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Imides from Asparagine and Glutamine. II.

a-Aminoglutarimide!

By ERNEST SONDHEIMER AND ROBERT W. HOLLEY
RECEIVED FEBRUARY 7, 1957

Hydrogenolysis of carbobenzoxy-pL-a-aminoglutarimide in the presence of hydrochloric acid yields DL-a~-aminoglutarimide

hydrochloride.

Some of the properties of this compound are described. With weaker bases than those previously employed,

the cyclization of carbobenzoxy-L-glutamine methyl ester gives carbobenzoxy-a-aminoglutarimide with partial retention of

configuration.

reaction was studied quantitatively.

Normally, treatment of N-acylamino acid -esters
with alkali yields the alcohol and a salt of the acyl-
amino acid. However, the alkaline hydrolysis of
N-acylasparagine and N-acylglutamine esters (I)
i1s complicated by the ease of cyclization of these
compounds to succinimide and glutarimide deriva-
tives (I1).2—¢ Alkaline hydrolysis of these imides
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leads to opening of the imide rings in both possible
ways. Thus, the over-all process of alkaline hydrol-
ysis gives mixtures of products and is, in the case of
the glutamine derivative, further complicated by
racemization.*® Because of the possible signifi-
cance of these reactions during peptide synthesis
and the cleavage of peptide chains,® studies of the
reactions and of the properties of the imides are of
importance.

As reported earlier,? hydrogenolysis of carbo-
benzoxy-pL-a-aminoglutarimide does not give pure
a-aminoglutarimide. The hydrogenolysis product
turns violet when exposed to air and becomes more
intensely colored during storage at room tempera-
ture after evaporation of the solvent. That an
aqueous solution of this mixture still contained
large amounts of unchanged aminoglutarimide
could be shown by paper chromatography. The
solution had one broad absorption band in the
visible region with a peak at 560 mg, E}%,. 60.
The solution could be decolorized by catalytic hy-
drogenation or by treatment with sodium hydro-
sulfite. It seems likely that the pigment is a con-
version product of aminoglutarimide, possibly
formed by aerobic oxidation.

When the hydrogenolysis of the carbobenzoxy-
DL-a-aminoglutarimide was carried out in the pres-
ence of a slight excess of hydrochloric acid, color-
less, crystalline, water-soluble DL-a-aminoglutari-
mide hydrochloride was obtained. The hydro-
chloride has much less of a tendency to give the
violet material and is not as readily hydrolyzed in

(1) Journal Paper No. 1060, New York State Agricultural Experi-
ment Station. This investigation was supported in part by a research
grant, H-2104 and H-2104 (c) from the National Institutes of Health,
Public Health Service. For Part T. see ref, 2.

(2) E. Sondheimer and R. W. Holley, THIS JOURNAL, T6, 2467
(1954).

(8) A. R. Battersby and J. C. Robinson, J. Chem. Soc., 259 (1955).

(4) D. W. Clayton, G. W. Kenner and R. C. Sheppard, sbid., 371
(1956).

Treatment of the methyl esters of carbobenzoxy-L-glutamine and carbobenzoxy-L-isoglutamine vyith aque-
ous sodium hydroxide followed by hydrogenolysis gives mixtures of partially racemized glutamine and isoglutamine.

This

water to glutamine and isoglutamine as the free
aminoglutarimide. Hydrolysis of the imide with
hot hydrochloric acid yielded pL-glutamic acid.
When heated on a micro-hot-stage aminoglutari-
mide hydrochloride did not melt, but changed
above 220° to a violet material which sublimed.
The imide can be chromatographed on paper with
water-saturated phenol, Rt 0.9, and with #n-butyl
alcohol, acetic acid and water (4:1:5), R¢ 0.2.
With ninhydrin it gives a salmon-red color, which
exhibits an absorption maximum at 523 mu in 95%,
ethanol.

