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In the trans-10-methyldecalin series, compounds which
possess a chair-chair conformation, the axial methyl
group is shifted downfield by 0.22 ppm when the carbonyl
group is placed in the 2-position. This value is in good
agreement with the value found in the steroid series and
this result indicates that the steroid chemical shift data
are applicable to the 10-methyl-decalin series. We have
now also shown that the ORD curves for cis- and #rans-
10-methyl-2-decalones obtained in carbon tetrachloride
solution were not significantly different from those found
in methanol and dioxane solution.

In the cis-10-methyldecalin series, it was found (sece
Table) that introduction of a carbonyl group at the C-2
position shifted the C-10 methyl resonance downfield by
0.22-0.29 ppm. These values are to be compared with
values of 0.11 ppm found in the coprostane series for
A/B-cis compounds possessing the two chair conforma-
tions arranged in the steroidal form la. The decalin
values found indicate that the spatial arrangement be-
tween the carbonyl and C-10 methyl group in the cis-10-
methyl-2-decalones is similar to that found in the non-
steroidal conformation 1b where the C-10 methyl group is
axial to the ring holding the carbonyl group. Such a
spatial arrangement has been assigned earlier on the basis
of conformational analysis!. If the twist conformation 1c
favored by ORD studies were the sole or major conforma-
tion, the angular methyl group would be diamagnetically
shielded by the carbonyl group and would have its
resonance band at about the same position as in the
parent hydrocarbon®.

It previously had becn demonstrated by low tempera-
ture circular dichroism technique? that with the cis-7,7-
dimethyl- and ¢is-7a-isopropyl-10-methyl-2-decalones one
is dealing with a mixture of conformers. That a similar
situation also exists for the parent cis-10-methyl-2-
decalone has now been demonstrated by a study of the
change of its NMR-spectrum with temperature. It was
found that at — 20° to — 30° there was a band broaden-
ing and at — 65° to — 70° there was an increase in the
fine structure of the spectrum.

Thus, the room temperature NMR-spectrum of the
cis-10-methyl-2-decalones indicate that the non-stevoidal
conformation 1b is a major contributor to the conforma-
tional equilibrium. The sign of the Cotton curve must be
controlled by a conformer present in minov amounts and
which has a lavge votational value®. Indeed, the twist
conformation 1c could be such a minor contributor since
it has been shown that such a conformation has a much
higher Cotton effect magnitude than the standard chair
form of cyclohexanones$.

Alkaloid Studies LV!. 19-Dehydroyohimbine, a
Novel Alkaloid from Aspidosperma pyricollum

The recent encounter? in various Aspidosperma species
of congeners of the biogenetically intriguing alkaloid
uleine (I)® prompted a reinvestigation — using more re-
fined separation techniques coupled with mass spectro-
metry? — of the bark of Aspidosperma pyricollum Muell.-
Arg. from which only uleine (I) had been isolated pre-
viously®. In the present study, aside from uleine (I), there
was encountered (— )-apparicine (II)¢, a trace of demethyl-
aspidospermine (I1I)?, yohimbine (IV), fi-yohimbine (V),
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In the Table are also listed the chemical shifts of the
related cis- and #rans-10-methyl-4-decalones. Here again
the chemical shifts of the two isomeric ketones relative to
their parent hydrocarbons are about the same. As in the
2-decalone cases, it would appear that in the cis isomer
the non-steroidal conformation predominates.

In all of the NMR-studies, however, it is realized that
such a spectral investigation does not permit an unequi-
vocal analysis of the conformations present. The tempera-
ture dependence of the CD studies does show that the
change in free energy with temperature is greater for the
Icsser conformation (or conformations) which controls the
sign of the ORD or CD curve. The entropy of the minor
conformation (or conformations) must be larger than that
of the major conformation and such a relationship would
be expected between a twist and a chair conformation %10,

Zusammenfassung. Im Kernresonanzspektrum einiger
substituierter c¢is-2-Decalone wurden die chemischen Ver-
schiebungen angulidrer Methylgruppen untersucht. Dabei
wurde festgestellt, dass dic Verbindungen vorwiegend in
der nicht-steroidalen Sessel-Sessel-Konformation vorlie-
gen. Das Vorzeichen der ORD Cotton-Kurven dieser
Ketone muss durch das untergeordnete Vorhandensein
einer Konformation sehr starker Amplitude, wic z. B. der
Twist-Form, bedingt sein.

W. G. DAUBEN, R. M. COATES,
N. D. VIETMEYER, L. J. DURHAM,
and C. DjERASSI

Departments of Chemistry, University of California,
Berkeley, and Stanford University, Stanford
(California USA), March 31, 1965.

