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A new strategy for the construction of polyether antibiotic substructural units [spiroketals (I), tetrahydrofurans 
(111, and tetrahydropyrans (III)] consisting of bis-addition of an oxygen nucleophile across an a,w-diene moiety 
(i.e., IV) is described. The method exploits a tandem 1,3-dipolar cycloaddition/electrophilic cyclization sequence 
that proceeds via the intermediacy of an isoxazoline. Experiments presented illustrate the versatility of this 
strategy, which provides a unique exploit of the control elements operative in dipolar cycloaddition and electrophilic 
cyclization chemistry. 

Introduction 
Development of methodology for the stereocontrolled 

synthesis of polyether antibiotics continues to receive 
significant attention? and, in many regards, construction 
of these elaborate targets becomes an exercise in the 
preparation of cyclic ethers. As exemplified by lonomycin 
A, common substructural units encountered in this class 
of natural products include spiroketals, tetrahydrofurans, 
and tetrahydropyrans (I, 11, and 111, respectively; Figure 
1). 

A new isoxazoline-based method for the preparation of 
2,bdisubstituted tetrahydrofurans3 (i.e., derivatives of 11) 
was recently reported from these laboratories, and it ap- 
peared to us that this protocol, which effects bis-addition 
of an oxygen nucleophile across an a,w-diene (cf. IV) by 
a tandem l,&dipolar cycloaddition/electrophilic cyclization 
sequence, could be modified so as to deliver substructural 
units I and I11 in addition to 11. The attractiveness of this 
strategy, particularly in light of its potential versatility in 
constructing various cyclic ethers with one protocol, is 
evident and provides a unique exploit of the control ele- 
ments operative in dipolar cycloaddition and electrophilic 
cyclization chemistry. We report herein realization of this 
isoxazoline-based strategy as a general and versatile route 
to the cyclic ether substructural units common to polyether 
 antibiotic^.^ 

Results and Discussion 
Tetrahydrofurans, Tetrahydropyrans, and Oxe- 

panes. The cycloaddition of 1,5-hexadiene and tri- 
phenylacetonitrile oxide (prepared from triphenylmethyl 
chloride and silver f ~ l m i n a t e ) ~  furnishes isoxazoline la in 
high yield as long as the diene is used in excess (8 equiv). 
With symmetrical dienes, increasing amounts of bis- 
cycloadducts are obtained as the dieneldipole ratio de- 
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Table I. Cyclic Ether Preparation 

la-d 2a-d 

cis: trans 
entry yield of 1,O % yield of 2,b % ratio of 2c 

a , n = l  100 85 1:4 
b , n = 2  98 82 1:9 
c , n = 3  96 80 1:3 
d , n = 4  100 

a Based on triphenylacetonitrile oxide. Overall yield from tri- 
Determined by capillary GC analysis of phenylacetonitrile oxide. 

the crude reaction mixtures. 

Scheme I 

l e  3 

4 

creases, with the bis-adduct being obtained in nearly 
quantitative yield when the dieneldipole ratio is 0.5. 

As hoped, treating the heterocycle obtained from 1,5- 
hexadiene and triphenylacetonitrile oxide (la) with iodine 
in refluxing dichloromethane resulted in an electrophilic 
cyclization giving tetrahydrofuran 2a as a 1:4 cktrans 
mixture in 60% overall yield from triphenylacetonitrile 
oxide. By simply increasing the diene chain length (n = 
Table I), sequential application of these two reactions 
readily accommodates the preparation of larger ring ethers: 
1,g-heptadiene leading to tetrahydropyran 2b (n = 2, entry 
b) and 1,7-octadiene leading to oxepane 2c (n = 3, entry 
c). Attempts to prepare the corresponding eight-mem- 
bered ring ether (n = 4, entry d) failed as isoxazoline Id 
gave only unidentifiable polymerized material upon 
treatment with iodine. 

In each of the electrophilic cyclizations depicted in Table 
I, a trans arrangement of the CH21 and CH2C=N sub- 
stituents on the cyclic ether is favored, with selectivity 
being highest for the tetrahydropyran derivative (2b; 
cis:trans 1:9). Presumably this trans selectivity is the 
consequence of kinetic olefin face selectivity in the elec- 
trophilic cyclization of 1 with stereoselectivity in 1 - 2 
then reflecting dissimilar nonbonding interactions in the 
two competing isoxazolinium activated complexes: i.e., the 
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lonomycin A 

Kurth et al. 

Figure 1. 

exo-isoxazolinium is kineticallv favored over the endo- 
isoxazolinium activated complex: Irreversible loss of Ph3C+ 
with concomitant formation of the C=N moiety and loss 
of the N-0 bond then delivers 2. It is interesting to note 
that changing solvent from dichloromethane [t = 8.93 (25 
"C)] to benzene [ t  = 2.27 (25 "C)I6 in this electrophilic 
cyclization results in a complete loss of stereoselectivity 
for la - 2a (68%; &:trans ratio 1:l). I t  was also found 
that switching from a triphenylmethyl (Ph,C) group at  C3 
of the isoxazoline (la) to a tert-butyl (Me3C) group also 
results in complete loss of stereoselectivity with le giving 
2a as 1:l cis:trans mixture in 59% yield, even in di- 
chloromethane (Scheme I). Clearly, collapse of the isox- 
azolinium activated complex to 2 is also sensitive to the 
carbocation stability of the R+ leaving group. These results 
suggest that the isoxazolinium derived from le has a longer 
lifetime and undergoes significant equilibration, whereas 
the isoxazolinium derived from la  undergoes minimal 
equilibration, reflecting the kinetic selectivity of 1 - 2. 
In support of this notion of variable equilibration between 
exo- and endo-isoxazoliniums, we note that the s N 1  re- 
activity of a triphenylmethyl group is =lo6 times greater 
than the s N 1  reactivity of a tert-butyl Formation 
of amide 3 (22%) in the electrophilic cyclization of le, 
while not anticipated in advance of the experiment, is 
clearly the consequence of a C - N migration of Me3C+ 
moiety via a Beckmann-like rearrangement pathway which 
successfully competes with isoxazolinium fragmentation 
with loss of Me&+. 

There are two control experiments pertinent to elec- 
trophilic cyclization 1 - 2. First, a 6.61 cis:trans mixture 
of 2a does not undergo equilibration either under condi- 
tions identical with those employed for la - 2a or in the 
presence of iodotriphenylmethane. Second, isoxazoline 4, 
which lacks the pendant C=C of la, is stable to the io- 
docyclization conditions employed in 1 - 2 (Iz/CH2Cl2, 
25 or 40 "C, 8 h), indicating that iodonium ion formation 
precedes isoxazoline fragmentation in these iodo- 
cyclizations. 

(6) Przybytek, J. T. Solvent Guide; Burdick & Jackson Laboratories, 
Inc.: Muskegon, MI, 1980. 

(7) (a) Freedman, H. H.; Olah, G. A. Carbonium Ions; Wiley-Inter- 
science: New York, 1973; Vol. IV, Chapter 28. (b) Streitwieser Jr., A. 
Soluolytic Displacement Reactions; McGraw-Hill: New York, 1962; p 
181. 

