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Abstract-Tricyclo[4.1.0.02,7]heptane reactedwith iodine, N-iodosuccinimide, andiodine monochloride in
the presence of external nucleophiles yielding products of conjugate endo,syn addition at the central C1

3C7

bond. Themechanism of these chemo- and stereoselective reactions is discussed.

Among the most interesting reactions of tricyclo-
[4.1.0.02,7]heptane (I ) its reaction with iodine result-
ing in endo,syn-6,7-diiodobicyclo[3.3.1]heptane (IIa )
[1] should be mentioned. Two reaction features call
for attention: chemoselectivity (addition exclusively
to the central C13C7 bond) and strict stereospecificity:
cis-addition with reversal of configuration of both
carbon atoms of the centralbond. Yet themost addi-
tion reactions with hydrocarbonI occur nonselective-
ly, either at the side bond C13C2, or at the central
C13C7 bond, as a rulenonselectively [235]. In studies
carried out with application of the ESR spectroscopy
[6, 7] with the use of 2,4,6-tribromonitrosobenzene
as a spin trap in the reaction under discussion, and in
the reaction of iodine with [1.1.1]propellane (III ) a
formation of paramagnetic intermediates was revealed
that supported the previously assumed hypothesis [8]
on the radical mechanism of addition to compoundIII .
These results allowed extension of the hypothesis on
the radical reaction mechanism to compoundI . This
assumption is well consistent with observed chemo-
selectivity of hydrocarbonI iodination since this
feature is characteristic of all the known radical
addition reactions to this hydrocarbon[3]. However
in contrast to the reaction under discussion the other
radical additions to compoundI are not stereo-
selective: formendo,synand endo,antiadducts with
the latter prevailing[9]. An important evidence for
alternative ionic mechanism of tricycloheptaneI
iodination were results of an experiment carried out
in dissertation of J. Morf[10] performed under the
guidance ofProfessor G. Szeimies: in the presence of
external nucleophiles (bromide and chloride ions)
ÄÄÄÄÄÄÄÄÄÄ
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they entered into adducts, and alongside iodideIIa
formed the products of conjugate additionIIb and
IIc .**

Similar reasoning was used in[11, 12] to assume
ionic mechanism with respect to iodination of
propellane (III ).

In this study we carried out a supplementary
research on elemental iodine addition to hydrocarbon
I in the presence of external nucleophiles with con-
siderably wider range of these substances as com-
pared with[10]. We also performed iodination reac-
tions using as sources of electrophilic iodine N-iodo-
succinimide (NIS) and iodinemonochloride. In the
most cases the reactions werecarried out in DMF for
it sufficiently well solved and activated by specific
solvation the mineral salts used as a source of an
external anionoid nucleophile. We should note at
once,that virtually in all reactions performed in this
solvent a formation of formateIId as a side product
was observed.Such involvement of DMF as a mild
O-nucleophile into the conjugate addition in reactions
of halofunctionalization of alkenes was reported

Nu = I (a), Br (b), Cl (c), O2CH (d), SCN (e), N3

(f), O2CMe (g), O2CPh (h), OMe (i), OH (j ).

ÄÄÄÄÄÄÄÄÄÄ
** The authors are grateful to Professor G. Szeimies for the

possibility to become acquainted with dissertation[10].
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Table 1. Reaction conditions and yield of productsfrom reactions of hydrocarbonI with iodinating reagents in the
presence of external nucleophiles
ÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Reaction ³ Reagents ³Solvent ³[I+

]/[Nu
3

] ³ Reaction products ³ Yield of the main
no. ³ [I

+
]+ [Nu

3

] ³ ³ (mol) ³ (composition, %) ³ reaction product, %
ÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

