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Abstract: Halomethylboronate denvatives form “ate’‘-complexes with lithium ester enolates, which 
are relatively stable at room temperature and can be observed by 1lB n.m.r Reaction of an 
iodomethylboronate derivative with either an ester, ketone or amide enolate provides the 
corresponding bboronate carbonyl derivattves in 43-83% yield 

The ability to control the geometry of an enolate has a considerable effect upon the degree of 

stereocontrol that is possible in subsequent alkylation reactions of the enolates’ As part of a 

programme aimed at developing new methods for controllmg the stereoselectivity of enolate 

alkylation reaction&s, we envisaged that enolisation of fI-boronate carbonyl derivatives of type 1 

would provide a new method for controlling the geometry of simple enolates, le. by formation of an 

mtramolecular “ate’‘-complex 32, via (for example) lithium enolate 2. We therefore required a 

general route to denvatives 1, in order to develop the methodology for the possible chelation 

controlled enolisation of the carbonyl moiety of 1 In this article we report the full detallsn of the 

preparation of boronates 1, discuss the evidence for boronate “ate”-complexes in the formation of 

boronates 1, report the facile lithiation of boronates 1, and present evidence for boronate 

stabilisation of the resulting enolates 2 and 3 
OFP 

1 2 3 

Our initial attempts to realise the preparation of a series of derivatives related to 1, via the reaction 

of an enolate with a chloromethylboronate derivative, provided the required boronates 1 in only 

poor yields. For example, treatment of lithium tert-butyl acetate 4 with chloromethylboronate 5a4 in 

dry tetrahydrofuran at -78 “C followed by warming to room temperature, gave the desired ester 65 

in only 30% yield after aqueous work up and distillation 

Examination of the 1lB n.m r. spectrum of the crude reaction mixture after warming to room 

temperature and before quenching, clearly showed the existance of a boronate “ate”-complex [6 

(25.5 MHz, CDCls / THF, ref. ext. BFs Et20 in CDCls) +5] and the absence of any uncomplexed 
boronate species [ boronate 5a shows a 1lB n.m.r shift of B +29 1. The 1lB n.m r. shift of the 
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complex is strongly suggestive of a fully tetrahedral mono-alkyl tri-oxygen substituted borates, 

presumably possessing structure 7a. Even after 24 hours at room temperature, little collapse of the 

“ate”-complex had occured by 1rB n.m.r. and the addition of various Lewis-acids (including 

BFs.Et20, AgnO) did not catalyse the collapse of the “ate”-complex 7a to boronate 67 (Scheme 

1). 
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In order to circumvent these problems, we prepared the corresponding iodide6 of boronate 5a and 

carried out the reaction of acetate 4 with iodide 5b. After warming the reaction mixture to room 

temperature, llB n.m.r. showed two peaks at 6 +5 (major) and +32 (minor). After approximately 2 

hours the peak at 8 +5 dissappeared and work up of the reaction yielded boronate 6 in quantitative 

crude yield. Distillation gave pure 6 in 80% yield, which showed a ffB n.m.r. shift of 6 +33. 

Having demonstrated the utility of iodide 5b in the alkylation of enolate 4, we found this approach 

to 6-boronate carbonyl derivatives 1 (ORzOR2 = pinacol ester) to be a generally useful procedure, 

as shown in Table 1. All yields are unoptimised after distillation. The yields in parentheses relate 

to reactions in which the iodide 5b was generated in situ, by addition of 1.1 molar equivalents of 

sodium iodide to the “ate’‘-complex [ presumably complex 7a undergoes halide exchange to give 

7b ] after warming to room temperature. 

In order to investigate whether the corresponding lithium enolates of carbonyl derivatives 1 could 

be generated, we treated boronate 6 with lithium diisopropylamide (LDA) at -78 “C for lh. The 

resulting enolate 15 was remarkably stable and could be clearly observed by 1lB n.m.r. at room 
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temperature. 116 resonance appeared at 6 -2, ref. ext BFs.Et20) showing clear evidence once 

again of a trialkoxy monoalkyl “ate”-complex.Subsequent quenching of the enolate 15 with either 

lodomethane or iodomethylboronate 5b gave the corresponding alkylated products 16a and 16b 

in 80 and 87 % yield respectively after purification (Equation 1) and possessing IlB n.m. r 
resonances in the usual uncomplexed boronate region (i.e at 6 +31 and +33 respectively, ref. ext 

BFs. Et$I) 

Equation 1. 

