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SUMMARY 

Tetrakis(dimethoxyboryl)methane, [(MeO),B],C, and lithium methoxide in 
tetrahydrofuran behave as a source of C(Me0)2B],C-, which displaces halide ion 
from alkyl halides (RX) to yield mixtures of [(Me0)2B]3C-R and [(Me0)2B]2CRz. 
The latter must result from transfer of a dimethoxyboryl group from [(Me0)2B],CR 
to [(MeO),B],C- to form [(MeO),B],C and [(MeO)zB],CR-m, which then reacts 
with a second mole of RX. The products from methyl iodide and [(MeO),B],C- 
were converted to the more stable ethylene glycol esters and isolated by gas chroma- 
tography. Tris(dimethoxyboryl)methane, [(MeO),B],CH, reacts with one equivalent 
of alkyl halide and lithium ethoxide to yield [(MeO),B],CHR, best isolated by con- 
version to the ethylene glycol ester and distilIation. Alkyl groups R include CH,, 
C,H9, CH,=CHCH,, HC&CH2, and CH302CCH2. Chloroacetone reacted at 
the carbonyl group with [(MeO),B],CH-, and the product isolated after ethylene 
glycol treatment was C2H402BCH=C(CH3)CH2C1. Incidenttil compounds prepared 
include the pinacol triboronic ester HC(B02C,Me,), and the methoxymethanedi- 
boronic ester CH30CH[B(OMe),JZ. 

RESULTS AND DISCUSSION 

Tetrakis(dimethoxyboryl)methane (I) (also named octamethyl methanetetra- 
boronate) is easily prepared from carbon tetrachloride, lithium dispersion, and di- 
methoxyboron chloride’. Treatment with bases such as methyllithium or lithium 
methoxide leads to the tris(dimethoxyboryl)methide ion (II) or perhaps its methyl 
borate complex (III), which readily transfers (II) to other electrophiles’-3. 
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264 D. S. MATTESON, 3. R. THOMAS 

The tris(dimethoxyboryl)methide ion (II) is analogous to the bis(ethoxycar- 
bonyl)methide ion from malonic ester and ought to react with alkyl halides. We have 
previously shown that reaction with benzyl bromide does occur, but the yield was 

low and the boronic ester products were not isolated’. In the present investigation, 
methyl iodide was chased for systematic study of the reaction conditions. After a 
few trials, it became apparent that direct formation of a single distillable product was 
not going to be the outcome. Gas chromatography of the methyl esters was tried but 
it failed, probably because traces of moisture in the reaction mixture or free hydroxyl 
groups on the coiumn rapidly replace the methoxy groups on boron to form random 
B-O-B linkages and hence products having high molecular weight. Treatment of 
the product methyl ester solutions with ethylene glycol yielded the cyclic ethylene 
glycol esters (named as 1,3,2-dioxaborol-2-ylalkanes), which proved stable and suita- 
ble for gas chromatography. 

Both monomethylation and dimethylation products were always formed. 
Evidently the tris(dimethoxyboryl)methide ion (II) abstracts a dimethoxyboryl group 
from the monomethylation product (IV) to form l,l-bis(dimethoxyboryl)ethide ion 
(V), which reacts with methyl iodide to form 2,Zbis(dimethoxyboryl)propane (VI). 
The products isolated after treatment with ethylene glycol are l,l,l-tris(l,3,2-di- 
oxaborol-2-yl)ethane (VII) and 2,2-bis(1,3,2-dioxaborol-2-yl) propane (VIII). 
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Tetrahydrofuran was found to be convenient solvent. Butyllithium could be 
used as the base, but it leads to C,H,B(OR), by-products which are sometimes difficult 
to separate from the desired products. Lithium methoxide works equally well or 
better, yielding no troublesome side product. It is slightly soluble in tetrahydrofuran; 
moderately soluble in the presence of boronic ester. 

