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Bis-Pericyclic Reactions: Retrocycloaddition and
the Importance of Avoiding Piecewise Analysis!
Sir:

Qualitative applications of orbital symmetry conservation
rules often focus on the number of electrons delocalized about
a monocyclic atomic array in the transition state of a concerted
reaction. Thus a thermal transformation is designated “al-
lowed”, if the total number of (4q + 2); and (4r), components
is odd.2 Equivalently this requirement is met for (4M + 2) and
(4N) electron transition states, if an arbitrary set of atomic
orbital constituents is isoelectronic with the appropriate
“Hiickel”/“aromatic” or “M&bius”/“aromatic’” arrange-
ments, respectively.3* Within this conceptual framework it
is natural to speculate on the consequences for bis-, tris-, or
polykis-pericyclic reactions arising formally by incorporating
cycles with opposing electronic effects. Thus a bis-pericyclie,
face-to-face cycloaddition which couples a (4N)-forbidden and
a (4M +2)-allowed fragment might conceivably experience
a kinetic barrier relative to the same reaction lacking the (4N)
moiety.

Anastassiou and Yamamoto have recently concluded that
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the rate of nitrogen extrusion for diazenes 1a-3a falls in the
order 1a > 2a > 3a.° The “less efficient” fragmentation for 2a
relative to 1a was interpreted as caused by the presence of the
butadiene bridge in the former. Namely, the corresponding
bis-pericyclic transition state is destabilized by a suprafacial
(4N) = 8-electron component. Experiments we have conducted
with the analogous azoalkanes 4a, Sa, and 6 do not sustain this
supposition. Furthermore we show that evaluation of the bi-
cyclic transition states piecewise® leads to illusory predictions
which can be sidestepped by a straightforward MO analy-
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It has been shown that treatment of azo N-oxides with
hexachlorodisilane at 25 °C leads to azoalkanes, if the carbon
skeleton is saturated,® and to cyclic dienes derived from them,
if it is unsaturated.® The desired N-oxide precursors, 4b (mp
113-114 °C) and 5b (mp 82-83 °C), were prepared by basic
peroxide, hydrolytic oxidation®!? of the corresponding urazole
adducts obtained in turn from the cycloaddition of N-
methyltriazolinedione (MTAD) and cyclooctadiene!® (COD)
and cyclooctatetraene!! (COT), respectively.!? Each was
dissolved in CDCl;, cooled to —40 °C, and treated with an
excess of the silane reagent. The reactions were monitored by
NMR between —30 to —40 °C. Over a period of hours the
bicycles were converted quantitatively to COD and COT as
determined by integration against an internal standard. No
signals for an intermediate azoalkane were observed. Clearly
nitrogen extrusion is much faster than deoxygenation. At —30
°C no discrimination between the presence or absence of the
butadiene bridge is evident. With the exception of a single
case,!? all 1,2-diazacyclohexa-1,4-dienes likewise have gone
unobserved at temperatures below —30 °C.14 Within the ex-
perimental limits, the results suggest that the bis-pericyclic
process occurs unretarded relative to the simple pericyclic
reaction. Complementing the lability of 4a and 5a is the be-
havior of azodiene 6 which can be isolated but decomposes
quantitatively at 50 °C to 1,3,5-cyclooctatriene and nitro-
gen.t3

The rapid loss of nitrogen from 4a and 5a is readily appre-
hended by considering the fate of the electrons in the bonds to
be made and broken in the pericyclic transition state. For both
azocycles, the symmetric combination of the C-N bonds (7)
may be transformed across the potential energy surface for
retrocycloaddition into the second = bond of Nj,. The an-
tisymmetric union 8 likewise correlates smoothly with the
highest lying 7 levels of the cycloalkenes COD (9) and COT
(10). These qualitative and symmetry-sufficient orbital cor-
relations have been confirmed by a complete MO calculation
of the decomposition of azotriene 5 to cyclooctatetraene and
N,. The geometry of § was obtained by CNDO/B!6 optimi-
zation; deazetation, followed numerically by CNDO/B,
CNDO/S,!7 and PRDDO.!# All of the latter produce the re-
sult that MO’s 7 and 8 in 5 are strongly mixed with fragment
orbitals of the same symmetry as expected for a molecule
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1
containing upward of ten framework atoms.'® Nonetheless
correlation diagrams constructed from each of the MO
schemes reveal a uniform transformation of “ocn(S)” — N,
and “ocnN(A)” — w(10). Furthermore none of the potential
energy surfaces sustain a frontier orbital crossing.

