
Teerrahedron Vol 43.No.2l.pp.4849 to4860.1987 
Printed I” Great Britain. 

00404020/87 53.00+.00 
G 1987 Pergamon Journals Ltd. 

CEMBRANOLIDE TOTAL SYNTHESIS. ANISOMELIC ACID’ 

James A. Marshall and Bradley S. DeHoff 

Department of Chemistry, University of South Carolina 
Columbia, South Carolina 29208 

(Received in UK 30 January 1987) 

Abstract. The stereoselective total synthesis of f f )-anisomelic acid (34) has 
been achieved starting from aldehyde 7, the ozonolysis 
Two key steps ensured the stereoselectivity of the 

roduct of geranyl acetate. 
synt g esis. The first entailed a 

hly anti-selective addition of the allyltitanium derived from carbamate 15 to 
de 5 affording the enol carbamate all lit alcohol 16. The second was a highly 

Horner-Emmons cyclization o F the derived phos 
25 leading to the conjugated ester 27. Further conversion ed to the crystalline P 

hono ester aldehyde 

la&one 30 whose structure was confirmed through single crystal X-ray anal sis. 
E uilibration of the conjugated double bond of 30 gave rise to a 1:l mixture o r the 
(3 and (El isomers. This result was foretold by molecular mechanics calculations. 

Anisomelic acid (I), lobohedleolide (II) and (7E)-lobohedleolide (III) constitute a close-knit triad of 

natural cembranolides. Though structurally similar they derive from strikingly different natural 

sources. Anisomelic acid is found in the South Indian medicinal plant Anisomeles malabauia R.Br.1. 

whereas the lobohedleolides are constituents of the soft coral Lobophytum hedlqi Whitelegge, which 

inhabits a region of Okinawa.2 Lobohedleolide inhibits growth of Hella cells in vitro at 5 pg/mL.2 No 

specific biological activity has been reported for the other members of the triad. 

anisomelic acid (I) lobohedleolide (II) (7E)-lobohedlcolide (111) 

The presence of a conjugated acid moiety at the 7,8-position of the foregoingcembranolides suggested a 

synthetic strategy involving an intramolecular Horner-Emmons reaction, IV + V, as the key 

macrocyclization step. At the inception of our work two groups had reported cyclizations of a-phosphono 

esters leading to conjugated la&ones, but no carbocycles had been prepared.3 Stork’s application to 

macrocyclic la&one synthesis was particularly interesting as it showed that large rings were accessible by 

the Homer-Emmons methodology.sU 

IV V 

*Dedicated to Professor Hans Wynberg on the occasion of his 65th birthday. 
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We selected anisomelic acid (I) as the initial test of the foregoing approach. The requisite trans lactone 

stereochemistry was envisioned as arising from addition of a metallated ally1 carbamate, such as VII. to 

an appropriate conjugated aldehyde VI. Hoppe has shown that such additions proceed with high regio and 

stereoselectivity. 

VI 
+ 

m’2 VIII Cb = CONR”, 

VII M=Ti(Ln), 

Furthermore, the enol carbamate addition products can be converted to gamma la&& and lactones.5 

In some preliminary studies on intermolecular Horner-Emmons condensations we found that long 

chain a-substituents seriously undermine the stereoselectivity of the (Z) process.6 Still’s modification 

employing P,fl,P_trifluoroethyl phosphonates (e.g. IV, R=CF$H2)7a gave the highest (Z):(E) ratios. 

Accordingly, phosphono ester 24 was targeted as the most promising cyclization precursor. 

The aldehyde component 5 for our intended assemblage of lactol 24 was prepared from methyl 

tetrolate (1) via CuI promoted 1,4-addition of the Grignard reagent of 3-chloropropanol8 followed by 

alcohol protection as the TBS ether.KlO Reduction of the ester 3 and SwernI 1 or ,MnO2 oxidation of the 

derived alcohol 4 gave aldehyde 5. 

1) CIMg(CH,),OMgCI, 

-cl, 

1) DIBAH” 
CuI, Me,S 

\ 
CO,Me 

CH,CE CCQMe 2) DMSO, (COCI),, 

1 2) TBSCI, DMAP, E1,N” OR Et3N; or ,MnO, 

ch/ 

2 R=H 

\R 
3 R = TBS 

TBSO 

4 R = CH,OH 
5 R = CHO 

Alternatively, aldehyde 5 was prepared by selective ozonolysis of geranyl acetate (6)12 and reduction of 

the derived aldehyde 7 followed by alcohol protection, acetate cleavage and Swern oxidation.1 1 as before. 

1) 0,; Me,S ) R&oAc I) KKO,V MeOH t j 

2) NaBH, 
3) TBSCI, DMAP” 

7 R=CHO 2) DMSO, (COCUz, 

8 R = CH,OH Et,N 

9 R = CH,OTBS 

The ozonolysis product 7 of geranyl acetate (6) also served as a convenient source of the allylic carbamate 

coupling partner 15. Addition of methyl a-(triphenylphosphoryliden)acet.ate and methanolysis of the 

resulting diester 10 afforded hydroxy ester 11 which was oxidized1 1 to the aldehyde 12. Attempted Wittig 

methylenation of this aldehyde with methylenetriphenylphosphorane failed. Presumably the strongly 

basic ylide causes decomposition of the sensitive conjugated ester. The two step Peterson sequence13 

proved satisfactory, however, and trienoate 13 could thus be prepared in 82% yield. Reduction then led to 

alcohol 14 which readily formed carbamate 15. 
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1) Ph,P = CHCO,Me 

(86%) 
2) MeOH, K,CO, 

(100%) 
10 R=Ac 
11 R=H 

1) DMSO, (COCI),, Et,N 1) DIBAH (86%) 

(7396) 
2) TMSCH,MgCI 

3) CH,COCI (82%) 

c RTC02Me2) ztXCON(i-Prr 

12 R=O 
13 R = CH, 

14 R=H 
15 R = C(O)N(i-PI-), 

Lithiation of carbamate 15 with n-BuLi in ether-TMEIDAlo at -78°C followed by transmetallation with 

triisopropoxychlorotitanium and subsequent addition of aldehyde 5 gave, after warming to lO”C, the 

hydroxy enol carbamate 16 in yields ranging from 60-80% with diastereomeric ratios of 9O:lO to 95:5. 

