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Abatrad-Four new sigmatropic sequences triggered by the rcgiocontrolled [2,3]-Wittig rearrangement of 
unsymmetrical bis-allylic ethers (1) to the l,Sdien-3-01s (2) are described, which provide unique, 
regiocontrolled methods for the synthesis of a wide variety of unsaturated carbonyl compounds possessing 
interesting molecular frameworks. The newly developed sequences include the [2,3]-Wittig-Claisen, the 
tandem [2,3]-Wittig+oxy-Cope. the tandem oxy-Cope-Claisen, and the tandem oxyCope-Cope sequences. 

Recently a number of tandem [3,3]-[3,3]-sigmatropic 
sequences such as Claisen-Cope and CopcClaisen 
rearrangements have been developed and have found 
substantial utility in the methodology for organic 
synthesis.lm3 In contrast, however, only a few [2.3-J- 
sigmatropic rearrangements have been exploited in 
tandem or in series, particularly foreffecting C-C bond 
formations.‘*4 We have recently found that the [2,3]- 
Wittig sigmatropic rearrangement of unsymmetrical 
bis-allylic ethers (1) is exceedingly useful for regio- and 
stereoselective preparations of 1.5dien3-01s (2).s To 
expand its synthetic potential further, our efforts have 
been directed towards the development of sigmatropic 
sequences triggered by the particular [2,3]-Wittig 
variant. 

Herein we describe four new sigmatropic sequences 
based on the [2,3]-Wittig process which provide 
unique, facile methods for the synthesis of various 
classes of unsaturated carbonyl compounds possessing 
interesting molecular frameworks.6 The overall bond 

reorganizations are shown in Scheme 1. Particularly 
noteworthy is that the net effect of these sequences 
allows two or three allylic moieties initially linked by a 
readily formed ether bond(s) to be recombined by a 
newly created C-C bond(s) in a regiospecific fashion. 

RESULTS AND DISCUSSION 

Tandem [2,3]-Wittig-oxy-Cop sequence (Eq. 2) 
First, the accessibility of diastereomerically debned 

1.5dien-3-01s (2) by virtue of the [2,3]-Wittig 
rearrangement’ prompted us to investigate the 
unresolved stereochemistry of the acyclic oxy-Cope 
process.’ Thus we examined the rearrangement of 
erythre and three-rich mixtures of 2a and b (Scheme 2) 
by applying the current procedures including 
thermolysis in N-methylpyrrolidone (NMP)s and the 
anionic oxy-Cope9 and the siloxy-Cope modifi- 
cationslO (Table 1). 

Inspection of the data in Table 1 reveals stereo- 

Table 1. Oxy-Cope rearrangement of 2 

Entry 
Substrate’ 

(rhreo:eryr/tro) 
Conditionb 

(time, h) 
Product 

(% Yield.’ E: zd) 

1 2a(79:21) A (6) 4a (56,’ 71: 29) 
2 B (10) Q (79,67 : 33) 
3 C (60) 4a (63.95 : 5) 
4 3a(79:21) C (43) 4a(84,71:29) 
5 ‘2a (12:88) A (4) L (48.’ 72 : 28) 
6 B(l1) 4a (77.79 : 21) 
7 C (43) 4a(61,92:8) 
8 2b(80:20) C (72) 4iJ(42’95:5) 

’ Prepared via [2,3]-Wittig rearrangement of the corresponding bis-alJylic 
ether (Ref. 5). 

b(A) The potassium aJkoxide (prepared with KH) was heated in DME at 
85” ; (B) heated in NMP at 204”: (c1 heated in ndecane at 174”. 

’ 6Lk yield. 
d Determined by GLC. 
eDistiJled yield. 
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chemical features of the acyclic oxy-Cope process. ations.” Recently we have demonstrated the utility of 
Both the erythro- and rhreo-rich substrate afford this sequence in the context of the synthesisL3 of insect 
essentially the same degree (67-95%) of E-selectivity, pheromone (f )-exe-brevicomin and oxocrinol (iso- 
depending on the reaction procedures. Of synthetic lated from a Mediterranean algae”) and also of the 
value is the high stereoselection observed with the otherwise difficult preparations of functionalized 
thermolysis in decane. It thus appears that the olefinic vinylsilanes as exemplified by Eq. (5).ls 

(+I-exo-Breviccmin _- 

OH 

Oxocri no1 

SiMe, R’ SiMe, 

Rl&/O./& __L R~+CHO 
R’ (5) 

stereochemistry of the product is independent of the 
relative stereochemistry of the substrate, in sharp 
contrast to the high stereospecificity reported for the 
cyclic oxy-Cope processes.g 

From the synthetic viewpoint, the tandem [2.3]- 
Wittig-oxy-Cope sequence is of special interest since 
the net effect allows the allyloxy moiety to serve as a 
homoenolate equivalent,’ ’ thereby achieving the 
otherwise difficult SN2-type C-C bond formations. 
Therefore, this sequence provides a versatile synthetic 
route to &s-unsaturated carbonyl compounds which 
have found widespread use in synthetic transform- 

