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Abstract : A flexible approach CO the scereoiscmers of 2-vinyl-1.3~d1ols VI* the 
reduction of 2-vinyl aldols Is described. The presence of rhc RIS group at the a- 
p.91t10fl of the vinyl group firmly cstsblishes the s> relationship bc=treen the 
newly-formed hydroxyl group and the vinyl group. To examine the effect of the 7YS 
group. coaparison experiments were performed for the compounds rlth and rfthouc the 
7Y.S group. where complete reversal of the diestereo-selection was observed rn rhe 
reduction of the a&-aldols. 731s stereo-dfvcrgcncc was useful an the sclcctlve 
synthesis of a pair of Isomeric lnctones. svcoaciol~de and rsoavmar.~olidc~. 

Introductlm 

The importance of acyclic stereocontrol 1s nov vell recoqnlzcd. The rapid 

progress of this field is best illustrated by the lmpresslve advance of the aldol 

and related reactions in the last decade. 1 ) 

We have disclosed a nev method for acyclic stereocontrol, vhose ut111ty has 

been demostrated in macro1 ide synthesis. 2) The method rclles on t. he 

stereospecificity of 1,2-rearrangements, but also includes some nev aspects of 

orqanosilicon chemistry. Scheme 1 shovs the versatile roles of slllcon in our 

process. Speclflcally, tvo effects due to the TMS groups are notable: (1) The 

rate-enhancing cffcct3) in the 1,2-rearranqement which allovs the react ion to 

proceed under mild conditions; (2) The stereo-directing effect in the second step 

vhich makes the z-choral carbonyl compounds C and g hlqhly “Cram-selective”. 4) 

These features are the basis of the enantio- and dlastereo-controlled approach to _E 

and E. Furthermore, the “Cram-select lvity” enables selective access to the useful 

synthons C_ with three consecutive chiral centers. 5) 
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Mechanistic Rationalization. These data add a new 
insight into the reduction of the aldols and their 
derivatives. Relevant to this problem, the IS-, Zn-, or 
Al-chelates are known to dixact the l,J-w-selective 

reduction. 11,12) Although these are effective for the 

Type I substrates, the Type II cases ate affected by the 

second factor, i.e. the Cram-type sterio bias from the 

C(2)-substituent. Hence, the selectivity of the Type II 

cases is dependent on these two factors. 

Prior to the mechanistic discussion, the markedly 

Type 1 : R-RI=W 

Tgpe tt : R or R’ C H 

different behaviors of LiBEtQH and DIBAL toward alcoholysis should be noted. UpoR 

treatment of the reagents with set-BuQH 11 eguiv. / THE, -78 oC, 5 minJ, the H2 

evolution was ‘ltO0 % (DXBALJ and fess than 5 % 1LiBEt3HJ. These data suggest that 
the aldo formation may precede or compete with the attack of H- in the 

reductions with DIBAL, while the aId& itself is reduced with LiBEt M. 

Since several factors saetn to be operative in the DIBAL ceases, ?3J we limit the 
following discussion to the cakes with LiBEt3H. Described here is a model., 
slightly modified from the one in our previous report. 7al That is the hydragen- 
bonded models Tl * T2, where the balance of the 1,2-effect (by H$=C(XJ-J and the 

I,3-effect (by R-1 are considered. The outcorae of the reactions with and without 

OI 

X 

t1 “r2 

the TM5 group pravidss support for this pastulate. 

and Q leads uniformly and exclusively to a-m 

T-3 

The reduction of w aldalr 2 

isomers 13 and lQ, since two - 
effects are synergistic as shown in P1. On the other hand, these effects 

contradict each other for antk aIdoLs d and 1 as shown in T2_ Depending on the 

relative importance of these effects, the favored trajectory of the H- attack 

becomes A for 5 fX=SiMejl or B for 1 (X=H), respectively. Supportive evidence ~a5 

obtained by re&wztions of 2f and 22 having H2C=C(Me)-group which lies between 

A2C=C(SfMejJ- and H2C=CH- with respect to the steric demand. 14) Dial 25 waa 

obtained as the single product from 22 as expected, while a mixture of z and 24 

was obtained in the reduction of 2l, which indicates the 1,2- and 1,3-effects are 
comparable in this case. These data illustrate the extremely large directing 

effect of the TM-vinyl group , which is more clearly visualized by the Felkin-Anh- 

type picture lpje 15) 
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Syntheses of Avenaclollde and Isoavenaclollde. As an appllcatlon, t. he 

synthesis of two isomerlc lactones, avenaclol lde ( 3% 1 and lsoavenaclolide - ()Sb) 

wes planned. 16) These compounds are the antlfunqal metabolites which were 

isolated from Asperqillus avendceus, the fasclnatinq structures of which have 

stimulated a number of studies on their total synthesis. 
17,18) 

