The structures of 1 and 2 were deduced from their
spectroscopic properties® and then confirmed through
oxidation with peroxytrifluoroacetic acid!® to the re-
lated butyrolactones 9a and 10a, which were identical
with samples prepared in the following fashion. For
9a the long-known!! carboxylic acid 11 was first con-
verted through an Arndt-Eistert synthesis!? to the
homologous ester 12.% Saponification of this ester
and then treatment with hot dilute hydrochloric acid
led to 9a%¢ without difficulty. For 10a, hydroxy ester
13% was prepared by a Reformatsky reaction!® between
cyclopentyl isopropyl ketone!* and «-bromoacetic
ester. Hydrolysis of 13 gave the related carboxylic
acid, which underwent dehydration and cyclization
in mineral acid to yield 10a%® as well as the isomeric
lactone 14. These lactones were readily separated by
preparative vpc.

0
CH: CH, Of _cH,co0CH;
C CL 0
@/ “R Q/ CH(CH,),
11 R = COOH 13 14

12, R = CH,COOCH;,

Our second route to 1 and 2 starts with lactones 9a
and 10a and proceeds in the reverse direction. Each
lactone was converted to the related ortho lactone,
9b and 10b, respectively, on reaction!® with triethyl-
oxonium fluoroborate and then ethanol containing
sodium ethoxide. These ortho lactones were treated!®
directly with tosylhydrazide to furnish lactone tosyl-
hydrazones 9¢%!” and 10c¢." The dry sodium salt
derived from each tosylhydrazone was then pyrolyzed
at 310° to give the desired cyclobutanones 1 and 2 in
yields of 42% and 20 9,5 respectively. This transforma-
tion, which we have discussed in some detail else-
where,!® presumably involves rearrangement of inter-
mediate oxycarbenes 9d and 10d, formed on thermal
elimination of molecular nitrogen and p-toluenesul-
finate anion from the salts. Our previous experience
included decomposition of lactone tosylhydrazone salts

(9) Characterization data are given below: 1, ir 1775 cm™! (vs);
nmr (220 MHz) § 1.14 (s, 6 H), 1.36-1.81 (m, 8 H), 2.66 (s, 2 H); 2,
1775 cm™! (vs); nmr (220 MHz) § 0.927 (d, J/ = 5 Hz) and 0.955 (d,
J = 5 Hz) (6 H), 1.36-2.08 (m, 10 H), 2.60 (d of d, /1 = 17,/J: = 8 Hz,
1 H), 282 (dofd, i = 17,J: = 8 Hz, | H); 9a, ir 1780 cm™! (vs);
nmr (220 MHz) § 1.09 (s, 6 H), 1.55-2.04 (m, 8 H), 2.26 (s, 2 H); 10a,
ir 1780 em~! (vs); nmr (220 MHz) § 0.945 (d, / = 7 Hz) and 0.950 (d,

= 7 Hz) (6 H), 1.55-2.03 (m, 9 H), 2.03-2.27 (m, 2 H), 2.36-2.59 (m,
1 H); 9c, ir 3200, 1680, 1160 cm™!; nmr (220 MHz) 6 0.93 (s, 6 H),
1.5-1.9 (m, 8 H), 2.40 (s) and 2.41 (s) (5 H), 7.28 (d, / = 8 Hz, 2 H),
7.38 (s, 1 H), 7.82 (d, / = 8 Hz, 2 H); mp 147.5-150.5°; 10c, ir 3200,
1685, 1160 cm™!; nmr (220 MHz) 6 0.80 (d, / = 7 Hz, 3 H), 0.92 (d,
J = 7 Hz, 3 H), 1.5-2.1 (m, 10 H), 232 (d of d, J1 = 17, J: =5 Hz,
1 H), 242 (s, 3 H), 2.72(d of d, J1 = 17, J» = 4 Hz, 1 H), 7.28 (m, 3
H), 7.80 (d, / = 8 Hz, 2 H); mp 137.5-140.5°,

(10) W, D. Emmons and G. B. Lucas, J. 4mer. Chem, Soc., 77, 2287
(1955).

(11) P. B. Talukdar and P. Bagchi, J. Org, Chem., 20, 25 (1955), and
references cited therein,

(12) W, E. Bachmann and W, S. Struve, Org. React., 1, 38 (1942),

(13) R. L. Shriner, ibid., 1, 1 (1942).

