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Figure 1. (a) Upper trace: fluorine nmr spectrum of 2e at 56.4
MHz. (b) Lower trace: computed spectrum; the scale is in Hz
upfield from internal CFCl,.

BB’B’’ patterns of the ring-methylene protons in 2 un-
ambiguously prove the desired propeller stereochemis-
try of the chiral sulfoxide groups.

Table I. Nmr Data for Compounds 2
Jap? Jap’}p
.Compd 5aad 5pat Hz Hz Solvent
2a 3.77 2.81¢ 15.1 2.4 SO,
2¢ 3.92 2.74 14.3 2.2 CDCl;
2d 4.51 2.98 14.5 2.1 Pyridine
2e 4.44 3.24 14.1 1.7 CF;COOH

¢ Ppm downfield from internal TMS. ® AA’A’/BB’'B’’ pat-
terns; the computed spectra are independent of the relative signs
of the coupling constants. ¢ These protons show long-range cou-
pling (/' = 1.2 Hz) to the methine proton.

The detection of a small chemical shift difference of
the intrinsically diastereotopic benzyl protons in 2¢c was
hampered by the low solubility of this compound in
most solvents. No splitting of the signal at § 4.40 ppm
(CDCl,) could be resolved in CDCl; or DMSO. The
intrinsically diastereotopic methyl groups in 2d show up
as a doublet centered at 2.30 ppm (pyridine) with a sol-
vent-dependent chemical shift difference; Av in Hz at
60 MHz: pyridine, 2.3;'* DMSO, 1.2; D,O, 0.4;
CDCl;, <0.2. At 56.4 MHz one observes a tightly
coupled A;B; pattern (Figure 1a) for 2e in DMSO whose
analysis (Figure 1b) yielded Av = 15.9 Hz and Jap =
12.3 Hz.

The structure, solvent, and temperature dependence
of the intrinsic anisochronism in an extended series of
bicyclic and open-chain propeller molecules is presently
being investigated.
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The Photoisomerization of
9-Thiabicyclo[3.3.1]non-6-en-2-one
Sir:

Past investigations of thioketones have shown that
the ultraviolet characteristics of these compounds are
substantially different from those of other saturated
ketones.!=® This difference has been attributed to
transannular interaction of a lone pair of electrons on
sulfur with the carbonyl group, the coupling being
strongly dependent on the orientation of the two groups.$
Such interactions result both in the perturbation of the
n—7* carbonyl frequency and in the appearance of a
charge-transfer absorption band in the 240-270-mp
region. Of the various effects which can be ascribed
to the S—Co interaction, that which involves structural
reorganization of the molecule in the excited state con-
tinues to attract widespread interest.” It was our
intent to investigate systems in which these interactions
lead to novel photochemical changes. In this com-
munication we wish to report on a representative
example involving the photochemistry of an unsaturated
B-keto sulfide.

For reasons of synthetic accessibility and for its
spectroscopic characteristics, 9-thiabicyclo[3.3.1jnon-6-
en-2-one (IT) was chosen as the model substrate. 9-
Thiabicyclo[3.3.1]-6-nonen-2-ol (I) was prepared by the
transannular addition of sulfur dichloride to 1,3-
cyclooctadiene®? followed by thermal dehydrochlori-
nation and aqueous solvolysis.!® Sarett oxidation of I
afforded 9-thiabicyclo[3.3.1]jnon-6-en-2-one (II) in good
yield; mp 80-81°; Ap.x (KBr) 5.82 u; MNApax (957
ethanol) 240 and 295 mu (e 290 and 275); nmr 7 7.54,
6.65, 3.86, ratio 6:2:2. Anal. Calcd for C3HpSO:
C, 62.39; H, 6.54; S, 20.82. Found: C, 62.13; H,
6.50; S, 20.51.

The initial experiments were carried out in a nitrogen
atmosphere using an internal water-cooled mercury

(1) N, I. Leonard, T. L. Brown, and T, W. Milligan, J. Am. Chem.
Soc., 81, 504 (1959).