1 ³I2+KI ³DMF ³ 1 : 5 ³IIa (91), IId (1), (8)a ³IIa (65)
2 ³I2+LiBr ³DMF ³ 1 : 10 ³IIa (9), IIb (90), IId (1) ³IIb (74)
3 ³ ³MfOH ³ 1 : 5 ³IIa (18), IIb (82) ³IIb (31)
4 ³I2+Et3BnNCl ³CCl4 ³ 1 : 3 ³IIa (35), IIc (65) ³IIc (11)
5 ³I2+KSCN ³DMF ³ 1 : 10 ³IIa (40), IId (12), IIe (48) ³IIe (42)
6 ³I2+NaN3 ³DMF ³ 1 : 5 ³IIa (44), IId (4), IIf (52) ³IIf (20)
7 ³NIS+LiBr ³DMF ³ 1 : 10 ³IIb (97), IId (3) ³IIb (40)
8 ³NIS+NaN3 ³DMF ³ 1 : 5 ³IIa (13), IId (14), IIf (68), (5)a ³IIf (22)
9 ³NIS+AcOHb ³CH2Cl2 ³ 1 : 5 ³IIg (90), (10)a ³IIg (56)

10 ³NIS+PhCO2H
b ³CH2Cl2 ³ 1 : 5 ³IIh (>85) ³IIh (30)

11 ³NIS+DMF ³DMF ³ 1 : 39 ³IIa (12), IId (84), (4)a ³IId (67)
12 ³NIS+HCO2N

a ³DMF ³ 1 : 10 ³IIa (49), IId (50), (1)a ³IId (34)
13 ³NIS+MeOH ³MeOH ³ 1 : 74 ³IIi (82), (18)a ³IIi (48)
14 ³NIS+H2O

b ³Acetone³ 1 : 56 ³IIj (14), IV (65), V (21) ³IIj (9), IV+V (40)
15 ³ICl+LiCl ³DMF ³ 1 : 10 ³IIc (86), II (4), (10)a ³IIc (46)
16 ³NIS+PhSO2Na ³DMF ³ 1 : 2 ³VIa (28), VIIa (72) ³VIa+VIIa (47)
17 ³NIS+p-MeC6H4SO2Hb³CH2Cl2 ³ 1 : 2 ³VIb (46), VIIb (54) ³VIb+VIIb (32)

ÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
a Unidentifiedimpurities.b With addition of equimolar amount oftriethylamine, see EXPERIMENTAL.

formerly in [13]. Thedata on composition of products
obtained in reactions (1315) of compoundI initiated
by electrophilic iodine in the presence of external
nucleophile are presented in Table 1.

In reactions (2, 436) with elemental iodine in DMF
in the presence of lithiumbromide, potassium thio-
cyanate, or sodium azide, and also in CCl4 in the
presence of triethylbenzylammonium chloride
(Et3BzNCl) compoundsIIb, c, e, f resulting from
conjugate were obtained addition as mainproducts.
A similar result (formation of a mixed haloderivative
IIb ) was observed also in reaction (3) of compoundI
with I2 in methanol in the presence of lithium
bromide, butmethanol did not participate in the con-
jugate addition.

The fraction of products of conjugate addition
arising in reactions with NIS in the presence of
sodium azide or lithium bromide in DMF (reactions
7, 8) was a little larger that in mixture treated with
I2. With NIS were also preparedacetate IIg and
benzoateIIh by carrying out the reaction in dichloro-
methane in the presence of excess corresponding
acids and triethylamine (reactions 9,10). FormateIId
is the main product of reaction between hydrocarbon
I and NIS in DMF (reaction11). Theyield of com-
pound IId did not grow on addition to the reaction
mixture of sodium formate (reaction12). Appearance

of diiodide IIa as an impurity in products of reactions
with NIS (8, 11, 12) is apparently due to the partial
reduction of the latter to I2 either by solvent(DMF)
or anionoid nucleophile. The reaction between hydro-
carbon I and NIS in methanol (reaction 13) resulted
in iodomethoxylation productIIi that failed toform
in reaction with elemental iodine (reaction 3). In
reaction (14) with NIS in aqueous acetone in the
presence of triethylamine was revealed a formation of
norpinane iodohydrinIIj , but the main products of
this reaction were two stereoisomersIV and V
resulting from iodohydroxylation of compoundI at
the side bond C13C2.