The conditions previously used? to prepare car-
bobenzoxy-a-aminoglutarimide from carboben-
zoxy-L-glutamine methyl ester gave completely
racemized material. Since the formation of the
imide from carbobenzoxyglutamine methyl ester
does not involve direct reaction on the asymmetric
carbon atom, it seemed possible that ring closure
might be effected without racemization, if cycliza-
tion were catalyzed by the weakest base possible.
No imide formation could be detected with tri-
ethylamine as the base. But by using equivalent
amounts of ester and sodium methoxide in meth-
anol at 0° optically active carbobenzoxy-a-
aminoglutarimide, [a]?**D —24.6° (¢ 1, methanol),
was obtained. Imide with somewhat higher rota-
tion, [a]?*p —35.3° (¢ 1, methanol), could be pre-
pared by the addition of an equivalent amount of
N-methylacetamide to the sodium methoxide.
This effect of N-methylacetamide is attributed to
its ability to lower the base strength. On the other
hand, with excess sodium methoxide in methanol
the optical rotation of the imide was lower, [a]*D
—10.7° (¢ 1, methanol). By hydrogenolysis of
carbobenzoxy-a-aminoglutarimide which had a ro-
tation of [@]?*D —35.3° (¢ 1, methanol) optically ac-
tive a-aminoglutarimide hydrochloride was ob-
tained, [a]?D —53.5° (¢ 1, methanol). Acid hy-
drolysis to glutamic acid showed that approxi-
mately 409, of the material has been converted to
the racemic form. The purity of these optically
active preparations was checked chromatographi-
cally and by analysis.

We have shown earlier that treatment of carbo-
benzoxy-L-glutamine methyl ester and carboben-
zoxy-L-isoglutamine methyl ester with aqueous so-
dium hydroxide does not lead to the isolation of an
imide.2 However, evidence for intermediate imide
formation was obtained since alkaline hydrolysis
followed by hydrogenolysis gave a mixture of gluta-
mine and isoglutamine from either ester. In or-
der to determine what fraction of the ester was hy-
drolyzed by way of the imide, the ratio of glutamine
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TABLE I
PropUCTS FROM ALRALINE HYDROLYSIS FOLLOWED BY HYDROGENOLYSIS
Ratio Hydrolysis
Vield glutamine Vield isoglutamine glutamine/ through the Racemi-
Mg. ¢ Mg. a isoglutamine imide, % zation, %
Carbobenzoxy-pL-a-aminoglutarimide® 10.52° 1.54 2.24 0.84 4.7:1 .. ..
Carbobenzoxy-L-glutamine methyl ester?® 10.60¢ 0.97 2.25 .71 4.7:1 100 53
Carbobenzoxy-L-isoglutamine methyl ester® 8.34° 1.40 4.17 .58 2.0:1 80 43
¢ From 26.2 mg. of imide. ? From 29.4 mg. of ester. ¢ Mean of 14 determinations. ¢ Mean of 23 determinations. ¢ Mean

of 11 determinations. o Standard deviation.

By the use of Student’s £ test it could be shown that the yields of glutainine

and isoglutgmine from carbobenzoxy-L-glutamine methyl ester and carbobenzoxy-pL-a-aminoglutarimide were not sig-
nificantly different and that yields of the products from carbobenzoxy-L-isoglutamine methyl ester were different at the

99% level from those obtained with the othier two compounds.

to isoglutamine, obtained after alkaline hydrolysis
and hydrogenolysis, was determined by quantita-
tive paper chromatography. By comparing these
values to the ratio of glutamine to isoglutamine ob-
tained on alkaline hydrolysis and hydrogenolysis of
carbobenzoxy-pL-aminoglutarimide, the contribu-
tion that imide formation makes to the total hydrol-
ysis of the esters could be calculated. Information
on the extent of racemization during aqueous alka-
line hydrolysis was also obtained. The results are
sumrnarized in Table I.

