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Abstract-Several electrophilic lactonization procedures have been explored as a means of functionalixing 
olefinic carboxylic acids with relative asymmetric induction. Iodolactonixation of &c-unsaturated acids 
under conditions of themmdynamic control exhibits good l,2- and l,3-, but not l&induction in the 
formation of 6-lactones. Mercurilactonixation proceeds with good stereocontrol in the formation of both 
y- and &lactones (l,2-induction), but suffers from the difficulty of elimination during reductive 
demercuration; phenylselenolactonization with N-(phenylseleno)phthalimide is apparently kinetically 
controlled, affording high induction with 10, a strongly sterically biased substrate leading to a Slactone, 
but not with 16, which leads to a y-lactone. In contrast, hydroxymethyllactonLxuion proceeds with good 
stereocontrol in the case of 26, the ester of 10, but not with the analogous ester of 16. The l&ones 
resultine from cvclization of 10 and 13 were converted in stereospecific fashion into each of the 
stereoisomers of ( f )-serricomin. 

Electrophilic cyclization is a useful process for the 
regio- and stereocontrolled functionalization of both 
cyclic and acyclic unsaturated carboxylic acids.’ With 
regard to acyclic systems, most investigations have 
focused on l,2-relative asymmetric induction using 
iodine as the electrophile. We now report our studies 
on the extension of this process to cases involving 1,3- 
and l+asymmetric induction in the formation of 
d-lactones and to mercuri-, phenylseleno-, and 
hydroxymethyllactonization. 

Iodolactonization of 6,~ -unsaturated aci& 
As we and others have reported, iodolactonization 

of a number of y,6- and &-unsaturated carboxylic 
acids under conditions of thermodynamic control 
manifests high l,Zrelative asymmetric induction 
from allylic substituents2.’ In view of the con- 
formational flexibility of Smembered ring systems, 
stereocontrol from homoallylic groups is not ex- 
pected to be very high in the formation of 6-lactones 
from y,6-unsaturated acidsa On the other hand, 
because of the pseudo chair-like conformation of 
b-lactones, remote stereochemical relationships are 
well-defined and 1,3- and 1,Crelative asymmetric 
induction may be expected in their formation. 

Under conditions of kinetic control (iodine in 
acetonitrile in the presence of NaHCO, as acid- 
scavenger), 4-methyl-Shexenoic acid (1) shows a 
modest preference for formation of the less stable cis- 
lactone 2 (Table 1, entry 1). This is analogous to the 
behavior of related 3-substituted Cpentenoic acids.2” 
Omission of sodium bicarbonate from the mixture 
allows equilibration of the cis and trams lactones to 
take place, and the expected diequatorial truns prod- 
uct 3 is highly favored (entry 2).’ 

As indicated in entry 4, moderate 1,3-asymmetric 
induction is observed on iodolactionization of 
3-methyl-5-hexenoic acid (4) under conditions of 
thermodynamic control: the expected cis product 6 is 
produced with a selectivity of 6 : 1. With this sub- 
strate, there is no reversal in stereospecificity between 

the thermodynamically and kinetically controlled re- 
action conditions; the latter still favor the cis- 
product, albeit with reduced selectivity (entry 3). 

We have also studied the possibility of 
l,4-asymmetric indiction from a Me substituent at 
C-2, both alone and in combination with another Me 
at the allylic position (C-4). As the results in Table 1 
indicate (entries 5-9). the C-2 Me group exerts no 
significant stereochemical influence. Under condi- 
tions of thermodynamic control, 2-methyl-Shexenoic 
acid (7) leads to a 1.1 : 1 mixture of isomers; with the 
other substrates (10 and 13), the allylic substituent 
completely dominates the stereochemistry of cy- 
clization (1,Zinduction). In view of the fact that a Me 
substituent at C-2 is eclipsed with the CO group in 
the pseudo-equatorial position and encounters only 
one axial hydrogen (at C-4) in the pseudo-axial 
position, it is not surprising that no preference is 
shown. Interestingly, a greater preference for for- 
mation of the trans (diequatorial) isomer is obtained 
on kinetically-controlled iodolactionization of 
2-methyl-5-hexenoic acid, but the selectivity is still a 
modest 1.8 : 1 (entry 5). 

The stereostructures of the monomethyl iodo- 
lactones were readily assigned by “C-NMR, relying 
upon the upfield shifts consistently exhibited by the 
methyl, iodomethyl, and C-2, C-3, and C-4 carbons 
in the isomers with axial substituents, as displayed in 
Table 2.6 

We have previously reported the use of an iodo- 
lactone which is related to 12 in a synthesis of the 
pheromone multistriatin; zb we describe below the con- 
version of lactone 15 to serricomin, the pheromone 
of the cigarette beetle.’ 

Stereocontrolled lactonization with other electrophiles 
Mercurilactonization. Electrophilic cyclizations 

initiated by mercuric salts have been reported for a 
variety of olefinic alcohols and hemiacetals, and in 
some instances have been shown to proceed with 
excellent stereoselectivity. 10~**9 In contrast, there have 
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Table I. Idolactonization of 6,t -Unsaturated Acids 

Entry Substrate Conditionsa Ratio of Products b Yield' ($1 

5 K 1 

6 T 1 

7 

8 

K 

T 

1 3 97 

1 6 81 

83 
77 

78 

68 

92 
80 

69 

aK=kinetic control: 3 eq. 12, CHJCN, NaHC03, O'C 

T=thermodynamic control: 3 eq. 12, CHJCN, O'C 

b Ratios determined by 13C-NHR (entriee l-6) or capillary GC (entries 7-9). 

'Isolated yields of purified products 

been only a few reports of mercurilactoniz.ations,‘” 
and none which addresses the question of 
stereoselectivity in the cyclization of acyclic 
substrates. 

Cyclization of 3-phenyl4pentenoic acid (16) and 
the &c-unsaturated acid 10 with mercuric acetate in 
methanol leads to the mercurilactones 17 and 19, 
respectively, in good yield and stereoselectivity (as 
indicated in Scheme 1). The stereochemistry of these 
cyclizations was readily demonstrated by reductive 
demercuration with sodium borohydride” and 
correlation of the products 18 and 20 with material 
obtained on tri(n-butyl)tin hydride reduction of the 
analogous iodolactones.‘2 

After mercuricyclization of unsaturated alcohols or 
other derivatives, a number of methods have been 
employed for demercuration, including electrophilic 
substitution with halogenssb*‘3 and reduction with 
borohydride or sulfur reagents.“*ga’4 Reductive 
demercuration appeared to us to be the most 
important from the point of view of extending the 
versatility of stereoselective lactonizations. However, 
a serious limitation in this regard is the propensity for 
the lactones to undergo reductive elimination under 
a variety of demercuration conditions, with reversion 
to the acyclic starting material. As indicated in Table 
3, we explored a number of reagents and conditions, 
including sodium borohydride at various pH’s” 
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Table 2. ‘%I-NMR Chemical Shifts for Monomethyl &Lactones 

Chemical Shift 

Compound 
Position 
of CH3 (C=O)LgbybLL3 

Rl -- 28.1 25.5 25.3 81.4 2.7 10.6 

R2 169.8 32.8 29.1 26.3 81.9 9.0 16.2 

R3 170.3 34.1 23.2 36.6 15.1 1.4 20.5 

R4 169.5 36.4 25.2 37.1 11.6 8.4 20.9 

R= 169.3 32.8 26.5 24.9 76.5 6.5 16.0 

R6 167.7 35.5 29.0 21.4 79.0 8.6 16.8 

aReported in Ppm downfield from TM, referenced to solvent CCC13 as 77.0 ppm. 
b 
Some pairs of these assignments may be interchanged. 

