by 

way of the prototropic 1.3(C-A) rearrangement. 

The heterooycles (5) represent a n w e l  type of boron heterooyclio oompomds, 

in whioh the five-membered boron-containing ring is isoeleotronic r l t h  cyolopen- 

tadiene. The presence of amino group a t  the d -C atom in (5). aa well ae oonju- 
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gated double bond8 in the r ing,  s t ipu la tes  the poss ib i l i ty  of anionotropio 

rearrangements. In the beglmdng. the allryl group R1 migrates f r o m  t h s  four- 

coordinated B atom t o  the adjaoent C atom in the oyole n i t h  simultaneous reor- 

ganising the r ing  bonds and f m t i o n ,  in the end, of the  cyclic ompound (6) 

n i t h  the t r iva len t  B atom. Beither i so la t ion  of (6) nor its detection by p h p i -  

owhemica1 methods worked well becatlse of f a a t  fu r the r  rearrangement consis- 

t* in i n p a t i o n  of the amino group t o  the B atom and the seoond alkyl  group 

R' - t o  the d-C atom t o  produce (7). Rearrangement of such kind. prooeeding on 

in teract ion between I s o n i M l e s  and triorganylbo-em. are  well knom 5. 

Crgstal l ine (5a.b) (see Table 1). obtained from corresponding (1 ) and t-BWC in 

8 6 - 8 s  f ield,  a r e  s t ab le  in air. they a r e  not deoomposed by r a t e r ,  alcohols, 

and acet io  acid. The intra-oompla* s t ructures  of these oompormds a r e  oonfirmed 

by the "B NMR data (upfield signals). An al ternat ive  s t m a t u r e  (4) should be 

rejected ae the IE spectra of (5a.b) contain the BE absorption band in the re- 

gion 3400 om-', and the 'H BML spectra thereof reveal  the vinyl proton s ignal  . 

(6 5.52-5.57 PW). 

Isoraerisation of (5a.b) proceeds smoothly a t  130-140°C, 1.6. even on d i s t i l l a -  

t ion  in vraoum. 

MFring t-BuBC r i t h  (2) lea& t o  formation of the bicyolio compomds (5c.d). 

wbidh is conflnoed by appearanoe of the absorption band. a t  3375 (BH). 1520, 

and 1570 om-' (c-C-C.IB) i n  the speotrmn of the reaction mixtrrre. and the 

s ignal  wlth S -4.83 ppm in the 'H BML epeotrmn. It is necessary t o  heat the mix- 

ture  fo r  ornnplethg the reaotion, however even at 40-50°C the  rearrangement of 

(50.6) i n t o  ( 7 0 4 )  s e t s  in, s o  i so la t ion  of (5c.d) in pure s t a t e  is impossible. 

The formation of (7c,d) rapidly o c c m  a t  100-llO°C(Saheme 2). 
Scheme 2 



Table 1. The boron-nitrogenous heterocyolee from VADAB and isonit- 
riles 

com~o- ~1 $ 
wid R3 R4 R~ Yield B.p."C/torr "B UMR.ppm Formula 

% (solvent, 
OC I 

185-187/0.5 39 
(toluene, 

80) 

Footnotes: 

a) M.P. 54-56013. b) M.P. 50-54%. c) M.P. 75-770C (CH30H), d) M.p.4B-50°C. 



HETEROCYCLES. Vol. 18, 1982 

 he z-amino-3.2-azaboroline derivatives (70-1) were obtained directly from ieo- 

nitriles and VADAB. The heterocyoles (7) are coloucleas liquids distilling in 

r a c m  rithout decomposition (only (7b.l) a m  crystalline substance#). Their 

llB BYlR spectra contain eignals In the region 36-42 ppm, therefore, being baaed 

only on these data, one carmot exclude the alternative etracture ( 6 ) .  Thue. 

