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Abstract: The structure of 4-acetoxy-2-exo-hydroxybornane-
~10-sulfonic acid sultone was established on the grounds of
extensive NMR studies employing a variety of different tech-
niques. The final determination of the connectivities between
all carbon atoms in the molecule was achieved by 1D- and 2D-
INADEQUATE NMR spectra. To differentiate both the geminal
methyl groups the investigated sulton was synthesized also
using camphor-8-D as the labelled starting material.

1/

in camphor sulfonation made it possible to develop a stereospecyfic syn-

The application by Reychler of acetic anhydride as a reaction medium
thesis of (+)-10-camphorosulfonic acid (1l). Almest 90 years later the
structure of the minor product of this reaction has still not been determi-
ned. The product was separated for the first time byFrerejacque2 who assumed
it to be a hydrogensulfate. Later, Asachinaj/ suggested that it might have
the structure of an acetoxy sulton (2); this, however, was not confirmed by
his further synthetic investigations4 . The situation being such, we decided
to apply NMR methods to solve this problem. We hoped that the information
obtained may increase our knowledge on the mechanism of the transformations
occurring in the camphor molecule upon sulfonation, and in particular, of
the role of acetic anhydride applied as the reaction medium.

The sulfonation of (+)-camphor performed according to a widely accepted
procedures/, led to the neutral product being isclated in 5% yield showing
the elemental composition ClZHlBOSS’ melting point 155-156°C, and B%]D=—22°.
The presence of one-proton doublet of doublets in the lH—NMR spectrum at
4.45 ppm pointed to a vicinal position of two hydrogen atoms with respect
to the observed methine proton attached to the carbon bearing the sulfonyl-
oxy oxygen. Such an observation completely rules out the structure 2 for
this product; however, it allows to propose structure 3 or 4 for it. Both of
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them could be the product of ring closure of carbocationic intermediates,
the presence of which in the mechanism of camphor racemization induced by

7/

strong acids was suggested by Nishikawas/ and Finch The optical activity

of the product suggests a limited number of carbocation transformations on
the way to racemization before the sulfonation and sulton ring closure
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As follows from the analysis of the coupling constants of the proton
absorbing at 4.45 ppm (Jendo,endoza‘z’ Jendo,exo=3'6 Hz) with protons
attached to C-3 (2.96 and 2.20 ppm), the H-2 proton is located in the endo
position. The exo position of the H-3 proton absorbing at 2.20 ppm is
indicated by the long-range coupling (J=3.8 Hz) with H-5-exo (1.76 ppm).
This coupling can be easily recognized also in the 2D COSY spectrum (Fig.l).

Contrary to the observations done by Flautt and Ermana/ as well as by
Vederas9/ on the other bornane derivatives we found that the signals of
H'Bendo and H'Sendo of the investigated sulton appeared at a lower field
(A% =0.76 and 0.6 ppm respectively) than those of H'Bexo and H-5_ . This
probably results from the deshielding effect caused by the acetoxy group
attached to C-4. Such an influence is not observed in the case of consid-
erabl§ remote protons attached to C-6, of which Hexo absorbs at a lower
field than Hendo by 0.47 ppm. The analysis of the coupling constants also
revealed that the formation of an additional sulton ring in the molecule
caused some deformation of the bornane skeleton. Such a conclusion follows
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from the increased coupling constant between H-5
10/

to 12 Hz in

exo and H-6.,,

comparison with the usually observed value of 10 Hz.
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The results of the analysis of
the 1n-13
ment of the observed signals to most of the carbon atoms present in the

C NMR spectrum, the DEPT spectrum and

C chemical shift correlation (Fig.2) led to an unambiguous assign-

molecule. However, we still were not able to distinguish between the two
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Ll | 1] T} Figure 2. 14 L3¢ chemical
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spectrum for sultone 4.
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points 4K, polarization
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of scans 64, Wy spectral
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number of data points
256; total acquisition
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processed using sine
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quaternary carbon atoms (51.94 ppm and 48.56 ppm) which could be either C-1
or C-7, and the two primary carbon atoms of the methyl groups.
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We have made an attempt to differentiate between C-1 and C-7 by the
10 13c-1%C INADEQUATE experiment. The expanded fragments (A, B, C, D and
E) of such spectrum showing the absorption of the carbon atoms for which the
same value of 13C—HC coupling constant were determined on the basis of the
satellite patterns, are presented in Figure 3. The spectrum of quaterpary
carbon atom absorbing at 51.94 ppm (trace A) shows four pairs of satellites

with coupling constants J=37.4, J=34.3, J=

L_;—’;.—Z—:—Z_.l =33.4 and J=29.3 Hz. These values of coup-
A R .4 Hz 5

T 293 1 : ling constance also are observed in reso-
‘IE el :Z,:j [iL, nance patterns of all carbons bound to C-1
:-QL_”" I in structure 4 (traces B to £). In spite of
B_lll: - L :;l the observation of all four 138—13[3 coup-
T mw,,#k lings to one guaternary carbon (assigned to
o C-1, trace A) and two couplings to the other