J! (6:l ratlo) 2 

WOW2 

zQT-y=~-~ 

'2 (>15:1 ratio) 28 

Scheme I. 

Table 3. Phenylselenolactoniztion of Unsaturated Acids 

Yield of Yield 
Entry Conditions Lactone 20' -== of Acid lgb -x 

NaBH4/MeOH/AcOH, O'C 0 

NaBH4/XeOH/2 N NaOH,O°C 85% - 

Na0H4/14eOH, -78 oc 90% 

Na2wi20, ooc 0 

Na2S/n20/2g NaOn, O°C 0 

H2 (SOpsi)/ Ui+3P)3RhC1/MeOH, 21°C 0 

(fi-C4Hg)3SnH/AIBN/toluene, 21°C 66% 

(n-C4Hg),SnH/MeOH, -7a°C 66% 

(100%) 

15% 

10% 

(100%) 

(100%) 

(100%) 

33% 

33% 

2319 

aAll reactions carried o"t with O.ZH substrate (AM, in the Indicated solvent. 
b 

- 

Ratios determIned by WC. 
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Table 4. 

Entry Substrate Conditions 
Ratio of 
Products= Yieldb (9) 

1 &!?I 
PhSeCl, CH2C12, Et3N 

-70oc 
21122, 1:2.-l 54 zm == 

2 AP PhSeFt,= CH2C12,eyTsOH 21/22 1:l 93 
-78 +21°C 

== ==' 

PhSeCl, CH2C12 

-70~C 
12 (15:l) 

4 22 PhSeFt,' CH2C12 21 ( >15:1) 73 

-7SOC 

aRatios determined by 13C-NMR (entries 
b 
Isolated yields of purified products 

=PhSePt - N-(phenylseleno)phthalimide 

hydrogen over Wilkinson’s catalyst,” tri(n-butyl)tin 
hydride, and sodium sulfide.9b*‘6 Reductive elim- 
ination was minimized in alkaline borohydride; 
however, it could not be avoided entirely. 

Phenylselenoluctonization. Phenylselenyl reagents 
have been applied to a wide variety of cyclization 
reactions,” although they have not been sys- 
tematically studied for the stereocontrolled lacton- 
ization of acyclic substrates. As the results in Table 
4 indicate, phenylselenolactonization does not 
appear to be as generally applicable for relative 
asymmetric induction as the iodine-and mercuric 
ion-initiated processes are. Although the dimethyl 
substituted &~-unsaturated acid 10 exhibits its usual 
preference for the all-equatorial product (entries 3 
and 4), very modest selectivity is seen for 3- 
phenyl-llpentenoic acid 16 (entries 1 and 2). In this 
latter case, conditions were chosen to facilitate 
thermodynamic control by acid-catalyzed equi- 
libration (entry 2), but without ~uccess.“~ Thermo- 
dynamic control has been reported by Sharpless for 
a phenylselenoetherification reaction,‘* and it may 
prove possible in a lactonization process under more 
vigorous conditions. 

The phenylselenolactones were correlated with the 
analogous iodolactones by reduction of both series 
with tri(n-butyl)tin hydride. Lactone 23 on treatment 
with t-BuOOH at room temperature undergoes 
elimination as expected to give the allylic lactone 24. 

1,2) or capillary GC (entries 3.4) 

Interestingly, the allylic lactone is not accessible from 
iodolactone 12: base-induced elimination 12 alfords 
the enol-lactone 25 preferentially. 

0 G \ 
Hydroxymethyllactonization. The Prins reaction is 

a well-established process for the anti addition of a 
carbon electrophile (most commonly protonated 
formaldehyde) and an oxygen nucleophile across a 
double bond.19 In contrast to cyclizations initiated by 
iodine, mercury, or phenylselenium electrophiles, the 
step involving addition of the formaldehyde to the 
double bond is not likely to be reversible. For 
stereocontrol to be exerted over the stereochemistry 
and regiochemistry of a lactonization initiated under 
Prins conditions, simultaneous addition of the 
electrophile and the carboxyl group to the double 
bond would presumably be required. Moreover, one 
would expect only kinetic rather than thermodynamic 
control over the cyclization. Nevertheless, the po- 
tential ability to initiate an electrophilic lactonization 
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Table 5. 

2321 

% Substrate Conditions Ratio," ;z/2j Yieldb (8) 

1 AP (CH20)n,H2S04, HOAc 1:3 64 

2 s 1. (CH20+,. BP3*Et20, CH2C12 1:2 53 

2. Ac20, pyridfne 

3 2 II 1:7 60 

a 
Ratios determined by 13C-NNN 

b 
Isolated yields of Purified products 

with a carbon electrophile made the process an 
appealing goal. 

3-Phenyl4pentenoic acid (16) undergoes lacton- 
ization under classical Prins conditions (parafonn- 
aldehyde and sulfuric acid in acetic acid), giving a 
3 : 1 mixture of tram/& products 27 and 28 in 64% 
yield. Modified conditions involving boron trifluoride 
etherate in CH,Cl, are less effective, as shown in 
Table 5. When these Lewis acidcatalyzed conditions 
are applied to the methyl ester 26, a dramatic 
improvement in the stereoselectivity is seen: the trans 
isomer is favored over the cis by a ratio of 7 : 1. 

However, we were not able to generalize this 
procedure, as the results in Table 5 indicate. When 
applied to the dimethyl-substituted, 6,~ -unsaturated 

Me02C 

compound 10, either in the form of the free acid or 
the methyl ester, a stereo- and regioisomeric mixture 
of &tones is obtained in low yield, in spite of the fact 
that this substrate is otherwise a very favorable one 
for lactonization. 

Stereocontrolled total synthesis of (+) serricornin 
acetate 

The cigarette beetle Lasiodetma serricone (F.) pro- 
duces as a pheromone the cyclic hemiacetal 29, 
known as serricomin.’ The stereochemistry of ser- 
ricomin, as its open-chain acetate 30, has been shown 
by Mori et al. to be 4S,6S,7Sm Recently a number 
of partial and total syntheses of serricomin and its 
isomers have been rep~rted.‘~~’ 

I2 

1. Ph3PCHCH3 
90% 

- Ap 
2. OH- 

c 

n-Bu3SnH ao 

65% 
PhSeFt 

23 - 

73% == 99% 

EtMgBr 0 

*$ 

l ./ 

32 == 

Scheme 2. 
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32 
== 

12: it = AC 

4J: Y=O 1;: R=H 
(40% from 32) 

g: R = 02SMe (90% from ;6_, 

Scheme 3. 

At the beginning of our work, the relative stereo- 
chemistry at C-4 had not been determined, hence it 
was of interest to study the cyclization of both 
diastereomers of 2,4-dimethyl-S-heptenoic acid. Al- 
though we envisaged that the lactonization reaction 
could be used to advantage to control the regio- and 
stereochemistry of the olefin functionalization pro- 
cess, we expected to obtain the incorrect relative 
configuration at the carbinol center. We therefore 
planned to invert this stereocenter to obtain the 
natural isomer. 