(2) N. J. Leonard, T. W. Milligan, and T. L. Brown, ibid., 82, 4075
(1960).

(3) G. Bergson and A. L, Delin, Arkiv Kemi, 18, 489 (1961).

(4) G. Bergson, G. Claeson, and L. Schotte, Acta Chem. Scand.,
16, 1159 (1962).

(5) E. A, Fehnel and M, Carmack, J. Am. Chem. Soc., 71, 84 (1949),

(6) L. A, Paquette and L. D. Wise, ibid., 89, 6659 (1967).

(7) P.Y. Johnson and G. A. Berchtold, ibid., 89, 2761 (1967); W.C.
Lumma and G. A. Berchtold; ibid., 89, 2761 (1967); K. K. Maheshwari
and G. A. Berchtold, Chem. Commun., 13 (1969); A. Schonberg, A. K.
Fateen, and S. M. Omran, J. Am. Chem. Soc., 78, 1224 (1956); H.
Hogeveen and P. J. Smit, Rec. Trav. Chim., 85, 489 (1966); R. B. La-
Count and C. E. Griffin, Tetrahedron Letters, 1549 (1964); 1. R. Collier
and J. Hill, Chem. Commun., 702 (1968).

(8) E. J.Corey and E. Block, J. Org. Chem., 31, 1663 (1966).

(9) E. D. Weil, K. J. Smith, and R. J, Gruber, ibid., 31, 1669 (1966).

(10) All new compounds were properly characterized and acceptable
chemical analyses were obtained.
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arc lamp (Hanovia Type L, 450 W). In a typical case
a solution of 0.75 g of Il in I 1. of pentane was irradiated
for 20 hr. Conventional isolation procedures afforded
0.26 g of a solid (35%), mp 44-45°, whose structure is
assigned as 2-thiabicyclo[6.1.0lnon-6-en-3-one (III) on
the basis of the physical data cited.!! The elemental

O H O
® =5
II 11

analysis of this component (4nal. Caled for CsHy(SO:
C, 62.39; H, 6.54, S, 20.82. Found: C, 62.28; H,
6.58; S, 20.65) indicates that it is an isomer of II. The
infrared spectrum of III was characterized by bands at
3.32, 5.96, 8.81, and 10.40 u. The presence of a cyclo-
propyl moiety was demonstrated by the absorption at
1.633 x (¢ 0.271) in the near-infrared.'? The ultraviolet
spectrum (959 ethanol) with maxima at 229 and 283
mu (e 8900 and 2100) is characteristic of a thiolester.!3
The 100-MHz nmr spectrum (CDCl;) showed three
distinct cyclopropyl hydrogens at = 9.25 (doublet of
triplets, J = 7.0, 5.0 cps), 8.48 (triplet of doublets,
J = 8.5, 7.0 cps), and 8.02 (multiplet). The fourth
cyclopropyl hydrogen was part of a 4-proton multiplet
centered at 7 7.50 {two allylic hydrogens and one
methylenic hydrogen). The remainder of the nmr
spectrum consisted of a multiplet at 7 6.05 (1o H) and
an AB quartet (with complex fine structure of the low-
field proton) at 7 4.37 (2-vinyl H). The peak areas are
in the ratio of 1:1:1:4:1:2. These assignments for the
spin-spin coupling interactions were tested through
double-resonance experiments. When the broad
envelope at 7 7.50 was saturated with an external field,
the multiplet at 7 6.05 collapsed to a singlet and the
vinyl region sharpened into a clean AB quartet. Sat-
uration of the signal at 7 9.25 resulted in a simplification
of the patterns at 7 8.48 and 8.02.