Table 11. Electrophilic Cyclization of Isoxazolines If-h 

-1 

I f - h  2a 

entry R cis:trans" yield of 2a,* % 
I f  Me& 6.6:l 40 
1l3 MeCH(OSiMe3) 1:1.4 59 
lh  i-PrCH(OSiMe3) 1A.6 55 

nRatios determined by capillary GLC analysis of the crude re- 
action mixture. * Isolated, purified yields. 

Scheme I1 

6 
A 

Ph3C-CIN+O' 
benzene. A 

Ph3C-C=N+O' 
benzene, A (E&)-5 1 

2.5-trans-7b 2,6-cis-Ia 

8 2.5-trans-9c 2,6-cis-9a 
(P Mela 1) 

2.6-ms-9b 
(a MelP I) 

In addition to R = C(Ph)3 and C(Me)3 substituted 
isoxazolines, one trimethylsilyl ( lf)8 and two [(tri- 
methylsilyl)oxy]methyl ( lg  and lh)9 analogues of isoxa- 
zoline 1 were prepared, and their electrophilic cyclizations 
studied. The most striking feature in these results, which 
are summarized in Table 11, is a complete reversal in 
stereoselectivity with the trimethylsilyl analogue. That 
is, trimethylsilyl-substituted If gives a preponderance of 
cis-2a (R = C(Ph),; 6.6:l cktrans ratio) while triphenyl- 
methyl-substituted la gives a preponderance of trans-2a 
(1:4 cis:trans ratio). [ (Trimethylsily1)oxylmethyl analogues 
l g  and lh gave only marginal selectivity. 

Cycloaddition of triphenylacetonitrile oxide and the 
symmetrical diene (Z,Z)-2,6-octadiene10 [ (Z,Z)-5; prepared 
by Lindlar-catalyzed hydrogenation of 2,6-octadiyne] af- 
fords isoxazoline 6 in 71% yield together with its 1,3-di- 
polar cycloaddition regioisomer in 28% yield, which are 
easily separable by silica gel chromatography (Scheme 11). 
Electrophilic cyclization of isoxazoline 6 leads to a se- 
parable 1:l mixture of the tetrahydropyran 7a and tetra- 
hydrofuran 7b in 60% isolated yield. While only the trans 
tetrahydrofuran isomer (7b) was detected in the crude 
reaction mixture, the tetrahydropyran product proved to 
be a 955 2,6-cis:2,6-trans mixture (by 300-MHz NMR). In 

(8) (a) Prepared from 1,5-hexadiene and (trimethylsily1)carbonitrile 
oxide, which in turn was generated in situ from trimethylsilyl bromide 
and mercury fulminate. (b) Brandi, A.; DeSarlo, F.; Guama, A.; Speroni, 
G. Synthesis 1982, 719-21. 

(9) (a) Prepared from 1,bhexadiene and RCH(OSiMea)C=NO, which 
in turn was generated in situ from RCH(OSiMea)CHzNOz by dehydration 
with phenyl isocyanate. (b) Curran, D. P.; Scanga, S. A.; Fenk, C. J. J. 
Org. Chem. 1984,49, 3474-8. 

(IO) Walba, D. M.; Wand, M. D.; Wilkes, M. C. J. Org. Chem. 1980, 
45, 2259-2261. 



Cyclic Ether Subunits of Polyether Antibiotics 

similar fashion, (triphenylmethy1)carbonitrile oxide adds 
to (E$)-2,6-octadiene [ (E,E)-5; prepared by Na/NH3 re- 
duction of 2,6-octadiyne] to give a silica gel separable 
mixture of isoxazoline 8 (62% purified yield) and its 1,3- 
dipolar cycloaddition regioisomer (30% purified yield). 
Upon treatment with iodine, isoxazoline 8 underwent 
electrophilic cyclization, giving a separable 3.9: 1 mixture 
of tetrahydropyran and tetrahydrofuran products in 64% 
isolated yield. As with 6, 8 cyclizes to a mixture of two 
tetrahydropyran products (2,6-cis-9a and 2,6-trans-9b in 
a 3:l ratio) and one tetrahydrofuran isomer (trans-9c). 
The relative stereochemistry of 9a, the major tetra- 
hydropyran isomer, was established by X-ray crystal 
structure analysis." These iodocyclization results with 
isoxazolines 6 and 8, taken in concert with those presented 
in Tables I and 11, clearly indicate that stereoselectivity 
in the iodocyclization step is subject to subtle stereocontrol 
elements. 

Spiroketals from Unsymmetrical Dienes. A tandem 
l,&dipolar cycloaddition/electrophilic cyclization sequence 
starting with an unsymmetrical diene in the cycloaddition 
step presents this protocol with the potential of providing 
access to considerably more elaborate cyclic ethers. 
However, an important new issue is introduced with this 
modification: namely, the question of chemoselectivity in 
the cycloaddition step. In simple olefins, both electronic 
and steric control elements are operative, with the net 
effect that the rate of nitrile oxide 1,3-&polar cycloaddition 
generally increases as olefin substitution decreases.12 
Therefore, we reasoned that by exploiting substitution- 
based differences in dipolarophilicity, the less substituted 
olefin of an unsymmetrical diene could be selectively en- 
gaged in the cycloaddition step. 

With the notion olefin selective cycloaddition in mind 
and with polyether antibiotic substructures as targets, our 
next objective was the preparation of spiroketals of general 
structure I. Thus, the olefin selectivity issue became one 
of C=C-C versus C=C-0 olefin selectivity. While 
cyclic vinyl ethers like dihydrofuran and dihydropyran are 
known to readily react with nitrile oxides yielding bicyclic 
iso~azolines,~~ it was hoped that in appropriately designed 
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(11) Compcund 9a (formula) crystallizes from hexane in the triclinic 
s ace group P1. The crystal data at 130 K are as follows: a = 5.500 (1) Al b = 9.686 (2) A. c = 10.410 (2) A: a = 93.64 (2)": B = 99.97 (2)": Y = . .  , ,  
95,Ol (2)'; p(calcd) = 1.71 g cm" for 2 = 2; 2fl(m&) ='50; 1755 reflections 
with F > 4 4 7 )  used, Mo Ka (graphite) (A = 0.71069 A), and o scan, 20" 
min-'; R = 0.033. SHELXTL programs on a DGC Eclipse S/230 computer. 
Complete X-ray crystallographic details are available as supplementary 
material (see the paragraph at the end of the paper). 

? P 

(12) (a) Barbulescu, N.; Grunanger, P.; Langella, M. R.; Quilico, A. 
Tetrahedron Lett .  1961,89-94. (b) Zinner, G.; Gunther, H. Ber. 1965, 
98,1353-1354. (c) Barbulescu, N.; Grunanger, P. Gazz. Chim. Ital. 1962, 
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91, 1112-23. 

Scheme I11 
a : n = l  

10a,b l ia ,b 

&" ' . I ,  

''''I 
12a,b 

I t MQSiO UP? 

