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Abstract-The synthesisofanatoxin-a(1) was completed by using the cycloaddition of 1-pyrroline 1-oxide(2) 
onto dienol(6). a reaction which proceeded with hi8h stereoselectivity, regioselectivity, and site selectivity. The 
resultant adduct (i.e. 7) was oxidii to a second nitrone (i.e. 8) which undergoes a second closure to afford 
cycloadduct 9a with regiospeciticity. The conversion of 9a into anatoxin-a hydrochloride (I- HCI) was both 
direct and ef6cient. 

Various species of marine algae have been harvested by 
man for centuries. The principal micro-algae that have 
been used for human and animal consumption are 
enkaryotic chlorophytes such as Chorella and 
Scenedesmus. Another class of micro-algae, the 
cyanophytes, have also been used as a source of food 
because they have a high protein content and good 
digestibility. Their rapid growth on waste nutrients 
make the cyanophytes an attractive source of 
inexpensive food. The main drawback in using these 
bloom-forming cyanophytes as food relates to the 
presence of toxic strains, indistinguishable from non- 
toxic strains.’ The most common of these toxic bloom- 
forming cyanophytes are Microcystis aeruginosa Kutz 
emend Blekin, Anabaenajos-aquae (Lyngb.) de Breb. 
and Aphanizomenon jos-aquae (L.) Ralfs. ’ 

The toxic strains of Anabaena jlos-aquae were first 
examined in the 1950s. The animal loss at Storm Lake, 
lowa, in the fall of 1952 was substantial and forced the 
closing of the lake to public recreation.* The toxin was 
designated “very fast death factor” (VFDF).3 

The pure alkaloid has a minimum lethal dose 
(intraperitoneal mouse. assay) of 0.3 mg kg- ’ (4-5 min 
survival). A pharmacologic study of both natural and 
synthetic anatoxin-a reveals that they exhibit both 
muscarinic and nicotinic activity.’ 

The structure of VFDF was shown to be 2-acetyl- 
9-azabicyclo[4.2.1]non-2-ene (anatoxin-a; l), an 
assignment which was confirmed by X-ray crystal- 
lography.4.5 There have been several synthetic 
explorationsdirected toward this interestingalkaloidal 
system.6-9 
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It was our beliefthat nitronecycloaddition chemistry 
could be applied to the synthesis of anatoxin-a. A 
retrosynthetic analysis is included in Scheme 1. The 

Scheme I. 

point ofembarkation for this approach wasexpected to 
involve the cycloaddition of 1-pyrroline l-oxide (2) 
with 3,5-hexadiene-2-one (3). Previous work in our 
laboratories suggested that such a reaction should 
exhibit the high site-selectivity and regioselectivity 
which is the keystone of this approach. Thus, we knew 
that the reactions illustrated in Eqs (1) and (2) proceed 

c$ +-m--cL&m eq2 
-:, 

as depicted. lo Moreover, the experimental observ- 
ations are supported by perturbation molecular orbital 
calculations.’ ’ Unfortunately, yields of adduct from 
the reaction of 2 with the dienone 3 were very low, 
presumably as a result of the tendency of the latter to 
undergo concomitant polymerization. To circumvent 
this problem, 3,5-hexadien-2-01 (6)‘* was substituted 
for the dienone in the reaction with 1-pyrroline l-oxide. 

Previous work in our laboratories relating to the 
stereochemistry of nitrone-diene cycloaddition reac- 
tions suggests that such cycloaddition processes should 
proceed principally through an exo-transition state to 
afford 7. When this adduct was oxidized with 
manganese dioxide, only one product (i.e. 4) could be 
detected. The PMR spectrum for this compound 
exhibited a clean quartet at 6 4.71 (J = 6.7 Hz), a 
doublet ofdoubletsats6.614.8S(J = 16.1,6.7Hz),and 
a doublet at 6 6.24 ppm (J = 16.1 Hz). These signals 
correspond to the proton at the 5-position of the 
isoxazolidine ring (i.e. methine) and the protons 
associated with the trans-a&unsaturated ketone, 
respectively. 

The oxidative cleavage of the isoxazolidine 7 with m- 
chloroperbenzoic acid (MCPBA) affords the less 
substituted nitrone 8, exclusively.‘3*‘4 The second, 
intramolecular cycloaddition reaction was induced by 
refluxing the nitrone in methylene chloride. The 
structuralassignment ofthecycloadduct(i.e.9)entailed 
important implications with regard to the proposed 
synthetic strategy (cf. Scheme 1). It has already been 
notedIs that N-alkenyl nitrones can cyclize to produce 
either the product of 6-membered ringclosure(i.e. 15) or 
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that of 7-membered ring closure (i.e. 16). Thus the 
intramolecular cycloaddition reactions of Ma and 14b 
leads to the exclusive formation of 15s and lSb, 
respectively, via 6-membered ring closure. Even 14e, 
which incorporates a monosu~titut~ alkenyl moiety, 
displays this mode of closure preferentially.*’ This is 

