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Abstmct : The fieese of the coRfonncr was realised by the introdaction qf an alkyd substituent at U- 
position of tetronic acid using a readily available none C2 chiral auiliary (SMP or RMP), and 
conducted the desired asymmetric ~methylation. Its application to expeditious total syntheses of(+)- 
blastmvcinone (1) and t-J-3-e&blastmwinone (2). and to thefust total synthesis of (+)-(3R,4RSR)4- 

INTRODUCTION 

The fully functionalized ylactones which have three contiguous asymmetric centers on a, B, ypositions 

are represented by (+)-blastmycinone (1) derived from antimycin A3,* an antibiotic effective agent against fungi 

and yeasts, and (+)-(3R,4R,SR)-4-acetoxy-5-methyl-3-tetradecyltetrahydro-2(5H)-fun (3)s isolated from 
Gorgonian coral PZexaurujZuvu in Great Barrier Reef. Although several syntheses of (+)-blastmycinone (1) 

and (-)-3-epi-blastmycinone (2) have been published,4-9 most of them are categorized by the asymmetric 

induction involving chiral pools. Only two methods have been reported as the asymmetric synthesis. One of 
them is the [2+2]cycloaddition reaction using menthyloxymethylketene by Frfiter.8 but the optical purity of the 

product was not so high (70 8 ee). as well as being an unnatural (-)-blastmycinone. The other is an application 
of the Sharpless oxidation by Sato.9 which required mauy steps (15 steps) to reach (+)-blastmycinone. There is 
no report on the asymmetric synthesis of 3. but the synthesis of the enantiomer from @)-lactic acid has been 
+ for the determination of the absolute stereochemistry.lo 

Chart 1 

Tetmnic Acid (+)-Blastmycinone (1) (-)-3-epMastmycinone (2) 3 

For the total syntheses of these natural y-lactones we thought that asymmetric y-methylation of tetronic 
acid could be reasonable strategy, because it has already a fl-hydroxy-y-lactone skeleton in itself. The 
asymmetric y-methylation of tetronic acid derivatives are qorted by Schlessingerl* and Schmidtl* 
independently. They used C2 symmetric pyrrolidine derivatives ((+)-rrarrs-2,5-dimetylp~~~ and (+)- 

truns-2J-bis(methoxymethyl)pyn&dine. respectively). Though the high diastereoselectivity was performed 

8337 



8338 K. NISH~>E et al. 

using these C2 auxiliaries, major drawback of these methodologies from the synthetic point of view is the 

difticulty of their large scale pteparation in an optically pure form. 
As the chiral auxiliary on the methylation of tetronic acid derivative, we chose readily available (S)-2- 

methoxymethylpyrtolidine (SMP). ln the case of the none C2 chiral auxiliary the substrate enamine exists as an 

equilibrium condition between plausible two major conformers A and B. in which the lone pair electtons on the 
nitrogen in pyrrolidine ring was resonating with the p-orbitals of a,&unsaturated y-lactone. We expected that 
the bias on the two conformers A and B into the one conformer B could conduct the desired asymmetric y- 
methylation. even if the none C2 chit-al auxiliary (SMP) is installed at B-position of tetronlc acid, i.e. the 
introduction of the alkyl substituent at a-position may bias the equilibrium of the two conformers to the right, 

because the steric repulsion could operate between the introduced alkyl substituent and the methoxymethyl 
group of SMP, as shown in Fig. 1. Therefore, the preferential formation of the anion D or E can be possible 
whether the Schmidt’s chelation12 exists between the lithium salt generated on the ypositiou of tetronlc acid and 
the oxygen of the methoxymethyl group or not, because the rotation of the nitrogen - carbon (B-carbon on the 

tetronic acid) bond would be frozen at low temperature. 

Fig. 1 
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Here we describe the convenient asymmetric y-methylation of tetronic acid according to the above 

hypothesis13 and its application to the total syntheses of (+)-blastmycinone (l), (-)-3-c@-blastmyclnone (2). 
and (+)-(3R,4R,5R)-4-acetoxy-5-methyl-3-tetrne (3). 

RESULTS AND DISCUSSION 

Butyl substituent on a-position of tetronic acid was easily introduced by the modified Ramage’s method14 
to give a-butyltettonic acid (4) in 73 96 yield. Requited subskte 5a for the asymmetric y-methylation was 
obtained in % 96 yield by the condensation of a-butyltetronic acid (4) with SM.R in benzene using a Dean-Stark 

condenser. The treatment of n-butyllithium (2.5 eq.) on 5a (R = n-Bu) in THF and HlvlPA (10 eq.) at -78 “C 
for 1 h followed by the addition of methyl iodide (10 eq.) at - 98 “C afforded 6a and its C-5 epimer 
(dlasteteomer ratio = 91 : 9)l5 in 91 % yield. On the other hand, the same reaction on Sb (R = H) gave 6b and 
its C-5 epimer (diastereomer ratio = 69 : 31)‘s in 97 % yield. The difference of diastereosekctivity in the 
methylation of 5a and Sb proved the substitution effect for the bias in the equilibrium of the enolate conformers 
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(C and D) in Fig. 1. For the determination of absolute configuration on the y-position of 6a, we tried the 

transfotmation of 6a to the known (-)-3_cpi-blastmycinone (2) as follows: hydrolysis of6a into tetronic acid 
derivative 7 with 10 % hydrochloric acid. followed by hydrogenation with 5 % rhodium-alumina under 
hydrogen pressure (5.5 kg/cm2) gave (-)-3-epi-blastmycindactoi (8) ([a]# -84.8” (0.66. MeOH). Pt.” 
[a]@ -%’ (0.34, MeOH)]) in high yield. The NMR analysis using three quivalents of Q-(-)-l,l’-bi-2- 

naphthol as a chhal shift reagent16 showed 8 optically pum. (-)-3-epi-Blastmyci @I) was converted into 
(-)-3-epi-blastmycinone (2) ([c&n -79’ (0.24, CHCl3), lit., 5a [a]# -89” (0.90, CHCl3)) by acylation with 

isovaleryl chloride as shown in Scheme 1. This result showed that the methylation ouxmed from the opposite 
side toward methoxymethyl group in the enolate conformer D or E. 

