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Summary

Transesterification of tris(dimethoxyboryl)methane, HC[B(OCH3).];5, with
ethylene glycol yielded tris(ethylenedioxyboryl)methane (I), HC(BO,C,H,); which
with methyllithium in THF at —70°C precipitated lithium bis(ethylenedioxy-
borylymethide (II), Li* HC(BO,C,H,).™. Reaction of II with Ph;MCl, where M =
Ge, Sn, or Pb, gave PhasMCH(BO,C,H,),. The analogous 1,3-propanediol ester,

Li* HC(BO,C;Hg), ", yielded PhsMCH(BO,C3Hg),. Treatment of Ph;SnCH(BO,C,
H;), with MelLi followed by Ph3;SnCl gave (Ph.Sn),CHBO,C,H,, showing that
one B and one Sn atom are sufficient to stabilize a carbanion. Reaction of II
with aldehydes gave high yields of l-alkene-l-boronic esters, RCH=CHBO,C,H,,
with unexpectedly high stereoselectivity, 90—100% trans by NMR analysis. '
Agqueous work-up of these boronic esters yielded the boronic acids, RCH=CHB
(OH),, which crystallized as the pure trans isomers. Ketones react with Il in an
analogous manner. The reaction with acetophenone was not stereospecific. Func-
tional group compatibility has been demonstrated in condensations of II with
1,3-dichloroacetone, cinnamaldehyde, p-nitrobenzaldehyde, and p-dimethylamino-
benzaldehyde. The trans geometry of the major isomer of CH;CH=CHBO,C,H,
was proved by B-butylation with butyllithium followed by rearrangement with
iodine and base to form cis-2-heptene, a sequence of known stereochemistry, and
analogous structure proofs were carried out with cis-CH3CH=CHBO,C,H, and
trans-C5H5CH— CHBOzCqu,

Introductio’n

Boron-substltuted carbamons show great promse as synthetlc mtermedlates
We have previously found that tns(dlalkoxyboryl)methlde ions, [(RO);B];;C
‘react readily with R3MC], where M = Sn, Pb, Ge, or Si, to form [(RO)ZB]3CMR3
[1—8], or with aldehydes or ketones; R'COR" to form alkene:1, l-dlboromc
. esters, [(RO)':B]QC-— CR R” [4 5] Cychc boromc esters generally glve bette




3 ylelds of more easﬂy punfled products than acychc boromc esters [2 3 5], and :
“the use of : a eyclic ester has permitted the isolation of the lithium salt of a boron--
_substltuted carbamon, lithium' tns(tnmethylenedloxyboryl)methxde [5,6]:

. Two boronic ester groups have been shown to- provide sufficient stabilization -

, of a'carbanion to permit its formation. Tns(dlmethoxyboryl)methane has been -
" converted to- ‘bis(dimethoxyboryl)methide ion, [(CH30),B],CH™, and condenséd
“with benzaldehyde to form the §-styreneboronic ester in low yield [7], or al-

" kylated with various alkyl halides, RX, to form [(CH;0),B],CHR in yields up to
- 42% [8]. We undertook the present investigation in the hope that the use of
_-eyclic boronic esters and other recent improvements in our techniques would

* result in much improved yields and real synthetic utility.

‘A preliminary account of part of this work, together with its extension to the
homologation of aldehydes, has been published elsewhere [9]. Another objec-
tive of the present work was to find a route to a 2-phenylethane-1,1-diboronic
‘ester for subsequent conversion to boron compounds of possible biological in-
-terest. This has been accomplished by alkylation of a diborylmethide ion with

. benzyl bromide, but the reasons for choosing this route are complex and the de-
taﬂs will be published separately [10].

