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Analysis of the 250-MHz NMR spectrum of N-methyl-2-azatwistane and of its azahomobrendane isomer, which
have been synthesized independently, allows the assignment of twisted—or nontwisted—structure to this type of

cage compounds.

The synthesis of cage polycyclics, and particularly of
twisted derivatives, is of interest in the carbocyclic and het-
erocyclic series.!-3 We recently have described the cyclization
of N-chloro-N-methylaminobicyeclo[2.2.2]oct-5-ene (1)
(Scheme I), and assigned a “homobrendane” 28 structure to
the tricyclic derivative 2 thus obtained. However, a twistane
structure has since been proposed by others® for the same
product.

Similarly, we have studied the cyclization of N-chloroamine
5 under the conditions of the well-known Hofmann-Loef-
fler-Freytag reaction,® where a similar structural problem
arises (Scheme II). The regioselectivity of the Hofmann-
Loeffler—Freytag reaction has been explained on the basis of
steric arguments (such as lining up of C-H---N atoms), and
energetic considerations (minimum steric interactions in the
transition state”-8). Accordingly, cyclization generally occurs
in the § position relative to nitrogen; however, some exceptions
are known,® when the conformation of the molecule is more
favorable to v or ¢ cyclization.

With both substrates 1 and 5 (Schemes I and II), it is clear
from inspection of molecular models that the cyclization can
occur “frontwise”, to yield a homobreadane type structure (2
or 6), or “crosswise” to give a twistane derivative (3 or 7). A
“frontwise” cyclization would lead to products where about
all C-C and C-H bonds are in energetically disfavored con-
formations. This is particularly clear in the case of the N-
chloro amine 5, where a twisted or a nontwisted conformation
can be considered for the bicyclo[2.2.2]octane skeleton.!0 In
order to obtain the homobrendane structure 6, a cyclization
on the é position, which implies a transition state such as 8b,
must occur. However, the strong eclipsing interactions ap-
parently involved in this transition state should disfavor it
relative to transition state 8a, the latter leading to a twistane
structure via a cyclization in e position.

Undoubtedly, prediction of the cyclization direction will
be problematical and risky. The situation is quite similar for
the cyclization reaction of the ethylenic N-chloro amine 1,
where the nitrogen-carbon bond can be formed at both ends
of the double bond.

However, in each of these reactions, only one cyclized
product is formed. Consequently their structures have to be
exactly determined in order to have information on the reac-
tion regioselectivity. This question is of interest as a similar
problem occurs in the formation of lactones having this type
of structure, where erroneous structural assignments have led
to questionable theoretical conclusions.!!

In order to determine the exact structure (homobrendane
or twistane) of compound 2 (from 1) and 6 (from 5), we ex-

t This work is part of Rahim Tadayoni’s Doctorat &s-Sciences, Marseille, Nov
1974, CNRS A0 10592.
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amined their 250-MHz NMR spectra. This led us te the con-
clusion that the spectra analysis was not sufficient to make
unambiguous structure assignments. It appeared necessary
to prepare model compounds using unequivocal synthetic
pathways. Nontwisted 6 and twisted 7 were synthesized in-
dependently, respectively from 9 and 13 (Scheme III}. Using
decoupling experiments, the 250-MHz NMR spectra of the
azatricyclic amines 6 and 7 were carefully analyzed in detail.
This comparative study enabled us to assign a homobrendane
structure to the intramolecular cyclization product 2 of the

olefinic N-chloroamine 1.4
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It is the purpose of this paper to describe (1) the synthesis
of tricyclic amines 2, 6, and 7; (2) the 250-MHz NMR spectral
analysis of these compounds and the use of these spectral data
for structure assignment to the cyclization product of unsat-
urated N-chloroamine 1.

Results and Discussion

A. Synthesis. Independent synthesis of tricyclic amines 6
and 7, as well as preparation of N-chloroamines 1 and 5, re-
spectively, are shown in Schemes III and IV.412 Details will
be found in the Experimental Section. The 250-MHz NMR
features of 6 and 7 (7 obtained from 13) and the signal as-
signments are described below.