2-isobu%ylamino-l-butyl-1.2-azaborolidine, rhich is a saturated d o -  of (7) 

shore the upfield signal (34 ppm) lire the Compounds of the RB(NR2)g aeries (32- 

34 ppm) '. However, the WW data allow to draw an unembigous conclusion in 

favour of (7) as they demonatrate the alkyl groups R' to be equivalent and the 

C atom oonnected with the B atom to be the tertiary one. Thus, In the spectrum 

of (73) fouc signals ( 6.35.6, 28.2. 23.35, and 14.0 ppm) from two groups C4H9 

are observed, and the broadened signal with chemical shift (CS) 41.1 ppm ehould 

be assigned to the tertiary C atom oonnected nith the B one because the broade- 

ned resonance signal of the CB2 group in (6) would be observed in higher field 

( & 30 ppm) 9. 
In the IR spectra of (7), the HH absorption band is obaarved over a range 3370- 

3410 cm-' , the stretching vibration band of the CPC bond is at 1625-1630 (784) 
or 1665-1680 cm-' (70-1). Intense absorption at 1500 cm" is also owacterietio 

of (7). rhich is probably conditioned by the B-B vibrations. 

In the maas-spectra of (7). the parmt ions peaks are observed, the main direo- 

tion of decompoaltlon of these ions being elimination of one of the aUyl groups 

R' in the shape of the radical. 

The heterocycles (7) do not change on heatlng up to 150-160°C ("B XMR speCtr0- 

scopy). The reactions proceeding with splitting the exo-cyclic B-B bond are 

most characteriatio of these compolmde, e.g. hgdrolgeis of (7h) in boiling aque- 

ous THF and reaction of (70) with l-hexanol which occure at 150-160°C (Scheme 3). 

The heterocycles (9) are formed at 20°C if alcoholysis of (70) is carried out 

with h e m 0 1  in the presence of ethereal solution of HC1. 

In the series of the 2-dno-1.2-aaaboroline derivatives. it is poesible to 

effect a transamination reaction. e.g. (73) w a s  obtained by Interaction between 

(70) and aniline (Scheme 4). 

It is of interest that carrylng out alcoholysis and transadnation requires more 

hard conditions than those mually applied in the cese of simple aminoboranes. 

Probably, it is accomted for by sterical hindranoe in the nucleopbilic attack 

by alcohol or &e on the B atom. An iinilusnoe of the sterioal factors on the 



hydrolyals and t r a n a a a h t i o n  wee denmaatratad preriously lo. 

Sohsme 3' 

We used the heterooyoles (7 )  f o r  'the eynthesie of t h e i r  oxygenoua analogues' - 
the 2-by&oxy-3E-1.2-cu,bmol derivatives (10). The convereioi of (7) i d t o  (10) 

, . 
was eaoomplished by action of alcohol-aqueoua eolution of EC1 on (7). Thus. the 

compomaa (108-0) were prepared in 54-788 yield r r o m  (7c.j.k) '(soheme 5). 

In acidic msdium. there oooum apparently an opslllng of the oycle in (7) and 
'. 

bydrolyais of the onemine t o  lead t o  the ketone. whloh enolic form takee par t  

in coneequent reoyclization prodvoln# (10) (Scheme 6). 

Th. Oompormd8 (IOU-0) are  colourless l iquids whlch are distilled In -cutxi r i t h -  

out decomposition. Thdir "B BYIR spectra reveal signale in the ;eelon 36-38 p i .  

The a lkyl  groups R' In  the 13c BYlR speotra a r e  equlvalant, and the elgnal  of the 
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C atom connected rlth the B atom bas CS that is characteristic of the tertiary 

C atom in fi~e-membered ring (6-37.7 pm, for lob). In the mass-spectra of 

these heterocyoles, the largeet massea conform to the parent ions peaks, a l e  

4040% of full ionic current falls to the share of the (!d-R1)+ Ions. The absorp- 

tion band of the C-C bond in the IR spectra is at 1690 (10a,b) and 1630 cm-l 

(100). interne abeorptlon in the region 1350-1370 om-' is related to the B-O 

stretching vibratiode. scheme 5 

Scheme 6 

Oxl&tion of (lob) with H202 b~ allraline medim fielded 2-(5-hydroqnonyl)cyolo- 

hexraone (1 1) and n - h m o l  (Soha. 7). 

Only two dehydroborol dariratirea w e n  prerioualy desorlbed, these pertain to 

the 2-pllrjl-3H-1.2-oxabcrcl saiem. The t.0 compomds were obtained in lor yield 

by mactiono of the oarboxylic aolda ohlommhydrldes rith sobium 1-propyn~ltri- 



Scheme 7 

One more example of using 2-amino-1.2-aeaboroline derivatives for synthesis of 

other heterocyolic boron compounds is the reaction of (70.13) with CE3COOII lea- 

ding to the derivatives of l-aeonia-2-borate-5-cyclopentme (14a,b) (Soheme 8). 

