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ABSTRACT 

Polyketide natural products often contain common repeat motifs, e.g., propionate, acetate and 

deoxypropionate, and so can be synthesized by using iterative processes. We report a highly efficient 

iterative strategy for the synthesis of polyacetates based on boronic ester homologation that does not 

require functional group manipulation between iterations. This process involves sequential asymmetric 

diboration of a terminal alkene, forming a 1,2-bis(boronic ester), followed by regio- and stereoselective 

homologation of the primary boronic ester with a butenyl metallated carbenoid to generate a 1,3-

bis(boronic ester). Each transformation independently controls stereochemical configuration, making 

the process highly versatile, and the sequence can be iterated prior to stereospecific oxidation of the 

1,3-poly(boronic ester) to reveal the 1,3-polyol. The methodology was applied to a 14-step synthesis of 

the oxopolyene macrolide bahamaolide A, and the versatility of the 1,3-polyboronic esters was 

demonstrated in various stereospecific transformations, leading to poly-alkenes, -alkynes, -ketones, and 

-aromatics with full stereocontrol. 

MAIN TEXT 

Since erythromycin A was introduced into clinical practice in 1952 as a broad-spectrum antibiotic, the 

impact of polyketides on drug discovery has been revolutionary, and now approximatively 20% of the 

top-selling small molecule drugs are polyketides.1 Indeed, polyketides are arguably the most important 

class of natural products to human health, having been extensively mined, modified and manipulated to 

maximise therapeutic activity. Nature constructs such molecules through iterative assembly of a small 
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number of building blocks followed by a series of post-synthetic modifications, ultimately creating 

myriad natural products with high levels of diversity in both structure and function (Figure 1a).2–5 

Iterative strategies have also been extensively employed in synthesis, particularly in the construction of 

polyketides, which bear common repeat motifs such as propionates, acetates and deoxypropionates.6–8 

In the case of polyacetates, which have a repeating 1,3-polyol motif, the iterative process has 

traditionally involved asymmetric allylation of an aldehyde, followed by alcohol protection and 

ozonolysis (Figure 1b).9,10 This process has been rendered particularly efficient through Krische’s Ir-

catalysed enantioselective allylation of alcohols, although three steps per iteration are still required.11–

13 For example, in Garcia-Fortanet's synthesis of the reported structure of passifloricin A,9 four hydroxyl 

groups were introduced in 12 steps, and in Krische’s synthesis of (+)-roxaticin,12 six hydroxyl groups 

were introduced but in just 9 steps by taking advantage of bidirectional chain synthesis. Acetate aldol 

reactions have also been developed,14 such as Carreira’s silyl ketene acetal addition reaction (Figure 

1b).15–17 Although highly enabling, the iterative aldol and allylation reaction sequences described above 

require three steps per hydroxyl group, suggesting that general approaches that provide more expediated 

routes to these motifs would have broad impact.  

In recent years, we have developed iterative synthetic strategies that provide access to acyclic molecules 

containing multiple stereogenic centres through reagent-controlled homologation of boronic esters with 

lithium carbenoids, a process termed lithiation–borylation (Figure 1c).18–24 Because the product of each 

homologation is itself a boronic ester, each iteration involves a single step, with no further protections 

or functional-group manipulations being required. This process utilized a range of carbenoid reagents 

(lithiated carbamates and benzoates) bearing different functionality and stereochemical configuration, 

thus enabling carbon chains to be ‘grown’ one atom at a time without purification of intermediates and 

with full stereocontrol, in a manner akin to a molecular assembly line. 1,2-Bis(boronic esters), derived 

from the enantioselective diboration of terminal alkenes,25 can also be engaged in lithiation–borylation 

reactions and they react selectively with lithiated carbamates and benzoates at the chain terminus to 

give 1,3-diols after boronic ester oxidation.26 We reasoned that conducting the homologation step with 

an enantioenriched carbenoid containing a butenyl unit would enable an iterative protocol consisting of 
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alternating phases of diboration and homologation, where the alkene introduced in the homologation 

phase would be primed to undergo a subsequent asymmetric diboration (Figure 1d). The configuration 

of the stereogenic centres introduced during both lithiation–borylation and catalytic diboration would 

be independently controlled, making the process highly flexible and enabling stereochemical 

information to be essentially dialled-in, thus providing extended 1,3-polyols of any stereochemical 

permutation with equal efficiency. A further attractive feature of this strategy is that alcohol 

protection/deprotection steps, which are otherwise invariably employed in iterative syntheses of 

polyacetates, would be avoided. Thus, our proposed approach would only require one step per alcohol 

group, in contrast to prior approaches,9,12 which required three steps. Herein, we describe the success 

of this expedited approach to the 1,3-polyol motif, culminating in the first total synthesis of bahamaolide 