(14) J. Crouzet, L. Giral, G. Cauquil, and J. Rouzaud, Bull. Soc.
Chim. Fr., 3722 (1967},

(15) H. Meerwein, P, Borner, O. Fuchs, H. J. Sasse, H. Schrodt, and
J. Spille, Chem. Ber., 89, 2060 (1956).

(16) R. J. Crawford and R. Raap, Can. J. Chem., 43, 126 (1965);
R. M. McDonald and R. A. Krueger, J. Org. Chem., 31, 488 (1966).

(17) This new compound gave satisfactory elemental analyses for
carbon, hydrogen, and nitrogen.

(18) W. C. Agosta and A, M. Foster, Chem. Commun., 433 (1971);
A. M. Foster and W, C. Agosta, J, Amer. Chem. Soc., in press.

5101

having five-, six-, and seven-membered rings and indi-
cated that the yield of cyclopentanone and cyclo-
hexanone from appropriate precursors was significantly
higher than yields of cyclobutanones. In this earlier
work,8 lactone tosylhydrazones were prepared in-
directly through imino lactone salts, themselves avail-
able by various means from acyclic compounds. The
noteworthy aspect of the present examples from the
point of view of synthesis is the successful conversion of
readily available lactones into derived tosylhydrazones
and thence into cyclic ketones. Formally this consti-
tutes a reversal of the Baeyer—Villiger oxidation;!19
if general, it should be a synthetically useful process.

We shall discuss additional examples of each of these
reactions in later reports.

Acknowledgment. It is a pleasure to acknowledge
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(19) C.H. Hassall, Org. React., 9, 73 (1957).
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Radical Chlorination of e¢xo- and
endo-Tricyclo[3.2.1.0% 4]octane with
tert-Butyl Hypochlorite!

Sir.

In recent years there has been considerable interest
in the characterization of radical intermediates which
are structurally related to bridged carbonium ion
intermediates, such as the 2-norbornyl,? 5-norbornenyl,?
7-norbornenyl,® and cholesteryl.* The reactions of
these radical intermediates have, in all cases to date,
been most easily explained in terms of rearranging
classical intermediates, rather than by invoking bridged
delocalized intermediates.

Since in an earlier study we found that radical chlori-
nation of bicyclo[3.1.0]hexane with zert-butyl hypo-
chlorite results in substitution at C-2 and C-3, produc-
ing a ratio of cis-3- to trans-3-chlorobicyclo[3.1.0]-
hexane of 2:1,% in spite of the steric shielding of the cis
face of the ring skeleton by the cyclopropane methylene,
it appeared to be of considerable interest to carry out
additional studies on 3-bicyclo[3.1.0]hexyl radical inter-
mediates. A consideration of the anchimeric assis-
tance found in the solvolyses of exo-5-norbornenyl
(10%),% anti-7-norbornenyl (10'Y),” and endo-anti-tri-

(1) Financial support from the National Science Foundation is grate-
fully acknowledged.

(2) D. I. Davies and S, J. Cristol, Advan. Free-Radical Chem., 1,
155 (1965).

(3) J. Warkentin and E. Sanford, J. Amer. Chem. Soc., 90, 1667
(1968); G. A. Russell and G. W. Holland, ibid., 91, 3969 (1969); S. J.
Cristol and A. L. Noreen, ibid., 91, 3870 (1969); H. O. Ohorodnyk
and D. P. Santry, ibid., 91, 4711 (1969); Chem. Commun., 510 (1969);
P. Bakuazis, J. K. Kochi, and P. J. Krusic, J. Amer. Chem. Soc., 92,
1434 (1970).

(4) S.J.Cristoland R. V. Barbour, ibid., 90, 2832 (1968).

(5) P.K. Freeman, F. A. Raymond, J. C. Sutton, and W. R, Kindley,
J. Org. Chem., 33, 1448 (1968).

(6) S. Winstein, H, M. Walborsky, and K, Schreiber, J. Amer, Chem.
Soc., 72, 5795 (1959).

(7) S. Winstein, M, Shatavsky, C. Norton, and R. B. Woodward,
ibid., 77, 4183 (1955).
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cyclo[3.2.1.02¢Joct-8-yl (10'4)® substrates suggested
that the most favorable ring system for a radical ab-
straction study would be endo-tricyclo[3.2.1.0%4]octane
(5), using exo-tricyclo[3.2.1.0% 4Joctane (1) as a standard.