13a.b 

substrates steric considerations would allow for the se- 
lective engagement of the C=C-C moiety in the cyclo- 
addition step leaving the C 4 - 0  moiety for a subsequent 
electrophilic cyclization reaction. 

With a modified procedure developed by Boeckman,14 
unsaturated vinyl ethers 10 are readily available by al- 
kylation of the corresponding lithiated dihydropyran. As 
hoped, (triphenylmethy1)carbonitrile oxide reacts stereo- 
specifically with the terminal C=C moiety, leaving the 
vinyl ether moiety untouched. In contrast to symmetrical 
dienes, which must be used in large excess in the 1,3-di- 
polar cycloaddition step to avoid bis-cycloaddition, only 
1 equiv of 10 is required since the C=C-C and C=C-0 
moieties display vastly dissimilar dipolarophilicity. Indeed, 
using 1 equiv of 10 delivers isoxazoline 11 in essentially 
quantitative yield (Scheme 111). 

Unfortunately, treatment of 1 la with iodine under 
gentle reflux in methylene chloride gave the desired 5,6- 
spiroketal 12a in only 6% yield. With l l b ,  none of 6,6- 
spiroketal12b was detected, and all attempts to improve 
the yield of 11 - 12 by altering reaction temperature, 
solvent, and time failed. Fortunately it was found that 
isoxazoline 13, derived from 10 and CH3CH(OSiMe3)C= 
N+-O-, gave dramatically improved results. Cyclo- 
addition 10 - 13 proceeds at  room temperature and in 
70-8070 yield with only a slight excess of diene 10, and like 
the reaction of triphenylmethylcarbonitrile oxide, the re- 
action of CH3CH(OSiMe3)C=N-0 with unsymmetrical 
diene 10 is completely regiospecific. Treating isoxazoline 
13a with iodine in dichloromethane at  room temperature 
gave 5,6-spiroketal 12a in 57% isolated yield. As antici- 
pated, internal asymmetric induction for this reaction was 
excellent, but there was no relative asymmetric indu~tion,'~ 
and 12a was obtained as a 1:l mixture of diastereomers 
epimeric at C2. Interestingly, isoxazoline 13b undergoes 
iodocyclization with complete internal as well as relative 
asymmetric induction giving 12b in 25% isolated yield. 
That 12b is one pure isomer is evident by 13C NMR 
analysis and is apparently the consequence of both anom- 
eric and steric effects.16 

Experimental Section 
General Experimental Procedures. Infrared spectra were 

determined on a IBM FTIR-32 with an IBM 9000 data system. 
NMR Spectra were determined on a Varian EM390 spectrometer 
('H at  90 MHz) or a General Electric QE-300 spectrometer ('H 
at 300 MHz and 13C at  75 MHz). Mass spectra were determined 
on a Du Pont 21-492B mass spectrometer. Melting points were 
determined on a Thomas Hoover Uni-Melt melting-point appa- 

(14) Boeckman, R. K.; Bruza, K. J. Tetrahedron 1981,37,3997-4006. 
(15) Bartlett, P. A. Tetrahedron 1980, 36, 1-72. 
(16) Deslongchamps, P.; Rovan, D.; Podner, N.; Suave', T.; Sanders, 

J. Can. J. Chem. 1981,59, 1105-21. 
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ratus and are uncorrected. MPLC refers to column chromatog- 
raphy done at  10-50 psi through EM Lobar columns packed with 
LiChroprep Si60 (40-63 pm) or prepared columns packed with 
Florisil (60-100 mesh) with hexane/EtOAc eluent and monitored 
by refractive index detection. Chromatron refers to preparative, 
centrifugally accelerated, radial, thin-layer chromatography with 
silica gel 60 as stationary phase. Analytical thin-layer chroma- 
tography (TLC) was performed with Kodak 100-"-thick silica 
gel plates. Capillary gas chromatography (GC) was performed 
on a Hewlett-Packard 5890A gas chromatograph using a DB-1701 
column (30 m X 0.259 mm; film thickness = 0.25 mm): initial 
temperature = 90 "C; initial time = 1 min; rate = 2 "C/min; gas 
pressures (psi) He 60, Nz 32, air 34, Hz 20. 
Procedure A: 5-(3-Butenyl)-3-(triphenylmethyl)-2-isox- 

azoline (la). (Triphenylmethy1)acetonitrile oxide (567 mg, 1.98 
mmol) and 1,Shexadiene (1.30 g, 15.8 "01) in anhydrous benzene 
(20 mL) was heated at reflux in a sealed tube for 48 h. The crude 
reaction mixture was cooled to room temperature and concen- 
trated under reduced pressure giving a white solid. Purification 
by MPLC (25:75 EtOAc:hexanes, 2.5 mL/min) gave la (727 mg, 
1.98 mmol, 100%) as a white solid: mp = 86-88 "C (benzene); 
R, = 0.69 (25/75 EtOAc/hexane); FT  IR (KBr) 3201,2925,2255, 
1957,1595 cm-'; 'H NMR (300 MHz, CDC13) 6 1.50 (m, 1 H), 1.75 
(m, 1 H), 2.20 (m, 2 H, CH2CH=CH2), 2.23-2.50 (dd, J = 8.5, 

CCHH), 4.60 (m, 1 H, HCO), 5.10 (m, 2 H, CH=CH2), 5.99 (m, 
1 H, CH=CHz), 7.7 (m, 15 H, Ar H); 13C (CDCl,) 6 31, 35,43, 
62 (C(Ar),), 82 (HCO), 118 (==CHz), 127,129,131,139,145,163 
(C=N); HRMS calcd for CzsH26N0 367.1936, found, 367.1936. 
5-(4-Pentenyl)-3-(triphenylmethyl)-2-isoxazoline (1 b). 

Following procedure A, 1,g-heptadiene gave lb (1.27 g, 3.33 mmol, 
98%) as a white solid: mp 93-95 "C (benzene); R, = 0.74 (20/80 
EtOAc/hexane); FT IR (neat) 3202,2922,2255,1957,1596 cm-'; 
'H NMR (300 MHz, CDC13) 6 1.20-1.75 (m, 4 H), 2.20 (m, 2 H), 
2.38 (dd, J = 9,15 Hz, 1 H, N=CCHH), 2.90 (dd, J = 9, 15 Hz, 
1 H, N=CCHH), 4.60 (m, 1 H, HCO), 5.10 (m, 2 H, CH=CHz), 
5.99 (m, 1 H, CH=CHz), 7.6 (m, 15 H, Ar H); HRMS calcd for 
C2,H2,N0 381.2093, found, 381.2092. 
5-(5-Hexenyl)-3-(triphenylmethyl)-2-isoxazoline (IC). 