[2,3]- Wirtig-a1lylation-tandem oxy-Cope-Claisen se- 
quence (Eq. 3) 

Secondly, we studied thermolysis of the ahylic ethers 
5 which were readily obtainable viaetherification of the 
[2,3]-Wittig products (2). Thus 5 was heated at 200- 
250” to afford the dienal6 as the major product. The 
formation of 6 is best explained by the tandem oxy- 
Cope-C&ken sequence (Scheme 3). Table 2 shows the 
representative examples. In certain cases, the cyclic 
alcohol 7 was also formed which was independently 
shown to arise from 6 via an intramolecular ene 
reactionI Interestingly, the use of NMP as the 
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Table 2. Tandem oxy-Copr+Claisen rearrangement of 5 

Substrate’ Conditions’ Product 
Entry (three : erythro)b Temp.” ; time, h (‘A Y ield)d 

1 Sa(79:21) 250; 10 C (36); 7 (R = CH,, R’ = H) (20) 
2’ L(79:21) 250;5 6a (46); 7 (R = CH,. R’ = H) (12) 
3 St+ (80:20) 200;4 6b (45) 
4 SC’ (80 : 20) 200;4 6c (45) 

7 (R = H, R’ = (CHI)xCH=CH2) (13) 
5 !Jd 250; 10 6d (41) 

’ Prepared by etberitication of 2 with an ahylic halide. 
bThe diastereomeric ratio refers to that of 2. 
’ All reactions were run in a sealed tube. 
d Isolated yield. 
* Thermolysis was conducted in NMP. 
’ Prepared from (~2,7-octadienol as the starting material. We thank Professor J. 

Tsuji for providing the butadiene telomer ;cf. J.Tsuji, Pure Appl. Gem. 51.5070 (1979). 
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reaction medium depresses thesubsequent ene reaction 
(entry 2). 

The transformation offers the first example of the 
tandem sequence in which the oxy-Cope triggers the 
Claisen process. The stereochemical outcome of the 
squence, although not extensively studied, appears 
predictable from a combination of the known 
stereochemistry of each sigmatropic process involved. 
In fact, the newly created olefinic bond possesses 
exclusively the E-geometry (entries l-4). 

[2,3] - Witti@-allylationj2,3] - Witrig-tandem oxy - 
Cope-Cope sequence (Eq. 4) 

Thirdly, we examined thermolysis of the trienols 8 
which were readily prepared via the regiocontrolled 
[2,3]-Wittig process of the bis-allylic ethers 5. Thus 
trio1 & was heated in NMP at 202” to produce a 
geometric mixture (E/Z ratio of 2.0)” of geranylacetal- 
dehyde (1Oe) in 41% isolated yield. Significantly, an 
increased yield (86%) was obtained when the 
siloxytriene !k was heated neat at 250”. The formation 
of 1Oe is explained by the tandem (sil)oxy-Cope-Cope 
rearrangement (Scheme 4). A similar thermolysis of a 
diastereomeric mixture (72 : 28)t of Sf, derived from 
geraniol via the aforementioned sequence, afforded a 
geometric mixture of farnesylacetaldehyde (101) in 46% 
isolated yie1d.t The stereomixture was found to be a 
mixture of the four possible geometric isomers through 
GLCcomparisons with astereomixture(4E/42,2 : 1) of 
(8E)-lof independently prepared from (6E)neroridol 
via the Claisen rearrangement.§ 

The transformation includes the first example of the 
tandem sequence in which the oxy-Cope triggers the 
Cope process. Furthermore, the new sequence provides 
a novel, versatile method for the synthesis of 

t Thestereochemistry of the major diastcreomcr has not yet 
been determined. 

Sin this case, no increased yield was obtained with the 
attempted siloxy-Cope rearrangement. 

§A similar Claisen process of (6Z)neroridol gave another 
authentic mixture (4E/42,2: I) of 1Of. 

II It maybenoted that theClaisenprocessproceededcleanly 
without occurrence of the oxy-Cope process, indicating that 
the transition state for the Claisen shift is of lower energy than 
that for the oxy-Cope shift in these systems. 

functionalized 1,Sdiene derivatives which are com- 
monly found in many terpenoid natural products. In 
particular, farnesylacetaldehyde obtained above is a 
promising precursor of geranyl farnesylacetate (so- 
called Gefamate), a commercial antiulcer agent.” 