Scheme 1. Expeditious Total Syntheses of (+)-Blastmycinone (1) 
and (-)-3-epi_Blastmycinone (2) 
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Now~hadinhandlactol8withitsfu~stmochanicalinformatonsowetriedinitially~convasion 
of 8 into (+)-blastmycinone (1) with isovaleric acid on the Mitsunobu reaction17 conditions. No reaction was 
observed on usual niphenylphosphiie conditions probably due to steric hindrance around the hydmxy gmup, 
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and the reactian with trimethylphosphine gave the olefin 9 in 78 % yield because of the presence of an acidic U- 

hydrogen in the anti relationship to the hydroxy group. We tried therefore to get (-)-blastmycinolactol (11) 

Fran the olefin 9, which was also available from 8 by the elimination with tosyl chloride and pyridine in 98 % 
yield As mom direct conversion, the reaction of enamine 6a with sodium cyanoborohydride in 2N-HCl and 
MeOH at 45 ‘C gave the desired olefin 9 in 84 % yield, in which both the reduction of enamine and the 
elimination of SMP took place continuously. Epoxidadon of 9 with sodium hypochlorite7eaffonied cz-epoxide 
10 diastereoselectively (a : fi = 16 : 1). The assignment of acpoxide was determined by 1H NMR, in which 

the proton on 6position was observed as singlet, because the dihedral angle of 4-H to 5-H is almost 900. The 
mixture of epoxides 10 was converted into (-)-blastmycinolactol (11) regioselectively with samarium(II) 
iodide-TI-IF-HMPA in the presence of NJV-dimethylaminoethanol (Inanaga’s method)18 in 69 96 yield. After 
the purification of 11 by the chromatogmphy, acylation with isovaleryl chknide gave (+)-blastmycinone (1) in 
80 % yield, whose spectroscopic data and optical rotation ( [u]$ +11.2’ (0.85, CHCb), lit.,58 [a]o” +lO” 

(1.2, CHCl3))were identical with those mported.5a 
We have established a method for the expeditious asymmetric total synthesis of (+>blastmycinone (1) 

fmm a-butyltetronic acid (4) (6 steps) with high overall yield (22 %), compared with the litemtmes.~ 

Scheme 2. Total Synthesis of (3R,4R,5R)-4-Acetoxy-5-methyI-3-tetradecyl- 
tetrahydro-2-furanone (3) 
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(+)-(3R,4R.JR)-4-Acetoxy-5-metyl-3-tetradecylte~ahyd~-2(5~)-~~e (3) is characteristic of 
having a long (C14) alkyl chain on a-position of 7&ctone. In order to introduce this subs&rent we used a L- 
allylpalladium complex, because the conventional synthesisI4a of this a-substituted tetronic acid was 

unsuccessful due to the insolubility of the lithium enolate of methyl palmitate in THF. Tetronic acid was 
converted into a-(2-tetrahydrodecenyl)tetronic acid (13) in 59 % under the rt-allylpalladltmr complex reaction 

conditions.I9 Hydrogenation of the isolated double bond in 13 on 5 % palladium carbon under ambient 
hydtogen atmosphere afforded a-tetradecyltetronic acid quantitatively. Installation of a chiral auxihmy [(R)-2 

methoxymethylpyrrolidine (KMP)] to the hydrogenated product under dehydrating conditions gave the enamine 
14 in 75 % yield In like mmer as (+)-blastmycinone synthesis, the asymmetric y-methylation proceeded 

with the diastereoselectlvlty (90 : 10) to give U, which was isolated on silica gel column chromatography ln 79 
96 yield Hydrolysis of the methylated enamine 15 with 10 % hydrochloric acid followed by hydrogenation (5 
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% rhodium-alumina, H2 15 kg/cm2) gave all cis ‘y-lactone 16 in high yield. Epimerization~ of a-position 

with DBU and the subsequent acetylation afforded the desired prodnct 3 in 41% yield, accompanied with the 

acetate of 16 (30 96 yield), which did not epimerized. The spectroscopic data and the optical rotation of 3 

([aID” +36.0° (0.20, CH2C12), lit.,3 [a]B2’ +36.1° (1.9, CH2Cl2)) were identical with those of the 

literature.3 

CONCLUSION 

We have demonstrated that the freeze of the conformer was realized by the introduction of an alkyl 

substituent at a-position of tetronic acid using a readily available none C2 chiral auxiliary (SMP or FtMP), and 

could conduct the desired asymmetric y-methylation with good diastmoselectivity. This method proved to be 

practical by expeditious total syntheses of (+)-blastmycinone (1) and (-)-3-epi-blastmyci (2). and by the 

fmt total synthesis of (+)-(3R,4R,5R)-4-~~xy-5-me~yl-3-~~l~~y~2(5~~~e (3) . 
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EXPERIMENTAL SECTION 

General: Melting points are taken with a micro hot-stage apparatus (Yanagimoto) and am lmcurecti Boilingpointsare 
determined on a micro distillatiun apparatus. The infmred (IR) spectra are recorded with a Shim&u IR-QIO diffr~tion grating 
infrared spechqhommetcr and %I-NMR spectra are obtained with a JB0L JNM-GX-270, Varian XL-3OB. or lB0L JNM-GX4tNl 
NMB spectrometer with tetrametuylsii fug au iuteanal staudard. Mass spectra (MS) me dmermiued on a JBOL JMs-OlsG er 
Hitachi M-80 mass spectrometer. Wakogel C-200 (silica gel) (NO-2Nl mesh, Wako) or neutral alrmGna gel (aluminum oxide 90 
activated, Art. 1077.70-230 mesh, Merck) were used for column chromatography except for the noted, and Kie-selgei 60 F-254 

plates (Merck) for thin layer chromatography (-llX) and prepamdve TLC (PlLC). 
Material: Dikqropylamine was distilled fmm CaH2 and THF was distilled from sodium bcazophenne ketyl before use. 

n-BuLi (1.6 M hexane solution) and vinylmagnesium bromide (ca. 1M THF solution) were po&ased from Wako Pure Chemi& 
Industries. LTD and were titrated with ret-BuOH using ortho-phenanduoline as a indkaux befae use. 