Following procedure A, l,7-octadiene gave IC (660 mg, 1.67 mmol, 
96%) as a white solid: mp 93-94 "C (benzene); R, = 0.62 (20/80 
EtOAc/hexane); FT IR (KBr) 3202,2925,2254,1957,1596 cm-'; 
'H NMR (300 MHz, CDC13) b 1.22-1.70 (m, 6 H), 2.20 (m, 2 H), 

= 9,15 Hz, 1 H, N=CCHH), 4.60 (m, 1 H, HCO), 5.10 (m, 2 H, 
CH=CHJ, 5.99 (m, 1 H, CH=CHz), 7.70 (m, 15 H); HRMS calcd 
for CzaHmNO 395.2249, found, 395.2249. 
5-(6-Heptenyl)-3-(triphenylmethyl)-2-isoxazoline (ld). 

Following procedure A, l,&nonadiene gave Id (270 mg, 0.66 "01, 
100%) as a white solid mp 71-73 "C (benzene); Rf = 0.62 (20/80 
EtOAc/hexane); FT IR (neat) 3202,2925,2256,1957,1596 cm-'; 
'H NMR (300 MHz, CDCl,) 6 1.20-1.70 (m, 8 H), 2.22 (m, 2 H), 
2.31-2.55 (dd, J = 8.5, 12.5, 1 H, N=CCHH), 2.70-3.01 (dd, J 
= 8.5, 12.5, 1 H, N=CCHH) 4.60 (m, 1 H, HCO), 5.10 (m, 2 H, 
CH=CHJ, 5.99 (m, 1 H, CH==CHz), 7.7 (m, 15 H, Ar H); HRMS 
calcd for C2BH31N0 409.2406, found, 409.2406. 
5-(3-Butenyl)-3-(2,2-dimethylethyl)-2-isoxazoline (le). 

Triethylamine (195 mg, 193 "01) in anhydrous EhO (5 mL) was 
added with a syringe pump over 30 min to a solution of tert- 
butylhydroximic acid chloride (250 mg, 1.84 mmol) and 1,5- 
hexadiene (303 mg, 3.69 mmol) in anhydrous EhO (10 mL). The 
solution was allowed to stir at room temperature for an additional 
24 h, at which time the crude reaction mixture was filtered and 
concentrated under reduced pressure. Purification by MPLC 
(2575 EtOAc:hexanes, 2.5 mL/min) gave le (330 mg, 1.82 mmol, 
70%) as a viscous, colorless oil: Rf = 0.67 (Et0Ac:hexanes); FT 
IR (neat) 3078,2934,1641,1479,1124 cm-'; 'H NMR (300 MHz, 
CDCl,) 6 1.16 (s, 9 H, 3 CH3's), 1.65 (m, 2 H), 2.05-2.50 (m, 2 H), 
2.50-2.70 (dd, J = 7.8, 11.7, 1 H, N=CCHH), 2.90-3.20 (dd, J 
= 7.8, 11.7, 1 H, N=CCHH), 4.5 (m, 1 H, HCO), 5.0 (m, 2 H, 
CH==CHz), 5.79 (m, 1 H, CH==CHd; 'w (CDCl,) 6 29.0 (3 CH,'s), 

(CH=), 168.7 (C-N); HRMS calcd for CllHl$JO 181.1467, found, 
181.1467. 
Procedure B: 5-(3-Butenyl)-3-[ 1-((trimethylsi1yl)oxy)- 

ethyl]-2-isoxazoline (lg). 2- [ (Trimethylsily1)oxyl-1-nitropropane 

12.7, 1 H, N=CCHH), 2.70-3.12 (dd, J = 8.5, 12.7, 1 H, N= 

2.31-2.50 (dd, J = 9, 15 Hz, 1 H, N=CCHH), 2.70-3.01 (dd, J 

30.7, 33.0 (C(CH,)J, 35.3, 40.3, 80.6 (HCO), 116.1 (=CHJ, 138 

Kurth et  al. 

(1.0 g, 5.64 mmol), 1,5-hexadiene (2.31 g, 28.2 mmol), phenyl 
isocyanate (1.34 g, 11.2 mmol), and benzene (25 mL) were placed 
in a 50-mL round-bottom flask and flushed with nitrogen. A 
solution of triethylamine (78 rL, 0.56 mmol) in benzene (1 mL) 
was added through the condenser over 10 min via a syringe pump. 
The mixture was refluxed for a total of 50 h and, upon cooling, 
filtered through Celite. Water (25 drops) was added, and the crude 
reaction mixture stirred vigorously for 2 h, then filtered, dried 
(MgSO,), and concentrated under reduced pressure to give a 
brown oil. Purification by MPLC (10/90 EtOAc/cyclohexane, 
2.5 mL/min) gave lg (710 mg, 2.94 mmol, 52%) as a yellow oil 
which proved to be a nearly 1:l mixture of inseparable diaste- 
reomers; R, = 0.73 (20/80 EtOAc/hexane); FT IR (neat) 3079, 
2979, 1642, 1556, 1093 cm-'; 'H NMR (300 MHz, CDC13) 6 0.2 
(5, 9 H, 3 CH,'s), 1.0-1.5 (m, 3 H), 1.5-2.0 (m, 2 H), 2.1 (m, 2 H), 
2.5-3.3 (m, 2 H, N=CCHz), 4.6 (m, 1 H, HCO), 4.7 (m, 1 H, 
HC(CH3)), 5.0 (m, 2 H, CH=CHJ, 5.8 (m, 2 H, C H 4 H J ;  HRMS 
calcd for C12HBSiN02 241.1498, found, 241.1498. 
5-(3-Butenyl)-3-[ 1-( (trimethylsilyl)oxy)-2-methyl- 

propyl]-2-isoxazoline (lh). Following procedure B, 2-[ (tri- 
methylsilyl)oxy]-3-methyl-l-nitrobutane gave lh (746 mg, 2.8 
mmol, 57%) as a pale yellow oil which proved to be a nearly 1:1 
mixture of inseparable diastereomers; R, = 0.70 (20/80 Et- 
OAc/hexane); FT IR (neat) 3079, 2979, 1642, 1556, 1388, 1093 
cm-'; 'H NMR (300 MHz, CDCl3) 6 0.2 (9, 9 H, 3 CH3's), 0.6-1.0 
(m, 6 H, 2 CH,), 1.4-1.8 (m, 2 H), 2.2 (m, 1 H), 2.4-3.3 (m, 2 H, 
N===CCH2), 4.2 (d, J = 6.3 Hz, 1 H, HCOTMS), 4.7 (m, 1 H, HCO), 
5.0 (m, 2 H, CH=CHz), 5.8 (m, 1 H, CH=CH2); HRMS calcd for 
C14H27NOzSi 269.181 1, found, 269.181 1. 
Procedure C: (2R*,5R*)- and (2R*,5S*)-2-(Cyano- 