R 
H 

R 

15 (6 

0, R’Ph 87% 0 % 

b, R--Me 95% 0% 

c, R-H 47% 23% 

remarkable since, for intermolecular nitrone cyclo- 
additions to such alkenes, the observedi regio- 
chemical preference involves C-C bond formation 
between the carbon of the nitrone functionality and the 
less substituted carbon of the recipient alkene 
grouping, a circumstance which would result in 7- 
membered ring closure in the case of Me. Clearly, 
nitrone 8 can undergo either 6- or 7-membered ring 
closure (cf. Eqs 3 and 4). 
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We believed that 8 might overcome the normal 
predilection for &membered ring closure because of the 
natural tendency of nitrones, in intermolecular 
cycloaddition reactions, to afford the adduct with the 
nitrone oxygen bound to the &carbon of an a,/?- 
unsaturated carbonyl system.‘3*‘6-‘8 Indeed, when 
this reaction was attempted, we could only identify a 
single cycloadduct from 8 (i.e. 9%). The PMR spectrum 

of this adduct consisted of a doublet at 8 4.38 (3 = 5.5 
Hz, 1 H), a complex pattern at 6 3.71-4.23 (2H), another 
complex pattern at 6 3.3&3.60 (lH), a doublet at S 3.00 
(J = 6.0 Hz, lH), a doublet centered at S 2.50 (J = 5.5 
Hz., I H), a complex pattern centered at 6 I .3%2.20(6H), 
and a sharp singlet at S 2.20 (3H) ppm. When the free 
hydroxyl groupwas acetylated (Ac,O, pyr) to afford!%, 
the signal at 6 3.50 (H,) was transformed into a pattern 
centered at 6 5.09 ppm. The doublet at 6 4.38 moved to S 
4.51 ppm (HA and the doublet at 6 2.50 (OH) ppm 
vanished. When the hydroxyl group was functional&d 
as a thiobenzoate (SC), the shifts of the PMR patterns 
were even more pronounced. The complex pattern 
centered at 6 3.50 was transformed into an eight-line 
pattern centered at 6 5.97, and the downfield doublet 
(H,) shifted to 6 4.79 ppm. The fact that H, appears as a 
doublet is associated with the virtuai 90” dihedral angle 
involving H, and H,. Indeed, when 9a was converted 
into the corresponding ethylene ketal, the doublet (Hb) 
at 6 3.00 was shifted upfield to 6 2.39 ppm. These 
assignments were confirmed by spin decoupling 
experiments. The accumulated data suggests that 13 
can be ruled out as the structure for the cycloadduct 
since ketalization would be expected to shift H,, 
associated with the signal at lowest field, to markedly 
higher fields. Moreover, H, and H, would not be 
expected to be coupled in contradiction to observation. 
Finally, the subsequent transformation of 9 to 
anatoxin-a is a compelling argument in regard to the 
accuracy of the assignment. 

Since the second cycloaddition proceeded by 7- 
membered ring closure, the basic 7-azabi- 
cyclo[4.2.l)nonane ring system of the natural 
product now was assembled. The cycfoadduct was 
converted into the 1,3-dioxolane 17s prior to attempted 
removal of the unwanted OH function. Our initial 
attempts to remove the OH moiety involved 
conversion to the corresponding methanesulfonate 
i7b, followed by attempted displacement with lithium 

'To, R-H 

b, R=Mo 

triethylborohydride. This reaction led to O-S bond 
cleavage rather than the requisite C-O bond cleavage. 
Indeed, all attempts to induce an S,2 displacement of 
the mesylate function of 17b were unsuccessful. These 
attempts included reaction with halide and phenyl 
selenate anions. Such displacements are apparently 
inhibited by steric factors as well as anion-lone pair 
repulsion at the stage of the S,2 transition state. 
Attempts to remove the thiobenzoate grouping in 9e 
with tributylstannane’9 also failed to result in 
formation of the desired dethiobenzoylated product. 

Ashby and Lin reported 2o that complex hydride 
reducing agents, NiCl,-LiAIH* and CoCl,-LiAIH, 
were able to reductively remove primary halides and 
sulfonates and secondary halides in high yield without 
rearrangement. When mesylate 17b was treated with 3 
equiv of a 1: 1 molar mixture of NiC12-LiAIHI, a 
mixture of products was formed, of which 10 was the 
predominant constituent. Clearly, the mesylate 
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function was reductively removed and the N-O bond 
ofthe isoxazolidine was cleaved, an added bonus. When 
anhydrous cobalt(H) chloride was used instead of 
nickel(H) chloride, the yield of isolated product was 
attenuated considerably. 

19 20 

We suspected that themesylate was initially removed 
by the “nickel hydride”, followed by N-O bond 
cleavage ; however, we found that secondary mesylates 

0 

O-0 :I 
N3 0”“” eg5 

(e.g. cyclododecyl mesylate, cyclohexyl mesylate, 2- 
octyl mesylate) were unaffected by this reagent. This 
suggested the possibility that the isoxazolidine ring was 
cleaved initially. Indeed, the results in Table 1 suggest 
clearly that isoxazolidines are cleaved efficiently by the 
complex hydride reagent. Thus, although mechanistic 
variants can be envisioned, we suggest that N-O bond 
cleavage of 17bleads to 18 which spontaneously results 
in oxirane formation. Attack of a hydride donor from 
the less hindered direction then produces 20, which 
upon aqueous work-up gives 10. In contrast, we found 
that when styrene oxide is treated with LiAlH,-NiCl, 
under the same conditions, the product isolated (95%) 
is /?-phenylethanol. This latter product is also pro- 
duced when the same oxide is exposed to Raney 
nickel. Lithium aluminum hydride alone gives a- 
phenylethanol. 

