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cis -3,3-( Ethylenedioxy)-7a-hydroxy-9a-(2-hydroxy- 
ethyl)-2-oxaoctal-5-ene (26). To a solution of 171 mg (0.822 
"01) of the dilactone 24 in 1.9 mL of ethylene glycol was added 
130 mL of dry benzene. The mixture was vigorously stirred with 
1.93 g of anhydrous magnesium sulfate, 112 mg of Dowex 50WX8 
(H+ form), and 19 mg of p-toluenesulfonic acid. Reflux under 
a Dean-Stark separator, with vigorous stirring, was continued for 
1.5 h. After filtration of the solid, the filtrate was washed with 
20 mL of 43:3 saturated sodium bicarbonate/saturated sodium 
chloride/water. The organic layer was dried over anhydrous 
sodium sulfate. Evaporation of the solvent gave 199 mg of 
ethylene ortho ester 25: mp 198-202 "C; IR (Nujol) 1725,1650 
cm-l; 'H NMR (CDC13) 6 3.43 (d, 1 H, J = 11.7 Hz), 3.57 (d, 1 
H, J = 11.7 Hz), 3.89-4.08 (m, 4 H), 4.85 (quntet, 1 H, J = 2.7 
Hz), 5.90 (dd, 1 H, J = 9.8 and 4.4 Hz), 6.03 (dd, 1 H, J = 9.8 
and 5.4 Hz); MS, m/e 252 (M'). 

To a solution of 199 mg of 25 in 3 mL of dry THF cooled to 
0 "C was added 96 mg (2.5 mmol) of lithium aluminum hydride, 
and the whole mixture was allowed to stir at  room temperature 
for 50 mim. After addition of sodium sulfab10H20 was complete, 
the reaction mixture was filtered off and the filtrate was evapo- 
rated in vacuo to give the crude diol 26, which was purified by 
chromatography on silica gel. Elution with dichloromethane- 
methanol (201) gave 185 mg (88%) of diol 26: mp 86-87 "C; IR 
(Nujol) 3220, 1655 cm-'; 'H NMR (CDC13) 6 3.97-4.14 (m, 4 H), 
4.31 (m, 1 H), 5.73 (d, 1 H, J = 10.3 Hz), 5.80 (d, 1 H, J = 10.3 
Hz); MS m/e 256 (M'). Anal. Calcd for C13Hm05: C, 60.92; H, 
7.89. Found: C, 60.64; H, 7.64. 

cis -3,3-( Ethylenedioxy)-7a-hydroxy-9a-[ 2 4  ( 0  -nitro- 
phenyl)seleno]ethyl]-2-osaoctal-5-ene (27). To a solution of 
57 mg (0.223 mmol) of diol 26 in 2 mL of dry THF was added 
50 mg (0.22 mmol) of o-nitrophenyl selenocyanate and 65 p L  (0.26 
"01) of tri-n-butylphosphine under an argon atmosphere. The 
whole mixture was stirred at  room temperature for 1 h. The 
solvent was evaporated under reduced pressure to give the crude 
selenides. Purification of product by chromatography on alumina 
using benzene-ethyl acetate (1:l) afforded 22 mg (22%) of the 
selenide 27 and 11 mg (11%) of the selenide 28, respectively. 27 
IR (neat) 3450,1590,1510 cm-'; MS, m/e 443,441,439,438,437, 
435 (M'); UV (EtOH) 255 nm. 28: IR (neat) 3450,1590,1566, 
1510 cm-'; MS, m/e 443,441,439,438,437,435 (M'); W (EtOH) 
255 nm. 

cis -9a-Ethenyl-3,3-(ethylenedioxy)-7a-hydroxy-2-oxaoc- 
tal-5-ene (29). A solution of 16 mg (0.036 mmol) of the selenide 
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27 in 0.5 mL of THF was treated with a 30% hydrogen peroxide 
(50 pL) solution at room temperature for 18 h. After removal 
of the solvent, the residue was purified by chromatography on 
alumina. Elution with dichloromethane-methanol (501) gave 
8 mg (93%) of the vinyl alcohol 29: mp 129-133 "C; IR (melt) 
3470,1640 cm-'; 'H NMR (CDCl,) 6 2.04 (dd, 1 H, J = 14.2 and 
5.6 Hz), 2.35 (dd, 1 H, J = 14.2 and 5.6 Hz), 2.64 (m, 1 H, wljz 
= 20 Hz), 3.54 (d, 1 H, J = 11.7 Hz), 3.62 (d, 1 H, J = 11.7 Hz), 
3.97, 4.18 (m, 4 H), 4.20 (m, 1 H, wl/2 = 24 Hz), 5.19 (dd, 1 H, 
J = 17.6 and 1.0 Hz), 5.21 (dd, 1 H, J = 10.8 and 1.0 Hz), 5.82 
(br, 2 H), 5.87 (dd, 1 H, J = 17.6 and 10.8 Hz); MS, m/e 238 (M+). 