[2,3]- Wittig-Claisen sequence (Eq. 1) 
Finally, we explored the Claisen rearrangement” of 

the [2,3]-Wittig products (2). Thus, l,S-dien-3-01s (2) 
were subjected to the three modifications of the Claisen 
process to afford l+dienes with different function- 
alities (Scheme 5). First, we found that the enol ether 
Claisen process 2o of 2e alforded (E,E)-4,Fnonadienal 
(11~) in 66% distilled yield.11 Second, the orthoester 
Claisen modification2’ of2d gave exclusively the (E,E)- 
isomer of ethyl 4,7-tridecanoate (12d) in 86% yield. 
Third, the acetate of 2e was subjected to the enolate 
Claisen modilication2’ to give, after hydrolysis, the(E)- 
4,7-octadienoic acid (13e) in 79% yield. 

A notable feature in this approach to 1,4-dienes23 is 
that the geometry of the two olefinic bonds can be fully 
controlled by the high E-selectivity of the [2,3]-Wittig’ 
and Claisen processes.‘9 Furthermore, the remarkable 
flexibility inherent in this approach permits ready 
access to a wide variety of functionalized 1,4dienes 
which are frequently found in natural products and 
synthetic intermediates thereof. 

In order to illustrate the synthetic potential of the 
[2,3]-Wittig-Claisen sequence, our effort was directed 
towards the total synthesis ofcerulenin (14), which has 
been reported to exhibit both antibiotic and antifungal 
activities and to inhibit the biosynthesis of lipids and 
steroids.24 Recently (E,E)-4,7-nonadienal(1 lc) (or the 

15 
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dienol) has been shown to serve as the side-chain 
component which has, however, been prepared via 
tedious, lengthy sequences of reactions using less 
accessible acetylenic afcoho1s.250* With a satisfactory 
quantity of llc in hand, we set out to develop a new, 
more facile method for conversion of llc to the 
butenolide 15, which is the most widely used precursor 
of 14.” Scheme 6 depicts the newly developed 
sequence. 

Dienal llc was first converted to epoxide 16 in 88% 
yield via the standard ylide procedure, which was then 
converted to the a-phenylthiolactone 17 in 82% yield 
according to the synthetic procedure of Uda and co- 
workers.26 Oxidation of 17 followed by thermolysis of 
the resulting sulfoxide furnished the desired butenolide 
15 in 76% yield. Since IS has been elaborated to 14 in 
three simple steps,25a this synthesis of 15 constitutes a 
new formal synthesis of (-t)-14. Notably, the 
straightforward synthesis of 15, coupled with the easy 
availability of llc, makes the overall process an 
attractive method ofchoice for the relatively large-scale 
synthesis of ( + )-cerulenin. 

EXPERIMENTAL 

Bpsare uncorrected. IR spectra were recorded on a JASCO 
A-102 spectrometer. NMR spectra were taken on a Varian 
EM-390 spectrometer and are reported in ppm downfield 
from internal TMS. GC analyses were run on a Shimaxu GC- 
3BT cbromatograph using He as the carrier gas (1 kg cm _ ‘) 
and a 3 mm x 3 m column [200/, PEG 20M on Chromosorb W 

(60-80mesh) or 1% OV 1 on Shimalite W (60-80 mesh)] at the 
indicated temn. THF was dried bv distillation from LiAlH. 
immediately p-tior IO use. All reactionsexcept foretherification 
using the phase transfer technique were performed under N, 
atmosphere. BuLi was used as a soln in hexane (ca 1.3 M) 
purchased from Ventron Co. The term "usual workup” is used 
in the following product isolation procedure: dilution of the 
reaction mixture with Et,0 and HxO, successive extraction 
with Et,0 and brine; treatment of the organic extracts with 
anhyd MgSO,; and solvent removal under reduced pressure. 
The term “chemical purity” stands for the freedom of a 
stereoisomeric mixture of the indicated compound from 
contaminants. 

Prepmarions ofallylic erkrs (1) 
The preparation of Ia is described as a representative. Ally1 

bromide (17.0 ml. 220 mmol) was added dronwise to a 
rigorously stirred mixture of crotyl alcohol (93% E by GC 
assay) (14.4 g, 200 mmol), n-Bu,NHSO, (3.7 g, IO mmol), 
NaOH (16.0 9.400 mmol) and H,O (4 ml) at ambient temo. 
The solid formed was filtered off. &al workup of the filtraie 
followcdbydistillationgaveether(~1a(l6.2~73~):b.p.58- 
62”/57mmHg( > 98%chemicalpurity byGCassay);IR(neat) 
1380,1095,990,960,920 cm - ‘;‘H-NMR(CCl.)Gl.69(d.J 
= 5.4 Hz, 3H), 3.74-4.00 (m, 4H). 4.97-5.37 (m, 2H), 5436.07 
(m.3H). A similar reaction ofcrotyl alcohol(95%2)(144g, 20 
mmol) gave (Z)-la (1.30 g, 63%): b.p. 108-110” (> 98% 
chemical purity by GC assay); IR (neat) 1380,1095,990.920, 
770 cm- I ; ‘H-NMR (Ccl,) 6 1.67 (d. J = 5.4 HI, 3H), 3.83- 
4.27 (m, 4H), 5.05-5.48 (m. 2H), 5.53-6.24 (m, 3H). 

