
3712 NOTES VOL. 27 

The Preparation of Di-tert-butyl 
Ethyleneboronate via the Ethyleneboronic 

Anhydride-Pyridine Complex1 

~)ON.U,D S. MATTESON 

Department of Chemistry, Washmyton State Unzversity, 
Pullman, Washington 

Received dpril  30, I963 

A tert-alkyl ester of ethyleneboronic acid was 
desired for studying the effects of steric hindrance 
about the boron atom on reactions involving the 
vinyl group. 

Straightforward esterification of ethyleneboronic 
acid2 with tertiary alcohols has been found to be 
impossible to carry out. Attempted azeotropic 
distillation of water from a solution of ethylene- 
boronic acid in tert-butyl alcohol and benzene a t  
atmbspheric pressure rapidly polymerized the vinyl 
compound even though a considerable quantity 
of radical inhibitor, phenothiazine, was present. 
Xzeotropic distillation of mater a t  20 mm. through 
a 30-cm. packed column from ethyleneboronic 
acid in tert-amyl alcohol (which had first been freed 
from any primary or secondary alcohol contami- 
nants by distillation from tert-amyl borate) yielded 
a small amount of liquid, b.p. below room tempera- 
ture but above 15" a t  about 0.5 mm., which 
partially polymerized throughout the distillation 
apparatus during its distillation. This liquid was 
probably ethyleneboronic anhydride. If so, the 
yield was reasonably good, but no way could be 
found to preserve the material. An uninhibited 
sample (-10 ml.) polymerized explosively, break- 
ing several pieces out of the container, a 100-ml. 
round-bottom flask. after short exposure to air 
and brief storage in the refrigerator. 

I t  was then found possible to prepare the ethyl- 
ene1)oronic anhydriclc-pyridine complex3 in nearly 
quantitative yield by treatmriit of dibutyl cthyl- 
riiehoroiiat e2 with \\.:iter, ascotropic distilla tioii of 
the h i t  >triol at 20 niin., trcnl incn t of 1 he rcsidiinl 
e tliylenehoiwiic* :ic*itl with 11yridiiie, atid :izoo t ropic 
removal of \later ai 20 iuin. The distillable prod- 
uct, a low-niclting solid, \\.as stable on storttgc mid 
required 110 inhibitor. 'I'rcutmen t of this boronic 
LLiihydride-pyridiiic complex xvith csccss tert-htyl 

CH=CH2 
I 

R 

CHa=CHB [OC(CH3),], 

(1) Supported b y  Xational Science Foundation Grant G-19906. 
(2) D. S. Matteson, J .  Am.  Chem. SOC., Sa, 4228 (1960). 
(3) Pyridine-boronic anhydride complexes have been reported by 

H. R. Snyder and  &I. S. Konecky. J .  Am.  Cheni. Sac.. 80, 3611 (1958). 

alcohol and azeotropic distillation of water with 
the aid of benzene a t  atmospheric pressure through 
an efficient column gave a good yield of the desired 
di-tert-butyl ethyleneboronate. X o  polymerization 
occurred. Apparently as a result of the tempera- 
ture dependence of the rate, a small scale run (4 g. 
of pyridine complex) which allowed the various 
lower-boiling azeotropes to escape almost com- 
pletely from the reaction flask into the fractionating 
column was completed in two days while the larger 
scale run described in detail required ten days. 

Experimental 

Ethyleneboronic Anhydride-Pyridine Complex.-A stirred 
suspension of 92.1 g. (0.5 mole) of di-n-butyl ethylenebo- 
ronate2 and 0.5 g. of phenothiazine in 250 ml. of water was 
distilled a t  20 mm. through a 30-cm. vacuum-jacketed 
column packed with Podbielniak nichrome helices until 
the butanol-water azeotrope and most of the water had been 
removed. The residue of ethyleneboronic acid was treated 
with 175 ml. of pyridine and the pyridine-water azeotrope 
was distilled. The residue, ethyleneboronic anhydride- 
pyridine complex, was purified by rapid simple distillation, 
b.p. 50-80" (0.1 nim.), lield 39.5 g. (98yo). This ma- 
terial was pure enough for use in the next step. It crystal- 
lized on seeding (by chilling with Dry Ice) and was stable on 
storage for several months a t  room temperature. The 
analytical sample was sublimed twice, m.p. 49-52.5". 

Anal. Calcd. for C I ~ H ~ ~ B ~ ~ T O ~ :  C, 54.89; H, 5.86; B, 
13.48; N, 5.82. Found4: C, 54.87; H, 5.97: B, 13.64; 
s, 5.99. 