3-Butyl-4-hydroxy-2(SH)_lurMone (4) To a solution of diisqropylamine (1l.W mL; 78.75 mmol) in TM: (40 
mL) was added n-BuLi (1.61 M in hexane; 46.7 mL; 75 mmol) at 0 “C and magnetically stirred for 0.5 h. A TIUJ (40 mL) 

solution of methyl hexanoate (11.03 mLt 75 mmol) was added dropwise to the chilled (-78 T) reaction mixture. After 30 min. a 
TfIF (40 mL) solution of %~-~ntamethylene-l3-dioxolan-4-onel41(4.69 g; 30 mmol) was added, dum the reaction mixture was 
allowedtowarmupgraduallytoroomtemperehrrcundastirringforl8h. THFwasrwnovedinwrcuefromthereactionmixttue, 
water was added to the residue, then washed with edrer. The aqueous layer was acidifti with c-HCl, coocentrated in wzcrw into hslf 
volume, and filtered to give 4 (2.89 g) as colorless crystals. The aqueous filtrate was extracted with ethyl acetate, d&d (MgSCkt), 
and faltered to give another crop of 4 (0.89 g. totally 3.78 g. 73.1%). mp 117-119 Oc (water); tH NMR (300 MHZ. CDClg) 6 0.88 

(t, J = 7.2 Hz. 3 H). 123 - 1.50 (m. 4 H), 2.17 (t, J = 7.5 Hz. 2 H). 4.63 (s. 2 f-I); IR (CHCl3) 1730, 1660. 1640. 1100. 1050 
cm-*; MS m/z 157 (M+. 2.5). 112 (33). 101 (lUO), 100 (32). 55 (34); AnalCalcd for C&H1203 : C. 61.52: H, 7.75. Found : C, 
61.2& H, 7.56. 

(S)-3-Butyl-4-[2-(mctboxymcthyi)-l-pyrrolidinyl]-2(SH)_lursnonc (5s) A solution of 3-butyl4-hydroxy- 
2(5H)-fmxmoue (4) (2.4 g; 15.4 mmol). (S)-2-methoxymethylpynolii (1.67 mL; 16.9 mmol). aud p-teluenusulfouyl acid 
monohydrate (293 mg; 1.54 mmol) in benzene (80 ml) was refluxed using a Dean-Stark condenser for 24 h. (S)-2- 
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Methoxymethylpyrrolidinc (450 pL: 4.56 mmol;O.3 eq.) was sdded becuuse the suuting muterial4 WBS mmumed, end refluxed for 

another 24 h. After removal of the solvent, the msuhing residue wss chromatographad on shuni~ gel (ethyl natnte : kxanc = 1: 

2) to give 5s (3.74 g, 96 %) us a yeilow oil, [a]D ~CI -23.3“ (1.47, CHCl3); ‘H NMB (270 MHx. CDCl3) 8 0.91 (t, J = 6.9 Hz, 3 

H). 1.23 - 1.50 (m. 4 H), 1.90 - 2.10 (m, 4 H), 2.16 - 2.42 (m. 2 H). 3.34 (s, 3 H), 3.20 - 3.50 (m. 3 H). 3.52 - 3.62 (m. 1 H). 

3.82 - 3.95 (m. 1 H). 4.55 and 4.73 (ABq. I =14.5 Hz, each 1 H); IIt (CHCl3) 1725, 1610. 1430. 1110 cm-l; MS m/x 253 

(M+,14). 208 (100). 166 (25); HBMS calcd for C14HzKbN (M+) 253.1677. found 253.1700. 

4-[(S)-2-~ethoxymethyl)-l-pyrrolidioyl]-2(S~)-furanone (Sb) The benzene solution (40 mL) of tetrcoic scid 

(1.48 g; 14.73 mmol). (S)-2-methoxymethylpyaolidhte (1.48 g; 14.73 mmol). sndp-toluencadfonic acid monohydrate (280 mg: 
1.47 mmol) was rcfluxed using a Dean-Stark condenser for U h. After removal of the solvent, the silica gel chromamgraphy 
(CHC13 : Me0H = 10 : 1) of the residue affaded Sp (2.2 g. 75 %) as colorless ctystxls. mp 71-71.5 Oc (AcOWuaune); [a]$5 - 

119.2O (1.04. CHCb); lH NMB (400 MI-Ix, CDCW 8 1.85 - 2.10 (m. 4 H), 3.28 - 3.45 (m. 4 H), 3.34 (s. 3 H). 3.72 - 3.80 (m. 

1 I-l). 4.55 - 5.15 (br m, 3 H); IR (CHC13) 1725.1605.1430.1345.1155, 1115.1060 cm-l; MS m/x 197 (M+. 13). 153 (9). 152 
(100). 70 (4); Anal. Cakd for CK#I~SNC~ : C. 60.89; H. 7.67; N, 7.10. Fwnd : C. 60.92; H. 7.n; N;7.10. 

(S)-3-Butyl-4-[(S)-2-(methoxymetbyI)-1-pyrrolidinyI]-5-metbyl-2(5W)_luraoac (6u) To I solution of 

(S)-3-butyl4-[2-(metboxymethyl>1-pyrrolidinyl]-2(5H)-fumnone (58) (1.10 g; 4.34 mmol) in TWF (70 mL) end hexume&yl- 

pbo@ommii (HMPA) (7.55 mL; 43.42 mmol) was added dmpwise n-BuLi (1.64 M in hexane, 6.62 mL, 10.86 mmol) at -78 Oc 
and stirred for 1 h. The nsulting mixture wss cookd m -98 Oc (liquid nitrogen-MeOH) then methyl iodide (27 mL, 43.42 mm09 
was added. After 2 h, &mated ammonium chloride (20 mL) was &i&d to the reaction mixtme. The resulting mixtum wm exIr&ed 
with ek (3 x 100 ml), the etbeJeal layer was washed with water (3 x 50 mL). dried (MgSO4). und amcamuWiamcuo. The 

diastereanaratiot91:9)was&~bytheintegrationoftheC-5methineprotw(84.88and4~))tHNMR(300MHz) 

of the crude product. Ruitlcation by a medium pressme silks gel column chmmxtogmphy f.Kieselgel60 pF254 (Merck). AcOEt : 
hexane = 1 : 21 guve 68 (894 mg, 77 %) and C-5 epimer of 68 (70 mg. 6 %), and their mixture (86 mg, 8 96). 68: a yellow oil; 

HPLC (‘R 6.35 min. Column Licbrosorb si-60.4.0 9 x 25 cm) (AcOEt : hexme = 1 : 1. 1.0 mUmin); [a]B20 + 75.70 (1.09. 