Because of its ready availability from meso-2,4- 
dimethylglutaric anhydride, the R*,S+-isomer 10 
was used as the substrate in our initial exploration 
(Scheme 2). This material was prepared from the 
aldehyde ester 3196J2 with ethylidenetriphenylphos- 
phorane and consisted of a 13-I 5 : 1 mixture of cb 
and trans isomers. As indicated above, iodo- or 
selenolactonization of this material was accomplished 
in a highly stereoselective fashion. Tri(n-butyl)tin 
hydride reduction of either of these products afforded 
the all-equatorial lactone 20 in greater than 95% 
stereochemical purity. Treatment of this material in 
turn with ethylmagnesium bromide then provided 
hemiacetal32, a stereoisomer of the natural product. 

Inversion of the relative configuration at the car- 
binol position (C7) proved to be difficult. We first 
explored a number of ways to invert the 
configuration at the lactone stage. Conversion of 
iodolactone 12 to the epoxy acid 33 was straight- 

forward, although it was not possible to cyclize this 
material to the desired hydroxy lactone 34 with either 
acid or base catalysis.” Our inability to effect the 
inversion by a second lactonization reaction pre- 
sumably reflects the steric congestion that would 
develop from the pseudo-axial hydroxyethyl substitu- 
ent in the transition state. An alternative strategy, to 
take hydroxy carboxylate 35, derived from the re- 
duced lactone 20 by alkaline hydrolysis, and re- 
lactonize it with inversion using diethyl azodi- 
carboxylate/triphenylphosphine,U was also foiled: 
simple lactionization takes place upon neutralization 
of the salt, even in the presence of the redox- 
dehydration reagents. 

We therefore turned our attention to opening the 
hemiacetal ring of 32 and inverting the C-7 OH by an 
intermolecular reaction. 24 The only ring-opening se- 
quence which proved to be successful involved a 
number of steps: conversion of the hernia&al 32 to 
the open chain acetate 36, formation of the ethylene 
ketal 37, and subsequent alkaline cleavage of the 
acetate moiety to give hydroxy ketal 38 (Scheme 3). 
Mitsunobu-type inversion2’ of hydroxyketal 38 
failed, presumably because of the branched (and 
therefore hindered) nature of the carbinol center. 
However, conversion of 38 to the mesylate and 
displacement with cesium acetate in DMF26 afforded 
the desired inverted ester 40 in 50% yield, along with 
a comparable amount (by CC analysis) of material 
resulting from elimination. A number of variations in 

Scheme 4. 



Electrophilic lactonimtion in stereocontrol 2323 

solvent and conditions were made without 
significantly altering the yield. Finally, acid-catalyzed 
cleavage of the ketal protecting group afforded the 
keto-acetate 41, another stereoisomer of the material 
derived from serricomin. 

With the conditions for cyclization and inversion 
worked out for the diastereomer, application of the 
sequence to dl-2+dimethylglutaric anhydride (42) 
was pursued (Scheme 4). The anhydride 42 is readily 
available by cyclization of the corresponding diacidn 
with DCC (95% yield). (Epimerization to a 1 : 1 
mixture of 42 and the meso-anhydride is found when 
this cyclization is accomplished with acetic anhy- 
dride). Subsequent elaboration of the olefinic acid via 
aldehyde ester 43 and iodolactone 15 to give the 
simple lactone 44 proceeds as described for the 
diastereomeric material. This lactone can also be 
converted to the hernia&al 45 by direct addition of 
ethylmagnesium bromide, although in this case some 
care has to be taken to avoid double addition to the 
CO group. Ring opening of 45, protection of the 
ketone function, and inversion of the OH group also 
proceed as described for the diastereomeric series and 
in comparable yields. Finally, hydrolysis of the ketal 
affords acetate 30, which exhibits NMR spectral 
properties identical to those reported for the acetate 
derived from natural se.rricomin.20 

EXPERIMENTAL 

General merho& Unless otherwise indicated: IR spectra 
were obtained in CHCI,. ‘H-NMR spectra were measured 
in CDCI,; data are presented as follows: chemical shifi in 
ppm on the 6 scale relative to internal TMS (multiplicity, 
nbmber of hydrogens, coupling constant(sj in he&). 
“C-NMR soectra were acuuired in CDCI,: chemical shifts 
are reported in ppm on the i scale, relative ib solvent CDCl, 
as 77.0 ppm. Extractive workups culminated in washing the 
organic layer with brine, drying over MgSO,, and evapo- 
rating the solvent at reduced pressure on a rotary evapo- 
rator. Analytical gas chromatography was performed on a 
6 f1 x l/8 in. column using helium as the carrier gas with 
OV-IO1 on IO&200 mesh gasChrom Q (OV-101) or a 
0.2 mm x 12.5 m crosslinked dimethylsilane (capillary) col- 
umn; preparative gas chromatography was performed on 
6 k x l/4 in. SE-30 columns eluted with helium. Dis- 
tillations were bulb-to-bulb, performed with a Btichi ku- 
gelrohrofen at the oven temperature and system pressure 
indicated. Chromatography was performed by the method 
of Slill,zR using the indicated eluting solvent. 

Tetruhydro - 6 - (iodomerhyl) - 5 - methyl - 2H - pyran - 2- 
one, 2 and 3 

General procedure for kineiically -controlled ioablac- 
tonizution. To a mixture of 756mg (9 mmol) of anhyd 
powered NaHCO, and 39 mg (0.30 mmol) of 4-methyl-S- 
hexenoic acidB in I ml of CH,CN stirred at 0” was added 
230 mg (0.91 mmol) of I., After 3 hr. the mixture was diluted 
with ether, washed with Na,S,O,aq and water, and worked 
up to give 64 mg (83% yield) bf> and 3 in a ratio of 2.3: I 
IR 1725 cn-I; ‘H-NMR 6 0.97 and 1.01 (two d, 3, assigned 
to cis and rrans isomers, respectively), 1.2-2.3 (m, 3), 2.3-3.0 
(m, 2). 3.1-3.9 (m, 3); “C-NMR: see Table 2. An analytical 
sample was prepared by preparative GC (170°C): (Found: 
C, 33.20; H, 4.44; I, 49.48. Calc. for C,H,,IO,: C, 33.09, H, 
4.36; I, 49.95x.) 

Tefrahydro - 6 - (iodomethyl) - 4 - methyl - 2H - pyran - 2- 
one, 5 and 6 

General procedure for thermodynamically-controlled io- 
dolacfonizations. To a soln of 175 mg (1.37 mmol) of 
3-methyl-5-hexenoic acid” in 4ml of CH,CN stirred at 0” 

was added 1.04 g (4.1 mmol) of I,. After 2.5 hr, the mixture 
was diluted with ether, washed with Na,&O,aq and 
NaHCO,aq, and worked up lo give 280mg (81% yield) of 
5 and 6 in a ratio of I : 6: IR 1725cm-‘; ‘H-NMR 
(180MHz) 6 0.97 1.07 (d, 3, J =6), 1.30 (dq, I, J = 2.4, 
14.0). 1.7-2.3 (m. 3). 2.5-2.8 (m, I), 3.243.44 (AB of ABX, 
2, H, = 3.32, H, = 3.37, J, = 10.53, J, = 6.66, 
J, = 4.07). 4.26 (X of ABX, I); signals for the minor isomer 
(5) appeared d I. I3 (d) and 4.46 (X of ABX); “C-NMR: see 
Table 2. An analytical sample was prepared by preparative 
CC (190”): (Found: C, 32.90, H, 4.36; I, 49.94. Calc. for 
C,H,,IOI: C, 33.09; H, 4.36; I. 49.95x.) 