A in just 14 steps with full stereocontrol. Furthermore, we demonstrate that the utility of polyboronic 

ester intermediates is not limited to conversion into polyols, but extends to a much broader array of 

functionality, owing to well-developed methodology that allows the stereospecific transformation of 

boronic esters into diverse functional groups, in a manner akin to post-synthetic modifications in 

polyketide biosynthesis. 
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Figure 1 | Iterative approaches to the stereocontrolled synthesis of polyacetates. a Polyketide motifs are 
biosynthesised through the stepwise condensation of the growing chain with either malonyl-CoA or 
methylmalonyl-CoA. KR: ketoreductase, DH: dehydratase, ER: enoyl reductase, Enz: enzyme, ACP: acyl carrier 
protein, PKS: polyketide synthase. b Allylation: Asymmetric allylation of an aldehyde followed by alcohol 
protection and ozonolysis of the terminal alkene gives a β-alkoxyaldehyde which can be subjected to further 
iterative asymmetric allylation reactions. Krische’s Ir-catalysed transfer hydrogenation reaction affords 
homoallylic alcohols in high er directly from the alcohol; protection and then ozonolysis with a reductive work-
up reveals the new terminal alcohol for the next iteration. Aldol: Enantioselective acetate aldol reaction followed 
by alcohol protection and reduction of the ester to an aldehyde can be applied iteratively in the synthesis of 1,3-
polyols. PG: protecting group. c Assembly–line synthesis: the iterative one-carbon homologation of boronic 
esters using reagent control for the synthesis of polydeoxypropionates has been applied to the total synthesis 
of several polyketide natural products. PMB: para-methoxylbenzyl, TIB: 2,4,6-triisopropylbenzoyl, Cb: 
diisopropylcarbamoyl. d This work: Iterative catalyst-controlled alkene diboration and reagent-controlled 
homologation of a boronic ester with a butenyl unit to construct 1,3-poly(boronic esters) with high 
stereocontrol. L*: 3,5-diisopropylphenyltaddol-PPh.  
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Results and discussion 

To test the feasibility of our proposed iterative diboration–homologation concept, we began with the 

Morken platinum-catalysed asymmetric diboration25 of a simple model substrate, 4-(but-3-en-1-yl)-

1,1'-biphenyl. This transformation gave bis(boronic ester) 1 in 77% yield and 97:3 er, which could be 

enriched to >99:1 er by recrystallization (Figure 2). For the homologation of the primary boronic ester 

of bis(boronic ester) 1, we required an enantioenriched butenyl carbenoid, and so we considered the 

application of α-sulfinyl butenyl benzoate 2, from which the lithium or magnesium carbenoid could be 

generated by treatment with tBuLi or iPrMgCl·LiCl, respectively.27 Both methods were tested, and it 

was found that the use of the magnesium carbenoid gave a superior yield when compared to that of the 

more reactive lithium carbenoid, presumably owing to the more promiscuous lithium carbenoid reacting 

with both the primary and the internal secondary boronic esters. Homologation of bis(boronic ester) 1 

with either α-sulfinyl benzoate 2 or 3 generated homoallylic boronic ester diastereomers 4 and 5, 

respectively, in comparable yields and with complete control of diastereoselectivity. In continuation of 

the iterative process and returning to the reaction step that initiated this sequence, asymmetric diboration 

of diastereomer 4 gave the tetraboronic ester 6 in 86% yield and >95:5 dr. Subsequent homologation 

with benzoate 2 gave homoallylic boronic ester 10 with high chemoselectivity for reaction at the 

terminal primary boronic ester over the three secondary boronic esters. The use of the enantiomeric 

ligands in the diboration and the diastereomeric α-sulfinyl benzoates 2 or 3 in the homologation enabled 

all eight diastereoisomers 10–17 to be formed with equal ease, showing that there were no matched/mis-