13

4[9:. }: wz:.”z 91 :'I one (C-7, trace E), the key evidence allowing
W to distinquish between structure 3 and 4
. i“’ ! ‘ ll . beyond doubts was still not achieved. Such
85-2”’ 85.0 w8 conclusion follows from the rather large
D ”"é_’l‘ : estimated experimental error in the coupling

[ Lt constant determination due to limited digi-
E"E-L 3§8$0Hz 27‘3_{1\ tal resolution in the INADEQUATE spectrum

; o WWJlLW (%0.2) and often line overlap. Therefore the
W' value of 37.4 Hz assumed to be the ClO—Cl
T T T coupling could fit also to the coupling

pattern of secondary carbon C-10 to the
Figure 3. Some fragments of the quaternary carbon resonati ng at 48.7 ppm
ID-INADEQUATE spectrum of 4. (C-7, see Table 1).

A final proocf of the connection of —CH2502 group to C-1 atom was pro-
vided by the 2D-INADEQUATE spectrum (Fig.4). It appeared that the diagonal
line is made of lines related to chemical shifts of C-4, C-1, C-7 and
carbons of three methyl groups, whereas the pairs of off-diagonal peaks
coming from the coupled carbon atoms point to the following bondings: CZ-Cl,
CA'CB’ C2—C3, Ca‘CS’ Cl_clo’ Cl'cé’ 2x C7—CH}, C5—C6.

The most important evidence given by this two dimensional experiment
is that C-1 atom is bonded to C-10 of the CH2—502 group and C-7 atom to
C-8 and C-9 of both CH3 groups (the chemical shifts and coupling constants
are listed in table). This observation proves beyond doubt that the sulton
under investigation has the structure 4.

In order to assign the signals arising from C-8 and C-9 atoms of methyl
groups, we have carried out the Reychler synthesis using camphor specifical-
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ly labelled with deuterium at C-8 position. The labelled camphor was obtained

by deuterogenolysis of (+)—B-hr0mocamphorll/

Assuming that in the process
of transformation of carbocation I into carbocation II (Scheme 2) the exo

or endo migration of methyl group might occur, the deuterium label should be
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Scheme 2.

expected to appear at C-8 or C-10 position, respectively.

The proton spectrum of the labelled sulton has shown that the signal of
10- CH group retained its integrated intensity and multiplicity (AB system,
23 13. 9 Hz) as compared to the unlabelled sulton. On the other hand, a two-
-proton absorption appeared at 1.12 ppm instead of a three-proton singlet.
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Table 1. H and 1°C MR chemicel shifts and coupling constants of 4 in CDCl,
D¢ we Ly eR
position [ppm] 13(2—1‘36 coupling position J asé 1H—1H coupling
c [Hz] H [ppm] | [ppm] [Hz]
c-0 | 170.4
c, 85.8 | C4-C3-=C4-C5=C4-C7=37.0
c, g4.9 [ £2-C1=29.3 H2 endo | 4.45 J2endo-3endo™8+2
£2-C3=35.0 Jyondo—3exo =3+6
C1-C10=37.4
C1-C2 =29.3
¢ 3191 c1-¢7 =34.3
€1-C6 =33.4
3.25
€10 49.3 | C10-C1=37.4 10-CH, and Igen~13-9
3.21
C7-C1 =34.3
¢ 48.61 c7.ca =370
Cy 36.8 | c3-c2 =35.0 h, - Jgen=13+ 75 J3g40 5ex0™>8
C3-C4 =37.0 exo J3ex0, 2ndo™3+6
0.76
Mg | 2-9 Jgen™137+ 35 26nd0™8-2
s 30.1 | c5-C4 =37.0 Jgem=13-0
C5-C6 =30.8 J5exo, 6exa”12+3
HSexo 1.76 J =3.8
5exo,6endo” ~°
358X0,3BX0=3'8
0.6 - -
H 2.36 Jgem'u’O’JSendo,6end0'9'3
5endo JSendo,6exo=4‘8
C, 27.99 | C6-CL =33.4 H 2.06 Joen 12> Jeexo, Sexo™12+
C6-C5 =30.8 éexo ) Jsexo, 5endo™4 -8
0.47 _ -
H 1.57 Jgem'lz'S’Jsendo,Sendo'9'3
éendo Jgendo, Sexo>8
CHy(Ac) | 21.14 2.05
Cy 17.7 | £9-C7 =37.2 9CHy 0.95
Cg 17.5 |C8-C7 =36.6 8CH; 1.12
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Hence, it is concluded that the deuterium label has migrated together with
the 8—CHZD group (exo shift) to the B-position (cis to C-2) of the aobtained
sulton. Thus, taking also into account the 1H-DC correlation (Figure 2),
we conclude that the signal at 17.5 ppm (1BC—NMR) corresponding to the
proton resonance at 1.12 ppm, arises from C-8 atom, whereas the other one
at 17.7 ppm (0.95 ppm) from C-9.