Irradiation of a 2:1 molar ratio of exo-tricyclo-
[3.2.1.0%24]octane and tert-butyl hypochlorite at 40°
in CCl, produced a 27 %7 yield of monochlorides, which
consisted of exo-6-chloro- (2-Cl), endo-6-chloro (3-Cl),
and 1-chloro-exo-tricyclo[3.2.1.02 4Joctane (4-Cl) in a
ratio of 67:12:17 with an unidentified component pres-
ent to an extent of 3 9. No dichlorides were detectable
by vpc. Structural identification was based upon the
reduction of the product chlorides to a single hydro-
carbon, parent structure 1, with tri-n-butyltin hydride
(AIBN initiation, 95°) combined with spectral analysis
of the three major product components. The infrared
and nmr spectral data of the 679, component (100-
MHz nmr 7 6.25 (d split by additional 2 H, J = 6.5,
3.5,20 Hz, 1 H), 7.60 (s, 1 H), 7.75 (m, 1 H), 8.03
(A of AB, split by additional two protons, J = 13,7,
2 Hz, 1 H), 8.33 (B of AB, split by additional 2 H,
J=13,35Hz 1H),878(d, J =11 Hz, 1 H), 9.11
(d, J = 11 Hz, with additional poorly resolved splitting,

= 2 Hz, 1 H), 9.22-9.62(m, 3 H) 9.77-10.03 (m, 1 H))
were identical with those of an authentic sample of 2-Cl
prepared by addition of hydrogen chloride to exo-tri-
cyclo[3.2.1.0%4Joctene-6. The nmr spectrum of the
129 component (r 5.88 (d of t, J = 9, 3.5 Hz, 1 H),
7.55(m, 1 H),7.71 (m, 1 H), 7.95 (m, 1 H), 8.65(m, 2 H),
8.85-9.4 (m, 3 H), 9.6 (m, 1 H), 9.95(q,J = 7 Hz, 1 H))
is consistent with that expected for the endo-6 isomer
(3-Cl) and nmr and infrared comparison with a stan-
dard prepared by treatment of 2-OH with triphenyl-
phosphine and CCl,? verified this assignment. Since
the nmr spectrum of the 1797 component exhibits no
absorption for hydrogen « to chlorine, only one bridge-
head hydrogen at 7 7.84, and an unsubstituted fused
cyclopropane (C3;H,) unit (r 8.94 (t of d, J = 7, 3 Hz,
1 H),9.13(tofd,J = 7, 3 Hz, 1 H), 9.37 (overlapping
pair of triplets, / = 7, 3 Hz, 1 H), 9.87 (q, / = 7 Hz,
1 H)), the correct structure must be that of bridgehead
chloride 4-Cl. As a second check on the ring skeleton,
reduction of the 179, component with tri-n-butyltin
hydride (AIBN initiation) produced tricyclooctane 1 as
the sole hydrocarbon, reinforcing the structural assign-
ment.

In the case of the endo-tricyclooctane ring system,
irradiation of endo-tricyclooctane 5 and rert-butyl
hypochlorite at 40° in CCl, produced a 339 yield of
monochlorides, which consisted of four components in
a ratio of 66:27:5:2, with no significant amount of
dichlorides detectable by vpc. The infrared and nmr
(r 6.28 (m, 1 H), 7.60 (m, 2 H), 7.86-8.13 (m, 2 H),
8.19-8.42 (m, 2 H), 8.51-8.67 (m, 2 H), 9.17-9.37 (m,
2 H)) spectra of the 66 %] component were consistent
with a structural assignment of anti-8-chloro 6-Cl.
The rate of solvolysis in 809 aqueous acetone at 25°
(k = 6.10 X 10~% sec™!, k(6-Cl)/k(anti-7-norbornenyl
chloride) = 10%)'0 as well as the solvolytic products (hy-

(8) (a) H. Tanida, T. Tsuji, and T. Irie, J. Amer. Chem, Soc., 89,
1953 (1967); (b) M. A. Battiste, C. L, Deyrup, R. E. Pincock, and J.
Haywood-Farmer, ibid., 89, 1954 (1967); (c) J. S. Haywood-Farmer and
R. E. Pincock, ibid., 91,3020 (1969).