15 

Mel, or 5b, 

-78 “C to RT 

0 

‘BuO 

Desprte the success of these simple alkylation reactions of the ester 6, not all our attempts to 

alkylate enolates derived from the 8-boronate compounds were successful For example, 

deprotonation of the cyclohexanone derivative 12 with LDA over 1 h at -78 “C precedes smoothly 

to give a lithium enolate as a fine white precipitate However, attempts to alkylate this enolate with 

iodomethane have been uniformly unsuccessful, even with 10 equrvalents of iodomethane at 

reflux. Upon acidlflcation with dilute hydrochlonc acid, the white precipitate dissolved and a 

quantitative yield of the starting boronate 12 was recovered 

This result is consistent with several other 8-boronate containing ketone enolates that we have 

examined, the full details of which will be reported at a later date However, the observation of the 

low reactivity of enolates derived f3-boronate carbonyl compounds serves to reinforce the fact that 
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whatever the enolate geometry, the enolate oxygen is strongly stabiked by chelation with the 

boronate group (whether intra- or intermolecularly). 

Table 1. 

5b 

5a 

Intry Yield “B n.m.r.(ref BF3.EbO) Product 
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In summary, we have developed a general and straightforward procedure for the preparation of f3- 

carbonyl boronate derivatives, provided evidence for the intermediacy of boronate “ate”-complexes 

in the reaction of lithium enolates with halomethylboronates and demonstrated that ttB n.m r. is a 

powerful tool for following the fate of the boronate-enolate complex intermediates in these 

alkylation processesQ. 

It is noteworthy that tert-butyl ester enolates are not stable at room temperature’0 under normal 

conditions, however when complexed with boron, as In complex 7a, irthrum terf-butyl acetate 

decomposes slowly over approximately 24 hours This result is consistent with all the other 

boronates we have examined. Further result&t1 regarding the use of enolates 2 for 

stereoselective aldol reaction will be reported in due course. 

Experimental 

n-Butyllithrum was purchased as a solution In hexanes from Aldrrch or Janssen Chimica 
Diisopropylamrne was purchased from Aldnch or Janssen Chimica and stored under argon, over 
KOH pellets Dry tetrahydrofuran was freshly drstilled from benzophenone and sodium, under 
argon, immediately prior to use Dichloromethane was distilled over calcium hydride Light 
petroleum refers to the fraction boiling In the range 40-60 “C. Bromochloromethane, rert-butyl 
acetate, fert-butyl thioacetate and iodomethane were all purchased as 99.8 %+ purity reagents, 
used directly as purchased and stored under argon Acetophenone, pyrrolrdrne-N-acetate and N,N- 
dimethylacetamide were distilled from calcium hydride and stored under argon. 

T.I c. was performed on Merck plastic or alumlnium sheets coated with silica gel 60 F254 (Art. 
5735) the chromatograms were initially examined under U.V. light and then developed either with 
iodine vapour or an ethanolic anisaldehyde (1.0 %) solution containing sulfuric acid (9 %) used as 
a spray and visualised by heating with a heat gun. Column chromatography was achieved under 
medium pressure, using Merck Kieselgel H (Type 60) 

All anhydrous, low temperature reactions were carried out in glassware which was dried prior to 
use by storage in a glass oven maintarned at 140 “C and cooled under a stream of argon. 
Evaporations were carried out using a Buchi rotary evaporator or Buchi cold-finger rotary 
evaporator. Kugelrohr distillations were carried out using a Buchi GKR-51 Kugelrohr apparatus 
M.p.‘s were determrned using an Electrothermal melting point apparatus and were uncorrected. 