15 

16 Cb = C(O)N(i-Pr), 

The use of titanium tetraisopropoxide in the transmetallation step resulted in a nearly quantitative yield 

of addition product but with diminished (80:20) stereoselectivity. Hoppe has observed a similar loss of 

stereoselectivity with this titanium reagent.5 The geometry of the enol carbamate was assigned as (2) 

from the observed 6 Hz coupling of the vinylic protons and by analogy to Hoppe’s work. The anti carbinyl 

diastereoisomer is expected to predominate from mechanistic considerations.5 

Cleavage of the enol carbamate grouping of 16 proved troublesome. Hoppe has shown that 

methanolysis of non-allylic y-hydroxy enol carbamates to lactol methyl ethers is readily effected with 

methanolic methanesulfonic acid in the presence of Pd(II) chloride or HgUI) acetate.14 Attempts to apply 

this methodology to enol carbamate 16 led to extensive decomposition. No doubt the sensitive allylic 

alcohol moiety is largely responsible. Although Hoppe found that his enol carbamates were unaffected by 

lithium aluminum hydride at 65”C, we observed total cleavage of carbamate 16 with one molar equivalent 

of this reagent in THF at reflux for 1 h. La&l 17 was thereby obtained in 84% yield along with 10% of the 

corresponding diol. Lactol 17 yielded the ether I8 as an epimeric mixture upon treatment with trimethyl 

orthoformate and PPl’S.10 

17 R=H 
16 18 R = CH, 
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Selective hydroboration of the triene la&l ether 18 afforded alcohol 19 after oxidation. Conversion to 

the iodide 2015 followed by treatment with methyl sodio a-[bis-(l3,fl,P_trifluoroethoxy)phosphinyl]acetate 

in DMSOto gave the desired phosphonate 21 in 55% yield. 

1) (Siam)*BH, THF’O 

- r4 

\ O 
Y 

OMe 

2) H,O,. NaOH (82%) 
UTBS __.-* 

3) Ph,P, I,, Im (90%) 
4) (CF,CH,O),P(0)CH,COIMe, z 

I 
18 

NaH (55%) I 

19 Z= OH 
20 Z=I 
21 Z = CHPO(OCH,CF,), 

I 
CO,Me 

Attempted cleavage of the silyl ether 21 with Bu4NF caused decomposition and led to no useful 

product. However, acidic cleavage with PFTSto in methanol proceeded satisfactorily. The resulting 

alcohol was directly oxidized to aldehyde 24 in 50% overall yield. 

21 R = CH,CF,, R’ = Me 

22 R = R’= Me 
23 R = i-Pr, R’ = Et 

24 R = CH,CF,. R’ = Me 

25 R = R’ = Me 
26 R = i-Pr, R’ = Et 

In our initial effort at macrocyclization we added the phosphono ester aldehyde 24 over 12 h to K2CO3 

in toluene-18-crown-6 at room temperature (Table IJ.7b The cyclization product 27 was thereby obtained 

in 30% yield as a single (2) stereoisomer according to JH NMR analysis. Attempted cyclixation at -78°C in 

THF-18-crown-6 with KHMDSto as the base led to recovered starting material whereas KO-t-Bu at room 

temperature in the same solvent caused decomposition of the aldehyde. 

We also had occasion to examine the methyl phosphonate aldehyde 25. This material was prepared 

analogously to the trifluoroethyl analog, but the Ss2 displacement on iodide 20 gave phosphonak 22 in 

significantly higher yield (85% vs. 55%). A variety of conditions for the cyclization of 25 were employed. 

These are summarized in Table I. In all cases, the (ZJ selectivity was higher than 1O:l. Interestingly, 

even the isopropyl phosphonate 26 afforded the (ZJ cyclization product 28 with greater than 1O:l 

stereoselectivity. In contrast, the analogous intermolecular Horner-Emmons condensations of isopropyl 

phosphonates with aldehydes are highly (El selective. 16,s Thus the double bond stereochemistry in the 

case at hand is largely a consequence of the macrocyclic environment rather than the phosphonate substi- 

tuent. 

In several of the cyclization trials a more polar product was isolated with spectral properties of a 

macrocyclic dimer. Although we did not pursue the matter in detail, this by-product was effectively 

suppressed by longer addition times. The most efficient cyclization (71% yield) of methyl phosphonate 25 

was achieved with DBUto as the base in acetonitrile-LiCl, conditions devised by Yasamune and Roush for 

intermolecular Horner-Emmons condensations.17 The derived 95:5 mixture of(Z) and (El products was 

readily separated via flash column chromatography. 18 Hydrolysis of the (Z) isomer 27 followed by PCCto 

oxidationta of the lactol product 29 yielded the crystalline la&one ester 30 whose structure was confirmed 

by single crystal X-ray analysis.20 
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27 R = Me 
28 R=Et 

29 R = Me, R’ = H, OH 
30 R = Me, R’ = 0 
31 R = Et, R’ = 0 

Table I. Horner-Emmons Macrocyclixations 

p&y-- 
Z __.-- I \ 

C4R 

- t-i 

_._-.’ 

\ 

2 

24 (CF$Hx0)2P(O) 

24 (CF$H20)2P(O) 

24 (CF3CH20)$‘(0) 

25 (Me0)2P(O) 

25 (Me0)2P(O) 

25 (MeO)xP(O) 

26 (Me012PfO) 

25 (MeO)xP(O) 

26 (i-PrO);zP(O) 

26 (i-PrOI2PfO) 

R base10 

Me KxCO3 

Me KHMDS 

Me K-OtBu 

Me K&O3 

Me NaH 

Me NaH 

Me DBU 

Me DBU 

Et DBU 

Et NaH 

21 R = Me 
28 R = Et 

solvent10 additive temp. cont. M 

toluene 18-crown-6 RTtO 0.02 

THF 18-crown-6 -78” 0.01 

THF 18-crown-6 RT 0.01 

toluene 18-crown-6 80” 0.01 

DME l&crown-6 RT 0.01 

DME none RT 0.01 

CH3CN LiCl RT 0.003 

CH3CN LiCl RT 0.004 

CH3CN LiCl RT 0.003 

DME none RT 0.007 

yield 

30%o 

S.M. 

decomp 

35% 
(278)h 

53% 

52% 

42%c 
(278)b 

71% 

2O%d 

50% 

a The reaction mixture was not examined for dimeric product. 
b Dimeric product. 
c The conditions described by Tius in the synthesis of f-)-asperdiol were followed.24 
d The reaction was extremely slow. After 40 h starting material was present in addition to a by-product 

of comparable polarity according to TLC analysis. 

With a view to introducing the a-methylene grouping, we treated la&one 30 with excess LDAtu at 

-78°C followed by gaseous formaldehyde at -20°C. The resulting a-hydroxymethylated la&me product 

was a mixture consisting of (E) and (Z) conjugated esters, fl,y-unsaturated esters, and bis-hydroxy- 

methylated materials. Evidently y-deprotonation of the conjugated ester had occurred. Therefore the 

experiment was repeated but with one equivalent of LDAlo to promote kinetic deprotonation. The crude 

hydroxymethyl lactone 32 was dehydrated with 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho- 

p-toluenesulfonatexl in acetonitrile giving the desired a-methylene lactone 33 in 58% yield along with 

16% of recovered la&one 30.22 

0 
1) LDA, -7S“C 
2) CH,O, -2ooc 

CuCla TsO A1 
30 Me’ Lo 32 R = Ii, CH,OH 

33 R=CH, 
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Saponification of la&one ester 33 with excess KOH in ethanol followed by acidification of the diacid 

salt afforded synthetic ( f J-anisomelic acid (34). This material was identical to an authentic sample 

according to high field *H NMR, mass spectral and TLC comparison. 