[&3]-Wittig rearrangement ojdlylic erhers (1) 
A typical procedure is shown in the preparation of 2a. A 

hexanesolnofn-BuLi(5Oml,70mmol)wasaddeddropwiseto 

g: rCi&s+I-/NaH, lwo, o*c; &: PhscH8cooil/~A 12 equivl, THE’, -6O’C; c: PhR, 80°C; 

4: MCPEA, CH2C12, -78’C; c: mftuz, toluene tCaCO,, 2 cquivl 

!3chme 6. 
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a cold ( - 85’) THF soln of la (E/Z = 93: 7) (5.6 g, 50 mmol) 
(usingan EtOHi’liquid NJdryicebath).Theresultingmixture 
was s&red at that iemp fir &era1 hours, allowed tdwarm to 
0”. and auenched with sat NH,CI. Usual workup followed bv 
distillatibn afForded rhreo-h (;hreo/erythro = 79: 21) (4.42 & 
790/,): b.p. 72-74”/35 mmHg @it.” 55-56”/14 mmHg]; IR 
(neat)3350,990,9lOcn~ , ’ . ‘H-NMR (Ccl,) 6 0.97 (d, J = 7.0 
Hz. 3H), 1.74 (s, IH), 2.07-2.36 (m, IH), 3.73-3.94 (dd, IH), 
4.90-5.33 (m, 4H), 5.53603 (m, 2H). Upon addition of Eu-fod, 
the methyl signals at 0.97 ppm were shifted downfield to 4.37 
and 5.14 ppm (0.63 and 2.37 H). 

Similar treatment of Z-h (E/Z = 5:95) (2.24 g, 20 mmol) 
with n-BuLi (I5 ml. 29 mmol) afforded erylhro-2a (rhreoi 

erythro = 12:88) (1.81 g, 81%). Upon addition of Eu-fod to 
the NMR (CC&) sample, the methyl signals at 0.97 ppm were 
shifted downfield to 3.42 and 3.66 ppm (2.64 and 0.36 H). 

Oxy-Cope rearratyemenl 0/1,5-dien-3~71s (2) 
The oxy-Cope rearrangements shown in Table I were 

carried out following the literature procedures. For example, 
the anionic oxy-Cope rearrangement was carried out as 
follows. A soln of three-21 (Ihreo/erythro = 79: 21) (0.2 g, 2 
mmol) in 5Oml ofdimethoxyethane was treated with KH (0.09 
g,2.2mmol).Theresultingmixture was heated under refIuxfor 
6 h to give, after usual workup followed by distillation, a 
geomethc mixture of 5-hepten-Ilal(4a) (0.21 i, 56%): b.p. 5O- 
52”/9 mmHg @it. *’ 157”]. The (e and (Z)-isomers were 
separated by preparative GLC (PEG 20 M, loo”). 

(E)-4a: GLC (PEG 20M, 120”) R, = 14.8 min; IR (neat) 
1730.970 cm-‘: ‘H-NMR (CCL) 6 1.50-1.83 (m. 5Hl. l.83- 
2.13 im, 2H), 2.j4 (t J = 7.5‘Hz,-iH). 5.20-5.5?(1& 2ti), 9.87 
(t, J = 3 Hz. 9H). Decoupling the multiplet at 5.20-5.57 ppm 
caused themultipletat 1.50-1.83ppm tocollapse toasinglet at 
I .64 ppm. 

(Z)A: GLC (PEG 20M, 120”) R, = 16.1 min; IR (neat) 
1720,740 cm-‘; ‘H-NMR (Xl,) 6 1.49-1.87 (m, SH), l.87- 
2.23(m,2Hl,2.36(t,J = 7.5 H12H),5.2(t5.53(m,2H),9.87(t, 
J = 3 HZ IH). Decoupling the multiplet at 5.20-5.53 ppm 
caused themultiplet at 1.4%1.87ppm tocollapse toasinglet at 
I.61 ppm. 

Alcohol 8e: 4.48 g (84%); b.p. 7%81’/10 mmHg; IR (neat) 
3380,990,915.820cm-‘;‘H-NMR(CCI,)6 l.l6(s,6H), 1.67 
(~,3H),2.OO(brs, lH),2.08(d.J = 8.7H&2H),4.11 (dt,J = 8.7 
Hz, IH), 4.80-6.20 (m. 7H). 

Alcohol 8f: 1.00 g (81%); b.p. IOO-103”/0.05 mmHg; IR 
(neat)3350,985,905,830cm-‘;‘H-NMR(CCl,)6 l.l7(s,3H), 
1.57(s, 3H), 1.67(s,6H), l.33-2.17(m. 7H),4.17(dt.J = 6.3 HI, 
IH), 4.83-6.17 (m. 8H). 