Scheme 3 is a 

summary of the initial reactions, which shows the dlverqence to these isomeric 

structures. 19) 
The common starting material 1s the known Chlrdl epoxy alcohol 27, 

obtalnable by the Sharpless reaction (Ti(O-iPr)q, L-(+)-DET, TBHP) . 20) The 

alcohol 27 was converted to the ketone 2s by the Swern oxidation 21 1 and alkylat ion 

in one pot, followed by the re-oxidation. 
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B”oA.& ‘C,% 
0 

OH 
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Keys : a) Swern oxrdn.. C#,+tqBr (in srtu); Srern orldn.. b) H2C-Cl(n99f 

/ THF; THSCl. Imldazole / Mr. c) HZC-C(S&3)L~ / THF, d) (+O)2T~C12 / 

CYzCl*. -78 ‘C +O°C, e) Bf3*OEtZ / CHZCIZ. -78 'C+ -40 OC. 

Elaboration of these 1,3-diols s and 11 led to the 

t.arqet lactones. Scheme 4 illustrates the synthesis of 

avenaclolide startinq from 3. Dial 3 wds first protected 

63 acetonlde a. Treatment of 30a with BH3+ THF led to 

poor yield (39 0) of 31a accompanied by substantial amount 8 - 
of reqlolsomers 29 (31 $1. The asterisked stcreocenter 

(ratio: I.711 1 WdS not specified. This unexpected 

reqiochemistry of the hydroboration presumably comes from 

the chelation of the reaqent to the benzyloxy side chain as 

depicted in Fiq 1. This problem was overcome by the use of 

d bulkber reaqent, dicyclohexylbordne. 

our initial plan was to deprotect the benzyl qroup of 

Fig.1 
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2 followed the oxidation of the ~&%.tlting diof. ta the dicarboxylic acid 

corresponding to the his-lactone a. Mawaver, all attempts to effect the 

simultaneous oxidation of the dial failed. Thus, the stepwise oxidation of 31a to 

Obtain the bis-lactane 34s was adopted instead. This route requires sever5 I 

steps # al1 of which proceeded cieanly in high yields, and purification of the 

intermediates was unnecessary at mast stages. Finally, the methylenation of z 

by Johnson’s pracedure17c’ afforded awenacialide (=I, which was identical tu the 

authentic sample kindly provided by Dr. Aldridge. 

Ike synthesis cf Isoavenaciclide (=I is depicted in Scheme 5. Desily3,ation 

of 11 (CsF / DMFI gave l7, which was then protected a5 acetonide to gfve JOb, The - 

same sequence af thEt reactions as before was applied to 30b to give isoavenaciolfde 

1=1” There were two major differences in this scheme fro51 the avenaciolfde 

synthesis. The regiochemical problem of the hydroboration of 30b was not serious 

fn this case. The second point ta be noted is the poor yield of the last step. 

The conversion of 34b to 39b has the precedents, 18a,b) 
_- however, the yield in our 

hands did ,not exceed IO $ despite several attempts with slight modifications of the 

original procedure ar other methylenation reactions. We surmise that the highly 

base-sensitive nature of the bfslactone 34$ is the major reasan for these results, 

There is still a need for new methylsnation reactions which axe applicabfe to 

sensitive lactanes like ** Isoavenaciolide 

indistinguishable from an authentic apecieen, 

(=I, thus abtainedr was again 

30% 66 % 3fa 74 % 32a 

3Bb 85 % 3lb 79 % 32b 

64 % 33b 96 % 34b 35b 
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timcluslm 

A f lexlble route to the stereoisomers of 2-vinyl-1,3-dlols was developed. 

The start inq 2-vinyl aldols are available in optically act lve forms by the 

combination of the Sharpless reactlon and the stereospeciflc 1,2_rearranqement, 

which reinforces the value of the present method in the synthesis of the natural 

products. The utility of the process was demonstrated by an application to the 

stereo-divergent synthesis of avenaciollde and lsoavenaclolide. 