Terrahydro - 6 - (iodomethyl) - 3 - methyl - 2H - pyran - 2- 
one, 8 and 9 

Prepared as indicated above in 78% yield (kinetically- 
controlled) or 68% yield (thermodynamicallycontrolled): 
IR 1725cn-‘; ‘H-NMR 6 1.21 and 1.28 (two d, 3, cis and 
Iruns isomers, respectively), 1.4-2.7 (m, 5). 3.3 (AB of ABX, 
2). 4.25 (X of ABX, I); ‘IC-NMR: see Table 2. An analytical 
sample was prepared by preparative CC (I 90”): (Found: C, 
32.85; H, 4.35; I, 49.72. Calc. for C,H,,IO,: C, 33.09; H, 
4.36; I, 49.95X.) 

(3R*, 5.S. 6S*, I’S*)-Tefrahydro - 6 - (I-iodoethyl) - 3,5 - 
dimethyl - 2H - pyran - 2 - one, 12 

Prepared as indicated above in 92% yield (kinetically- 
controlled) or 80% yield (thermodynamically-controlled): 
IR 1734cm’; ‘H-NMR d 0.975 (d, 3), 1.29 (d, 3). 1.451.6 
(m, I), 1.9-2.0 (m. I), 2.04 (d, 3, J = 7). 2.5-2.7 (m. I) 2.97 
(dd, I, J = 1.3, 9.6). 4.32 (dq, I, J = 1.35, 7.1). An analytical 
sample was prepared by chromatography (2: I 
hexane-ether). (Found: C, 38.33; H, 5.38; I, 44.79. Calc. for 
C&IO,: 38.32; H, 5.36; I, 44.98x.) 

(ZR*, 4s’. Z) - 2,4 - Dimethyl - 5 - heptenoic acid 10 
Prepared from 31z in 65%overall yield by the same 

procedure as described below for the 2R*, 4R* diastereomer 
13. IR 3500-2400, l7OOcn-‘; ‘H-NMR 6 0.9 (d, 3). I.1 (d, 
3). 1.55, (dd, 3, J = 2.8, 7.5), 2.2-2.7 (m, 2). 4.8-5.4 (m. 2), 
8.1-8.8 (br s, I). An analytical sample was prepared by 
preparative GC (140”): (Found: C, 69.23; H, 10.24. Calc. for 
C&O,: C, 69.21; H, 10.33x.) 

(2R*, 4R*, 2) - 2.4 - Dimethyl - 5 - heptenoic acid 13 
Ethylidenetriphenylphosphorane was prepared from 

I .44 g (3.87 mmol) of ethyltriphenylphosphonium bromide 
and 2.74 mL (3.78 mmol) bf 1141 hi n-Buiilhexane in 5 mL 
THF at Zl”.The red vlide soln was added droowise to a soln 
of 0.509 g (3.22 mmil) of 43 in IO mL of THt at 0” until the 
red ylide color peristed ( _ 85% of ylide added). HMPA 
(0.67 mL, 3.87 mmol) was added, and the soln was brought 
to 21” and kept for I8 hr. The mixture was partitioned 
between ether and H,O and the aqueous layer was extracted 
with another portion of ether. After washing the combined 
organic layer with NaHCO,aq, work up provided a pale 
yellow residue which was triturated with pentane and 
filtered to remove triphenylphosphine oxide. After evapo- 
ration, the resulting oil was dissolved in 3 mL of MeOH and 
3 mL of 2N NaOH and heated at 65” for 30min. The 
hydrolysis mixture was partitioned between ether and water, 
the aqueous layer was acidified and extracted with ether and 
worked up to give 0.21 g (41% yield) of 13 as a slightly 
yellow oil, pure by NMR analysis: IR 3400-2400, 
1700cn-1; ‘H-NMR 6 0.95 (d, 3). I.18 (d. 3). 1.25 Im. II. 
l.58(d, 3, J = 6.5). 1.77 (ddd;l, J = 5, 5.2; i2.5). 2.4i.j(& 
2). 5.1 (ddq, I, j = 12.5, 12.5, -0.5). 5.4 (m, I). An 
analytical sample was prepared by preparative CC (I 50”): 
(Found: C, 69.1 I; H, 10.18. Calc. for qH,,O,: C, 69.21 H, 
10.33X.) 

(3R*, SR*, 6R*, l’R*) - tetruhydro - 6 - (I-iodoethyf - 3,5- 
dimelhyl - 2H - pyran - 2 - one, IS 

Prepared by the thermodynamically-controlled iodolac- 
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tonization procedure described above, in 69% yield: IR 
1737cn-i; ‘H-NMR 6 0.98 (d, 3). 1.28 (d, 3), 1.65-1.85 (m, 
2) 2.04 (d, 3). 2.05 (m, I), 2.7 (m, 1), 2.95 (dd, 1, J = 1.6 9.6), 
4.29 (dq, 1, J = 1.6, 7. I). An analytical sample was purified 
by chromatography (1 : I hexane-ether): m.p. 77-80” 
(Found: C, 38.44, H, 5.u). 1, 45.15. Calc. for CsH,,IO,: C, 
38.32; H, 5.36; I, 44.98%) 

(4R*, SS*) - Dihydro - 5 - methyl - 4 - phenyf - 2(3H) - 
furanone, 18 

3-Phenyl4pentenoic acid 163’ was converted to the mer- 
curilactone and demercurated as described below for 10, 
giving 18 as a 6 : 1 mixture of trans:cis isomers in 45% 
overall vield: IR 17821x1-i: ‘H-NMR d 1.45 (d. 3). 2.7-3.0 
(m. 2);3.24 (ddd, I, J=8:5, II), 4.56 (dq, i,‘JL6, 8.5), 
7.0-7.3 (m, 5); signals for the minor (cfi) isomer were visible 
at 6 1.03 (d, 3), 3.78 (ddd, I, J = 8,8,8), 4.94 (dq, 1, J = 6.5, 
6.5). An analytical sample was prepared by chromatography 
(CH,C&). (Found: C, 75.05; H, 6.86. Calc. for C,,H,,O; 
C,74.97; H, 6.8%.) 

(3R*, 5S*, 6S+, 1’S*) - 6 - (1 - Acetoxymercuriethyf) - 
ietrahydro - 3,5 - a? -.merhyl --2H - pyran-- 2 - one, I9 

A soln of 50me (0.32mmol) of 10 and 112mn 
(0.34 mmol) of Hg(Oic), in 3 mL of MeOH was stirred ai 
20” for 18 hr. The solvent was removed under reduced 
pressure, and the residual AcOH was swept out by evapo- 
ration from heptane three times. The product, obtained in 
quantitative yield was shown by ‘H-NMR analysis to be 
predominantly a single isomer, 19: 6 1.05 (d, 3), 1.38 (d, 3). 
1.4-1.5 (m, 3). 1.57 (m, 3). 2.06 (s, 3), 2.6 (m. I), 2.96 (dq, 
1,J=1.5,7.5),4.06(dd,1,J=1.5,10).Asigna1fortheminor 
isomer was visible at S 4.3 (dd). No attempt was made to 
purify this material before it was subjected to the demer- 
curation procedures. 