7 This alternative was in fact considered in the early study (ref, 3,
footnote 16) as a possible but less likely explanation for the ob-
served ORD and CD data.

8 C. Djyerassi and W. KiynEg, Proc. nat. Acad. Sci.,, US 48, 1093
(1962).

® We wish to thank Prof. F. R. JExNsEN and Mrs. BarBarA BEck for
the low temperature study and Mr. J. KARLINER for the prepara-
tion of 7-isopropyl-108-methyldecalin, This work was supported
in part by Grants A-709 and GM-06840 from the National Insti-
tutes of Health of the US Public Health Service.

30 Added in proof: Since this paper was submitted, Err1OTT,
Rosinson, and RipeLr!!, using the NMR-method, have arrived
at similar conclusions.

1D, R. Errtort, M. J. T. Roeinson, and F. G. RipeLr, Tetra-
hedron Letters 7965, 1693,

and a novel alkaloid, which in the sequel will be shown to
possess the structure of 19-dehydroyohimbine (VI). The
latter three substances occurred only in the strongly basic
alkaloid fraction and rcpresent the three principal alka-
loids of this plant.

The new alkaloid, m.p. 245° (dec.), [«]f + 106° (c,
0.53 in pyridine), exhibited an UV-absorption spectrum
(AEOH 226, 283, 293 my, log & 4.48, 3.85, 3.77) very
similar to that of yohimbine (IV) as well as IR-bands at
2.90 4 (NH) and 5.80 u. The cmpirical formula Cy,,H,,N,O,
(Found: C 71.00, H 6.90, N 7.74, mol. weight 352 (mass
spec.); caled. C 71.57, H 6.86, N 7.95, mol. weight 352)
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indicated the presence of two less hydrogens than yohim-
bine. That this was due to a double bond rather than
another ring was substantiated by the NMR spectrum (all
spectra were run in CDCl; with TMS = §0.00 ppm),
which exhibited a signal at 5.55 ppm due to a single
olefinic proton as well as resonances already observed
with yohimbine due to NH (7.90 ppm), four aromatic
protons {7.0-7.5 ppm), carbomethoxyl group (3.80 ppm)
and the C-3 hydrogen atom {(4.37 ppm).

The mass spectrum exhibited an intense molecular ion
peak (m/e 352 of 1009 relative intensity) as well as frag-
ment jon peaks at M-1 (m/e 351, 93%,), 184 (11%), 170
(399}, 169 {56%,) and 156 (70%,), all of which are typical®
of yohimbine (IV} and its isomers. Noteworthy, however,
are the great intensity differences, especially the weakness
of the m/e 184 peak (a) and the abundance of the m/e 156
peak {b). If one attributes these differences from yohim-
bine to the presence of the trisubstituted double bond
indicated by the NMR spectrum, then only its location
between carbon atoms 19 and 20 will explain the inhibi-
tion of formation of ion & {unfavourable vinylic cleavage)
and the increased production of ion & (favored allylic
fission). These conclusions and the overall structure of the
alkaloid were verified by the following transformations.

LIk, OLK

a, m/e 184 b, mfe 156

The presence of an axial hydroxyl group as in yohim-
bine {IV) was established by acetylation to an amorphous
O-acetate {IR-absorption band at 8.0 yx, mass spectral
molecular ion peak at m/fe 394), which resulted in a down-
field shift of the NMR signal associated with the hydrogen
atom attached to the carbon bearing the hydroxyl group
from 4.25 ppm in the alkaloid to 5.55 ppm in the acetate.
Catalytic hydrogenation with platinum- oxide in ethanol
resulted in the uptake of one molar equivalent of hydro-
gen and the obtention of yohimbine (IV) as demonstrated
by mixture melting point determination, IR and chro-
matographic comparison and rotation.

The alkaloid was very sensitive to oxidizing agents,
including Oppenauer oxidations with potassium t-
butoxide and fluorenone? as well as with aluminum phen-
oxide and cyclohexanone'®. Oxidation could be effected

successfully with the MorFATT reagent!? in the absence
of moisture or oxygen to yield the unstable, amorphous
yellow B-keto ester (mass spectral molecular ion peak at

mje 350 corresponding to Cy,H,,N,0,) which was com-

pletely cnolic (/lﬁgfl 5.85 and 6.03 u; NMR signals cor-

responding to enolic hydroxyl proton at 12.3 ppm and
single olefinic proton signal at 5.55 ppm) in contrast to
the non-enolic dihydroanalog yohimbinone®!2. Decarbo-
methoxylation was effected by heating with 1N hydro-
chloric acid®?® to give the «,B-unsaturated ketone VII,
m.p. 226-228° (mass spectral molecular ion peak at m/e
292, ASHC! 5.98 y). Migration of the double bond from the
19-20 to the 18-19 position was substantiated by the
NMR spectrum of VII, which now exhibited two vinylic
proton signals (doublets) centered at 5.92 and 6.65 ppm