The cleaved adduct 10 was exhaustively acetylated 
with acetyl chloride. An aqueous work-up resulted in 
both deketalization and deacetoxylation to afford N- 
acetyl anatoxin-a (21). The PMR, IR and mass spectra 

4 

1.0 OTo 

‘2, R.t-Bu 

Scheme 2. 

of the synthetic derivative match those of the same 
derivative of the natural product.2’ To secure 
anatoxin-a itself, the amino alcohol 10 was treated with 

a stoichiometric amount of ptoluenesulfonic acid in 
acetone to induce both tranr-ketalization and 
dehydration. To effect purification, the crude salt (i.e. 
11) was then treated with 2 equiv of sodium bicarbonate 
and di-t-butyldicarbonate according to the procedure 
of Tarbell et ~1.‘~ to afford the t-butyl carbamate 
(t-BOC) of anatoxin-a. Chromatographic separation 
of 12 was followed by hydrolytic removal of the labile 

Table 1. The reduction of isoxazolidines with NiCl,-LiAlH, 

Substituents’ 
Product 
‘A yield 

(1) RI. R, = Ph. R, = H, R, = n-Bu 92 
(2) R,,R, = -tCH,).--, R, = H, R4 = Ph 87 
(3) R,. R, = -(CH,),--. R, = H, R. = Ph CHJ salt 76 
(4) R,, R, = -(CH,),--, R, = H, R, = n-Bu 97 
(5) R,,Rz = -fCH,)r, R,,R, = Ph 95 

‘The isoxazotidines were prepared by nitrontalkene cycloaddition reactions. 
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t-BOC group to give anatoxin-a hydrochloride 
(I- HCI). The PMR, IR and mass spectra of this 
material were virtually identical to those of the salt of 
the natural toxin.” 

EXPERIMENTAL 

All m.ps (determined on a Mel-Temp capillary tube 
apparatus) and b.ps are reported, uncorrected, in “C. IR 
spectra have been determined on either a Perkin-Elmer 13 10 
or 727 spectrometer and calibrated using the 6.238 band of 
polystyrene. All IR absorptions are reported in pm : w. m, and s 
indicate the relative intensity of the absorption as weak, 
medium and strong, respectively. PMR spectra were recorded 
on a Varian T-60, JEOL MH-100 or Varian EM-390, 
spectrometer, using TMS as an internal standard. The 
position ofthe peaks are reported in ppm down field relative to 
TMS. Notations s, d, t, q, m, and cp designate singlet, doublet, 
triplet, quartet, multiplet and complex patterns, respectively. 
Theintegrationnumberandcouplingconstant(s)areshownin 
parentheses. Mass spectra were recorded on a Hitachi- 
Perkin-Elmer RMUdE spectrometer. The ionizing voltage 
was 70 V with a current of 80 A. All samples were introduced 
via direct inlet. If higher probe temps were needed, they were 
noted in parentheses. UV spectra were recorded on a Cary 14 
spectrometer. Values are reported in nm. 

Combustion analyses were performed by Atlantic 
Microlabs, Atlanta, Georgia. High resolution mass spectra 
were recorded on an AEI-MS902 instrument by Dr T. Wachs 
at the Mass Spectroscopy Laboratory, Cornell University, 
Ithaca, New York. 

Column chromatography was performed on both silica gels 
and alumina. Baker Analyzed Silica Gel (4&140 mesh) was 
used for samples larger than 250 mg and EM Reagents Silica 
Gel 60 (70-230 mesh) was used for samples smaller than 250 
mg. Baker Analyzed Aluminum Oxide, Neutral was adjusted 
to Brockmann Activity III by adding (co) 10% (w/w) water to 
the aluminum oxide which had been activated for 24 hr at 125”. 
Preparative TLC was performed on either Analtech Woelm 
Silica Gel GF (2OCHl pm, 20 x 20 cm) or Analtech Aluminum 
Oxide GF (1000 pm, 20 x 20 cm) preparative TLC plates, 
activated at 1 lo” for 3 hr prior to use. 

N-hydroxypyrrolidine. This was prepared according to 
previously discussed procedures’0*17 and was obtained in 32% 
yield; b.p. 53-55”/5 mmHg (lit.” b.p. 65-72”/20 mmHg). 

2.4Pentadienal. The title compound was prepared 
following the procedure of Woods and Sanders.*’ To a stirred 
solnof46mlof85%phosphoricacidin200mlwaterwasadded 
46.2 g (0.36 mol) of2_ethoxy-5,6dihydropyran. When the soln 
becamehomogeneous,it wasaddeddropwise toasolnof6Oml 
of 85% phosphoric acid in 500 ml water already undergoing 
steam distillation. The steam distillation was continued until 
the distillate no longer had the characteristic odor of 
pentadienal and failed to quench the short wave fluorescence 
on a TLC plate. The aqueous distillate was saturated with 
NaCI, extracted with CH,Cl, (2x 100 ml CH,Cl,/200 ml 
aqueousdistillate), dried over Na,SO,, filtered and the solvent 
was removed at reduced pressure (10”/150 mmHg). The yield 
wasdetermined to be 11.2 g(38%) by PMR comparison with a 
50 1 benzene sample and the product was used crude in the 
following reaction, PMR (100 MHz, CDCI,) 6 5.33 (s, 
CH,Cl,), 5.48617 (cp, 3H), 6.45-6.60 (dd, lH, J = 10.2, 8.0 
HZ), 6.91-7.15 (dd, IH, J = 10.2, 4.0 Hz), 7.31 (s, added 
benzene) and 9.48 ppm (d, 1 H. J = 8.0 Hz). 