Approximately equimoIar mixtures of mono- and dimethylation products (VII) 
and (VIII) were obtained in about 50 % total yield (70 % based on available LiOCH,) 
when one mole of methyl iodide was added dropwise to a refluxing solution of one 

J. Organometal. Chem., 24 (1970) 263-27! 



METHANETETRA- AND -TRIBORONIC E!?+TERS 265 

mole of tetrakis(dimethoxyboryl)methane (I) and one mole of lithium methoxide in 
tetrahydrofuran. The same results were obtained when the last two reagents were 
added to the first. Halving the amount of lithium methoxide increased the proportion 
of monomethylation product (VII) to 70%, and doubling the lithium methoxide 
increased the fraction of dimethylated product (VIII) to 70x, but total yields based 
on CWeW%C (1) were reduced. Detailed results are summarized in Table 1 in the 
Experimental Section. These results suggest that the equilibration between (II) + (IV) 
and (I)+(V) is much faster than the competing reactions of the anions (II) and (V) 
with methyl iodide. 

Some unreacted methoxide remained after the mixture had refluxed a few 
minutes. This was neutralized with dimethoxyboron chloride to prevent loss of 
product to salt formation and to the known base-catalyzed polymerization’. Pro- 
longed refluxing appeared to increase the amount of polymerization, which is always 
a major side reaction under any conditions. 

Since the triborylmethide ion (II) readily captures a proton irreversibly from 
hydroxylic solvents, degrading ultimately to [(R0)2B]zCHz’, it is obvious that the 
alkylation of (II) can only be carried out in aprotic solvents. We tried methanol any- 
way, and were surprised to obtain the methylation products (VII) and (VIII), though 
the yields were naturally low. Even in tetrahydrofuran, some protolytic deboronation 
by stray moisture occurs, and bis(l,3,2-dioxaborol-2-yl)methane (IX), (C,H,02B),- 
CH2, could often be isolated in 5% yield by gas chromatography. 

Other alkyl halides led to more problems than did methyl iodide in reactions 
with methanetetraboronic ester (I). Benzyl bromide yielded mainly the dibenzylation 
product, 2,2-bis( 1,3,2-dioxaborol-2-yl)-1,3_diphenylpropane (X), (CzH,02B)&(CHz- 
C6H&, but separation from monobenzylation product was incomplete even by gas 
chromatography. Ally1 bromide also yielded a mixture, and neither the ethylene glycol 
nor the pinacol esters could be separated by gas chromatography. From ethyl iodide 
we were abIe to obtain pure 3,3-bis( 1,3,2-dioxaborol-2-yl)pentane (XI), (C2H,- 
0ZB)&(C2H&, but the monoethylation product could not be purified, even though 
it appeared as a separate peak on gas chromatography. In all cases. the nature of the 
products was verified by NMR spectra, and products which gave poor analyses also 
gave poor NMR integrals. 

Much better results were obtained in the alkylation of tris(dimethoxyboryl)- 
methane (XII). It should be emphasized that bases remove a dimethoxyboryl cation, 
not a proton, from this compound and yield the bis(dimethoxyboryl)methide ion 
(XIII) or its borate ester complex. The reaction with ally1 bromide leads smoothly to 
4,4-bis( 1,3,2-dioxaborol-2-yl)-l-b1 ltene (XIV). 

fiMeO12 B&H 
LiOEt 

- ~M~o)~B],CH- 
1. CHZ=CHCH2Br 

2. HOCH$ZH+td 
CHCH2CH=CH2 

(XII) (XIU) 

There is no detectable disproportionation to mono(dimethoxyboryl)alkide anion, 
(MeO),BCHR-, and the product (XIV) can be purified adequately by simple distil- 
lation. Lithium ethoxide appeared to be slightly more soluble than lithium methoxide 
in tetrahydrofuran. Better yields (- 40 %) were obtained when the lithium alkoxide 
(as a solution with some suspended solid) was added to a mixture of triboronic ester 
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(XII) and ally1 bromide in tetrahydrofuran than those (N 25 %) obtained when the 
triboronic ester (XII) and lithium alkoxide were mixed first and then treated with 
aIly1 bromide_ Polymerization of the boronic ester (XII) appears to be the major side 
reaction. 

Other alkyl halides used with tris(dimethoxyboryl)methane (XII) and the 
products isolated are as follows: propargyl bromide, @V); butyl iodide, (XVI); 
benzyl bromide, (XVII); methyl iodide, @XIII); 1,Pdibromo-Zbutyne, @IX); 
methyl bromoacetate, (DC); and chloroacetone, (XXI). 