Results

Transesterification of tris(dimethoxyboryl)methane [7,11], HC[B(OCH3).1s,
with ethylene glycol in tetrahydrofuran yielded tris(ethylenedioxyboryl)methane
(I). Treatment of a suspension of I in THF, in which I is slightly soluble, with
methyllithium or butyllithium at —75° C resulted in immediate precipitation of
lithium bis(ethylenedioxyboryl)methide (II). Since the reaction of the analogous
lithium tris(trimethylenedioxyboryl)methide with triphenyltin chloride gives a
good yield of easily crystallized product [2], we used the reaction of II with
triphenyltin chloride to check the efficiency of formation of II. The yield of

triphenylstannylbis(ethylenedioxyboryl)methane (1I1) was 77%.
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“The propanediol ester analog of I, tris(trimethylenedioxyboryl)methane [5],

- was similarly converted to lithium bis(trimethylenedioxyboryl)methide and re-

acted with triphenyltin chloride to form the analogous derivative IV in 68%

yield. Triphenylgermanium and triphenyllead chloride were also reacted with
_both lithium salts to form derivatives analogous to III and IV. These were formed
~in. lower yields than the tin compounds but series 11T was consistently favored-
"over senes IV. A further extension of this type of chemistry was the successful -
- conversion of the tin compound III to the carbanion stabilized by one boron
: and one tin atom (V) and fmally to b1s(tnphenylstannyl)ethylenedloxyboryl--
E ‘methane (VI) , T
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The reaction of lithium bis(ethylenedioxyboryl)methide (II) with carbonyl
compounds was first examined with benzaldehyde. The boronic ester product,
trans-1-ethylenedioxyboryl-2-phenylethene (VII), was separated from the by-
product lithium salt (VIII) by extraction with diethyl ether, in which VIIis
readily soluble and VIII is insoluble. The boronic acid product, f-styreneboronic
acid or trans-2-phenylethene-1-boronic acid (IX), was obtained by treating the
reaction mixture with aqueous acid and extracting with ether.
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Evidence that the 3-styreneboronic ester (VII) is the trans isomer was provided
by the NMR spectrum. The doublet due to the proton « to boron appeared at § 6.12
ppm, J 18 Hz. (The -proton absorption is partially hidden by the phenyl group.) The
doublet at & 5.53 ppm, J 16 Hz, which Pasto and coworkers assigned to the cis
isomer [12], was absent. A crude sample of the bronic acid IX which had not been
recrystallized similarly showed only the a-proton doublet at § 6.11 ppm, J 18 Hz,
due to the trans isomer. If as much as 1—2% of the cis isomer had been
present, it should have been detected. We have also prepared a mixture of the
cis and trans isomers of dimethyl g-styreneboronate, PhCH=CHB(OCH;),, as
part of another investigation [10], and observed the a-proton doublets of the
cis at 6 5.50 and the frans at 6 6.10 ppm.

The trans geometry of the B-styreneboronic ester VII was further proved by
its reaction with phenyllithium followed by rearrangement of the B-phenyl in-
termediate with iodine and alkali, which gave cis-stilbene in up to 65% yield.
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Zweifel and coworkers have carried out analogous rearrangements on trans-
alkenylboranes from hydroboration of acetylenes and have shown that the
products are stereospecifically the cis-alkenes, and’ they have prov1ded a reason-
able mechanistic interpretation [13,14]. : -
‘Other aromatic aldehydes which were condensed with the hthmm salt: II 1n-,
. cluded furfural, p-d_lmethylammobenzaldehyde, cmnama.ldehyde, and p-mtro-'
benzaldehyde. Yields of ArCH= CHB0202H4 or ArCH=CHB(OH); were gener- -
*ally about 40%, though Moody has repeated the reactlon W1th furfural and ob——_i 3
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~ tained a high yield [15]. The reaction with p-nitrobenzaldehyde (34%) gave a
lot of dark, insoluble by-product. The NMR spectra of all of the arylethenebo-
‘ronic esters were consistent with trans geometry.

The aromatic ketones benzophenone and acetophenone both gave good yields
of condensation products with II. The NMR spectrum indicated that the boronic
acid from acetophenone, PhC(CH;)=CHB(OH),, consisted of a cis—trans mixture.
No attempt was made to separate the isomers.

“Aliphatic aldehydes also condensed with II to give good yields of the alkene-

. 1-boronic acids, RCH=CHB(OH),, where R is n-C3;H, to n-C,H,s. Again, the
NMR spectra indicated that the products were mainly trans. Small peaks due to
the downfield half of the a-proton multiplet of the cis isomer were generally vis-
ible near 320 Hz (60 MHz spectra) in samples of the liquid ethylene glycol
esters, RCH=CHBO,C,H,, indicating the cis isomer content to be about 5—10%,
but no evidence for cis isomer was seen in crystalline samples of the boronic
acids. The assignment of the NMR absorption is based on the 1-propene-1-bo-
ronic acids X and XI and their ethylene glycol esters, which were chosen for de-
tailed stereochemical study because of their structural simplicity.