1 Paper LIV, H. MoxreIro, H. Bupztkiewicz, C. DJErassi, R. R.
ARNDT, and W, H, Baarscuers, Chem, Commun. 7963, 317.

2 M. Ouasui, J. A, Joure, B. Giusert, and C. DjERrass1, Exper.
20, 263 (1964).

3 J. Scumutz, F. Hunziger, and R. Hirt, Helv. chim. Acta 40,
1189 (1957). — G, Bocnr and i, W, WarNHOFF, J. Am. chem. Soc.
87, 4433 (1959).

¢ H. Bupzikiewicz, C. Dyerasst, and D. H. WiLLianms, Structure
Elucidation of Natural Products by Mass Spectrometry, vol. I,
Alkaloids (Holden-Day, Inc., San Francisco 1964).

5 B. GiLgert, L. D, Antowaccio, A. A. P. G, ARCHER, and C.
Djerass1, Exper. 76, 61 (1960).

8 J. A. Joure, H. Mowxreiro, L. J. Durnam, B. GiLBerT, 2nd C.
Djerasst, J. chem. Soc., in press (1965).

7 J. M. Furreira, B. Giesert, R, J. OWELLEN, and C. DjeRAssI,
Exper. 79, 585 (1963).

8 1.. D. ANTONACCIO, N. A, PRREIRA, B. GILBERT, H. VORBRUEGGEN,
H. Bupzikiewicz, J. M. WiLsox, L. J. DurHaaw, and C. Dyerassr,
J. Am. chem. Soc. 84, 2161 (1962}, — See also G. SeiTELLER and
M. SerterLLErR-FriEpmany, Mh. Chem. 93, 795 {1962},

2 M.-M. Javor, R. Gourarer, E. W. Warw~soFF, and A, Le Hir,
Bull. Soc. Chim. France 7967, 637.

1 S8, Kimoto, M. Oxkamoro, and H. Kownpo, Chem. Pharm. Bull
{Tokyo) 7, 650 {1959).

1 K. E. PriTzNER and J. G. Morrarr, J. Am. chem. Soc. 85, 3027
(1963). — See also J. D. Avsricar and L. Gouoman, J. org. Chem.
30, 1107 (1965).

12 E. WENKERT and B, G. Jacksoxn, J. Am. chem. Soc. 87, 5601
(1959); footnote 16.

13 H. RapororT, R. WINDGASSEN jr., N. A. Hucgues, and T. P.
ONAK, J. Am, chem. Soc, 82, 4404 (1960).
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(J = 10 ¢/s). The alkaloid is thus unambiguously shown
to be 19-dehydroyohimbine (V1) and to represent the
third member of the rare class of 19-dehydroychimbinoid
alkaloids, the other two representatives being deserpi-
deine* and raujemidine1%:16,

14 I, Smitn, R, S, Jarer, M. Suamma, and R. J. SuiNg, J. Am.
chem. Soc. 86, 2083 (1964).

5 M. Suamma and R. J. SHinNg, Tetrahedron Letters 7964, 2277.

16 We are indebted to the National Institutes of Health of the US
Public Health Service for financial assistance (grant No. GM-
11309), to Dr. B. GiLeerT (Centro de Pesquisas de FProdutos
Naturais, Universidade do Brasil) for plant collection and pre-
liminary extraction, to Dr. A. M. DurrIELD for the mass spectra,
and to Dr, Lois J. DurHAM for the NMR measurements.

Electron Microscopic Observations in the Sub-
stantia nigra of Mouse during Reserpine
Administration

Distribution of catechol amines in the brain has been
demonstrated histobiochemically by many investiga-
tors1-4, Catechol amine-containing cells in the Substantia
nigra and neostriatum (putamen and caudate nucleus)
were described by HIiLLARP et al. 3. Recently WooD and
BAarRNETT? reported the appearance of catechol amine-
containing granules in the ventromedial nucleus of the
hypothalamus at a fine structural level. The storage of
catechol amine in cytoplasmic granules in a bound state
was reported by BERTLER, HiLrarP, and ROSENGRENS;
one can regard the storage as the final step in the forma-
tion of amines, making them available for physiological
need. And it can be assumed that norepinephrine, 5-
hydroxy-tryptamine, and dopamine are directly formed
in the brain, judging from the relative impermeability of
the blood-brain barrier to these amines®,

Since reserpine blocks the storage of catechol amines in
the brain1?, the present experiment was focused on further
study of effects of reserpine on granules of brain mono-
amines, their morphological features and distribution at a
fine structural level.