33 34 

The contrast in stereoselectivity between the foregoing cyclixations leading to the (2) conjugated 

esters 27 or 28 and the recent results of others who observed mixtures of(E) and (Z) or mainly (E) products 

in Horner-Emmons cyclixations leading to 4-carboxy Aa-cembranoids is striking.‘%24 Furthermore, the 

high (ZJ preference of the diisopropyl phosphonate 28 sharply contrasts with the strong (El direction 

shown by such phosphonates in intermolecular condensations.JU These differences suggest that 

conformational preferences of the macrocyclic ring control the formation and possibly influence the 

elimination of alkoxy phosphonate intermediates in the cyclization reactions. 

0 

24 1 

-(RO),PO, 

2’1 or 26 

-(RO),pOI 

OMe 

35 
If the transition state for these eliminations is product-like we might expect the more stable isomer to 

predominate, provided the addition step is reversible.25 This situation would be most likely to prevail in 

the diisopropyl phosphonate case where the steric bulk of the isopropyls slows the rate of elimination.le.25 

Hence it was of interest to determine the relative stabilities of the (E) and (Z) conjugated esters 36 and 30. 

Additionally we felt that isomerization of the (Z) conjugated ester might be of value for the production of 

compounds such as (7E)-lobohedleolide (III).2 

Treatment of the (Z) ester lactone 30 with NaS-i-Pr in DMFlo at 120°C for 16 h afforded a 5545 

mixture of (E) and (Z) isomers 30 and 30 after acidification and esteritication with diazomethane to 

recover material cleaved by the thiolate.26 The ethyl ester 31 gave identical results except ester cleavage 

was incomplete. The same (E):(Z) mixture was obtained when the pure (E) isomers 36 or 37 were 

similarly treated. The predominance of the (Z) unsaturated ester 27 in the Horner-Emmons cyclization of 

26 thus appears to be determined at the addition stage of the reaction. 
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Prior to the above described equilibration experiments we carried out computer assisted molecular 

modeling of the (2) and (E) methyl ester la&ones 30 and 36 using the multiconformer submode of Clark 

Still’s Macromodel program.27 These calculations showed the (E) isomer 36 to be 0.5 kcal lower in energy 

than the (2) isomer 30. in reasonable agreement with experiment. Computer generated structures are 

displayed for these la&ones in Fig. 1. The remarkably close match between the computer and X-ray 

structures for the (2) isomer 30 lends confidence to the validity of the computational approach. 

Energy = 19.3 KCal Energy = 20.6 KCal 

P 
E isomer 

Energy = I .a.76 KCal 

Figure 1. X-ray structure for la&one 30 and computer generated structures for la&ones 30 and 36. 
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Experimental 

The annaratus and methods described bv G. W. Kramer. M. M. Midland. and A. B. Levv28 were used to 
maintain an argon or nitrogen atmosphere in the reaction flask. Anhydrous solvents were obtained by 
distillation from sodium benzophenone ketyl (diethyl ether, tetrahydrofuran), calcium hydride 
(dichloromethane). or sodium (benzene). Infrared sbsorotion maxima are reoorted in wavenumbers (cm- 
1). Proton magnetic resonance samples were prepared a’s dilute solutions in heuteriochloroform (CDCl3). 
Chemical shifts (5) are reported downfield from tetramethylsilane (MelSi), in parts per million (ppm) of 
the ap lied field. Peak multiplicities are abbreviated: 

P 
singlet, s; doublet, d; triplet, t; quartet, q; 

pentup et, p; envelope, e; multiplet. m. Coupling constants(J) are reported in hertz (Hz). Glass capillary 
gas chromatogra 
performed by At antic Laboratories, Atlanta, GA. Analytical thin-layer chromatography (TLC) was f hy was performed on a Superox 4 25M column. Combustion microanalyses were 

routinely used to monitor reactions. Plates precoated with E. Merck silica gel 60 F254 of 0.25 mm 
thickness, su 
was employe B 

plied by Brinkmann Instruments, were used. E. Merck silica gel 60 (230-400 ASTM mesh) 
for column chromatography according to the procedure of Still.18 

Methyl (E,E)-B-Methyl-8-acetoxy-2,6-octadienoate (IO). A solution of 14.2 g (83.4 mmol) of 
aldehyde 712 in 6 mL of CH2Cl2 was added dropwise over 1.5 h to a solution of 30.7 g (91.8 mmol) of 
methyl a-(triphenylphosphoranyliden)acetate in 120 mL of CH2Cl2 at -20°C. The solution was stirred 
overnight at -20°C. Removal of solvent left a solid which was triturated twice with hexanes. The solid 
was removed by filtration and the filtrate was concentrated to an oil. Purification b silica gel 
chromatography (15% ethyl acetate-hexanes) afforded 16.23 g (86%) of a pale yellow oil: IR ( elm) v 2940, ty 
1725, 1660. 1445, 1280, 1240, 1215, 1165, 1035 cm-l; 1H NMR (300 MHz, CDC13) 6 1.66 (s, vinyl CH3), 
2.00 (s, CH3CO2), 2.11-2.16 (m, allylic CH2), 2.26-2.34 (m. all lit CH2), 3.67 (s, COzMe), 4.53 (d. 5~7, 
CHzOAc), 5.31 (t, J=8. vinyl H), 5.78 (dt, J=15.7, 1.6, vinyl t; ), 6.89 (dt. J=15.7, 6.9, vinyl H). Anal. 
Calcd for C12Hls04: C, 63.70; H, 8.02. Found: C, 63.77; H, 8.02. 

Methyl (EE)-6-Methyl-7-formyl-2.6-octadienoate (12). A slurry of 14.5 g (64.3 mmol) of acetate 
10 and a catalytic amount of K2CO3 in 40 mL of methanol at -20°C was stirred overnight. The mixture 
was diluted with water and extracted three times with ether. The ether layers were dried over anhydrous 
MgS04 and concentrated to 11.8 g (64.3 mmol) of crude product. The product was dissolved in 10 mL of 
CH2Cl2 and added to a solution of 6.7 mL (77.2 mmol) of oxalyl chloride and 11.0 mL (154.3 mmol) of 
DMSO in 150 mL of CH2Cl2 at -78°C. The resulting slurry was stirred 30 min at -78°C then 44.8 mL 
(321.5 mmol) of EtsN was added. The thick mixture was warmed to 0°C and quenched with water. The 
organic layer was washed twice with water. The combined aqueous layers were extracted with CH2Cl2 
and the organic layers were dried over MgS04. Removal of solvent left an oil which was purified by silica 
gel chromatography (20% ethyl acetate-hexanes) affording 8.5 g (73%) of aldehyde 12 as a yellow oil: IR 
(film) v 2970,2940,2830,1720,1665,1440,1280,1200,1165 cm-l; 1H NMR (300 MHz, CDC13) 6 2.14 (d, 
J= 1.3, vinyl CH3), 2.31-2.40 (m, allylic CHz’s), 3.68 (s, COzMe), 5.79-5.82 (m, vinyl H’s), 6.87 (dt, J= 15.7, 
6.6, vinyl H), 9.94 (d, J=7.8, aldehyde H); MS(70eV) M’ 182, M+ 1 183, base peak 55; Anal. Calcd for 
CloHl403: C, 65.92; H, 7.74. Found: C, 65.82; H, 7.74. 

