Tetrahedron Vol. 34, pp. 31293132
© Pergamon Press Lad., 1978,  Primted in Great Britain

00404020/ 78/ 1915-3120/902.000

A NOVEL STEREOCHEMICAL CONTROL

A PERSISTENT PREFERENCE FOR EXO ELECTROPHILE
ACCEPTANCE IN 2-BORNANES

S. RANGANATHAN®, H. RAMAN and C. V. SRINIVASAN
Department of Chemistry, Indian Institute of Technology, Kanpur 208016, India

{Received in UK 4 May 1978; Accepted for publication 20 May 1978)

Abstract—The conjugate bases of camphor oxime and 2-nitro-bornane, possessing a « array, accept elements of
H* and Br* selectively from the “crowded” exo side. The present work adds another facet towards the
understanding of stereochemical controls inherent in the bornane framework, the other two related being the endo
addition of nucleophiles to camphor and the £xo electrophile acceptance by camphor enolates. The present work
describes, inter alia, & practical route to 2-endo nitrobornane and the novel 2,2-dinitrobornane,

As a consequence of studies related to the bromo-
mUocamphnne-'anhyd:obtomomtrocamphane rear-
rangement,' the chemistry of 2-mtrocnmphane with
particular attention to the stereochemistry of acceptance
of H* and Br" of bornane-2-nitronic acid {I) or its salts
came under scrutiny. We feel that the work reported
here adds a third facet to the understanding of the
bornane framework, the other two being, the well studied
electrophile acceptance of 2-bornene-2-ol (II) or its salts
to camphor-—which preferentially takes an exo course®

and the thoroughly documented course of addition of
nucleophﬂes to camphor (III) which shows an endo
prefercnoe The significant observation that (I) under a
variety of conditions preferentially accepts H* and Br*

from the exo side has emerged from the present study.
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Until 1967 it was generally believed that substitution in
bornanes would show an endo preference due to the
shielding influence of the Cgem-dimethyl groups.*

Indeed this concept was so deeply entrenched that
consldaablemwrestwasatonsedwhenmthtym
camphor was shown to exchange preferentially exo.” The
samcyearSchleyermmdmedanowlmceptm
would predict a torsional strain controlled exo electro-
phile acceptance for type II systems. The view was slso
expressed that this effect is inconsequential for proces-
ses involving the generation or destruction of exo »

systems where the stereochemistry would be controlled
by steric effects leading to endo acceptance.® The crux
of the torsional strain theory is the eclipsing of substi-
tuents as they move along the reaction coordinate. Over
apemdofyearsSchleyerstheoryhasbeenaccorM
varymgdegeesofaeoeptanceandnosmxﬁcam
nate explanation has ememed The nitronic acid and xts
salts present an unusual situation not encountered in the
earlier extensive investigations but which incorporate
aspects of structures II and III.

2-Bromo-2-nitrobornane (IV) was prepared in 55%
yields from camphor oxime (V) and hypobromite.' Our
work as well as that from X-ray analysis® have
established IV to be the exo bromo endo nitro isomer,
The formation of IV demonstrates a clear preference to
the exo acceptance of Br* by the intermediate Va.
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2-endo Nitrobornane (VI) can be prepared in quan-

titative yields by sodium borohydride reduction of v
that involves the quenching of the nitronate I(X = Na)
with hydroxylamine hydrochloride.” The preference is
for an exo proton acceptance. Further an aliquot
containing I(X = Na) was poured onto bromine water.
The precipitated solid was shown to be exclusively 2-
exobromo-2-endo nitrobornane IV (IR, NMR).
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Under unequivocally kinetic conditions also the pref-
erence is for the formation of endo-2-nitrobornane.
Thus, the potassium salt I(X = K), prepared using slight
excess of KOtBu, was poured onto 3NH,SO, and then
extracted with ether. Careful analysis of the reaction
mixture showed that the product was endo 2-nitrobor-
nane (VI)." In another experiment, the potassium salt
was poured onto bromine water. The precipitated
product was 2-exo bromo-2-endo-nitro bornane (IV).
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The eudo assignment for VI is supported by its NMR
spectrum.'" Further, on hydrogenation VI fumished
bornylamine. It appears that of the two possible 2-
nitrobornanes, the endo isomer enjoys thermodynamic
preference. This is brought out with the exclusive
formation of 2-endo nitro-bornane (V1) in 32% yields
from IV with ethanolic KOH.
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In a novel effort to discern preferences for the nitronic
acid (I)- 2-nitrobornane (VI) change, the hydrogenolysis
of 2,2-dinitrobornane (VII) was studied. It is known that
gem dinitro compounds undergo rapid hydrogenolysis at
normal pressure to give miono nitro compounds. The
reduction virtually stops at this stage and leads to
kinetically controlled products as exemplified with the
VIII-IX change.”
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Werationalizethisreadyandcleanchwseon}he
basis of active participation of the unreduced nitro
function.
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Nitration of camphor oxime with fuming HNO, is
reported to yield 2-2-dinitrobornane m.p. 107°." To our
suqmse the reaction gave a 37% yield of camphor
nitrimine (X) and a 7% yteld of VII mp. 214°! The
structural assignment for VII is fully supported by spec-
tral and analytical data.
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Hydrogenolysis of VII, gave as the sole isolable
product, in 66% yields, endo nitrobornane (VI). There
was no evidence for the forination of any of the isomeric
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We believe that the VII-» VI change constitutes an
elegant demonstration of preference for kinetic exo pro-
ton acceptance.