Qur results have also confirmed Finch s

7/

preference of exo [3,2] methyl migration in the norbornyl cationic inter-

observation concerning the

mediate (e.g. I, Scheme 2) with no substituent present at C-7.
EXPERIMENTAL
All NMR spectra of the sultone 4 were recorded in chloroform-d solution with Bruker MSL-300
spectrometer operating at 300.13 MHz and 75.47 MHz for 1H and 138, respectively. Chemical
shifts were referenced to external TMS. The conditions were as follows: temperature 300°K,
S(lH) or 10(13C)mm sample tube, concentration ca. 20% in CDCl3, which was used as an
internal lock, 90° flip angle /10ps (1H), 11lps (138), scan repetition time 2s. The assign-
ment of resonances in lH NMR spectra were aided by lH—lH chemical shift correlation
(Figure 1), and the assignment of lines in 130 spectra were based on DEPT technique and
14.13¢ correlation (Figure 2). Through-bond connectivities were obtained by e 13¢ 4p.
and 2D-INADEQUATE experiments (Figure 3 and 4).
4-Acetoxy-2-exo-hydroxybornane-10-sulfonic acid sultone (4)
Sulfonation of D-camphor (Exﬂn=+44°, 10g) in A020 was carried out according to Bartlett,
5/ procedure at room temperature for two weeks. Next, the filtrate after camphor-10-
-sulfonic acid (7.5g) separation was concentrated under diminished pressure, and the residue
extracted with Et20—hexane (4:1). The organic layer was washed with water and dilute NaOH
aq, dried and the solvent removed under vacuum. The resulted colourless solid (3.1g) was
kept at 80°/lmm Hg to sublime off the unreacted camphor BxﬂD=+43° and the residue (0.9g)
was chromatographed on SiO2 in benzene and recrystallized from benzene-hexane (1:1) which
yielded the pure product of m.p. 155-156° and [o(]D=-22,3°(CH[313) [1it.3/ : m.p.156-8°C,
[o(]D=—25° (EtOH)]. MS (75eV, 15eV): m/e=232 (M" - CH,=C=0), 210 M+ - 50,), 194, 193, 152,
151, 150(100%); IR (KBr, cm'l): 1739, 1369, 1349, 1276, 1182, 1083, B815. For NMR data see
Table 1. For ClZHIBUSS (274.34) calcd.: 52.53% C, 6.61% H, 11.69% S, found: 52.49% C,
6.59% H, 11.68% S.
Sulfonation of 8-deuterocamphor

A stirred solution of 8—bromocamphor11/ [1.23g, m.p.85-85.5°C, Exﬂ0=+80.0° (CDClB)] in
10 ml of AcOD was treated slowly with zinc dust (3.5g), and next refluxed for 30 mins,
diluted with 5 ml 020 and left overnight at room temperature. The product was taken up
into n-pentane, and the resulted solution washed with water, 10% NaHCD3 aq, dried and
concentrated afforded a residue (0.74g, 90.8%) which after sublimation showed m.p. 177-
-178°C, EXﬂD=+43.U° (c=1, CDC13); 1y NMR, 138 NMR and mass épectra of camphor-8-D were
identical with those described in the literaturelz/.

Knox
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The so obtained 8-deuterocamphor (0.6g) was transformed into the suitable deuterosulton
(60 mg) following the procedure described above for the unlabelled sulton preparation. The
pure sulton-8-D was obtained as a colourless plates (benzene-hexane): m.p.156-157°C, kz]D=
=-22.5° (CHCl3), MS (75eV, 15eV): m/e=233 - CH2=C=0), 211 (M' - SDZ)’ 151 (100%).
Ly NwR (CDCl}, ppm): 0.95 (s, 3H) 9—CH3; 1.10 (t, 2H, J=1.8 Hz) 8—CHZD.
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