CHCb); 1H NMB (300 MHZ. CDC13) 8 0.91 (t, J = 6.7 Hz, 3 H), 1.25 - 1.50 (m. 4 H), 1.42 (d, J = 6.3 Hx, 3 H). 1.90 - 2.21 

(m, 5 H). 2.34 - 2.45 (m. 1 I-L), 3.33 (s, 3 f-l), 3.22 - 3.43 (m, 3 f-l), 3.54 - 3.62 (m. 1 H), 4.00 - 4.08 (m, 1 H), 4.88 (q, J = 6.3 

Hz, 1 H); IB (CHC13) 1720, 1610.1420,1130, 1100 cm-l; MS m/x 267 (M+. 12). 223 (14), 222 (100). 180 (11); HBMS c&d 

for C15H2503N (M+) 267.1832, found 267.1818. C-5 epimer of 6a (minor disstereomer): Hpu: @t 8.04 min. C!obunn 

Lichmsorb si-60,4.0 9 x 25 cm) (AcOBt : hexme = 1 : 1.1.0 mr/min); *H NMB (300 MHZ. CfZl3) 8 0.91 (t, I = 7.1 Hx, 3 H), 

1.25 - 1.50 (m. 4 H). 1.50 (d. J = 6.3 Hz. 3 H), 1.90 - 2.19 (m. 5 Ii). 2.35 - 2.47 (m. 1 H), 3.14-3.28 (m. 1 H). 3.34 (s, 3 H). 
3.30 - 3.51 (m. 3 I-l), 3.39 - 4.00 (m, 1 H), 4.80 (q, J = 6.3 Hx. 1 H). 

4-[(S)-2-(Methoxymetbyl)-l-pyrrolidiayl]-5-methyl-2(SH)-furanoac (6b) To a aoh~tion of 4-[2- 
(methoxymethyl)-l-pyrmlidinyll-2(5H)-fumnone (Sb) (48 mg, 0.24 mmol) in THF (5 mL) and HMPA (418 pL, 24 mmol) was 
added dropwise n-BuLi (1.65 M in hexsne; 173 pL; 0.29 mmol) ut -78 “c und stiaed for 1 h. Methyl i&k (150 pLL. 2.4 ~1101) 

wes sdded to the reaction mixture and &ted for udditions12.5 h. The crude product obtained by the seme workup de&bed above 

wus purifii by silica gel Fl’LC (ethyl acetate) to give a mixture of 6b end its C-5 epimer (50 mg, 97 96. diasterecnner ratio = 69 : 
31). 1~ NMB (300 MHZ, CDC@) 8 1.51 (d,J= 6.4 Hz, 3 H, major diimer) [1.55 (d.l= 6.4 Hx. miner dk@uon~)]. 1.70 

- 2.15 (m. 4 H). 3.28 - 3.50 (m, 4 H), 3.34 (s, 3 II), [3.72 (m). 4.05 (m)] (touil 1 H). [4.50 (br s), 4.57 (s). 4.61 (br s)] (totul 1 I-l), 

I4.95 (br q. J = 6.4 Hz). 5.25 (br)] (total 1H-j; IB (CHCl3) 1730. 1610.1420. 1330. 1180,112O 1090 cm-l; MS m/z 211 (M+. 

8). 180 (5). 167 (10). 166 (lOO), 139 (3). 94 (3). 70 (4); HBMS c&d forC11Hl7NO3 (.M+) 211.1208, found 211.1234. 

(S)-3-Butyl-4-hydroxy-S-methyl-2(SH)-furanone (7) (S)-3-Butyl-r(-[(S)-2-(methoxymethyl)-l-pyrrolidinyl]-5- 

methyl-2(5H)-fumnone (6u) (200 mg; 0.75 mmol) wss stirred with 10 % hydrochloric acid (10 mL) in THFJ (25 mL) st 30 Oc for48 

h. The reaction mixture w&s extracted with ethyl scetate and the extruct was wushed with brine, dried (MgSO4). fdtaed, nnd 

concentrated iu WXIW. purification of the residue on silica gel (AcOEt : hexane = 2 : 1) guve 7 (113 mg. 89 %) us colorless 

crystals, mp 58-59 ‘C (AcOEt-hexsne); [a]B 2o +17.3O (1.04. CHCl3); lH NMB (300 MHZ. CDCl3) 8 0.89 (t, .I = 7.3 Hx, 3 H), 

1.24 - 1.58 (m. 4 H). 1.50 (d. J = 6.6 Hx. 3 H), 2.21 (t, J = 7.3 Hz. 2 H), 4.84 (q. J = 6.6 Hx.1 H). 10.5 (br, HI); IB (CHCH) 

3600 - 2200.1735.1660,1080 cm-l; MS m/x 170 @I+, 6). 128 (42). 115 (100). 114 (48). 98 (68), 69 (42). 55 (77); HBMS cukd 

for C9H1403 (M+) 170.0942. found 170.0951. 

(3R,4S,5S)-3-Butyl-4-hydroxy-S-methyltetrahydro-2-furanone [(-)-3-epf-Bfnstmydttofuctol] (8) (S)-3- 

Butyl-4-hydroxy-5-methyl-2(5~-fumnone (7) (100 mg; 0.59 mm09 was hydroswated on5%Bh-Al203(246mg,Bh123mg. 
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20 mol’lb) in AcOEt <5 mL) undw hydrogen pmssme (5.5 Kg/cm2) usiog an autoclave for 24 h. Ihe m&ion mixtme was like& 

duoughceliteandconcenhxtedinwacuo. ~~duewaspurif~onsilicagcl~(~Et:~tl:l)togivc8(95mg. 

94 %) as c&rless crysmls. mp IO1 - 102 Oc (AcOEt-hexane); [aIDs -84.W (0.66. MaoH) rritsa mp 99.5-100 Oc; [a@’ -96’ 
(O.U.McOH)I;tHNMR(300MHz.CDCU)10.93(b~J~7.2iiz.3H).1.44(d.I~6.6IIz.3H). 1.30- lsO(m.4H).1.58 

- 1.72 (m. 1 H). 1.82 (br d. J = 5.0 Hz, 1 El. OH). 1.80 - 1.90 (m. 1 H). 2.58 (dt, J = 9.9,5.0 Hx, 1 H). 4.32 (dt, J = 5.0.3.3 Hx, 

1 H), 4.45 (dq. J = 6.6.3.3 Hx, 1 H); 15C IWR (CDCl3) 13.63. 13.82.22.51.22.51.22.93,29.66,47.54. 71.03. 79.23, 178.25; 

IR (CHC13) 3400 (br). 1770. 1190 cnrl: MS m/z 173 (M++l, 0.8), 172 (AP.12). 116 (100). 100 (52). 99 (54). 85 (41). 82 (46). 