The use as iodinating agent of iodine monochloride
with lithium chloride as additive in DMF (reaction
15) both increased the fraction of the product of
conjugate additionIIc in the reaction mixture and
considerably increased its yield as compared to reac-
tion (4).



Table 2. Constants and elemental analyses of bicycloheptanesIIa 3j, VIa, b, VIIa, b
ÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ

Compd
³

Compound name

³ mp, oC ³

Rf

³ GLC analysis³ Found , % ³

Formula

³Caltd., %
³ ³ ³ ÃÄÄÄÄÄÄÂÄÄÄÄÅÄÄÄÄÄÂÄÄÄÄ´ ÃÄÄÄÄÂÄÄÄÄ

no. ³ ³
(solvent or

³ ³Column³ Rt, ³ C ³ H ³ ³ C ³ H
³ ³

crystallization), or
³ ³temp.,oC³ min ³ ³ ³ ³ ³³ ³ bp, oC (mm Hg) ³ ³ ³ ³ ³ ³ ³ ³

ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄ
IIa ³ endo-6-syn-7-Diiodobicyclo[3.1.1]heptane ³ 1203121 ³ 0.68³ 150 ³ 12.3³ 24.51³ 3.03³ C7H10I2 ³24.16³ 2.90

³ ³ (hexane)a ³ ³ ³ ³ ³ ³ ³ ³
IIb ³ syn-7-Bromo-endo-6-iodobicyclo[3.1.1]heptane ³ 62364b ³ 0.77³ 150 ³ 7.1³ 28.03³ 3.52³ C7H10BrI ³27.94³ 3.35

³ ³ (hexane) ³ ³ ³ ³ ³ ³ ³ ³
IIc ³ endo-6-Iodo-syn-7-chlorobicyclo[3.1.1]heptane ³ 24325c ³ 0.78³ 150 ³ 4.7³ 32.65³ 4.03³ C7H10ClI ³32.78³ 3.93

³ ³ (hexane) ³ ³ ³ ³ ³ ³ ³ ³
IId ³ endo-6-Iodo-syn-7-formoxybicyclo[3.1.1]heptane ³ 48349 (2) ³ 0.70³ 150 ³ 7.4³ 35.89³ 4.13³ C8H11IO2 ³36.11³ 4.17
IIe ³ endo-6-Iodo-syn-7-thiocyanobicyclo[3.1.1]heptane ³ 60361 ³ 0.38³ 150 ³ 4.2³ 34.33³ 3.56³ C8H10INS ³34.42³ 3.61

³ ³ (ether) ³ ³ ³ ³ ³ ³ ³ ³
IIf ³ syn-7-Azido-endo-6-iodobicyclo[3.1.1]heptane ³ 66368 (20) ³ 0.68³ 150 ³ 6.0³ 32.10³ 3.91³ C7H10IN3 ³31.96³ 3.83
IIg ³ syn-7-Acetoxy-endo-6-iodobicyclo[3.1.1]heptane ³ Oily ³ 0.58³ 150 ³ 8.0³ 38.66³ 4.82³ C9H13IO2 ³38.59³ 4.68

³ ³ substance ³ ³ ³ ³ ³ ³ ³ ³
IIh ³ syn-7-Benzoyloxy-endo-6-iodobicyclo[3.1.1]heptane ³ 83384 ³ 0.69³ 3 ³ 3 ³ 49.21³ 4.47³ C14H15IO2 ³49.14³ 4.42

³ ³ (ether) ³ ³ ³ ³ ³ ³ ³ ³
IIi ³ endo-7-iodo-syn-7-methoxybicyclo[3.1.1]heptane ³ Oily ³ 0.60³ 130 ³ 8.1 ³ 38.32³ 5.29³ C8H13IO ³38.12³ 5.20

