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Integrated Intensities of Hydroxy Stretching Vibration Bands in Some
Bicyclic Systems containing a Hydroxy Group B to o-Benzeno, Etheno,
Epoxy, or Epithio Functions

By Mamoru Takasuka * and Hiroshi Tanida, Shionogi Research Laboratory, Shionogi and Co. Ltd., Fukushima-
ku, Osaka 553, Japan

For the title class of compounds, OH stretching vibration bands, voy, and integrated intensities, Agy, were measured
for dilute carbon tetrachloride solutions. When Agy values were compared for f-structures which are incapable of
intramolecular hydrogen bonding and b-structures in which intramolecular bonding takes place, the result was
remarkable in that the Ay values of free vy bands in f-structures were greater than those for the hydrogen-bonded
vou bands in the b-structures. The C=0 and C—O stretching vibration bands, ve— and v, for the corresponding
acetates were also measured. The v, bands for the f-structures shifted to higher wavenumbers than those for
b-structures, but the ve—o bands are shifted to lower wavenumbers. These results were ascribed to the through-
space interaction between w- or n-electrons and the sp®-hybridized carbon atom bearing hydroxy and acetoxy

groups which affects on polarization of these groups.

THE formation of a hydrogen bond by a hydroxy group
causes a shift of the stretching vibration band, vog, to
lower wavenumber and increases the integrated intensity,
4, providing much information on the bond character
and electronic structure.! For intramolecular hydro-
gen bonds (OH - - - X system where X represents #-,48
73910 or g-electrons 1), the shift value, Avom, varies
with the spatial requirement of the hydroxy group and
the proton acceptor, X. An increase in Avom generally
enhances Aog for intra- %1% and inter-molecular hydrogen
bonds 133¢ in the OH -« ++#n system. This trend was
also found for intermolecular hydrogen bonds in the
OH - - « n-electron system,'”18 though no information is
available on intramolecular hydrogen bonds in this
system. We studied hydroxy stretching bands in a
given class of bicyclic compounds, as shown below, which
contain a hydroxy group 8 to the o-benzeno, etheno,
epoxy, or epithio function. These compounds have two
epimers, one of which has a conformation incapable of
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forming an intramolecular hydrogen bond (f-structure)
and the other which can (b-structure). We found that
the integrated intensities, Aou, of free vog bands in f-
structures are greater than those of the hydrogen-
bonded vog bands in b-structures. This observation is
obviously at variance with the general situation men-
tioned above. In the acetates of the present compounds,

1 From the photoelectron spectra,?73! it has been suggested
that the vertical ionization energy of the r-system in norbornene

and benzonorbornene is stabilized when a hydroxy or methoxy
group is introduced into the anti-position.

while the stretching vibration bands, ve—o, of the car-
bonyl groups in the f-structures are shifted to higher
wavenumbers than those in the b-structures, the stretch-
ing vibration bands of the C-O groups, vo—o, are shifted
to lower wavenumbers.

The mechanism of solvolysis of compounds (4)—(8)
has attracted our interest for some years.®2® The
great difference in solvolysis rates between the anfi- and
syn-epimers (or the exo- and endo-epimers) has been
reasonably attributed to stabilization of the cationic
transition state due to the participation of neigh-
bouring =- or n-electrons. A recent view of Hoffmann #
on through-space and through-bond interactions based
on molecular orbital theory was applied to explain
u.v.,22 nmr,®2 and photoelectron spectral re-
sults %284 obtained for related compounds. As an
important factor in the i.r. observations, we suggest
that through-space interaction between the =- or =-
electrons and the sp3-hybridized carbon atom bearing
the hydroxy and acetoxy groups takes place.