The hydrolysis and hydrogenolysis of carbo-
benzoxyaminoglutarimide yielded predominantly
glutamine. This was the expected result since the
lower electron density of the carbonyl group closest
to the carbobenzoxyamido group favors attack by
the hydroxyl ions at that site.?

The greater participation of the imide in the
total de-esterification of carbobenzoxy-L-glutamine
methyl ester as compared with carbobenzoxy-L-
isoglutamine methyl ester is most likely due to dif-
ferences in the nucleophilic character of the amide
anions III and IV. The more nucleophilic the

CHh O CH: O
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amide anion, the greater the extent of imide for-
mation,® since competition between the anion and
hydroxyl ion determines the proportion of hydrol-
ysis through the imide for each ester. The loca-
tion of the carbobenzoxyamido group would be ex-
pected to make III less nucleophilic than IV and
therefore imide formation would be favored with
IV.

De-esterification of the two esters with aqueous
sodium hydroxide is accompanied by partial race-
mization. Of the various species present it would
appear most likely that only the intermediate car-
bobenzoxy-a-aminoglutarimide is subject to race-
mization. This assumption is in accord with the
experimental data. From Table I it is seen that
the percentage hydrolysis through the imide is

(8) Similar results were obtained by Clayton, Kenner and Sheppard+*
who reported that the alkaline hydrolysis of the imide from benzoyl-
pr-glutamylglycine cyclohexylamide yielded 85% of the y-isomer and
13% of the a-compound,

(6) Differences in the electrophilic character of the carbomethoxy
groups of the two esters might be expected to have little effect on the
extent of de-esterification through saponification or imide formmation,
since both these processes are competing for the same carbomethoxy
group.

209, greater for carbobenzoxy glutamine methyl
ester than for the iso compound and that the extent
of racemization is increased by an almost identical
amount, 199.

A comparison of the properties of the imides
from glutamine and asparagine shows a number of
similarities but also pronounced differences in
behavior. Alkaline hydrolysis of aminosuccini-
mide, aminoglutarimide and their carbobenzoxy
derivatives yields predominantly asparagine and
glutamine and only smaller amounts of isoaspara-
gine and isoglutamiue. In respect to imide for-
mation the carbobenzoxy amido esters of aspartic
acid and glutamic acid also exhibit some similarity
since with the normal amides as well as the iso com-
pounds, imide formation was favored over normal
saponification.

In common with the unsubstituted 5- and 6-
membered cyclic imides’ «-aminoglutarimide is
much more rapidly hydrolyzed in alkali than amino-
succinimide, This difference in the rate of hydrol-
ysis is explained by the generalization of Brown,
Brewster and Schechter® that 6-membered rings
with exo double bonds appear to be generally less
stable and more susceptible to ring opening than
5-membered rings of this kind. Another striking
difference in the behavior of the imides from aspara-
gine and glutamine derivatives is that carbobenz-
oxy-a-aminoglutarimide is much more easily race-
mized than carbobenzoxyaminosuccinimide. This
observation also seems to be in accord with the
above generalization® since enolization should be
favored in the 6-membered ring.

Another difference in the behavior of the two
imides is that pigment formation has been observed
only with aminoglutarimide and not with the 5-
membered analog. Possibly this is also related to
differences in the ring size since dehydrogenation
of aminoglutarimide could lead to 2,6-dihydroxy-
pyridine derivatives, compounds known to be
oxidized to colored products.®

It seemed of interest to obtain some information
on the growth response of a biological system to
aminoglutarimide. The utilization of DL-a-amino-
glutarimide by Lactobacillus plantarum var. arabino-
sus in glutamic acid-free, synthetic medium was
therefore investigated. The growth response ob-
tained was somewhat similar to that of glutamine.
However, the amount of cell growth obtained per
microgram imide was much less than that given by
an equivalent quantity of glutamine. It was

(7Y 8. 8. G. Sircar, J. Chem. Soc., 600, 1252 (1927),

(8) H. C. Brown, J. H. Brewster and H. Schechter, THIS JOURNAL,
76, 467 (1954).