³ ³ substance ³ ³ ³ ³ ³ ³ ³ ³
IIj ³ syn-7-Hydroxy-endo-6-iodobicyclo[3.1.1]heptane ³ 81382 ³ 0.27³ 140 ³ 15.0³ 35.48³ 4.74³ C7H11IO ³35.32³ 4.66

³ ³ (ether) ³ ³ ³ ³ ³ ³ ³ ³
VIa ³ endo-6-iodo-syn-7-phenylsulfonylbicyclo[3.1.1]heptane³ 1273128 ³ 0.37³ 220d ³ 10.5³ 43.02³ 4.12³ C13H15IO2S³43.10³ 4.17

³ ³(hexane3chloroform)³ ³ ³ ³ ³ ³ ³ ³
VIb ³ endo-6-iodo-syn-7-n-tolylsulfonylbicyclo[3.1.1]heptane³ 1673168 ³ 0.27³ 220d ³ 14.7³ 44.45³ 4.65³ C14H17IO2S³44.69³ 4.55

³ ³(hexane3chloroform)e³ ³ ³ ³ ³ ³ ³ ³
VIIa ³exo-6-iodo-syn-7-phenylsulfonylbicyclo[3.1.1]heptane³ 1423143 ³ 0.48³ 220d ³ 6.0³ 43.09³ 4.24³ C13H15IO2S³43.10³ 4.17

³ ³(hexane3chloroform)³ ³ ³ ³ ³ ³ ³ ³
VIIb ³ exo-6-iodo-syn-7-n-tolylsulfonylbicyclo[3.1.1]heptane³ 1473148 ³ 0.33³ 220d ³ 9.6³ 44.55³ 4.36³ C14H17IO2S³44.69³ 4.55

³ ³(hexane3chloroform)e³ ³ ³ ³ ³ ³ ³ ³
ÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄ
a mp 1203121oC (from methanol)[1]. bbp 72380oC (0.1 mm Hg) [10].cbp 40350oC (0.1 mm Hg) [10].dColumn 1.5 mlong. e In agreement with published data[9].
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Table 3. 1H NMR spectra of bicycloheptanesIIa 3j, VIa, VIIa , d, ppm
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Compd.³ H6 ³ H7 ³ H1,5 ³ H2,4

eq ³ H2,4
ax ³ H3 ³ Other signals

no. ³ ³ ³ ³ ³ ³ ³
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

IIa ³ 4.53 t ³ 2.74a ³ 2.0832.23 ³ 1.6031.75 ³ 3

IIb ³ 4.45 t ³ 4.35 tb ³ 2.80 ³ 2.1232.36 ³ 1.8532.12 ³ 1.5231.80 ³ 3

IIc ³ 4.35 t ³ 4.30 tb ³ 2.79 ³ 2.1532.35 ³ 1.9032.10 ³ 1.5031.77 ³ 3

IId ³ 4.26 t ³ 4.96 t ³ 2.86 ³ 2.0032.15 ³ 1.8532.00 ³ 1.4931.73 ³ 8.12 s (CH=O)
IIe ³ 4.51 t ³ 4.07 t ³ 2.85 ³ 1.9532.23 ³ 1.7031.95 ³ 1.4231.90 ³ 3

IIf ³ 4.32 t ³ 4.05 t ³ 2.74 ³ 2.0532.25 ³ 1.7632.00 ³ 1.5131.75 ³ 3

IIg ³ 4.25 t ³ 4.83 t ³ 2.82 ³ 1.9532.15 ³ 1.8231.95 ³ 1.4731.61 ³ 2.10 s (Me)
IIh ³ 4.35 t ³ 5.12 t ³ 2.96 ³ 2.0832.25 ³ 1.9032.05 ³ 1.5631.80 ³ 7.5 t, 7.6 t, 8.1 d
IIi ³ 4.20 t ³ 3.71 t ³ 2.75 ³ 1.9832.15 ³ 1.7631.95 ³ 1.5431.72 ³ 3.37 s (OMe)
IIj ³ 4.19 t ³ 4.17 t ³ 2.67 ³ 2.0532.25 ³ 1.8231.98 ³ 1.4531.77 ³ 2.18 s (OH)
VIa ³ 4.38 t ³ 3.45 t ³ 2.75 ³ 2.3332.60 ³ 1.6232.03 ³ 7.4037.52 (3H), 7.7437.86 (2H)
VIIa ³ 4.01 s ³ 4.14 t ³ 2.73 ³ 2.4432.64 ³ 1.6532.13 ³ 7.4337.62 (3H), 7.7637.85 (2H)