Cyclization of N-Chloroamine 5 (Scheme II). Although
two structures 6 or 7 may be predicted, a single compound is
obtained when N-chloroamine 5 is submitted to the conditions
of the Hofmann-Loeffler—Freytag reaction. Its structure is
identical with the nontwisted model 6 obtained from 9
(Scheme III).

Cyclization of N-Chloroamine 1 (Scheme I). Similarly,
a unique product which might have structure 2 or 3 is.obtained
in good yield (75%) when N-chloroamine 1 is treated for 3h
with silver oxide in boiling methanol. The same compound is
formed (56%) besides five other products (18%) and starting
amine (26%) when 1 is treated in boiling methanol for 36 h.
The mechanisms of these reactions will be discussed else-
where.13

The comparison of the NMR spectrum of 2 with those of
6 and 7 (see below) allows us to assign without any doubt a
“nontwisted” homobrendane structure 214 to the solvolysis
product of N-chloroamine 1.

B. 250-MHz NMR Spectroscopy. As there has been some
disagreement in signal assignments, for instance on compound
2,514 or for octahydroindol5:16 derivatives, the analyses we
propose for the different spectra are essentially based on spin
decoupling experiments, which allow unambiguous signal
assignments to the various protons (see Tables I-III).

Compound 6 (Spectra la, 1b, 1¢, Figure 1, Table I). The
recording of the spectrum of this compound is of particular
interest, as we have observed a variation of its aspect with the
time. Spectrum la is obtained when the recording is carried
out immediately after dissolution of the sample in deuter-
iochloroform. First-order analysis on this spectrum is very
difficult, and the interpretation of decoupling experiments
would have been problematic. When a drop of trifluoroacetic
acid is added to the solution, spectrum 1c is obtained, and six
protons can quite easily be identified (see Table I and dis-
cussion below). The general aspect of the spectrum is in be-
tween these two extreme situations, when the recording is
carried out on a deuteriochloroform solution which has been
left standing for a certain time. For example, spectrum 1b was
obtained on a 3 weeks old solution. The explanation is as fol-
lows: in presence of trifluoroacetic acid, the amine is rapidly
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Table I. Analysis of Spectrum lc

Chemical
shift, Assign- Coupling
) Integration Multiplicity ments constants

3.37 1H dd Hsg JHg Hsexo = 8 Hz
JHeH, = b Hz
JHGyHSendo <1 HZ
JueH, €1 Hz
JHsmHsb =10 Hz
Hs, Hy = 0 Hz
HgnHg, = 10 Hz
JHgH, < 1 Hz

3.15 1H dd Haga
3.06 1H d Hay,

2.712 3H
2.36 1H m Hy

73
Q
e

&

JH2:H3exo = 11 HZ
JH,He, = O Hz
HoHg € 1 Hz
JHQ,H] =45Hz
JH,H, € 1 Hz
JH H; = 5 Hz
JH H, > 4.5 Hz
Ju H, ~ 4 Hz

2.13 1H m H;

1.36-2.02 3H m

Table I1. Analysis of Spectrum 2

Chemical Inte-
shift, gra- Multi- Assign- Coupling
) tion  plicity ments constants

2.89 1H dd Hmy, JHpHy,, = 9 Hz

H7p,Hy = 3.5 Hz
2.62 1H dd Hs JH; Higeno = 0 Hz
JH5,H4 = 5 HZ
2.30 3H s CH;
2.96 1H d Hza  JH,H,=9Hz
JH7ayH3exo = 2 HZ
2.06 1H m H, JH,H; =5 Hz
1.84 1H m H: JHyHyp, = 3.5 Hz
1.32-1.80 8H m
1.17 1H dd  Higexo JHigerots =0

