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2-ETHYNYL-4,4,6-TRIMETHYL-1,3,2-DIOXABORINANE; SYNTHESIS AND 
DERIVATIVES 
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(Received June 6th, 1966; in revised form July 5th, 1966) 

The preparation and unusual stability of 2-vinyl-4,4,6-trimethyl-1,3,2-dioxa- 
borinane (V) recently was reported’. Our interest in this ethylenic boron heterocycle 
has stimulated preparation of the acetylenic analog , 2-ethynyl4,4,6-trimethyl-1,3,2- 
dioxaborinane (III)‘. 

Pyrolysis of the complex (II) from ethynylmagnesium bromide and either 
2-chloro (Ia) or 2-n-butoxy4,4,6-trimethyl-1,3,2-dioxabcrinane (Ib) yields (III). Infra- 
re’d analysis shows acetylene absorption at 3300(m) and 2190(s) cm-‘, and proton 

a X,CI 

b X = n-C41-190 

NMR gives the acetylene proton as a singlet at r 7.78 ppm. A value oft 7.65 ppm is 
reported for acetylenic protons 3_ Characteristic NMR absorptions for methyl, 
methylene, and methyne hydrogens of the dioxaborinane ring are also observed. The 
’ 'B NMR chemical shift is - 20.9 kO.4 ppm (half width of 16.4 ppm) relative to boron 
trifluoride etherate as external standard. For comparison, dimethyl acetylene- 
boronate (IV) shows a chemical shift of -21.6 +O.l ppm (half width of 2.5 ppm). 

Similar to the vinyl compound (V), (III) is stable on storage; no coloration is 
noted after several months at 5” and the refractive index remains unchanged_ Dimethyl 
acetyleneboronate darkens on storage at So. Qualitative hydrolytic stabilities of (III) 
and (IV) were observed in wet cyclohexane by following changes in the ultraviolet 
spectra with time. The ethynyl esters show absorption near 202 mp, whereas acetylene- 
boronic acid absorbs at 195 rnp. At room temperature, the peak due to (III) was found 
to disappear more slowly than that due to (IV). This relative stability of (III) is attri- 
buted to steric shielding of the boron atom by the axial methyl.group. Cleavage of 
the acetyleneboronic acid intermediate was indicated by the subsequent disappearance 
of the 195 rnp band. Hydrolytic cleavage of dibutyl acetyleneboronate, particularly 
under alkaline conditions, has been reported’. 
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Selective reduction of substituted B-ethynyl compounds to the B-vinyl analogs : 
has been reported”. Similar reduction of (III) (Lindlar catalyst) affords an alternative 
route to(V). ~ydro~ena~on over Adams’ catalyst converts (III) to the a-ethyl deriv: 
ative (VI)_ Both (V) and (VI) were identified by infrared spectrafg7_ 

The Diels-Alder adduct of (Iii) with hexachlorocyclopentadiene (VII) is a 
high-boiling oil. In addition to the readily identifiable dioxaborinane hydrogens, the. 
proton lVMR spectrum of (WI) shows a vinyl proton at z 280 ppm. The infrared 
spectrum reveals a doublet for C=C at 1610(m) and 1575(m) cm-l. In contrast, the 
Diets-Alder adduct with butadiene (VIII), shows only a singlet at 1625 cm-‘. Since 
a doublet is found iu the G-c region for the Diels-Alder adduct of cyclopentadiene 
and dibutyl acetyleneborunate5, a question arose as to the possibility of isomerization 

of (~‘~r~) to the cctnjugated isomer (IX). However, ultraviolet evidence supports the 
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2-(4,4,6-Trimethyl-1,3,2-dioxaborinan-2-yl~l,4,5,6,7,7-hexach~orobicycZo[2.2_1] hepta-- 
2,Sdiene (VII) 

A neat solution of 3.04 g (0.020 mole) of (III) and 4.26 g (0.020 mole) of hexa- 
chlorocyclopentadiene was heated 15 h at 130-137” and the dark, viscous oil distilled. 
Starting (III) was recovered in 11% yield (0.34 g), b-p. 38-60° (0.20 mm), followed 
by an intermediate fraction, 0.40 g, b-p. 60-147O (0.2 mm). The product was then 
collected, 4.93 g (68%), b-p. 147-157O (0.20-0.39 mm) as a very viscous yehow oil. 
A sample was redistilled for analysis, b.p. 149-151” (0.25 mm), ng5 1.5097; v,, (neat, 
cm-‘); C=C 1610(m), 1575(m); NMR spectrum, Ccl& (7): BC=CH, 2.80 (singlet); 
tertiary H, 5.34583 (multiplet); CH2, 8.02-8.17 (multiplet); (CH& 8.51 (singlet); 
CH3, 8.55 (doublet) (J= 5.8 cps), in an area ratio of 1: 1: 2 : 9 (methyls not completely 
resolved)_ (Found : C, 37.03 ; H, 3.06; B, 2.79 ; Cl, 49.80. C13H1sBCls02 calcd. : C, 
36.76; H, 3.08; B, 2.55; Cl, 50.08%.) 

1-(4,4,6-TrilnethyZ-1,3,2-dioxaborinan-2-yl)-l,4-cycZohexadiene (VIII) 
A solution of 2.00 g (0.0130 mole) of (III) and 0.71 g (0.013 mole) of butadiene 

was heated in a sealed tube at 134138O for 15 h. The orange liquid obtained was 
distilled to yield 1.17 g (59%) of starting (III), b-p. 61-75O (1.25 mm), and 0.96 g 
(36%) of the diene adduct, b-p. 100-106° (1.25 mm), nia 1.4737. Redistillation gave 
0.62 g, b-p. 8%87O (0.45 mm), ng5 1.4767, v, (neat, cm-r) : C% 1625 (s) ; A,.,,, (in 
CsHIJ (mp): 193.0 (s = 8680), 221.5 (2500); NMR spectrum, neat (z); cis-BC=CH, 
3.58 [primarily singlet with slight splitting (J = 1.0 cps)]; cis-HC=CH, r-value 
[singlet with additional splitting (J- 1.5 cps)] ; tertiary H, 5.59-6.68 (multiplet); 
C=CCH,, 7.37 (singlet, with only very slight evidence of splitting); borinane CH,, 
8.04-8.52 (multiplet); (CH,),, 8.77 (singlet); CH3, 1.18 (doublet) (J = 6 cps) with an 
area ratio of 1: 2 : 1:4 : 2 : 9. (Found : C, 70.06; H, 9.42; B, 5.46. &Hi9B02 calcd. : 
C, 69.92; H, 9.29; B, 5.25x.) 
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SUMMARY 

2-Ethynyl-4,4,6-trimethyl-1,3,2-dioxaborinane (III) was prepared and char- 
acterized by infrared, proton NMR, and llB NMR spectroscopy. Qualitative hydrol- 
ysis studies indicate that (III) is less reactive than dimethyl acetyleneboronate. 
Catalytic hydrogenation of (III) to form the corresponding ethyl and vinyl analogs, 
and Dids-Alder adducts of (III) with hexachlorocyclopentadiene and butadiene are 
reported. 
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