1H spectra were recorded at 200 or 300 MHz on a Bruker AC200 or AC300 n m.r spectrometer. 
tsC spectra were recorded at 755MHz on a Bruker AC300. Both 1H and tsC spectra were 
recorded using CDCls and CHCls as internal standards respectively ttB n m r. spectra were 
recorded at either 25 7 MHz on a Bruker WP80 n m.r. spectrometer or at 64.2 MHz on a Bruker 
AC200 n m r spectrometer and resonances are quoted upfield of BFs Et20 as external standard 
I.r spectra were recorded on a Perkrn-Elmer 783 equiped with a PE600 data station and u v. 
spectra were recorded on a Perkin-Elmer h15 spectrometer Electron Impact (e I ) (70 e v ) and 
chemical ronisation (ci ) spectra were recorded with a Kratos MS25. Fast atom bombardment 
(f.a.b.) spectra were recorded on a Kratos MS50, using a meta-nitrobenzylalcohol matrix and 
accurate mass determinations were carried out on a Kratos Concept IS spectrometer 
Microanalyses were performed using a Carlo-Erba 1106 elemental analyser. 
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2-Chloromethyl-4,4,5,5-tetramethyl-l,3,2-dioxaborolane 5a. 

To a mixture of BrCHzCI I B(OMe)s (1 .l :l molar equiv.), ca. 1 M in THF at -78 “C, was added t-t-BuLi 
(1.1 molar equiv., 2.5 M in hexanes) (dropwise addition). After 30 min., the mixture was quenched 
with ca. 1.2 molar equiv. TMSCI. The mixture was allowed to warm to room temperature and left 
overnight. After treating with pinacol dissolved in a minimum of diethyl ether and stirring for 1 hour, 
the mixture was partitioned between water and ether, dried (MgSO4), evaporated (bath ~40 “C) 
and fractionally distilled under water aspirator vacuum, providing 5a in 73-85 % yield. 

tert-Butyl 3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolyl)propionate 6. 

To a stirred mixture of diisopropylamine (3.08 ml, 22 mmol) and dry, redistilled tetrahydrofuran (30 
ml) at 0 “C under argon, was added n-butyllithium (8.80 ml of a 2.5 M solution in hexanes). After ca. 
15 min. the mixture was cooled in a MesCO / C& (s) bath and treated with neat ferf-butyl acetate 
(2.70 ml, 20 mmol). After 30 min., neat boronate 5a (3.87 g, 22 mmol) was added followed by solid 
sodium iodide (3.30 g, 22 mmol). The mixture was allowed to warm to room temperature and stirred 
overnight. The resulting slurry was partitioned between ethyl acetate and saturated ammonium 
chloride, dried (MgSO4) evaporated and distilled (Kugelrohr, 90 “C at 0.4 mmHg) to give boronate 
65 (3.726 g, 73 %) as a colourless oil. 

Ethyl 2-phenyl-3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolyI)propionate 8. 

To a stirred mixture of diisopropylamine (1.54 ml, 11 mmol) and dry, redistilled tetrahydrofuran (20 
ml) at 0 “C under argon, was added n-butyllithium (4.4 ml of a 2.5 M solution in hexanes).’ After ca. 
15 min. the mixture was cooled in a Me&O / CO;! (s) bath and treated with neat ethyl 
phenylacetate (1.59 ml, 10 mmol). After 30 min., neat iodomethylboronate 5b (2.95 g, 11 mmol) 
was added, the mixture was allowed to warm to room temperature, and stirred overnight. The 
resulting slurry was partitioned between ethyl acetate and saturated ammonium chloride, dried 
(MgSOd), evaporated and distilled (Kugelrohr, 180 “C at 0.8 mmHg) to give boronate 8 (2.148 g, 
71 %) as a colourless oil: Vma (film) infer alia 1735 (C:O) cm-l; hmm (EtOH) 208 (E 8,173) 252 (E 
158), 258 (E 195) and 264 (E 149) nm; 6 (IlB, CDCls, 25.7 MHz) + 31; 8 (13C CDCls) 13.9 
(CHz.CHs), 18.0 (br, B.C), 24.4 and 25.4 (2 x O.C.&), 46.9 (B.C.Q, 60.4 (O.CHs), 83.0 (2 x 
O.C.Me$, 128.8, 127.5, 128.2 and 141.0 (Ph), and 174.5 (C:O); 6 (1H. CDCls, 300 MHz) 1.16 and 
1.17 (each 6H, s, 2 x C.Mq), 1.17 (3H, t, J= 7.lHz, O.CHs.Me), 1.27 (lH, dd, J= 15.9 and 7.lHz, 
B.CHH), 1.56 (lH, dd, J= 15.9 and 9.5Hz, B.CHti), 3.82 (1H. dd, J= 9.5 and 7.1Hz, B.CH2.CHJ 
3.99-4.20(2H, m, O.C&.Me), and 7.18-7.33 (5H, m, Ph); m/z (f.a.b.) 305 (M+), 231 (M+ - CsH&), 
and 205 (base peak, M+ - C6H120); Accurate ms: C17H2sB04 requires m/z 305.1924, peak at m/z 
305.1923. 

