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Abstract—As a potential route to 9-functionalized-2-azabicyclo[3.3.1Jnonanes we have investigated
the silver nitrate catalyzed solvolysis of N-chloro-N-methyl-2-cyclohexene-1-ethanamine (d4a) in
methanol. By this route we obtained 1-methyl-7(a)-methoxy-cis-octahydroindole (Sa), 1-methyl-7-
chloro-cis-octahydroindole (6a), 2-methyl-9-methoxy-2-azabicyclo[3.3.1]nonane (7a), and 1-methyl-
7(a)-nitrato-cis-octahydroindole (8a) in the approximate ratio of 75:1:3:23, respectively. The struc-
ture proofs of $a and 8a were accomplished by chemical interrelating the two and by double resonance
NMR spectroscopy, while the structures of 6a and 7a were assigned by mass spectroscopy. Approp-
riate deuterium studies substantiated the mass spectral fragmentation pathways. Mechanistically we

favor the formation of the products by invoking the intermediacy of a nitrenium ion.

We have been interested in potential synthetic
routes to 9-functionalized azabicyclo[3.3.1}nonanes
for some time, especially since the literature® re-
ports only one rather long approach to this system.
However, the recent reports of Gassman et al.* con-
cerning their solvolytic #-route to azabicyclics
seemed attractive to adapt to our needs. Whereas in
principle their'* solvolysis of a cyclopentene
chloroamine could have led to cyclization at either
end of the double bond, it was found that only 1,3-
cyclization occured. It was therefore felt that
perhaps under similar. conditions, the solvolysis of
a properly positioned cyclohexene chloramine
would, via a nitrenium ion intermediate, lead to
1,3-cyclization and thus to the desired 2-methyl-9-
methoxy-2-azabicyclo[3.3.1]Jnonane (7a). It is the
results of this solvolysis which we now wish to
report in detail.

MeO,

RESULTS AND DISCUSSION

trans-1,2-Dibromocyclohexane was readily con-
verted® to the known 2-cyclohexene-1-acetic acid
1) in a 60% overall yield. Conversion of 1 to its acid
chloride followed by treatment with methylamine
gave the corresponding amide 2. Reduction of 2
with LAH afforded the amine 3a, which was then
converted to the chloramine 4a with sodium hypo-
chlorite. Heating 4a in a solution of methanol and
silver nitrate gave a brown oil, which on gas
chromatographic (GC) analysis indicated the pres-
ence of 2 major and 3 minor components. This mix-
ture has been identified (in the order in which they
exited from the GC) as recovered starting amine 3a,
methoxy compound 5a, chloro compound 6a, azabi-
cyclo compound 7a, and nitrate 8a in the approxi-
mate ratio (GC peak measurement) 1:75:1:3:23,
respectively. The remainder of this text will be con-
cerned with the evidence for these assignments.

Combination GC-mass spectrometry of the mix-
ture gave the molecular weights of 3a, S5a, 6a, and 7a
and an apparent molecular weight of 154 for 8a. The
latter result will later be shown to be that of a
fragment ion. The fragmentation pattern of the first
minor component was identical to that of starting
amine 3a. Since there was no attempt to establish
100% conversion of 3a to 4a, the origin of 3a in the
mixture is possibly® due to incomplete conversion
to 4a. Careful chromatography of the mixture on
basic alumina afforded two major components Sa
and 8a, which were further purified through their
hydrobromide and picrate salts, respectively. The
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minor azabicyclo compound 7a was obtained by
preparative GC and purified by way of its picrate
salt.