EXPERIMENTAL

I.r. spectra were recorded on a JASCO DS-402G grating
spectrometer calibrated in the usual manner. Compounds
(4)—(9) and (14) were prepared as reported.?® Compounds
(10) and (11) were supplied by Sawa et al.3% and (12), (13),
(15), and (16) by Komeno et al.3% Compounds(1)—(3) are
known substances.3%3% The solvent carbon tetrachloride
was purified by distillation and stored over P,O;. Alcohols
(1)~—(13) were dissolved in carbon tetrachloride at a con-
centration (c) below 0.006M (cell length / == 2 or 5 cm) to
exclude self-association of the hydroxy groups. The
integrated intensity (4) was calculated by Ramsay’s
method,3® defined as A = (r/2):[In (I,/I)[c*]}:Avy, (mol?
dm3 cm™2), where In (I,/I)/c'l is the absorption coefficient
(mol dm?® cm™) at the band maximum and Av,,, is the
band width (cm™) at half intensity. The accuracy of
vog and Aog in the alcohols was within +2 cm™and +39%,1
respectively. The acetates (14)—(16) were also dissolved

} Since the value of the integrated intensity is slightly depen-
dent on the i.r. spectrometer used, the comparison of data from
different sources is less reliable. However, the difference in
magnitude between the integrated intensities observed with an
identical spectrometer can be determined accurately.
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at a concentration below 0.01lm (! = 0.1 cm). The accuracy
of vo=op and vg—g in the acetates was within 41 cm™. All
measurements were carried out at room temperature (27 °C).

RESULTS AND DISCUSSION

(a) Integrated Intemsity, Aom, of the OH Stretching
Band, vou.—The values of vog and Aog observed for
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and compounds (1)—(3) and (11f) and also greater than
Aoxr for hydrogen-bonded vou for the corresponding b-
structures (endo- and syn-epimers), though the hydrogen-
bonded vog as usual shifts to lower wavenumbers (Figure
1 and Table 1). Since Aom generally increases with
hydrogen bond formation as a result of increasing
frequency shifts (Avom),%*—18 the last finding seems un-

alcohols (1)—(13) are shown in Table 1 and Figures wusual. However, no literature is available for the
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Ficure 1 L.r. spectra of (a) exo- and endo-benzobicyclo[2.2.2]octen-2-0l (4f) (3.181 x 1073M) and (4b) (3.157 x 1073m); (b) exo- and

endo-benzonorbornen-2-ol (5f) (1.446 x 1073m) and (5b) (1.454 x 1073Mm); (c) anti- and syn-benzonorbornen-9-ol (7f) (2.033 x 107m)

and (7b) (2.042 x 1073M); and (d) anti- and syn-norbornen-7-ol (8f) (5.711 x 1073m) and (8b) (5.728 x 1073m).

cells

1—3. These alcohols, except (1)—(3) and (11), are
bicyclic compounds containing a hydroxy group g to a
functional group such as o-benzeno, etheno, epoxy, or
epithio. Compounds (1)—(3) do not have any func-
tional groups and compound (11) has a hydroxy group
y to the methoxyphenyl function. Normal Adog
values (X 10 mol? dm?® cm™) of free vom for saturated
alcohols, R-OH, have been reported by us and others
to be in the range 0.32—0.54 (average value 0.45).5:15.37
In the present case, the Aou values of (1})—(3) and
(11f) [equatorial epimer of (11)] are in the same range.
However, for alcohols (4)—(8) involving a m-electron
function such as o-benzeno or etheno, the Aon values
for the free vog in the f-structures (exo- and anti-epimers)
are in the range 0.55—0.66; they are greater than 4og
for free vom for the above described saturated alcohols

In CCl;; 20 mm

relation between Aom and Avom for intramolecular
hydrogen bonds in OH - -+ n-electron systems. This
lack of information is probably due to the fact that
accurate estimation of Aoy is difficult, particularly for
the case of weak intramolecular hydrogen bonds which
are ordinarily observed in the majority of OH -+ =-
electron systems. In these systems, the presence of
both free and hydrogen-bonded vog allows estimation of
Aor only by extrapolation to 1009, formation of the
hydrogen bond. However, an example of the Aogm
increase with formation of an intramolecular hydrogen
bond in a OH - + - n-electron system was obtained here
with compound (11) which has a hydroxy group y to
the methoxyphenyl = system. The Aog value, 1.01,
for the hydrogen-bonded vom of the axial epimer (11Db)
is ca. 2.5 times greater than that, 0.44, of free vog for the
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equatorial epimer (11f) (Figure 2 and Table 1). In
contrast, 4og for (11f) in the absence of hydrogen bond
formation is of almost the same order as Aoy for the
free vom of the saturated alcohols. It should be pointed
out, however, that even in this morphinane system, the
result for the y-hydroxy-substituted compound (11b)
is different from that for the B-hydroxy derivative

J.C.S. Perkin II

alcohols. Further, the Aog values of hydrogen-bonded
vor of the b-structures are smaller than those of the
corresponding f-structures.