Methyl (E,E)-6-Methyl-2.6.8~nonatrienoate (13). To a solution of 8.3 g (45.5 mmol) of aldehyde 12 
in 50 mL of THF at -10°C was added 37 mL of 1.3 M trimethylsilylmethylmagnesium chloride in THF 
dropwise over 10 min. The resultin solution was stirred 30 min at -10°C then 3.6 mL (50.0 mmol) of 
acet 

x 
1 chloride was added. The so ution was stirred 5 min at -10°C then quenched with saturated k 

Na CO3. The aqueous layer was extracted with ether and the combined organic layers were dried over 
anhydrous MgS04. Removal of solvent left an oil which was urified by silica gel chromatography (10% 
ether-hexanes) yielding 6.97 g (82%) of diene 13 as a oil: IR (film) v 3060.2940, 1720, 1655, 
1440, 1320, 1275, 1210, 1160; 1H NMR (300 MHz, C (d, J= 1.6, vinyl CH3). 2.12-2.18. 2.25- 
2.33 (m, allylic CHz’s), 3.65 (s, COzMe), 4.93 (d, J = 10.8, vinyl H), 5.05 (d, J = 17, vinyl H), 5.78 (dt, 
J= 15.6, 1.6, vinyl H), 5.79 (d, J= 10.8, vinyl H), 6.49 (ddd, J= 17, 10.8, 10.8, vinyl H), 6.89 (dt, J= 15.6, 
6.7, vinyl H). Anal. Calcd for C)lH)&: C, 73.30; H, 8.95. Found: C, 73.26; H, 8.95. 

(E,E)-6-Methyl-2.6.8~nonatrien-l-01 (14). To a solution of 4.25 g (21.9 mmol) of ester 13 in 25 mL 
ofCHzCl2 at -78°C was added 45 mL of 1 M DIBAH in hexanes. The resulting solution was stirred 10 min 
at -78°C then 

vinyl CH3)_, 2.08-2.23 (m, allylic CH2.s). 4.06 (m, CH2-OH), 4.98 (dd, J= 10.2, C9 H), 5.09 (dd. J= 16.9.2, 
terminal vinyl H), 5.63-5.67 (m. vinyl H), 5.84 (d, J= 10.9, vinyl H). 6.55 (dt, J= 16.9, 10, vinyl H). MS 
(70eV) M’152, M-H20 134, base peak 81. 

N,N-Diisopro yl (E,E)-6-Methyl-2,6,8-nonatrienyl Carbamate (15). To a slurry of 528 mg (22 
mmol) of sodium hy x. rrde in 15 mL of DME at room temperature was added 2.86 g (18.8 mmol) of alcohol 
14 in 6 mL of DME. The resulting mixture was stirred 10 min then cooled to 0°C and 3.3 g (20.0 IIUIIO~) of 
N,N-diisopro 

P . 
ylcarbamoyl chloride was added. The mixture was stirred overnight at room temperature 

then careful y diluted with water. The solution was extracted three times with ether, dried over 
anhydrous MgS0.t and concentrated to an oil. The oil was purified by silica gel chromatography (5% ethyl 
acetate-hexanes) affording 4.94 g (94%) of carbamate 15 as an oil: IR (film) v 3070, 2960, 2920, 1690, 
1445, 1370, 1320, 1290: 1225, 1165, 1140. 1055 cm-l; 1H NMR (300 MHz, CDC13) S 1.18 (d, Jz6.8, 
HCMe2); 1.74 (d, J= 1, vinyl CH3), 2.12-2.18 (m, allylic CHz’s), 4.50 (d, J=6, CHzOCb), 4.96 (dd. J=10,2, 
C9 H), 5.07 (dd, J=17,2. C9 H), 5.5-5.76 (m. C2 H, C3 H), 5.84 (d, J=10.8, C7 H), 6.54 (ddd. 5~17, 10.8, 
10.2, C8 H). Anal. Calcd for Cl7H2g02: C, 73.07; H, 10.46. Found: C, 73.15; H, 10.51. 
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anti-(1Z.5E)-l-(N,N-Diisopropylcarbamoyloxy~-6-methyl-~~r~-butyldimeth Isilyloxy-3-[(E)- 
3-methyl-3,5-hexadienyll_1.5-nonadien-4-ol (16). To a solution of 2.56 

$ n-BuLi inrhexanes dropwise 
(9.2 mmo ) of carbamate I5 

and 1.7 mL of TMEDA in 30 mL of ether at -78°C was added 4.7 mL of 2.3 
over 5 min. The resulting dark solution was stirred 1 h at -78°C during which time the solution became a 
thick slurry. Addition of 2.6 mL (11.0 mm011 of ClTitO-L-Prl3 gave a dark solution to which was added 2.3 
g (9.5 nunol) of aldehyde 5 in 5 mL of ether. The solution was stirred 2 h at -78°C then allowed to warm to 
-10°C over -1-1.5 h. The mixture was poured into ice cold 10% aqueous HCI covered with ether. The 
aqueous layer was rapidly extracted twice with ether. The ether layers were quickly washed with 
saturated aqueous NaHC03 and dried over MgSOa. Removal of solvent left an oil which was purified by 
silica gel chromatography (12% ethyl acetate-hexanes) yielding 2.9 g (61%) of 16 as an oil: IR (film) v 
34GO,2915,2840,1690,1440, 1375, 1305. 1105 cm-l; 1H NMR (300 MHz, CDCl3) 5 0.03 (s. CH3Sil; 0.88 (s, 
tert-butyl), 1.23 (br s, CH(C&)s), 1.59-1.72 (m, CH2’s). 1.68 (s, vinyl CH31, 1.71 (s, vinyl CH31, 1.89-2.17 
(m, allylic CH2’s), 2.58-2.62 (m, allylic CH), 3.59 (t. J=6.5, CH20TBS). 4.20 (br t, J=7, carbinyl H), 4.55 
(dd, J= 10.3, Jcis=6, C2 H), 4.95 (d. J= 10, vinyl H), 5.05 (d, J= 16.8, vinyl Hl. 5.19 (d, J=9,C5 HI, 5.81 (d, 
J= 10.9, vinyl H), 6.53 (dt, J = 16.8, 10, vinyl Hl, 7.25 (d, J=6, Cl H); 1X NMR (20 MHZ, CDCl3) 5 152.7. 
139.6,139.1, 137.9, 133.3, 125.5, 114.5, 110.8, 70.6.62.7,46.1.42.7,37.4,35.9,31.0,29.1.25.9,20.9, 18.2, 
16.9, 16.6, -5.3. Anal. Calcd for C30H55NO&i: C, 69.05; H. 10.62. Found: C. 69.10; H, 10.66. 