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
aAll signals of H1,5 are narrow multiplets.bAssignment of signals of H6 and H7 for compoundsIIb andIIc may be interchanged.

Table 4. 13C NMR spectra of bicycloheptanesIIa 3j, VIa, VIIa , d, ppm
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Compd.³ C6 ³ C7 ³ C1,5 ³ C2,4 ³ C3 ³ Other signals

no. ³ ³ ³ ³ ³ ³
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

IIa ³ 18.9 ³ 47.0 ³ 28.8 ³ 9.9 ³ 3

IIb ³ 22.4 ³ 42.2 ³ 47.0 ³ 26.8 ³ 10.7 ³ 3

IIc ³ 24.0 ³ 51.0 ³ 46.9 ³ 25.4 ³ 11.0 ³ 3

IId ³ 25.8 ³ 66.1 ³ 44.8 ³ 25.2 ³ 11.9 ³ 160.0 (C=O)
IIe ³ 25.7 ³ 42.9 ³ 45.1 ³ 25.1 ³ 10.9 ³ 111.50 (SCN)
IIf ³ 28.8 ³ 55.2 ³ 45.0 ³ 25.1 ³ 11.6 ³ 3

IIg ³ 26.7 ³ 66.2 ³ 44.7 ³ 25.3 ³ 12.1 ³ 20.7 (Me), 170.1(C=O)
IIh ³ 26.6 ³ 66.6 ³ 45.0 ³ 25.5 ³ 12.2 ³ 128.4, 129.5, 129.7,131.1 (C arom), 165.5(C=O)
IIi ³ 28.2 ³ 72.9 ³ 44.8 ³ 25.0 ³ 12.5 ³ 56.4 (OMe)
IIj ³ 26.9 ³ 65.0 ³ 46.4 ³ 24.4 ³ 12.0 ³ 3

VIa ³ 28.1 ³ 58.7 ³ 44.8 ³ 24.0 ³ 11.9 ³ 127.2, 129.2, 133.5,139.9 (C arom)
VIIa ³ 24.7 ³ 60.5 ³ 49.0 ³ 24.6 ³ 13.0 ³ 127.2, 129.2, 133.4,140.0 (C arom)

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

It should be noted that the yield of diiodideIIa
in reaction (1) of tricycloheptaneI with elemental
iodine significantly increased in the presence of
external nucleophile as compared to the reaction
carried out without this additive. Thisfact is in
agreement with conclusion made in[10]. It was also
established that in the absence of external nucleo-
philes reaction between hydrocarbonI and iodine
monochloride or NIS in CH2Cl2 (cf. [14]) did not
provide the corresponding addition products and
yielded only unidentified polymeric substances.

Norpinane adductsIIa 3j were isolated as in-
dividual compounds by flash-chromatography follow-
ed by crystallization or distillation. The constants and

elemental analyses of the compounds are given in
Table 2. Diiodide IIa and iodohalidesIIb and IIc
were identified by comparison of their constants and
spectral characteristics with the published data [1, 10,
15]. The norpinane structure and configuration of
compounds IId 3j is reliably established from the
analysis of their1H and 13C NMR spectra that are
consistent with those of norpinanesIIa 3c (see
Table 3; also cf. [16]).