AN / AN
Cc——C Cc——=C
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A mixture of both isomers X and XI was obtained from the reaction of 1-
propenylmagnesium bromide with trimethyl borate [16] followed by aqueous
work-up and extraction with ether. The less soluble trans-1-propene-1-bcronic
acid X was separated by fractional crystallization from ether, and the more sol-
uble cis isomer- XTI concentrated to a proportion of about 80% in the mother

" liquors.

The a-proton of the trans isomer X was observed as a doublet of quartets in
the NMR, 6 5.44 ppm, J 18 and 1.5 Hz. The a-proton of the cis isomer ap-
peared at 6 5.34 ppm, J 14 and 1.5 Hz (in deuteroacetone). The downfield
halves of these multiplets provided the best separated peaks for analyzing mix-
tures, though all of the protons showed significant differences. Even the B(OH),
peaks are separated in deuteroacetone, indicating that hydroxyl group exchange -

- between boronic acid groups is slow on the NMR time scale, unless a few per
cent of D,0 are added, which leads to a single DOH peak. The ethylene glycol
esters of X and XI showed the expected analogies to the free boronic acids in
their NMR spectra.

The crude boronic acid derived from the reaction of acetaldehyde with II - was
found to contain 7% cis isomer XI by NMR analysis. A sample of the ethylene

- glycol ester isolated directly from the reactlon of acetaldehyde and II showed a.

‘cis content of about 5%. .-

Chemical proof of the trans geometry of X was prov1ded by treatment of its -

- ethylene glycol ester with butylhthlum followed by rearrangement- with iodine - .

-and-alkali; which gave a mixture of products including about a-30% yield of cis-

"'-Z-heptene, 1dent1f1ed by companson ofits. NMR spectrum in the mehc proton e
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region with that of an authentic sample [17]. Other products appeared to include
1-iodopropene and were not separable by small-scale simple distillation. Similar
treatment of 80% cis isomer XI ethylene glycol ester yielded a mixture con-
taining 2-heptene which was predominantly trans. These results, like the conver-
sion of trans-B-styreneboronic ester to cis-stilbene described in an earlier para-
graph, are in accord with the observations of Zweifel and coworkers [13,14].

Aliphatic ketones condensed with Il included acetone, cyclohexanone, and
1,3-dichloroacetone. The boronic acids from the latter two ketones were not ob-
tained in pure condition by recrystallization from ether. Moist chloroform
proved to be effective. This observation was made after most of the rest of this
study had been completed. Several alkeneboronic acids were found to be only
moderately soluble in chloroform, suggesting that this solvent may be generally
useful for the recrystallization of the boronic acids.

Discussion

Two features of the condensation of the diborylmethide anion II with car-
bonyl compounds have considerable potential synthetic utility. These are, first,
the high selectivity of II for aldehydes and ketones even in the presence of other
groups that are sensitive to nucleophiles and, second, the high stereoselectivity
in the conversion of aldehydes to trans-1-alkene-1-boronic esters.

The selectivity of the diborylmethide anion II is tested particularly severely by
p-nitrobenzaldehyde. The 34% yield of p-nitro-g-styreneboronic acid implies
some selectivity in favor of the aldehyde group, inasmuch as a purely statistical
attack on the aldehyde and nitro groups would approach a 25% yield as an upper
limit if attack on the second group of the molecule is as rapid as on the first.

The selectivity of Il is tested in a synthetically more useful fashion by 1,3-
dichloroacetone. In spite of the reactive a-chloroketone function, which might
undergo displacement, enolization by proton loss, or enolization by chlorine
loss, and in spite of the reactive allylic chlorines in the product, the crude yield
of (CICH,).C=CHB(OH), was 65%, and the NMR spectrum indicated that this
was the major constitfuent, even though considerable loss was suffered on crys-
tallization. Other reactions of boron-substituted carbanions with a-haloketones
have also yielded carbonyl group condensation products [4,8].