methyl)-5-(iodomethyI)tetrahydrofuran (2a). Iodine (1.4 g, 
5.4 mmol) was added in one portion to a solution of the isoxazoline 
la (1.0 g, 2.7 mmol) in methylene chloride (30 mL), and the 
resulting mixture refluxed under nitrogen for 48 h, at  which point 
TLC indicated complete disappearance of starting isoxazoline la. 
The cooled reaction mixture was added to a mixture of ether (30 
mL) and saturated aqueous sodium bisulfite solution (20 mL), 
the layers were separated, and the aqueous phase was extracted 
with EtzO (3 x 25 mL). The combined organic extracts were 
washed with brine (1 X 10 mL), dried (MgS04), filtered, and 
concentrated under reduced pressure. Purification by MPLC 
(25/75 EtOAc/hexanes, 2.5 mL/min) gave 2a (580 mg, 2.3 mmol, 
85%) as a pale yellow oil with a cktrans ratio of 1:4 as judged 
by capillary GC (cis 33 min/trans 33.2 min). The cis/trans isomers 
were separated by HPLC (5/95 EtOAc/hexanes, 3.0 mL/min) 
giving cis-2a at 14 min [Rf = 0.38 (25/75 EtOAc/hexane); FT IR 
(neat) 2878, 2251 (CN), 1061, 1096 cm-'; 'H NMR (300 MHz, 
CDC13) 6 1.8 (m, 2 H), 2.1 (m, 2 H), 2.63 (dd, J = 4,15 Hz, 1 H, 
CHHCN), 2.69 (dd, J = 5.6, 15 Hz, 1 H, CHHCN), 3.25 (dd, J 
= 5.6,ll.Z Hz, 1 H, CHHI), 3.28 (dd, J = 5.6,11.2 Hz, 1 H, CHHI), 
4.0 (m, 1 H, CHO), 4.2 (m, 1 H, CHO); 13C (CDC13) 6 9.4, 24.4, 
30.5,31.3, 75.2 (CHO), 79.5 (CHO), 117.1 (CN); HRMS calcd for 
C7HloIN0 250.9807, found, 250.98071 and trans-2a at 15.4 min 
[R, = 0.38 (25/75 EtOAc/hexane); IT IR (neat) 2878,2251 (CN), 
1061, 1096 cm-'; 'H NMR (300 MHz, CDCl,) 6 1.85 (m, 2 H), 2.3 
(m, 2 H), 2.63 (dd, J = 5.6, 15 Hz, 1 H, CHHCN), 2.66 (dd, J = 
3.7, 15 Hz, 1 H, CHHCN), 3.27 (dd, J = 6.7, 11.2 Hz, 1 H, CHHI), 
3.29 (dd, J = 4, 11.2 Hz, 1 H, CHHI), 4.19 (m, 1 H, CHO), 4.35 
(m, 1 H, CHO); 13C (CDCl,) 6 10.0, 24.1, 31.5, 32.3, 74.8 (CHO), 
78.9 (CHO), 117.1 (CN). Anal. Calcd for C,HJNO: C, 33.49; 
H, 4.01; N, 5.58. Found: C, 33.37; H, 4.06; N, 5.591. 

(2R*,6R*)- and (2R*,6S*)-2-(Cyanomethyl)-6-(iodo- 
methy1)tetrahydropyran (2b). Following procedure C, isoxa- 
zoline lb gave a yellow oil of 2b (770 mg, 2.9 mmol, 82%) as an 
inseparable 1:9 cis:trans mixture (as judged by 300-MHz 'H 
NMR): R, = 0.38 (20/80 EtOAc/hexane); F T  IR (neat) 2878,2251 
(CN), 1034, 1056 cm-'; 'H NMR (300 MHz, CDC1,) 6 1.20-2.01 
(m, 6 H), 2.62 (m, 2 H, CH,CN), 3.23 ( d , J  = 6.3 Hz, 2 H, CHzI), 
3.32-4.23 (m, 2 H, HCO); 13C (CDCI,, cis/trans) 6 7 -7 /94  
17.3/22.3, 223124.5, 27.7/28.6, 29.8/30.3, 66.6/71.7 (HCO), 
72.6/76.9 (HCO), 117 (CN). Anal. Calcd for CEHlzINO: C, 36.25; 
H, 4.56; N, 5.28. Found: C, 35.92; H, 4.58; N, 5.29. 

(2R *,7R *)- and (2R *,75 *)-2-(Cyanomethyl)-7-(iodo- 
methy1)oxepane (2c). Following procedure C, isoxazoline IC 
gave a yellow oil of 2c (168 mg, 0.60 m o l ,  80%) as an inseparable 
1:3 cis:trans mixture (as judged by 30-MHz 'H NMR): Rf = 0.38 
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(20/80 ethyl acetate/hexane); FT IR (neat) 2878,2249 (CN), 1084, 
1034 cm-'; 'H NMR (300 MHz, CDCl,) 6 1.20-2.01 (m, 8 H), 2.59 
(m, 2 H, CH,CN), 3.20 (d, J = 8.5 Hz, 2 H, CHzI), 3.61-4.20 (m, 
2 H, HCO); 'w (CDC13, trans-2c) 6 11.3,11.2,25.1, 25.2,26.1,36.3, 
72.7 (HCO), 81.4 (HCO), 119 (CN). Anal. Calcd for CgH141NO: 
C, 38.73; H, 5.06; N, 5.02. Found: C, 38.47; H, 5.09; N, 4.97. 

(2R*,5R*)- (2a) and 
(2R *,5S *)-N- tert -Butyl[ 5-(iodomethy1)tetrahydro- 
furanyllacetamide (3). Following procedure C, isoxazoline le 
gave a yellow oil which, upon purification by MPLC (1/2/2 
EtOAc/chloroform/cyclohexane, 2.5 mL/min) gave 2a [650 mg, 
2.59 mmol, 59% (1:l::cis:trans ratio as judged by capillary GC)] 
and 3 [311 mg, 0.96 mmol, 22% (1:a::cis:trans ratio as judged by 
capillary GC)]: FT IR (neat) 3324 (NH), 1648 (C=O), 1545,1090 
cm-'; 'H NMR (300 MHz, CDCl,) 6 1.4 (s, 9 H, 3 CHis), 1.7 (m, 
2 H), 2.2 (m, 2 H), 2.4 (d, J = 6.3 Hz, 2 H, CH,C=O), 3.3 (d, J 
= 6.0 Hz, 2 H, CHJ), 4.4-3.9 (m, 2 H), 6.3 (m, 1 H); I3C (CDCl,, 
cis/trans) 6 10.3/10.5, 28.8 (CH,), 31.2, 32.2/32.4,43.4/44.1, 50.9, 
78.6/78.8 (CHO), 170 (C=O); HRMS calcd for CllHzoINOz 
325.0539, found 325.0539. 