The mass spectrum of 5a and 7a gave the same
molecular ion, but the fragmentation patterns were
quite dissimilar. If cyclization of 4a occurred at
both ends of the double bond, one would expect to
obtain both Sa and 7a. The NMR spectrum of the
major component 5a did little more than establish
the presence of N-Me and O-Me groups. In order to
ascertain whether the major component was the
structure depicted as 5a or 7a, we set out to synth-
esize a 1-methyl-7-methoxyoctahydroindole by an
unequivocal route. This was accomplished by
catalytic hydrogenation of 1-methyl-7-
methoxyindole and the reduction product iden-
tified’ as the cis isomer with the OMe equatorial (9).
The mass spectral fragmentation of 9 was identical
to that of 5a, but all other physical data (IR, NMR,
TLC) were different. This suggested that Sa and 9
had the same basic ring skeleton but were isomeric
with each other. Thus, the major product 5a is the
result of 1,2-cyclization and is contrary to the 1,3-
cyclization which Gassman et al.** observed on sol-
volysis of their cyclopentene chloramine.

Initially we attempted to establish the
stereochemistry of Sa by conversion (via hydriodic
acid cleavage of the OMe group) to its correspond-
ing alcohol 10a and relating it to the alcohol 11
(obtained from 9), whose stereochemical structure
has been elucidated.” Thus 10 was oxidized with
Jones reagent to the corresponding ketone 12 (not
isolated as it was unstable) and immediately re-
duced with sodium borohydride. The reduction pro-
duct was homogeneous on TL.C and GC, and identi-
cal in the IR with alcohol 11. Evidently sodium
borohydride reduction favors the equatorial pro-
duct, wherein there is a strong OH-N interaction.”

*Isobutane was used as the reactant gas.
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MeOH, ASNO,

If one assumes that during oxidation of 10a and
subsequent reduction there is no isomerization at
C-7a, then a plausible structure for the alcohol 10a,
and thus methoxy 5a, is as depicted, that is OH and
nitrogen trans-diaxial and therefore the ring junc-
ture must be cis-fused. An interesting observation
was the anomalous low field position (54-20) for the
C-7 axial proton in the alcohol 11 compared to
53:78 for the equatorial C-7 proton in 10a. This
does not follow the usual trend,’ i.c., axial protons
resonate at higher field than the corresponding equ-
atorial protons. This reversal of the normal course
of relative chemical shifts most likely occurs be-
cause of two factors, (a) deshielding of axial hyd-
rogens by various electronegative groups in a 1,2-
diaxial relationship,” as in 11 and (b) by the shield-
ing of equatorial hydrogens by various electronega-
tive groups in a 1,2-cis-relationship,” as in 10a.
We have been able to confirm the stereochemis-
try of 10a (and thus 5a) by chemically interrelating
it with the other major component 8a and also by
high resolution NMR spectroscopy of 8b. Chemical
ionization mass spectrometry* of 8a-picrate gave
the molecular weight of the free amine as 200, and
combined with the observation of stong absorption
in the IR at 6-15, 7-81 and 11-43 1 confirmed the
presence of a nitrate group.” The low resolution
mass spectrum of 8a shows the highest ion as the
fragment at m/e 154 due to loss of NO; from the
molecular ion, and thereafter the fragmentation
pattern is identical to that of Sa. This suggested that
8a differed from 5a in the functional group attached
at C-7. Catalytic hydrogenation' of 8a afforded a
single alcohol, the free amine and picrate of which
was identical in the IR with 10a obtained by hyd-
riodic acid cleavage of OMe 5a. Thus, 5a and 8a are
stereochemically similar and only differ in the
group attached at C-7a. When silver perchlorate
was substituted for silver nitrate in the solvolysis of
4a, only 5a, 6a, and 7a were obtained. Although nit-
rate ion is not considered to be a good nucleophile,”
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it is known" that organic nitrates can be prepared
from the corresponding halides and silver nitrate.
Since Gassman* and co-workers did not report ob-
taining any organic nitrates in their solvolyses, we
were somewhat surprised to find 8a as a major com-
ponent of our mixture.