In other work, we have established that boron-substituted carbanions will re-
act selectively with ketones or aldehydes in the presence of esters or carbon—
carbon double bonds [4,5,9]. The rather mediocre yield of PhCH=CHCH=CHB
(OH), from the reaction of II with cinnamaldehyde suggests that a,8-unsatura-
tion may cause problems, though mesityl oxide worked well [9], and further ex-
ploration will be required in order to determine the limitations. We anticipate no
difficulty with functional groups that are normally compatible with carbanions,
though we have not yet tested ketals, sﬂyl ethers and otner common protected
functions. ,

The stereoselectwlty of the condensatlon of II. with aldehydes ma.kes thls re-
“action a-useful alternative to hydroboration for making trans-l-alkene-l-boromc
“acids, which have already been shown to undergo stereospemﬁc conversions to’
_trans-1-iodoalkenes [18] and cis-1-bromoalkenes [19]. -Zweifel and coworkers
,have shown that trans-alkenylcha]kylboranes react W1th 1od1ne and alkah to form
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is-alkenes [13, 14], and we have described the conversion of trans-1-alkene-1-bo-

ronic esters to B-alkyl derivatives followed by rearrangement (see Results). Our
yields in the migrations of n-butyl groups were not good. This is consistent with

" the finding by Zweifel and Fisher that the migratory aptitude of a methyl group
in these reactions is very low [20], and secondary alkyl groups migrate prefer-
entially. Since secondary alkyl groups do migrate in good yields {13,14] and
the B-alkylation of boronic esters by Grignard and other organometallic re-
agents is generally applicable [21], it is clear that trans-1-alkene-1-boronic acids
are potentially useful sources of some types of cis-alkenes, RCH=CHR’, at least
where R’ is secondary or, from our present synthesis of cis-stilbene, aryl. How-
ever, much development work remains in order to find general and optimum
conditions for this cis-alkene synthesis.

The choice between hydroboration and the condensation of an aldehyde with
II as routes to trans-1-alkene-1-boronic acids will depend on several factors. For
simple structures that can be derived from readily available acetylenes, hydro-
boration is most economical. However, condensations with II become advanta-
geous if there is unsaturation elsewhere in the molecule or if a one-carbon chain
extension of a structurally complex carbonyl compound is needed. The conden-
sation of II with ketones yields alkeneboronic acids of the general formula
R,C=CHB(OH),. These cannot be made by hydroboration, though in some
simple cases they can be made from R,C= CHBr by the Grignard route. The
-condensation of II with unsymmetrical ketones is not stereoselective. Aceto-
phenone yielded about a 3 : 2 mixture of isomers, a smaller ratio than might have
been expected from the relative stereoselectivities of the reactions of II with
benzaldehyde and acetaldehyde. The sterically favored isomer should be the one
with phenyl trans to the boronic acid group, and this assignment is consistent
with the trends in the NMR chemical shifts (see Experimental), but the isomers

" were not separated and this structure assignment is tentative.

Our most careful estimate based on NMR data for the cis content of crude
1-propene-1-boronic acid from acetaldehyde and IT was 7%, but a more con-
servative upper limit would be about 10%. For synthetic purposes, boronic acids
usually crystallize easily and the cis isomer disappears in one recrystallization.
We had no problems with air sensitivity as long as the boronic acids were kept
slightly moist to avoid anhydride formation.

The work on the germanium, tin and lead compounds reported here is a
straightforward extension of our previous work [1,2], but the carbanion V sta-
bilized by only one boronic ester group and one triphenyltin group represents a
new minimum of stabilizing substituents for this series. One boronic ester group
and two triphenyltin groups have been shown to be sufficient to stabilize a
carbanion [2], but we were unable to make the tris(friphenylstannyl)methide
ion, (Ph3Sn);C-, by a deboronation route. Carbanions or perhaps covalently
bonded alkyllithium compounds are known to be stabilized by a single dialkyl-
boryl group, R,B—[22—24], which may provide stronger ca::bon-—carbon g
bondmg than the boromc ester group