Silylalion ofalcohols 8 
Alcohol8 was heated at 150” for I h in hexamethyldisilazane 

in the presence of a catalytic amount of imidazole. Fractional 
distillation from thereaction vessel provided the trimethylsilyl 
ether 9 in the indicated yields. 

Preparation ofallylic erhers G-1 
The ethers 5-f were prepared as described for the 

preparation of la. 
E~herP:5.7g(76%);b.p.64-66”~12mmHg;lR(neat)l085, 

990,965,92Ocm-‘;‘H-NMR(CCl&5l.OO(d.J = 6.6H13H), 
1.70 (d. J = 4.5 Hz, 3H). 2.0&2.50 (m, IH), 3.3@4. IO (m, 3H). 
4.9&6.10 (m, 8H). 

Trimethylsilyl ether 9e: 0.72 g (84%); b.p. 6769”/5 mmHg; 
IR (neat) 990.915.840 cn- ’ ; ‘H-NMR (Ccl,) 6 0.05 (s, 9H), 
1.13 (s, 6H). 1.62 (2s. 3H), 2.03 (d, J = 6.9 Hz, 2H). 4.13 (dd, 
J = 6.9 Hz. IH). 4.8ti.20 (m, 7H). 

ErherSb: 3.2g(83%);1R(neat)3075,2925.2850,1640,1440. 
990.965.910 cm- ‘, GC/MS (Cl), m/r (rel. int.) I II (21.4). 93 
(l7.3),81 (8.3),79(12.7),67(38.5),57(44.7),55(100). 

Trimethylsilyl ether !Jf: 1.52 g (85%); b.p. 100-l lO’/O.OS 
mmHg;IR(neat)990,910,84Ocm-‘;‘H-NMR(CCI,)G0.05 
(s, 9H), I.17 (s, 3H). 1.57 (s, 3H), 1.67 (s. 6H), 1.33-2.17 (m, 6H), 
4.17(dt. J = 6.3 Hz. lH),4.8%6.17(m,8H). 

Tandem oxy-Cope-Cope rearrangement o/8 or 9 

ElherSc: 3Og(73%); lR(neat) 3000.2940,2850,1640,1420, 
1075, 990, 915 cn- ‘; GC/MS (CI), m/z (rel. int.) 97 (2.9). 79 
(6.4). 77 (7.7), 67 (29.8). 55 (90.0). 41 (100). 

Ether Sd: 4.4 g (72%); b.p. 67-70?8 mmHg; IR (neat) 3OC0, 
2920.2850, 1640, 1420, 1085.990,965,920 cm ‘I; ‘H-NMR 
(Ccl,) S 1.63 (m, IH), 2.03-2.23 (m, 2H), 3.50-4.12 (m, 3H), 
4.9&6.10 (m, 8H). 

Ether Se: 1.52 g(84%); IR (neat) 1070,990,910,895 cm-‘; 
‘H-NMR(CCI,)6 l.OO(s. 3H), 1.03(s. IH), 1.67(%3H),3.37(~, 
lH),3.67(dd.J = 13.5and6H&lH),3.97(dd,J = 13.5and4.5 
Hs IH), 4.66-6.55 (m, 8H). Decoupling the multiplet at 6.00 
ppm caused the multiplet at 3.67 and 3.97 ppm to collapse to 
doublets (J = 13.5 Hz). 

Alcohol 8 or trimethylsilyl ether 9 was heated neat in a 
sealed tube at 2M’ or under reflex in NMP. The rearrange- 
ment was monitored by GLC and TLC until complete. 
The rearranged aldehyde IO was isolated after usual work- 
up followed by silica-gel column chromatography. The 
geometrical assignment was made by GLC comparison with 
an authentic mixture prepared from linalool or (6E)- or (62). 
neroridol via Saucy-Ma&t rearrangement.” 

Geranylacelaideiyde ltk: IR (nea;) 1725, 835 cm-’ ; ‘H- 
NMR(CCI.16 1.57 and 1.6712s.9Hl. 1.83-2.101m. 6H). 2.20- 
2.47 (m, 2HJ. 5.07 (m, 2H), 9:80’(br i. IH); GLC (PE6 20M. 
180”). R, = 29.3 and 3 I .6 min (33 : 67). 

EthurSf(derived from geraniol): 8.278(86x); b.p. 90-97”/1 
mmHg;1R(neat)1080,990,910cm~‘;‘H-Nh4R(CC1.)60.93 
and l.oO@, 2.3 and0.7 H). 1.56(s, 3H). 1.66(s.6H). 1.17-2.17 
(4H), 3.42 (s. IH), 3.63 (dd, J = 12.6 and 6 Hz, IH), 3.95 (dd, 
J = 12.6 and 4.2 Hz, IH), 4.624.67 (m, 9H). 