The NMR spectrum of the deuterated (see dis-
cussion below) free amine 8b (Fig 1) shows H, to be
in the equatorial position by reason of the absence
of any large couplings. The resonance appears at
8514 as a doublet of triplets, with a doublet spac-
ing of 4-9 Hz and a triplet spacing of 3-7 Hz, both of
which are consistent with gauche couplings. The
resonance due to H,, was located at §2-41 by low

ONO, H3°

1
3514

Fig 1. (a) Upper trace: C-7 proton of 8b in CDCl, at
250 MHz. (b) Lower trace: double resonance experiment
on 8b; C-7 proton after irradiation at §2-41.

11

power tickling experiments and then strongly ir-
radiated at that frequency to collapse the H; reso-
nance to a doublet of doublets. Thus J,,, was found
to be 3-7Hz.

The NMR spectrum of the picrate of 8b (Fig 2)
shows H; to be in the axial position by the presence
of large couplings in the resonance due to that pro-
ton. The resonance appears at §5-60 as a doublet of
triplets with a doublet spacing of 4:4 Hz and a
triplet spacing of 8-9 Hz. The large triplet spacing is
consistent with two trans couplings and the small
doublet spacing with one gauche coupling. The re-
sonance due to H,, was located by double reso-
nance at §3-84 and strongly irradiated at that fre-
quency to collapse the H, resonance to a doublet of
doublets. The value thus found for J,,, was 8-9 Hz.
Similarly, irradiation at §5-60 allowed the upfield
apparent triplet to collapse to a doublet, thus giving
the value for J,, 3, as 70 Hz. This latter, rather large,
coupling for an axial-equatorial interaction suggests
that the six-membered ring is forced into a half-
chair conformation.

In each case, strong irradiation at the H, reso-
nance produced strong effects in three well sepa-
rated regions of the rest of the spectrum, thus ver-
ifying that the spectra were first order. It seems
clear that the free amine 8b is in a conformation in
which the substituent at C-7 and the C-N bond at
C-7a are both axial, thus requiring a cis ring fusion.
The picrate, then, must have the same ring fusion
but with the aforementioned groups in equatorial
positions. Such a conformational change as we see
here would not be possible if the ring fusions were
trans.

One further observation made with the octa-
hydroindole structures deserves discussion. The
NMR spectra of 5a, 8a and 10a all show complex
one-proton multiplets at about §3-2. In the case of
8a and 10a, double resonance experiments have
shown that irradiation in the vicinity of the C-7 pro-
ton does not decouple the resonance at 8§3-2 and
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Fig 2. .(a) Upper traces: left, C-7 proton and right, C-7a proton of 8b-picrate in CDC, at 250 MHz. (b)
Lower traces: corresponding double resonance experiments, C-7 proton while irradiating at 53-84 and
C-7a proton while irradiating at §5-60.

thus is not the C-7a proton. We instead interpret
this to be one of the C-2 protons, as this downfield
location has been observed in the NMR spectra of
several alkaloids" which have the octahydroindole
nucleus. Indeed, other workers” have reported
similar findings in the decahydroquinoline series.
Definitive proof of this assignment was obtained by
replacing the C-2 hydrogens with deuterium. This
was accomplished by carrying out the reduction of
2 with lithium aluminium deuteride to give 3b, fol-
lowed by N-chlorination to 4b and then solvolysis,
the results being identical to that described previ-

ously. The NMR spectrum of 5b, 8b, and 10b con-
firmed our assignment as they all showed the ab-
sence of complex one-proton resonance at about
532 (see for example Fig 3). We feel that this
anomalous position for one of the C-2 protons in
octahydroindole derivatives should be recognized
as it may lead other workers™® to possible errone-
ous conformational assignments if this is instead
assigned as the C-7a proton.

Mechanistically, the trans configuration of the
functional groups in the major compounds § and 8
is readily rationalized, in terms of a nitrenium* inter-
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(a) Upper trace: partial NMR spectrum (60 MHz) of 8a in CDCl,. (b) Lower trace: partial NMR

spectrum (60 MHz) of 8b in CDCI, showing disappearance of a one proton resonance at about §3-2.