(9) G. Errera, Ber., 81, 1241 (1898),
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found, though, that cell growth could be increased
somewhat by increasing the initial pH of the me-
dium, by increasing its buffer capacity or by adding
the imide to the medium several hours before inoc-
ulation, Since L. plantarum produces acids dur-
ing growth these observations indicate that hydrol-
ysis precedes utilization of the imide. It was
therefore concluded that DL-a-aminoglutarimide is
not utilized as such, that it is not a potent growth
inhibitor and that the observed growth is due to
non-enzymatic hydrolysis of the imide to glutamine
and isoglutamine.

Experimental®

Reaction of Carbobenzoxy-bpL-e-aminoglutarimide with
Ammonia.—To 100 mg. of carbobenzoxy-pL-a-aminoglu-
tarimide was added with shaking 2 ml. of 289, aqueous
ammonia. The product started to precipitate before all the
starting material had dissolved. The mixture was filtered
after overnight storage at room temperature. The yield of
carbobenzoxy-bL-glutamic acid diamide was 77 mg. (71%),
m.p. 181-183°, m.p. was unchanged by recrystallization
from aqueous dimethylformamide or from 959%, ethanol.

4Asnal. Caled. for Cy3HiyN3;O.: N, 15.05. Found: N,
14.8.

Hydrogenolysis of Carbobenzoxy-pL-a-aminoglutarimide.
(a) In the Absence of Acid.—A mixture of 200 mg. of
carbobenzoxy-pL-a-aminoglutarimide in 5 ml. of methanol
and 50 mg. of palladium black was shaken with hydrogen at
room temperature for 2 hours. During the filtration the
solution turned violet. Evaporation of the solvent in
vacuum yielded crystals which were tinted violet at the
surface, m.p. approximately 120° with decomposition to a
violet solid. Storage of the hydrogenolysis product at room
temperature caused a measurable increase in the color
intensity. The amount of pigment could be increased
further by periodically dissolving the material in water and
evaporating the solvent in vacuum. In 13 days Ei%,.
at 560 my in water increased from 0.75 to 60. However,
the preparation still consisted predominantly of unchanged
aminoglutarimide. An aqueous solution of this mixture
could be decolorized by hydrogenation with palladium black
at room temperature and atmospheric pressure, with nitrous
acid, and with sodium hydrosulfite. Cupric nitrate pre-
cipitates the colored material. DL-a-Aminoglutarimide
hydrolyzes slowly at room temperature in aqueous solution
to a mixture of glutamine and isoglutamine.

(b) In the Presence of Hydrochloric Acid.—Hydrogen
was bubbled at room temperature and atmospheric pressure
through a mixture of 1.05 g. of carbobenzoxy-DL-a-amino-
glutarimide in 4.1 ml. of 0.99 N hydrochloric acid and 15
ml. of methanol in the presence of 200 mg. of palladium
black. Sufficient water was added during the hydrogenol-
ysis to keep the product in solution. After 1.5 hours the
mixture was filtered and the filtrate concentrated in vacuum
below 50° to 5 ml. On the addition of 20 ml. of n-propyl
alcohol and storage overnight at 0° the product crystallized,
vielding 0.565 g. (86%) of DL-a-aminoglutarimide hydro-
chloride. The latter was recrystallized in 709, yield on the
addition of 15 ml. of propanol to the filtrate from 0.550 g. of
crude product in 3.5 ml. of water. The compound, which
does not melt, is changed to a violet, water-insoluble ma-
terial above 220°. The hydrochloride is optically inactive
and forms no more than traces of violet material on storage
at room temperature for 12 months; the amino group has a
pK, 6.8 in water,

Anal. Caled. for CsHgN.O2-HCl: C, 36.49; H, 5.51;
N, 17.02; neut. equiv., 164.6. Found: C, 36.75; H,
5.87; N, 16.75; neut. equiv., 166.