matched effects in operation and that the individual processes showed full reagent/catalyst control.  
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Figure 2 | Iterative synthesis of all eight diastereomers of a tetraboronic ester. The iteration involves (i) 
asymmetric diboration followed by (ii) reagent-controlled homologation of a boronic ester with a butenyl unit 
to construct 1,3-poly(boronic esters) with high stereocontrol. All quoted yields are of isolated material. 
Enantiomeric ratio for 1,2-bis(boronic ester) 1 and diastereomeric ratios for compounds 4–9 were measured by 
chiral HPLC analysis of the corresponding diols and tetraols, respectively. TIB: 2,4,6-triisopropylbenzoyl, DCE: 1,2-
dichloroethane, p-Tol: para-tolyl. 
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Having established the feasibility of this iterative process, we aimed to apply it to the first total synthesis 

of bahamaolide A (18), a recently discovered member of the oxopolyene macrolide family bearing nine 

hydroxyl groups, which are 1,3-related.28,29 Our retrosynthetic analysis led us to disconnect the polyene 

fragment to give the homoallylic silyl ether 19 (Figure 3). Within the 1,3-polyol portion, we recognized 

a C2-symmetric octaol, and therefore considered homologation of a C2-symmetric octaboronic ester 21 

with different eastern and western building blocks 22 and 23. The octaboronic ester 21 could potentially 

be obtained in just 3 steps from 1,4-pentadiene (26) using our diboration–homologation iterative 

sequence in a bidirectional manner (Figure 1).  

 

Figure 3 | Retrosynthetic analysis of bahamaolide A. Following disconnection of the polyene, recognition of a 

C2-symmetric polyol portion of bahamaolide A led us to consider an iterative bidirectional strategy. See SI for 

alternative strategies explored to install the polyene.   
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Our synthetic campaign commenced with the double diboration of 1,4-pentadiene with Morken’s 

asymmetric diboration protocol19 to form the C2-symmetric 1,2,4,5-tetraboronic ester 25, which was 

isolated in 89% yield and 95:5 dr after chromatographic purification; the stereopurity was subsequently 

enhanced through recrystallisation to give 1,2,4,5-tetraboronic ester 25 as a single enantiomer and 

diastereomer in 60% yield (Figure 4a). X-ray analysis provided confirmation of the relative 

configuration of the tetraboronic ester. Using our homologation protocol, treatment of α-sulfinyl 

benzoate 2 with iPrMgCl·LiCl followed by addition of the tetraboronic ester gave the desired doubly 

homoallylic tetraboronic ester 24 in 80% yield and with complete diastereoselectivity. Subsequent 

double diboration of doubly homoallylic tetraboronic ester 24 turned out to be more challenging: under 

the standard conditions, octaboronic ester 21 was obtained in 38% yield together with 27% of a 

heptaboronic ester side-product (see SI) derived from the diboration/hydroboration of tetraboronic ester 

24. Increasing the concentration of the substrate from 0.1 to 1.0 M greatly reduced the amount of the 

hydroboration side-product to just 7%, enabling formation of octaboronic ester 21 in 64% yield. Thus, 

in just three steps, we were able to generate six of the stereocentres of bahamaolide and the functional-

group handles required to append the east and west fragments.  
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Figure 4 |a Synthesis of C2-symmetric octaboronic ester 21. Iterative Morken diboration and homologation with 

α-sulfinyl benzoate 2 bearing a butenyl unit in a bidirectional manner afforded octaboronic ester 21, setting six 

stereocentres in just three operations. Preparation of enantiopure chiral carbenoid precursors for the 

homologation of octaboronic ester 21. b Synthesis of eastern fragment 28. c Synthesis of western fragment 34. 

(+)-sp: (+)-sparteine. 

 

Elaboration of octaboronic ester 21 required sequential homologation reactions with the eastern and 

western carbenoid precursors 28 and 34 (Figures 4b and 4c). The eastern and western fragments both 

contain alcohol functionalities, but, as the western alcohol had to be deprotected selectively,12 it was 

protected as the TES ether 34, while the eastern alcohol was protected as the more stable TBS ether 28.  

The synthesis of eastern fragment 28 was achieved in three steps from alcohol 27 (Figure 4b).  