3,5-Hexadiene-2-o1(6). The title compound was prepared 
using a modification of the procedure of Woods and 
Schwartzman.‘* To a cooled soln of freshly prepared MeMgI 
(from 38.5 g(0.27mol)MeI and6.51 g(0.27mol)dried.crushed 
Mgturningsin25Omldryether)wasaddeddropwise thecrude 
11.2 g (0.14 mol) 2,4pentadienal diluted in 50 ml with dry 
ether. The reaction was warmed to room temp and stirred for 
1 hr. quenched with sat NH&l and filtered. The ether soln was 
extracted with brine, dried over MgSO,, filtered and the 

solvent removed in vacua, leaving a light yellow oil which was 
distilled to afford 11.8 R (86% of a colorless oil, b.p. 73-75”/32 
mmHg(lit.‘* b .p. 65-&k”;i~mmHg), IR(neat film) 2.8%3.03 
(b~,s),3.10(w),3.22(s),3.35(m),5.35(w),5.7g(w),6.01(m~6.89 
(s), 7.43(m),8.35(~),8.85(~),9.42(s)and lO.gpm(m);PMR(lOO 
MHsCDCls)6 1.22(d, 3H, J = 7.2 Hz), 3.94(s, lH,exchanges 
with D20), 4.23 (m. 1 H), 4.94-5.76 (cp, 3H) and 5.814.20 ppm 
(cp, 2H). 

(E) - 4-(Hexohydropyrrolo[ 1,2-b]isoxazol- 2 - yl)- 3 - buten - 2 
o!(7) 

A soln of 2 in 40 ml of dry benzene was prepared from 5 g 
(0.05 mol) of N-hydroxypyrrolidine and g g of yellow 
mercuric oxide. To this was added 4.75 a (0.053 mol) of 3.5- 
pentadien-2-01, 150 ml of dry benzene aid‘the resulting s&n 
was heated to reflux for 3 hr under Nr. Upon cooling to room 
temp. the solvent was removed at reduced pressure. The crude 
product waschromatographed onsilicagel(ethylethereluent), 
from which 5.88 g (70%) of the adduct was obtained, IR (neat 
film) 3.00 (s, broad), 3.4 (s), 3.49 (m), 6.1 (s), 6.88 (m), 7.22 (w). 
8.67(w),9.29(m), 10.3~m(m);PMR(1OOMHz,CDCl,)b 1.19 
(d, 3H, J = 6 Hz), 1.50-2.09(cp, 6H), 3.OO(t, lH), 3.3O(m, lH), 
3.60 (s, broad lH), 4.1-4.2 (cp, 2H), 5.3-5.7 ppm (m, 2H). 

(..e-;lq;(Hexahydropyrrolo[l,2-b]isoxazol-2-yf)-3- buten-2- 

A 600 ml round bottom flask, equipped with an efficient 
stirrer and N2 Row, wascharged withasoln of4.0g(O.O22mol) 
of 7 in 300 ml of alumina dried CH2Cl,. A mixture of 12.6 g 
(0.14 mol. 6.5 equiv) of active MnO, and 12.6 g of celite 545 
(Fisher) was added in one portion and the reaction was stirred 
for 24 hr. The grey Mn suspension was filtered through a 
MgSO, pad. The resultant powder was reslurried in CH,Cl, 
and filtered. This was repeated until the washings were 
colorless and the solvent removed in vacw to leave a brown oil. 
This oil was chromatographed on silica gel (EtOAc eluent) to 
give 3.78 g (96%) of a yellow-orange oil which crystallized in 
the freezer, but meltedat room temp,IR(neatfilm)3.39(s),3.5O 
(m), 5.95 (s), 6.15 (m). 6.90 (m). 7.06(m). 7.35 (s), 8.0 (s), 8.6 (m). 
10.3(mlandl3.8~m(ml:PMR(9OMHzCDCl,)d1.5O-2.17 
(cp, 6H), 2.27 (s, 3H); 3:i8-3,3O‘(cp, 2Hi 3.61-j:92 (cp, lH), 
4.54481 (q, J = 13.8.7.2 Hz, lH).6.24(d. J = 15 Hz, lH)and 
6.61-6.85 ppm (dd, J = 15.7.2 Hz, 1H); mass spectra (70 eV), 
m/e (M’) 181, high-resolution mass spectrum m/e 181.1110, 
talc for C,oH,sNO, 181.1103. 

Hexahydro - 3 - hydroxy - 2,7 - metbano - 2H - pyrrolo[ 1,2-b] - 
[ 1.23 - oxozin - 9 - yl methyl ketone (9a) 

To a cooled lo”), well stirred, soln of 1.00 g (5.52 mmol) of 
4 in 40 ml of alumina dried CH2C12 was added 1.14 g (6.62 
mmol. 1.2 eauiv) of m~rified*~ mchloroperbenzoic acid. This 
soln was s&r&l for exactly 20 min and then 4 ml of a 
suspension of K2C03 in sat K,CO, aq was added. The 
CH2C12 was removed at reduced pressure and the solids were 
stirred for 20 min in fresh CH,CI,. The suspension was filtered 
through a sintered glass funnel, washed with fresh CH2C12 
(5 x 100 ml1 and dried over Na,SO, for 3 hr. After the soln was 
hltered, the volume was adjusted by the addition of fresh 
CHCI, toa total of6OOmlandrefluxedin thedark for 18.5 hr. 
The-solvent was removed in vacw leaving a light yellow oil 
which crystallized on standing The resulting solid was 
chromatographed on silica gel (EtOAc eluent) giving 893 mg 
of light yellow crystals (m.p. 115121”) which were 
recrystallized from hot benzene to give 778 mg (71%) of white 
crysta1s;m.p. 133-134”.IR(KBrpellet)3.l5(s, br),3.38(s),5.70 
(~),6.65(s),6.80(s),7.18(s),7.6(m~8.2(s),9.1(s),10.3(s),11.5(m), 
12.5(m)and 13.0pm(m);PMR(9OMHz,CDCl,)611.39-2.20 
(cp,6H), 2.20(s, 3H),2.50(d,J = 5.5 Hz, IH), 3.OO(d,J = 6 Hz, 
IH), 3.38-3.63 (cp, 1H). 3.71-4.23 (cp, 2H) and 4.38 ppm (d. 
J = 5.5 Hz, 1H); mass spectrum (70 ev), m/e (M+) 197. 
(Found:C,60.90;H,7.69;N,7.07.CalcforC,,H1,N0s:C, 
60.91; H, 7.61 ; N, 6.81%) 
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Hexahydro - 3 - acetoxy - 2,7 - merhano - 2H - pyrrolo[1,2-b] - 
[ 1,2]- oxazin - 9 - yl methyl kerone (9b) 