(9) R. G. Weiss and E. 1. Snyder, J. Org. Chem., 36, 403 (1971);
R. G. Weiss and E. 1. Snyder, ibid., 35, 1627 (1970); R. G. Weiss and
E.I. Snyder, Chem, Commun., 1358 (1968).

drolysis, 7-OH exclusively; methanolysis in the presence
of CaCOj;, 7-OCH; exclusively) support the assignment.
The 27 % component exhibited identical retention time
and infrared and nmr spectra with an authentic sample
of rearranged endo-7-Cl.'* The 59 component (A)
was not completely characterized, but analysis of the
nmr spectrum (7 6.05 (1 H, d of t, J = 11, 4 Hz, with
additional 1-Hz splitting), 7.48-7.82 (2 H), 7.90-8.14
(2 nonequiv H), 8.14-8.34 (1 H), 8.34-8.53 (1 H), 8.53-
8.82 (2 H), 8.82 (1 H, d of t), 8.97-9.26 (1 H)) demon-
strates that it is not the syn-7 chloro epimer 8-Cl and
most likely not the exo rearranged chloride 9-Cl (9-OH
exhibits a simple doublet for hydrogen « to hydroxyl at
7 6.31 (J/ = 3.5 Hz)). The 29 component (B) could
not be obtained in sufficient quantity to be successfully
identified.

A 27

iy - 2 A
A

In viewing the hydrogen abstraction reactions of 1,
the predominant abstraction at C-6 leads to a mixture
of epimers with an exo:endo ratio (5.6) not too dis-
similar to that observed for the reaction of the 2-nor-
bornyl radical with rers-butyl hypochlorite (7).!'2 The
normal exo:endo C-6 ratio and lack of skeletal rear-
rangement argue against any delocalization involving
either the C-2-C-413 or C-2-C-3!¢ cyclopropane bonds
in the intermediate radical. The large fraction of hy-

drogen abstraction at C-1, however, is surprising in
view of the lack of bridgehead abstraction which has

(10) S. Winstein and G. Ordronneau, J. Amer. Chem. Soc., 82, 2084
1960).

( (11) We express our appreciation to Dr. H. Tanida for sending us
nmr and infrared spectra of 7-Cl, A sample for retention time com-
parison was prepared by treatment of a mixture of 6-OH and 8-OH
with thionyl chloride in ether.

(12) P. D. Bartlett, G. N, Fickes, F. C. Haupt, and R. Helgeson,
Accounts Chem, Res., 3, 177 (1970).

(13) G. D. Sargent, M, J. Harrison, and G. Khoury, /. Amer. Chem,
Soc., 91, 4937 (1969).

(14) P. K, Freeman and D. M. Balls, Tetrahedron Lett., 437 (1967);
P. K. Freeman and J. N. Blazevich, Chem. Commun., 1357 (1969);
P. K. Freeman, D. M., Balls, and J. N, Blazevich, J. Amer. Chem. Soc.,
92, 2051 (1970).
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been noted for norbornane!®!® and norbornene.l”18
The factors which are responsible for the unique role of
the fused cyclopropane unit are presently under investi-
gation.

In sharp contrast to the radical substitution pattern
found for exo-tricyclooctane 1, attack of rers-butoxy
radical on endo-tricyclooctane 5 at C-8 occurs to an ex-
tent of 939 or greater. Since neither anti-8-chloride
6-Cl nor rearranged 7-Cl undergoes epimerization or
skeletal rearrangement during the reaction conditions
or vpc analysis, it seems reasonable to assume that
endo-7-Cl is a primary product, and the question arises
as to whether the products are generated via a rapid
equilibrium of radicals (10 = 11) or a single delocalized
radical 12. The dilution experiments listed in Table I