rel-(2R,4S,5S) and rel-(2R,4R,5R)-4-I(E)-3-Methyl-3,5-hexadienyll-5-[(E)-2-methyi-5-~er~-butyl- 
dimethylsilyloxy-l- 

G? 
ntenyll-I-oxacyclopentan-2-01 (1’7). To a slurry of 253 mg (6.6 mm011 of LiAlH4 

in5mLofTHFatO was added 2.9 g (5.55 mmol) of enol carbamate 16 in 4 mL of THF dropwise. The 
resulting mixture was heated at reflux for 0.5 h and cooled to room temperature. Ethyl acetate (0.5 mL1 
was added and the mixture was stirred for 0.5 h. The slurry was cooled to -10°C and 260 pL of H20.260 
pL of 15% a ueous NaOH and 780 pL of Hz0 were added sequentially. The reaction mixture was diluted 
with ether, 8 ried over anhydrous MgS04 and concentrated to an oil. The oil was purified by silica gel 
chromatography (20% ethyl acetate-hexanesl providin 

w 
1.87 g (85%) of lactol 17 as a clear oil: IR (film) v 

3380,2925,2850, 1740, 1450, 1260, 1110 cm-l; 1H NM (300 MHz, CDCl315 0.02 (s, CH$W, 0.87 (s, lerl- 
butyl), 1.31-1.76 (m, CH$s). 1.68, 1.71 (br s, vinyl CHs), 1.97-2.15 (m, allylic CH$sl, 3.01, 3.14 (m. OH 
epimers), 3.57, 3.58 ft. J=6.5, CHnOTBS), 4.28, 4.48 (t, J=9, CH-OH epimersl, 4.97 (d, J=IO. terminal 
vmyl), 5.01 (d, J= 18, terminal vinyl), 5.06,5.23 (d, J=9, C5 Hl, 5.41-5.44,5.50-5.53 fm, carbinyl Hl. 5.80 
(d, J= 11, vinyl H), 6.53 (dt, J= 18, 10, vinyl H). Anal. Calcd for QsH4203Si: C, 70.00; H, 10.73. Found: 
C, 70.08; H, 10.78. 

rel-(2R,4S,5S) and rel-(2R,4R,5R)-4-[(E)-3-Methyl-B-hydroxy-3-hexenyl1-5-I(E)-2-methyI-5-tert- 
butyldimethylsilyloxy-l-pentenyl~-2-methoxy-l-oxacyclopentane (19). A solution of 1.24 

E 
(3.14 

rnmol) of la&l 17,1.7 mL of trimethyl orthoformate and a catalytic amount of PPTSlO in 5 mL of HzClz 
at room temperature was stirred for 5 min then diluted with ether. The mixture was washed twice with 
50% saturated sodium chloride solution. The a 

9 
ueous layers were extracted with ether and the combined 

ether layers were dried over MgS04. Remova of solvent left 1.28 g of lactol methyl ether which was 
unstable to silica gel chromate 

g 
aphy and was therefore used crude: IR (film) v 2920, 2840, 1445. 1255, 

1105. 1030, 835 cm-l; 1H NM (300 MHz, CDCl3) 5 0.03 Is, CH3Sil. 0.87 (s, tert-butyll, 1.31-1.75 (m, 
CH$s), 1.68,1.71 (br s, vinyl CH3), 3.31,3.35 (s, epimeric OCH3): 3.58 (t, J =6.5, CH20TBS). 4:32 (t, J=9, 
CH-OCH3),4.90-5.19 (m, carbinyl H, vinyl H’s), 5.80 (d, J = 11, vinyl H), 6.53 (dt, J = 17,10.5, vinyl Hl. 

To a solution of 6 mL of 1 M BH3.THF at -10°C was added 1.4 mL (13 mm011 of 2-methyl-2-butene. 
The resulting solution was stirred at -10°C for 2 h then 1.28 g (3.14 mm011 ofcrude lactol methyl ether in 3 
mL of THF was added. The clear solution was stirred 30 min at 0°C then excess disiamylborane was 
carefully quenched with 5 drops of Hz0 followed by 2 mL of 3 M aqueous NaOH and 2 mL of30% a ueous 
H2.02. The solution was warmed to room temperature and stirred for 30 min. The mixture was diluted 
with Hz0 extracted 3 times with ether and the ether extracts were dried over MgS04. Removal of solvent 
left an oil. Purification by silica gel chromatography (30% ethyl acetate-hexanesl gave I.1 g (82%) of 
alcohol 19 as a clear oil: IR (film) v 3400,2925, 2850, 1445, 1390,1265,1110 cm-l; 1H NMR (300 MHZ, 
CDC13) 5 0.02 (s, CH$W, 0.86 (s, tert-butyll, 1.23 tt, J = 7, OH), 1.30-1.71 (m. CHz’sl, I.58 (br s, vinyl CH31, 
1.68, 1.71 (d, J= 1.3, vinyl CH3), 1.92-2.13 (m. allylic CHs’s.1, 2.20-2.42 (m, allylic CH2? methine), 3.30, 
3.35 (s, epimeric OCH31, 3.58 (t, J=6.5, CH20H. CH20TBSl,4.30,4.31 (t, J=9, epimerrc CH). 4.89-4.99 
(m, carbinyl H), 5.09-5.16 (m, vinyl CH’sl. Anal. Calcd for C24H4604Si: C. 67.55; H, 10.87. Found: C, 
67.63; H, 10.87. 

rel-(2R,4S,5S) and rel-(2R,4R,5R)-4-[(E)-3-Methyl-6-iodo-3-hexenylI-5-[(E)-2-methyl-5-lert- 
butyldimethylsilyloxy-l-pentenyl~-2-methoxy-1-oxacyclopentane (20). To a solution of 1.44 (3.37 
mmol) of alcohol 19, 1.24 g (4.72 nunol) of triphenylphosphine and 344 m 