One-Pot Preparation and Cyclization of 5-(3-Butenyl)- 
3-(trimethylsilyl)-2-isoxazoline (If - 2a). Trimethylsilyl 
bromide (740 mg, 4.86 mmol) was added in one portion to a 
suspension of Hg(CNO), (590 mg, 2.43 mmol) in anhydrous 
benzene (15 mL). After stirring for 1.5 h at  room temperature, 
the salts were removed by transferring the solution under positive 
nitrogen pressure via cannula into a dry, 50-mL round-bottom 
flask equipped with a vacuum valve and septum. An excess of 
1,5-hexadiene (2.0 g, 25 mmol) was added and the solution was 
stirred at room temperature. After 42 h, the solvent was removed 
under high vacuum and replaced with methylene chloride (15 mL). 
A methylene chloride (20 mL) solution of iodine (1.23 g, 4.86 
mmol) was then added in one portion, and the mixture stirred 
an additional 12 h. Ether (20 mL) and saturated aqueous sodium 
bisulfite (20 mL) were added, and the organic layer was separated, 
dried (MgS04), and concentrated under reduced pressure. The 
resulting brown oil was purified by MPLC (25/75 EtOAc/ 
cyclohexanes, 2.0 mL/min) giving 2a (480 mg, 1.91 mmol, 40%) 
as yellow oil with a cis:trans ratio of 6.6:l (as judged by capillary 
GC; cis 33 min/trans 33.2 min). 

Cyclization of Isoxazoline lg  ( l g  - 2a). Iodine (228 mg, 
0.828 mmol) was added in one portion to a solution of the isox- 
azoline l g  (106 mg, 0.414 mmol) in methylene chloride (4 mL), 
and the reaction mixture was allowed to stir at room temperature 
under nitrogen for 5 h, at  which time TLC indicated complete 
disappearance of starting isoxazoline lg. The reaction mixture 
was added to a mixture of ether (20 mL) and saturated aqueous 
sodium bisulfite solution (20 mL), the layers were separated, and 
the aqueous phase was extracted with EhO (2 X 20 mL). The 
combined organic extracts were washed with brine (1 X 20 mL), 
dried (MgS04), filtered, and concentrated under reduced pressure. 
Purification by MPLC (25/75 EtOAc/cyclohexanes, 2.5 mL/min) 
gave 2a (67 mg, 0.27 mmol, 59%) as a pale yellow oil with a 
cis:trans ratio of 1:1.4 (as judged by capillary GC; cis 33 min/trans 
33.2 min). 

Cyclization of Isoxazoline lh: ( lh  - 2a). As with lg, l h  
gave 2a (53 mg, 0.21 mmol, 55%) as a pale yellow oil with a 
cktrans ratio of 1:1.6 (as judged by capillary GC; cis 33 min/trans 
33.2 min). 
5-Butyl-3-(triphenylmethyl)-2-isoxazoline (4). Tri- 

phenylacetonitrile oxide (110 mg, 0.38 mmol), 1-hexene (649 mg, 
7.71 mmol), and anhydrous benzene (20 mL) were sealed in a tube 
and heated at  85 "C for 48 h. After cooling to room temperature, 
the tube was opened, and the solution concentrated under reduced 
pressure. Purification by MPLC (10/90 EtOAc/hexanes, 2.5 
mL/min) gave 4 (727 mg, 0.38 mmol, 100%) as a white solid: mp 
123-125 "C (benzene); Rf = 0.63 (20/80 ethyl acetate/hexane); 
FT IR (neat) 3201,2925,1958, cm-'; 'H NMR (300 MHz, CDC1,) 
6 0.94 (t, J = 4.3 Hz, 3 H, CH,), 1.21-1.80 (m, 6 H, CH,), 2.29-2.50 
(dd, J = 6.7, 14 Hz, 1 H, N=CCHH), 2.70-2.98 (dd, J = 6.7, 14 
Hz, 1 H, N=CCHH), 4.60 (m, 1 H, HCO), 7.36 (m, 15 H, Ar H); 
HRMS calcd for CzsHZ7NO 369.2093, found, 369.2094. 

Procedure D: (*)-cis-(Z)-4-Methyl-5-(3-pentenyl)-3- 
(triphenylmethyl)-2-isoxazoline (6). Triphenylacetonitrile 
oxide (100 mg, 0.35 mmol), (Z,Z)-2,6-octadiene [(Z,Z)-5; 0.27 g, 
2.45 mmol], and anhydrous benzene (25 mL) were sealed in a tube 
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and heated at 70 "C for 48 h. After cooling to room temperature, 
the tube was opened, and the solution concentrated under reduced 
pressure. Purification by Chromatatron (4/96 EtOAc/hexanes) 
gave, in order of elution, 6 (99 mg, 0.25 mmol, 71%) as a viscous, 
colorless oil [6: R, = 0.73 (20/80 ethyl acetate/hexane); FT  IR 
(neat) 3201, 2925, 2255, 1957, 1595 cm-'; 'H NMR (300 MHz, 

H, CH,), 1.82-2.02 (m, 2 H), 2.15-2.41 (m, 2 H), 3.16 (dq, J = 6.7, 
6.7 Hz, 1 H, N=CCHH), 4.52 (m, 1 H, HCO), 5.45-5.63 (m, 2 H, 
CH=CH), 7.7 (m, 15 H, Ar H); HRMS calcd for CzsHzsNO 
395.2249, found 395.22491 and its regioisomer [39 mg, 0.10 mmol, 
27%; R, = 0.65 (20/80 EtOAc/hexane); FT IR (neat) 3211,2925, 
2258,1958 cm-'; 'H NMR (300 MHz, CDC13) 6 1.5 (d, J = 7.0 Hz, 
3 H, CH3), 2.2 (d, J = 7.0 Hz, 3 H, CH3), 1.7-2.0 (m, 4 H), 2.7 
(m, 1 H, N=CCHH), 4.2 (dq, J = 6.7, Hz, 1 H, HCO), 4.8 (m, 
1 H, CH=CH), 5.2 (m, 1 H, CH=CH), 7.7 (m, 15 H, Ar H); 
HRMS calcd for CZ8HBNO 395.2249, found 395.22491. 

(*)-trans -( 2)-4-Methy1-5-(3-pentenyl)-3-(triphenyl- 
methyl)-2-isoxazoline (8). Following procedure D, (E,E)-2,6- 
octadiene [(E,E)-5] gave, in order of elution, 8 (1.24 g, 3.1 mmol, 
62%) as a viscous, colorless oil [R, = 0.72 (20/80 EtOAc/hexane); 
FT IR (neat) 3201,2925,2255,1957,1595 cm-'; 'H NMR (300 

Hz, 1 H), 1.03-1.84 (m, 4 H), 1.96-2.28 (m, 2 H), 2.80 (dq, J = 
6.7, 6.7 Hz, 1 H, N=CCHH), 4.18 (dt, J = 6.7, 6.7 Hz, 1 H, 
N = C o ,  5.50 (m, 2 H), 7.7 (m, 15 H, ArH); HRMS calcd for 
C,sHzsNO 395.2249, found, 395.22491 and its regioisomer [0.6 g, 
1.5 mmol, 30%; R, = 0.68 (20/80 EtOAc/hexane); FT  IR (neat) 
3211, 2925, 2258, 1958 cm-'; 'H NMR (300 MHz, CDCl,) 6 1.3 
(d, J = 7.0 Hz, 3 H, CH,), 1.6 (d, J = 7.0 Hz, 3 H, CH,), 1.65 (br 
m, 1 H), 1.8 (bm, 1 H), 2.7 (m, 1 H, N=CCHH), 4.5 (m, 1 H, 
HCO), 4.9 (m, 1 H, CH=CH), 5.2 (m, 1 H, CH=CH), 7.7 (m, 15 
H, Ar H); HRMS calcd for CzsHBNO 395.2249, found 395.22491. 