JHlOexo,HIOendo =12Hz
JHIOEXO,HE-J =5 HZ

Table III. Analysis of Spectrum 3

Chemical
shift, Assign- Coupling
1) Integration Multiplicity ments constants
3.35 3H s OCH3
3.27 1H d Hs Jusn, =4.5Hz
2.64 1H dd Hs. JHg, Hep = 9 Hz
JHg 1, = 4.5 Hz
2.56 1H d Hsg JHeH;, = b Hz
2.50 3H s NCH;
2.44 1H d Hgy JHg, Hey = 9 Hz
2.10 1H m 9
1.91-1.60 5H m
1.17 2H m Hgexo
HlOa

and totally protonated,!” whereas in deuteriochloroform, the
protonation—in fact deuteration—is only partial. In the latter
case the phenomenon is due to DCI formed by slow decom-
position of deuteriochloroform.!® The NMR spectra clearly
show that these protonations are clean reactions. Further-
more, it is always possible to recover unchanged tricyclic
amine from the solutions (when trifluoroacetic acid is used an
alkaline treatment is needed). Consequently, molecular
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modifications can be definitely excluded. We report, in Table
I, the detailed analysis of easily reproducible spectrum lc,
resulting from complete protonation at the nitrogen atom.

As can be seen on spectrum 1b, the low-field signals cen-
tered at 2.98 and 2.69 ppm are the typical AB part of an ABX
system, deshielded by nitrogen. These A and B signals are
spread apart in spectrum 1a, but the low-field multiplet results
from the overlap of two signals due to different protons (see
below). The A and B signals start merging together in spec-
trum 1b, to get even closer in spectrum 1c. Similar signals have
been reported in various azapolycyclic compounds such as
octahydroindol derivatives? or decahydroquinolines.1® Fur-
thermore, polycyclic ethers, having structures similar to 6,
exhibit comparable spectra.?° As spectrum 1b easily permits
spin decoupling on each signal of the above mentioned ABX
system, all the decoupling experiments necessary to allow
signal assignments to the various protons have been conducted
on the corresponding solution.

The ABX structure is confirmed by irradiation of the
doublet of doublets centered at 2.98 ppm, which transforms
the doublet at 2.69 ppm into a singlet, and sharpens the signal
at 2.23 ppm. However, a small perturbation is also observed
around 1.6 ppm, and is very likely due to partial irradiation
of the signal at 3.1 ppm (assigned to Hg, see below) which is
quite near the irradiated signal. The only protons which can
correspond to signals having these fine structure and chemical
shifts, in molecule 6, are protons Hg, and Hgy, (AB) and Hj (X).
Molecular models clearly show the 90° dihedral angle between
CsHsgp, and CoHy, which results in a practically zero value for
the corresponding coupling constant. Therefore, the signal
at 2.69 ppm can be assigned to Hgp,. According to these ex-
periments, the signal at 3.10 ppm, which is strongly de-
shielded, can only be due to proton Hg, expected to exhibit a
long-range coupling with Hy. Indeed, the irradiation of the
signal centered at 3.10 ppm (Hg) does not perturb the signal
at 2.69 ppm assigned to Hgy,; but the signals at 2.23 (Hy) and
1.98 ppm are sharpened, whereas a modification is observed
in the 1.6-ppm region. Consequently the signal at 1.98 ppm
is assigned to proton H;. Even so, the signals centered at 2.23
and 1.98 ppm are pretty close; one observes that irradiation
of Hy (at 2.23 ppm) modifies the fine structure of the signal
at 1.98 ppm due to H;. Accordingly, the proton which gives
a signal around 1.6 ppm can only be due to exo Hs (endo H;
and Hg form a dihedral angle of about 90°).

The irradiation of Hy (2.23 ppm) also transforms the dou-
blet of doublets at 2.98 ppm (Hg,) into a simple doublet and
sharpens the signal centered at 3.10 ppm (Hg), showing the
existence of a small long-range coupling. The spectrum
analysis and the spin decoupling experiments are self-con-
sistent and in perfect agreement with the structure of com-
pound 6.

