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Chiral acetals are versatile building blocks for the synthesis
of biologically active agents and functional materialsThe
acetal is usually rendered chiral due to the dissymmetric
environment induced by a stereogenic center near the acetal
carbon or by a chiral glycol moiety.In contrast, few optically
pure acetals are known whose acetal carbon only is chiriaé
mechanism of the Lewis acid-mediated nucleophilic substitution
of acetals is also a recent topic of interésbenmark reported
that sterically unhindered aliphatic acetals underwent intramo-
lecular S2-type substitution with the aid of a mild Lewis aéil.

In contrast, Sammakia observed that dimethyl acetals underwent
intermolecular allylationvia an oxocarbenium ion using any
kind of Lewis acid®® We report herein that the BaeyeVilliger
reaction of optically activei-alkoxy ketoned. affords optically
active 1-alkoxyalkyl carboxylateg The resulting acetalg
undergo substitution with lithium dialkylcuprate(l) in the
presence of boron trifluoride etherate give optically active
alkoxyalkane3 with inversion of configuration.

The syntheses of optically active 1-alkoxyalkyl carboxylates
2a—g° were readily achieved by the BaeyeéYilliger oxidation
of optically activea-alkoxy ketonesla—g® shown in Table 1.
The reaction proceeded smoothly in good yields{28%) from
ketonesla—g (84—100% ee), and the resulting acetaks—g
had high anantiomeric excess (ee){87%)’ Due to the steric
effect of thet-Bu group, longer reaction time was needed for
1gto give 2g and the yield was rather low (Table 1, entry 7).
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Table 1. Bayer-Villiger Reaction of Optically Activea-Alkoxy
Ketones

R? "
m-CPBA (1.5 equiv)
1 3
R G R -
Q7 - NaHCO; (1.3 equiv)

R 0
R1\o)'\oJ\R3
2

10 CHyClp, 0 °C ~ rit.
entry ketone 1 (% ee) time (h} acetal 2 (% ee) yield (%)
Me Me
1 PhCHZO/\COMe 1 PhCHZO/\OCOMe 71
1a (98) 2a (94)
Me Me

2 4-BiCgH,CH,0”" “COMe
1b (85

0.5 4-BrCgH,CH0~ “OCOMe
2b (85)

90

Me Me

3 PhCH,CH,0”  “COMe 05  PhCH,CH,O” “OCOMe 89
1c (93} 2¢ (91)
Me Me

4 PhO” NCOMe 0.5 PhO” OCOMe 92
1d (100) 2d (97)
FBu iBu

5 PhCH,0”" COMe 0.5 PhCH,0” OCOMe 76
1e (97) 2e (95)
Me Me

6 PRCH,0”  “COEt 0.5 PhCH,0”" “OCOEt 91
11 (04) 21 (92)
Me Me

7 PhCH,0”" “COtBu 72 PhCHZO/kOCOt-Bu 46
1g (84) 2g (81)

It is worth noting that the oxidation is highly regioselective;
the regioisomeriax-alkoxyalkanoate was not produced in the
oxidation. Thus, the migratory aptitude is demonstrated to be
1-alkoxyalkyl > alkyl, in accord with the order recently dis-
closed® In line with well-established resulbsye can state that
the stereochemical course of the Baey¥illiger reaction is
retention. This conclusion is substantiated by further elaboration
(vide infra).

We next studied the stereochemical course of the Lewis acid-
catalyzed C-C bond-forming reactions, using the optically
active 1-alkoxyalkyl carboxylates The chiral acetalg should
be advantageous reagents over cyclic diastereomeric atetéls,
since their structure is simple and the stereochemical outcome
is easily assayed. In our preliminary experiments, the reaction
of 2a with allyltrimethylsilane in the presence of boron

)
O/\OJ\ L 0" "Nu (1)
Lewis acid
2a 4a

N (CHgaSI 77 (CaHolssn = 7 (CH3)3Sio/J\
Lewis acid; TiCly, Ti-blend, BF3*OEt,, TMSOTf, ZnCl,, MgBr,

trifluoride etherat&?®d gave a homoallylic ether, with the
acyloxyl group behaving as the leaving group, but with complete
racemization. All attempts to prevent the racemization by tuning
the Lewis acid catalyst (TiGJ Ti-blend* TMSOTf, ZnCh, or