Preparation of Optically Active Carbobenzoxy-«-amino-
glutarimide.—Under the previously described conditions
for cyclization?, sodium methoxide in benzyl alcohol, only
racemized imide was obtained. Therefore the cyclization
was attempted under milder conditions.

Refluxing 294 mg. of carbobenzoxy-rL-glutamine methyl
ester with 5 ml. of triethylamine for 2 hours yielded only

(10) All melting points were determined on a microscope hot-stage
and are corrected. Analyses are by Dr. G, Weiler and Dr. F. B.
Strauss, Oxford, England.
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unchanged starting material. Since the ester was ox_lly
partially soluble in the hot triethylamine, the cyclization
attempt was repeated with a mixture of 1,4-dioxane and
triethylamine. Again only unchanged ester was obtained
after reflux.

Optically active imide was obtained by adding at 0°, 2}34
mg. of carbobenzoxy-L-glutamine methyl ester to a solution
of 1.5 ml. of methanol containing sodium methoxide from
23.0 mg. of sodium. After 15 minutes at 0°, 0.1 ml. of
acetic acid was added followed by 10 ml. of water. The
mixture was stored at 0° overnight, yielding 230 mg.
(84%) of carbobenzoxy-a-aminoglutarimide, m.p. 134~136°
(transition 121°), [«]?'p —24.6° (¢ 1, methanol).

Anal. Caled. for C;3HisN2Oy: C, 59.53; H, 5.33; N,
10.7. Found: C, 59.15; H, 5.19; N, 10.3.

Under similar conditions the addition of one equivalent of
N-methylacetamide to this system gave imide with a some-
what higher rotation, [«]2%D —35.3° (¢ 1, methanol). .

Preparation of Optically Active o-Aminoglutarimide
Hydrochloride.—Hydrogen was bubbled at room tempera-
ture and atmospheric pressure for two hours through a
mixture of 80 mg. of carbobenzoxy-a-aminoglutarimide,
la]*D —35.3° (¢ 1, methanol), in 5 ml. of methanol and 0.5
ml. of 1 N hydrochlorie acid plus 30 mg. of palladium black.
The mixture was filtered, the catalyst washed with methanol
and the combined washings and filtrate concentrated in
vacuum. The yield of crystalline o-aminoglutarimide
hydrochloride was 44.7 mg., 87%, of the theoretical yield,
[@]*p —53.5° (¢ 1, methanol). By chromatographic
analysis the material was shown to be indistinguishable
from the racemized product and was practically free of
glutamine and isoglutamine. It was recrystallized from
aqueous solution by the addition of #-propyl alcohol for
analysis.

Anal. Caled. for CsHzN,O,-HCl: C, 36.49; H, 5.51;
N, 17.02. Found: C, 36.76; H, 5.66; N, 17.2.

A solution of 68.3 mg. of the above a-aminoglutarimide
hydrochloride in 2 ml. of 6 N hydrochloric acid was r_eﬁuxed
3 hours, cooled and the volume adjusted to 5 ml. with 6 N
hydrochloric acid. The resulting glutamic acid solution
had a specific rotation of [a]*p +18.4° (¢ 1.2 in 6 N hydro-
chloric acid), indicating approximately 409, conversion to
the racemic form. .