(,“J~>Q-w ([>3 CHCH~C=CCH~C~ (QJ >, 

2 
(xp) R = CH,CECH txmn, txIxl 
(XPII R = ,,-C,+$ 

(xpD[) R = CH&H, 

P O\ / 
=‘-‘3 

CHCH2COCH3 

O/ 

%CH=C 
\ 

cycl 

(xx) [XXI) (cis- trans mixture) 

The product from methyl iodide (XVIII) was obtained as the pinacol ester 
because the ethyIene glycol ester proved difficult to purify by gas chromatography. 
The benzyl bromide product (XVII) was not prepared from the methyl ester (XII) but 
from the ethylene glycol ester, (C,H,O,B)&H, and was isolated without exposure 
to hydroxylic solvents. Thus, the possibility that these products, (C2H,02B),CHR, 
might have arisen from protolytic cleavage of (CZ_H,O,B)JR is ruled out*_ 

Saturated diboxyl compounds related or Identical to (XVI)4, (XVII)‘, and 
(XVIII)6 are available by hydroboration reactions and therefore are not the primary 
synthetic objectives of this investigation. Unsaturated products (XIV), (XV), and 
(XlX) or the carboxylic ester (XX) would be difficult or impossible to make by 
previousI/ known methods. We also investigated the possibility of reacting the di- 
borylmethide anion (XIII) with cis- and rrans-1,4-dichloro-Zbutene but always 
obtained inseparable mixtures, which appeared from their NMR spectra to contain 
isomers resuhing from alIylic SJ’ dispIacement as well as simple S,2 displacement. 
Chloroacetonitrile failed to alkylate the anion (XIII) and yielded about 50% of 
(C,H,O,B),CH, (IX) instead, as if the protons of CICH,CN are so acidic that the 
displacement process cannot compete. 

The product (XXI) from the reaction of chloroacetone with the bis(dimethoxy- 
boryl)methide ion (XIII) clearly arises from a typical condensation at the ketone 
group’. The yield (78 %) is surprisingly high. However, attempts to condense chloro- 
acetone with [(Me0)2B],C- (II) led only to the same monoboronic ester (XXI) 
obtained from [(MeO),B],CH- (XIII). T o b e sure the problem was not one of 

* Cleavage of[(MeO)zB],CSnPh, by ethylene glycol to form (C2H,0,B)&HSnPh, has been observedq 
though the present contrast between the products from alkylation of [(Me0)2B],C (I) and [(MeO),B],CH 
(XII) seems sufficient by itself to rule out proton abstraction from [(MeO),B],CH to form [(MeO)lB]3C- 
(II) as a major pathway. 
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experimental technique, we duplicated the reported2 preparation of (C2HJ02B)?- 

deboronation by ethylene glycol than are the previously prepared alkenedi- 
boronic esters. An obvious solution to this problem would be to start with tetrakis- 
(1,3,2-dioxaborol-2-yl)methane, (C2H402B),C, which is easily prepared from the 
methyl ester (I) and ethylene glycol’, but this compound is so insoluble in 
furan and other possible solvents that we have been unable to carry out any useful 
reactions with it. Other glycol esters derived from [(MeO)&C (I) are under current 
investigation_ 

alternative approach to the C-alkylation 

halogenated boronic ester such as BrC[B(OMe)2]3 or 
BrCH[B(OMe),], 

ICH,B(OBU)~. We made a number of unsuccessful 
[(MeO),B]&H- (XIII) and [(MeO),B],C- 

chlorination of (XXII) 
with tert-butyl hypochlorite 

EXPERIMENTAL 

Most of the NMR spectra are referred to external tetramethylsilane (because 
an internal reference might be confused with a B&H peak)_ Reactions of air-sensitive 
boron compounds were run under nitrogen. 

l,l,l-Tvis( 1,3,2-nio,urrbqroZ-2-yl)etholze (VIZ) and 2,2-6is( 1,3,2-nio.uaboroZ-2-~l)propane 
(V/Ill) 