'Expenmental

Trzs( dlmethoxy boryl )methane
' Tns( dlmethoxyboryl)methane [7] was prepared by the 1mproved procedure
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previously described [11] with the following additional improvements. For dis-
tillation of the crude product, the distillation apparatus was constructed with no
constrictions smaller than a 24/40 joint in the path of the distillate, and with less
than 1 m of wide-bore tubing connecting the receiver via a Dry Ice trap to the

m o Aacamnncition
pump. The crude product contains by-products which cause decomposition

with evolution of volatile material wh1ch does not condense at —78°C and in-
terferes with the distillation, sometimes resulting in total decomposition of the
product, if these precautions are not taken. Use of a liquid nitrogen trap on one
occasion yielded 10—20 ml of condensate, which on removal of the trap lique-
fied and boiled away under vacuum, without noticeable odor from the pump
vented into the room. It was found best to distil the crude tris(dimethoxyboryl)-
methane rapidly, then redistil moderately rapidly, b.p. 60—85°C (0.1 mm Hg),
25—30% yield.

Tris(ethylenedioxyboryl)methane (I)

A solution of 79.3 g (0.34 mol) of tris(dimethoxyboryl)methane in 150 ml
of anhydrous tetrahydrofuran was stirred under argon at 0°C and 63.7 g (1.03
mol) of ethylene glycol was added. The product began to crystallize within a
few min. The mixture was stirred 20—30 min, concentrated under vacuum, and
heated to about 100°C to distil ethylene glycol and volatile by-products. After
cooling, the solid residue was stirred with 150 ml of anhydrous ether, filtered,
washed with 100 ml of ether, and sublimed at 150—170°C (0.02 mm Hg), vield
60.7 g (79%), m.p. 170—172°C, NMR (CDCl;): 4 0.73 ppm (s, 1, HCB,), 4.21
(s, 12, OCH,CH,0). (Found: C, 37.44; H, 5.81; B, 14.59. C;H,3B;0¢ calcd:

C, 37.27; H, 5.81; B, 14.38%.) The use of a highiy purified sample of tris(di-
methoxyboryl)methane led to an 85% yield of I.

Lithium bis(ethylenedioxyboryl)methide (II)

Procedure A. A solution of 11.3 g (50 mmol) of tris(ethylenedioxyboryl)-
methane (I) in 250 ml of anhydrous tetrahydrofuran under argon was cooled
with a Dry Ice/acetone bath, which caused crystallization of the I, and was
stirred during the dropwise addition of 31.5 ml (50 mmol) of 1.6 M butyl-
lithium in hexane, which resulted in formation of a slurry of precipitated
lithium bis(ethylenedioxyboryl)methide (II). The slurry was stirred 10 min at
—78°C before use.

Procedure B. A suspension of 4.52 g (20 mmol) of I in 25 ml of tetrahydro-
furan was treated with 13 ml of 1.6 M methyllithium in ether under the same
conditions as described for Procedure A.

Procedure C. An 11.5 mmol sample of I was dissolved in 10 ml of dichloro-
methane, 10 ml of tetrahydrofuran was added, and the mixture was treated
with 12 mmol of 1.6 M methyllithium as described for procedure A, except that
the slun:y was stirred 0.5—2.5 h at —78°C before use.

Trzphenylstannylbzs( ethylene- and trzmethylene-dzoxyboryl)methane (III and I V)
and their germanium and lead analogs -

Lithium bls(ethylenedloxyboryl)methlde (II), Procedure A was stu'red w1th
193¢ (50 : mmol) of triphenyltin chloride and allowed to warm to 25°C After
: stu'nng overmght the solvent was d1st1]led under vacuum, the resndue was stn'red :




w1th 100 ml of ether and fﬂtered under argon, and the sohd was stm'ed w1th o

.-,100 ml of chloroform and filtered to remove lithium salts. The filtrate was con-
-“centrated to 25 ml and 100 ml of ether was added to precipitate III, which was

- ~cooled to 0°C before filtration. The analytical sample was recrystallized from -

e '_chloroform/ether. The use of tris(trimethylenedioxyboryl)methane [5] in place

-~ -of Tled to IV. The germanium and lead analogs were similarly prepared Yields
t;.;and other data are given in Table 1.