Compound 7 (Spectrum 2, Figure 1, Table IT). With the
exception of the high-field doublet of doublets centered at 1.17
ppm, the general aspect of this spectrum is somewhat similar
to the one of spectrum 1c; in particular, there are three low-
field signals at 2.26, 2.62, and 2.89 ppm which are very likely
to be due to the three protons next to the nitrogen atom (H,,
Hry, and Hy). However, their fine structure is quite different
from the one observed in spectrum 1c but similar to the one
reported for the twisted ether 202! (Scheme IV). The two
peaks at 1.84 and 2.06 ppm are more delicate to assign on the
basis of the chemical shifts; by analogy with spectrum 1c, they
could be due to H; and H; but, because of the twisted struc-
ture, proton Hy (see model) (which is now pretty close to ni-
trogen) could also appear in this area. All these observations
clearly show that decoupling experiments are absolutely
necessary to make unequivocal signal assignments. .

The first decoupling experiments are meant to identify the
ABX system due to protons Hry, Hr,, and Hy (which appear
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respectively at 2.89, 2.26, and 1.84 ppm). Irradiation of the
signal centered at 2.89 ppm transforms the doublet of doublets
at 2.26 ppm into a doublet (with a small coupling constant),
and perturbs the signal centered at 1.84 ppm; this irradiation
does not affect the signals at 2.62 and 2.06 ppm. Therefore,
neither of these two latter signals corresponds to protons Hj.
At this point, we would like to emphasize that, if the assign-
ment of the signal at 2.06 ppm had been made by analogy with
spectrum 1c, it should have been related with proton Hy. The
above mentioned decoupling experiments show that this is
definitely not correct. In fact, this signal corresponds to proton
H4 (see below).

According to the above mentioned decoupling experiments,
proton Hy is most likely to appear at 1.84 ppm. Irradiation of
the signal at 1.84 ppm (Hj) leads to the collapse of the signal
at 2.89 ppm into a simple doublet, but does practically not
perturb the signal at 2.26 ppm. As the Dreiding models clearly
show that the CoHo—C-;H7, dihedral angle is very close to 90°,
the signal at 2.26 ppm must be assigned to H7,. The doublet
of doublet at 2.89 ppm can therefore only be due to Hy,. A
small long-range coupling (probably with exo Hj) is at the
origin of the fine structure of the signal of H7, at 2.26 ppm.

The remaining low-field signal at 2.62 ppm can now only
be assigned to proton Hs. Indeed, when it is irradiated, the
only modifications observed are as follows: the signal at 2.06
ppm collapses into a wide triplet, whereas the doublet of
doublets at 1.17 ppm is transformed into a doublet. As the
CsHs-C19H 10 endo dihedral angle is practically equal to 90°,
the doublet of doublets at 1.17 ppm can only be assigned to
proton exo Hg coupled with endo Hj and Hs. Consequently
the multiplet at 2.06 ppm must be due to Hy. This is confirmed
by irradiation at 2.06 ppm (H,) which leads to the collapse of
the Hjs triplet (at 2.62 ppm) into a doublet. It was not possible
to locate precisely the other vicinal protons (Hs and Hg) which
appear between 1.3 and 1.8 ppm.

It can be seen from the above discussion that, in order to
effect unambiguous proton-signal correlations, it was abso-
lutely necessary to carry out detailed analysis and spin de-
coupling experiments on samples of known structure. This
clearly shows that it was not possible to determine the struc-
ture of an unknown compound (such as 2) on the sole basis of
its NMR spectrum, without any reference spectra. These are
needed because similar signals in the spectrum of compounds
6 and 7 correspond to different protons. For instance, the
chemical shift of the Hy proton of each tricyclic amine are
quite different (2.12 ppm in spectrum la and 1.84 ppm in
spectrum 2; the signal which appears at 2.06 ppm in spectrum
2 is due to proton Hy).

Having these analyses in hand, it is now possible to compare
the spectrum of compound 2 to those of 6 and 7, and thus to
deduce the structure of methoxy amine 2.