Scheme 8 

I ' ?c/R: 

cH3c00HL 
N,, \ R  

0 0CCH3 

!?4 
L R ~ N '  C/ 

\R  kg/ \R1 
/ \ n3ccoo OOCCH, 

1 2 
(13) R =Bu, R =Ph (148) (14) 

1 R =pz, R2=i,-Bu (14b) 

Formation of (14e.b) probably is the result of the folloring suooessire trans- 

formations: replmemmt of the 0x0-cyclic amino group in corresponding (7) by 

the aoetorg one, addition of the eeoond CE3COOE molecule to the intermediate 

aeaboroline (12). end isomerisation of the adduct (13) into its tautomer (14). 

(One mole of CE3COOH is required for binding the emine fonaed). Thue, of the 

heterocycle6 with the tetra-coordinated boron obtained, the imine etruoture (14) 

proves to be more advantage'one from energetioal vierpoint than the ensmine stllr 

cture (13). whioh is in full oonfonnity rith the reanlts of the study on pro- 

d ~ t q  of additioa of CB~CODH , x20, alcohols, and HC1 to 1-oyclohexenyl-2-butyl- 
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12 asaborolidine . 
The compounds (14a,b) are cxyntalline substnnces which are hydzolized in air. 

Heating these compotmds with a 8olution of BC1 in BuOE or C6H130H produces cor- 

responding (10) (Scheme 9). Soheme 2 

The ability of (7) for entering addition reactions, however, is expressed to a 

leas extant than that of 1.2-azabcrclidinea 11-14. All attempts to obtain the 

four-coordinated boron compotmds by action of water and alcchola on (7) failed 

as the reaction stops in the stage of formation of (8) and (9). 

Experimental 

All operations with organobomn compounds were carried out in dry argon atme- 

phere. "B IWIR spectra were recorded on a "Brulter SXP 4-100" spectrometer (pcsi- 

tive shifts at low field relative to Bt20-W3), 'H NMR - on a "Varian DA-60-IL" 
instrument. BMR - on a "Varinn WP-60" spectrometer. IR spectra were recor- 

ded on a UR-20 spectrometer. Mass-spectra were obtained on a "Varian CE-6" inst- 

rument with the w e  of direct inlet of the samples into ionic soume. 

Vinylaminodialkylboranes were synthesized according to the methods described'*2. 

All compotmds herein prepared had exellent elemental analpea. 

~-t-~~tylamino-1.54iphenyl-2,24ibuty1-l-azonia-2-boratad.5-cyolo~entadiene 

To 7.9 g of (1, Ftl-BU) WM added dropnise 2.4 g of freeh-distilled 

t-BUBC (etrong warming-up is observed). After distilling OK excess isonitrile 

the residue naa allowed to stay mrtil crystallization was completed. The crys- 

tale were filtered and rinsed with cooled methanol. 8.5 g (86%) of (5a) naa Ob- 

tained. "8 BW (THF, 700C): -3 ppm. IR ( ~ ~ 1 ~ ~ 3 .  a-'I: 1520. 1540 (C-C-CDFI), 

3400 (m). BMR (ccl4.6, ppm): 7.1 rn (C6H5). 5.52 s (CEd:). 5.23 broad.8 (BH), 

1.33 s (We3). Mass-speot- (MS) (dz): 345 (M-C~E~)'. WSpeotrrtm (hexane): 

A, 375 nm ( E  16400). 



~-t-Butplsmino-l.5-di~hepll-2.2-bi~ro~yl-l-asoPia-2-borata-3.5-o~olwentadiene 

TM. was prepared in a similar mauner in 8% field. 'H EMB (cci4,6, ppm): 

7.1 m (C6Bg), 5.57 a (cH=c<). 5.30 broad.9 (BE), 1.33 s (CMe3). MS (m/s)r 331 

(M-C~E.++. 