Azabicyclo chemistry—V

mediate rather than by a radical chain mechanism."”
By the latter mechanism one would expect to ob-
tain a much larger proportion” of amine 3 and
chloro 6 than was observed. Furthermore one
would not expect to obtain the trans configuration
in both major compounds but more likely as the cis
arrangement, as in 9.

Mass spectral data

The structural assignments for the minor compo-
nents 6 and 7 are based on mass spectral evidence.
The absence of a significant peak at m/e 82 in 7a,
an ion generally found in the spectra of azabicyclic
compounds containing an N-methylpyrrolidine
ring, " suggested that 7 was not a stereoisomer of §
but structurally different. A high resolution mass
spectral analysis of 7a was entirely interpretable as
the structure previously shown. Further confirma-
tion of the fragment ions was obtained by
deuterium labeling, that is, by repeating the sol-
volysis of 4a in methanol-d,, thus affording 13 and
14, mje 172.

The base peak in the spectrum of 7a was the di-
hydropyridinium ion b, m/e 126-093 (calc 126-092)
formed from the ion a by transfer to an allylic hyd-
rogen to the radical site and concerted cleavage of

:
N N
; H | |
OCD; Me Me
13 14

* A referee has suggested an alternative pathway for the
loss of methy! radical from 7a, in analogy with the path-
way Sa—i.

~Me
= (S
CH=N
M

3 N\
CH,
7a

€

mle 154

7a: mje 169-147
(rel. intensity 71%)
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the side chain' (path 1). A metastable ion at m/e
93-9 was observed for this transformation. Alterna-
tively, loss of OMe and cleavage of the side chain
would, by path 2, afford the ion ¢, m/e 96-082 (calc
96-081). Although the loss of formaldehyde from b
couid aiso give ¢, this route has been ruied out by
the lack of a suitable ion at m/e 97 in the spectrum
of 14.

The second most intense ion occurred at m/e
154-122 (calc 154-123) and could be visualized as
arising from a by the loss of a Me radical and hyd-
rogen transfer to the radical site to give the stable
pyridone d,* which was accompanied by an approp-
riate metastable peak at m/e 140-3. The loss of this
Me radical is from oxygen and not nitrogen as
shown by the absence of a significant ion at m/e
157 in the spectrum of 14.

Me Me
a d: mle 154 (97%)

A relatively minor ion was that due to the loss of
OMe from the molecular ion to give the nitrenium
ion e, m/e 138:127 (calc 138-128), which was con-
firmed by the observation of an identical peak due
to the loss of OCD; in the spectrum of 14. In effect,
this pathway is simply the reverse of the ring clos-
ure of 4a with MeOH, which presumably proceeds
through a nitrenium ion intermediate.

- J]
~
\,T-* :N.
Me }1{e
7a e: mje 138 (19%)

0
X
N

+

path 1 Me

b: m/e 126 (base peak)
129 (OCDs)

Me
c: mje 96 (32%)
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The last important ion to be discussed for 7a is
that of £, m/e 100-076 (calc 100-076). We envisage
this ion as occurring from a by a retro
Diels-Alder.” This spectrum of 14 shows this ion at
m/e 103, while 7b shows this peak at m/e 102.

MeO MeO H
/RN
N — | y ?CHz
a t: mje 100 (42%)
102 (D2)
103 (OCDs)

The question of the stereochemical assignment
of the OMe in 7a is still unanswered, however, on
purely mechanistic grounds,* we assign it the anti
configuration, that is, trans to the nitrogen. We are
presently trying to substantiate this assignment
through an X-ray analysis* of 7b-picrate.

We were not able to isolate a pure sample of
chloro 6a but its mass spectrum showed parent ions
at m/e 173 and 175. After losing chlorine it shows
significant ions at m/e 138, 110, 96, 83 and 82, the
same pattern as Sa. We feel that these fragments
can be rationalized in the same manner as for Sa

*Initial photographs indicate that 7b-picrate crystallizes
in space group P1. The completed results of the crystal
study will be published elsewhere.