A solution of 5.5 g of tetrakis(dimethoxyboryl)methane (I) in 20 ml of anhydrous 
tetrahydrofuran was heated to reflux under nitrogen, and 0.704 g of lithium methoxide 
powder (prepared by dissolving lithium in methanol and removing the methanol 
under vacuum) was added in severa portions. The reaction was exothermic and the 
mixture darkened. The solution was refluxed 15 mm and was then added dropwise 
from a syringe to a refluxing solution of 7.7 g of methyl iodide in 10 ml of tetrahydro- 
furan. After refluxing 40 min, the solution was cooled, a second 0.7-g portion of lithium 
methoxide was added, and refluxing was resumed for 1 h. The solvent was removed 
under vacuum and the residue was treated with 5 g of ethylene glycol and 10 ml of 
tetrahydrofuran. The solution was acidified by addition of 0.9 ml of dimethoxy- 
boron chloride and concentrated under vacuum. The organoboron compounds 
were extracted from the residual salts into ether (three 1.5ml portions) and dis- 
tilled, b-p. 82-90” (1 mm), yieid 1.6 g of mixture. The products were separated by 
gas chromatography at 140” on a column of 20% XF 1150 methyl(cyanoethyl)- 
siloxane polymer on Chromosorb P. The (CH3)2C(B0&zH,)2 has the shorter reten- 
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tion time; NMR (Ccl,): T 5.91 (s, 8, OCH?) and T 9.01 (s, 6, CCH,). The analytical 
sample was redistilled. (Found : C, 45.61; H, 7.51; B, 11.49. C7Hi4B206 calcd. : C, 
45.73; H, 7.67; B, 11.77x.) The CH&(B0,C2H,), has the longer retention time; 
NMR (Ccl,): z 5.97 (s, 12, OCH2) and r 9.10 (broadened s, 3, CCHs). (Found: C, 
39.50; I-I, 6.47: B, 13.10. C,H,,B,O, calcd.: C, 40.09; H, 6.31; B, 13.54x.) 

Exploration of conditions for reaction of tetrakis(dintethoxyboryl)methane (I) with 
methyl iodide. 

Samples of 0.8-1.5 g of tetrakis(dimethoxyboryl)methane (I) in 10-15 ml of 
the selected solvent were treated with 1 or 2 equivalents of base as listed in Table 1. 
The solution was heated briefly (except where methanol was the solvent), resulting in 
formation of an amber color. Either the methyl iodide (or sulfate) was added dropwise 
in a few min to the tetraborylmethane (I) solution (method A), or the latter was added 
to the former (method B). The solution was stirred 15 min, then treated with small 
portions ofdimethoxyboron chloride until a drop of solution was acidic to moistened 
pH paper. The solvent was distilled at 1 mm the residue was stirred overnight with 
3 ml of ethylene glycol and 10 ml of tetrahydrofuran, the solvent was again removed 
under vacuum, and the organoboron products were extracted from the residue into 
ether (3 x 15 ml). The ether solution was concentrated to about half its original volume 
and ahowed to stand over calcium chloride to remove ethylene glycol, then filtered. 
A measured amount of dimethylformamide was added to serve as a reference. Small 
portions of this solution were analyzed by gas chromatography_ Yields were cal- 
culated from comparison of peak area ratios with those from mixtures of known 
composition. The results are summarized in Table I. 

TABLE 1 

REACTlOSS OF ~R~I;IS(DlalETHOSYBOKYL)~l~H~~~~, BASE, AND hIETHYL IODIDE 

Solvent Base CHJ 
(moles) 

Temp. Mode of 
addition 

Total yield 
(%) 

Mole ratio 
mono/di-Me” 

THF 
THF 
THF 
THF 

(MeOCH& 
THF 
THF 
THF 
MeOH 
MeOH 

1 LiOMe 
1 LiOMe 
2 BuLi 
2 LiOMe 
2 LiOMe 
1 LiOMe 
1 LiOMe 
1 LiOMe 
1 LiOMe 
I LiOMe 

1 60’ A 48 57143 
1 65’ B 47 56,44 
5 -500 B 40 31/69 
5 6P B 39 30170 
5 SY” B 12 35165 
5 65”* A 23 67133 
0.5 650 B 33c 69j3 1 
1” 60” A 27 66/34 
5 0” A 6 63137 
5 69 A 4 67/33 

” “Mono” is CH3C(B02CZHJ3, (VII), “di” is (CHJ2C(BO&HJ2, (VIII). * Refluxed 6 h (instead of 15 
min). c 66% based on actual limiting reagent, MeI. ’ Me,SO, used in place of MeI. 