The structure of the photoproduct was unequivocably
proved by a X-ray single-crystal structure analysis.
The three-dimensional intensity data were measured by
the stationary-counter—stationary-crystal method, using
Cu Ka radiation and balanced filters (Ni vs. Co). A
GE XRD-6 diffractometer equipped with a single-
crystal orientator was utilized for the measurements,
In the range of intensity measurements (0 to 110° in
28) 492 reflections of the 524 unique ones examined
for the space group P2,2,2, had peak counts significantly

(11) A large amount of a high molecular weight polymer was also
produced.

(12) P. G. Gassman and F. V., Zalar, J. Org. Chem., 31, 166 (1966).

(13) L. H. Noda, S. A. Kuby, and H. A, Lardy, J. Am., Chem, Soc.,
75, 913 (1953).
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Figure 1. A view of 2-thiabicyclo[6.1.0]non-6-en-3-one showing
pertinent intramolecular bonding parameters.

greater than their respective background. The
structure was derived from Patterson and Fourier
syntheses and refined by least squares to an R value of
0.058 for all the data. The over-all geometry of the
molecule is shown in Figure 1.

The quantum yield for formation of III in pentane is
0.16 at 3660 A.'* The reaction proceeded with nearly
the same efficiency at 257 as at 366 mu. The formation
of III' could not be quenched by piperylene or
naphthalene. At the concentrations used piperylene
is known to be a good triplet quencher!s but only a
poor singlet quencher.!® In a separate experiment,
irradiation of a solution of II and acetone, under
conditions where acetone absorbs >9597 of the light,
resulted in the disappearance of II with the concurrent
formation of only polymeric material. These results
suggest the photorearrangement of II to IIT proceeds
via the excited singlet state of II.

A possible mechanistic rationalization of the rear-
rangement would involve the formation of a charge-
transfer structure such as IV which then undergoes
bond reorganization to III (Scheme A). Alternatively,
it may be argued that the reaction proceeds by a
Norrish type I homolysis followed by diradical
reorganization (Scheme B). At this time our data do

Scheme A
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not enable us to conclude whether the charge transfer

or the n—=* state is responsible for the observed photo-
reaction.

(14) Quantum yield measurements were carried out on a rotating
photochemical assembly in sealed degassed ampoules.

(15) G.S.Hammond, et al.,J. Am. Chem. Soc., 86, 3197 (1964),

(16) L. M. Stephenson, D. G. Whitten, G. F. Vesley, and G, S.
Hammond, ibid., 88, 3665 (1966).
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It should be pointed out that these results contrast
with previous results on the photochemistry of the
6-substituted  9-thiabicyclo[3.3.1Jnon-2-one  system.
For that case, ring fission followed by internal dispro-
portionation between the radical centers was the pre-
ferred route.l” The presence of a double bond in the
6 position of the thiabicyclic system seems to play an
important role in the photochemistry of this ring sys-
tem. In view of the novelty of the rearrangement and
especially because the limited available data suggest
that saturated 3-keto sulfides react in a different manner,
the photochemistry of a variety of unsaturated B-keto
sulfides and related compounds is presently under in-
vestigation in this laboratory.
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Brgnsted Coefficients Larger Than 1 and Less than 0 for
Proton Removal from Carbon Acids
Sir:

The Bronsted equation is widely applicable to reac-
tions involving general-acid and general-base catalysis. !
Bronsted correlations also often hold for nucleophilic
catalysis? and for proton abstractions from carbon
acids, including nitroalkanes,® ketones,* sulfones,?
and hydrocarbons.® For reactions involving proton
transfers Bronsted coefficients have been generally
assumed to be limited to the range of 0 to +1.7 Itis
the purpose of this communication to point out that in
the nitroalkane series Bronsted relationships with coef-
ficients less than zero and greater than one exist, and to
discuss the reasons for these “deviations.”