cis -9a-Ethenyl-3,3-(ethylenedioxy)-7a-hydroxy-2-oxa- 
5a,6a-oxirenodecalin (4). To a solution of 7 mg (0.029 mmol) 
of the vinyl alcohol 29 in 0.5 mL of dichloromethane was added 
8 mg (0.05 mmol) of m-chloroperbenzoic acid, and the resulting 
mixture was stirred at room temperature for 1.5 h. After addition 
of sodium sulfite followed by filtration, the organic layer was 
washed with saturated sodium bicarbonate solution and then 
brine. The solvent, dried over anhydrous sodium sulfate, was 
evaporated in vacuo to give the crude product, which was chro- 
matographed on alumina. Elution with dichloromethane-meth- 
anol(5O:l) gave 4.0 mg, 54%) of epoxide 4: mp 131-132 "C; IR 
(CHClJ 3550 cm-'; 'H NMR (CDC13) 6 1.27-1.92 (5 H), 2.18-2.30 
(m, 2 H), 3.37-3.43 (m, 2 H), 3.49 (d, 1 H, J = 12.2 Hz), 3.67 (d, 
1 H, J = 12.2 Hz), 4.00-4.16 (m, 4 H), 5.14 (dd, 1 H, J = 10.7 and 
1.0 Hz), 5.20 (dd, 1 H, J = 17.6 and 1.0 Hz), 5.88 (dd, 1 H, J = 
17.6 and 10.7 Hz); MS, m/e 253 (M+ - 1). the 'H NMR, IR, and 
mass spectra were identical with those of authentic sample 4 kindly 
provided by Professor S. Danishefsky. 
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Benzoquinone reacts with 1,4,7,10,13,16-hexaazacy- 
clooctadecane (hexacyclen) to  produce as yet uncharac- 
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terized species which are intensely colored and are un- 
doubtedly the result of redox reactions.2 In an attempt 
to identify the species responsible for these properties, we 
sought to prepare I, a compound referred to as the "wheel" 

1 

by Breslod and of general interest because of its potential 

(1) (a) University of Minnesota. (b) 3M Company, St. Paul, MN 
55144. 

(2) Presented in preliminary form by J. E. Richman and M. R. Asi- 
ravatham at the Second Symposium on Macrocyclic Compounds, Provo, 
Utah, August 14-16, 1978. 
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Figure 1. Numbering scheme and geometry of I1 showing the 
crown nature of the hexacyclen portion of the molecule. The 
molecule contains a center of symmetry located at the center of 
this crown cavity, thus the top and bottom portions of this figure 
are related as x,y,z and 1 - x, -y, 1 - z. 

for forming "antiaromatic" cyclic 4n a dication systems. 
The synthetic route we chose involved refluxing equimolar 
amounts of lithiated hexacyclen and hexafluorobenzene 
in tetrahydrofuran solution. A low yield of glistening 
crystals, identified as CUHUN6F6 (11); was produced with 
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I1 
no evidence for formation of I as a stable isolable species. 
Crystals of I1 are stable in air but react with trifluoroacetic 
acid to form a colorless solid which turns purple when 
exposed to air. The  structure and properties of I1 itself 
thus become important to our understanding of the redox 
reactions of hexacyclen derivatives. Elemental and spec- 
troscopic analyses confirm that I1 contains two 1,2,3-tri- 
fluoroaryl rings per molecule. An X-ray crystal structure 
analysis was carried out to determine which of two possible 
stereoisomers, IIa or IIb, applied. 