Oxidation followed by Brown asymmetric allylboration and protection gave benzoate 22 in 71% yield 

and 92:8 er. Subsequent enantioselective lithiation and reaction with enantiopure (+)-Andersen’s 

sulfinate gave α-sulfinyl benzoate 28 in 62% yield and as a single diastereomer. The western fragment 

34 was generated from allyl benzoate 29 in four steps (Figure 4c). Hydroboration of 29 gave boronic 



 

10 
 

ester 30, which was sequentially homologated with enantioenriched lithium carbenoids 31 and 32 and 

then oxidised to give alcohol 33 as a single diastereomer. The conversion of boronic ester 30 into 

alcohol 33 was highly efficient, proceeding in one-pot without purification of boronic ester 

intermediates. Protection of alcohol 33 as the TES silyl ether and installation of the sulfinyl group 

afforded α-sulfinyl benzoate 34, also as a single diastereomer.  

With the required α-sulfinyl benzoates in hand, we turned our attention to the desymmetrisation of 

octaboronic ester 21 with α-sulfinyl benzoate 28 (eastern fragment) (Figure 5). Thus, treatment of 

octaboronic ester 21 with 2.0 equivalents of α-sulfinyl benzoate 28 and 2.1 equivalents of iPrMgCl·LiCl 

at –78 °C for 1 h, and then at 50 °C for 3 h—to allow 1,2-metallate rearrangement to occur—provided 

the desired boronic ester 35 in 36% yield, together with over-homologation product 36 and starting 

material 21 in 18% and 45% yield, respectively. The observed product ratio was in accordance with the 

expected statistical 1:2:1 distribution of 21/35/36. Increasing the number of equivalents of α-sulfinyl 

benzoate 28 to 2.5 resulted in 47% yield of desired homoallylic octaboronic ester 35, 23% yield of over-

homologation product 36 and 26% yield of starting material 21, which represents the maximum 

achievable yield of desired product 35 when using octaboronic ester 21 as the limiting reagent. Although 

acceptable, we wanted to reduce the stoichiometry of sulfoxide 28 to create a more efficient process. 

Pleasingly, when the metalation and borylation phases of the reaction were performed at –20 °C, only 

1.3 equivalents of α-sulfinyl benzoate 28 were required to achieve a similar statistical distribution of 

products, giving desired boronic ester 35 in 45% yield, along with double homologation product 36 and 

starting material 21 in 21% and 20% yield, respectively. Indeed, ReactIR studies showed that in contrast 

to lithiated carbenoids, magnesiated carbenoids only reacted with boronic esters at temperatures above 

–40 °C, leading us to discover that –20 °C was the optimum temperature for the metalation and 

borylation phases of the reaction. Finally, homologation of desymmetrised octaboronic ester 35 with α-

sulfinyl benzoate 34 (western fragment) proceeded smoothly at –20 °C, to give homologation product 

20 in 79% yield (90% brsm). 

We next investigated the simultaneous oxidation of all eight carbon–boron bonds to generate the 

required 1,3-polyol. A brief analysis revealed that the urea–H2O2 complex was best suited to this role, 
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and, fortuitously, the TES protecting group was labile under these conditions, thus affording complete 

conversion of octaboronic ester 20 into the desired nonol. The crude polyol was protected as the 

tetra(acetonide) 19 in 58% yield over 2 steps. This oxidation and protection sequence gave a molecule 

with increased chemical shift dispersion of NMR signals, thus enabling the diastereomeric ratio of 20 

to be measured accurately: tetra(acetonide) 19 was generated in >95:5 dr, demonstrating that the 

iterative synthesis and subsequent desymmetrisation of octaboronic ester 21 had proceeded with 

excellent diastereocontrol. 

With the key 1,3-polyol fragment (19) constructed, the remaining steps concerned installation of the 

hexaene and closing the macrocycle. Different strategies were tested (see SI), but ultimately we found 

that a cross metathesis of tetra(acetonide) 19 with crotonaldehyde followed by a Horner–Wadsworth–