B 
Ei (5.05 mrnol) of imidazc e in 6 

mL of THF and 2 mL of CH3CN at -10°C was added 1.37 g (5.39 mm011 of 2. The resulting dark solution 
was stirred 30 min at -10°C then quenched with saturated aqueous Na2S203. Ether was added and the 
organic layer was washed with saturated a ueous Na&Os. The aqueous layer was extracted twice with 
ether and the combined ether layers were 2. ried over anhydrous MgS04. Removal of solvent left a white 
solid. The white solid was dissolved in a minimum amount of CH2Cl2 and rapidly flashed through a 20- 
cm plug of silica gel (10% ether-hexanesl which furnished 1.63 g (90%) of iodide 20: IR (film) v 2915.2840. 
1440, 1380, 1250, 1100, 1025, 830 cm-l; 1H NMR (300 MHz, CDC13) 5 0.01. 0.02 (s, CHsSil, 0.86, 0.87 (s. 
tert-butyl), 1.23-1.76 (m, CH2’s). 1.55 (br s, vinyl CH3), 1.67, 1.71 (br s, vinyl CH31, 1.87-2.14 (m, allylic 
CH2’s.l. 2.34-2.58 (m, methine, allylic CH2), 3.07.3.08 (t, J=7, CH21). 3.30.3.34 (s, OCH31,3.57 (t. 5~6.5. 
CH20TBS). 4.31 (t, J=9, HC-OCH3), 4.89-5.18 (m, carbmyl H. vinyl H’s). 

rel-(2R,4S,5S) and rel-(2R.4R,5R)-4-[(E)-3-methyI-7-(dimethoxyphosphinyl)-7-carbomethoxy- 
3-octenyl~-5-[(E)-2-methyl-5-tert-butyldimethylsilyloxy-l-penten I]-2-methoxy-I-oxacyclopentane 
(22). To a slurry of 108 mg (4.5 mmol) of sodium hydride in 5 rnL o iv DMSOlo at room temperature was 
added 0.73 mL (4.5 mmol) of methyl a-(dimethoxyphosphinyl)acetate dropwise. The resultin solution 
was stirred at room temperature for 30 min then 1.32 g (2.46 nunol’ of iodide 20 in 2 mL of D t SO was 
added. The resulting solution was stirred overnight then uenched with water. The mixture was 

1 extracted twice with ether and once each with CHsC12 and et yl acetate. The combined extracts were 
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dried over anhydrous MgS04 and concentrated to an oil at reduced pressure. The oil was purifed by silica 
gel chromatography (80% ethyl acetate-hexanes) yielding 1.25 g (85%) of phosphonate 22: IR (film) v 
2940,2915,2845, 1735. 1450. 1265. 1110, 1035 cm-l: 1H NMR (300 MHz, CDC13) 8 -0.02 ICH ,Si 1.0.83 (s, 
tert-butyl), 1.20-1.71 (m, CH2’sl. 1.47 (s, vinyl CH31, 1.64, 1.68 (s, vinyl CH3), 1.75-2.09 (m. ;~llvlir CH2’s). 
2.88-2.98 (m. HC-C02Me). 3.26,3.31 (s. epimeric OCH3). 3.54 (t, J=6.5, CH20TBS). 3.70 (s, C&Me), 3.71 
(d, J=4.5, P(O)OMe), 3.74 (d, J=4.5. P(OIOMe1. 4.27 (t, J=8.4, epimeric HCOCH31, 4.86-5.14 (m, 
carbinyl H. vinyl H’s). Anal. Calcd for C2gHss08PSi: C, 58.96; H, 9.38. Found: C. 58.82: H. 9.43. 

rel-(2R.4S.5.S) and reI-(2R,4R,5R)-4-l(E)-3-Methyl-7-(dimethoxyphosphinyI)-7-carbomethoxy- 
3-octenyl~-5-[(E)-4-formyl-2-methyl-l-butenylI-2-methoxy-l-oxac clopentane (251. A solution of 
1.24 g (2.09 mmol) of phosphonate 22 and a catalytic amount of PPTSI d* in 6 mL of methanol was heated at 
reflux for 5 min. The solution was diluted with ether and washed three times with 50% saturated aaueous 
sodium chloride solution. The aqueous layers were extracted with ether and eth 
combined organic layers were dried over anhydrous MgSO4. Removal of solvent le x 

1 acetate and the 

polar oil which was used without further purification. 
994 mg of highly 

The alcohol (994 mg, 2.09 mm011 in 3 mL of CHzCl:! was added to a 
nun011 of oxalvl chloride and 420 ul (5.86 mmol) of DMSO in 5 mL of 

remixed solution of 260 pl(2.93 
8 H&l? at -78°C. The resultinn 

slurry was stirred 30 min and 1.46 mL (10.45 mmol) of triethylamine was added: The thick white mixtur: 
was warmed to 0°C then water was added. The mixture was washed twice with water and the aqueous 
layers were back extracted with CH2C12. The organic layers were dried over anhydrous MgS04 and 
concentrated to an oil. Purification by silica gel chromatography (ethyl acetate) afforded 865 m (87%) of 
aldehyde 25: IR (film) v 2920,2840,1730,1450,1270,1035 cm-l; tH NMR (300 MHz, CDC13) ! 1.4-1.75 
(m, CH$s). 1.69, 1.72 (br s, vinyl CH3), 1.76-2.09 (m, allylic CHz’s), 2.28-2.37 (m, CHzCHCOzMe), 2.50- 
2.59 (m, CHzCHO), 2.89-3.01 (m, HCC02Me). 3.29,3.33 (s, epimeric OCH3),3.72 (s, COzMe), 3.73,3.77 (d, 
J=4. (O)P(OCH3)2), 4.28 (t, J=9, epimeric HCOMe), 4.88-5.00 (m, carbinyl H, vinyl H), 5.12,5.17 (br d, 
J =8, vinyl HI, 10.76 (t, J= 2. CHO). 

rei-(1R,14R)-(2E,6Z,10E)-3,1l-Dimethyl-7-carbomethyoxy-17-oxa-l6-oxobicyclo[12.3.0]hexa- 
deca-2,6,10-triene (30). 

Method A. A solution of 378 mg (0.79 mmol) of phosphonate 25 in 4.5 mL of DME was added 
dropwise over 2 h to a slurry of 70 mg (2.9 mmol) of sodium hydride and 925 m (3.5 mmol) of lb-crown-6 
in 50 mL of DMR at room temperature. The mixture was stirred 0.5 h after t a e 
Water was added followed by 10% aqueous HCI. The a 

addition was complete. 

and the ether layers were dried over anh drous Mg 
ueous layer was extracted three times with ether 

.; i 
04. Removal of solvent left an oil which was 

dissolved in 4 mL of CH2C12 and treated wit 681 mg (3.16 mm011 of PCC buffered with 66 mg (0.8 mmol) 
of sodium acetate. The mixture was stirred 3 h at room temperature then diluted with ether and filtered 
through a ad of silica gel covered with Celite. The black residue was thoroughly washed with ether. 
Removal o solvent left an oil which was purified by column chromatography (18% ethyl acetate-hexanes) P 
providing 105 mg (40% overall for 3 steps) of la&one 30 as a white solid: m.p. 94-96°C; IR (CHC13) v 2980. 
2920,2840,1765,1710,1445.1385, 1195 cm-‘; *H NMR(300 MHz. CDC13) 8 1.44-1.92 (m, CH21, 1.55, 1.75 
(s, vinyl CH3),2.09-2.31,2.40-2.50.2.60-2.82 (m, allylic CH2.s. CH2CO). 3.74 (s, CO$Me), 4.81 (dd, J =9.3, 
7, Hl), 4.97 (m, HlO), 5.24 (d, J=9, H2), 5.72 (t, J=6.3. H6). Anal. Calcd. for C2aH2804: C, 72.26; H, 8.49. 
Found: C. 72.35; H, 8.53. 