57 (78): Anal. Calcd for C9H1603 : C. 62.76; H. 9.36. Found : C. 62.36; li, 9.00. 

(3R,4S,SS)-3-Butyl-4-irovaleryloxy-S-metbyltetro~ydrofuren-2-o~e [J-egi-Btaetmychome] (2) To a 

solution of (W.4S,5S)-3-butyl4hydroxy-5-methyketmhydro-2-fumnooe (8) (20 mg; 0.118 mmol) and 4dimethyv 

@MAP) (3 mg; 0.024 mmol) in pyridine (1 mL) was added isovalayl chloride (43 pL: 0.35 mmol) and dte mixture was stirred for 

17h. Aftacondensationoftherrectionmixaue,purif~~oftheresidueonsilicagel~(~~:hexme=1:2)gave3- 

epi-blastmycinone (2) (14 mg; 50 %) as colorless crystals, mp 4546 Oc (AcOEt-hexane); [a# -79.2’ (024, ClfC@ @ir,5a 

[aID’* -89’ (0.90. CHCb)l; lH NMR (300 MHZ. CDC13) 6 0.90 (t, J = 6.9 Hz, 3 H). 0.98 (d, J = 6.6 Hx, 6 H). 1.28 (d, J = 6.5 

Hz, 3 H), 1.26 - 1.41 (m, 5 H), 1.77 - 1.89 (m. 1 H). 2.10 - 2.25 (m, 1 H). 2.27 (d, J = 6.6 Hz. 2 H). 2.71 (dt, J = 9.9.5.1 HZ. 1 

H). 4.57 (dq, J = 6.5.3.3 Hz. 1 H), 5.62 (dd, J = 5.3.3.4 Hz. 1 H): IR (CHc13) 1775, 1740.1515. 1420, cm-l; MS (FAR) 257 

(M++l. 87). 183 (83). 93 (90). 57 (100). 

(S)-~Botyl-5-metbyl-2(SH)-~raoone (9) (T&hod A) To a solution of (s)-3-butyl4-[(S)-2-(msthoxymethyl)-l- 

pyrrolidinyll-5-nWhyl-2(5KMumxme (Cr) (50 mg, 0.187 mmol) in MeOH (3 mL) was added sodimn cyaoborohydnide (118 mg. 

lO~.)~2~hy~rid(l&op)todjustpH3.8bysindkamr@mmouesolgteen),dtenaincdfor5dat45OC. During 

thcnactiondme,sodiumcyanobaohydridc(118mg.lOeq.)wss’~ninetimesmdpH3.8~tepby~droprvi&2N 

hydrochloric acid. The rerrction mixtutz was neutralized with sodium hydrogen calbolW.dKaextractedwithahylrcetate. The 

extract was washed with 10 % hydmchkic acid with brine, dried (Nazso4). filmed and coIIccI*Ned i/lWcUe. Furikadonofdmc 

residueonsilicagel~,hexrrne:~ylrcaate=2:l)togive9(17mg,60%)Isrcdorlessoil. Thewashedackliiwate~ 

wasakdixedwithsodiumhydmgencabnnte,andnwrtmctedwithethyiacaate. l’hercsidueohainedbomthenmewo&upms 

oubjactedOthesamepaedmetogiveaochganpof9(7mg,24%). Thecombinedyieldwss84%. 

(Method B) To a sohuim of (1R,4~5s)-3-butyl-4-hy~y-5-methyl~y~2-~ (s) (20 mll; 0.11 mmol) in THF (2 mL) 

wae added trimethylphosphim (lhi solutim in TWF, 151 pL. 0.15 mmol). and diethyl mylate (24 pL, 0.15 mmd) Y 0 

OCmdstinedforlh. lsovslaic~d(15~L.O.14mmol)wasrddedtotherrrtianm~~~stirradfor4hrtOOCrndfor2d 

at4OoC. AAcrMlovalofthcsolven~thcrcsiduewarpurificd~silicagelpTu:(hexme:etha=2: l)IDgive9(14mg,78%). 

(Method C) A mixture of (W,4S.5S)-3-butyl4hydroxy-5-methyltetxahydro-2-furanone @I) (734 mg: 4.31 mmol), p-tol~erre- 

sulfonyl chloride (2.47 g, 12.94 mmol; 3 eq.). and DEAF’ (105 mg. 0.862 mm&, 0.2 eq.) in pyrid& (16 mL) was SW for 12 h 

atroomtemperatmeandfor3dat4O”C. AAercondasationofthcnacrionmixluninwcuo.Ihcresidue~clnnetographtdm 

silica gel column (hexme : AcOEt = 5 : 1) to give 9 (655 tog. 98%) BS a colorless oil. 9 : [a]D22 +79.2O (1.18, ma); tH 

Nh+fR (300 hfHx, CDW 6 0.93 (t, J = 7.3 a, 3 H). 1.41 (d, J = 6.8 Hz. 3 H). 1.31- 1.43 (m. 2 H), 1.49 - 1.59 (m, 2 H). 2.27 

(a, J = 7.7.1.7 I& 2 H). 4.99 (9~. J = 6.8.1.7 I& 1 H). 6.99 (q. J = 1.7 Hz, 1 Ii); IR (CHC13) 1750,132O. 1120.1090.1030, 

860 cm-‘: I+B n& 154 (M+, 43), 112 (100). 111 (63). 67 (40). 55 (56). 43 (36): HRMS cakd for OH1402 (I@) 154.0922, 

found 154.0975. 