S F  Z F  + \ " - F 

F F 

I1 a I1 b 

A clear plate-like crystal (0.34 X 0.19 X 0.96 mm) of I1 
was grown from chlorobenzene, and, from a full three- 
dimensional X-ray structure analysis, i t  was found that I1 
exists in the form shown above, as IIa. The  molecule, 

(3) Breslow, R. Pure Appl Chem. 1982,54, 927. 
(4) Compound I1 is 6,7,8,23,24,25-hexafluoro-1,4,11,14,17,20-hexaaza- 

heptacyclo[ 18.6 .2 .~~11.06~10.014.01~~.~1~]  triaconta-5,7,9,21,23,25-hexaene. 

h A 

Figure 2. View of I1 along the normal to the aromatic rings. The 
head-to-tail arrangement of the trifluorophenyl rings is apparent, 
as is their coplanarity. The a systems of the two rings are not 
directly overlapping, even though their interplanar separation is 
only 3.4 A, rather the rings are slipped relative to one another 
with close intermolecular contracts between C(5) and C(4)' (3.468 
(3) A) and C(5) and C(5)' (3.431 (4) A). 

Figures 1 and 2, has inversion symmetry, with the two 
halves related as x,y,z and 1 - x ,  -y, 1 - z. The bridging 
C(ll)-C(12) bond length is 1.537 (4) A, indicating that the 
cyclophane is not highly strained. In addition the sums 
of the angles about the nitrogens show that N(1) is nearly 
planar (356O), N(2) is nearly tetrahedral (334'), and N(3) 
is intermediate between extremes (349'). The aromatic 
rings are coplanar with a van der Waals separation of 3.4 
A, and they pack in a head-to-tail arrangement within the 
crown cavity such that the fluorines extend outside of the 
cavity. The closest intermolecular F-F contact is between 
F(1) on the x,y,z portion of the molecule and F(1) on a 
neighboring molecule a t  1 - x ,  -y, -2. The only other 
nonbonded distances shorter than 3.5 A are intramolecular 
contracts occurring between C(5) and C(5)' (3.431 (4)) and 
C(5) and C(4)' (3.468 (3) A). The aromatic rings are co- 
planar to within f0.04 8, with N(2) 0.25 A from the best 
plane of the ring, F(l) 0.12 A away, and the other sub- 
stituents less than 0.1 A from the plane. 

An interesting feature of this molecule is that  the 
thermal parameters determined at  room temperature for 
the individual atoms of the structure are unusually low (B, 
for the fluorines is 4.0, for the carbons, 2.8, and for the 
hydrogens, 3.8), indicative of a rigid structure. A rigid 
framework is also suggested from CPK models of the 
molecule in which interconversion of IIa and IIb is not 
possible due to extremely limited conformational mobility. 

We have thus confirmed that I1 is a rigid polycyclic 
metacyclophane which undergoes reaction with strong 
acids to form easily oxidized products. The oxidation of 
I1 is related to the reaction of hexacyclen with benzo- 
quinone-a process that absorbs multiple equivalents of 
oxygen. 

Experimental Section 
Preparation of 11: A 50-mL flask with a magnetic stir bar and 

N2 atmosphere was charged with 0.68 g (2.63 mmol) of 
1,4,7,10,13,16-hexaaacyclooctadecane (available as 3H2S04 salt 
from Aldrich Chemical CoJ5 and 20 mL of anhydrous THF. This 

(5) Atkins, T. J.; Richman, J. E.; Oettle, W. F. Org. Synth. 1978 58, 
86. 
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solution was cooled to -78 "C and treated with 10.5 mL of 1.6 
M n-butyllithiumlhexane. The resulting mixture was allowed 
to warm to room temperature and then was cooled to -78 O C  and 
treated with 0.53 g (2.85 mmol) of hexafluorobenzene. This 
mixture was refluxed overnight and then was cooled and poured 
into 100 mL of water. After stirring 10 min, the initial pale green 
slurry turned yellow and was filtered, giving 0.90 g of crude solids. 
Extraction of these solids for 3 h in a Soxhlet extractor with 
dichloromethane gave 82 mg of semisolid residue which was 
slurried in minimal chloroform and filtered, giving 20-25 mg of 
glistening crystals of I1 which were recrystallized from 0.5 mL 
of boiling chlorobenzene. Crystals of II do not melt but turn black 
above 300 "C. 
Anal. Calcd for CHHaNps: C, 56.47; H, 4.74; N, 16.46, F, 22.33; 

M ,  510.50. Found C, 56.53; H, 4.80, N, 16.32; F, 22.16. IR (KBr): 
2930,2880,2800,1615,1490 (st), 1440,1373,1357,1329,1287 (w), 
1255,1240,1231,1217,1182,1137 (st), 1073,1051,1025,991 915, 
893,825 and 774 cm-'. M S  M+ at m / e  510 with metastable peaks 
corresponding to the transitions for M - CH:, and M - F. UV 
(CHsCN): A, 241 nm (6 4.97 X lo4), shoulder at 320 nm. 19F 
NMR (CBH6Cl solvent at 100 "C, external CF3C02Na/D20 as- 
signed -77.0 ppm): -162.9 (d, J = 23 Hz) and -175.2 ppm (t, J 
= 23 Hz). 