Farnesylacetaldehyde IOf: IR (neat) 1730, 840 cn- ’ ; ‘H- 
NMR(CCI,)6 1.56--1.65(2s, l2H). l.83-2.17(m. IOH). 2.2& 
2.47(m,2H).5.07(m.3H).9.77(brs, lH):GLC(OV I. 150”) 
R, = 14.6, 17.0and 18.3min(l8:57:25). 

Sequential [ &3]- Witrig-Claisen rearrangement 

Ether Sf (derived from nerol): 7.20 g (87%); b.p. 92-98’!l Preparation of 4,7-nonadienal (1 lc) via SaucyMarbet 
mmHg; IR (neat) 1070, 1000,910 cm-‘; ‘H-NMR (Ccl,) 6 rearrangemetwzO 1,5-Heptadien-3-ol (Zc) (5.44 g, 48 mmol) in 
0.93and 1.00(2s, l.35and 1.65H). 1.56(s.3H), 1.66(s,6H), l.l7- ethylvinyl ether (46.8 ml, 484 mmol) was heated at 140” for 2 h 
2.17(4H),3.42(s,lH),3.63(dd,J = 12.6and6Hz,lH),3.95(dd, in the presence of mercuric acetate (2.96 g, 9.2 mmol). 
J = 12.6 and 4.2 Hz, IH), 4.624.67 (m, 9H). Potassium carbonate was then added to the reaction mixture. 

Tandem oxy-Cope-Claisen rearrangemeN ofallylic ethers (5) 
Allylic ethers 5 were thermolyzed in a sealed tube with or 

without NMP under the conditions indicated in Table 2. 
Aldehydes 6 and/or alcohols 7 were isolated after usual 
workup followed by silica-gel column chromatography. 

AIdehyde ti: 0.52 g (36%); IR (neat) 1720, 995, 965, 915 
cm-‘; ‘H-NMR (Xl,) d 1.03 (d, J = 6.3 Hz, 3H). 1.65 (d, 
J = 3.6Hz, 3H). l.l(t2.30(m, 5H),2.55(dt, J = 6.9 Hq IH), 
4.9@6.10 (m, 5H), 9.67 (m, I H). 

AIcohol7(R = CHJ, R’ = H): 0.29g(20”/,); IR (neat) 3300, 
995,915 cm-‘; ‘H-NMR (Ccl,) 6 1.00 and 1.05 (2d. J = 4.8 
Hz, 3H), l.l&2.50(m, 7H), 3.80(m, IH), 4.8&6.lO(m, 7H). 

A/dehyde6b:0.9g(45%);1R(neat)1725,990.970,915cm~‘; 
’ H-NMR (Ccl,) 6 0.97 (d, J = 7 Hz. 3H), 1.20-2.50 (m, 12H). 
4.82-5.03 (m, 4H). 5.3(M.o0 (m, 4H), 9.60 (s, IH). 

Aldehyde 6~: 0.92 g (46%); IR (neat) 1725,990,915 cm-‘; 
‘H-NMR (Ccl,) d l.26-2.30(m, 13H),4.28-5.97 (m, 8H). 9.60 
(s, lH). 

Aldehyde6d: 0.37 g(41%); IR (neat) 1725.990.915 cn-‘; 
‘H-NMR (Ccl,) d 1.00 (d. J = 6.3 Hs 3H). 1.3c2.70 (m, 6H). 
4.7&6.00 (m. 6H), 9.57 (m. IH). 

[&3 J- Witrig-~xy-Cope-Cope sequence ojallylic ethers (5) 
[2,3]-Witlig rearrangement of 5. The C&3]-Wittig re- 

arrangement of ethers 5 was carried out as described for the 
rearrangement of 2a. The rearranged alcohols 8 were purified 
by distillation. 
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The ppt was filtered olT using Et,O. The titrate was Chimia 29.528 (1975); S. R. Wilson and R. S. Myers, J. Org. 
chromatographed through Florisil using hexane as an elucnt. Chem. 40,3309( 1975); B. Bowden, R. C. Cookson and H. A. 
The resultant filtrate was evaporated and then distilled to 
give 4,bnonadienal llc (3.8 g-560/,): b.p. 3638”p.l mmHg 

Davis, J. Chem. Sot. Perkin Trans. I 2634 (1973); R. C. 
Cookson and N. R. Rogers, Ibid. 2741(1973); Y. Fhjita, T. 