(3S,~,5S)-3-Botyl-3,4~poxy-5-mctbylte~abydro~mran-2-~e (10) To a solutioo of Q-3-butyl-5-methyl- 

2(5H>m (9) (40 mg; 0.26 mmol) in pyridim (2.6 mL) was added sodium hypochlorite (5% chlor& 1.5 mu) at 0 DC rmd 

stirredfor1hthenforadditional1hatroomtempemmre.. Tothcteactionmixtmewas&ledlNsodiumhy~~(2 

mL) . The resulting mixture was extracted wilh diihloromedmne. The organic laya WBS dried (hfgSO4). filw and vtw+d 

in wzcuo to give the shuting material (16 mg, 40 %). The aqueous layer was acidSed with 10 % hydrochloric scid then ~-ted 

with ethyl acetate. The extract w-as dried (MggO4). filtered, and concentrated in YOCUO. lk tesidue we clmwMtogrrphed m &a 

gel (AcOEt : hmm = 1: 5) to give 10 (17 mg, cunwsion yield 64 %) as a colorless oil. Ihe disptammtr ntio [(3&4&5g) to 

(3Rv4R.5S)l wm 16 : 1 by lH NMR analysis. 1~N~(3OO~.CDC13)60.93@r~J=6.8Hz,3H),1.39(6,J=68~3 

H). 1.30 - 1.50 (m, 4 H). 1.80 - 1.90 (m. 1 IQ 2.06 - 2.16 (m. 1 H). 3.80 (s. lH, major isoma) D.90 (d, J = 1.5 &, miwr 

ison=M.4.6O(q.J=6.8Hz. lH.majorisoma) [4.56(dq,J= 1.5,6.8Hx,mh1ori~on~)]:l~(c~c13) 1780~1160,11~, 1060 
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cm-t; MS m/z 171 (M++l. 0.5). 170 @I+, LO), 85 (53). 69 (100), 57 (85). 41(41); HBMS cakd for cgH1403 170.0942. foand 

170.8951. 

(3R,4R,5S)-3-Butyl-4-bydroxy-S-metbyltetrabydro-2-furano~e [(-)-BIastmyci8olactol] (11) To a 
s&ho of (3&4&5~-3-buty1-3,4-egoxy-5-methylteuahydu&ran-2-ooe (10) (123 mg; 0.72 nuuol) in THF (2.5 a&,) wem a&d 

.mqtuaUiaBy HMPA (628 mL). N,WdbuedtyWtiaoethsuol(290 mL: 2.89 mmol) and SmI2 (OJ M; 29 a& 2.89 ma@ ti room 

tempuatuteundsrniuogeaatm~adthemixturewasstirredfer25min. Themactioamixturewsspauredintoeth~,washed 

wbhsWnUedsodiuatbydrogencarbnWe.audwithwater. 7heethemalexmrctwssdried(MgS~),filmsuLsadconcentmtedin 

vacua. purification of the residue on silica gel column chroamtogmphy (AeOBt : hexme 0 1: 3) gave U(56 mg. 69 %) ss 

colorless crystak mp 49.5-51.0 Oc (ether-petroleum ether), [LitSs mp 49.5-50.5 Oc (aha : pc4mkwm etk}]; [c&P -19.80 

(1250. MeOH) lLii5u IaID’* -18°(1.09. MdXi)]; lIf NMB (300 MHZ, CDCb)60.93 (t-J= 72 Hs, 3 IX), 1.46(&l=6.4 Hs, 

3 H), 1.30 - 1.70 (m. 5 H). 1.80 - 1.95 (m. 1 H). 2.10 (a s. 1 H, OH), 2.55 (d&i, I = 8.6.7.5.5.8 Hz. Hi). 42.0 (quit&t, I = 6.4 

Hs. lH); IR (CHCb) 3400 Ox). 1700.1180,1060 cm-+ MS m/s 173 (M++l. 3). 172 (M+. 0.5). 116 (65). 100 (46). 99 (51). 84 

(50). 71(34). 57 (108); MS (FAB) 185 (M++Na). 173 (M++l). 

(3R,4R,SS)-3-Butyl-4-isovalcry~xy-S-mcthyltctrabydro-2-fnraaone I(+)-Btastaycluuae] (1) To a 

solution of (~.~5~-3-butyl~-hydroxy-5-mcthyl~y~2-~ (11) (50 mg; 0.29 mmol) in pyrhhne (2.5 mL) was added 

isovaletyl cbhuide (106 pL; 0.87 mmd) and the mixture wav stined for 40 h nnder nitrogen auno@ere. & coIIcQltl(lliMI of the 

reaction mixture in vacua the residue wes purifti on silica gel column chtomatogmphy (AcOEt : bexam = 1 : 6) to give (+)- 
blastmycinooe (1) (68 mg; 80 96) 88 a c&rless oil, La]ds +11.2 (0.85, CHCh), U.5. [a]D17 +I0 (120, CHCW]; ‘IS NMR 
@lOMHx. CDCb) 6 0.91 (t-1 = 7.1 Hz, 3 IQ. 0.97 (d, J = 6.5 Hz, 6 H), 1.25 - 1.47 (m. 4 H). 1.47 (d, / = 6-6 M. 3 H). 1.66 - 

1.70(m,lH),l.8O-l.95(m.1H).2.11(nonet,J=6.5Hx,lH), 223(61-7.0~.2H).269(~~~8.3,58IIz.lH).4.37 

(dq, I = 6.6.4.7 Hx, l H). 4.95 (dd, I - 5.6,4.7 Hz. 1 H); 13C NMB (75 MHs, CDCkj) 13.71. 19.39.22.27.22.32.25.66, 

28.88.2&W. 43.67,4638,78.36.79.35, 172.38. 175.86 ; IR (CHCh) 1755. 1735 cm-t; MS m/k 257 (M++l. 3.5). 200 (10). 

155 (9). 99 (76). 85 (100). 57 (46); MS (FAB) 257 (M++l), 155.85,57. 

3-Aeetoxy-1-tetradeceas (12) To a solution of vinyhnagnesium bunuii (0.69 M in THF, 85 I& 58.4 mmol) in 

THP(60mL)w~ddedasdutionofQdccylPldehyde(lOmL,53.lmmd)inTHF(50mL)~OOCowr3h. rutabsing 

dim~y~(649mg.5.3lmmal)atOoCandthemixtunwustirndPtroom~lar18b Coa&nukof 

thenactionmix~inwcvoud~ilicageicolumnchmmatognphy(~:hexane=1:25)rffordad12~.86g,73%),wllich 

was puriBed by the Kl@ebohr distillation for an analytical sample, a colorleas oil: bp 120-130 “c / 0.2 mmHg (betb temp.) fH 

NMB (38OMHs. CDCb) 8 0.88 (lx t, I = 6.7 Hz. 3 H). 1.20 - 1.37 (m, 18 H). 1.52 - 1.70 (m. 2 H), 21)6 (s, 3 H), 5.13 - 5.26 

(m, 3 H). 5.77 (ddd. I = 17.4.10.5,6.4 Hz. 1 I-i); IB (CHCb) 1730.1225 cm-l; MS m/s 255 @+I. Ofi)). 254 (M+, 0.15). 183 