(7) Enantiomeric excess (ee) was analyzed by HPLC with CHIRALCEL
or CHIRALPAK (Daicel columns).
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C-H. Chida, N.; Tobe, T.; Ogawa, Setrahedron Lett1994 35, 7249
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Reid, B.J. Org. Chem1992 57, 1065-1067.
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Details of the synthesis and spectral data are listed in Supporting
Information.
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Table 2. Nucleophilic Substitution of Optically Active Scheme 1
1-Alkoxyalkyl Carboxylates Using Organocopper Reagents - o
R0 R,2CuLisLil / BF 1OEY R LA
ot /k /U\ 42CuLieLil / BF3°OEt, , /k path A J o N /{
oo R? ether - hexane RN gt phN07 04\ Ph™ 70" "Nu
2 -78°C, 0.5 h 3 ® 4a
acetal 2 R*CuLi BF3*OEt, yield ether 312 : 0 - 5a - racemization
entry (o, o) (RY  (equiv) (%) % o6’ (inversion ratio) /\o/'\o,u\ oxocarbenium ion
Me Lewis acid N _
T, 92 nBu 30 53 86 (93) 2 o
2 g4 ey 15 st PhCH,0”" B g3 (g) . Ogta | Ny 1
()-3a™ JJ\ —— Ph" 07 N
pathB | pp”™>0"0 b

Me
3 2a 94 E 15 52 /I\ 78 (89) | 5b | o
PhCH,O Et direct substitution
(5)-3b*°

e the reaction proceeded with high stereospecificity. Although
4 2 85 nBu 15 &2 M e we attempted to reduce the amount of;BPEL to 1.5 equiv
BT e (entry 2), the observed ee 8&was not improved. A similar

M: reaction was performed using,EuLi-Lil instead of ByCulLi-
52 91 nBu 15 & O/V\H_Bu 81 (89) Lil to give 3b with a slightly reduced ee as compared V\Bm
T o3 (entry 3). To demonstrate the generality and scope of this reac-
6 2da &7 nBu 40 10 reaction tion, various 1-alkoxyalkyl carbonates were used as the substrate.
‘Bu An acetal2b gave ether3c (entry 4) with inversion ratio of
7, 9% nBu 30 s ororo /‘\ . 65 (69) 76%. Although2creacted smoothly to give the corresponding
8 92 nBu 15 64 Z(H)_aes” Y 58(63) ether3d (entry 5), §-1-phenoxyethyl acetatq) proved to
By be inert (entry 6). The acetakin which an isobutyl moiety is
o, 8 Me 30 e PhCH.O /LMe 47 (55) attached at the ace@al_carbonZXR;ave 3e (_65% ee) b_y the
10 2 Me 15 70 Claae B9 reaction with ByCuLi-Lil. The lower ee might be attributed
Me to the steric hindrance of the isobutyl group (entries 7 and 8).
o2 92 aBu 15 75 J . e The same substrate, upon reaction with,®ieLi-Lil/BF 3-OE,
Prer0 e gave3f with high inversion ratio, particularly when the amount
Me of BF3*OEt, was reduced (entry 10). Whereas the reaction of
129 29 80 nBu 30 79 - o/in_Bu 0O propanoatef also proceeded stereospecifically (entry 11), pi-
*(@h-3a valate2g reacted with BpCuLi-Lil with complete loss of stereo-
aThe absolute configuration was assigned on the basis of the opticalchemical integrity. Thus, the steric bulk of the leaving group
rotation of the corresponding authentic samplg]?% = +19° (c 1.0, affects significantly the stereochemical course of the reaction.
CHCl;). The R)-isomer, prepared by benzylation of commercially A plausible reaction pathway follows. The Lewis acid-aided
available R)-2-hexanol, showe{*p = —21° (c 1.1, CHC}). °[a]*% reactions of acetdta with allyltrimethylsilane should produce

= +23° (c 1.0, CHC}). The §-isomer prepared from commercially ; ; : ; ;
available §-2-butanol showedd]% = +25° (¢ 1.0, CHCH).  [o]2% an oxocarbenium iorb@), which then reacts with a nucleophile