The structure of norcaraneendo,endo-adduct IV
was established from theexpected similarity of its
1H and 13C NMR spectra with those of a known
bromo analog[17]. The structure ofcompoundV was
ascribed to the third product of reaction(14) detected
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by GLC but not isolated individually by analogy to
the results of reaction between hydrocarbonI and
N-bromosuccinimide in water-acetone mixture[17],
and proceeding from the1H NMR spectrum of a
mixture of compoundsIV and V. In the spectrum
appeared a multiplet signal at3.90 ppmcharacteristic
of H2 proton ofendo,endo-adductV (cf. with spectral
data for its bromo analog[17]).

Thus the reaction of hydrocarbonI with sources of
electrophilic iodine (I2, NIS, ICl) in the presence of
external nucleophiles proceeds as conjugateendo,syn-
addition to the central C13C7 bond, i.e. it is char-
acterized by the same chemo- and stereoselectivity as
the standard reaction of compoundI with elemental
iodine. Ouradditional experimental data (compared to
[10]) on the products of conjugate addition seem to
support the conclusion of this study (also see[4]) on
the ionic mechanism of the reaction in question. Yet
the factproper of formation of theconjugate addition
products is not an unambiguous proof of this mechan-
ism. Actually published data exist describing the
possibility of NuI formation by preliminary reaction
of the electrophilic iodine with the external nucleo-
phile, and these compounds mayfurther react with
substrate by radical mechanism. For instance, this
concept was applied to conjugate addition mechanism
in reaction of elemental iodine with alkenes in the
presence of NaN3 and ArSO2Na (with participation
of IN3 and ArSO2I formed in situ)[18, 19]. Just this
caseoccurred in our experiment when hydrocarbonI
reacted with NIS in the presence as external nucleo-
philes of sodium benzenesulfinate orp-toluenesulfinic
acid (with triethylamine added) (reactions 16 and17).
Here in contrast to previously considered reactions
(1315) alongside the correspondingendo,syn-adduct
VIa, b formed its stereoisomerexo,syn-adduct
VIIa, b in commensurable quantity. The formation
of compoundVII can be understood only from the
viewpoint of radical mechanism as was confirmed
with a direct experiment: a reaction of hydrocarbonI
with ArSO2I (see also[9]).

Ar = Ph (a), p-Tol (b).

Thus for reactions(16, 17) we assume radical
mechanism of conjugateaddition, yet in the other
cases we favor the ionicmechanism, and the key

reason thereto is the fact ofstrict endo,syn-selectivity
of addition characteristic of reactions (1315). To
rationalize this stereochemistry of addition a non-
classical carbocation A originatingfrom an attack of
electrophilic iodine on the nonbonding orbital of the
nodal carbon atom in the central C13C7 bond should
be assumed as an intermediate of the ionic reaction
(cf. [4, 5]). The nucleophilic attack on the C7 atom
of this cation should be strictly stereodirected and
should proceed with reversal of the configuration.

The higher stability of cation A compared with
analogous carbocation generated by electrophilic
attack of a proton on the same substrate is due as we
believe to the presence of a iodine atom in theendo-
position6. The cation arisingfrom attack of a proton
is known [20] to suffer a fast isomerization intomore
stable 2-norcaranylcation. The stabilization ofcation
A by iodine atom is due to homohyperconjugation
effect as has been previously presumed [21] for a
related cation B, an intermediate in propellaneIII
iodination (see also[22]).

A specific behavior of hydrocarbonI in reaction
with NIS in an aqueous acetone (reaction 14) as
compared with the other reactions (1313) may be also
rationalized within the framework of the ionic
mechanism: primarily formed carbocation A in the
medium of high dielectric permittivity suffers stereo-
directional isomerization into carbocation C (2-nor-
caranyl one), see[5], that is a precursor of norcaranes
IV and V.

EXPERIMENTAL

1H and 13C NMR spectra were registered on
spectrometer Bruker AC-300 at operating frequencies
300.130 and 75.469 MHzrespectively from solutions
in CDCl3. The spectra of norpinanesIIa 3j, VIa , and
VIIa are presented in Tables 3 and 4. GLC analyses
were carried out on cromatograph Chrom-4equipped
with flame-ionizationdetector, glass column 35000
3 mm, stationary phase 3% OV-17 on Inerton
N-Super (0.12530.160 mm), carrier gas nitrogen,
flow rate 40 ml min31. Analytical TLC was perform-
ed on Silufol UV-254 plates, eluent hexane3ether,
1 : 1, development in iodinevapor. Flash-chromato-
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graphy was performed on silica gel L 40/100m,
eluent light petroleum ether3ethyl ether, 3 : 1.