st( trzphenylstannyl Jethylenedioxyboryl methane (Vi)
Procedure A for the preparation of II was modified by using 5. O g of
‘ triphenylstannylbis(ethylenedioxyboryl)methane (III) in place of I, 100 ml of
tetrahydrofuran, and 6 ml of 1.6 M methylithium to form the lithium salt V.
- Reaction with triphenyltin chloride under the conditions described for the prep-
aration of III followed by recrystallization of the product from chloroform/
methanol yielded 47% of VI, m.p. 121—123°C, NMR (CDCl3): 6 (ppm) 1.10
- (s, 1, Sn,CHBY}, 8.70 (s, 4, OCH,CH,0), 7.20 (m, 30, CsHs). (Found: C, 59.49;
H, 4.66; B, 1.50; Sn, 30.18. C3,H35sB0,Sn; caled.: C, 59.75; H, 4.47; B, 1.38;
" Sn, 30.31%.)

1-Alkene-1-boronic acids

- A 20 mmol portion of the aldehyde or ketone was added to 20 mmol of
lithium bis(ethylenedioxyboryl)methide II prepared by Procedure B (or 10 mmol
of aldehyde or ketone was added to 11.5 mmol of II prepared by Procedure C

in more recent work). The mixture was allowed to warm to 25°C and stirred
under argon 2—4 h. The solvent was distilled (vacuum) and the residue was
stirred with water (50 ml) or dilute phosphoric acid (no difference in results

was noted) and the solution was extracted with ether. Concentration of the

TABLE 1

TRIPHENYLMETALBIS(DI- AND TRI-METHYLENEDIOXYBORYL)METHANES,
FPh3MCH[BO2(CH3),12 )

M of n of . Yield M.p. NMR, § ¢ Analysis found (caled.) (%)
Ph3M BO2(CH2), (%) co (Ppm) ,
MCHR, C H B M
Ge 2 42 128—129  1.18 59.99 5.41 4.77 15.71
. (60.23) (5.24) (4.72) (15.84)
Sn 2 77 140—141 0.98 54.68 4.87 4.24 23.48
_ (54.73) (4.76) (4.28) (23.59)
Pb 2 72 144--145  1.40 46.67 4.10 3.87 34.70
: E (46.56) (4.05) (3.64) (34.96)
- Ge 3 36 93—94 0.80 - 61.47 5.72 4.56 14.80
. : , (61.60) (5.76) (4.42) (14.93)
Sn 3 68 126—128 0.68 56.41 5.41- 4.06 22.46
N o . , . (56.36) (5.26) (4.06) - - (22.30)
P 83 - 62 115-116 1.15 48.24 446 . -3.79 . 3310
R : C : . - (48.32) (4.51) - . (3.48) . (33.38)

a Extemal tetramethylslane reference CDCl3 Al six compounds showed phenyl at 6 7 30 ppm. The ethyl-
"ene glycol esters showed a smglet at 8 3.75, the 1 3-propa.ned.lol esters a tnplet at 6 3 60 a.nd a qu_mtet at '
’{;.8135ppm— ; . .
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'ether phase under vacuum ylelded a crystallme re51due of the boromc ac1d which

“ was dried to constant weight under a slow stream of argon.. ‘Crude yields of 60%
and above in Table 2 are generally based on this- 1solat10n procedure, which gen-
erally yielded fairly pure boronic acids based on NMR analys1s. The yield of
product from cyclohexanone was duplicated when the boronic acid was Crys- .

“tallized from methanol/water, and the good yield of product from acetophenone
is also from methanol/water. Yields of 50% and below (Table 2) are based on
material crystallized from ether with considerable loss. Analytical samples were
recrystallized from ether, but several failures to obtain pure samples were en-
countered. On reinvestigation, cvclohexyhdenemethaneboromc acid and 3-
chloro-2-{chloromethyl)propene-1-boronic acid were successfully recrystalhzed
from chloroform moistened with a drop of water. 2-Phenylpropene-1-boronic
acid was recrystallized from dichloromethane/2,2,4-trimethylpentane. Analyti-
cal samples were dried very briefly, usually a few min under vacuum, except that
(CICH,),C=CHB(OH), dehydrated too easily to survive even that mild treatment
and was successfully dried in air 20—30 min (25°C). Crude yields, melting points
of purified samples, and NMR data are summarized in Table 2, and elemental
analyses are listed in Table 4.