Resction of t-BrNC rith (B-isobutyl)o~olohexenyl~odibnt~1b0ra~e.  A mizture of 

5.8 g of (2. R'.-~-Bu, R~=I-BU) and 3.6 ml of t-BUHC was heated at 70-90°C for 20 

mln, then exoess isonitrile was distilled off in vacuum to give rieootla liquid 

residue - 3-t-butylamino-l-ieobutyl-2,2-dibutyl-4.5-tetr~et~1me-l-aconia-2- 
borata-3,5-oyolopentadiene (50) together rith amall amounts of initial (2) and 

2 - t - b u t y l a m i n o - l - i s o b u t y l - 3 , 3 - d i b u t y l - 4 ~ e - l ~ 2 - a s a b o r o l i n e  (70). 

IR (cc14.3. om-'): 1520, 1570 ('24-Ca). 3395 (BB). 'H BML (cc14.b; pppl): 4.83 

broad.8 (BE). YS (m/s)l 303 (E3-c4Hg)+. 

p-0manrl~o-l.3.3.4.5-~8ntaorgwl-l.2-aeaborolines (78-1). Po 0.03-0.05 mole 

of VADAB was added dropwlae 0.036-0.056 mole of freah-diatilled ieonitrile (war- 

dwup). The mixture was kept at room temp. for several hours and distilled 

to afford (7) (see Table 1). 

T h e m 1  isomerlsatian Of (5a) into 2-t-butyleminO-l.5-dipheayl-3.3-8ibutyl- 

1.2-asaboroline (7aL 6.7 g of (58) nu heated at 130-140°C artring 15 nin. the 

conversion having been checked quentitativsly by lR and 'H HW spectra. Diatil- 

lation gave 5.73 g (94%) of (7a). b.p. 150-161°C (1 tom). go 1.5477. 'H WIR 

(ccl4.t?. ppd: 4.68 s (CB~C;). 3.44 br0ad.e (AB). IR (CC14,$, cm-'), 1632 (C=C). 

3370 (W). 

Thermal isomerisation of (5b) into 2-t-butyldno-l.5-di~hensl-3.3~iPr0~~1- 

1.2-azaboroline (7b). Annlogounly. from (5b) was obtained (7b) in 91% field. 
/ 

b.p. 154-156°C (0.8 tom). 'H BYR (cc~~,F. pw): 4.68 e (CB-C,). 3.46 broad.8 

(BB). IR (cc14.3. om-'): 1630 (CIC). 3375 (BB). 

~ e s i n a t i o n  of 2-t-butyl~no-l-phe~l-3,3~ihtyl-4,5-tetranet41ene-l.2- 

flaboroline (78) rith aniline. A mixture of 5.7 g of (78) and 4.05 g of aniline 

was heated at 130-160°C dlstilllng off t-BdfE2 (1.2 m l ) .  The residue was dietil- 

led to give 5.4 g (96%) of 2 - a n i l i n o - l - p h e n p l - 3 , 3 - d I b n t y 1 - 4 , 5 - t ~ -  

1.2-aeaboroline (7j). b.p. 180-185OC (1 tom), go 1.5610. 
Ey&olysis of 2 - ~ l i n o - 3 . 3 - d l b u t y l - l - i e o b u t ~ 1 - 4 ~ 5 - t e t e - l . 2 - a e a b o r o -  

llne (7hL To a solution of 9.1 g of (7h) in 22 ml of fHP was added 1 ml of 

water, then the mixture nu reflllred for 1 h. Rmoring the aolvent and distilla- 
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tion afforded 3.6 g (75%) of the anhydride (8). b.;; 240-24Z°C (2 torr), ngO 

1.5392. IR (c014.3, &-I): 1350-1370 (B-01, 1662 (C-0). US (m/s): 592 (dm) .  
2-Remlorp-l-~hen~1-3,3-diht~l-4.5-tetreth~lene-l.2-asaboroline (9). 

A mixture of 5.8 g of (78) and 5 ml of aba. C6HI3OH wae heated at 150-1600C 

dietilliq off t-&Eli2 (1 ml). Distillation of the residue gave 5.8 g (93%) 

of (9). b.p. 202-204OC (2 torr), niO 1.5087. "B HMTt (THF, 80OC): 39.4 ppm. 

'H BM( (cc14.S, pa): 6.96 m (C6H5), 3.83 t (OCR2). IR (cCl4.$, em" ): 1350- 

1370 (B-O), 1670 (C=C). 