Compound 2 (Spectrum 3, Figure 1, Table III). Spec-
trum 3 of compound 2 (Table III) is much more similar to
spectrum 1b of tricyclic amine 6 than to spectrum 2 of 2-aza-
twistane 7. In spectrum 3, the AB part of the ABX system,
assigned to Hg, (at 2.64 ppm) and to Hgy, (at 2.44 ppm), ex-
hibits the same fine structure as in spectrum 1b, and is clearly
different from the corresponding signals of H, and Hy, in
spectrum 2 of compound 7. As these features seem to be
characteristic of the azahomobrendane structure, we therefore
assigned—and confirmed by decoupling experiments (see
below)—this type of skeleton to compound 2. Furthermore,
on the basis of chemical arguments, the methoxy group was
expected to be exo.13 Consequently proton Hg should appear
as a doublet (90° dihedral angle between CsH; and CsHg)
which must be the one at 2.56 ppm. The signal at 3.27 ppm can
only be due to proton H; deshielded by the methoxy group.

Irradiation experiments completely agree with these signal
assignments (presented in Table III). As in tricyclic amine 6,
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irradiation of the signal at 2.44 ppm (Hgp) transforms the
doublet of doublets at 2.64 ppm (Hg,) into a simple doublet.
Irradiation at 2.10 ppm (H) transforms this same signal (Hg,)
into another doublet. Finally, irradiation at 1.84 ppm (H; and
H,) leads to collapse of the doublets centered at 2.56 (Hg) and
3.27 ppm (H;) into singlets, and also perturbs the signals
centered at 2.10 ppm.

Mass Spectrometry. The mass spectrometry fragmenta-
tions observed for compounds 2, 6, and 7 are not in disagree-
ment with the proposed structures. In particular, the spectra
of compounds 2 and 6 exhibit a fragment at m/e 82 (respec-
tively 26 and 44%), which possibly corresponds to an ion of
type 21. This kind of ion has been observed for similar com-

-
e

CHg

2
pounds.22-24 Interestingly enough, this type of ion does not
exist in the spectrum of 7. Although not a proof of structure
by itself, this is a supplementary clue for the determination
of the twisted—or nontwisted—structure of this type of cage
compound.

Experimental Section

Infrared spectral data were obtained from a Perkin-Elmer 257
spectrophotometer. Routine nuclear magnetic resonance spectra were
obtained from a Varian XL 100 WG spectrometer, and 250-MHz
spectra were obtained from a Cameca spectrometer. Mass spectra
were obtained from a Varian MAT CH 5 and from a Varian MAT 111
spectrometer. All melting points and boiling points are uncorrect-
ed.

Lactone 9. This lactone has been prepared by the method described
by Wagner and co-workers.25

Amido Alcohol 10. Lactone 9 (5 g, 33 mmol) is dissolved in a 30%
methanol-methylamine solution and kept for 2 days at normal tem-
perature in a stoppered flask. The solvent is distilled under reduced
pressure, to give crude amido alcohol 10. This is recrystallized in cy-
clohexane to yield 5.5 g of product (90%): mp 125-130 °C; M* m/e 183;
IR (CHCl;) 3460, 3300, 2940, and 1650 cm™1; NMR (CDCly) § 1.1-2.65
(m, 11 H), 2.8 (d, 3 H), 3.8 (m, 1 H), 5.59 (d, 1 H), and 6.52 (m, 1
H).

A solution of this compound (4.5 g, 24 mmol) in 40 mL of
CH3COOH is treated with stirring by slow addition of a solution of
2.8 g of CrQ3 in 36 mL of CH30H/H0 (90%). After 4 h at room tem-
perature the solvents are distilled under vacuum and one adds 40 mL.
of water. The aqueous solution is continuously extracted with CHCl3
for 24 h. The organic phases are washed successively with a 10%
aqueous NaHCOj; solution, then with brine, and dried over magne-
sium sulfate. Stripping the solvent gives 4 g of crude product, purified
by chromatography on an alumina column (pentane-methylene
chloride). One gets 2.6 g (14 mmol) of lactam 10 (58%): mp 60-65 °C;
M* m/e 181; IR (CHCl3) 1675 cm~1; NMR 6 1.2-3 (m, 14 H) (with a
singlet at 2.7), 5.2 (s, 1 H).