Di-tert-butyl Ethy1eneboronate.-A solution of 39.5 g. of 
ethyleneboronic anhydride-pyridine complex, 0.5 g. of 
phenothiazine, 320 ml. of tert-butyl alcohol, and 80 ml. of 
benzene was refluxed under nitrogen at  atmospheric pres- 
sure (700 mm.) under the efficient fractionating column 
described above. The water which separated was drawn 
off. The total yield of water after 1 day was 3.8 ml.; 
2 days, 5.5 ml.; 3, 6.7; 4, 7.1; 5, 8.1; 6, 8.6; 9, 9.5 
(theory 9 ml. if pure water). The solution was then fraction- 
ated, first a t  atmospheric pressure, then with the water 
pump to yield 74.6 g. (8 lC%)  of di-tert-butyl ethylenebo- 
ronate, b.p. 55-58' (18 mm.), 7 1 . 2 4 ~  1.4050. In spite of its 
slow rate of formation, the tert-butyl ester hydrolyzes 
rapidly on contact with moist air, The infrared spectrum 
was consistent with thc assiyued structure. A ccntw cut 
11 as analyzed. 

.lnal. Calrd. for ('11111~1130~: (-, 04.94; 11, 11.50; 13, 
5.88. F'ourlcl: c,  64.40; 11, 11.40; 13, 6.13. 

(4) Gallrraitli Laboratories, Iinosville, Tennessee. 
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Although symmetrical tetraphenylbutane can 
exist in a meso or d l  form, no suggestion as to 
which form is which has appeared, even though 
two melting points, 86-9Oo1 and 179-188,2 have 
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been reported. The coupling reaction2" or re- 
duc tions la, b* 2b, o yielding symmetrical tetraphenyl- 
butane would be expected to lead to isomer mix- 
tures and it is therefore surprising that in only one 
study2b were two isomers reported. In  this case 
the higher melting material was thought to be 
l12-diphenyl-3-benzylhydrindene. 

In this work both the sodium-alcohol reduction 
of l12,3,4-tetraphenylbutadiene and the mag- 
nesium metal coupling of dl-benzylphenylcarbinyl 
bromide yielded two products, m.p. 89-90' (I) 
and 183-185' (11), in about equal quantities. 
Both compounds had the correct elemental analysis 
for symmetrical tetraphenylbutane. S o  bands 
which could be attributable to a l12-substituted 
benzene ring were detectable in the infrared 
spectrum oi 11. Finally both I and I1 had the 
correct aromatic : aliphatic proton ratio as measured 
hy n.m.r. (3.3:l). Thus, I1 is not a substituted 
hydriridene but rather is a diastereoisomer of I. 

For several reasons it is suggested that I1 is 
neeso-l,2,3,4-tetraphenylbutane while I is thc dl 
mixture. In the absence of strong dipoles, the 
greater symmctrp of the meso compound might be 
expected to be manifested in a higher melting 
point, as is in fact exhibited by IIG4 

The same reasoning could be used in arguing 
that the meso compound should be less soluble than 
the dl mixture. It nas  observed that I is much 
more soluble than I1 in ether, methyl and ethyl 
alcohol, deuterochloroform, and a three component 
mixture consisting of mater, acetic acid, and iso- 
amyl alcohol. 

Since the methylene and methine protons in the 
symmetrical tetraphen ylbu t anes are not magnet - 
ically equivalent it might be expected that the 
proton magnetic resonance spectra of these com- 
pound? might be complex and this was found to 
be the case. The spectrum of I differed from that 
of I1 in that the former contained a broader 
rcigioii of pcaks attributable mostly to riict hylenc 
traiisitioiis 011 Ihc~ one hand (dou iificld sitlr) and 
mostly to rncthi~ic traniitioiis on the othcr (rip- 
ficltl sidc). This i5 pro1)ahly :i ( ~ o i i ~ ( ~ ( ~ i ~ ( ~ i ~ ~ ~ ~ ~  of :t 

1argt.r cahcmicd 4 i i f  t niid or grc:tter hpiii-qiii 
cmpliiig cmhtaiits ill I .  I~iiially thc nicthylcnc~ 
sigiial in I was shittccl doniifirld ( T  7.25 p p.m.) 
from that in I1 ( T  (i 88 p.p.m ) .  I t  is intercstiiig to 
iio te that meso-2, Y-diphenylbi 1 tane eshibi ts thc 
same n.m.r. behavior n hen compared with dZ-2,3- 
dipheriylbutanej as I does when compared xtith 
11. 