Crystal Data: Pccn, a = 14.514 (3) A, b = 15.205 (2) A, c = 
9.403 (3) A, V =  2075A3, 2 = 8, M, 510, CHHUNP6, pc = 1.63 g/cc. 
Data were collected on an Enraf-Nonius CAD-4 diffractometer 
and the structure was solved by using conventional direct methods, 
Fourier syntheses, and full-matrix least-squares refinements, 
available in the Enraf-Nonius structure determination package! 
R = 0.034, R, = 0.045 for 1751 independent diffracted intensities 
(I > 3.0a(I)), with 2 < 0 < 75" (Cu Ka radiation), at room tem- 
perature. Anisotropic thermal parameters were employed for all 
18 independent non-hydrogen positions. All the hydrogens were 
located on difference electron density maps. Their positions were 
refined in the final least-squares cycles, and their thermal pa- 
rameters were refined isotropically. 
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Lineatin (3,3,7- trimethyl- 2,9-dioxatricyclo [ 3.3.1 .04q no- 
nane, 1) has been shown to be an aggregation pheromone 
for the bark beetle Trypodendron lineatum (Oliver), an 
economically important forest pest which is responsible 
for significant damage to  fallen and cut timber.l The 
unusual tricyclic acetal structure of 1 has attracted syn- 
thetic interest and there have been a number of syntheses 
reported.2-8 

(1) MacConnell, J. G.; Borden, J. H.; Silverstein, R. M.; Stokkink, E. 
J.  Chem. Ecol. 1977, 3, 549. 
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Our recent efforts have been directed a t  development 

of a relatively simple synthetic scheme for the production 
of multigram amounts of the pheromone without the co- 
production of isolineatin (3,3,7-trimethyl-2,9-dioxatricy- 
clo[4.2.1.04*']nonane, 2) which has been a coproduct in 
several previous syntheses. Disconnection of the intra- 
molecular ketal (Scheme I) makes it apparent that  a se- 
lective synthesis of 1 would require a protocol for the 
production of a functionaliied cyclobutane precursor with 
the correct regiochemistry (3 rather than 4). 

One approach would be to utilize the well-known re- 
gioselectivity of dichloroketene cycloadditions with un- 
symmetric trisubstituted  alkene^.^ Initially, this approach 
was frustrated by the extreme reluctance of dichloroketene 
to participate in 2 + 2 cycloaddition reactions with the 
required alkene substrates. Less than 5% yield of the 
desired cycloadduct 6 could be isolated from the reaction 
of 5 with di~hloroketene.~ Compound 5 was eventually 
abandoned as a precursor to lineatin in part due to the 
extreme acid sensitivity of cycloadduct 6. 

Recent reportslOJ1 emphasize that the reaction of di- 
chloroketene with allyl ethers and allyl sulfides typically 

(2) (a) Mori, K.; Sasaki, M. Tetrahedron Lett. 1979,1329; (b) Tetra- 
hedron 1980,36, 2197. 

(3) Borden, J. H.; Handley, J. R.; Johnston, B. D.; MacConnell, J. G.; 
Silverstein, R. M.; Slessor, K. N.; Swigar, A. A.; Wong, D. T. W. J. Chem. 
Ecol. 1979,5, 681. 

(4) (a) Mori, K.; Uematsu, T.; Minobe, M.; Yanagi, K. Tetrahedron 
Lett. 1982,23,1921; (b) Tetrahedron 1983, 39, 1735. 

(5 )  Slessor, K. N.; Oehlschlager, A. C.; Johnston, B. D.; Pierce, H. D., 
Jr.; Grewal, S. K.; Wickremesinghe, L. K. G. J. Org. Chem. 1980,45,2290. 

(6) McKay, W. R.; Ounsworth, J.; Sum, P.-E.; Weiler, L. Can. J. Chem. 
1982, 60, 872. 
(7) White, J. D.; Avery, M. A.; Carter, J. P. J. Am. Chem. SOC. 1982, 

104, 5486. 
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(9) Brady, W. T. In 'The Chemistry of Ketenes, Allenes and Related 

Compounds, Part I"; Patai, S., Ed.; Wiley: New York, 1980, pp 279-308. 
(10) (a) Malherbe, R.; Bellus, D. Helu. Chim. Acta 1978,61,3096. (b) 
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