Tricycloheptane (I ), bp 1093110oC was synthesiz-
ed as described before [23]; its purity according to
GLC (30oC) attained~97%. Benzenesulfonyl iodide
and N-iodosuccinimide were prepared by known
procedures[24, 25].

Reaction of hydrocarbon I with iodinating
reagents (I2, NIS, ICl) in DMF in the presence of
external nucleophiles.Generalprocedure. To amix-
ture of 0.1 mol of an appropriate salt (KI,LiBr, LiCl,
KSCN, NaN3, HCOONa or PhSO2Na [26], see
Table 1), in 35 ml ofDMF, and0.01 mol ofhydro-
carbonI in 5 ml of the same solvent at cooling with
ice bath was added dropwise under argon atmosphere
within 30 min0.01 mol ofiodinating reagent in 20 ml
of DMF. The reaction mixture was stirred atcooling
for 1.5 h, and then for 1.532 h more at 20oC. Then it
was diluted with water, reaction products were
extracted with ether (3330 ml), extract was treated
with 5% water solution of Na2SO3 till disappearance
of iodine color, washed withwater, and driedwith
sodium sulfate. The solvent was removed in a
vacuum, and the semicrystalline mixture obtained was
analyzed by GLC and1H NMR. Thecompositions of
the reaction mixtures are listed in Table 1. The main
reaction products were isolated by flash-chromato-
graphy and/orfractional crystallization. The constants
of bicycloheptanesIIa 3f, VIa, b, VIIa, b are given
in Table 2.

Reaction of hydrocarbon I with NIS in DMF.
The reaction of 10 mmol of tricyclohexaneI with
10mmol NIS in DMF was performed as described
above in the general procedure save with no anionoid
nucleophile. The composition of the reaction mixture
and yield of compoundIId isolated by vacuum
distillation are reported in Table 1.

Reaction of hydrocarbon I with elemental iodine
in CCl4 in the presence of Et3BzNCl. To a solution
of 0.94 g ofcompound I in 40 ml of anhydrous CCl4
was added6.53 g of Et3BzNCl, and at stirring under
nitrogen atmosphere was added dropwise while cool-
ing to 0oC a solution of2.54 g of I2 in 20 ml of CCl4.
The mixture was stirred for 0.5 h more atcooling and
for 1 h at 20oC, then it was diluted withwater. The
organic layer was separated, and from the water layer
the products were extracted into CCl4 (3010 ml).
The combined organic solvents were washed with 5%
water solution of Na2SO3, with water, andthen dried
with MgSO4. On evaporating the extract in a vacuum
we obtained 1.3 g of crystalline compound composed
according to GLC data of a mixture of halidesIIa and
IIc , Table 1.

Reaction of hydrocarbon I with elemental iodine
in methanol in the presence ofLiBr. To a solution
of 0.94 g of tricycloheptaneI in 10 ml of anhydrous
methanol containing4.35 g oflithium bromide at stir-
ring under nitrogen atmosphere wasadded dropwise
while cooling to 0oC 2.54 g of iodine in 5 ml of
anhydrous methanol. The reaction mixture was stirred
for 1 h at room temperature, andthen diluted with
20 ml of water. Thereaction products were extracted
into chloroform. Weobtained1.54 g of amixture of
halidesIIa and IIb in 18 : 82 ratio (according to the
data of GLC and1H NMR), Table 1.