tert-Butyl 3-(4,4,5,5-tetramethyl-l,3,2-dioxaborolyl)thiopropionate 9. 

To a stirred mixture of diisopropylamine (3.48 ml, 25 mmol) and dry, redistilled tetrahydrofuran (50 
ml) at 0 “C under argon, was added n-butyllithium (10 ml of a 2.5 M solution in hexanes). After ca. 
15 min. the mixture was cooled in a Me2CO / CQJ (s) bath and treated with neat tert- 
butylthioacetate (3.30 ml, 23.75 mmol). After 30 min., neat iodomethylboronate 5b (6.62 g, 25 
mmol) was added, the mixture was allowed to warm to room temperature, and stirred overnight. 
The resulting slurry was partitioned between ethyl acetate and saturated ammonium chloride, dried 
(MgS04), evaporated and distilled (Kugelrohr, 110 “C at 0.5 mmHg) to give boronate 9 (5.224 g, 
80 %) as a colourless oil: vmax (film) inter alia 1690 (C:O) cm-‘; hax (EtOH) 232 (e 4,992) and 279 
(E 593) nm; 6 (llB, CDCls, 25.7 MHz) +33; 6 (1% CDCIs) 8.0 (br, B.C), 25.4 (2 x 0.C.W) 30.5 
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(O:C.CH&H&H&Hs), 41.6 (O:C.S;Hs), 47.6 (O:C.GH), 62.9 (2 x G.Mes), and 213.0 (C:O); 8 (IH, 
CDCls, 300 MHz) 0.67 (lH, dd, J= 15.7 and 5.7H2, B.CHH), 0.93 (lH, dd, J= 15.7 and 6.6H2, 
B.CHu, 1.22 and 1.25 (each 6H. s, 2 x C.Me& 1.34-1.48 (lH, m), 1.56-1.70 (2H, m), 1.78-1.86 
(lH, m), 2’.01-2.16 (2H, m), 2.24-2.42 (2H, m), and 2.51-2.62 (lH, m); mh (e.i.) 245 (M+-CHs), 202 
(M+-CsHsO), and 105 (base peak, M+-CsH1s02); Accurate ms: ClsH2sBOs rt?qUireS m/Z 

238.1740, peak at m/z 238.1752. 

N,N-Dimethyl-3-(4,4,5,5-tetramethyI-1,3,2-dloxaborolyl)propionamfde 13. 

To a stirred mixture of diisopropylamine (4.203 ml, 30.2 mmol) and dry, redistilled tetrahydrofuran 
(45 ml) at 0 “C under argon, was added n-butyllithium (12.08 ml of a 2.5 M solution in hexanes). 
After ca. 15 min. the mixture was cooled in a Me&O / CO2 (s) bath and treated with neat N,N- 
dimethylacetamide (2.664 ml, 28.7 mmol). After 30 min., neat boronate 5a (7.732 g, 30.2 mmol) 
was added followed by solid sodium iodide (4.531 g, 30.2 mmol). The mixture was allowed to warm 
to room temperature and stirred overnight. The resulting slurry was partitioned between ethyl 
acetate and saturated ammonium chloride, dried (MgS04), evaporated and distilled (Kugelrohr, 
140 “C at 0.3 mmHg) to give boronate 13 (3.530 g, 54%) as a colourless oil: vmax (film) infer alia 