Ibrperiwntal 
Cennral . Infrared (IR) spectra were recorded on a JASCO A-202 spec(rooe(er. 

I H and ’ 3C S!fR 

spectra were eeasured on a JEOL CX-400 spectrometer. 77~ chemical shifts arc expressed in parts 
per oillfoo downfield from internal tetramethylsilane (6-O). Hass spectra (US) were obtalned with 
a Wftachf H-80 spectrowrer. Malcfng polnrs are uncorrectad. All the cxperlwnts dealing with 

the air- and moisture-sensltzve compounds were carried out under the atmosphere of dry argon. FObr 

thin layer chrorstography (TLC) analysis. Uarck precoared plates (silica 8.~1 60 GF 256. 15715) were 
used. Products were purffzcd by flash rolum chrmtography by using Merck stlfca gel 60 (17734) 

or preparerIve TLC by using Hake gel B-SF. 

Synthesis of 4 by method A: To a solurion of 1. 15.23 g, 16.3 rol) I” CH.CJ (50 m’) was 
slowly added HF3.0Et2 (6.91 8, da.,9 ~oJ) in CH2CJ2 (JO aJ) of -78 ‘C and stirr & fir 0.5 h. The 

solution was warmed slowly fo -40 C during 40 min. then poured Into ice rater-ether. Exrraccion 
and purJficarfoo by column chroaarography (hexane/AcOEt-b/J) gave i (4.44 g, 85 2) as an OIJ. 

[aj2’ -U” (C 0.99. CKJ )I ‘H NHR (Ccl J 6 0.12 (sr 9H). 0.87 Ct. 
2.3D2.4 (a). 211). 

3H. J-?HzI. 1.2-1.4 (m. J2HJ. 
3.31 3(d, JH. J.bHz)! 3.1’ (dd, JH. J -6Hz. .I -JOHz). 

J .JOHzJ. 3.35 (d. ‘11. J.?.SHtJ. 4.1-4.2 (0. IH). 1,52 (d. ’ JH. .I.fWz). 

3.16 (dd, JH. JJ-bHz. 

(4. 1H. .I-Wr). 5.78 (d. JH. J.Wr). 

1.51 (d. IH. J.JZHt). 5.63 

7.3 (s. 5H)t 

29.1’. 

C NNR K&X3) 6 -1.1. ‘4.1. 22.6. 23.1. 29.05. 

29.3. 31.8. 62.9, 58.3. 72.1, 72.2, 73.1. 127.7. ‘27.8. 128.6. ‘30.6. ‘38.0. ‘65.7. 2’1.51 

JR_$neat) 3450. 2940, 2835, 1705. 1445. 1600. ‘355. 1260. JljO. ‘080. ‘020. 935. 835. 750. 730. 690 
cm t HRHS m/z 104.2712 (106.2716 calcd for Cz4Jido03Si. #!I J. AJdol i is also obtainable in 
excellent yteld by method C (see below). 

Synthesis of l by method H: A freshly prepared mixture of TzClg (1.0 N stock solutaon I” 

CH2C12, 5.3 al) and Tf(O-fPr14 (1.05 R. 5.3 mol) inoCH CJ (30 ml) was added slowly to a .solu~ioo 
of 1 (713 ~8. 1.76 awl) III CH2C12 (30 ml) at -78 C.2 ifter 0.5 h. the temperature was 

raised to 0 OC. 
slowly 

The solution was poured into a mixture of cold dilute KJ and ether. Exrraction 
fo’l~wed by co’um chrytography (h cxanc/AcOEt-8?/13) Rave 1. (524 l R. 89 I) as an oil. la128 
-Jh3 (c 0.98. CXCJ3)# H NMR (XII) b 0.86 It. 3H. J=bHrJ. 1.2-1.8 (a. 12H), 2.39 Ir. 2H. J.?H8. 
2.6-2.0 (m. JH). 3.2-3.6 (9. JH). 319-4.J Cm, 1H). 6.66 (s. W). 5.0-5.3 Cm. W). 5.71 (ddd. JH. 
J ..I -9Hr. 

43.0; 
J -J?H+J. 7.22 (s. 5H)c C N?IR (CDCl ) 6 16.‘. 22.6, 23.2. 29.10, 29.13. 29.1. 31.8. 