Bis( 1,3,2-dioxaborol-2-yl)nzethane (IX) 

This was obtained as a by-product of the reaction of ethyl iodide and tetrakis- 
(dimethoxyboryl)methane and was separated by gas chromatography, b.p. 5%61° 
(0.3 mm) ; NMR (Ccl,) : T 5.9 (s, 8, OCH,) and r 9.7 (broad s, 2, B&HI). (Found: 
C, 38.30; H, 6.48; B, 13.60. C,H,OB1O, calcd.: C, 38.55; H, 6.47; B, 13.89%.) 
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2,2-Bis(l,3,2-dioscrborol-2-yl)-1,3-diphe~zylpropane (X) 
This compound was prepared by the method described for CH,C(BO,- 

C&I& (VII) and (CH&C(BO&H& (VIII), with benzyl bromide (1 mole) instead 
of methyl iodide as a reactant. Gas chromatography of the product (X) was carried 
out at 190” with a column of 20 oA DC 710 dimethyIsiIoxane/phenylmethyIsiloxane 
copolymer on tirebrick. The yield was 17 “/,, b-p. 170-190’ (1 mm); NMR (Ccl,): 
r 2.6 (s, 10, C6Hs), 7 6.1 (s, 8, OCH?), and 7 7.1 (s, 1.6, CCH,). The NMR integral 
values and elemental analyses imply contamination with a moderate amount of 
monobenzylated product, PhCH2C(B02C,H,)3. (Found : C, 65.81; H, 6.68 ; B, 6.36. 
C,,HZ2B204 calcd.: C, 67.92: H, 6.60; B, 6.44x.) 

3,3-Bis( 1,3,2-dioxaboroi-2-yl)pentune (XI) 
Ethyl iodide was used in place of methyl iodide in the usual procedure, method 

A. Gas chromatography at 170” with a column of 20 % SF 96 poly(dimethylsiloxane) 
on tirebrick separated the product, yield 25 %; NMR (Ccl,): r 5.9 (s, 8, OCH,), 8.4 
(4, 4, CH& and 9.3 (t, 6, CHJ. (Found: C, 50.79; H, 8.45; B, 10.44. C7H18B10-t 
calcd.: C, 51.02; H, 8.56; B, 10.21%) The other expected product, l,l,l-tris(1,3,2- 
dioxaborol-2-yl)propane, was not completely purified by gaschromatography but 
appeared to be present in 12 ‘A yield, 50 oA concentration, mixed with (XI) or a related 
compound, in a peak preceding that of @I). 

4,4-Bis( 1,3,2-diosaborol-2-yl)-l-butene (XIV) 
A suspension of 1.08 g (0.02 mole) of ethanol-free lithium ethoxide in 32 ml of 

tetrahydrofuran was added in 10 min from a dropping funnel to a warm (5 ~50~). 
stirred solution of 4.8 g (0.02 mole) of tris(dimethoxyboryl)methane and 2.51 g (0.02 
mole) of freshly distilled ally1 bromide in 30 ml of tetrahydrofuran. The exothermic 
reaction caused refluxing of the solution during the addition. The solution was 
refluxed 10 min Ionger, then treated with 0.7 ml of dimethoxyboron chloride. The 
solvent was removed under vacuum, the residue was treated with 4 ml of ethylene 
glycol and 20 ml of tetrahydrofuran and stirred 3 h, the solvent was again distilled 
under vacuum, and the residue was extracted with three 15-ml portions of ether, 
which were easily decanted from the syrupy phase. The ether extract was concentrated 
and distilled to yield 1.7 g (42”/,) of product (XIV), b-p. 80-90” (0.2 mm); IR (Ccl,): 
1613 cm-’ (C=C), 1190-1370 (B-O bands); NMR (Ccl,): r 4.3 (m, 1, =CH), 5.0-5.3 
(m, 2, CH,=), 5.9 (s, 8, OCH?), 7.8 (m, 2,-CH?--), and 9.2 (m, 1, CHB?). (Found : C, 48.95; 
H, 7.26; B, 10.91. C,H1J3,03 calcd.: C, 49.06; H, 7.21; B, 11.05 y/&/d-) Similar results 
were obtained when lithium methoxide instead ofethoxide was used as the base. When 
the lithium methoxide was added to the boronic ester lirst, followed by introduction 
of the ally1 bromide, the yield was only 25%. An attempt was also made to isolate 
the methyl ester, 4,4-bis(dimethoxyboryl)-1-butene, by omitting the ethylene glycol 
treatment, but the yield of material boiling at 70-90° (0.5 mm) was only 12% and 
complete characterization was not attempted. 