(1) (a) E Berginan, J .  Chem S o c ,  506 (1936). (b j  4 G. Brook, 
Ii. 31. Tal, and H. Gilman, J. A m .  Chem S o c ,  77, 6219 (1955) 

( 2 )  E. S Wallis and F. H Adams, abzd 56, 3850 (1933j, (b j  L I. 
Smith and H. H. Hoehn, zbzd., 63, 1184 (1941); (e) G. M. Badger, 
B J Christie, J .  RZ. Pryke, and TV H E' Sasse, J .  Chem Soc 4417 
(1957) 

(3) E. Bergman and JV Rchreiber, Ann 122, 500 (1933) 
( 4 )  The same argument might be employed in a discussion of 

meso- and dl-2,3-diphenylbutane. In this case the meso form iiielts 
a t  125-126', the dZ forms melt at 12-13., e g., F. D. Greene, J .  A m  
Chem Soc 77 4869 (1955). 

Experimental 

ill1 melting points were obtained on a Fisher-Johns melt- 
ing point apparatus and are corrected. Elemental analyses 
were performed at Mellon Institute by Mr. James Kerns 
and co-workers. Infrared spectra were obtained using 
potassium bromide disks on a Perkin-Elmer Model 137 
spectrophotometer. N.m.r. spectra were obtained on a 
T'arian A-60 spectrometer using deuterochloroform as sol- 
vent and tetramethylsilane as internal reference. 

The Reaction of dl-Benzylphenylcarbinyl Bromide with 
Magnesium.-A solution of 56 g. (0.214 mole) of dl-benzyl- 
phenylcarbinyl bromide in 50 ml. of ether was added drop- 
wise to 5 g. (0.214 g.-atom) of magnesium turnings covered 
with 250 ml. of ether over a period of 2 hr. Reflux persisted 
throughout the addition. At the end of this period the solu- 
tion in the flask was a dark yellow and a white voluminous 
precipitate had formed. A large amount of the original 
magnesium remained unchanged. Approximately 10 g. of 
anhydrous silver bromide6 was added and the reaction mix- 
ture was stirred and refluxed for 0.5 hr. A t  the end of this 
period the solution was filtered. The precipitate was ex- 
tracted twice with 200 ml. of boiling benzene and the ex- 
tracts were comtined and the benzene was stripped i n  
z'acuo. The residue, a white solid, was recrystallizcd from 
800 nil. of ethanol-benzene ( 6 : l )  to yield !IS g. of white 
needles, m.p. 1S3-185" (sample I) .  

d n d .  Calcd. for C~8H16: C, 92.7; H, i . 3 .  Found: C, 
92.40; H, 7.48. 

Concentration of the nivther liquor to ca .  50 nil. g:ivc,, 
upon cooling, a further 2.1 g. of white needles, n1.p. 183- 
185O, which did not depress the melting point of the initial 
batch. 

The filtrate was evaporated to dryness and then extracted 
with 250 ml. of boiling benzene. The benzene was stripped 
in vacuo leaving 18 g. of a viscous yellow oil which upon 
trituration with 25 ml. of petroleum ether gave a further 
2.1 g. of white needles, m.p. 182-184", which were found 
to be identical with the material described above (mixed 
m.p. 183-185'). The viscous residue was partially distilled 
and 1.4 g. of a colorless liquid, b.p. 100-135' at 0.1 mm., was 
collected. This crystallized in the receiver and was re- 
crystallized from ethanol, m.p. 104". This was not in- 
vestigated further but was distinctly different from the ma- 
terial described below (mixed n1.p. 72-76'). 

The residue from the distillation \yas taken up in 100 rill.  
of hot methanol. Chilling in the ice bath caused crystals 
to deposit. Thcse werc recrystnllized from cold inethanol to 
give 11.5 ( i f  white ncedlos, m.p.  89-90" (saniplc 11). 

.+lr~a[. Cdcd. for C2SH26: C, 9 2 . i ;  I i ,  7.3. E'ound: C, 
92.SO; €1, 7.50. 

ttwso- and tll-Tetraphenylbutane from 1,2,3,4-Tetraphenyl- 
butadiene. --Tiit, proccdiirc iisc~l w:ts cw~titi:illy fl1:if of 
fh-ooli, T:ti, : t i i d  ( ~ i I ~ i i : u i . ~ ~ ~  I:roiii L' g. o f  I ,2,:3, I-totrx- 
phcii?ll)utatlit.nc., ti I$. of socliriiii, :i i it l  75 p. of is11:iniy1 
alcohol t h t ~ r c ~  w:is oi ) f : i i i iv ( l  0.74 K .  of / ~ I ( , . s ( J - I  ,L',:<,.I-t(dra- 
p h ~ ~ r i ~ l t ~ i 1 1 : i n t ~ ~  ( I )  and 0.7s i i f  t h c ,  rll i i i i s t i i r v  (11) .  ' ~ I w  iso- 
incrs prc~parc~tl i i i  this w:iy \v(Br(s it1oiitic:il i i i  :ill rc'sl)c'rfs 
ivith thosc prepared 1,y t l iv coupling rcwtion tlcscribcd 
above. 
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