[6S*[6a(R*),2( S*),S(S*)]]-S-( l-Cyanoethyl)-2-methy1-3- 
iodotetrahydropyran (7a) and [25*[2a(R*),5a(S*)]]-2- 
(Cyanoethy1)-5-(iodoethyl)tetrahydrofuran (7b). Following 
procedure C, isoxazoline 6 gave 2,6-cis-tetrahydropyan 7a [24 
mg, 0.086 mmol, 30%, 95:5 cis:trans mixture as judged by 300- 
MHz 'H NMR; Rf = 0.57 (20/80 EtOAc/hexane); FT  IR (neat) 
2878,2241 (CN), 1115,1080 cm-'; 'H NMR (300 MHz, CDCl,) 
6 1.21 (d, 3 H, CH3), 1.9 (d, 3 H, CH,), 1.6-2.01 (m, 4 H), 2.86 
(m, 1 H, CHCN), 3.85 (m, 1 H), 4.4 (m, 1 H, HCO), 4.2 (m, 1 H, 
HCO); HRMS calcd for (CSH14N0 - 1) 152.1075, found 152.10751 
and 2,5-trans-tetrahydrofuran 7b [24 mg, 0.086 mmol, 30%; R, 
= 0.57 (20/80 EtOAc/hexane); FT IR (neat) 2870, 2241 (CN), 
1103,1085 cm-'; 'H NMR (300 MHz, CDCl,) 6 1.21 (d, 3 H, CH,), 
1.4 (d, 3 H, CH,), 2.4 (br m, 4 H), 2.87 (m, 1 H, CHCN), 3.75 (m, 
1 H), 3.85 (m, 1 H, HCO), 4.25 (m, 1 H, HCO); HRMS calcd for 
(CgH14N0 - I) 152.1075, found 152.1073. 

[ 6S*[ 6a( S *),2( S *),3(R*)]]-6-( l-Cyanoethyl)-2-met hyb3- 
iodotetrahydropyran (sa), [ 6S*[6a( 5*),2( S *),3(R *)]I-6-( 1- 
Cyanoethyl)-%-methy1-3-iodotetrahydropyran (Sb), and 
[ 2 5  *[ 2a( S *),5a(R *)]]-2-(Cyanoethyl)-5-( iodoet hy1)tetra- 
hydrofuran (9b). Following procedure C, isoxazoline 8 gave 
2,6-cis-tetrahydropyan 9a" [140 mg, 0.51 mmol, 38%; mp 83-85 
"C (hexane); FT IR (neat) 2870,2239 (CN), 1105,1070 cm-'; 'H 

(m, 2 H), 1.9 (d, J = 6.9 Hz, 3 H, CH,), 2.21 (m, 2 H), 2.71 (m, 
1 H,CHCN), 3.8 (m, 1 H,CHI), 4.1 (m, 1 H, HCO), 4.2 (q,J = 
6.9 Hz, 1 H, HCO);'% (CDClJ 6 14.8 (CH3),24.6 (CH3),30.4 (CH), 
31.6,32.3 (CH), 33.1,79.9 (HCO), 84.1 (HCO), 120.9 (CN); HRMS 
calcd for (C9H14N0 - I) 152.1075, found, 152.10751, 2,6-trans- 
tetrahydropyran 9b [46 mg, 0.17 mmol, 13%; FT IR (neat) 2878, 
2241 (CN), 1115,1080 cm-'; 'H NMR (300 MHz, CDC13) 6 1.4 (d, 

(m, 4 H), 2.75 (m, 1 H, CHCN), 3.82 (m, 1 H, CHI), 4.05 (m, 1 
H, HCO), 4.19 (m, 1 H, HCO); 13C (CDC13) 6 16.0 (CH,), 22.1,26.3 

(CN); HRMS calcd for (CJ-114N0 - I) 152.1075, found, 152.10751, 
and 2,5-trans-tetrahydrofuran 9c [48 mg, 0.17 mmol, 13%; FT  
IR (neat) 2878,2241 (CN), 1115,1080 cm-'; 'H NMR (300 MHz, 

CH3), 1.6 (m, 2 H), 2.2 (m, 1 H), 2.6 (m, 1 H, CHCN), 2.7 (m, 1 
H), 3.5 (m, 1 H, HCO), 3.7 (m, 1 H, CHI),3.8 (m, 1H,HCO);'3C 

80.4 (HCO), 84.5 (HCO), 115 (CN); HRMS calcd for (CgH14N0 

CDC13) 6 0.45 (d, J = 7.0 Hz, 3 H, CH3), 1.65 (d, J = 6.0 Hz, 3 

MHz, CDC13) 6 0.72 (d, J = 7.0 Hz, 3 H, CH,), 0.98 (d, J = 5.6 

NMR (300 MHz, CDC13) 6 1.38 (d, J = 9.2 Hz, 3 H, CH3), 1.79 

J = 9.0 Hz, 3 H, CH3), 1.95 (d, J = 6.9 Hz, 3 H, CH3), 1.7-2.25 

(CH,), 30.6 (CH), 31.0, 32.2 (CH), 82.1 (HCO), 86.8 (HCO), 120.1 

CDC13) 6 1.3 (d, J = 9.0 Hz, 3 H, CH,), 1.45 (d, J = 6.9 Hz, 3 H, 

(CDCl3) 6 14.9 (CH3), 24.9,29.0 (CH,), 31.3, 31.4 (CH), 31.7 (CH), 
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- I) 152.1075, found, 152.1075. Anal. Calcd for C9H141NO: C, 
38.73; H, 5.06; N, 5.02. Found: C, 38.57; H, 5.22; N, 4.861. 

Procedure E: 5-[2-(4,5-Dihydro-2H-pyranyl)ethyl1-3- 
[I-( (trimethylsilyl)oxy)ethyl]-2-isoxazoline (13a). A benzene 
(1 mL) solution of triethylamine (26 mg, 0.25 mmol) was added 
dropwise to a solution of 2- [(trimethylsilyl)oxy]-1-nitropropane 
(302 mg, 1.71 mmol), dihydropyran 10a (472 mg, 3.41 mmol), and 
p-chlorophenyl isocyanate (524 mg, 3.41 mmol) in benzene (30 
mL). The resulting solution was heated a t  reflux for 50 h and 
then cooled, filtered through Celite, and treated with water (25 
drops). After 2 h of vigorous stirring, the mixture was again 
filtered through Celite, dried (Na2S04), and concentrated under 
reduced pressure. Purification by MPLC (Florisil column, 2:98 
EtOAc:hexanes, 2.5 mL/min) gave 13a (380 mg, 1.28 mmol, 75%) 
as a yellow oil: R, = 0.68 (25/75 ethyl acetate/hexane); FT IR 
(neat) 2953, 1252, 1089, 843 cm-'; 'H NMR (300 MHz, CDC13) 
6 0.04 (s, 9 H, Si(CH3)3), 1.32 (d, J = 6.3 Hz, 3 H, CH,), 1.54-2.03 
(m, 9 H), 2.50 (dd, J = 9, 15 Hz, 1 H, N=CHHCO), 2.92 (dd, J 