To a soln of 150 mg(0.76 mmol) of 9a in dry pytidine(3 ml) 
was added Ac,O (1 ml) which was stirred overnight. After the 
pyridine was removed in a Nz stream, the product was 
dissolved in dry toluene. The toluenc was removed under 
reduad pressure. The solid was dissolved in CHCI, (100 tnI), 
extracted with NaHCO, aq and dried (MgSO,). After 
filtration, the solvent was removed in ~lacuo, leaving 173.3 mg 
(95%) of white crystals which were recrystallized from 
CH,Cl,-pentane. m.p. 77-77.5”; IR (CHCI,) 3.33 (s), 3.37 (s), 
3.48(w),5.76(s~5.83(s),6.79(w),7.02(w~7.29(m),7.63(w),7.81 
(m),8.06(s), 8.23(s), 8.47(m), 7.94(m),9.66(+ 10.8(w), 13.3(s) 
and 15Spmfm); PMR(~MH~CDCl~)~ 1.3@-2.3O(cp, 12H. 
contains.two 3H singlets at 2.03 and 2.i7). 2.98 (d, J i 6.0 Hz, 
lH), 3.41-3.69(cp, IH), 3.71-3.92(cp, lH),4.49(d, J = 5.2 Hz 
1 H) and 4.98-5.20 ppm (cp, 1 H). 

Hexahydro - 3 - hydrox y - 2,7 - me&zno - 2H - pyrrolo[ 1,2-b] - 
[ 1.21 - oxazin - 9 - yl methyl ketone merhonesulfonate (ester) 
(17bl 

Followingthepro~ureofCrossland andServis,26 the title 
compound was prepared. To a cooled soln of 265 mp. (1.35 
mmol) of 9a in g mi of alumina dried CHzCI, was added 245 
ma (0.337 mll of Et,N and 186 ma 10.126 ml1 of 
m~than~ulfon~l chloridi. The soln was St&& for 1 hr. ihen 
was washed with water (2 x 50 ml), NaHCO, aq (1 x 50 ml), 
and dried over MgSO,. After filtration, the solvent was 
removed at reduced pressure leaving a light yellow oil which 
was chromatographed on silica gel (&to,& eiuent) giving 263 
mg(7l~)ofwhitecryst~s,m.p.114-1160;IR(CHCl,)3.3l(m), 
3.36 (m), 3.46 (w), 5.80 (s). 6.01 (w). 6.76 (w). 6.87 (w), 7.03 (w), 

7.30(s,br),7.75(w),8.13(m),8.47(s),10.O(m),10.3(s),11.5(m), 
11.7(m)and 12.2p(mf; PMR(l~MH~C~I~~~ 1.27-2.43 
(cp, 9H, contains a 3H singlet at 2.20 ppm), 3.00&p, 4H), 3.42- 
3.74(cp, lH),3.78-3.95(cp, lH),4.62(d, J = 5 Hz)and4.79- 
5.02 ppm (7 lines, 1 H). 

0 - Hexahydro - 3 - hydroxy - 2,7 - merhano - 2H - pyrro/o[ 1,2- 
b] - [ l,2] - oxazin - 9 - yl melhyI ketone thiobenzoate (SC) 

-Tie title compound &as prepared following the procedure 
of Barton and McCombie.” To a sustxnsion of 150 ma 10.76 
mmol) of 9a in 5.0 ml dry THF and 6.5 ml dry CH,&‘was 
added a CH,Cl, soln of phenylimidoylchlo~de metho- 
chloride (freshly prepared from 1.1 g phosgene and 147 mg 
(0.99 mmol) of N,N-dimethylbcnzamide in 2 ml dry CH,CI,) 
which wasstirredfor! hrat room tcmp.To thissoln wasadded 
0.25 ml dry pyridine and H,S (bubble for 20 min. stir for 20 
min, bubble for 15 min and stir for 30 min). Water( 10 ml) was 
added and the layers were separated. The aqueous layer was 
extracted with CHCI, (2 x 30 ml). The combined organic 
layers were extracted with water (30 ml), NaHCO, aq (30 ml), 
dried over MgSO, and filtered. The solvents were removed at 
reduced pressure. The remaining yellow solid was chromato- 
graphed on silica gel (prep TLC, EtOAc eluent) and 
recrystallizedfromCH,CI,-pentane toafford 127mg(53%)of 
yellow needles, m.p. 143144”; IR (CHCls) 3.37 (m), 5.82 (s). 
6.25(m),6.87(~),7.33(rn),7.58(~).7.84(~), 7.94(s),S.lO(s), 8.30 
@),8.47(s),9.1 (m),9.3(~),9.5(~),9.8Is),and 10.6pm(w); PMR 
(90 MHz,CDCl,) S 1.32-2.58 (cp, 9H, contains a 3H singlet at 
2.17)3.11 (d, lH,J = 4.5Hz).3.5%3.80(cp, lH),3.82&39(cp, 
lH),4.79(d. lH,J = 4.0Hz).5.82-6.13(cp, lH),7.23-7.58(cp. 
4H) and 8.02-8.18 ppm (cp, 2H). 