4,4-Bis(1,3,2-diosnborol-2-yI)-1-butyne (XV) 
Propargyl bromide was used in place of ally1 bromide in the procedure de- 

scribed for the preparation of (XIV). The product (XV) was distilled, b.p. 98-103” 
(0.2 mm), yield 39 % ; NMR (Ccl,): 7 5.83 (s, 8, 0CH2), 7.67 (pair of doublets, J 2.5 
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and 7.5 Hz, 2, C=CCH& 8.29 (t, J=2.5, HC-C), and 9.00 (broadened t, J=7.5, 1, 
CHB& (Found: C, 49.62; H, 6.35; B, 11.12. C,H,IB,O, calcd.: C, 49.57; H, 6.24; 
B, 11.16%) 

1,1-Bis(l,3,2-dioxaborol-2-Jtl)pentane (XVI) 
Butyl iodide was used in place of ally1 bromide in the procedure described 

for @IV). The prc3uct (&VI) was obtained in 25 % yield, b.p. 90-130” (0.3 mm), 
and was purified by gas chromatography at 225” on 20% DC 710 on lirebrick. The 
analytical sample crystallized on cooling, m-p. 24-250 ; NMR (Ccl,): t 5.9 (s, 8, 
OCHJ, 8.3-9.8 (m, 10, C4H&HB2). (Found: C, 51.23; H, 8.33; B, 10.41. CgH,sBzO, 
calcd.: C, 51.02; H, 8.56; B, 10.21%.) 

l,l-Z3is(l,3,2-dioxuboroZ-2-yZ)-2-phenyleLrr~~e (XVZZ) 
Tris(1,3,2-dioxaborol-Zyl)methane, 4.8 g, m-p. 170-172”, prepared from tris- 

(dimethoxyboryl)methane and ethylene glycol in tetrahydrofuran’, was dissolved in 
the minimum amount of tetrahydrofuran, cooled to O”, and stirred while 13.4 ml of 
1.6 M methyllithium in ether was added dropwise. Benzyl bromide, 3.7 g, was added 
dropwise in 5 min at O”, and the mixture was then stirred h 3 h at room temperature. 
Distillation yielded 2.2 g (40%) of the product (XVII), b-p. 90-120° (0.1 mm), NMR 
identical to that previously reported5. 

Tris(dimethoxyboryl)methane (XII) was substituted for the tetraborylmethane 
(I) in the usual procedure (method A) for reaction with methyl iodide. Instead of the 
ethylene glycol ester, the methyl ester was distiiled in 5% yield, then treated with 
anhydrous pinacol to form the product (XVIII), which was purified by gas chromato- 
graphy at 2100 on20%SF96on firebrick. (Found: C, 59.40; H, 10.28;B, 7.51. C,,H2s- 
BzO, calcd.: C, 59.62; H, 10.01; B, 7.67x.) 

1,1,6,6-Tetr~kis(1,3,2-~~ox~Z~oroZ-2-yl)rze (XIX) 
1,4-Dibromo-2-butyne was used in place of ally1 bromide in the procedure 

described for the preparation of (XIV). The crude product was obtained as an oil in 
10 y0 yield by distillation, b.p. 140-160” (0.1 mm). Crystallization from tetrahydrofuran 
and recrystallization from carbon tetrachloride gave 3 Y< of pure (XIX), m-p- 148-l 51” ; 
NMR (CDCI,) : T 5.85 (s, 16, OCHJ, 7.7 (broadened d, 4, CrCCHJ, and g.O(broaden- 
ed t, 2, CHB,). (Found: C, 46.53; H, 6.14; B, 11.72. Cr,H2rB,06 calcd.: C, 46.50; 
H, 6.13; B, 11.97%.) 