2-&toq-3.34ihty1-4.5-tetrmneth~lene-3H-1.2-oxaboml (108). To 8.0 g of (lo) 

In 10 m l  of &OH wae added dmpwiee 10 ml of 4.2 H solution of HC1 in BuOH 

(warning-up). then 1 ml of water was added and the mixture refluxed for 1.5 h. 

After cooling to 20°C. 20 ml of h e m e  wae added, and mines ealte were filte- 

red(5.46 g). l'hs filtrate was evaporated and dietilled to give 9.7 g (M) of 
(IOa), b.p. 130-1320C (1.5 torr). Go 1.4610. "B EMR (FIIP. 700C)l 37.3 ppm. 

IR (c014.3. cm-I): 1350-1370 (B-O). 1690 (C-C). 1LS (n/s)r 306 (Y"). 

2-Eemloxp-3.34ibutyl-4.5-tetrsmethylene-3B-1 .2-ozaborol (10bl. Similarly to 

(IOU), the oompound (lob) m e  obtained In 78% yield, b.p. 132-1340C (1 torr). 

ng0 1.4674. "B (THP. BO°C): 37.9 p p .  1LS (rids): 334 (Y+'). 

2-&tom-5-~engl-3.34Ihtyl-3R-1.2-oxaborol (10~1. In a e M l a r  manner. 

the compound (100 )' wae prepared in 54% yield. b.p. 167-169°C (3 tom), Go 
1.4993. BIB (TBP. 800~): 38.6 ppm. 'H BHR (cc~~.s. ppm): 7.25 m (2 c~II~); 

5.33 s (CH-c<). 4.00 m (OCB2). 

2-(5-~dmanonr1)cyclohdreoone (111. 7.8 g of (lob) li 20 11 of ether wae 

oxidized with alkaline B202 at +5OC. Routine work-up end dietillation gave ..'. 
, ,-. -1 - ,' 

1.3 g (36%) of (II), b.p. 114-119°C (2 tom), ngO 1.4688. IR (~~l~,g;'aa )I 

1700 (Cd)). 3530 (OR). . , 

2.2-Diacetoq-l-~he~1-3.3-dibutyl-4.5-tetmethylene-lawnia-2-borata-5- 

cyclomntene (148). To 8.5 g of (78) in 10 m l  of hexane rse added in parte 

4 g of ~ I ~ C O O R  (warning'-up). Crystalline t-m2 (2.47 g) was filtered and '- 

washed with ether. The filtrate was evaporated, and the 'eolid cryetsllis~d'?i 

rrom h e m e  yielding 5.6 g (5%) of (140). m.p. 85-BIW. I'B l i ~ ~  (Y~COOH, 

1200C)r 9.3 p p .  IR (cc14.3, am-')i 1640 (C-B), 1668, 1700 (C-0). YS (ds): 

427 (*C'), 367 (M~I~COOH)+. 

2.2-Diaoetoxp-1 - i ~ O b u t ~ 1 - 3 . 3 - d i ~ ~ ~ y l - 4 .  5-tetrametblene-l-~onia-2-borata- 



5-cyclo~entene (14bl. This was prepared i n  a similar  way i n  58% yield,  m.p. 
I 

105-1oeoc (hexme). 'H BW ( C C I ~ , ~ .  ppm): 3.41 d (8-CB2). 2.45 m (-?HI, 

I .87 a (OCOMe 1. 

Action of HC1 i n  BuOH on (1481. To 4.2 g of (148) i n  15 ml of BuOH wae added 

i n  portions 4.15 m l  of 8 B H C l  i n  BuOH. After refluxing fo r  1 h and removing 

butenol, 20 m l  of hexane was added t o  the residue. PhlW2.HC1 (1.2 g)  was 

f i l t e red ,  and the f i l t r a t e  was evaporated. Dis t i l l a t ion  of the residue gave 

2.2 g (74%) of the oxaboml (10a). b.p. 123-12IoC (1 t o r r ) ,  nEO 1.4630. 

Action of H C 1  i n  Cpg130H on (1481. According to  the above procedure. the ., 
compound (lob) was obtained i n  85% yield, b.p. 132-1340C (1 t o r r ) ,  

ngO 1.4662. 
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