—
' T-'
OMe Me
Sa: m/e 169-146
(rel. intensity 21%)
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i: m/e 154 (33%)
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discussed below, and thus assign the chloro com-
pound as the octahydroindole 6a.

The high resolution mass spectrum of 5a has
been fully interpreted as the octahydroindole nuc-
leus and the fragments further confirmed by way of
the deuterated compounds 5b and 13. The most
abundant ion in the spectrum arises by a-cleavage
to g followed by transfer of an allylic hydrogen to
the radical site and concerted rupture of the side
chain” to give ion h m/e 96-082 (calc 96-081). A
metastable ion at m/e 54-5 was observed for this
transformation

The next most intense ion, m/e 154-123 (calc
154-123), was formed directly from the molecular
ion (metastable at m/e 140-3) by the loss of a
methyl radical and a-cleavage to the aldehyde i.
The loss of Me was from oxygen as shown by the
absence of a suitable peak at m/e 157 in the spec-
trum of 13. A McLafferty rearrangement from i
could account for the ion j observed at m /e 110-:096
(calec 110-097).

The ion k at m/e 83-072 (calc. 83:074) may be
considered to have been formed by a concerted,
homolytic fission® of the 6-membered ring and
which upon loss of a hydrogen radical gives 1, m/e
82006 (calc. 82-006). In the spectrum of deuterated
5b, one observes peaks at m/e 85, 84 and 83. This
would indicate that in the process k— 1 the loss of a
hydrogen radical can occur from more than one
position. The fact that m/e 84 in 5b is more intense
than m/e 83 indicates the importance of the struc-
ture 1.

+

|
Me

h: m/e 96 (base peak)

Me

Me
J: m/e 110 (4%)

k: mle 83 (24%)

I: m/e 82 (18%)
84 (D)
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Finally, the loss of OMe from the molecular ion
of 5a followed by opemng of the pyrrohdme nng
woum glVC ll'lc same mlrcmum lUll e, "lle IJO ILO
(calc 138-128), for the same reason as previously

dlscussed fOI' 78-
: : .N:

SN
A |
€ Me Me
Sa e: mle 138 (4%)

EXPERIMENTAL

M.ps were determined on a Fisher-Johns apparatus and
are not corrected. NMR spectra were recorded on a Var-
ian A-60D or the Mellon Institute 250 MHz spectrometer
in CDCl, with TMS as internal standard, and IR spectra
were recorded in CHCI, either on a Beckman IR-8 or
Perkin-Elmer 267 grating spectrometer, unless stated
otherwise. TLC (Analtech, Inc) and preparative TLC
(1-0 mm, Quantum Industries) were carried out with silica
gel GF and the spots located by spraying with a 4% soln of
I, in EtOH. GC analyses were performed on a Varian
Aerograph series 1800 gas chromatograph with a 6 ft X
1/8 in column of 3% OV-1 on Supelcoport 80/100. For pre-
parative GC, a 12 ft X 3/8" column of 3% of OV-1 on ABS
50/60 was used isothermally at 155°. Low resolution mass
spectra were determined on an LKB model 9000 spec-
trometer at 70 eV. The high resolution data were obtained
on a Consolidated Electrodynamics 21-110B spectrome-
ter, while the chemical ionization data were obtained on
an A.E.]. MS-9 spectrometer. The organic layers were
dried with Na,SO, prior to concentration. Microanalyses
were performed by Spang, Microanalytical Laboratory,
Ann Arbor, Michigan and Galbraith Laboratories, Inc.,
Knoxville, Tennessee. The light petroleum used had b.p.
30-60°, unless stated otherwise.