Emmons (HWE) reaction worked well. The use of the Hoveyda–Grubbs II catalyst in the presence of 

crotonaldehyde transformed tetra(acetonide) 19 into the desired α,β-unsaturated aldehyde 37 in 86% 

yield. The hexaeneoate is reportedly light- and air sensitive10 and so subsequent transformations were 

conducted under low/red light conditions and with minimal exposure to air. The HWE reaction with 

phosphonate 3830,31 gave hexaene 39 with high selectivity for the six E-configured alkenes. Subsequent 

ester hydrolysis followed by Yamaguchi macrolactonisation,30 gave protected bahamaolide A. Finally, 

acid-catalysed global hydrolysis of the acetonides and TBS silyl ether completed our synthesis of 

bahamaolide A (18). Analytical data for the synthetic material (1H NMR, 13C NMR, HRMS, optical 

rotation) matched those reported for the natural product.28 
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Figure 5 | Completion of the total synthesis of bahamaolide A from octaboronic ester 21, prepared in three steps 
from 1,4-pentadiene (see Figure 4). brsm: based on recovered starting material; CSA: camphorsulfonic acid; 
HG-II: Hoveyda–Grubbs 2nd generation catalyst; DCE: 1,2-dichloroethane; TCBC: 2,4,6-trichlorobenzoyl chloride. 
a yield determined by 1H NMR analysis, using dimethoxymethane as internal standard. 

 

The polyboronic esters we made en route to bahamaolide A offered additional opportunities in synthesis. 

Like the post-synthetic modifications that diversify polyketide chains following PKS assembly,32 the 

diverse selection of available stereospecific transformations of boronic esters allows us to prepare 

libraries of 1,3-functionalized molecules.33 Scaffolds presenting regularly spaced functional groups 

have applications in materials and medicine.34,35 For example, multivalent sialic acid-based constructs 

have been shown to bind to the surface of influenza virions, thus physically blocking their attachment 

to the cell-surface glycans of host cells and preventing infection.36,37 The nature of the scaffold 

presenting these sugar molecules, including flexibility and presentation pattern, has dramatic effects on 

the level of inhibition.38–40 We therefore investigated a range of deborylative transformations to access 

libraries of 1,3-polyfunctionalised scaffolds. 

The global functionalisation of polyboronic esters to give a homogeneous product requires access to 
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highly efficient and robust methodology with high-fidelity transfer of stereochemical information, such 

as the urea–H2O2 system described above for stereospecific oxidation. Therefore, the polyboronic esters 

described herein also provide an ideal platform on which the test the efficiency and robustness of current 

deborylative functionalisation methodology. We therefore prepared a set of tetraboronic esters bearing 

different substituents and exhibiting different relative configurations of the carbon atoms bearing the 

boronic ester moieties by exploring the reactions of other carbenoid reagents with tetraboronic ester 25 

(Figure 6a). Carbenoids derived from primary benzoates reacted with perfect diastereocontrol to 

provide secondary boronic esters 40–42 in high yields. The formation of tetraboronic ester 42 from ent-

25 again showed that no matched/mismatched effects occur during the homologation.  Finally, we also 

tested lithiated secondary carbamates and benzoates, which gave the secondary–tertiary tetraboronic 

esters 43 and 44 in high yields and dr.  

We then explored various transformations of the C2-symmetric polyboronic ester 41 (Figure 6b). 

Firstly, oxidation of tetraboronic ester 41 with urea–H2O2 complex gave the C2-symmetric tetraol 45 in 

93% yield. Zweifel olefination41,42 initially proved problematic, as treatment of tetraboronic ester 41 

with excess vinyllithium (2 equiv per boronic ester) at −78 °C for 4 hours, followed by iodine and 

methanol gave a trivinyl product instead of the tetravinyl product. A brief exploration of reaction 

conditions revealed that temperature was the key issue and full boronate complex formation was only 

achieved upon warming to 0 °C for 30 minutes. Following addition of iodine, the tetravinyl product 46 

was obtained in 93% yield and with complete stereocontrol. This experiment showed that in polyboronic 

esters, each boronic ester becomes progressively more hindered and less reactive as more of them are 

transformed into boronate complexes and full boronate complex formation is only achieved at elevated 

temperatures, even with highly reactive nucleophiles. The same Zweifel olefination could also be 

achieved with propenyl lithium, giving the tetrapropenyl product in 90% yield, which was subjected to 

global ozonolysis to form tetraketide 47 in 54% overall yield as a single stereoisomer. In addition, 

reaction of a lithiated enol carbamate with tetraboronic ester 41 under the same conditions gave the 

tetraenol carbamate in 52% yield, with subsequent elimination forming tetraalkyne 48 in 40% overall 

yield.43 Alkynes provide opportunities for further diversification of the 1,3-polyfunctionalised scaffold 

by reaction with azides in the CuAAC reaction;44,45 a reaction with a glycosylated azide gave 
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polyglycoside 49 in 83% yield. Finally, the polyboronic ester could also be engaged in stereospecific 

polyarylations. This transformation was illustrated by treating tetraboronic ester 41 with lithiated furan 

and lithiated thiophene, transformations that gave the tetraaryl products 50 and 51, respectively.46 

Attempts to carry out a global Matteson reaction failed, presumably because the chloromethyllithium 

reagent decomposed at the high temperatures required to achieve complete global boronate complex 

formation.  