(2R*, 4R*, 5R*) - 6 - Ethyl - terrahydro - 3.5 - dimethyl - 
2H-vvran-2-one.20 

Bydeiodination of-12. A soln of 1.39g (4.9mmol) of 12 
and 1.95 ml (7.4 mmol) of tri(n-butvl)tin hvdride in 75 ml of 
THF was &red at 2lb for 2b hr. se sol&nt was removed 
under reduced pressure and the residue was dissolved in 
50 ml of CH,CN and washed twice with 15-20 mL of cold 
hexane.‘* The hexane washes were back extracted with CH, 
CN. the combined CH,CN layer was evaporated, and 
the resulting oil was purified by chromatography 
(2: I hexaneether) to give 0.69 g (WA yield) of 20: m.p. 
32-35”; IR 1715cm-‘; ‘H-NMR 6 0.95 (d, 3), 0198 (1, 3), 
1.25 (d, 3). 1.2-1.4 (m. 1). 1.5-1.6 (m, I), 1.61.9 (m, 3), 2.5 
(m, I), 3.9 (ddd, I, J = 3.2, 7.2 10.1). An analytical sample 
was prepared by preparative CC. (Found: C, 68.95; H, 
10.20. CU. for C&,0,: C, 69.19, H, 10.32x.) 

Bv abnercuration of19. A soln of 160 ma (0.38 mmol) of 
19 in I mL MeOH add 2 mL of 0.5 N NacH was cooled to 

0” and treated with I .5 mL of 0.5 M NaBH, in 2 N NaOH, 
leading to an instantaneous precipitation of metallic Hg. 
After 30min, the mixture was diluted with ether, centri- 
fuged, washed with 2N HCI and 5% NaHCO,aq, and 
worked up to give 41 mg (69% yield) of a colorless oil which 
was shown by GC analysis to consist of 28 and 10 in a ratio 
of 85:15. 

By deselenation of 23. A soln of 148 mg (0.475 mmol) of 
23.3 mg of azobisisobutyronitrile, and 0.25 mL (0.95 mmol) 
of tri(n-butyl)tin hydride in 6 mL of toluene was heated at 
reflux for I hr. After removal of the solvent at reduced 
pressure, the residue was purified by chromatography (2: I 
hexaneether) to give 73 mg (98% yield) of 20 as a colorless 
011. 

5 - (Benzeneselenomethyl) - dihydro - 4 - phenyl - 2(3H) - 
furanone, 21 and 22 

To a soln of 105 mg (0.60 mmol) of 16 and 2 mg of anhyd 
p-toluenesulfonic acid in 2mL of CH,Cl, at -78” was 
added 234 mg (0.775 mmol) of N-(phenylseleno)- phthali- 

mide. The mixture was allowed to warm to 21” for 2hr, 
diluted with CH,Cl, and washed with 2N NaOH, and 
worked up to give the crude product as a yellow oil. After 
chromatographic purification 183 mg (93% yield) of a 1: 1 
mixture of 21 and 22 was obtained. In a similar experiment, 
continued stirring of the selenolactone in the presence. of 
20 mole % of p-toluenesulfonic acid under the same condi- 
tions at 21’ for 3 d led to a 920/, recovery of starting material 
with an unaltered 1 : I ratio of isomers: IR 1780cm-I; 
‘H-NMR 6 2.78 (m. 2). 3.1 (m. 2). 3.6 fm. 1). 4.62 fm. I). . I I. 

7.1 (m, IO); “C-NMR 6 rran.r‘isom& 22fi20:59,‘36.95,‘85.02; 
126.96-132.84, 174.64; cis isomer 21: 27.48, 36.27, 43.94, 
82.34. An analytical sample was prepared by distillation 
(223”/0.1 torr). (Found: C, 61.85; H, 4.92. Calc. for 
C,,H,,O,Se: C, 61.64, H, 4.86%.) 

(3R*, 5S*, 6S*, I’S*) - Tetrahydro - 3.5 - dimethyl - 6 - 
(1 - phenyseleno - methyl - 2H - pyran - 2 - one, 23 

By a procedure similar to that described above, 60mg 
(0.384 mmol) of 10 was converted to 87 mu (73X yield) of 
the oily 23 after chromatography (1: I he&&ther):~ IR 
1725 cm-‘; ‘H-NMR 6 0.92 (d, 3), 1.3 (d, 3). 1.41.5 (m, I), 
1.65 (d, 3) 1.9, (m, 1, 2.25-2.45 (m. I), 2.5 (m, l), 3.4, (dq, 
1, J= 1.4, 7.3), 3.97 (dd, 1, J= 1.4, 10.2). A signal for a 
minor isomer appeared at 6 4.27 (dd, J = 2.7, 12.1). (Found: 
C, 58.01; H, 6.39. Calc. for C,,H,O$e: C, 57.87; H. 6.48x.) 

5 - (2 - Acetyloxyethyl) - dihydro- -4 - phenyl - 2(3H) - 
furanone, 27 and 28 

A mixture of 200 mg (1.05 mmol) of 26, 44 mg 
(1.47 mmol) of paraformaldehyde, and 0.17 mL (1.22 mmol) 
of BF,.etherate in 4mL of CH,CI, was stirred at 21” for 
24 hr. Another 0.17-mL of BF,.etherate was then added and 
the mixture was heated at reflux for an additional 37 hr. at 
which point the starting material was consumed. The mix- 
ture was diluted with CH,CI,, washed with NaHCO,aq. and 
worked up to give 202 ma of crude hydroxylactone as an oil. 
For analysis this material was a&ylated directly with 
0.12ml(1.26mmol) of AnO. 0.16mL (1.16mmol) of Et,N. 
and a catalytic amount of 4-(dimethylamino)pyridine’ in 
8 mL of ether. After washing the mixture with water and 
working up in the usual way, 169 mg (590/, yield of 27 and 
28 was obtained as an oil in the ratio of 1: 7: IR (film) 1780, 
174Ocn-I; ‘H-NMR 6 2.0 (m, 2) 2.00 (s, 3), 2.90 (m, 2), 
3.30 (dddd, 1). 4.2 (m, 2). 4.6 (m, I), 7.1 (br s, 5); r3C-NMR 
d 32.70. 32.77. 36.95. 47.33. 60.34. 83.11. 126.9129.6 
(several carbons), 170.31, 174.77; peaks attributable to the 
minor isomer appeared at 6 20.39,30.49,35.29,43.98,60.63, 
80.12. (Found: C, 67.70; H, 6.52. Calc. for C,,H,,O,: C, 
67.73; H, 6.50%) 

(4R*, 6S’, 7R*) - 7 - Acetyloxy - 4.6 - dimethyl - 3 - nonanone 
36 

Treatment of 91 mg (0.58 mmol) of 28 with EtMgBr as 
described below for 44 afforded 101 mg (93% yield) of 
32. This material was acetylated with A%0 and 
4dimethylaminopyridine in pyridine, also as described be- 
low, to give 96 mg (73% overall yield) of 36 as a colorless 
oil: IR 1715cn-‘; ‘H-NMR 6 0.86 (t, 6), 1.05 (1. 3). 1.1 (d, 
3). 1.s1.7 (m, 3), 1.8-1.9 (m. l), 2.06 (s, 3). 2.352.6 (m. 2). 
2.62.73 (m, I), 4.63-4.73 (m. 1); “C-NMR 6 7.64, 9.81, 
15.71, 17.87, 20.91, 23.26, 33.97, 35.43,43.79, 78.82, 170.78, 
214.59. (Exact mass: Found, 168.1519. Calc. for 
C,,H,O,-CH,CO,H: m/z 168.1515.) 