Alkaline Hydrolysis of Carbobenzoxy-L-glutamine Methyl
Ester, Carbobenzoxy-L-isoglutamine Methyl Ester and
Carbobenzoxy-pL-a-aminoglutarimide.—The addition of 1.1
ml. of 0.97 N sodium hydroxide to 29.4 mg. of ester or 26.2
mg. of imide (0.1 millimole) caused the compounds to go
rapidly into solution. After storage at room temperature
for 2 hours the solution was acidified with 1.15 ml. of 0.97 N
hydrochloric acid, 15 mg. of palladium black was added and
hydrogen was bubbled through the mixture at room tempera-
ture for one hour. The mixture was filtered, the catalyst
washed with water and the combined washings and filtrate
made up to 10 ml.  Aliquots of 5, 10 and 20 microliters were
chromatogramed on Whatman No. 1 paper for 16 hours with
n-butyl alcohol, acetic acid and water (4:1:5). The papers
were dried at room temperature. The amino acid spots
were detected by spraying with a 1% ninhydrin solution in
959, ethanol containing 2% collidine-lutidine mixture
(1:3) and developed for one hour in a 40° cabinet through
which water-saturated air was passed. Immed_lately after
development the spots were cut out and the pigment was
extracted with 509 ethanol. After storage in the dark for
one hour the optical density at 570 my was determined.
Chromatograms with known concentrations of glutamine
and isoglutamine were run with each unknown and these
served for the construction of calibration curves. The
ouly products detected were glutamine and isoglutamine.
The absence of glutamic acid could be shown by chromato-
graming with water-saturated phenol. Hydrogenqusls of
carbobenzoxyglutamine and carbobenzoxyisoglutamine gave
only glutamine and isoglutamine, respectively.

Estimation of the Extent of Racemization of Carbobenz-
oxy-L-glutamine Methyl Ester and Carbobenzoxy-L-iso-
glutamine Methyl Ester during Alkalime Hydrolysis.—
To 294 mg. (1 millimole) of the carbobenzoxy esters 1.2 ml.
of 1 N sodium hydroxide was added and the solution stored
at room temperature overnight. After acidification with
2 ml. of concentrated hydrochloric acid, the mixture was
refluxed eight hours, cooled and extracted with benzene to
remove benzyl alcohol. The agueous phase was diluted
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with 20 ml. of water and passed over a column of 5 g. of
Dowex 2 in the hvdroxide form (20-50 mesh). The column
was washed with water until the effluent was neutral.
The glutamic acid was eluted with 0.25 N hydrochloric acid.
Five-ml. fractions were collected and the fractions giving a
positive ninhydrin test (usually fractions 5 through 9)
were combined, the solvent was evaporated in vacuum and
the crystalline residue was freed from excess hydrochloric
acid by repeated additions and evaporations of 5-ml.
portions of water. After drying in a vacuum desiccator
over phosphorus pentoxide and potassium hydroxide the
material was weighed and the optical rotation in 6 N hydro-
chloric acid determined. In order to show that the de-
crease in the specific rotation of the glutamic acid was caused
by the alkaline treatment of the esters, hydrolysis to glu-
tamicacid wasalso brought about by refluxing carbobenzoxy-
L-glutamine methyl ester without prior treatment with
alkali. The yields of glutamic acid averaged 939%. The
glutamic acid obtained from alkaline de-esterification of
carbobenzoxy-L-glutamine methyl ester had a specific rota-
tion of [@]#D +14.2° (¢ 1 in 6 N hydrochloric acid) and,
from carbobenzoxy-rL-isoglutamine methyl ester, [a]%D
+17.1° (¢ 1 in 6 N hydrochloric acid). Acid hydrolysis of
carbobenzoxy-L-glutamine methyl ester yielded glutamic

R. T. Rapara, E. R. LavasNiNo, E. R. SHEPARD AND E. FARKAS
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acid with a specific rotation of [«]?D +30.0° (¢ 1in 6 N
hydrochloric acid) and carbobenzoxy-pL-e-aminoglutarim-
ide, [«]?*D 0° (¢ 1 in 6 N hydrochloric acid).