The perspective rendered by the MO correlation predicts
the reaction to be “allowed” in the generally accepted sense?
and circumvents entirely the ambiguous choice between
competing (4N) and (4M +2) pericycles. The parallel orbital
correlation for linear diazene decomposition of 1a and 2a is
completely analogous as depicted by 11-13.20 Interpretations
of both the retrocycloadditions and the cheletropic extrusions
by means of frontier-orbital theory?! is equally satisfying and
supports the notion that no energy raising factors arise from
the primary orbital interactions.

We conclude that, for bis-pericyclic processes of this type,
a fragment-by-fragment analysis® can be misleading and in
general should be avoided in favor of symmetry arguments
which accommodate simultaneously all the important orbital
components.

Finally we note that the proposed 1,1-diazenes 1a and 2a are
reported to decompose much less cleanly (71 and 28% COD
and COT, respectively) and at higher temperatures (54 vs. —30
°C)° than do the 1,2-diazenes 4a and 5a. Similarly the ratio
of yields for diazene 3a and azodiene 6 is 0:100% (50-55
°C).>13 It is conceivable that 1,1-diazenes 1a-3a are bypassed
in the reduction of precursors 1b-3b, they dimerize in part to
tetrazines, or they fragment by a nonpericyclic process.?? The
consequences for drawing conclusions about linear vs. non-
linear cheletropic reactions> are obvious.

Acknowledgments. We are grateful to the Danish Natural
Science Research Council for support of the work (j. nr.
511-5153) and appreciative to Professor T. A. Halgren (City
College of the City University of New York) for a copy of
PRDDO.

References and Notes

(1) Part 2. For part 1, see H. Isaksen and J. P. Snyder, Tetrahedron Lett., 889
(1977).

(2) R.B. Woodeard and R. Hoffmann, “The Conservation of Orbital Symmetry",
Academic Press, New York, N.Y., 1970.

(3) H. E. Zimmerman, J. Am. Chem. Soc., 88, 1564, 1566 (1966); Science,
153, 837 (1966); Acc. Chem. Res., 4, 272 (1971).

(4) M. J. S. Dewar, Tetrahedron, Suppl., No. 8 (1), 75 (1966); Chem. Soc. Spec.
Publ., No. 21, 177 (1967); “The Molecular Orbital Theory of Organic
Chemistry"’, McGraw-Hill, New York, N.Y., 1969 Chapters 6 and 8; Angew.
Chem., 83, 859 (1971); Angew. Chem., Int. Ed. Engl., 10, 761 (197 1). M.
J. S. Dewar and R. C. Dougherty, ““The PMO Theory of Organic Chemistry"’,
Plenum Press, New York, N.Y., 1975, Chapter 5.

(5) A.G. Anastassiou and H. Yamamoto, J. Chem. Soc., Chem. Commun., 840
(1973).

0002-7863/78/1500-2567$01.00/0

2567

(6) Various suggestions have been advanced that polycyclic concerted tran-
sition states can be evaluated by considering individual rings nested within
an extended bonding framework,*7 none of which can satisfactorally ac-
count for topologies of the type under consideration here.

(7) W. J. vander Hart, J. J. C. Mulder, and L. J. Oosterhoff, J. Am. Chem. Soc.,
94, 5724 (1972); A. C. Day, ibid., 97, 2431 (1975).

(8) J. P. Snyder, M. L. Heyman, and E. N. Suciu, J. Org. Chem., 40, 1395
(1975).

(9) J.P. Snyder, L. Lee, V. T. Bandurco, C. Y. Yu, and R. J. Boyd, J. Am. Chem.
Soc., 94, 3260 (1972); H. Olsen and J. P. Snyder, ibid., 99, 1524 (1977).

(10) J. P. Snyder, V. T. Bandurco, F. Darack, and H. Olsen, J. Am. Chem. Soc.,
96, 5158 (1974).