In order to explain the large Aom of the free vom and
small Aor of the hydrogen-bonded vom observed for
compounds (4)—(8), (12), and (13), we suggest an
important contribution by the interaction between the

TABLE 1
Lr. spectral data of OH stretching bands

VoH
Compound Alcohol cm!
(1) exo-Norbornan-2-ol 3 623
(2) endo-Norbornan-2-ol 3 625
(3) Norbornan-7-ol 3 630
n-Electron
(4f)  exo-Benzobicyclo[2.2.2]octen-2-ol 3 622
(4b)  emdo-Benzobicyclo[2.2.2]octen-2-o0l 3619
3 585
(6f)  exo-Benzonorbornen-2-ol 3 624
(5b)  emdo-Benzonorbornen-2-ol 3619
3578
(6f)  anti-2,3-Dimethylenenorbornan-7-ol 3 630
(6b)  syn-2,3-Dimethylenenorbornan-7-ol 3 627
3 582
(7f)  anti-Benzonorbornen-9-ol 3 632
(7b)  syn-Benzonorbornen-9-ol 3619
3575
(8f)  anti-Norbornen-7-ol 3 632
(8b)  syn-Norbornen-7-o} 3628
3575
(9b) Dibenzonorbornadien-11-ol 3 562
(10b)  3-Methoxy-N-methylmorphinan-15u-ol 3 632
3573
(11f)  3-Methoxy-N-methylmorphinan-6@-ol 3623
3 608
(11b)  3-Methoxy-N-methylmorphinan-6«-ol 3 589
Epoxy
12f) 2¢,5-Epoxy-ba-cholestan-38-ol 3 635
p
3617
12b 2a,5-Epoxy-5a-cholestan-3a-ol 3 621
POxy
3 589
Epithio
13f 2a,5-Epithio-5a-cholestan-3p-ol 3624
P
13b)  2«,5-Epithio-5«-cholestan-3«-ol 3618
(13b) P
3 551

% Avog = Free von (f-structure) — H-bonded vom (b-structure).

ation to 1009, formation of the hydrogen bond.

(10b). The hydrogen-bonded vom of (10b) shows a
shift lower than that for (11b) and its Aon value, 0.48,
is about half that, 1.01, for (11b). This fact may indicate
that the spatial circumstances of the 8-hydroxy group
and the methoxyphenyl moiety in the 15«-ol are
similar to those of the OH *++xr system in the b-
structures (4b)—(8b). The hydrogen-bonded vom of
(9b) shifts to lower wavenumber, but its Aog is small.
Data obtained for (12) and (13) which contain #-
electrons in the epoxy and epithio groups are similar to
the above (Table 1, Figure 3). The Aon of free von of
the f-structures are 0.70 for (12) and 0.74 for (13); they
are ca. 1.6 times greater than those for the saturated

Avor @ € Avyjy 10%40m ®

cm™t mol1 dm3 cm™? cm™! mol1dm?3 cm™2

56.7 18.0 0.37

48.9 26.4 0.47

62.0 23.5 0.53

57.1 26.9 0.55

17.1 21.4 0.13

37 40.4 19.0 0.28

(0.40)

77.9 20.1 0.57

10.3 22.8 0.08

46 65.0 19.4 0.46

(0.53)

107.5 16.7 0.65

22.4 23.5 0.19

48 40.1 18.2 0.26

(0.37)

73.1 23.8 0.63

8.2 20.4 0.06

57 60.0 18.7 0.41

(0.46)

69.3 26.5 0.66

6.5 30.6 0.07

57 40.0 21.8 0.32

(0.35)

61.4 19.0 0.44

5.0 20.4 0.04

63.8 18.9 0.44

(0.48)

56.2 16.7 0.34

(0.44)

14.7 18.0 0.10

34 105.5 26.5 1.01

79.7 21.8 0.63

(0.70)

19.2 10.5 0.07

9.2 22.1 0.07

46 55.9 21.7 0.43

(0.49)

75.9 27.1 0.74

9.6 30.6 0.11

73 22.3 40.0 0.32

(0.41)

b Aom Values given in parentheses were estimated by extrapol-

n- or n-electrons and the sp3 carbon atom bearing the
hydroxy groups.