(4R*, 6S, 7R*) - 7 - Acetyloxy - 3,3 - ethylenedioxy - 4.6 
dimethyl - 3 - nonanone, 31 

Prepared as described below for the (4R*, 6R*, 7S*)- 
diastereomer, in 87% yield: IR 1715 cn-‘, ‘H-NMR 
6 0.8-0.9 (m, 12), 1.1-1.8 (m. 8). 2.06 (s, 3), 3.95 (m, 4). 4.7 
(m. I). (Exact mass: Found, 278.1984. Calc. for C,,H,O,: 
m/r 278. 1988.) 
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(4R*, 6S*, 7R*) - 3.3 - Ethy/enedioxy - 7 - hydroxy - 4,6 - 
dimethyl - 3 - nonanone, 38 

Prepared as described below for the (4R*, 6S*, 
7R*)-diastereomer, in 9% yield: IR 33OOcm-‘; ‘H-NMR 
6 091.0 (m, 12), 1.2-1.8 (m, 9), 3.4 (m, I), 3.9 (m, 4). (Exact 
mass: Found, 201.1493. Calc. for C,,H,O&H,: m/z 
201.1491.) 

(4R*, 6S+, 7R*) - 3,3 - Ethylenedioxy - 7 - 
methanesulfonyloxy - 4.6 - dimethyl - 3 - nonanone, 39 

Prepared as de&bed below for the (4R*, 6R*, 7S*)- 
diastereomer. in 98% vield: IR 1335. 1175 cm-‘: ‘H-NMR 
6 0.87 (1, 3),‘0.95l.‘bj (m, 9). 1.4-1.8 (m, 7), 2.13 (m, I), 
3.02 (s. 3). 3.94 (m, 4), 4.6 (m, 1). An analytical sample was 
prepared by chromatography I : 1 hexane-ether). (Found: 
C, 54.28; H, 8.98; 10.23. Calc. for C,,H,O,S: C, 54.52; H, 
9.15; s, 10.39X.) 

(4R*, 6S*, 7s.) - 7 - Acefyloxy - 3,3 - ethylenedioxy - 4,6 - 
dimethyl - 3 - nonanone, 40 

Prepared as described below for the (4R l , 6R*, 7R*)- 
diastereomer, in 46% overall yield from 38: IR 1715ctn’; 
‘H-NMR 60.84.95 (m. 12), 2.05 (s, 3), 3.940 (m. 4). 
4.7-4.8 (m. 4). An analytical sample was purified by chro- 
matography (2/l hexane/ether). (Found: C, 66.30; H, 10.34. 
Calc. for C,,H,O,: C, 66.14; H, 10.36.x.) 

(4R*, 6S*, 7s.) - 7 - Acelyloxy - 4,6 - dimethyl- 3 - nonanone, 
41 

--Prepared as described below for the (4R*, 6R*. 7R*)- 
diastereomer, in quantitative yield IR 1720, I71 5 cn-i; 
‘H-NMR d 0.875 (1, 3), 0.885 (d, 3), 1.033 (1. 3). 1.064 (d, 
3). 1.3-1.8 (m, 5). 2.065 (s, 3), 2.45 (m, 2). 2.7 (m, I), 4.75 
(ddd. 1. J = 3.8. 5.4. 7.9): “C-NMR 6 7.80. 10.14. 14.59. 
17.34, 24.17, 33.52, 34.311’36.31, 43.30, 77.75. (Exact mass; 
Found, 228.1728. Calc. for C,,H,O,: 228.1725.) 

d,l-2,4Dimerhylglutaic anhydride, 42 

To a soln of IOOmg (0.624mmol) of d,l-2,4dimethyl- 
glutaric acidn in 2 mL of CH,CN at 21” was added a soln 
of l42mg (0.686mmol) of dicyclohexylcarbodiimide in 
3mL of CH,CN, causing an immediate ppt of dicyclo- 
hexylurea. After 1 hr, the urea was removed by filtration, the 
filtrate was evaporated, and the residue was triturated with 
ether to extract the anhydride. After evaporation of 
the ether layer, the crude anhydride was distilled 
(85-87”/1.8 torr) to give 86 mg (97”/, yield) of a colorless oil 
which solidified on standing: m.p. 34-36”; IR 1805, 
176ocm-1; ‘H-NMR d 1.4 (d, 6). I.9 (1, 2) 2. (m, 2). 
(Found: C, 59.03; H, 7.03. Calc. for C,H,,O,: C, 59.15; H, 
7.09%) 

Methyl (2R*, 4R*) - 2,4 - dimethyl - 5 - oxopentanoate, 43 
A soln of 156 mg (I .I mmol) of the dJ-42 in 2 mL of 

MeOH was heated under reflux for 3 hr, allowed to stand 
at 21’ for I8 hr. and evaporated, and the residue was 
distilled (I IO-I 15”/4 torr) to give 190 mg (99% yield) of the 
monoester as a colorless oil: IR 3400-2400, 1720 (br) cm-i; 
‘H-NMR d I.2 (two d, 6). 1.8 (1, 2), 2.54 (m. 2). 3.68 (s, 3). 
(Found: C, 55.44; H, 8.18. Calc. for CsH,,O,: C, 55.16; H, 
8.10”/) 

To a 2.517 g-sample (14.45 mmol) of the monoester, 
prepared in a similar way, was added I .89 mL (21.7 mmol) 
of oxalyl chloride over a 10min period at 0”. After 3 hr at 
0” and 4 hr at 21”, the mixture was distilled under vacuum 
(62-65”/0.8 torr) to give 2.53 g (91X vield) of the ester-acid 
chloride. A I .25 g sample (6.49‘mmbi) ofthis material was 
dissolved in IO mL of THF and added to a flask which had 
previously been purged with N,, charged with 113 mg of 
IV/, W/C, 0.76 mL of Z,blutidine, and 20 mL of THF, and 
flushed with Hr. After 5 hr of agitation under H,, the 
mixture was filtered through Celite and concentrated under 
reduced pressure. The crude product was dissolved in ether, 
washed with IN HCl and with 5% NaHCO,aq, worked up 

in the usual manner and then distilled (59-61/0.8 torr) to 
give 705 mg (67X vield) of 43 as a colorless oil: IR 2720. 
i726cn-‘;‘H-NM-R 6 l.l6d, 3), 1.18 (d. 3). 1.41.9 (m, 2); 
2.38-2.5 (m, I), 2.5-2.62 (m, I), 3.68 (s, 3). 9.6 (d, 1). 
(Found: C, 60.42; H, 8.59. Calc. for C,H,,O,: C, 60.74; H, 
8.920/) 

(2R*, 4R*, 5s.) - 6 - Ethyl - tetrahydro - 3.5 - dimethyl - 
2H - pyran - 2 - one, 44 

A soln of 1.28 g (4.5 mmol) of 15 and 1.78 ml (6.75 mmol) 
of tri(n-butyl)tin hydride in 70 mL of THF was kept at 21 
for I8 hr. After dilution with 50 mL of CH,CN, the mixture 
was washed twice with cold hexane.‘* The hexane layers 
were back-extracted with CH,CN, the combined CH,CN 
layer was evaporated and the malodorous residue was 
purified by chromatography (2: I hexane-ether) to give - _ _ 
675 mg (97% yield) of 44 as a colorless oil: IR I725 cm-i. 
‘H-NMR S 1.00 (d. 3). 1.03 (t. 3). 1.22 (d. 3). 1.5-1.9 (m. 5). , I. . II . I II , I I, 
2.65 (m, I), 3.87 (ddd, I, J = 2.4, 8.4, 10.2). (Found: C, 
68.96; H, 10.26. Calc. for C$H,,O,: c, 69.19; H, 10.32x.) 