Hexahydro - 3 hy~oxy - 2,7 - methano - 2H - pyrrolo[l&bJ - 
[ 1.21 - oxazin - 9 - yt merhyl kerone erkyjene &eta{ (17a) 

To a stirred suspension of 300 mg (1.5 mmol) of % in 
benzene (50 ml} was added 140 mg (1.6mmol) ethyl&e glycol, 
300 mg (1.8 mmol) ptoluenesulfonic acid monohvdrate. The 
result&t soln was iefluxed for 12 hr through a I&n-Stark 
apparatus. After cooling, sat K,CO, aq (10 ml) was added 
and the two-phase mixture was stirred for 1 hr. The layers were 
separated and the aqueous layer was extracted with CHCI, 
(4 x 60 ml). The combined organic layers were dried over 

MgSO,, filtered and the solvent removed in uocw, leaving 409 
mg ofa light red solid.Thismaterial waschromatographed on 
silica gel (2% MeOH in EtOAc &tent) tiording 354 mg(97%) 
ofwhitecrystals,m.p. 12~127.5°;lR(CH~~z)2.79(m),2.82- 
3.24(br.m),3.38(~), 3.45(s),6.85(m), 7.20(m), 8.23(m),8.71 (mj, 
9.5(s), 10.6(s), 11.6(w)and 12pm(w); PMR(~MH~C~~)~ 
0.82-1.32(cp. lH), 1.32(s,3H). 1.43-2.28(cp,SH),2.39(d, lH, 
J = 6 Hz), 3.30-3.67 (cp, 2H), 2.98 (s. 4H), 3.9e4.15 (cp, 2H), 
4.734.91 (s, IH); mass spectrum (70 eV), m/e (M ‘) 241. 

0 - Hexahydro - 9 - (2 - methyl - 1.3 - dioxolun - 2 - yr) - 2,7 - 
methann - 2H - pyrrolo[l.ZbJ - [1,23 - oxarin - 3 - 01 
methanesuljbnnte [ester) (17b) 

To a stirr~,cool~(O”)~ln of 354 mg(l.47 mmol)of 17~ in 
CH~Clz(~mi)wasadd~327mg(3.24mmoi,O.45~)ofEt~N 
and 247mg(2.l6mmol,0.167ml)ofmethanesulfonylchloridc. 
Thesoln wasstirredfor 1 hrand washcdwith water(2 x lOml), 
sat NaHCO, aq (2 x 10 ml) and then dried over MgSO,. After 
filtration,thesolv~t wasremoved at reduced pressureand the 
resultant brown oil was chromatographed on silica gel 
(CHCI, elucnt) to @e 385 mg of a clear glass which slowly 
crystallized on standing. R~staIl~tion from CH,Cl,- 
isooctane gave 442 mg (94% yield) of white crystals. m.p. 116- 
117”; 1R (CHCIJ) 3.30 (m),3.38 (s), 3.49 (m), i5.8 (w). 6191 (w), 
7.31(~),8.5(s), 10.3(s), 10.7(s), 11.7(s)and 12.3pm(w);PMR(90 
MHz.CDCI,) 1.33&,3H), 1.38-2.31(~,6H),2.38(d,J = 6H2, 
lH), 3.09(s, 3H), 3.41-3.?0(cp,2H), 3.98@,4H).4.35(d, J = 6 
Hz, 1H) and 4.80-5.06 ppm (7 lines. 1H); mass soectrum 170 
eV),m/~(M+)319.(Fou~:C~~.52~H,~.~9~N,~33.Caic~or 
C,)Hz,NO$: C.48.89; H. 6.63; N,4.39”/,.) 

2 - (2 - Methyl - 1,3 - dioxalan - 2 - yl’) - 2 - azabicyclo[4,2.1] - 
twnan - 3 - ol(10) 

The title com~und was prepared following the general 
procedure of Ashby and Lin.” To an oven dried 25 ml 
round bottom flask containing 244 mg (1.88 mmol) anhyd 
nickel(I1) chloride under an Ar atmosphere, was added 252 mg 
(1.88 mmol)of 1% The flask was sealed under a slight positive 
pressure of Ar. Anhyd THF (8.0 ml) was added. The flask 
cooled to - 78” where 74 mg( 1.88 mmol) of lithium aluminum 
hydride were added in one portion. The flask was allowed to 
warm slowly to -40” (until the reaction subsided). The soln 
was then allowed to warm to room temp where it was stirred 
for 16 hr. Water (S ml) was added. This soln was stirred for 5 
min. saturated with K,CO,, extracted with pureether (5 x 20 
ml), and dried over MgSO,. After filtration, the solvent was 
removed in uacuo to give 95.6 mg of a colorless oil which 
consisted of three very polar spots on TLC which resisted 
chromato~aphic separation. The product was carried 
forward unpurified; IR (neat film) 2.71-3.39 (w. br), 3.04 (m), 
3.42 (s), 3.49 (s), 6.85 (m), 7.01 (m), 7.27 trn), 7.45 (w), 7.55 (w), 
7.06(w), 7.92 (w), 8.35 (m), 8.78 Is), 9.9 (s), 9.5 (s), 10.2 (m), 10.6 
(ml, 11.2(w), 11.7(w), 12.1(w), l2.6(w)and 14.7~m(w);PMR 
(90 MHz, CDCI,) d 1.1 l-2.28 (cp, 9H), 1.47 (s, 3H), 3.41-3.78 
(cp, 4H). 3.90 (s, 4H), and 4.OG4.21 ppm (cp, 1H); mass 
spectrum (70 eV), m/e (M ‘) 227. 