(b) Carbonyl and C-O Stretching Bands in Acetates.—
The i.r. spectra of acetate (14), with a n-system, and (15)
and (16), with #-systems, are presented in Figure 4. The
spectral data are in Table 2. In all compounds, the
vo=o values of the f-structures shift to higher wave-
numbers than those of the b-structures and, in contrast,
the ve—o values to lower wavenumbers. The shifts to
higher wavenumbers, except in the case of (16), are
accompanied by a decrease in the integrated intensities
for vo=o and the shifts to lower wavenumbers by an
increase in those for vo—o. The general class of saturated
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acetates, R-OAc, is known to have vg—o at ca. 1735
cm™? in carbon tetrachloride and vo—o at ca. 1240

m 34 and the wavenumber of ve—o is affected by
‘ (2) HO (3)
107 Aou 047 0-53
OH
b—30
I \J
Y 3589
2
(5f) (7f) (8f) 5 10
10-4 Apy 057 0-63 0-66 £ T100 ’ ”
[}
B e e A
HO "o 5 | (o) e T L
\ [} | = ' \‘ ,
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; 3632 \
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-4 CH3 ‘\ I’
107%4 0.53 0.46 0.35 v,/
OH NT H NY
resonance iq the acetoxy group.* Compounds (14f)— H Y 3573
(16f) have higher ve=o and lower vg—o values than those
of the saturated acetates. Also, exo-2-acetoxybenzo-
0 L i 1 1 1 . . 1 l 1 'S 'S A ' ' [l
3700 50 3600 50
Viem!

(10b)

1074 Agy 0.8
bicyclo[2.1.1]Thexene shows a high vc=p at 1 745 and a low

vo—o at 1231 cm14 The vg=o of phenyl acetate at
1768 cm™ and vo—o at 1212 and 1196 cm™ are in the
same category. The shifts of ve=o to high values and
those of vg—o to low values were intensively studied by

FiGure 2 I.r. spectra of (a) 6B- and 6a-hydroxy-3-methoxy-N-
methylmorphinane (11f) (1.085 x 107*M) and (11b) (1.113

% 1073m) and (b) 3-methoxy-N-methylmorphinan-15a«-ol (10b)
(1.075 x 1073m). In CCly; 50 mm cells

resonance, as in equation (1),3%4942 which would be
suppressed, if R is replaced by an «8-unsaturated group,

~C-O-R <> —fzé—R (1)

I
O —
due to the contribution of resonance as in equation (2)

The resonance in equation (2) increases the double-bond
character of C=0 and decreases that of C-0.3840

TABLE 2
Lr. spectral data of C=O and C-O stretching bands

Compound Acetate
(14f) anti-7-Acetoxynorbornene
(14b) syn-7-Acetoxynorbornene
(15f) 3B-Acetoxy-2a,5-epoxy-5a-cholestane
(15b) 3a-Acetoxy-2a,5-epoxy-5a-cholestane
(16f£) 3B-Acetoxy-2a,5-epithio-5a-cholestane
(16b)

3a-Acetoxy-2«,5-epithio-5a-cholestane

Jones and Sandrofy 38 using steroid acetates. The most
important factor for these shifts is considered to be

* Because the C—O stretching mode is usually strongly coupled
with other vibration modes

, its character is less reliable than
that of the C=0 stretching mode.

vCc=0 1 0_‘14 Vo—0—C 1 0- ‘A
cm™? mol-1dm3 cm™2 cm™! mol-! dm?3 cm™2
1742 2.29 1238 3.37
1739 2.51 1247 3.33
1749 0.73 1222 0.56
1741 1.67 1241 3.90
1737 2.52 1242 2.48
1254 0.72
1747 1.75 1238 3.53
1732 0.81
1738 2.49 1242 2.96

Compounds (14b)—(16b) show vg=o at slightly higher
wavenumbers and vo—o at significantly higher wave-
numbers compared with the corresponding values for
the general class of saturated acetates.