(4R*, 6R*. 7S) - 7 - Acetyloxy- - 4,6 - dimethyl - 3 - 
notumone 

A soln of 229 mg (1.47 mmol) of 44 in 40 mL of ether at 
-78” was treated with 0.65 mL of a 2.7 M soln (I .76 mmol) 
of EtMgBr in ether, leading to the formation of a dense 
white ppt. After brief warming to 21”. the mixture was 
cooled to - 78” before 2 mL of sat’d NH,Claq was added. 
After warming again, the mixture was partitioned between 
ether (IOmL) and water (2 mL). The aqueous phase was 
extracted with ether, and the combined organic phase was 
worked up to give the crude 45. This material was acetylated 
directly with 0.40 mL (4.3 mmol) of A%0 and a catalytic 
amount of 4-(dimethylamino)pyridine in 2 mL of pyridine at 
21” for I8 hr. Water (0.5 mL) was added, and after 30 min 
the mixture was diluted with ether, the organic phase was 
washed with 5% NaHCO,aq and worked up. The product 
was purified by chromatography (2 : I hexane-ether) to give 
39 mg of recovered 44 and 2 IO mg (76% overall yield, based 
on unrecovered starting material) of the keto-acetate: IR 
1715cm’; ‘H-NMR d 0.862 (d, 3), 0.877 (t, 3), 1.036 (d, 3), 
1.057 (1.3). 1.3-1.8 (m, 5), 2.053 (3.3). 2.45-2.55 (m. 3). 4.73 
(ddd, I, J = 5.6, 6.6, IO). “C-NMR 6 7.79, 10.01, 15.25, 
16.10, 21.14, 23.24, 33.70, 34.30, 34.90, 43.50, 78.87. An 
analytical sample was purified by preparative GC (160”). 
(Found: C, 68.33; H, 10.39. Calc. for C,,H,,O,: C, 68.38; H, 
10.59”/) 

(4R*, 6R*, 7S) - 7 - Acefyloxy - 3,3 - ethylenedioxy - 4,6- 
dimethyl - 3 - nonanone 

To a soln of 35.4 mg (0. I55 mmol) of the keto-acetate and 
% mg (0.47 mmol) of ethylene glycol bis(trimethylsily1)ether 
in 4mL of CH,Cl 
methylsilyl triflate.’ 3 

at -20” was added 3 drops of tri- 
After 7 hr, the soln was warmed to O”, 

the reaction was quenched with 0.25 mL of pyridine, and the 
mixture was washed with 5% NaHCO,aq. The aqueous 
layer was back-extracted with three l5mL portions of 
CH,CI,, and the combined organic layer was worked up to 
give 41 mg (91% yield) of the ketal as an oil. ‘H-NMR 
analysis indicated that it was sufficiently pure to be carried 
on to the next step. IR 1715ctn’; ‘H-NMR 6 084-0.94 (m, 
12). 1.2-1.8 (m, 8) 2.057 (s, 3). 3.9 (m. 4). 4.7 (m. I). (Exact 
mass: Found, 272.1978. Calc. for C,,H,O,: 272.1987.) 

(4R*, 6R*, 7S) - 3.3 - Ethylenedioxy - 7 - hyciroxy - 4,6 - 
dimethyl - 3 - nonanone 

A soln of 120 mg (0.44 mmol) of the ketal and 0.88 mL of 
2N NaOH (1.76 mmol) in 6 mL of MeOH was heated at 60” 
for I8 hr. The mixture’was diluted with water and extracted 
three times with CH,Cl,, and the organic layer was worked 
up to give IOOmg (98% yield) of hydroxy-ketal as an oil, 
pure by TLC and ‘H-NMR: IR 3590,3464tcn-‘; ‘H-NMR 
60.851.0 (m. 12). 1.2-1.9 (m, 8). 3.34 (m, I), 3.9 (m. 4). 
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(Exact mass: Found, 201.1495. Calc. for C,,HxO&HJ: 
201.1491.) 

(4R*, 6R*, 7S*) - 3,3 - Ethylenedioxy - 7 - methane- 
sulfonyloxy - 4,6 - dimethyl - 3 - nonanone. 

To a soln of 127 mg (0.55 mmol) of the hydroxy-ketal and 
0.25 mL (1.79 mmol) of Et,N in 12 mL of CH,CI, at 0” was 
added 0.13 mL (I .65 mmol) of methanesulfonyl chloride. 
After 1 hr at 0” and 2 hr at 21”. 5 mL of water was added 
and the layers were separated. The aqueous phase was 
extracted twice with CH,Clz, and the combined organic 
phase was worked up in the usual manner. The crude 
product was purified by chromatography (1 : I ether-hexane 
to give 158 mg (93% yield) of the mesylate as a colorless oil: 
IR 1335, 1175cn-‘; ‘H-NMR 6 0.84-1.0 (m, 12), 1.15-1.2 
(m, 8), 3.017 (s, 3), 3.9 (m. 4). 4.55 (m, I). (Found: C, 54.39; 
H, 8.99; S, 10.14. Calc. for C,,H,O,S: C, 54.52; H, 9.15; S, 
10.39X.) 

(4R*, 6R*, lR+) - 7 - Acetyloxy - 3,3 - ethylenedioxy - 4,6 
dimerhyl - 3 - nonanone 

A mixture of 14.7 mg (0.048 mmol) of the ketal-mesylate 
and 27 mg (0.143 mmol) of cesium acetate in 1 mL of DMF 
was heated at 80” For I hr. The solvent was removed under 
reduced pressure and the residue was dissolved in CH,Cl,, 
washed with NaHCO,aq, and worked up to give a mixture 
of the desired product and elimination products. This 
material was purified by chromatography (3: 1 
hexane-ether) to give 6.6mg (51% yield) of the 
acetoxy-ketal as a colorless oil: IR 1715cn-‘; ‘H-NMR 
6 0X4-0.90 (m. 12), 1.1-1.85 (m, 8), 2.053 (s, 3), 3.95 (m, 4), 
4.72 (m. 1). (Found: C, 65.88; H, 10.1 I. Calc. for C,,H,O,: 
C, 66.14; H, 10.36;%.) 

(4R*, 6R*, 7R*) - 7 - Aceryloxy - 4.6 - dimethyl - 3 - 
nonanone, 30 

A soln of 27.2 mg (0.99 mmol) of the acetoxy-ketal, 
0.2 mL of water, and 1 mg of p-toluensulfonic acid in 1 mL 
of acetone was heated at 45’ for 14 hr. After partitioning 
between CH,CI, and water, back-extracting the aqueous 
layer, and working up the combined organic layer in the 
usual way, 23 mg (loo”/, yield) of ( f )serricomin acetate was 
obtained, pure by ‘H-NMR: IR 1715 cm-‘; ‘H-NMR 6 0.86 
(overlapping d and t, 6). 1.048 (overlapping d and 1, 6). 
1.2-1.7 cm. 5). 2.059 (s. 3). 2.46 (m. 2). 2.63 (m. 1). 4.75 (m, . ,. . , , 
1); “C-NMR S 7.84, 10.15, 14.39, 16.60,24.~0, j3:59, 34.i6, 
35.81, 43.45, 78.08, 215.06. (Found: C, 68.57; H, 10.26. 
WC. for C,,H,O,: C, 68.38; H, 10.59x.) 