Tosylate 11. p-Toluenesulfonyl chloride (1 g) is added in small
portions to a 500-mg solution of 10 in 3 mL of pyridine cooled in an
ice bath. After 24 h at room temperature, pyridine is stripped under
reduced pressure. Water (10 mL) is added and extracted with three
portions of 10 mL of chloroform. The organic phase is washed with
a 10% solution of sodium bicarbonate, then with brine, and dried over
magnesjum sulfate. Evaporation of the solvent gives 500 mg of tosylate
11 (30%): NMR (CCly) é 7-8 (m, 4 H), 1.1-3.56 (m, 17 H) with two
singlets at 2.28 and 2.4.

Amine 6. This tosylate is directly reduced by action of 200 mg of
lithium aluminum hydride in 30 mL of dry tetrahydrofuran (15 h
reflux). After normal workup one gets 80 mg of amine 6, which proves
to be identical in all points with the compound obtained by photo-
cyclization of 5 (see below) (yield 50%): M* m/e 151; picrate mp
264-265 °C; NMR, see the 250-MHz NMR spectra previously de-
scribed.

Keto Ester 13. This keto ester was prepared following the method
described by Lee.26

Amine 14. A suspension of PtO; (200 mg) in 15 mL of methanol is
placed under hydrogen for 0.5 h. Keto ester 13 (3.64 g) and 3.45 mL.
of a 30% methanol solution of methylamine are added. The solution
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is kept under hydrogen with efficient stirring, until absorption of the
stoichiometric quantity of hydrogen. The catalyst is then filtered and
the solvent stripped under reduced pressure. One gets 3.4 g of amine
14 (87%): IR (CCly) 3340 cm™!; NMR (CDCly) 4 3.34 (s, 3 H), 2.30 (m,
2 H), 2.19 (s, 3 H), 2.19-1.0 (m, 11 H).

Amide 15. Amino ester 14 (5.3 g) placed in a small distillation ap-
paratus is heated by means of a metallic bath to 250-270 °C for 1.5
h. Methanol slowly distills. The residue is taken off with chloroform
and passed through a 30-g column of silica gel (chloroform elution).
The solvent is stripped to yield 2.89 g of practically pure lactam 15
(65%). This can be purified further by preparative GC on a 3% SE-30,
3-m column at 140 °C: IR (CHCly) 1680 ecm~1; NMR (CCly) 6 3.40 (m,
1H),2.75 (s, 3 H), 2.48 (m, 1 H), and 2.25-1.10 (m, 11 H). This spec-
trum proves to be identical with the one kindly supplied by Professor
Tichy.??

N-Methyl 2-azatwistane. Lactam 15 (2.89 g) is reduced by reac-
tion with 1.3 g of lithium aluminum hydride in 50 mL of refluxing dry
ether for 15 h. After normal workup and distillation (68 °C, 5 mm),
one gets 2.15 g of N-methyl-2-azatwistane 7 (78%): picrate mp 245-258
°C dec; NMR (CCly) 6 2.9-0.9 (m, 14 H), 2.19 (s, 3 H); high-resolution
mass spectrum M* 151.1358 (caled for C;0H 7N, 151.1360).

N-Chloroamines. The N-chloroamines have been obtained by
following the usual procedure as follows. The amine is placed in about
ten times its volume of methylene chloride, and this solution is vig-
orously stirred in the dark with an excess of 1-1.5 M commercial
bleach for 1.5 h and then extracted with three portions of methylene
chloride. The organic phases are washed with brine, then water, and
dried over magnesium sulfate. The solvent is stripped under vacuum
without heating, in the dark. The yield of N-chloroamine is practically
quantitative and its purity, which can be checked by iodometry, is
around 95-98%.

Solvolysis of 1in the Presence of Silver Oxide. Chloroamine 1
(3 g) is dissolved in 100 mL of dry methanol. The flask is flushed with
nitrogen and 3 g of silver oxide is added. The mixture is heated to
boiling under vigorous stirring for 3 h.

After cooling, the solution is passed through a short Florisil column.
The solvent of the filtrate is then stripped to yield 2.3 g of 2 (75-77%):
bp 49-51 °C (0.7 mm); high-resolution mass spectrum M™* found
181.146755 (caled, 181.146156); picrate mp 175-176 °C; IR (CHCly)
1098 cm~!; NMR, see description of the 250-MHz spectrum.