As suggested above, the interaction between =- or
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n-electrons and the sp? carbon atom bearing the acetoxy
group is considered to be an important factor for the
spectral features of the f-structures. The results from

—ﬁ—o—c=c - -c|-6=c—c' @)
0

the b-structures can be explained by electron-electron
repulsion which exists between the =- or #-electrons and
the lone pair electrons of the ester oxygen atom.

100
by
Q
=
<1
7 - 1 R
o .
b4 -
g
-
0 AU ST SN [V S WK SN ST U SO VN W S T
3700 50 3600 50 3500
v/cm™

Ficure 3 I.r. spectra of (a) 38- and 3a-hydroxy-2a«,5-epoxy-ba-
cholestane (12f) (1.656 x 107*m) and (12b) (1.636 x 1073mM)
and (b) 3p- and 3«-hydroxy-2a,5-epithio-5a-cholestane (13f)
(1.911 x 1073m) and (13b) (1.820 x 1073m). In CCly; 20 mm
cells

(c) Correlation between Aon and vo=o for f-Structures.—
The integrated intensity is proportional to the quantity
(31/3Q),2 where p. is the molecular dipole moment and Q
is the normal co-ordinate.® A free vom band virtually
corresponds to the OH stretching mode.!? Enhancement

HO HO
i;z OH\i;EL\ \;& OH\i; /;
0 s s

o]
(12f) (12b) {13f) (13b)

107 Aoy 0.70 0.9 0.74 0.41

of Aom of the free vogr indicates in an approximate sense
polarization in an OH band. For example, because of
resonance between the benzene ring and one of the lone
pair electrons of the oxygen atom in the hydroxy group,
Aom of free vor (3 612 cm™) of phenol is 1.15 which is 2.6
times greater than Aog for the saturated alcohols. The

J.C.S. Perkin I1

vo=o at 1768 cm™ of phenyl acetate shifts to a wave-
number 33 cm™ higher than that of the saturated
acetate; this is considered to be due to resonance as

100
(a)
M VV/
1739
0 .

1247

100

o,‘;aCH;,
e

1742

10/
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1800 1750 1700 1300 1250 1200
Viem'

FicUure 4 L.r. spectra of (a) anti- and syn-T-acetoxynorbornene
(141f) (8.430 x 1073m) and (14b) (8.723 x 107°M); (b) 3p- and
3a-acetoxy-2a,5-epoxy-5a-cholestane, (15f) (8.177 x 1073m)
and (15b) (8.698 x 107*M); (c) 3B- and 3a-acetoxy-2a,5-
epithio-5a-cholestane (16f) (6.161 x 107*m) and (16b) (6.255
x 1073M). In CCly; 1 mm cells

mentioned in the last paragraph. A linear correlation,
shown in Figure 5, is obtained by plotting Aon of the
free vom for the saturated alcohols, (8f), (12f), and (13f)
and phenol against vo—o for the saturated acetates
(14f)—(16f) and phenyl acetate. The circle for the
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saturated alcohols and acetates and that for phenol
and phenyl acetate are located at both terminals of the
line, and the circles for (8f) and (14f), (12f) and (15f),
and (13f) and (16f) are located in between with increasing
Aom values in the order epithio > epoxy ~ etheno.
Note that this order does not agree with the electro-
negativity order.

In summary, the present study provides the following
significant results. (a) the Aog values of free vog bands
in f-structures are greater than those in saturated
alcohols and also the Aog values of hydrogen-bonded vor
bands in b-structures. (b} Wavenumbers of ve—g of

1.5L
o s
E 1.0t
(8]
- r
E |
o°
T
<]
E
c:;0.5-
<
“
I'g L
o] NS — X " a . n L
1730 1740 1750 1760 1770
Vezo/cm™)

Ficure 5 Correlation between 4ou of free vog for alcohols
and ve=o for acetates. ¢ See text

acetates with f-structures are high. (c) A linear cor-
relation exists between Aog of alcohols and ve—o of
acetates. We rationalize all these results by assuming
an interaction between the =- or n-electrons and the sp3-
hybridized carbon atom bearing the functional groups.
The inconsistency of the observed order of the effective-
ness of the electrons (Figure 5) with that of the electro-
negativity and the structural features of the molecules
suggest that the through-space interaction is more
important than through-bond interaction. This
through-space interaction causes a decrease in the dipole
moment induced in OH - - - r or OH - - - # intramolecular
hydrogen bonds.t With the decrease, the 4og values of
the hydrogen-bonded von in b-structures do not increase.