(37). 99 (68), 97 (33). 83 (35). 43 (loo); HEMS Cakd for CleH3002 (M++l) 254.2243, found 254.m; Anaf Cakd for 

C16H3002 : C, 75.53; H, 11.89. Found: C. 75.55; H, 11.87 . 
4-Hydroxy-3-[(E)-2-tetradeceayl]-2(SI’I)-furaaone (13) The mixed solution of t&oak acid (5.31 g; 53 mmol), 

3-acetoxy-1-t (12) (2.69 g; 10.6 mmol). 1,8diambiiyc10[5.4.0]undec-7-eue (DBU) (7.94 mL, 53 mtaol).Pd(acf@2 (188 

mg; 0.53 mmol), and PPh3 (556 mg, 2.12 mmol) in THF (100 mL) was refluxed for 2 d u&r Ditmgsll rrmoaphen. AtIer 
condensation of the mauion mixture, the residue wss acidified with 10 96 hydrochloric acid and mtmated with NaCl , thea c&acted 
with ethyl acetate. The organic laya was washed with brine, dried (MgSO4). fdtae& and uXWmtediamcao. PmiRcaIiatdthe 

resulting residue on silica gel cw y(AcOEt:hexane=2: 1)grrve13(1.84g,59%)~~cyqplr.mp9~97oC 

(AcOBt-hexane); lH NMB (270 MHz+. CDCb) 8 0.88 (ht f J * 6.9 Hz. 3 H). 120 - 1.40 (m, 18 H). 2.07 (IN q.l = 6.8 Hz, 2 H), 

2.97 (hr d, J = 6.8 Hs, 2 f-0.4.58 (br 8.2 H). 5.59 (lx dt. J = 15.4.6.8, 1 H). 5.80 (lx dt. J = 15.4, 5.8 Hx. 1 H); LB (CHCb) 

1750, 1680.1100. 1050 cm-l; MS m/s 294 (M+.lO), 194 (44). lOl(lO0); HBMS cahd for C18H3oO3 (M+) 294.2193. found 
294.uos. 

(R)-4-[2-(Metboxymethyl)-l-pyrrolidinyl]-3-tetradecyl-2(SW)-~r~one (14) A mixture of 4-bydroxyJ- 

[(E)-2-teuadeceny11-2(5~-furanone (13) (925 mg, 3.14 mmol) and 5 % W-C (1.34 g) in nmhanol(100 a&) was s&red uadu 

hydmgeoatmosphere(latm)for24h. Thcreactianmixam:wasfilMedonhyflosupaceUgldconceDhatcdinwcuo. ParWadm 

of the resulting residue on silks gel column chromatogmphy (CIiCb : MeOH = 7 : 1) afforded 4-hydroxy-3-totradscyl-zo- 

fnrsnone (930 mg, 100 %) as colorless crystals, mp 94-97 ‘C (CHck+MeOH); ‘H NMB (300 MHZ. CDCb) 6 0.88 (br t, J = 6.8 
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(CHC13) 3600-2300 (br), 1740. 1670. 1410. 1050 cm-l; MS m/x 2% (M+. 3), 235 (14),137 (26). 114 (100). 101 (66); HKMS 

cakd for C18H3203 (M+) 296.2349, found 296.2323. A mixture of 4-hydroxy-3-tetradecyl-2(5R)-fmmrcme (508 mg. 1.68 mmol). 

(R)-2-m&oxymethylpytmlidine (0.38 mmol. 3.04 mmol, 1.8 cq.). and p-toluencsulfonic acid monohydmte (3.2 mg. 0.17 mmol, 

0.01 eq.) in toluene (40 mL) was mfhued for 2 d under nitmgen atmo@em using a L&n&ark ccodmmr. The maction mixture 

waoevaporatedunderreducedpessun,thtnthtresiduewasc~alographad~aluminagel(AcOEt:bnane=1:3)to~ve14 

(497 mg. 75 96) as a yellow oil. [a]Dz2 +19.8” (0.43, CHCI3); lH NMB (300 MHz, CDCl3) 8 0.88 (M f I = 6.8 Ha. 3 H). 1.20 - 

1.38 (m. 22 H). 1.38 - 1.50 (m. 2 H), 1.90 - 2.06 (m, 4 H). 2.24 (t of ABd, J = 15.2.7.6 Hz. 1 H), 2.34 (1 of ABd, J = 15.2.8.2 

Ha, 1 H). 3.22 - 3.46 (m. 3 H). 3.34 (s, 3 l-l). 3.54 - 3.62 (m. 1 H). 3.85 - 3.93 (m. 1 H). 4.55 (ABd. J = 14.7 Ha. 1 H), 4.72 

(ABd, J = 14.7 l-Ix.1 H); IB (m) 1730.1620.1615. 1460, 1430.1350.1120 cm-l; MS &x 393 (M+. 6). 348 (loo). 210 (14). 

166 (1%). 70 (6); HBMS cakd for c24H43No3 (M+) 393.3241. found 393.3263. 

(R)-4-[(R)-2-(Mctboxymcthyl)-l-pyrrolidiayl]-5-methyi-3-tetradecyl-2(S~~~ranone (15) To a 

solution of (R)-4-[2-(meUmxymethy1)-1-pyrmlidiny&3-tety~-2(5R)-fumnone (14) (352 mg: 0.894 mmol) and HMPA (1.56 

mL, 8.94 mmol) in THF (18 mL) was added n-B&i (1.62 M hexanc solution: 1.38 mL, 2.24 mmol) at -78 T md stirmd for 1 It. 