Growth Response of Lactobacillus plantarum to DL-
Aminoglutarimide.—The general procedure used has been
described previously.! In the synthetic medium bL-
aminoglutarimide was substituted for r-glutamic acid. A
lag phase of from 4 to 6 hours was observed. This is similar
to that obtained with r-glutamine.! The maximum
amount of growth obtamed with DL-e~aminoglutarimide at
pH 6.1 was only 20-309; of that given by an equivalent
amount of L-glutamine. A small increase in the maximum
amount of growth could be obtained with the imide, by
raising the pH of the growth medium, by increasing its
buffering capacity, or by storing the growth mediunt at 35°
prior to inoculation.
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Racemic alloyhimbane and epialloyohimbane and the 11l-methoxy analogs have been prepared by a series of facile reac-

tions,

The key bicyclic (ring DE) intermediate, a cés-fused decahydroisoquinoline-3-carboxylic acid, was obtained by hy-

drogenation of 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid using rhodium-on-alumina catalyst.

This paper describes a convenient synthesis of
dl-allo- and epialloyohimbane (I and II) and the
corresponding 11-methoxy derivatives (Ia and 11a).
The starting point for this synthesis was 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid which
constitutes the potential D and E rings of the
pentacyclic bases. Since these pentacyclic ring
systems occur as the nuclei of reserpine,'* deser-
pidine'® and related alkaloids, it is important to
be able to prepare such systems by a general un-
equivocal method capable of producing ring E
substituted derivatives for pharmacological evalua-
tion.
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Previously the pentacyclic bases dl-alloyohim-
bane (I) (C;, Cis, Cao cfs) and its isomer epialloyo-
himbane (II) (C; trams; Cis, Cu cis) have been
obtained through total synthesis by Stork and Hill®

(1) (a) H. B. MacPhillamy, C. F. Huebner, E. Schlittler, A. F.
St. André and P. R, Ulshafer, Tais Journart, TT, 4335 (1955); (b) C. F.
Huebner, A. F. St. André, E. Schlittler and A, Uffer, ibid., T7, 5725
(1955).

(2) G. Stork and R. Hill, THIs JourRNaL, T6, 049 (1954); 79, 495
(1957).

and through partial synthesis by Wenkert and Liu®
as well as by LeHir, Janot and Goutarel.* Racemic
11-methoxyalloyohimbane (Ia) has been prepared
by E. E. van Tamelen, e al.,** and Huebner, et al.'
Huebner® has shown that prolonged acid treat-
ment of this allo isomer provides d/-11-methoxy-
epialloyohimbane as the major product.

Our approach to a general synthesis depended
upon the unambiguous preparation of suitably sub-
stituted cis-decahydroisoquinolines which would
serve as the D and E rings of the pentacyclic ring
skeleton. Previous attempts® toward the prepara-
tion of these cis ring systems indicated that the
reduction of hydroxyisoquinolines with noble
metals in acetic acid proceeded to the cis-decahy-
droisoquinolines but with concomitant loss of the
hydroxyl group. Hydrogenations of similar com-
pounds over Raney nickel catalyst yielded mix-
tures of the stereoisomeric decahydroisoquinolines.”

In the present work the desired cis isomer was
obtained by catalytic hydrogenation of a selected
tetrahydroisoquinoline using rhodium-on-alumina
catalyst. That thissubstance possessed the cis con-
figuration in the bicyclic form was evidenced by its
conversion through a series of reactions to the

(8) E. Wenkert and L. Liu, Experientia, 11, 302 (1955).

(4) A. LeHir, M. Janot and R. Goutarel, Bull. soc. chim., 1001
(1952).

(3) (a) E. E. van Tamelen, P. Hance, K. Siebrasse and P. Aldrich,
Tais Journar, T7, 3930 (1955): (b) C. Huebner, Chemisiry & Indus-
try, 1186 (1953).

(6) R. B. Woodward and W. E. Doering, THIs JoUurNar, 67, 8G5
(1945).

(7) A. Pinder and A. R. Marchant, J. Chem. Soc., 327 (1956).