= +14° (c 1.0, CHCE). The ©-isomer derived from commercially [0 9ive racemieta (Scheme 1, path A). In contrast, BEEL-

available §)-2-hexanol showedd]?% = +17° (c 1.0 CHCE). © The aided alkylation of2a with a cuprate reagent should proceed
absolute configuration was estimated on the analogy of entries 1 via a Lewis acid-substrate compl&k (Scheme 1, path B) that
?nd 11-;\[(1]2% = +17° (c 1.0, CHC}). 9 Reaction at-78 to —30 °C is responsible for the stereochemical course of the reaction
or 1.5 h.

Sw2-like displacement. The reaction through an alternative path
) . ~_involving the oxocarbenium ion intermediata should be
MgBr2-OE) failed. The racemic products resulted again with  limited but not negligible. Our data show thaiStype nucleo-

allyltributyltin31%or enol sillyl ethet® (eq 1). philic substitution of chiral acetal derivatives can be realized
We then studied the reaction with an organocopper reagent.by an appropriate combination of substrate, nucleophile, and

Treatment of2a with lithium dibutylcuprate(l) (BuCulLi-Lil) the Lewis acid.

afforded 2-(benzyloxy)hexane in only 12% yield. However, We have reported herein that the Baey¥illiger oxidation

use of ByCuLi-Lil and boron trifluoride etherate (BFOEL) of optically activea-alkoxyalkyl ketonesla—g enables us to

gave §-2-(benzyloxy)hexarié (3a, 69% yield, 48% ee) starting  obtain chiral 1-alkoxyalkyl carboxylateza—g of high optical

with 77% ee of §-1-(benzyloxy)ethyl acetat®§). We were purity. The alkylation with lithium dialkylcuprate(l) and boron
delighted to find that, by slow addition of BfOEL to a mixture trifluoride etherate gave stereospecifically alkylated products
of 2a(92% ee) and BxCuLi-Lil, ether3awas obtained in 53%  with a high degree of inversion of configuration. This process
yield with 86% ee (Table 2, entry 1§. Thus, the BE-OEt- provides us with a new synthetic method for the synthesis of
aided alkylation oRawith Bu,CuLi-Lil proceeds with inversion optically active secondary alcohols and their derivatives.

of configuration. In addition, the yield o8a was markedly

suppressed by using Bu€lil/BF3-OEb, and racemic3a Supporting Information Available: Experimental procedures and
resulted by using BiCuLi-Lil/AICI 3. Alkylation of various characterization data fdma—g, 2a—g, and3a—f and their intermediates
acetals2 with lithium dialkylcuprate(l) and boron trifluoride (19 pages). See any current masthead page for ordering and Internet
etherate is summarized in Table 2. The inversion ratio, (% ee 8CCess Instructions.

of 3)/(% ee 0f2), is shown in parentheses. Noteworthy is that
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(11) Johnson, W. S.; Crackett, P. H.; Elliott, J. D.; Jagodzinski, J. J.; (13) Butyllithium (6 equiv) in hexane was added -a80 °C to the
Lindell, S. D.; Natarajan, STetrahedron Lett.1984 25, 3951-3954. suspension of copper(l) iodide (3 equiv) in diethyl ether to prepare lithium
Allylation of 1a with “Ti-blend” as a catalyst according to the procedure dibutylcuprate(l). To the reaction mixture were added dropwise the ester
reported by DenmafR gave a racemic allylated product. 2aat—78°C and then an ethereal solution of boron trifluoride etherate (3

(12) The absolute configuration &a—c was assigned by comparison  equiv). The reaction mixture was stirred-af8 °C for 0.5 h, and the reaction
of the sign of the optical rotation with the those of the corresponding was quenched with aqueous ammonium chloride. The insoluble material
authentic sample which was prepared by benzylation of the commercially was filtered through Celite, and the filtrate was extracted with diethyl ether.
available optically active 2-alkanol. The absolute configuratior8aff The organic layer was separated, washed with aqueous sodium chloride
was estimated on the analogy &—c in entries +-4 and 11 of Table 2. solution, dried, and concentrated. The residue was purified by silica gel
See Supporting Information for details. column chromatography.