1-(Ethylenedioxyboryl)-1-alkenes (Ethylene glycol esters of alkeneboronic acids)
The reaction of the aldehyde or ketone with IT was carried out as described
in the preceding paragraph, but after the solvent was distilled the residue was

TABLE 2

ALKENEBORONIC ACIDS RR'C=CHB(OH); FROM CARBONYL COMPOUNDS RCOR’ AND
LiCH(BOzC2Hg)2 (ID

R (trans to B) R Yield M.p. NMR (CD3SOCD3): 6 (ppm), splitting,
(%) coc)  (Hz)) @
=CHB? R'D R
CH3 H 50—67 72—175 5.34 6.46 1.77d of d's (6, 1.5)
CH3(CH1)2 H 68 ‘79—81 5.32 6.45 0.88m,1.38m, 2.05m
CH3(CH2)4 H 81 88—90 5.30 6.46 0.88m, 1.3m; 2.0m
CH3(CH2)g H 82 67—68 5.30 6.44 0.85m,1.27m, 2.65m
a-Furyl H 43 133—135 5.93 7.12 6.53m, 7.6 Tm
(unresolved)

CeHs H 87 165—166 ¢ 6.11 7.28 7.4m
p-02NCgH4 H 34 223—225  6.37 7.40 7.744, 8.23d (9)
CgHs5CH=CH H 41 131—135 5.88 seeR  7.0—7.6m

. . {dec.)
CH3 CH3 65 81—824d 5.05 1.88s  1.774Q1)
CICH, CICH, 60 70—72.5 5.77 4.63s  4.35s
—CH,CH2CH»CH» CHy— 84 9294 4.93 seeR  1.49m,2.10m,2.44m -

(dec.)

CsHs 6.05 - 7.6m 2.63s
CH3 . csns} 8o _:;::)118 580 . 2425 7.6m }‘ ,

a Internal reference prowded by CD3SOCD2H [ 2.52 ppm [25] The B(OH): peaks were generany ob- :
served as broad singlets between 5 6. 2and 7.8 Ppm, subject to broadening ‘and shifting by water. b Wha’e
R =H, the trans-v:l.nyl prot.on J 18+ 1 Hz. Smal!er sphttx.ngs by R were often supenmposed € Lit." m.p.

- 168—169°C [71, 163—1.6490 i261. 4 Lit. m.p. 84—8"°"‘ i271.¢€ Mixture of c:s—tmns isomers, approx. Lo
~-ratio 3 : 2, first set of NMR peaks listed is the more abundant. structu.re assigmnent uncextain. NMR sol- T
B vent CDCla. B(OH); broad and unobsexved. e . o
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treated Wlth ether to extract the ethylene glycol boronlc ester from the msolu-
ble lithium borate salt VIIL. The solution was filtered under argon, concentrated :
and cooled with Dry Ice and/or treated with pentane to initiate crystalhzatlon
Only aryl-substltuted boronic esters crystallized, and distillation of alkyl-substi-
tuted boronic esters failed to remove impurities, probably including substantial
amounts of unchanged tris(ethylenedioxyboryl)methane (I) based on the NMR
spectrum of a distilled sample of 1-(ethylenedioxyboryl)-1-heptene. Yield, m.p.,
and NMR data are listed in Table 3 and elemental analyses of those esters suc-
cessfully purl_fied are included in Table 4.