1850 (C:O) cm-t; hmax (EtOH) 204 (E 6,590) nm; 8 (11B, CDCls, 64.2 MHz) +30; 6 (IsC CDCls) 7.0 
(br, B.C),24.7(2xC.&&&28.1 (B.C.Q,35.5and36.6(N.Me2),82.4(2xC.f&&,and 174.1 (C:O); 
iS(lH, CDCls,300MHz)095(2H,t, J=7.3Hz, B.C&), 1.24(12H, s, 2xC.Me2),2.45(2H, t, J= 
7.3Hz,O:C.CH& 294and298(each3H,s, N.Me2);mh(f.a.b.)228(basepeak, M++H),212(M+- 
CH& and 168 (M+ - CsH70); Analysis CllH22BNr& requiresc, 58.2; H, 9.6; N, 6.2; B, 4.7. Found 
C, 58.4; H, 10.1; N, 6.2; B, 4.5 %. 

Pyrrolidine-3-(4,4,5,5-tetramethyl-1 ,3,2-dloxaborolyl)proplonamlde 14. 

To a stirred mixture of diisopropylamine (3.08 ml, 22 mmol) and dry, redistilled tetrahydrofuran (30 
ml) at 0 “C under argon, was added n-butyllithium (8.80 ml of a 2.5M solution in hexanes). After ca. 
15 min. the mixture was cooled in a Me2CO I CO:! (s) bath and treated with neat pyrrolidine-N- 
acetate (2.26 g, 20 mmol). After 30 min., neat boronate 5a (5.89 g, 22 mmol) was added. The 
mixture was allowed to warm to room temperature and stirred overnight. The resulting slurry was 
partitioned between ethyl acetate and saturated ammonium chloride, dried (MgS04), evaporated 
and distilled (Kugelrohr, 95 “C at 0.05 mmHg) to give boronate 14 (2.088 g, 41 %) as a colourless 
oil which slowly solidifies to a waxy solid on standing: v max (KBr disc) infer alia 1640 br (C:O) cm- 

1; &,.,a (EtOH) 204 (E 6,620) nm; 6 (IIB, CDCl3,64.2 MHz) +32; 6 (‘SC, CDCls) 7.0 (br, BC), 24.7 (2 
x C.f&& 24.3 and 26.0 (2 x N.C.Q, 29.4 (B.C.Q, 45.7 and 46.2 (2 x N.C), 82.6 (2 x C.Mes), and 
172.7 (C:O); &(lH, CDCls, 300 MHz) 0.91 (2H, t, J= 7.5 Hz, B.CHz), 1.19 (12H, s, 2 x C.Me2), 1.78 
and 1.88 (each 2H, quintet, J= 6.7 and 6.4 Hz respectively, 2 x N.CHs.C&$, 2.34 (2H , t , J=7.5Hz, 
O:C.CH& 3.35 and 3.39 (each 2H, t, J= 6.8 and 6.9 Hz respectively, 2 x N.CHs); mh (f.a.b.) 254 (M 
+ H+), 236 (M+ - CHs), 194 (M+ -C3H70), and 136 (base peak, M+ - CsHrs02); Analysis 
CrsHs4BNOs requires C. 61.7; H, 9.6; N, 5.5; B, 4.3. Found C, 61.4; H, 9.6; N, 5.2; B, 4.0 %. 

teft-Butyl 2-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaboroiyl)propionate 16a. 