It has been known for some time that an inverse
relationship between rates of proton abstraction and
acidities exists in the series CH;NO,, MeCH;NO,,
Me,CHNO,. Here there is a progressive and sub-
stantial decrease in the rates of proton abstraction by
hydroxide ion (relative rates 113:18:1.0), whereas
the acidities change in the opposite manner (relative
pK.’s: 10.2, 8.5, and 7.7).8 Similarly, we have found

(1) R. P. Bell, “The Proton in Chemistry,”” Cornell University Press,
Ithaca, N. Y., 1963, Chapter X.

(2) T. C. Bruice and S. J. Benkovic, “Biorganic Mechanisms,”” Vol.
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Soc., 61, 2018 (1939); (¢) R. G, Pearson and F, V. Williams, ibid., 76
258 (1954); (d) M. J. Gregory and T, C. Bruice, ibid., 89, 2327 (1967).
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that the rate of proton abstraction by base from nitro-
cyclobutane is 3.9 times that from nitrocyclopentane in
509 v/v MeOH-H.O, despite the fact that the pK, of
nitrocyclobutane is 1.9 units higher than that of nitro-
cyclopentane in this medium.? In such instances a
Brgnsted plot would give a negative slope. It might
be argued, however, that these deviations are caused
because the structural variation occurs directly at the
acidic site. This objection has now been removed by
an investigation of the systems ArCHMeNO, and
ArCH,CHMeNO,. A plot of log k; for the rates of
base-initiated proton abstraction vs. log K,, both in
50% v/v MeOH-H,O, revealed for each system a
Bronsted coefficient larger than 1. For the ArCHMe-
NO, system (12 substituents) a Brgnsted plot (correla-
tion coefficient = 0.992) gave a slope of 1.31. For the
ArCH,CHMEeNO, system (13 substituents) a Bronsted
plot (correlation coefficient = 0.977) gave a slope of
1.61. Since the Brensted coefficients for the forward
and reverse reactions must sum to I, this means that the
Bronsted coefficients for protonation of the ArCMe-
NO,~ and ArCH,CMeNO,~ ions by the solvent (plot
of log k_; vs. log K,) must be —0.31 and —0.61, respec-
tively.
logk = alogK, + C
k1
HA + H:.O = A~ + H,0*
ko1

K, = ki/k_,

The apparent restriction of the values of Brensted
coefficients to the range of O to 41 arises from the fact
that application of the Bronsted relationship has been
limited, hitherto, largely to oxygen acids and bases
(RCO:H and RCO,") or nitrogen acids and bases
(ArNH;* and ArNH, or pyridinium ions and pyridines)
where the positions of the equilibria (K,) are more sensi-
tive to structural changes than are the rates (k, and k—).
This is a consequence of the fact that structural changes
in these acids (and their conjugate bases) affect k; and k—,
in an opposite manner. For example, substitution of an
electron-withdrawing substituent (e.g., m-NO,) for a
hydrogen atom of PhCO,H will increase k; and decrease
k—i. For carbon acids, however, the extensive structural
reorganization accompanying the formation of the
anion can lead to situations in which substituent changes
affect k; and k—, in the same manner. For example,
substitution of an electron-withdrawing group (e.g.,
m-NQO,) for a hydrogen atom of PhCHMeNO:; in-
creases ky but also increases k—,. As a result, the rate of
proton removal (k;) by a base, such as hydroxide, is
more sensitive to structural changes than is the equilib-
rium constant (Bronsted coefficient larger than I).
For the reverse reaction (k—;) the rate of proton abstrac-
tion by ArCMe=NO,~ from the solvent will be affected
in an inverse manner by substituent effects relative to k;
or K, (negative Bronsted coefficient). For ArCMe==
NO,~ and ArCH,CMe=NO, this leads to the amusing
situation where substitution of a m-NO, group for
hydrogen in the parent nitronate ion causes an increase
in the basicity of the nitronate ion.

In the series CH;3;NO,, MeCH,NO.,, Me,CHNO,
proton abstraction by hydroxide ion is retarded by

(9) H. Shechter and coworkers obtained similar results in other

media some time ago (H. Shechter, unpublished results privately com-
municated).