Table I. Reaction of tert-Butyl Hypochlorite with
5 in CCl, at 40°
Concn of
Conen of #+BuOCl, ~—Product composition, %-—
Run 5, m m 6-Cle  7-Cl= As Be
1 1.56 0.68 66 27 5 2
2 1.56 0.49 63 28 6 3
3 1.56 0.26 32 41 11 16
4 0.73 0.18 11 56 15 18
e £297,

demonstrate that at high concentrations of chain
transfer agent the first formed radical intermediate is
trapped before there is much rearrangement to the
second radical intermediate, while at low concentrations
of tert-butyl hypochlorite the reverse is the case. Thus,
on this basis, an equilibrium (10 = 11) is favored over
12. However, in addition, one must explain the regio-
specificity for C-8 abstraction and the stereoselectivity
of the radicals leading to C-8 unrearranged (anti:syn >
66:2) and C-2 rearranged (endo:exo > 27:2) products
(run 1). It seems clear that the high preference for C-8

H

10 11

abstraction must be due to abstraction of the anti C-8
hydrogen with the generation of a transition state in
which the electronegative rert-butoxy radical induces
some carbonium ion character on the tricyclooctyl
moiety. Thus, the evidence suggests trishomocyclo-
propenyl anchimeric assistance to hydrogen abstraction
in the transition state.!®* Once the anti C-8 hydrogen is
removed, a localized pyramidal radical similar in struc-
ture to 10 might be formed. A combination of com-
petition of chain transfer with inversion and greater

(15) E. C.Kooyman and G. C, Vegter, Tetrahedron, 4, 382 (1958).

(19(116)) V. R. Koch and G. J. Gleicher, J. Amer. Chem. Soc., 93, 1657
1).

(17) E. Toebler, D. E. Battin, and D, J. Foster, J. Org. Chem., 29,
2834 (1964).

(18) M. L. Poutsma, J. Amer. Chem. Soc., 87, 4293 (1965).

(19) An estimate of anchimeric assistance based on the relative rates
for hydrogen abst}'action in tert-butyl hypochlorite chlorination of 5
and norbornane gives ks ot C-g/knorbornane at G—1 2> 110 at 40°, assuming
all the C-8 abstraction on tricyclooctane 5 is anti; T. D. Ziebarth,
unpublished observation.
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steric access to the anti side (LiAlH, reduction of endo-tri-
cyclo[3.2.1.0®%4]octan-8-one gives 6-OH-8-OH in a
ratio of 33:67)% might explain the stereoselectivity.
However, steric access to the C-2 position of radical 11
would be expected to be highly biased toward exo
approach (LiAlH, reduction of tricyclo[3.3.0.0%¢]-
octan-2-one yields entirely endo-2-alcohol). Thus,
intermediate 10 rearranges to a second intermediate,
which, although reasonably well represented by struc-
ture 11, might possess some degree of transannular
interaction of the cyclopropane bond with the radical
center, hence protecting the exo face from attack.

* Address correspondence to this author at Oregon State University.
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Independent Mechanisms in the Thermal
Rearrangement of Mono- and Bicylic
3,4-Bismethylenecyclobutene Derivatives

Sir:

Thermolysis of 1,5-hexadiynes at moderate tempera-
ture produces 3,4-bismethylenecyclobutene deriva-
tives.2 For example, compounds 1 and 4 rearrange

at 250° to trienes 3 and 6, presumably via intermediate
diallenes®2 and 5.

R
c -
c& HZC\\C R
/ N\ H,C R
H,C \C/ XN
. - LT M
e _Z R ne R
X |H.C | 3
\R 2
1
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/
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C/ \R R
N cu? .
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4
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(1) (a) W, D, Huntsman and H. J. Wristers, J. Amer. Chem. Soc., 85,
3308 (1963); (b) W. D, Huantsman and H. J. Wristers, ibid., 89, 342
(1967); (c) R. Criegee and R. Huber, Chem. Ber., 103, 1855 (1970);
(d) H. A. Brune, Tetrahedron, 24, 4861 (1968); (e) H. A. Brune, H.
P. Wolff, and H. Huether, ibid., 25, 1089 (1969); (f) H. A. Brune and
H. P, Wolff, ibid., 27, 3949 (1971); (g) A. Viola and J. H. MacMillan,
Abstracts, 159th National Meeting of the American Chemical Society,
Houston, Tex., Feb 1970, No. ORGN 50,

(2) M. B, D’Amore and R. G, Bergman, J. Amer, Chem, Soc., 91,
5694 (1969).

(3) (a) H. Hopf, Chem. Ber., 104, 1499 (1971); (b) H. Hopf, ibid.,
104, 3087 (1971).

Communications to the Editor