2,9 - Diaceryl - 9 - azabicyclo[4.2.1] - non - 2 - ene(N - aceryl 
anatoxin-a) (21) 

A soln of 20 mg of 10 in acetyl chloride (3 ml) was stirred at 
room tempforO.Shr,thencooled too’. Water( 1 ml)wasslowly 
added, saturated with NaHCO, and extracted with CHCI, 
(2 x 20 ml). After drvinn (MaSO.) and solvent removal. the 
nmaining oil was chiomaio&ap&d on silica gel (preparative 
TLC. ~CHCl.-EtOAc.multioledevelooment 6 x lleavinn 
a color&s oil which aabrded 14.3 mg (?7$$) of whit;crystali 
(recrystallized from CH,Cl,-pet. ether as colorless plates), 
m.p.77.~78.5”;1R(CHC1,f3.~~m~,6.~(m~,6.18(sl~7.17~w1~ 
7.j2 (w), 7.93 (m) and 8.1-8.3 (m); NMR (90 MHz. &Cl;) & 
1.49-2.6O(cp, 18H contains two 3H sinalets at 1.94and 2.311. 
4.59-4.97&,1H),5.2l(d,J = 8Hz,lH)&d6.92ppm(t.J = g 
Hz 1H); mass spectrum (70 eV), m/e (M’) 207; UV {EtOH) 
& = 226 nm, c i-- 10,700. 

Spectra match those supplied by Dr 0. E. Edwards 
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(Division ofBiological Sciences, National Research Countit of 12.1 (w) and 12.4 fl (w); PMR (60 MHz, CDCI,) 6 0.92 (cp, 
Canada, Ottawa, Ontario, Canada KlA OR6j. 3Hf, 1.10-1.85 (cp, 13Hf, 3.00(s, 3H) and 4.62-4.95 (m 1H). 

To a stirred soln of 83 mg of 1D in dried acetone[iO ml) was 
added ptoluenesulfonic acid (80 mg). The soin was heated lo 
reflux for 15 hr. Aftor cooling and removal of the solvent, the 
remaining red oil WBS dissolved in CHCls (5 ml), treated with 
NaHCO,aq(93.6mgin2mlwater)andstirredfor5min.NaCl 
(255 mg) was added. After it dissolved, a soln of di-t- 
butoxydicarbonate (130 mg in 5 ml CNCI,) was added. The 
two-phase mixture was heated to reflux for t.5 hr and, after 
cooling, the aqueous layer was extracted with CHCI, (3 x 1.5 
ml). After drying (MgSO3 and removal of the solvent al 
reduced pressure, the remaining oil was ehromatographed on 
silicagel (20”/,CHCl, inCH,Cl,eluent)giving42.2mg(42.5% 
from 17b)ofa~lo~l~oil;IR(neat film)3~3S(m),3.~(m),5.68 
{w),5.92(s],6.1I(w~~77(w),6.87(w),7.14(s),7.38~m~7.46(m), 
?.~fm),8.I2fm),8.52~s)~9.01 f&9.41 fw)+9.85(w), f&i [wj, 10.7 
(w), II,6{w& 119(w)and I3.0lun(w);PMR(~MHz,CDCI,) 
1.41 fs, 9H). 1.51-2.49 {cp, 1 IH, contains a 3H singlet at 2.30), 
4.22444 (broad bump, IH), 5.12 (d, J = 8 Hs 1H) and 6.78 
ppm (1. J = 6 Hz, 1 H) ; mass spectrum (70 eV) : m/e (M ’ ) 265 ; 
UV (ethanol) &, 226 nm; E = 10,250. 

~ys~o~xy~ nresytie. The title compound was prepared 
following the same procedure as asCty1 mesylate and was 
obtained@ 61% yieti ; IR (neat] 3.28 (wi 3.4@($, 3.49 fs), 6.90 
fmf. 7.05 ,. fwk 7.41 (br, sl. 7.93 (wl. 8.43 Isl, 9.Og (wf, 13.7 fsl, and 
12.9 (s); PMR (ab tiiiq Cti,) I&=2.1Ojc& llri); 3.00 
(s, 3H) and 4.65-4.83 ppm (cp, 1H). 

Cyclododecyl mesyhe. The title compound was prepared 
following the same procedure as for Zoctyl mesylate and was 
obtained in 650/, yield; IR (CHCIs) 3.28 (w), 3.39 (s), 3.59 (m), 
6.78(m),6.90fmf,?.05fw~,7.38fs),7.49fs),8.5I(s),I5.3fmj, 10.9 
(s), 11.3 (m) and 12.1 pm [w); PMR (60 MHz, CDCls) S 1.35- 
I.96 (cp, 22H), 3.00 (s, 3H) and 4.63-5.05 ppm (cp, IH). 