Materials and method. Twenty mice, six months of age,
weighing an average of 30 g, were used in the present
experiment. One group of animals was treated with reser-
pine (sedaraupin} 0.5-1 mg/kg i.p. daily. The animals
showed clear-cut symptoms of sedation. 5 mice were
sacrificed after 24 h, and 5 after one week for the purpose
of electron microscopy. Another group of 10 untreated
mice was used as controls.

The whole brain was removed as quickly as possible
from the subjects, cut transversely through the Substan-
tia nigra, and fixed in 1%, OSO, fixative buffered with
0.14 ml veronal acetate (pH 7.4} containing 0.9 m of
sucrose per ml for 4 h. The tissue was dehydrated with
graded ethanol and propylene oxide; during dehydration,
regions of the Substantia nigra were harvested in small
pieces under the dissecting microscope. These were then
embedded in Epon 812 according to the method of Lurt*!,
polymerized for several days at graded temperatures, and
sectioned with a L KB microtome. Sections were stained
with uranyl acetate and examined in a Siemens Elmi 1.
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Zusammenfassung. Ausser den bekannten Alkaloiden
Ulein (1), Apparicin (I1), Demethylaspidospermin (111},
Yohimbin {IV) und g-Yohimbin (V) wurde noch ein un-
bekanntes Alkaloid aus der Rinde von Aspidosperma
pyricollum Muell.-Arg. isoliert, dessen Struktur als 19-
Dehydroyohimbin (VI) chemisch sowie spektroskopisch
bewiesen wurde.

R. R. ArNDT? and C. DjERASSI

Department of Chemistry, Stanford Uwiversity, Stanford
(California USA), July 19, 7965.

17 On leave from the CSIR National Chernical Laboratory, Pretoria
(South Africa).

Observations. Polymerized blocks were reoriented to in-
clude only the region of Substantia nigra under the phase
microscope. The basis pedunculi was used as a reference
in identifying the cells in Substantia nigra, when 10 to
20 u sections were examined under the phase microscope.

Polygonal-shaped nigra cells ranging from 11 to 15 u
showed small ovoidal mitochondria distributed through-
out the cytoplasm.

There were numerous vesicles with electron dense core
and less dense periphery ranging from 0.1 to 0.3 u in
diameter at the periphery of cytoplasm (¥Figure 1), in the
axoplasm and axonterminals (Figure 2). In control ani-
mals, not all the cells contain such granular vesicles in
cytoplasm, which may indicate the existence of func-
tionally different cells or the active metabolic use of
amine-containing granules.

In addition to these granular vesicles, there were clear
vesicles ranging from 0.08 to 0.1 g in diameter seen evenly
distributed in the axonterminals {Figure 3).

There were evenly distributed polysomes, and the
prominent nucleus had an indentation in which pre-
sumably the cytoplasmic centre lies. The structure of
nucleolus in these cells showed the characteristic presence
of several vacuoles.

A notable aspect in these cells is the appearance of an
oval osmiophilic body without membrane in the cyto-

1 A, BERTLER, B. FaLck, N.-A. HiLLare, E. RosENGREN, and A.
Torp, Acta physiol. scand. 47, 251 (1959).

¢ A. BERTLER, Acta physiol. scand. 57, 97 (1961).

3 A. CarLssoN, B, Farck, and N.-A. Hirrare, Acta physiol. scand.
56, Suppl. 1961, (1962).

4 B. Farck, Progr. Brain Res. 8, 28 (1964).

5 N. HiLrare, K. Larsson, N.-E. AnxpéN, A, CarLssON, A, DAHL-
striM, K. Fuxe, Life Sciences 3, 523 {1964).

8 A. DanrstroM and K. Fuxg, Acta physiol. scand. 62, Suppl. 232
(1964).

7 J. G. Woop and R. J. BarNETT, Histochem. 72, 197 {1964).

8 A. BErTLER, N.-A. HirLLarp, and E. RoSENGREN, Acta physiol.
scand. 50, 113 (1960).

% B. B. Bropig, Psychopharm. 2, 5 (1962).

10 A, CarissoN, E. RosenGrREN, A. BertiER, and J. NILSsON,
Psychotropic Drugs (Ed. S. Garantint and V., GHETTI; Elsevier,
Aimnsterdam 19537), p. 363.

11 J. H. LuFr, J. biol. Bd. Can. 9, 409 (1961),