2-Cyclohexene-1-acetic acid (1). trans-1,2-Dibromo-
cyclohexane (25-0g, 103 mmole, Aldrich Chemical) was
converted by known procedures’ to 1 (8-6 g, 60% overall),
obtained as a colorless oil, b.p. 83-95° (0-25 mm), n*D
1-:4799 [lit* b.p. 101:5-104° (1 mm), n**D, 1-4800; b.p.
150-152° (24 mm), n*D 1-4787]; NMR (CCL) §5:3-5-9 (m,
2, vinyl H); 12-13 (s, 1, CO,H).

N-Methyl-2-cyclohexen-1-acetamide (2). A mixture of
(8-83 g, 63 mmol) and SOCI, (15-0g, 126 mmol) was re-
fluxed for 3 h and then distilled to give 9-87 g (98%) of the
colorless oily acid chloride, b.p. 4041° (0-25 mm) n*D
1-4830 [lit* b.p. 5860 (1 mm), n*p 1-4860; b.p. 98°
(25 mm), n>* °p 1-4835). The acid chloride was dissolved in
50 ml anhydrous ether, cooled and added portionwise to a
cold soln (75 ml) of excess MeNH, in ether. The precipi-
tated MeNH,.HC| was removed by filtration, the filtrate
concentrated to dryness and the solid product crystallized
from benzene-light petroleum, giving 7-1g (73%) of 2,
m.p. 54-55°% IR 5-97 u (amide CO); NMR (CCL) 62-70 (d,
3, N-Me); 5-3-5-8 (m, 2, vinyl H); 7-83 (m, 1, NH); mass
spectrum m/e (rel intensity) 153 (26), 95 (17), 81 (50), 73
(100). (Found: C, 70-60; H, 9-78; N, 9-10. Calcd for
GCHisNO: C, 70-55; H, 9-87; N, 9-14%).

N-Methyl-2-cyclohexen-1-ethanamine (3a) and N-
methyl 2-cyclohexen-\-ethanamine-a-d, (3b). An
ethereal soln of LAH (60 ml, 1 M) was placed in a 500 ml
3-neck flask equipped with a reflux condenser and a drop-
ping funnel. The flask was cooled in ice and treated drop-
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wise while stirring, with a soln of 3a (5-0g, 33 mmol) in
ether (120 ml). The soln was then refluxed for 2-5h,
cooled and the excess LAH decomposed by the dropwise
addition of a 10% NaOH aq. The salts were removed by
filtration, washed with ether and the combined organic
layers were concentrated to about 100 mi. The ethereal
soln was extracted 3 times with 5% HCI, the combined
acidic solns basified with 10% NaOH aq and the liberated
amine extracted into CH,Cl,. Evaporation of the solvent
and distillation of the residue gave 3-:2g of pale yeliow
amine 3a, b.p. 78-80° (12 mm); NMR (CCL) §2-37 (appar-
ent s, 3, N-Me), 2-58 (apparent t, 2, CH-N), 5-57 (m, 2,
vinyl H). All of 3a was converted to its HBr salt and
recrystallized from acetone to give 4-2 g (58%) of 3a. HBr,
m.p. 181-183°; mass spectrum m/e (rel intensity) 139 (16),
108 (13), 96 (6), 93 (11), 79 (16), 44 (100, CH, = I:IHMe).
(Found: C, 49-30; H, 8:32; N, 6-45. Calcd for C;H,sNBr:
C, 49-10; H, 8-24; N, 6:36%).

When the above was repeated using LAD (Alfa Inor-
ganics) the corresponding deuterated amine 3b was ob-
tained; NMR 82:42 (apparent s, 3, N-Me), 5-57 (m, 2,
vinyl H); mass spectrum m/e (rel intensity) 141 (14) 110

(14), 79 (15), 46 (100, CDz=I:IHCH,).