Attempted reduction uf secondary mesylates with Nick,- 
LiAlH, 

Asolnof3N HClin ~ttOA~f2mIconcHQdissclvedin6ml 
EtUAcf was added to 42.0 mg (0.16 mmol} of 23 and stirred at 
room temp for 2 hr. The solvent was removed at reduced 
pressure and the remaining light red oil was dissolved in 
CHCI,. This saln was passed down a column of anhyd 
Na,SO,. The soivent was removed and the resulting oil was 
chromato~aph~ cm silica @ (10% MeGHCHCl, eluenl) 
giving41 &g{z l~/~of~l~rl~s~~ss whi~hstjil~~tain~a 
little CHCI, ; IR {CHCI,) 2.74 (w), 2.77-3.07 [w, br), 3.40 (s), 
3.504.54(s, br), 5.84 (w. shoulder), S.98 (s), 6.08 (m), 6.29 (m), 
6.78(m),6.97(m),7.09(m),7.84(m),8.06-8.23(m, br),858(vw)” 
8.92 (VW). 9.3 (w), 10.3 (w), 10.9 (w) and 11.2 w(w); PMR (90 
MHz, CDCI,) 6 1.69-2.71 (cp, 11H contains a 3H singlet al 
2.3),4.2~.4O(cp,lH),5,18(d.J = 9Hz,lH),7.11ft,J = 6Hz, 
lH)and7.65ppm(s, br2H~;ma~s~rum(70eV):m/e(M4) 
I65 85” ; UV {ethanol) &,_ 226 nm ; e = 8370. 

These spectra match those supplied by Dr 0. E. 
EkIwards.2’ 

Toasti~~sws~~sionofanhyd~~~kei(II)chlo~de(3~~~~ 
in 5 ml dry TWF was added a soln of secondary mesylate (I 
equiv) in 2.5 m1 dry THF. The Bask was cooied to -78” (dry 
ice-aatone) and lithium aluminum hydride (3 equivf was 
added. The flask was allowed to warm to - 35” (co) at which 
point, the orangogrey mixture turned to a dark brown 
suspension and gas evolution was observed. After the initial 
vigorous reaction, the flask was allowed to warm to room tcmp 
and the suspension was stirred for another 16 hr. The reaction 
was quenched with water (2 ml), saturated with K&O, and 
extracted with ether (2 x 25 m1). The ether soln was dried 
fMgSOf and filtered. The solvent was removed itr m, 
l~vingqu~titativer~veryofamate~~which wasidentical 
(PMR, IR and TLC) with the starting sr;condary mesylate. 

2-Phenyfelhonol. To a stirred suspension of 324 mg (2.5 
~ol)~~yd~ickeI(II~chlo~de~ndr~THF~7.Sml)w~add~ 
100 mp (0.833 mm011 of stvrene oxide, The flask was coded lo 
- 78’Gry ice-acetohe)and lithium aluminum hydridef9Smg 
2.5 mmof) was added. The Bask was allowed to warm to - 35” 
@a) at which point, the orange-grey mixture turned to a dark 
brown suspension and gas evolution was observed. After 
the initial vigorous reaction, the flark was allowed to warm to 
room temp and the suspension was stirred for an additional 15 
hr. The reaction was quenched with water (2 ml), saturated 
with K~CG~andextra~ed~thether(2 x Zml).Thecombined 
ether extracts wem dried (MgSO& fiftered and the solvents 
removed irt uacfio to afford a light yellow oil which was 
chromatography on silica gel (CH,Cl, eluent) to afford 96.7 
mg(9Y~)ofacolorless oil; IR (neat film) 2.74-3.19 (Ix, s), 3.21 
(~),3.25(~),3.26(m], 3.30(m), 3.40(m), 3.47(m),6.21 (w&6.68 
(m~6.77(m),9.~3(w),9.27(m~9.6D(br,s~Il.O(w~1I.7(w),13.4 
(m)and 14.4 m(s); PMR (90 MHz, CDCI,) S 1.78-2.15 (br, s, 
lHh2.71-2.94@,2H, J = 7.4Hz)3.69-3.87@,2H,J = 7.4Hz) 
and 7.22 ppm fs, SH). fR spectramatched AIdrich Infrared No. 
51 SH.‘? PMR spectrum matches Aldrich NMR No. 5.2Oc.‘* 

Typical Nit&-LiAIH, reduction ojnn isoxurolidine 
This reaction was usually run on 100 mg (ca) of 

isoxazolidina To a stirred suspension of anhyd nickd(II) 
chloride (3 equiv) in 5 m1 dry THF was added a soIn of 
~x~~dine(l equivfjn 2.~mldryT~F.~eB~k wascooled 
to -78” (dry ice-acetone) and lithium aluminum hydride (3 
equiv) was added. The flask was allowed lo warm to - 35”, al 
which point, the orange-grey mixture turned to a dark brown 
suspension and gas evolution was observed. After the initial 
vigorous reaction, the Bask was allowed to warm to room 
temp and the suspension was stirred for another 16 hr. The 
reaction was quenched with water (2 ml)+ saturated with 
I&CO, and extracted with ether (2 x 25 ml). The combined 
ether solns were dried over MgSO, and filtered. The solvent 
was removed in vocuo to afford the crude product which was 
chromatograpbed and recrystallized to afford the purified 
product. 

2-O@ ~z~~~~~e. To a caoled (O”) sofn of 1.0 g (7.7 
mmol12-octanol and 1.5 n114.8 mmol, 2.1 ml) Et\N in lOOm1 
CH,d, was added, dro&&e, a sofn of 0.97 g (6.74 ml, 8.46 
mmof) m~han~ulfo~yI chloride in 30 ml CH,Cl,. The soIn 
was stirred for 30 min and then washed with ice water{50 ml), 
loo/, HCI @ml), sat NaHCO, aq (50 ml) and sat NaCl aq (sb 
ml). The CH,C& soln was dried (MRSO,) and filtered. The 
soivent was-removed in uacuo.‘ fit remaining oil was 
chromatographed on silica gel (CH,CI, eluent) to afford 1.2 g 
(73%) of a colorless oil ; IR (neat) 3.3 (w), 3.39 (s), 3.49 fm), 6.81 
fm), 7.05 (w), 7.35 (s), 7.46(s)* 8.41 fs), 8.92 (w), 10.2 fmj, 10.5 (s), 
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