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In connection with an ongoing problem in natural products
synthesis, we were interested in developing a method for the
diastereo- and enantioselective synthesis ofah-and 1,5syn
diols 1 and?2 via the reactions of two different aldehydesSRIO
and RCHO, with a chiral, 1,3-bifunctionalized allylmetal reagéri.
This represents a fundamentally interesting problem in organic
synthesis, for which practical solutions do not currently exist. While
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several groups have described diastereoselective syntheses of 1,%quiv) in EsO at 0°C followed by the addition of 1.4 equiv oflRHO at

diols and 1,5-amino alcohols via the reactions of aldehydes with
structurally complex chiral allylstannaféallylsilane$ and allylti-
tanium reagent$,no examples currently exist of the type of

stereocontrolled, one-pot three-component coupling that we envis-

aged. We were intrigued by Brown’s report tha)-{-(1,3,2-
dioxaborinanyl)allyl]diisopinocampheylborand)( generated by
hydroboration of 2-allenyl-(1,3,2)-dioxaborinar® (vith diisopi-
nocampheylborane [(IpgBH], reacts with aldehydes at78 °C to
give 1,2anti-diols 6 with excellent enantioselectivity via the
intermediacy of-alkoxyallylboronate5.8 We recognized that if
intermediate5, or surrogates with different diol units on boron,
could be induced to combine with a second aldehyde with control
over the equatorial or axial nature of the substituemnd boron in
the second allylboration transition state (cf., transition statersus
8),° then stereoselective accessitor 2 would be achieved.
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This plan was probed by allowing the boryl-substituted allylbo-
rane4 to react with a series of achiral aldehydes (Table 1). These
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Table 1. Syntheses of (E)-1,5-anti-Diols from a Single Aldehyde?

R'CHO
(\ j (1.4 equv) HO OH
O \/\/Bdlpca R‘)\/\/\Fv
Et0,-78 C, 2h
4 23°C, 24h 9a-f
entry RICHO product® Y%yield® % eed
1 Ph(CH),CHO 9a 38 91
2¢ Ph(CH),CHO ent9a 42 92
3 CsH11.CHO 9b 38 84
4 (CHg)2,CHCHO 9c 34 82
5 BnOCHCHO 9d 42 92
6 PhCHO 9e 40 93
I PhCHO ent9e 42 95
8 (CHs)sCCHO of 34 92

aReactions were performed by treating 1 equiv3oWith Ipc,BH (1

—78 °C. The mixture was then allowed to stir at 2@ for 24 h. The
reactions were subjected to standard oxidative workup (NaQ8;)Hbefore
product isolation® The diastereoselectivity in all cases wa0:1. ¢ Yields

are based oB. 9 Determined by the Mosher ester methéeént4 was used
in this experiment.

reactions, performed by adding the aldehydes-a8 °C to a
solution of the in situ generated reagenand then allowing the
reaction mixture to stir at ambient temperature for 24 h, provided
the 1,5anti-diols 9a—f with >20:1 diastereoselectivity and 84
95% ee (Table 1). The 1,5-anti stereochemistry of ddalsf was
assigned by hydrogenation of the double bonds, thereby producing
the optically active,C, symmetric saturated diols. The absolute
stereochemistry of9a—f was assigned by using the Mosher
method!® Thus, the allylboration o6 proceeds with excellent
selectivity by way of transition staté Optimization studies (see
Supporting Information) indicated that the chemical efficiency of
this process is limited by the efficiency of the hydroboratior8of
and that effective yield of the allylborating agehis in the range

of 40-50% (based or8). In addition, use of 1.4 equiv of the
aldehyde (based o08) is required to consume the intermediate
a-substituted allylboronaté in the second allylboration step,
thereby avoiding production of dio after oxidative reaction
workup.

We next explored the use of two different aldehydes in the double
allylboration reaction (Table 2). Optimal results were obtained when
a —78 °C solution of4, prepared in situ by the hydroboration of
allene 3, was treated with 0.54 equiv of the first aldehyde-(R
CHO). The mixture was stirred f@ h at—78 °C, and then a full
equivalent of the second aldehyde?®IO) was added, and the
mixture was allowed to warm to ambient temperature and stir for
24 h. This provided the 1,8nti-diols 1a—e with 20:1 diastereo-
selectivity, 89-95% ee, and in 6587% yield based on ®’®HO as
the limiting reagent. Small amounts<{5%) of the 1,5anti-diols
9 resulting from double allylboration of the second aldehyd& (R
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Table 2. Synthesis of (E)-1,5-anti-Diols from Two Aldehydes? Table 3. Synthesis of (2)-1,5-syn-Diols from Two Aldehydes?