( > 98% chemical purity bv GC assav): IR (neat) 2820.2720. 
1730,9~0cm~~;L~-~M~(~~l,)6 l.~~(m,jH).i.25-i53(m; 

Onishi and T. Nishida Svnthesis 523 11978). Thio-Claisen- 
Cope: Y. Tamaru and’Z1 Yoshida, J.‘Am. &m. Cot. 102, 

4H), 2.53-2.78 (m, 2H). 5.28-5.53 (m, 4H), 9.90 (m, 1H). 2392 (1980). Claiscn-axa_Copc: B. N. Holmes and N. J. 
Ethyl 4.7~rridecadienoate (12d). The orthoester Claisen Leonard, J. Ory. Chem. 41,568 (1976). 

modification of2d was carried out according to the literature ’ CopeClaiscn : F. E. Ziegler and J. J. Piwinski. J. Am. Chem. 
procedure2’ to give theester 12d in 87% yield : b.p. 126127”/3 So;. 104.7 18 I( 1982) ; F. E. Ziegler and H. Lim, J. Org. Chem. 
mmHg( >98%chemicalpurity byGCassay);IR(neat) 1740, 49.3278 (1984): S. Raucher. J. E. Burks. Jr.. K. J. Hwanaand 
1375, 1250, 1180, 1160. 1040,970 cm-‘; ‘H-NMR (Ccl,) 6 D. P. Sv&lbe& J. Am. Chem. Sot. 103, 1853 (1980). oxy- 
0.8&1X1 (m. 3H), 1.10-1.50 (m. 6H), 1.23 (t. J = 7.2 Hz, 3H), CopeCope: P. A. Wcnder and S. M. Sieburth, Tetrahedron 
1.82-2.16(m,2H).2.22-240(m,4H),2.57-2.79(m,2H).4.11 (q. LpIt. 22, 2471 (1981). 
J = 7.2 Hz_ 2H). 5.ls5.69 (m, 4H). ‘S-Ylide[2,3]Copc:A.J.H.Labuschange,C.J.Meyer,H.S.C. 

4,6-Dimerhyl-4.7-ocIcldienoic acid (13e). The [2,3]-Wittig Spies and D. F. Schneider, J. Chem. Sot. Perkin Trans. I 
rearrangement of I-(2-methyl-2-propenyloxy>2-butene (le) 2129 (1975) and refs cited therein. N-Ylide [2,3wope: 
was carried out as described above and then acetyl chloride was R. W. Jemison,T. Laird. W. D. Ollis and I. 0. Sutherland, Ibid. 
added to theresultant soln togive2,4dimethyl-3-acctoxy-1,5- 1436 (1980); G. Biichi and H. Wiiest, J. Am. Chem. Sot. %, 
hexadiene in 68% yield (b.p. 75-83”/25 mmHg). The lreland- 
Claisen modification oftheacetate thusobtained according to 

7573( 1974). N-Oxide [2,3]-Claisen : B. S.Thyagarajan, J. B. 

the literature procedure” afforded the ester 13e in 79X vield : 
Hillard. K. V. Reddy and K. C. Majumdar, Tetrahedron 

b.p. 67-74”/3mmHg (L= 95% chemical purity by Cd &say); 
Larr. 1999 (1974). S-Oxide [2.3]Claisen : K. C. Majumdar 
and B. S. Thyagarajan, Chem. Commun. 83 (1972). 

IR (neat) 3700. 2800. 1710. 1635. 995. 810 cm-‘: ‘H-NMR 
(Cdl,)6 i.O3(d;J = 6.6Hz,jH), 1:66(s:3H),2.0!-2:6l~(m,4H), 

‘T. Nakai. K. Mikami. S. Taya and Y. Fujita. J. Am. Chem. 
Sot. 103.6492 (1981). 

2.81-3.30(m. IH). 4.79-5.23 (m, 3H). 5.73 (ddd, J = 17.7, 9.9 6Preliminary reports on this subiect have appeared: K. 
and 5.7 Hz. 1 H), 9.60 (br s. 1 H). Mikami, S.-Taya, T. Nakai and Y.-Fujita, J. 0;;. Chem. 46, 

5447(198l);K. Mikami, N. KishiandT.Nakai,Chem.Lett. 
Formal total synthesis of( f )-cerulenin (14) 1721 (1981). 

Preparation o/ epoxide 16. Treatment of 1 Ic (2.78 g, 20.1 ‘Reviews: E. N. Marvel] and W. Whalley. Chemistry ofthe 
mmol) with NaH (0.96 g. 20 mmol) and trimethylsulfonium Hvdroxy Grow (Edited bv S. Patai). Vol. 2. Chao. 13. 
iodide (4.08 & 20 mmol) in 20 ml of DMSO according to the 
standard procedure** gave 1,2-epoxy-(&E)-5.8decadiene 16 

I~tersc&cc,N~w‘York (19jl);G. B. &nnett,Syn&&589 
(1977). 

(2.68 g, 88%) : b.p. 54-57”/2 mmHg: IR (neat) 3000.2950.2900. 
2850,~1450, 12ti,960,915,840&-‘;LH-~MR(CCI,)~1.62 

*Y. Fujita,T.OnishiandT.Nishida,Synthesis612(1978);Y. 
Fujita, S. Amiya. T. Onishi and T. Nishida, Bull. Chem. Sot. 