Method B. A solution of 378 mg (0.8 mmol) of phosphonate 25 in 4 mL of acetonitrile was added 
dropwise over 12 h to a slurry of 339 mg (8.0 mm011 of lithium chloride and 600 pl (4.0 mmol) of 1,8- 
diazobicyclo[5.4.0]undec-7-ene in 80 mL of acetonitrile at room temperature. The solution was filtered 
through a pad of silica gel with the aid of ether. Removal of solvent left an oil which was purified by 
chromatography on silica gel affording 198 mg (71%) of lactol meth 1 ether 27: IR (film) v 2975, 2910, 
2840.1715,1450,1390,1210,1110.1040, cm- ‘; ‘H NMR (300 MHz. E DC131 6 1.52 (s, vinyl CH3), 1.4-1.7, 
1.78-1.9,2.01-2.2.2.24-2.7 (m, CH2C0, allylic CHz’s, CHI, 3.33,3.34 (s, epimeric OCH3), 3.72 (s, COzMe), 
4.31-4.41 (m, acetal HI, 4.93-5.1 (m, carbinyl and vinyl H), 5.17.5.22 (d, J =9, vinyl H), 5.76-5.84 (m, vinyl 
H). 

A solution of 390 mg (1.12 mmol) of lactol 27 and a catalytic amount of PPTS in 5 mL of 1:l THF- 
water was heated at reflux for 1.5 h. The mixture was diluted with ether and washed twice with 50% 
saturated aqueous sodium chloride. The aqueous layers were extracted twice with ether and the ether 
extracts were dried over anhydrous MgS04. Removal of solvent left an oil which was dissolved in 3 mL of 
CH2Cl2 and exposed to 431 m 

2 
(2.0 mmol) of PCC buffered with 41 m (0.4 mmol) of sodium acetate for 2.5 

h. The mixture was subjecte to the workup and purification descri t ed for method A providing 260 mg 
(70%) of la&one 30 and 67 mg (17%) of recovered lactol methyl ether 27. 

(*)-Methyl Anisomelate (33). To a solution of 183 mg (550 pmol) of lactone-ester 30 in 2 mL of 
THF at -78°C containing l,lO-phenanthroline as an internal indicator was added 1 M LDA in THF. After 
a color change was detected (-30 pl), an additional 550 pl of LDA was added. The resultin red solution 
was stirred at -78°C for 15 min then warmed to -20°C for 5 min and treated with gaseous ormaldehyde k 
generated in a stream of argon. The color faded to a pale yellow and the gas flow was halted. The solution 
was stirred for 5 min at -20°C then quenched with 10% HCl. The mixture was diluted with water and 
extracted twice with ether and once with ethyl acetate. The combined organic layers were dried over 
anh 

B 
drous .MgSO4. Removal of solvent left a cloud 

cru e hydroxymeth 

08 ly 

1 lactone, 582 mg (1.37 mmo ) of 1-cyclohexyl-3-(2-morpholinoethylkarbodiimide iv> 
viscous oil. A solution of 199 mg (550 pmol) of the 

metho- -toluenesul onate and a catalytic amount of copper (II) chloride in 3 mL of CH3CN was heated at 
55-58 for 4 h. The solution was diluted with water and the mixture was extracted three times with 
ether. The ether layers were dried over anhydrous MgSO4 and the solvent was removed leaving a dark 
oil. The oil was purified by silica gel chromatography (15% ethyl acetate-hexanes) affording 30 mg (16%) 
of recovered la&one 30 and 109 ma (58%) of 33 as a vellow oil which eventuallv solidified. m.o. 6568°C: 
IR (film) v 2900,2840, 1755.1705:1660, i420, 1385.~1275.1205 cm”; ‘H NMRi360 MHz. ‘CD&) 8 1.55. 
1.74 (s, vinyl CH3), 1.6-1.8 (m, CHz), 2.0-2.68 (m. allylic CH2’s). 2.75 (Sept., J=6 Hz, allylic CH), 3.71 (s, 
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COzMe), 4.84 (dd, J=9.6, 4.0, carbinyl H), 4.95 (m. vinyl HI, 5.13 (d, J=9.6, vinyl HI, 5.55 (d, J=2, a- 
CHz), 5.65 (t, J=6 Hz, vinyl H). 6.20 (d. J=2, a-CHz). Anal. Calcd for CztHzaO4: C, 73.23: H. 8.19. 
Found: C, 73.27; H, 8.23. 

(?I-Anisomelic Acid (341. A solution of 109 mg (316 pmol) of ester 33 and 180 mg of KOH in 3 mL 
of 1:l ethanol-water was refluxed for 3 h. The solution was cooled to 0°C. diluted with ether, acidified with 
10% HCI and stirred overnight at room temperature. The aqueous layer was extracted twice with CH&Iz 
and the organic layers were dried over IMgSOA. Removal of solvent left a yellow solid which was purified 
by silica gel chromatography (3% MeOHCH&12) providing 94 mg (90%) of a white solid, mp 173-176°C. 
MS (70 eV) M+ 330, base peak 53. YS I 15 eV) M + 330, M + 1331, base peak 312 (M-H20). IR tCHCl.3) v 
2900, 2840, 1750, 1680, 1440. 1275, 1130 cm-t. tH NMR (300 MHz, CDzC12) 6 1.60, 1.78 (vinyl CH,,s). 
2.10,2.25.2.35,2.70(m,allylicCH~s~,2.85~m.CH),4.88(dd,J=~.9.7,H2~,5.00(br,H11~,3.18(d.~J=9.7. 
H3), 5.59 (d, J=2.5, a-CHZ), 5.90 (t, J=6.5, H7), 6.17 (d, J=2.5, a-CHz). t3C NMR (CDCln) 172.96, 
170.39, 146.66, 140.96, 140.57, 132.40, 129.58, 125.20, 124.26, 121.51, 78.99, 42.96, 38.31. 36.03. 34.27, 
32.04, 26.01, 24.94, 16.48, 15.67. The spectral properties of this material were identical to those of an 
authentic sample provided by Dr. K. K. Purushothaman of the Captain Srinivasa Murti Research 
Institute. 