HO OH Ph
R'CHO - Fh Ph Ph

054equy) RN~
(\ % Et,0,-78°C, 2 h P 0 YpcBH  pre/ 0 )
N L tae PH O’B\/\/B e

then R2CHO HO OH H “H CH,Cl5, 0°C

4 23°C24h A A
R'CHO (o 82 equiv)

92, 9¢,9¢ CH,Cl,,-78°C,2 h )\/(L H/(‘)\/’/L
2
entry RICHO RICHO product  yielde  1:9¢ % ee thenR*CHO

23°C,24h
1  (CHg):CHCHO Ph(CH),CHO 1a 69 5011 92
2 Ph(CFb)ZCHO PhCHO 1b 83 100:1 89 entry RICHO R2CHO product”,c yie|dd % ee®
3  PhCHO Ph(CH).CHO 1c 87 201 91
4 CgHuCHO PhCHO 1d 74 100:1 96 1" Ph(CH),CHO  Ph(CH),CHO 2a 2 9
5 PhCHO (CH):CCHO  1le 65 501 95 2 (CHg,CHCHO  PhCHO 2b 88 92
3 PhCHO Ph(CH),CHO 2c 95 95
a2 Reagent was prepared as described in Table 1. After the addition of 4 Ph(CH).CHO (CH).CHCHO 2d 92 94
RICHO (0.54 equiv) at-78 °C (2 h), 1 equiv of RCHO was added, and S (CHg),CHCHO  Ph(CH),CHO 2e 95 95
the mixture was then allowed to stir for 24 h at 23. Reaction workup 6 Ph(CH),CHO  GH1.CHO 2f 91 94
was performed as described in Table’ Diastereoselectivity in all cases
was>20:1. ¢ Yields are based on'®HO as the limiting reagent.Product aReagenfl1 was prepared in situ by hydroboration1 (1 equiv) with
ratios determined byH NMR analysis. Determined by the Mosher ester 1.0 equiv of IpgBH in CH,Cl, at 0°C. RICHO (0.82 equiv) was added at
method. —78 °C (2 h), followed by 1.7 equiv of ®EHO. The mixture was then
allowed to stir at 23°C for 24 h. All reactions were then worked up as
CHO) were also obtained. If smaller quantities ofORIO were described in Table 12 Diastereoselectivity in all cases wad 4:1, and the

; ; ratio of 2 to 12 was>30:1 in all casest Product ratios determined Bid
used at the outset, greater amounts ofahf-diols 9 were obtained. NMR analysis® Yields are based on RHO as the fimiting reagent.

Conversely, if greater amounts of GHO were used, the products e petermined by the Mosher ester methbReaction was performed by
of double allylboration of the first aldehyde {&HO) were adding 2 equiv of PhCKCH,CHO to the reaction mixture at78 °C, and
produced. Thus, the relative rates of the two allylboration reactions then allowing the mixture to stir at ambient temperature for 24 h.
are sufficiently differerft1? that clean heterocoupling of two  in 5 (or in the analogous substituted methallylboronate deriving
different aldehydes can be achieved, provided that the properfrom 11) is transmitted to a new €0 stereocenter via transition
amount of RCHO relative to4 is used. states7 and 8. Thus, keys to the success of this method are the
On the basis of early studies published by Hoffm&nme excellent stereocontrol in the allylboration step leading,fathe
reasoned that if a bulky diol unit was incorporated in the starting stereospecificity of the subsequent allylboration reactiob ahd
allenylboronic ester, the second allylboration would proceed the corresponding intermediate derived frafy and the ability of

preferentially by way of transition stagwith the substituend. to the diol auxiliary to induce equatorial or axial placement of the
boron in an axial position, thereby providing stereoselective accessa-boryl substituent in transition stat@sand8.
to the 1,5syndiols 2 with an intervening Z)-double bond. After Applications of this method in the synthesis of natural products

screening several hindered diols, we determined that the tetraphewill be reported in due course.
nylethylene glycol ester ii0 and the derived allylborankl would
nicely serve our purposes. Owing to the poor solubilityl6fin
Et,0, the hydroboration of0 was performed in CKCl; using 1.0
equiv of IpeBH. The hydroboration o0 is more efficient than Supporting Information Available: Experimental procedures,
that of 3, as treatment of the in situ generatetiwith 2 equiv of optimization studies, stereochemical assignments, and tabulated spec-
PhCHCH,CHO provides the targeted)-syn1,5-diol 2ain 72% troscopic data for all new compounds (PDF). This material is available
yield, with an enantiomeric purity of 91% ee and diastereoselectivity free of charge via the Internet at http://pubs.acs.org.

of 14:1 (Table 3, entry 1). In addition, optimal conditions for the
double allylboration of11 using two different aldehydes were References
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