(m. SH). 2.10 (m. 2H1. 2.30 (dd. J = 
j.00 (m. 4H). 3.40 (A; 4H): 

5.7 and 3.4 Hz. 1HI 2.50- ,, ~~ Jopon52.1983 (1979). 
‘D. A. Evans and A. M. Golob, J. Am. Chem. Sot. 97.4765 

Freparorion of rhe burcnolide 15. Compound IS was pre- (1975); D. A. Evans and J. V. Nelson. Ibid. 102,774 (1980). 
pared according to essentially the same procedure as that “‘R W Thies,Chem.Commun.237(197l);R. W.Thia,M.T. . 
reported by Uda and co-workers.‘” Treatment of 16 (0.754 g, 
4.95 mmol) with a dilithium species derived from‘phenyi- 

Willis, A. W. Chin. L. E. Schick and E. S. Walton. J. Am. 
Chem. Sot. %,528i (1973). 

thioacetic acid (0.756 g. 4.50 mmol) and LDA in IO ml of 
THF. The reaction mixture was quenched with HIO. The aq 

“For a review see: N. H. Werstick, Tetrahedron 39, 205 
(1983). 

phasewasseparated,acidifiedwith3NHClandsaturatedwith “J M Conia and P. Le Perchec, Synthesis I (1975) and refs . 
NaCI. After usual workup. evaporation gave the hydroxy- cited therein; T. Shono, 1. Nishiguchi. H. Ohmizu and M. 
carboxylicacid (I .I2 g. 78%). The hydroxy acid (0.906g, 2.82 Mizutami. J. Am. Chem. Sot. 100,545 (1978); E. J. Corey 
mmol) was heated in C,H, to give the a-phenylthio-y- and D. L. Boger. Tetrahedron Serf. 2461 (1978); A. F. Sow- 
butyrolactone 17 (0.855 g. quant) after evaporation : IR (neat) inski and G. M. Whitesides. J. Org. Chem. 44,2369 (1979). 
3070,3040,2950,2860,1770,1450,1360,1200,1095,1060.975, 
790. 765, 699 cm-‘; ‘H-NMR (CC],) 6 1.4&1.90 (m, SH), 

“K. Mikami and T. Nakai. Chem. Lat. 1349 (1982). 
I4 E. Fattorusso, S. Magno. L. Mayo], C. Santacroce, D. Sica, 

1.90-2.40(m,4H),2.50-2.90(m,2H),3.4&4.70(m,2H),5.40(m, 
4H), 7.w7.67 (m, SH). The lactone 17 (0.46 g, 1.52 mmol) was 

V. Amoco. G. Oriente. M. Piattelli and C. Trongali. 
Tetrahedron L.eu. 937 (1976). 

treated with MCPBA(0.262 g, 1.52 mmol) in CH,CI, at - 78” 
to give z-sulfinyl-y-butyrolactone (0.485 g, quant): IR (neat) 

” K. Mikami, N. Kishi and T. Nakai, Chem. Lelt. 1643 (1982) ; 
K.Mikami,N.KishiandT.Nakai,TetrahedronLett.24,795 

3070,3040,2950,2860,1770,1450,1360,1200.1095,1060,975, (1983). 
790.765,699 cm-‘; ‘H-NMR (Ccl,) 6 1.4&2.90 (m, IlH), 
3.7w.70 (m, 2H), 5.40 (m, 4H), 7.2c7.90 (m, 5H). The 

I6 For a review see : W. Oppolzer and V. Snieckus, Angew. 
Chem. Inl. Ed. Engl. 17,476 (1978). 

resultant lactone (0.477 g. 1.5 mmol) was heated at 1 lo” in 
xylene in the presence ofCaC0, (3 mmol) to afford the butcn- 

“Determined by GLCcomparisonwithanauthenticmixture 

olide 15 in 76% yield after silica-gel columnchromatogrdphv : 
prepared from linalool via the Claisen rearrangement. CT: 

1R(neat)3050,3000,2900,2830~l750.1440,1320,11~,~l~. 
R. Marbet and G. Saucy, Helu. Chim. Acto 50.2095 (1967). 

“Activity: E. Adami, Experiemia 18,461 (1962): K. Takani 
1020.965 cm-’ ; ‘H-NMR (CCL) S 1.50 1.90 (m. SH). l.9& 
2.40 (m. 2H). 2.5g2.90 (m.‘ZH);4.8&5.20 (m: IA). ;.&I (m. 

and S. Okabe. Jap. J. PharmacoL 18,9 (1968). !&thesis: 6. 
Pala, A. Manteaani. T. Bruzzese and G. Sckules. He/u. Chim. 

4H). 6.00 (dd. J = 6.0and 1.5 Hz, IH), 7.45 (dd, J = 6.0 and Acta 53.1827 (i970); Y. Fujita, Y. 0hmura.T. Nishida and 
1.5 Hz, IH). The spectral data are in good agreement with K. Itoi. U.S. Patent 3928403. 
those reported.*’ I9 Reviews: G. B. Bennett, Synthesis 589 (1977); F. E. Ziegler, 

Accts Chem. Res. 10,227 (1977). 
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