Equilibration of rel-(lR, 14R)-(2E, 62, 10E) and rel-(1R. 14Rl-(2E. 6E. IOE)-3,1I-r)imethyl-7- 
carbomethoxy-17-oxa-l6-oxobicyclo[12.3.0~hexadecatriene (30 and 36). A solution of 49.9 mg (150 
pmol) of la&one 30 and 405 pL of 0.4 M sodium isoprop 
20 h. The mixture was cooled to room temoerature an B 

lthiolate in 2 mL of DMF was heated at 100°C for 
diluted with ether and water. Acidification with 

10% HCl was followed by two extractions with ether. The ether layers were dried over anhydrous MgS0.t 
and the solvent was removed by rotary evaporation. The crude product was dissolved in ether and treated 
with excess diazomethane (generated from N-methylnitrosourea and 40% aqueous KOH). The solvent 
was removed and the crude product was purified by column chromatography (15% ethyl acetate-hexane) 
providing 20 mg of la&one 30 and 25 mg of the (E) isomer 36: tH NMR (300 MHz, CDC13) 5 1.44, 1.77 (s. 
vinyl CH3), 1.44-1.57 (m, CHz), 2.01-2.63 (m, allylic CHz’s, CHzCO). 2.81 (m, CH). 3.69 (s, COzMe), 4.74 
(br d, J=9, vinyl H),4.86 (dd, J=3.3,9.9,carbinyl H), 5.22 (d, J=9.9, vinyl H), 6.49 (dd, J=4.6, vinyl Hl. 

A solution of 25 mg (72 pmol) of the (El-unsaturated ester 36 in 1 mL of DMF and 180 pL of 0.4 M 
sodium iso 
above yiel L! 

ropylthiolate in DMF was heated at 100°C overnight. The products were isolated as described 
mg 26 mg of crude product which was ascertained to be a cu. 1:l mixture of la&ones 30 and 36 

by 300 MHz 1H NMR analysis. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

References and Notes 

Purushothaman, K.; Bhima Rao, R.; Kalyani, K. ZndianJ. Chem. 1975,13,1357. 

yIhiii9y.; Toyota, J.; Nozaki, H.; Nakayama, M.; Nishizona, Y.; Hase, T. Tetrahedron Lett. 1981, 
, . 

(a) Lehmann, H.; Wiechert, R. Angew. Chem. Id. Ed. Eng. 1968,7,300. 
(b) Stork, G.; Nakamura, E. J. Org. Chem. 1979,44,4010. 

Macrocyclization of a-phosphono ketones: Nicolaou, K. C.; Seitz, S.; Paiva, M. J. Am. Chem. Sot. 
1982,104,2030. 

Ho pe. D.; Bronneke, A. ‘Tetrahedron Lett. 1983.24, 1687. Hoppe, D.; Hanko, R.; Brdnneke, A.; 
Lic&.e b n erg, F. Angew. Chem. Int. Ed. Eng. 1981,20,1024. 

Marshall, J. A.; DeHoff, B.S.; Cleary, D. G. J. Org. Chem. 1986,51,1735. 

(a) Still, W. C.; Gennari, C. Tetrahedron Lett. 1983,24,4405. 
(b) Aristoff, P. A. J. Org Chem. 1981.46,1954. 

CL Cahiez, G.; Alexakis, A.; Normant, J. F. Tetrahedron Lett. 1978.3013. For experimental details 
of this sequence see Marshall, J. A.; DeHoff, B. S. J. Org. Chem. 1986.51,863. 

Corey, E. J.; Venkateswarlu, A. J. Am. Chem. Sot. 1972,94,6190. 

Abbreviations: DBU = 1,5-diazabicyclo[4.3.0]non-5-ene; DIBAH = diisobut laluminum hydride; 
DMAP = 4-(N,iV-dimethylamino)pyridine; DME = 1.,2-dimethoxyethane; D t F = N,N-dimethyl- 
formamide; DMSO = dimethyl sulfoxide; Im = imtdazole; KHMDS = potassium hexamethyl- 
disilazide = potassium brs-(trimethylsilyl)amide; LDA = hthium diisopropylamide; PCC = pyri- 
dinium chlorochromate; PPTS = pyridinium p-toluenesulfonate; RT = room tern rature; Siam = 
set-isoamyl = (Me)zCHCH(Me); TBS = t-butyldimethylsilyl; THF = tetrahydro uran; TMEDA = F 
tetramethylethylenediamine. 

Omura, K.; Swern, D. Tetrahedron 1978,34,1651. 

McMurray, J. E.; Erion, M. D. J. Am. Chem. Sot. 1985, 107, 2712. Corey, E. J.; Achiwa, K.; 
Katzenellenbogen, J. A. J. Am. Chem. Sot. 1969.91,4318. 

Chan, T. H.; Chang, E. J. Org. Chem. 1974,39,3264. 

Hoppe, D. Angew. Chem. Int. Ed. Eng. 1984.23.932. 



4860 J. A. MARSHALL and B. S. DEHOFF 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

Su, $ Tetrahedron Lett. {983,24,4883. 
Gare g, P. J.; Samuelsson B. J. Chem. Sot.. Chem. Commun. 19’79,978. Corey, E. J.; Pyne, S. G.; 

Nagaoka, H.; Kishi, Y. Tetrahedron 1981.37.3873, 

Blanchette. M. A.; Choy, W.; Davis. J. T.: Essenfeld, A.; Masamune, S.; Roush, W.; Sakai, T. Tetra- 
hedron Lett. 1984,25,2183. 

Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978.43.2923. 

Corey, E. J.; Suggs, J. W. Tetrahedron Lett. 19752647. 

We are indebted to Dr. Lukasz Lebioda of this department for this analysis. 

This reagent was purchased from Aldrich Chemical Co., Milwaukee, WI. 

Andrews, R. C.; Marshall, J. A.; DeHoff, B. S. Synthetcc Commun. 1986,16,1593. 

Tius, M. A.; Fauq, A. H. J. Am. Chem. Sot. 1986,208,1035. Kodama, .M.; Shiobara, Y.; Sumitomo, 
H.; Fukuzumi, K.; Minami, H.; Miyamoto, Y. Tetrahedron Lett. 1986.27.2157. 

Tius, M. A.; Fauq, A. H. J. Am. Chem. Sot. 1986,108,6389. 

Etemad-IMoghadam, G.; Seyden-Penne, J. Tetrahedron 1984,40,5153. 

Semmelhack, M. F.; Tomesch, J. C.; Czarny, M.; Boettger, S. J. Org. Chem. 1978,43,1259. 

We are indebted to Professor W. Clark Still and Dr. Wayne Guida for a copy of this program and 
helpful advice on its use. 

28. Brown, H. C. “Organic Syntheses via Boranes”; Wiley: New York, 1975; pp 191-202. 