(11) A.B. Evnin, R. D. Miller, and G. R. Evanega, Tetrahedron Lett., 5863 (1968).
R. Huisgen, W. E. Konz, and U. Schnegg, Angew. Chem., 84, 765 (1972);
Angew. Chem., Int. Ed. Engl., 11, 715 (1972).

(12) All new compounds exhibit fully consistent spectroscopic properties and
combustion analyses.

(13) C.R. Flynn and J. Michl, J. Am. Chem. Soc., 95, 5802 (1973).

(14) J. A. Berson, S. S. Olin, E. W. Petrillo, Jr., and P. Bickart, Tetrahedron, 30,
1639 (1974).

(15) H. Olsen and J. P. Snyder, J. Am. Chem. Soc., 100, 285 (1978).

(16) R. J. Boyd and M. A. Whitehead, J. Chem. Soc., Dalton Trans., 73, 78, 81
(1972).

(17) J. Del Bene and H. H. Jaffe, J. Chem. Phys., 48, 1807 (1968).

(18) T. A. Halgren and W. N. Lipscomb, J. Chem. Phys., 58, 1569 (1973).

(19) For a discussion of the consequence of molecular size on MO assignment
in bicyclic azo compounds, see R. J. Boyd, J.-C. Buinzli, and J. P. Snyder,
J. Am. Chem. Soc., 98, 2398 (1976).

(20) Cf. D. M. Lemal and S. D. McGregor, J. Am. Chem. Soc., 88, 1335
(1965).

(21) 1. Fleming, “‘Frontier Orbitals and Organic Chemical Reactions’, Wiley,
New York, N.Y., 1976.

(22) Taken at face value the yield and temperature comparisons for 1a=3a and
4a, 5a, and 6 appear to reflect an exception to the evidentally general
observation that isomeric 1,1- and 1,2-diazenes extrude nitrogen under
similar conditions to give identical products and product ratios, the latter
usually requiring higher temperatures.?® The product variation most likely
implies competing decomposition pathways for the 1,1-diazenes, whereas
the relatively high temperature employed for generation of 1a-3a reflects
the energy requirement for nitroso reduction.

(23) P.B. Dervan and T. Uyehara, J. Am. Chem. Soc., 98, 2003 (1976); J. Chem.
Soc., Chem. Commun., 469 (1976); J. P. Freeman and W. H. Graham, J.
Am. Chem. Soc., 89, 1761 (1967); N. Rieber, J. A. Alberts, J. A. Lipsky,
and D. M. Lemal, ibid., 91, 5668 (1970); F. D. Greene and K. E. Gilbert, J.
Org. Chem., 40, 1409 (1975); P. S. Engel, R. A. Hayes, L. Keifer, S. Szilagyi,
and J. W. Timberlake, submitted for publication.

James P. Snyder,* Henrik Olsen

Department of General and Organic Chemistry
H. C. Qrsted Institute, University of Copenhagen
2100 Copenhagen @, Denmark

Received October 10, 1977

Organoselenium-Induced Ring Closures.
Sulfur-Containing Prostacyclins. Stereoselective
Synthesis of Cyclic a,3-Unsaturated Sulfoxides,
Sulfones, and Sulfides and Synthesis of
6,9-Sulfoxa-5(E)- and -5(Z)-prostacyclin,
6,9-Sulfo-5( E)- and -5(Z)-prostacyclin,
6,9-Sulfo-6a- and -63-4( E)-isoprostacyclin,

and 6,9-Thiaprostacyclin

Sir:

The elegant work of Reich! and Sharpless? in the early
1970s demonstrated clearly the high potential of organosele-
nium reagents to organic synthesis. The selenium-based
methodology developed since then by the aformentioned au-
thors?4 and other workers® has already found profound ap-
plications to organic synthesis and the construction of complex
molecules.® As an extension to our previous work on sele-
nium-induced ring closures’” ® and owing to the increasing
importance of sulfur heterocycles in the 3-lactam antibiotic'?
and prostacyclin'! fields, we investigated the reactions of or-
ganoselenium reagents with unsaturated sulfur-containing
compounds. In this communication we wish to report new,
selenium-based methodology leading to the stereoselective
synthesis of cyclic «,3-unsaturated sulfoxides and sulfones and
its application to the synthesis of a number of novel prostacy-
clin analogues.
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