5-Carbomethoxybicyclo[2.2.2]octene (17). Freshly distilled
methyl acrylate (10 g) is placed in a sealed tube together with 13.5 g
of 1,3-cyclohexadiene and 100 mg of hydroquinone. The solution is
heated at 90 °C for 36 h. The product is distilled under vacuum to give
16.3 g of adduct 17 {70%): bp 90-94 °C (10 mm); IR 3040, 2940, 1680,
and 600 cm~!; NMR (CCly) 6 5.9-6.4 (m, 2 H), 3.55 (s, 3 H), 2.34-3 (m,
3H), 1-1.9 (m, 6 H).

Carboxamide 18. This ester (10 g) is dissolved in 100 mL of a 30%
methylamine solution in methanol and placed in a stoppered flask.
After 5 days, the solvent is stripped and the residue is recrystallized
in cyclohexane to give 7.9 g of 18 (80%): mp 140 °C; IR (CHCls) 3460,
2940, and 1650 em~1; NMR (CDCl3) § 6.1-6.58 (m, 2 H), 5.65 (s, 1 H),
2.75 (d, 3 H), and 1-3 (m, 9 H).

Amine 19. This amine is obtained by usual reduction of 18 by
means of lithium aluminum hydride in boiling tetrahydrofuran. After
normal workup and distillation under vacuum (58-61 °C 2 mm) one
gets amine 19 (70% yield): IR (CCly) 3640, 3350, 3040, 2940, 2860, and
695 cm™1; NMR (CCly) § 6.25 (m, 2 H), 2.70-0.67 (m, 15 H), with two
singlets at 2.55 and 2.49.

Amine 8. This amine can be obtained by direct hydrogenation of
19 in ethanol over PtO; (yield 27%): IR (CCly) 2820, 2860, 2790, and
1460 cm~1; NMR (CCly) 6 0.95 (s, 1 H), 1-1.98 (m, 14 H) (singlet at
1.5), and 2.3-2.6 (m, 5 H) (singlet at 2.38).

Cyclization of 8 by Hofmann-Loeffler-Freytag Reaction.
Amine 8 (700 mg) is transformed, following the standard procedure,
into the chloroamine 5. This chloroamine is added dropwise to 10 mL
of trifluoroacetic acid contained in a quartz tube, which is cooled in
an ice water bath. The solution is carefully flushed with nitrogen (0.5
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h) and irradiated with a 150-W mercury high-pressure Hanovia lamp.
After disappearance of the N-chloroamine (iodometric test) (2 h), the
acid is distilled under reduced pressure and the residue, dissolved in
10 mL of methanol, treated with potassium carbonate until the so-
lution is alkaline (pH 9-10).

The methanol is stripped off under reduced pressure and the res-
idue taken up with a minimum of water. This aqueous phase is ex-
tracted with ether, and the ether layer is washed with brine and dried
over magnesium sulfate. After filtration and stripping off the solvent,
one gets 500 mg of amine 6 (70%). This amine can be purified by gas
chromatography (PEG 4000, OH-, 1.5 m, 150 °C): mp picrate 264-265
°C; IR (CCly) 2930, 2860, 1450, and 1340 cm~!; NMR, see 250-MHz
spectrum previously described; high-resolution mass spectrum M*
found 151.1369 (calcd, 151.1360).

Registry No.—1, 55751-48-9; 2, 55751-50-3; 2 picrate, 62520-73-4;
5, 62460-66-6; 6, 62460-67-7; 6 picrate, 62460-68-8; 7, 59238-80-1; 8,
62460-69-9; 9, 6715-18-0; 10 alcohol, 62460-70-2; 10 lactam, 62460-
71-3; 11, 62460-72-4; 13, 49826-55-3; 14, 62504-20-5; 15, 59238-79-8;
17, 25578-17-0; 18, 62460-73-5; 19, 62460-74-6; methylacrylate, 96-
33-3; 1,3-cyclohexadiene, 592-57-4.