Reaction of bornane'*** with dil. HNO; in sealed tube
has been reported to yield exo 2-nitrobornane.'® In our
hands, however, the reaction was found to lead to a
complex mixture”” containing nitro and carbonyl
functions. The only pure compound that could be
isolated was endo nitrobornane. The isolation of VI was
not entirely unexpected, since the reaction most prob-
ably proceeds via I. Thus, 2-exo nitrobornane remains
elusive.

The present study has shown bornane-2-nitronic acid
preferentially acéepts electrophiles from the *“crowded™
exo side. Thus, itrespéctive of theories that would ac-
count for the experimental observations, the bornane
system, similar to the- parent bicyclo-[2.2.1}-heptane,
shows didtinct preference for acceptance of electrophiles
from the eko side at 2-position.

Our results can be rationalized on the basis of a
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A novel stereochemical control

product-like transition state wherein significant bond
formation with the electrophile occurs only whea the
nucleophilic C., centre has considersble s-character
which would place the 2-substituent in a progressively
endo orientation. In a broader sense, in 2-substituted
bornanes, 2 product-like transition state—whatever its
finer descriptions ‘may be—favours exo entry, and a
starting material-like transition state an endo substitu-
tion.'" All the observed stereochemical preferences that
involve substitution at 2 and 3 positions of bornanes
could be explained on this basis.

EXPERIMENTAL®

2-endo Nitrobornane (V1)

To a mechanically stirred soln of NaBH, (2.7 g; 0.0713 mole) in
MeOH: water (75:25; 50 ml), warmed with hot water, was intro-
duced a soln of bromonitrobornane’ (3.5g; 0.01335 mole) in
MeOH (17.5ml). At first, a few drops were added cautiously.
Vigorous exothermic reaction occurred accompanied by frothing,
causing the MeOH to reflux. Subsequently the remaining soln
was introduced rapidly. After additional stirring for 3 hr at room
temp. the mixture was made distinctly alkaline by addition of
KOHaq, and steam distilled to remove most of the MeOH. The
residue was neutralized with aqueous hydroxylamine hydro-
chloride soln {15%: 25ml) and again subjected to steam dis-
tillation. The 2-endo Nitrobornane crystallized on the walls of
the condenser and was collected and dried; yield 1.75g (92%)
m.p. 147° (lit. 146-147°." Tl single spot (Ry: 0.7 benzene: 0.6
Benzene: hexane 1:1) IR: 5y (CHCL) (cm™): 1545 (NO;, asym),
1380 (NOy, sym.), 865 (C-N). NMR: 8icch,): 4.65 (ill defined
triplet, J=7.50 Hz, non-bridgebead t-proton), 1.10 (s, C-CH;),
0.97 (s, C-CH,, 6 protons),

An aliquot after NaBH, reaction was added to excess Br-water
and the precipitated solid collected, washed with water and dried
to give sample identical in all respects {tic, IR and NMR) to that
of authentic 2-exo-bromo-2-endo-nitrobornane.

Acid quenching of potassisum bomane-2-nitronate

Isolation of V1. To a stirved soln of +-BuOK in dry t-BuOH
(0.6000 g, 0.00535 mole, 2 ml) was added a soln of 2-endo-nitro-
bornane, in t-BuOH (0.9150g, 0.005 mole, 1mi). After an ad-
ditional 0.5 hr of stirring, the mixture was poured on to 3N
H,SO, (100mi). The mixture was extracted with ether, the
organic layer washed with bicarbonate and then with water, dried
(MgS0,) and evaporated and the crude product chromatographed
on silica, Elution with petroleum ether, benzene (90:10) gave
unchanged 2-endo-nitrobornane. One of the early fraction
contained traces of isomer as evidenced by the presence of a
1570cm™ in addition to the major band at 1540 cm™ attributed to
NO; asym of the starting material.

Reaction of potassium bomane-2-nitronate with bromine-water
Isolation of IV. To a stirred soln of 2-endo-nitrobornane
(0.915 g, 0.005 mole) in dry -BuOH (15 ml) was added sublimed
t-BuOK (0.7200 g, 0.00643 mole). After additional 0.5 hr stirring
the mixture was poured onto Br-water (3 g, 0.019 mole, 100 m}),
the precipitated crude bromonitrobornane was collected, washed
with water and dried; vield, 1.0270g (66%). The IR of this

“M.ps were taken on a Fisher-John melting point apperatus
and are uncorrected. Capillary m.ps were taken in a Thomas
Hoover capillary melting point apparatus. IR spectra were
recorded either on a Perkin-Elmer 700 or 137 or Perkin -Elmer
521 spectrophotometer. NMR spectra were determined with
CHCly-d,/CCl solutions on a Vahian-A60 or A60D spectrometer
using TMS as internal standard. Silica gel G (Stabl) with calcium
sulfate binder was used for tic. Column chromatography was
performed either with silica gel or with alumina. The compounds
reported here, are optically inactive. Wherever possible, the
reactions were monitored by tic.
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material was superimposable with that of 2-exo-bromo-2-endo-
nitrobornane, prepared from camphoroxime with potassium
hypobromite; further, the NMR was also identical with that of an
authentic sample.