Acknowledgemen&--This work was supported by grants 
from the National Institutes of Health (CA-16616 and 
GM-30759). We also want to express our appreciation for 
the contributions of Drs. Cheryl F. Pizza and Jerry L. 
Adams to the early stages of this project. 

REFERENCES 

‘Reviews: “P. A. Bartlett, Asymmelric Synthesis vol. 3., 
Char, 6. (Edited by J. D. Morrison), Academic Press, New 
York, in. press; bp. A. Bartlett, Tetrahedron 36, 2 (1980); 
‘M. D. Dowle and D. I. Davies, Chem. Sot. Reu. 171 
(1979); dv. I. Staninets and E. A. Shilov Russ. Chem. Rev. 
40 272 (1971). 

“P. A. Bartlett and J. Myerson, J. Am. Chem. Sot. 100, 
3950 (1978); bP. A. Bartlett and J. Myerson, J. Org. Chem. 
44, 1625 (1979); 1). B. Collum, J. H. McDonald, III and 
W. C. Still, J. Am. Chem. Sot. 102, 2118 (1980); d D. R. 
Williams, B. A. Bamer, K. Nishitani and J. G. Phillips, 
Ibid. 104 4708 (1982); r K. Mori and T. Umemura, 
Tetrahedron Letters 23, 3391 (1983). 

bA. R. Chamberlain, M. Dezube and P. Dussault, Ter- 
rahedron Letters 22.4611 (1981): 6 S. W. Robinson. R. A. 
Amos and J. A. Ka&enell&bog&n, J. Am. Chem. S&. 103, 
4114 (1981). 

‘See S. Takano, M. Hirama and K. Ogasawara, J. Org. 
Chem. 45.3729 (1980) for a case in which such asymmetric 
induction was observed. 

?his iodolactonization reaction has also been reported in 
connection with an elegant total synthesis of milbemycin 
8,: D. R. Williams, B A. Bamer, k. Nishitani and J: G. 
Philins. J. Am. Chem. Sot. 104. 4708 (1982). 

6F. I.‘C&roll, G. N. Mitchell, J. ?. Blac~well; A. Sobti and 
R. Meek. 1. Org. Chem 39, 3890 (1974). 

‘T. Chuman, M. Kohno, K. Kato, and M. Noguchi, 
Tetrahedron Letters 2361 (1979); T. Chuman, K. Kato, 
and M. Noguchi, Agric. Bbl. &em. 43, 2005 (1979); M. 
One. I. Ohnishi. T. Chuman. M. Kohno and K. Kato. ibid. 
44, i259 (1980). 

8hler a&z:-%. Suzuki and T. Mukaiyma, Chem. Lett. 683 
11982): bE. J. Corev. J. W. Ponder and P. Uhich. Tet- 
;ahed;bn Letters 21: ‘137 (1980). 

*L. E. Overman and C. B. Campbell, J. Org. Gem. 39, 
1474 (1974); *P. A. Bartlett and J. L. Adams, J. Am. Chem. 
Sot. 102 337 (1980). 

‘OH. B. Henbest and B. Nicholls J. Gem. Sot. 227 (1959). 
“H. C. Brown and P. Geohegan, Jr., J. Am. Gem. Sot. 89, 

1522 ( 1967). 
‘*H. G. Kuivila, Synthesis 449 (1970); E. J. Kupchik, 

Organotin Compoun& Vol. 1, Chap 2. Marcel1 Dekker 
New York (1971). 

“inter alia: M. F. Grundon, D. Stewart and W. E. Watts, 
J. Chem. Sot. Chem. Commun. 573 (1973); J. R. Nixon, 
M. A. Cudd and N. A. Porter. J. Ora. Chem. 43. 4048 
(1978). 

“Inter Alia: A. J. Bloodworth and J. A. Khan, J. Chem. Sot. 
Perkin Trans. I. 2450 (1980). 

“W. C. Baird, Jr. and J. h. Su’rridge, J. Org. Chem. 40, 1364 
(1975). 

16K Maskens and N. Polgar, J. Chem. Sot. Perkin I, 109 
(lb73); 

“;K. C. Nicolaou, Tetrahedron 37,4097 (1981); “D. L. J. C. 
Clive. C. G. Russel. C. Chittattu. and A. Sinah. Ibid. 36. 
1399 ‘(1980); X. Cl Nicolaou, b. A. Cla&oh, W. E: 
Bamette and S. P. Se&, J. Am. Chem. Sot. 101, 3704 
(1979). 

18S. Current and K. B. Sharpless, Tetrahedron Letters 5075 
(1978). 

19E. Arundale and L. A. Mihesha, Chem. Reu. 51, 505 
(1952); D. R. Adams and S. P. Bothagar, Synthesis 661 
(1977); L. J. Dolby, C. N. Lieshe, D. R. Rosencrantz and 
M. J. Schwartz, J. Am. Chem. Sot. 85, 47 (1963); I. 
TBmijsk&i and L. Gruber, Tetrahedron Letters 4369 
(1976). 

“M. Mori, T. Chuman, M. Kohno, K. Kato, M. Noguchi, 
H. Nomi and K. Mori, Tetrahedron Letters 23,667 (1982). 

*‘K. Mori and H. Nomi, Tetrahedron Letters 22, 1127 
(1981); T. Chuman, M. Kohno, K. Kato, M. Noguchi, H. 
Nomi and K. Mori, Agr. Biol. Gem. 45, 2019 (1981); R. 
W. Hoffman, W. Helbig and W. Ladner, Tetrahedron 
Letters 23, 3479 (1982); M. Mori, T. Chuman, K. Kato 
and K. Mori, Ibid 23, 4593 (1982). R. Baker and J. A. 
De.vlin, J. Chem. Sot. Chem. .Co&un. 147 (1983). 

22L. D. Bergel’son and J. G. Batrakov, Izu. Aka. Nauk 
SSSR, Ser_Khim, 1259 (1963); A. Zamojski, Rocz. Chem. 
40, 451 (1966). 

=D. G. h;ielillb, T. Liu, K. Ryan, M. Sletzinger and I. 
Shinkai. Tetrahedron Letters. 22. 913 (1981). 

2’These attempts is included direci ketaiization of 28 with 
ethylene glycol followed by inversion of the alcohol, and 
simultaneous opening of the hemiacetal and activation of 
the secondary OH with tosyl chloride in pyridine. 

z50. Mitsunobu, Synthesis 1 (1981). 
26W. H. Kruizinga, B. Strijtveen and R. Kellogg, J. Org. 

Chem. 46, 4323 (I 98 1). 



Electrophilic lactonization in stereocontrol 2321 

nN. L. Allinger, J. Am. Chem. Sot. 81, 232 (1959). %. Daviand and P. Miginiac, Tetrahedron Letters 3345 
mW. C. Still, M. Kahn, and A. Mitra, J. Org. Chem. 43, (1973). 

2923 (I 978). “F. Bermejo Ganzakz and P. A. Bartlett, Org. Syn. in press. 
rrW. G. Dauben, L. Schutte, G. Shafkr and R. B. Gagosian, 12J. M. Berge and S. M. Roberts, Synk-i.~, 471 (1979). 

J. Am. Chem. Sot. 95, 468 (1973). “T. Tsunoda, M. Suzuki and R. Noyori, Tetrahedron 
Letters 21, 1357 (1980). 