1-Methyl-7(a)-methoxy-cis-octahydroindole  (5a), 1-
methyl-7-chloro-cis-octahydroindole (6a), 2-methyl-9-
methoxy-2-azabicyclo(3.3.11nonane (7a), and 1-methyl-
7(a)-nitrato-cis-octahydroindole (8a) and deuterated
counterparts 5b, 6b, Tb and 8b

A soln of 3a-HBr (1-00 g, 4-6 mmol) in water (2-0 ml)
was brought to a pH of 7-8 with 10% NaOH and then
treated, while cooling in ice, with a NaOClaq (15 ml,
Purex Commercial bleach, 6%). The mixture was vigor-
ously stirred for 60 min and then extracted with 3 portions
of ether. The combined ethereal solns were washed once
with cold water, dried and concentrated in vacuo to the
oily chloroamine 4a (0-75 g) whose GC analysis indicated
that only a trace of starting amine 3a was present. An
NMR analysis of 4a showed the N-Me resonance as a
singlet at 82-87 and the two vinyl protons as a multiplet at
8§5-55. The amine 4a was dissolved in 20ml of a
methanolic soln of AgNO, (1-:2 g, 7-0 mmol) and then re-
fluxed for 1h. The resulting dark mixture was filtered,
concentrated to a smaller volume, diluted with water and
made acidic with 10% HCI. The precipitated AgCl was re-
moved by filtration with the aid of Celite, the filtrate
basified with 25% NaOH and the product extracted into
CH,Cl,. The organic layer was washed once with a satd
NaCl aq, dried, and concentrated to a crude brown oil
(0:77g). A TLC examination (10% CH,0H-CHCI, + 1%
NH,OH) of the oil indicated 3 spots and by a combination
of preparative TLC and GC-mass spectrometry it was
found that the upper R, component was a mixture of 6a
and 8a, the middle component (major spot) a mixture of Sa
and 7a, while the lower spot was the starting amine 3a. A
portion of the crude oil (0-44 g) was chromatographed on a
column (1-5X19cm) of basic Al,O, (Woelm, Grade 1)
packed in ether. Development with ether gave 0-11 g of an
oil which was the nitrate 8a. Purification of 8a was accom-
plished through its picrate and recrystallization from ben-
zene gave the analytical sample, m.p. 153-154-5°; high re-
solution mass spectrum, calcd m/e (Found) 154-123
(154-122, C;H s NO, M"-NO,), 138-128 (138-129, C;H (N,
M"-ONO.), 96-081 (96-081, CH,N), 83-074 (83-072,
C,H,N), 82-066 (82065, C;H,N). (Found: C, 41-92; H,
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4-48; N, 16-33. Calcd for C;sH,sN;O,0: C, 41-95; H, 4-46;
N, 16:31%).

The eluting solvent was changed to 25% CHCl;-ether
and the fractions analyzed by GC and combined, thus
affording 0-1 g as a mixture of Sa and 7a, and 0-1 g of an oil
which was mostly 5a. The latter was purified as its HBr
sait and recrystaliized from EtOAc, m.p. 116:-5-117-5%
NMR (free base) 62-33 (s, 3, N-Me), 3-0-3-3 (m, 1,
C-2 H), 3-37 (s, 4, O-Me and C-7 H). (Found: C, 48-17; H,
7-66; N, 5-73. Calcd for C,H;BrNO: C, 47-99; H, 8-:06; N,
5-60%).

A pure sample of 7a was obtained by preparative GC of
the above mixture of 5a and 7a, converted to its picrate
and crystallized from benzene-light petroleum, m.p.
188-192°,