To probe the limit of this methodology, octaboronic ester 21 was further homologated in a 

chemoselective magnesiation–borylation reaction in 64% yield and with >95:5 dr (Figure 6 c). Once 

again, the reaction showed perfect chemoselectivity for the two terminal primary boronic esters over 

the six secondary boronic esters. All eight boronic esters were transformed by using Zweifel olefination 

to give octaalkene 52 in 71% yield; the high yield was extraordinary considering the multiple steps that 

are involved in each transformation. Octaalkene 52 was subjected to olefin ring-closing metathesis 

using the Hoveyda–Grubbs II catalyst, giving tetracyclopentene 53 in 93% yield as a single 

diastereoisomer. Global olefin metathesis of polybutadiene has been reported previously,47 but because 

the relative configuration of stereocenters was not controlled, a stereorandom mixture of cyclopentenes 

would have been formed; our reaction gave a single C2-symmetric diastereomer.  
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Figure 6 | Synthesis and functionalisation of polyboronic esters. a Synthesis of C2-symmetric tetra(boronic 
esters) in two steps from 1,4-pentadiene. LG = 2,4,6-triisopropylbenzoyl (TIB) or diisopropylcarbamoyl (Cb). 
Conditions: a α-sulfinyl benzoate, tBuLi, THF, −78 °C, 1 h, 65 °C, 3 h; b α-sulfinyl benzoate, iPrMgCl·LiCl, CH2Cl2, −78 
°C, 1 h, 48 °C, 3h; c using tetraboronic ester ent-25, prepared using (S,S)-ligand; d secondary benzylic carbamate, 
sBuLi, tBuOMe, −78 °C, 2 h, then add 25, −78 °C, 1 h, MgBr2·MeOH, warm to rt; e α-stannyl benzoate, nBuLi, 
tBuOMe , −78 °C, 2 h, then add 25, −78 °C, 1 h, warm to rt. PMB: para-methoxybenzyl; PMP: para-methoxyphenyl. 
b Stereospecific functionalisations of 1,3-tetraboronic esters. Simplified reaction conditions: a urea·H2O2; b 

vinyllithium, then I2, then NaOMe; c prop-1-en-2-yllithium, then I2, then NaOMe, then O3; d vinyl 
diisopropylcarbamate, LDA, then I2, then tBuLi, then NH4Cl; e furan-2-yllithium, then NBS; f thiophen-2-yllithium, 
then NBS. c Homologation of octaboronic ester 21, global Zweifel olefination and global ring-closing metathesis. 
HG-II: Hoveyda–Grubbs 2nd generation catalyst. 

 

Conclusions 

In conclusion, we have developed an iterative organoboron-based process for the synthesis of 

polyacetates, a common motif found in the polyketide class of natural products. The two-step iterative 

process, which can be deployed in a mono- or bidirectional manner, introduces masked 1,3-related diol 

motifs through stereospecific homologation of a boronic ester with a butenyl building block followed 

by stereoselective diboration of the terminal alkene. This synthetic strategy, which introduces a masked 

1,3-diol unit in two steps, is more expeditious than current state-of-the-art methodology, which requires 
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six steps (two iterations) to introduce the same fragment in the form of a protected 1,3-diol. Each 

stereogenic centre is independently controlled, either by the sulfoxide building block used in boronic 

ester homologation or the catalyst effecting diboration, and neither step suffers from matched/mis-

matched effects, thus enabling any stereoisomer to be obtained at will. The methodology has been 

applied to a 14-step synthesis of bahamaolide A with full stereocontrol, a route that includes the 

transformation of an octaboronic ester into the corresponding 1,3-polyol in one operation. The 

polyboronic esters can also be engaged in other stereospecific transformations, thus providing access to 

1,3-related poly-alkenes, -alkynes, -ketones, and -aromatics with full stereocontrol, a level of versatility 

unmatched by other iterative strategies. 
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