To a stirred mixture of diisopropylamine (0.72 ml, 5.16 mmol) and n-butyllithium (2.06 ml of a 2.5M 
solution in hexanes) in tetrahydrofuran (5 ml) at -78 “C under argon was added boronate 6 (1.20 g, 
4.69 mmol) in tetrahydrofuran (3 ml). After 45 min., iodomethane (0.64 ml, 10.32 mmol) was added 
and after 30 min. the reaction mixture was allowed to warm to room temperature. Quenching the 
reaction mixture after 12 hours with saturated ammonium chloride was followed by extraction with 
ethyl acetate, drying (MgS04) and evaporation to give 1.20 g of a crude oil. Purification of the oil by 
silica gel chromatography (petroleum ether:ethyl acetate, 9:l as eluant) gave the methylated 
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boronate 16a as a colourless oil (1 .Ol g, 80 %): uma (film) inter alia 1730 (C:O) cm-‘; hax (EtOH) 

215 (E 130) nm; 6 (“6, CDC$ 25.7 MHz) + 31; 8 (‘sC, CDCls) 17.0 (br, B.C), 20.0 (CH.&), 25.2 (2 

x O.C.&), 28.5 (C.&s), 38.8 (G.C:O), 79.8 G.Me$, 83.4 (2 x O.E.Me& and 177.0 (CO); 6 (‘H, 
CDCls, 300MHz) 0.85 (lH, dd, J= 15.9 and 7.4 Hz, B.CHH), 1.08 (lH, dd, J= 15.9 and 7.4 Hz, 
B.CHj=f), 1.14 (3H, d, J= 7.0 Hz, O:C.CH.h&), 1.22 and 1.23 (each 8H, s, 2 x C.Me& 1.42 (9H, s, 
C Mes), and 2.54 (lH, tq, J=7.4 and 7.0 Hz, O:C.CH); m/z (f.a.b.) 271 (M+), 215 (M+-C4Hs), and 
101 (base peak, CsH’sO+); Accurate m s. C’4HzsB04 requires m/z 271.2080, peak at m/z 
271.2076. 

terf-Butyl 2-methyl(4,4,5,5-tetramethyI-l,3,2-dloxaborolyI)-3-(4,4,5,5-tetramethyI- 
1,3,2-dioxaborolyI)proplonate 16b. 

To a stirred mixture of diisopropylamine (0.72 ml, 5 16 mmol) and n-butyllithium (2.06 ml of a 2.5M 
solution in hexanes) in tetrahydrofuran (5 ml) at -78 “C under argon was added boronate 6 (1 20 g, 
4.69 mmol) in tetrahydrofuran (2 ml). After 45 min., todomethylboronate 5b (1.52 g, 5.70 mmol) was 
added and after 15 min. the reaction mixture was allowed to warm to room temperature. Quenching 
the reaction mixture after 13 hours with saturated ammonium chloride was followed by extraction 
w’th ethyl acetate, drying (MgS04) and evaporation to give 1 993 g of a crude syrup. Punfrcat’on of 
the syrup by Kugelrohr distillation (0.2 mmHg) provided two fractions The first fraction (b.p. 1 lo- 
115 “C) was boronate 6 (0.087 g, 7 %) and the second fraction (b-p. 150-155 “C) was the 
methylated boronate 16b, obtained as a colourless syrup (1.532 g, 83 %): umax (f’lm) inter alia 

1730 (C:O) cm-l; Imax (EtOH) 219 (E 197) nm, 6 (I’B, CDCls, 25 7 MHz) + 33; 6 (‘sC, CDCls) 18.0 
(br, 2 x B.C), 25 4 and 25 5 (4 x 0.C.b) 28 7 (C.&), 38.2 (C.C:O), 78.1 (s Mes), 83 6 (4 x 
0.C Mez), and 177.3 (C:O), 6 (IH, CDCls, 300 MHz) 0.94 (2H, dd, J= 15.8 and 6.7 Hz, 2 x B.CHH), 
1 11 (2H, dd, J= 15.8 and 8 1 Hz, 2 x B CHfi), 1.22 and 1.23 (each 12H, s, 4 x CM@), 1 42 (9H, s, 
C.Mes), and 2 64 (lH, m, 0 CCH); m/z (f.a.b.) 397 (M+ + H), 341 (M+ - C&f& 323 (M+ - C&i’sO), 
and 57 (base peak, C4Hg+); Accurate m.s. &$issB& + H requires m/z 397.2932, peak at m/z 
397 2948. 
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