Repeating the above ring closure with 3b (1-00g,
7-1 mmol) gave 0-87 g of a brown oil which on analysis by
GC-mass spectrometry indicated identical results to
above except that the parent ions were all 2 mass units
higher. Purification was more easily accomplished by pre-
parative TLC than by column chromatography. Thus a
portion (0-20 g) of the crude oil was purified on 3 prepara-
tive plates (10% MeOH-CHCI, + 1-5% NH.OH). The ma-
terial in the upper band was converted to its picrate and
crystallized from benzene to give, in 2 crops, 0:09g of
8b-picrate m.p. 153-155°. The pure free base was readily
obtained by passing a CHCI; soln of 8b-picrate through a
short column of Woelm basic alumina. The middle band
from the preparative plates (0-044 g) was a mixture of Sb
and 7b and was further purified by preparative GC. The
first peak off the column was Sb, which was isolated as its
picrate (0-055 g), and crystallized from isopropyl alcohol,
m.p. 82-83°; NMR (free amine) §2-32 (s, N-Me), 3-33 (s,
4, O-Me and C-7 H). The second peak was that of 7b
which also was isolated as its picrate (0-011 g) and recrys-
tallized from benzene-light petroleum (b.p. 60-68°), m.p.
190-194°.

1-Methyl-7(a)-hydroxy-cis-octahydroindole (10a) and 1-
methyl-7(a)-hydroxy-cis-octahydroindole-2-d, (10b)

(a) A soln of 5a (0-093 g, 0-55 mmol) in HI (Fisher, 57%,
0-22 ml, 1-65 mmol) was refluxed for 1h, cooled, diluted
with H,O and basified with 25% NaOH. The mixture was
saturated with NaCl and then extracted with CH,Cl,. The
combined organic layers were washed once with satd
NaClaq, and concentrated, affording 10a as an oil
(0-075 g); NMR 82:50 (s, 3, N-Me), 3:1-3-4 (m, 1, C-2 H),
4-32 (s, 1, OH which disappears upon shaking with D,0).
The alcohol 10a was purified through its picrate and crys-
tallized from benzene, m.p. 166-168°.

The above cleavage was repeated with 5b (0-07 g, 0-44
mmol) and 10b isolated as its picrate (0-09 g, 52%), m.p.
170-172°, Several recrystallizations from acetone—ether
gave the analytical sample, m.p. 171-173°. (Found: C,
46-74; H, D, 5-71; N, 14-60. Calcd for C,;H,,D,N.Os: C,
46-61; H, D, 5:74; N, 14-50%).

(b) A soln of 8a (0-010 g, 0-05 mmol) in EtOH (3 ml) was
hydrogenated in the presence of 10% Pd/C (0-020 g, En-
glehard Industries) at atmospheric pressure. After 30 min
the theoretical amount of H, was consumed. The reaction
was stopped after 70 min, the catalyst removed by filtra-
tion, and the bulk of EtOH removed in vacuo. Since the
alcohol 10a was resonably volatile, the remaining
ethanolic soln was rendered acid with 10% HCI and then
all of the EtOH removed in vacuo. The acid soln was
made basic with 25% NaOH, the product extracted into
CH.Cl,, and the organic layer concentrated to give 10a
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(0-005 g), which was identical in the IR with 10a prepared
as above. This was converted to its picrate and crystal-
lized from ether-light petroleum, m.p. 165-167°, identical
in the IR (KBr) with 10=-picrate prepared as above.

1-Methyl-7(e)-hydroxy-cis-octahydroindole (11)

A soin of 10a (0-009 g) in acetone (2 mi) was cooled in
an ice bath and treated with 6 drops of freshly prepared*
Jones reagent. The ice bath was removed and the initially
clear soln allowed to stir at room temp for 30 min. Water
was added to the mixture (this dissolved the precipitated
salts) and the acetone was removed in a stream of N,. The
aqueous soln was made alkaline with 10% NaOH and the
ketone immediately (it was unstable) extracted into ether.
The organic layer was concentrated, the residue dissolved
in MeOH (3 ml) and treated with a soln (1 mi) of NaBH,
(0-03 g) in MeOH. After 60 min several drops of H,O were
added, the soln was acidified with 10% HCIl, and the
MeOH removed in vacuo. The aqueous soln was made al-
kaline with 25% NaOH aq and the product extracted into
ether. Concentration of the ethereal soln gave 11 as an oil,
the IR spectrum of which was identical to that of 11
prepared as described previously.”
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