We thank Drs. Y. Matsui, T. Kubota, and M. Yamakawa
for helpful discussions and Drs. T. Komeno and Y. K. Sawa
for providing the samples.

[9/673 Received, 30th April, 1979]

t Similarly, salicylaldehyde has a small 4og despite the very
strong intramolecular hydrogen bonding. This is explained by
large delocalization of the OH bond electrons through the hydro-
gen bond system.!2

REFERENCES
1 (a) G. A. Segal and M. L. Klein, J. Chem. Phys., 1967, 47,

491

4236; (b) D. P. Santry, J. Amer. Chem. Soc., 1968, 90, 3309.

2 D. Steele, Adv. Infrared Raman Spectroscopy, 1975, 1, 232.

3 A. R. Katritzky and R. D. Topson, Ckem. Rev., 1977, 77, 639
and references therein.

4 L. P. Kuhn, J. Amer. Chem. Soc., 1952, 74, 2492.

5 (a) Y. Matsui, M. Takasuka, and T. Kubota, Ann. Report
Shionogi Res. Lab., 1965, 15, 125; (b) T. Kubota, M. Takasuka,
and Y. Matsui, ¢bid., 1966, 18, 63.

8 M. Takasuka, Y. Matsui, and T. Kubota, Spectroscopy
Letters, 1976, 821.

7 M. Oki, H. Iwamura, J. Aihara, and H. Iida, Bull. Chem.
Soc. Japan, 1968, 41, 176.

8 L. Joris and P. von R. Schleyer, J. Amer. Chem. Soc., 1968,
90, 4599.

9 M. Oki, T. Onoda, and M. Iwamura, Tetrahedrvon, 1968, 24,
1905.

10 H, Iwamura, Tetrahedron Letters, 1970, 28, 2227.

11 1., Joris, P. von R. Schleyer, and R. Gleiter, J. Amer. Chem.
Soc., 1968, 90, 327.

12 M. Takasuka and Y. Matsui, J.C.S. Perkin II, in the press.

13 D. HadZi and S. Bratos, ‘ The Hydrogen Bond,” eds. P.
Schuster, G. Zundel, and C. Sandorfy, North-Holland, Amster-
dam, 1976, vol. II, p. 565.

14 G, C. Pimentel and A. L. McClellan, ‘ The Hydrogen Bond,’
Freeman, San Francisco and London, 1960, p. 67.

15 A. R. H. Cole, L. H. Little, and A. J. Michell, Spectrochim.
Acta, 1965, 21, 1169.

16 N. Sheppard, ‘ Hydrogen Bonding,’” eds. D. HadZi and W. H.
Thompson, Pergamon, Oxford, 1959, p. 85.

17 7. Yoshida and E. Osama, J. Amer. Chem. Soc., (a) 1966, 88,
4019; (b) 1965, 87, 1467.

18 M. R. Basila, E. L. Saier, and L. R. Cousins, J. Amer.
Chem. Soc., 1965, 87, 1665.

19 (g) H. Tanida, Accounts Chem. Rev., 1968, 1, 239; (b) H.
Tanida, H. Ishitobi, T. Irie, and T. Tsushima, J. Amer. Chem.
Soc., 1969, 91, 4512.

2 (g) H. Tanida, T. Tsuji, and H. Ishitobi, J. Amer. Chem.
Soc., 1964, 88, 4904; (b) H. Tanida, T. Tsuji, and T. Irie, J. Org.
Chem., 1966, 31, 3941; (¢) K. Tori, K. Aono, Y. Hata, R.
Muneyuki, T. Tsuji, and H. Tanida, Tetrahedron Letters, 1966, 1,
9; (d) H. Tanida, T. Irie, and T. Tsushima, J. Amer. Chem. Soc.,
1970, 92, 3404; (¢) H. Tanida, T. Tsushima, and T. Irie, Tetra-
hedyon Letters, 1970, 4331; (f) H. Tanidaand S. Miyazaki, J. Org.
Chem., 1971, 88, 425; (g) T. Tsuji, H. Ishitobi, and H. Tanida,
Tetvahedrvon Letters, 1972, 3083.