Methyl 3,3-bis( 1,3,2-diomborol-2-yl)propmoate (XX) 
Methyl bromoacetate was used in place of ally1 bromide in the procedure 

described for preparation of (XIV). The product (XX) crystallized when the ether 
solution was concentrated, yield 35 %; NMR (Ccl,): o 5.80 (s, 8, OCH,), 6.34 (s, 3, 
OCH,), 7.37 (d, 2, CH?CO,), and 8.75 (broadened t, 1, CHB,). The analytical sample 
was recrystallized from carbon tetrachloride, m.p. 99.5-100.9. (Found: C, 42.23; H, 
6.26; B, 9.33. C,H,,B,O, calcd.: C, 42.17; H, 6.19; B, 9.50%.) 

l-( 1,3,2-Dioxaborol-2-yl)-2-methyZ-3-chZoropropene (XXI) 
A suspension of 1.37 g of ethanol-free lithium ethoxide in 20 ml of tetrahydro- 
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furan was added in several portions to a stirred solution of 2.44 g of chloroacetone and 
6.1 g of tris(dimethoxyboryl)methane in 30 ml of tetrahydrofuran at -40’. The 
resulting solution was stirred at retlux 20 min, then acidified with 1.9 ml of dimethoxy- 
boron chloride_ The solvent was distilled at 1 mm and the residue was treated with 
4.5 ml of ethylene glycol and 20 ml of tetrahydrofuran. The mixture was stirred 3 h, 
the solvents were removed under vacuum, the residue was extracted with four 15-ml 
portions of ether, and the ether extract was concentrated and distilled to yield 3.3 g 
(78%) ofa - 50/50 mixture of cis- and trans-isomers of (XXI), b-p. 47-50° (0.2 mm): 
NMR (Ccl,): 7 4.61 and 4.73 (d, J- 1 Hz, 1, C=CH), 5.40 and 6.05 (s, 2, ClCH,), 5.64 
(s, 4, OCHJ, and 8.03 and 8.05 (d, JN 1, 3, CCH& Gas chromatography on 20% 
DC 710 on tirebrick at 190” failed to separate the isomers but yielded an analytical 
sample of the mixture. (Found : C, 44.71; H, 6.44; B, 6.8 1; Cl, 21.83. Calcd. for C,H 1 o- 
BCIO,: C, 44.92; H, 6.34; B, 6.74; Cl, 22.10%.) 

Tris(4.4,5,5-tetramethyl-l,3,2-dioxaborol-2-yl)methane (XXII) 
A slight excess of pinacol (anhydrous) was added to a solution of tris(di- 

methoxyboryl)methane (XII). The mixture was stirred a few hours and concentrated 
under vacuum. The excess pinacol was removed by sublimation at 48O (0.1 mm) and 
the product (XXII) was sublimed at 100-l lo” (0.1 mm), m-p. 176178O ; NMR (Ccl,) : 
T 8.8 (s, 36, CCHs) and 9.7 broad s, 1, B&H). (Found: C, 57.77; H, 9.27; B, 8.03. 
Ci9Hs7B306 calcd.: C, 57.93; H, 9.47; B, 8.23 y!.) 

Bis(dinzetho_xyboryl)rnethoxymethane (XXIIZ) 
The general procedure described previously for the preparation of octamethyl 

methanetetraboronate’ (I) was followed with 50.4 g of (0.49 mole) dichloromethyl 
methyl ether, I.76 g-atom of lithium, 0.92 moIe of dimethoxyboron chloride, 500 ml 
of tetrahydrofuran, and 230 ml of trimethyl borate. The yield of (XXIII) was 4.7 g 
(6 %), b.p. 36-40° (0.1 mm) ; NMR (neat) : 7 6.5 (s, 12, BOCH,), 6.8 (s, 3, COCH,), 
and 8.5 (broad s, 1, CH). (Found: C, 38.07; H, 8.23; B, 11.28. C,H,.B,O, calcd. : 
C, 37.96; H, 8.50; B, 11.40%.) 
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