4.42 (t, J = 2.6 Hz, 1 H, CH=), 4.60 (m, 1 H, HCO); HRMS calcd 
for C15H2,N03Si FAB+ 298.1838, found, 298.1839. 
5-[2-(4,5-Dihydro-2H-pyranyl)propyl1-3-[ 1-( (trimethyl- 

silyl)oxy)ethyl]-2-isoxazoline (13b). Following procedure E, 
dihydropyran 10b gave 13b (411,1.4 mmol, 70%) as a pale yellow 
oil: R, = 0.68 (25/75 EtOAc/hexane); FT IR (neat) 2953, 1252, 
1089, 843 cm-'; 'H NMR (300 MHz, CDC1,) 6 0.15 (s, 9 H, Si- 
(CH3),), 1.18-2.22 (m, 13 H), 2.53 (dd, J = 7, 15 Hz, 1 H, N= 
CCHHCO), 3.13 (dd, J = 7, 15 Hz, 1 H, N=CCHHCO), 3.95 (t, 
J = 2.2 Hz, 2 H, CH,O), 4.54 (br m, 2 H, HCO), 4.75 (m, 1 H, 
CH=); HRMS calcd for Cl6HmNO3Si 311.1917, found, 311.1916. 

Procedure F: (55*,6R*,8R*)- and (55*,6R*,85*)-8- 
(Cyanomethyl)-5-iodo-1,7-dioxaspiro[5.4]decane (12a). A 
solution of iodine (121 mg, 0.48 mmol) in methylene chloride (10 
mL) was added in one portion to a methylene chloride (20 mL) 
solution of isoxazoline 13a (94.8 mg, 0.318 mmol). The reaction 
mixture was stirred at  room temperature for 5 h and then diluted 
with EhO (10 mL) and saturated aqueous sodium bisulfite solution 
(5 mL), and the layers separated. The aqueous phase was ex- 
tracted with EhO (3 X 25 mL), and the combined organic extracts 
were washed with brine (1 X 10 mL), dried (Mg2S04), filtered, 
and concentrated under reduced pressure. Purification by 
Chromatron (90/10 EtOAc/hexanes) gave spiroketal 12a (55.7 
mg, 0.18 mmol, 57%) as a pale yellow oil and inseparable 1:l 
mixture of CHzCN epimers; R, = 0.57 (20180 ethyl acetate/ 

= 9, 15 Hz, 1 H, N=CHHCO), 3.86 (t, J = 3.2 Hz, 2 H, CHZO), 
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hexane); FT IR (neat) 2947,2874,2249 (CN), 1080 cm-'; 'H NMFt 
(300 MHz, CDCI,) 6 1.40-2.35 (m, 9 H), 2.58 (m, 2 H, CH2CN), 
3.69 (m, 1 H, CHHO), 3.86 (m, 1 H, CHHO), 4.35 (m, 1 H, HCO); 
13C (CDCI,) 6 21.0/25.3, 26.0/26.8, 29.9/30.7,34.4/34.5, 38.2/39.4, 
62.8 (CHzO), 72.8 (CHI), 75.3 (HCO), 106.7 (OCO), 117.6/117.7 
(CN); HRMS calcd for (C1J-ll4NOZ - I) 180.1024, found 180.1025. 

(25  *,6R *,115 *)-2-(Cyanomethyl)-ll-iodo- 1,7-dioxaspiro- 
[5.5]undecane (12b). Following procedure F, dihydropyran 13b 
gave spiroketal 12b (22 mg, 0.07 mmol, 25%) as a pale yellow oil: 
R = 0.33 (20/80 EtOAc/hexane); FT IR (neat) 2943,2872,2251 
(bN), 1099 cm-'; lH NMR (300 MHz, CDCl,) 6 2.09-1.17 (m, 11 
H), 2.45 (d, J = 6.3 Hz, 2 H, CH2CN), 3.65 (m, 2 H, CH20), 3.92 
(m, 1 H, HCO); 13C NMR (CDC13) 6 18.27, 18.30, 24.66, 25.10 
(HCI), 30.23, 34.70, 35.37, 60.66 (CH,O), 65.18 (HCO), 96.12 
(OCO), 117.66 (CN); HRMS calcd for CllH161N02 321.0225, found 
321.0222. 
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A novel route toward 4,5-indolequinones and 5,8-quinolinequinones, based on the Fremy's salt promoted oxidative 
degradation of 6-hydroxy-1,2,3,4-tetrahydroisoquinolines and 7-hydroxy-2-benzazepines, is described. 

The significant pharmacological properties associated 
with many synthetic and naturally occurring quinones has 
spurred much interest in the search for a new methodology 
for the  synthesis of the  quinone functionality.' 

Our recent work in this field has led us  to develop the  

(1) Chemistry of Quinones; Rappoport, Z., Patai, S., Eds.; John Wiley: 
New York, 1988; Volume 2, Parts 1 and 2. Methoden der Organischen 
Chemie (Houben Weyl); Georg Tieme Verlag: Stuttgart, 1977; Teil I, 
Band VII/3a. For some recent developments in the area, see: Iyer, S.; 
Liebeskind, L. S. J. Am. Chem. SOC. 1987,109,2795. Dotz, K. H. Angew. 
Chem., Znt. Ed. Engl. 1984,23,587. Moore, H. W.; Decker, 0. H. Chem. 
Reo. 1986,86, 821. Wulff, W. D.; Tang, P. C.; Chan, K. S.; McCallum, 
J. S.; Yang, D. C.; Gilberton, R. S. Tetrahedron 1985, 24, 5813. Sem- 
melhack, M. F.; Bozell, J. J.; Keller, L.; Sato, T.; Spies, E. J.; Wulff, W.; 
Zask, A. Tetrahedron, 1985, 24, 5803. 

so-called oxidative degradation approach (ODA) for t he  
synthesis of simple 1 ,4-ben~oquinones .~  In  essence, the  
success of this approach lies in the fact that the amino 
group of the starting phenolic N,N-dimethylbenzylamines 
serves two main purposes in the  plan. As illustrated in 
Scheme I, i t  was first needed as a directing group for 
metalation (and subsequent functionalization) of the un- 
protected phen01,~ and secondly, its role in the oxidative 
degradation process was t o  promote side-chain cleavage 

~~ ~~ ~ 

(2) Saa, J. M.; Morey, J.; Costa, A. Tetrahedron Lett. 1985,27, 5125. 
(3) Costa, A.; Saa, J. M. Tetrahedron Lett. 1987,243,5551. SaB, J. M.; 

Llobera, A.; Garcia-Raso, A.; Costa, A,; Deyii, P. M. J. Org. Chem. 1988, 
53. 4263. 
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