21 (g) R. Hoffmann, A. Imamura, and W. J. Hehre, J. Amer.
Chem. Soc., 1968, 90, 1499; (b) R. Hoffmann, Accounts Chem.
Rev., 1971, 4, 1; (¢) R. Gleiter, Angew. Chem., 1974, 13, 696.

22 K. Yoshikawa, A. Matsui, and I. Morishima, J.C.S. Perkin
11,1977, 1057.

23 J. B. Grutzner, M. Jautelat, J. B. Dence, R. A. Smith, and
J. D. Roberts, J. Amer. Chem. Soc., 1970, 92, 7107.

24 J. B. Lambert, D. A. Netzel, H. Sun, and K. K. Lilianstrom,
J. Amer. Chem. Soc., 1976, 98, 3778.

28 K. Yoshikawa, K. Bekki, M. Karatsu, K. Toyoda, T.
Kamio, and 1. Morishima, J. Amer. Chem. Soc., 1976, 98, 3272.

% (g) N. Inamoto, S. Masuda, K. Tori, and Y. Yoshimura,
Tetrahedvon Letters, 1977, 737; (b) N. Inamoto, S. Masuda, W.
Nakanishi, and Y. Ideda, Chem. Letters, 1977, 759; (c) N. Inamoto,
and S. Masuda, ¢bid., 1978, 177.

27 (@) C. Batich, E. Heilbronner, C. B. Quinn, and J. R. Wise-
man, Helv. Chim. Acta, 1971, 54, 783; (b) E. Heilbronner and A.
Schmelzer, Helv. Chim. Acta, 1975, 58, 936.

28 1., N. Domelsmith, P. D. Mollere, K. N. Houk, R. C. Hahn,
and R. P. Johnson, J. Amer. Chem. Soc., 1978, 100, 2957.

2 P, Bischof, J. A. Hashmall, E. Heilbronner, and V. Hornung,
Helyv. Chim. Acta, 1971, 54, 783.

3 R. S. Brown, Canad. J. Chem., 1976, 54, 3206.

31 R. S. Brown and R. W. Marcinko, J. Amer. Chem. Soc.,
1977, 99, 6500.

32 (g) Y. K. Sawa and S. Maeda, Tetrahedron, 1964, 20, 2247;
(b) Y. K. Sawa, S. Maeda, and M. Adachi, ibid., 1975, 381, 953.

33 (g) T. Komeno, H. Itani, H. Iwakura, and K. Nabeyama,
Chem. Pharm. Bull. Japan, 1970, 18, 1145; () T. Komeno, M.
Kishi, and K. Nabeyama, Tetrahedron, 1971, 27, 1503.

34 (g) S. Winstein, M. Shatavsky, C. J. Norton, and R. B.
Woodward, J. Amer. Chem. Soc., 1955, 77, 4183; (b) S. Winstein
and E. T. Stafford, ¢bid., 1957, 79, 505; (c) S. Winstein, A. H.
Lewin, and K. C. Pande, ¢bid., 1963, 85, 2324.

3% (a) H. C. Brown and G. Zweifel, J. Amer. Chem. Soc., 1959,
81, 4106; (b) S. Winstein and D. Trifan, ibid., 1952, 74, 1147.



492 J.C.S. Perkin I1

3¢ D. A. Ramsay, J. Amer. Chem. Soc., 1952, 74; 72. of Spectroscopy,’ ed. W. West, Interscience, New York, 1956, p.
37 (a) C. W. Davey, E. L. McGinnis, J. M. McKeown, G. D.  483.

Meakins, M. W. Pemberton, and R. N. Young, J. Ckem. Soc. (C), 3 R. N. Jones, J. Org. Chem., 1954, 19, 1259.

1968, 2674; (b) G. D. Meakins, R. K. Percy, E. E. Richards, and 40 Y. Hirata, I.R. Spectra (Japan), 1960, 11, 103.

R. N. Young, bid., p. 1106. 417Y. Hata and H. Tanida, J. Amer. Chem. Soc., 1969, 91,

38 R. N. Jones and C. Sandorfy, ‘Chemical Applications 1170.
42 R. N. Jones, J. Org. Chem., 1954, 19, 1259.