Reaction of hydrocarbon I with NIS in the
presence of acetic,benzoic, and p-toluenesulfinic
acids. Generalprocedure. To a mixture of 50mmol
of anhydrous triethylamine and 50 mmol of acetic,
benzoic, orp-toluenesulfinic acid [27] in 30 ml of
anhydrous dichloromethane was added0.94 g
(10 mmol) of tricycloheptaneI . Then at stirring under
argon atmosphere and external cooling with an ice
bath 2.25 g (10mmol) of NIS was added by small
portions. The stirring wascontinued for 1.5 h at 0oC
and for 2 h at room temperature. The mixture was
diluted with water, theorganic layer was separated,
from the water layer the products were extracted with
CH2Cl2 (3010 ml). The combined organic solu-
tions were dried on MgSO4. On removing the solvent
in a vacuum the residue was purified by flash-
chromatography. Yields of compoundsIIg, h and
their constants are given in Tables 1 and 2. Thecon-
stants and spectral characteristics of compoundsIVb
andVIIb were consistent with the published data[9].

Reaction of hydrocarbon I with NIS in
methanol. To a solution of0.94 g ofhydrocarbonI
in 30 ml of anhydrous methanol at external cooling
to 0oC was added whilestirring by portions within
1 h 2.15 g of NIS. Thereaction mixture was diluted
with water, the reaction products were extracted
with ether, theextracts were dried on MgSO4, and
evaporated. The colorless oily substance obtained was
purified by flash-chromatography to obtain 1.2 g
(48%) of compoundIIi .

Reaction of hydrocarbon I with NIS in aqueous
acetone.Into a mixture composed of0.94 g ofhydro-
carbonI , 20 ml of acetone, 10 ml ofwater, and 2 ml
of triethylamine cooled to 0oC was added within 0.5 h
2.15 g of NIS. The mixture was stirred at this
temperature for 0.5 hmore, andthen for 1.5 h at
20oC. The workup was carried out as described above.
The reaction products were divided by chromato-
graphy on silica gel in two fractions. The firstone,
Rf 0.27, contained norpinaneIIj , yield 23%. The
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second fraction, Rf 0.15, according to GLC data
(140oC) contained two compounds in 3 : 1 ratio with
Rt 10.5 and 9.6 min respectively. They were
identified asendo-7-iodobicyclo[4.1.0]heptan-endo-6-
ol (IV ) and endo-7-iodobicyclo[4.1.0]heptan-exo-6-ol
(V). The overall yield of compoundsIV and V was
0.96 g (40%). Themain component of themixture,
compoundIV , was isolated in an individual state by
crystallization, mp 71372oC (from petroleum ether3
ethyl ether, 3 : 1).1H NMR spectrum,d, ppm: 1.103
1.50 m (3H); 1.5531.70 m (3H); 1.80 m (1H); 1.95 d
(OH, J 9 Hz); 2.20 m (1H); 3.05 t (H7, J 8 Hz);
4.35 m (H2). 13C NMR spectrum,d, ppm: 3.5 (C7);
17.3, 18.0,22.7 (2C); 30.3, 69.0 (C2). Found, %:
C 35.49; H 4.64. C7H11IO. Calculated, %: C35.32;
H 4.66.

In the 1H NMR spectrum of the residue obtained
by removal of solvent from the mother liquor a
multiplet signal was observed at3.90 ppmcharacter-
istic of the H2 proton inendo,endoadductV (cf. with
the spectral data of thebromo analog of compoundV
[17]).

Reaction of hydrocarbon I with benzenesulfonyl
iodide. At external cooling with ice water solutions
in 5 ml of anhydrous $CH2Cl2 of0.94 g oftricyclo-
heptaneI and 2.68 g ofPhSO2I were mixed. The
mixture was kept at 20oC under nitrogen for 20 h,
and then the solvent was removed in a vacuum of
water-jetpump. Thesolid residue containing accord-
ing to GLC and1H NMR data a mixture of com-
poundsVIa and VIIa in 1 : 1 ratio was subjected to
column chromatography on alumina. We obtained
respectively 1.61 and 1.32 g (45 and 36.5%) of
individual compounds with the constants listed in
Table 2.
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