5V.9, 771.1. 71.9. 73.5. 120.0. 127.79. J2??82. J28.!, 132.8. 137.2. 211.31 IR (mar) 3150. 

2920. 2850.,1?05, 1625. ‘465. 1355, 1100. 9’5. 730. 695 o 8 HRM m/z 333.2627 033.2427 calcd for 

C2JH330j. M +J). 

Synchesfs of 0 by method C: 

added to a solution of epoxy silyl ether 1’ (2.0 g. 4.20 roll in 

II (I2 ul. 0.084 ~1) was 

temperature was gradually raised fo -JO “i; during 
addlrlon of pH 7 buffer and products were cxrracted with ether. The corbinad organic layer was 
concentrated in vacua and diluted rffh l,L-dioxane (4 l J). to which was added 2 ,v Kl (two drops) 

and stirred for 10 l in to ensure the hydrolysis of the RI.5 ether of A. Extractfve wrkup followed 

by column chromatography (hnxane/AcOEt-b/J) afforded aJdoJ a as a colorless 011 (1.66 8. 96 1). 

The other 2-vinyl aldols were prepared via either of the rhrea aethcds. The yields anti the 

physical data of rhe product7 are listed below. 
2: Yield 83 I (ethod A). 

2.6 (m. 
H HUR (CCll) b 0.17 (s. 9H). 0.8-1.05 lo. 3H). 1.1-1.7 Cm. JZH). 2.2- 

311). 3.0-1.4 Cm, 211). 3.4-3.0 (m. JH), 5.33 (s. W)I JR (mjc) 3400, 2905. 2845. 1700. 
1450. 1100. 1360. J26O.,JJ20. 1080. !035. 960. 830, 755. 710. 685 cm 8 HRXS m/z 269.1925 (269.1935 
calcd for CJ5Hz902Sf. # +X3). 

2: Yield 89 I (mthod 8)1 ‘H NHR (OCJ ) 6 0.10 (s, PHI. 0.7-1.7 Cm, J5H). 2.3-2.7 Cm. 3H). 3.6- 
3.6 Cm. 311). 3.9-4.1 Cm. JH), h.40 (s. Zft,. 5.60 (d, JH. J-Wz). 5.73 (d, 1H. J.ZHr). 7 20 (se 51111 
JR (near) 3475. 2910. 2850. 1700. 1645. J4Oy. 1355. 1265. JCQO, 1020. 930. 835. 730 U-J, HRYS m/z 

405.2042 (605.2823 calcd for CJ5H2902Si. U -CH3). 

a: Yield 56 2 (method L))c ‘H MIR KKl ) 6 0.88 (I. 3H, J-?Hz). ‘.1-J.? (m. JZHJ. 2.22 (t. JH. 
3.3-3.4 (m. IH). 3.6-3.7 (m, 1H). 3.8-3.9 (a. JH). 5.25-5.3 (m. ZH). 

C NNR (CECJ3) 6 ‘4.1, 22.6, 23.1. 29.11. 29.13. 29.3. 31.8. 62.1. 59.0. 62.8. 
‘20.2. J32,$ 211.8; IR (neat) 3450. 29’0. 2850. ‘710. 1630. 1555, ‘400. 1365. ‘255. 1’25. JOhO. 

VZU. 720 C. t HwlS a/z 194.Jbbt3 (194.1669 alcd for C13H220. M -H20). 

5: Yicsld 33 I (rrhod 6)~ ‘H HtlR (CDC1.J b 0.88 (t. 3H. J-?Hz). 1.0-1.1 (a. IOH). 1.4-1.7 (01 ZH). 

2.3-2.6 (me 2H). 2.88 (d. 1H. .J-~.SHZ)! 3.36 (dd, 1H. J -5Hr. J -IOH+). 3.4-3.5 (m. W). 1.1-1.25 
(rn. IHJ. 4.51 (s. 211). 5.26 (d. JQ, J.‘? Hz). 5.32 Cd? JH, J-70.5HzJ. 5.86 (ddd. JH. 
J2.J0.5tir. J3.J?Hz). 7.3 (s. 5H)r 

JJ.JOHz. 

C NUR UBCl,, 6 14.1. 22.6. 23.3. 29.08. 29.1’. 29.3. 31.8. 