References and Notes

(1) M. Nakasaki, K. Naemura, and Y. Kondo, J. Org. Chem., 41, 1229
(1976).

(2) H. G. Caprard and C. Ganter, Helv. Chim. Acta, 59, 97 (1976).

(3) P. Deslongchamps, L. Ruest, and S. Dube, Can. J. Chem., 53, 3613
(1975).

(4) R. Tadayoni, J. Lacrampe, A. Heumann, R. Furstoss, and B. Waegell, Tet-
rahedron Lett., 735 (1975).

(5) R. W. Lockhart, K. Hanaya, F. W. B. Einstein, and Y. L. Chow, J. Chem. Soc.,
Chem. Commun., 344 (1975).

(6) M. E. Wolff, Chemn. Ber., 83, 55 (1963).

(7) S. Wawzonek and T. P. Culbertson, J. Am. Chem. Soc., 81, 3367
(1959).

(8) E. J. Corey and W. R. Hertler, J. Am. Chem. Soc., 82, 1657 (1960).

(9) R. M. Dupeyre and A. Rassat, Tetrahedron Lett., 2699 (1973).

(10) J. Fournier and B. Waegell, Bull. Soc. Chim. Fr., 436 (1973).

(11) R. M. Moriarty and T. Adams, J. Am. Chem. Soc., 95, 4070 (1973).

(12) R. Furstoss and B. Waegell, Tetrahedron Lett., 365 (1976).

(13) R1.9Furstoss, R. Tadayoni, and B. Waegell, Nouv. J. Chim., 1, 167
(1977).

(14) Y. L. Chow, private communication. We have been in correspondence with
Professor Y. L. Chow, Simon Fraser University, Burnaby, British Columbia,

, on structure determinations of such compounds (letters from March
10, 1975 to June 3, 1975) and Professor Y. L. Chow has recently confirmed
(EUCHEM Conference on Nitrogen and Oxygen Intermediates in Organic
Synthesis, St-Raphael, France, Sept 1975, and letter of Oct 6, 1976 re-
ferring to the Ph.D. Thesis of R. W. Lockhart, Simon Fraser University) by
x-ray crystallography the nontwisted structure we had originally correctly
assigned.

(15) M. Mokotoff and R. F. Sprecher, Tetrahedron, 30, 2623 (1974).

(16) M. Mokotoff, J. Heterocycl. Chem., 10, 1063 (1973).

(17) L. M. Jackman and S. Sternhell, ‘‘Applications of Nuclear Magnetic Res-
onance Spectroscopy in Organic Chemistry”’, Pergamon Press, Oxford,
1969, p 180.

(18) J. A. Riddick and W. B. Bunger, ‘‘Organic Solvents’, Wiley-Interscience,
1970. New York, N.Y., 1970, p 771.

(19} :.97Bg)oth and A. H. Bostock, J. Chem. Soc., Perkin Trans. 2, 615

(20) K. C. Ramey, D. C. Lini, R. M. Moriarty, H. Gopal, and H. G. Welsh, J. Am.
Chem. Soc., 88, 2401 (1967).

(21) P. J. Kropp and H. J. Krauss, J. Am. Chem. Soc., 91, 7466 (1969).

(22) C.R. Johnson and W. D. Kinsburry, J. Org. Chem., 38, 1803 (1973).

(23) R. Furstoss, A. Heumann, B. Waegell, and J. Gore, Org. Mass. Spectrom.,
8, 1207 (1972).

(24) O. E. Edwards, G. Bernath, J. Dixon, J. M. Paton, and D. Vocelle, Can. J.
Chem., 51, 2123 (1974).

(25) A.F.Wagner, P. E. Wittreich, B. H. Arison, and L. H. Sarett, J. Org. Chem.,
386, 2609 (1971),

(26) R. A. Lee, Tetrahedron Lett., 3333 (1873).

(27) M. Tichy, E. Duskova, and K. Blaha, Tetrahedron Lett., 237 (1974).

(28) We prefer the term '*homobrendane’’, which clearly shows the analogy
with the brendane derivatives, rather than the term isotwistane, which is
misleading.