The reaulting mixture was chilled to -98 T (MeOH - liquid nitrogen), and methyl iodide (557 pL; 8.94 mmol) was ad&d to the 

reaction mixture. After one hour, a saturated ammonium chloride solution was added, then the m&ion mixture was allowed to 

warm to the mom temperatmu and extracted with ether. The ethaeal extract was washed with water, dried (MgSC4). fdtemd, and 

cot~~~tmted in vucuu. The dktemoma ratio (90 : 10) was dctennined by the integration of the C-5 methine protons (8 4.87 and 

4.79) on lH NMB (300 MHx) of the crude pmduct. Puritication of the msulting residue on alumina gel wy (AcQEt : 
kxanc=l:l)geve15(288mg,79%)asayellowoil. Thediasterrana*purityofthisgroductwasastWakdtobc1oO%by 

HPLC analysis. [a]D28 45.6’ (0.67, CHW); lH NMB (300 MHx. CDCl3) 8 0.88 (br f I = 6.8 Hz. 3 l-l). 1.20 - 1.40 (m. 24 

H). 1.42 (d, J = 6.5 Ha. 3 H). 1.85 - 2.06 (m. 4 H). 2.08 - 2.20 (m. 1 H). 2.34 - 2.44 (m. 1 H). 3.20 - 3.40 (m. 3 H). 3.33 (s. 3 

H), 3.52 - 3.62 (m. 1 H), 3.98 - 4.06 (m. 1 l-7). 4.87 (q. J = 6.5 Hz, 1 H); lB (CHCIJ) 1725,162O. 1615.1455.1425.1125.1110 

cm-l; MS m/z 497 (M+. 8). 364 (26), 363 (lOO), 224 (11). 180 (IO); HKMS cakd for CulUNCh 407.3397 found 407.3409 . 
(3S,4R,SR)-4-Hydroxy-3-tetrsdecyl-5-methyltetrahydro-2-one (16) A mixture of (R)-4-I(R)-2- 

(methoxymethyl)_l-pyrrolidinyl]-5-me~yl-3-~~~yl-2(5H (15) (234 mg. 0.574 mmol). 10 96 hydmchloric acid (7.4 

mL),andTHF(1.5mL)wasstirredat40°Cfor5d. Thcreactionmix(mewasdilutadwithethylmzrDe(200mI)adw~with 

brinctopH4oftheaqueouslaya,dried(MgS04),filtcred,andconcauratcdinwcuo. Pmik&moftkresuhing~onsilica 

gel column chromatography (CH& : MeOH = 9 : 1) gave (R)-4-hydroxy-5-metbyl-3-tetrakyl-2(5R)-fmanone (151 mg. 85 %) as 

colorleas crystals, mp 70-73 Oc (CHCb-MeOH); [aID= -4.100 (0.98, CM&): tH NMR (300 MHx, CDCb) S 0.88 (br I, I = 6.8 

Hx, 3 H). 1.15 - 1.40 (m. 22 H), 1.49 (d.J = 6.8 Hz. 3 H). 1.40 - 1.55 (m. 2 H), 2.18 (brt, I = 7.6 Hz, 2 H), 4.81 (q.J= 6.8 Ha, 

1 H); lB (CHCW 3600 - 2400 (br), 1735.1600. 1470. 1450, 1400, 1070 cm-l; MS n& 310 (M+. 18). 194 (la), 151 (20). 138 

(38). 128 (87). 115 (100). 110 (30), 98 (36). 84 (23). 57 (18); HKMS calcd for C19H3403 (M+) 3lO.2507. found 310.2513. 

(R)-4-Hydroxy-5-methyl-3-tetradecyl-2(5R)-furanune (24 mg: 0.077 mmol) was hydrogenated on 5 9b Bh-Al208 (80 mg) (10 mL) 

in AcOBt (10 mL) mules hydrogen pressme (I5 Kg/cm2) using an autoclave at 45 “C for 4 d. The reaction mixtme was filttnd on 

cehte and cons.enIrated in vi~cuo. The residue was purified on silica gel (FTLC) (AcOEt : hexane I 1 : 2) to giwz 16 (20 mg. 83 %) 

as colorless crystals, mp 86-88 g: (AcOEt-hexane); [aIDs +37.2” (0.80. CHCb); tH NMB (300 MHz. CDCb) 6 0.89 (br t, / = 

7.2 Hz. 3 H). 1.20 - 1.40 (m. 24 H). 1.44 (d. I = 6.5 Hx, 3 H). 1.68 - 1.72 (m. 1 H), 1.76 - 1.90 (m, 1 H). 2.58 (dt, J = 10.1,4.7 

lb l H), 4.32 (dd, I = 4.7.3.0 Hz. 1 H). 4.45 (dq. J = 6.5.3.0 Hz, 1 H): IR (CHCb) 3400 (br), 1770. 1180. 1120 cm-l; MS m/z 

312 @I+, 1.2). 129 (53). 116 (IOO), 99 (22). 57 (21); HRMS cakd far C19H3603 (M+) 3122263. found 312.2265. 

~3R,4R,SR~-4-Acetoxy-S-metbyI-~telrad~ylt~trahydro-2-furanoae (3) A mixture of (3S,4R.SR)-4-hydroxy- 

3-te&adecyl-5-methyhe.trahy~2-one (16) (52 m& 0.166 mmd) an8 DBU (300 pL; 2.13 mmol; 12.8 cq.) in beauxme (20 mL) wm 

refluxed for 20 h. The reaction mix&m? ~8s poured into 1% hydmchloric acid and unacted with ethyl acetate. lbe crganic layer 

was washed with saturated stxIittttt hydrogen - with brine. dried (MgSt&), filtered and concentrated in uacao. The msidus 

was dissolved in pykline (2.6 ml) and acetic anhydride (324 pl, 3.35 mmol). and DMAR (9.7 mg: 0.08 mmol) wem added aml the 

mixture was stied for 3 h. The reaction mixture was pouted into ice-water, extracted with ethyl a&ate. The cxtnct was dried 

(MgSC4), fikmd, and concmmated in vactw. Pmifiitioa of the te.sulting residue on pmpamtive TLC (A&Et : Imane I 1: 4) 

gave 3 (23.8 mg. 41%. Bf = 0.48) accompanied by un@wkd (3s,sRJR>49cco~xy-smahyl-3-~l~~~~ 

(17.7 mg, 30 %. Bf = 0.40). j: colorless crystals; [aID” +36.00 (0.20. CH2CI2) wt.3 [a]~+36.1° (1.9, CH2Cl2)]; tH NMR 
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(~MfIz.~)SO.88(br~J=6~Hz,3H),1.20- 1.3o(m,22H),1.34(d.J=6.5IJz.3H), 1.40-153(m.2H).1.53- 

1.82 (m. 2 H). 2.12 (s. 3 H). 2.60 (m. 1 H), 4.76 (dq, J = 6.5.4.8 Hz. 1 H). 5.17 (dd. I = 4.8,2.8 Hz, 1 H); l5C NMR (75 MHz. 

CDCl3) 20.71, 22.69. 27.00, 28.51. 29.26, 29.29, 29.35. 29.51. 29.59, 29.63, 29.66, 31.91, 47.09. 75.51. 76.70. 170.12. 

176.62 
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