Hydrogenation of V1

Isolation of endo-2-Aminobomane. In a Parr hydrogenation
apparatus, a soln of 2-endo-nitro-camphane in EtOAc (0.200g,
0.00109 mole, 20 ml) was hydrogenated over PtO, catalyst at an
initial pressure of S0psi. After Shr, the mixture was filtered,
washed thoroughly with EtOAc and the combined filtrates
evaporated to give 0.1200g (71%) of essentially pure bornyl-
amine. IR: wpy (CHCh) (cm™): 3300-3150 (NH,, due to
hydrogen bonding). NMR 8cncy,: 6.88 (broad -NH,, exchanged
in D;0), 3.42 (dg, non-bridgebead t-proton), 1.06 (s, C~-CH3), 0.91
{s, C-CHi, 6 protons).

Reaction of IV with ethanolic KOH

Isolation of 2-endo nitrobormane (VI). An aqueous soln of
KOH (1 g, 0.018 mole) in minimum amount of water was added to
a soln of bromonitrocamphane (5g, 0.01908 mole) in EtOH
(12.5 ml). The mixture was refluxed on a water bath overnight,
concentrated, diluted with water and steam distifled. Crystals of
2-endo-nitrobornane, accumulated on the walls of the condenser
were collected and dried; yield, 1.1g (32%); m.p. 147 (Ie.®
146-147). IR: 9y, (KBr) (cm™): 1545 (NO;, asym.), 1380 (NO,,
sym.), 865 (C-N). NMR: §ccy,: 4.62 (ilidefined triplet, J=
8.00 Hz; non-bridgehead t-proton), 1.08 (s, C-CH,), 093 (s, C-
CH,. 6 protons).

2 2-Dinitrobornane (VII). To & hand stirred soln of camphorox-
ime (10g, 0.06 mole) in glacial AcOR (150 ml) was added pure
fuming HNO, (6.4 ml, sp. gr. 1.5000) in the absence of direct
light. After 10 min, water (500 ml) was added and the blue ppt
collected, washed liberally with water and exposed to air for 8 hr
and subsequently dried in vacuum; yield, 7.5 g; m.p. 86-95°. The
crude product was chromatographed over silica gel (300g). Elu-
tion with benzene: hexane (25:75) gave pure 2,2-dinitrobornane;
yield, 1.0g (7%); m.p. 214° (sealed capill) (lit. 107.5-108.5°)."
TLC: Single spot (R;: 0.79, benzene: hexane (1:1)). Found: C,
5278; H, 7.20; N, 12.40. Calc. for CoH;eNsO, (M.Wt. 228): C,
5263; H,7.01; N, 12.28%. IR v, (KBr) (cm™"): 1560 (NO5, asym.),
gfcsn (NO», sym.), 848 (C-N). NMR: 8.cpey: 1.50, 1.03, 0.92 (S,

3).

Further elution using benzene-hexane (50:50) gave material
which was subsequently identified as comphornitrimine, yield:
4.5g (37%). TLL: Single spot (R;: 0.65, benzene: hexane (1:1)).
IR: ¥pax (neat) (cm™'): 1640 (C=N), 1570 (NO,, asym.), 132§
(NO,, sym.). NMR: 8,cc,: 1.06, 1.00, 0.91 (s, C-CH3).

IR and NMR spectra of this sample was identical to that of an
authentic sample of camphomnitrimine.

Hydrogenolysis of 2,2-dinitroborane

Isolation of VL. In a semi-micro hydrogenation set-up a soln
of dinitrobornane in EtOAc (0.1320 g, 0.000578 mole, 30 ml) was
injected to a stirred suspension of Pt-catalyst in EtOAc (10m])
kept under H;. Theoretical amount of gas corresponding to one
nitro group was consumed in 7min. The mixture was twice
filtered, washed thoroughly with EtOAc and evaporated to give
0.0700 g (66%) of crude 2-endo-nitrobornane; crystallization from
hot aqueous EtOH gave 0.0500g of pure product; m.p. 146-7°
(lit."” 146-7°). There was no evidence for the formation of any of
the isomeric 2-exo-nitrocamphane.

Tic: Single spot (Ry: 0.52, benzene: hexane (1:1)). IR: vy,
{CHCL) (cm™): 1550 (NO,, asym.), 1378 (NO,, sym.), 865 (C-N);
superimposable on that of the 2-endo-nitrocamphane obtained by
borohydride reduction of bromonitrocamphane.
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