cis- and trans-1-Propene-1-boronic acids from the Grignard reagent

1-Propenylmagnesium bromide was reacted with trimethyl borate as previ-
ously described [16], but instead of extracting with butanol to make the butyl
ester [16], ether was used to extract the boronic acids. Partial concentration of
the ether solution, which was kept saturated with water, led to crystallization of
trans-1-propene-1-boronic acid (X), shown by NMR to be the same as X prepared
from acetaldehyde and II. The progress of the separation was monitored by
NMR. Attempts to crystallize the c¢is isomer preferentially from water or 2-
propanol/water yielded crystals that were relatively rich in trans isomer. Com-
bined residues from mother liquors estimated to be 80% cis were recrystallized
from water without significant change in the isomer ratio, and this was used for
the analytical sample (Table 4). The m.p. of this mixture was not determined
but appeared to be considerably lower than that of the trans isomer (75°C). The
NMR spectra of both isomers were taken in deuteroacetone with CD,COCD,H
at § 2.06 ppm [25] as the internal reference: trans-X, § (ppm) 1.77 (doublet of
doublets, J 6.2 and 1.5 Hz, 3, CHs), 5.44 (d of quartets, J 18 and 1.5 Hz, 1,
=CHB), 6.60 (d of quartets, J 18 and 6.0 Hz, 1, CH;CH=), 6.66 (broad s, 2,
B(OH),); cis-X1, 6 (ppm) 1.89 (d of d’s, J 6.7 and 1.5 Hz, 3, CH;), 5.34 (d of
quartets, J 14 and 1.5 Hz, 1, =CHB), 6.41 * 0.1 (m of broadened and over-
lapping peaks, J 7 and, presumably, 14, 1, CH.CH=), 6.77 (broad s, 2, B(OH),).
The NMR spectrum of the trans isomer in deuterod1methyl sulfox1de is includ-
ed in Table 2. .

cis- and trans-1-(Ethylenedioxyboryl)propene (Ethylene glycol esters of Xand XI)
A 0.86 g portion of trans-1-propene-1-boronic acid (X) was stirred with 1 ml
of ethylene glycol and 15 ml of ether. The ether phase was decanted, the ethylene
glycol phase was extracted with additional ether, the combined ether phase was'
treated with a second portion of ethylene glycol, the ether phase was concen- )
trated, and the residue was treated with pentane and filtered to remove the re- -
maining ethylene glycol. The pentane was evaporated and the residue (0.62 g) ap- ‘
peared to be pure trans-1-(ethylenedloxyboryl)propene on NMR examination.
_The cis-isomer was similarly prepared on a larger scale from 80% czs-1~propene-1-
boronic acid and distilled through a packed column;, b.p. 132—135°C; without -
) 'sepa.ratxon of the trans isomer. The elemental analysrs is mcluded in Table 4. The
NMR spectra of both isomers were taken on neat samples with external tetra-
: ~methy1s11ane as the reference: trans, § ppm 1 47 (d of d's, J 6.5 and: 1.7 Hz
- 8, CH3), 3.80.(s, 4, OCH2), 5.09. (CE of quartets J18 and 1.5 Hz, 1, = CHB),
- 6. 34 (d of“ 'uartets J18 and 6 Hz 1, , CH;CH=); cis; &- ppm“l 60 d of ’
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J6.8and 1. 5 Hz, 3, CH3), 3.82 (s, 4, OCHz), 5.01 (d of. quartets J 13.5 and

1.5 Hz, 1, =CHB), 6.13 (broad, unresolved m, peaks approx. 6 Hz apart, 1,
CH3CIi—). The NMR spectrum of the trans isomer in CDCI; is included in Table
3. . . -

cis- and trans—2-Heptene cis-stilbene

A 10 mmol sample of trans-1- (ethylenedloxyboryl)propene in 10-ml of ether
was stirred at —78°C under argon and 11.5 ml of 2 M butyllithium in hexane
was added dropwise. The solvent was removed under vacuum and the residue
was treated with iodine and sodium hydroxide in aqueous tetrahydrofuran as de-
scribed by Zweifel and coworkers [13,14]. The hydrocarbon product was ex-
tracted with pentane, concentrated, and analyzed by NMR comparison with an
authentic sample [17]. Estimation of the alkene content relative to iodoalkene
and residual pentane was based on integrals of NMR peaks, yield 30 £ 10% of
cis-2-heptene. A sample of 80% cis-1-(ethylenedioxyboryl)propene was similarly
converted to predominantly frans-2-heptene. Similar treatment of trans-1-(eth-
ylenedioxyboryl)-2-phenylethene with phenyllithium followed by rearrangement
with iodine and alkali gave cis-stilbene (65%), purified by distillation, b.p. 65—
75°C (0.5 mmHg), identified by its characteristic NMR spectrum [25].
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