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Abstract O Methods are described for the preparation of [8,9-2Hy]-
apomorphine and {1,3,8,9-2H,jJapomorphine based on reaction of apo-
morphine in trifluoroacetic acid-d. The mass spectral properties of these
compounds and of the 0,0-bis(heptafluorobutyrate) ester and the
0,0-bis(trimethylsilyl) and 0,0-bis(tert-butyldimethylsilyl) ethers of
apomorphine, .using electron impact and chemical ionization, are re-
ported. [1,3,8,9-2H,;]Apomorphine was used to elaborate the ¥3C-NMR
chemical shifts of the proton-bearing carbons of apomorphine.

Keyphrases 00 Apomorphine—synthesis of deuterated analogs for PMR,
13C-NMR, and mass spectral analyses [1 Mass spectrometry—analysis,
deuterated analogs of apomorphine @ NMR spectroscopy—analysis,
deuterated analogs of apomorphine

There is a resurgence of interest in the aporphine alka-
loid apomorphine (I) because of its utility in the treatment
of Parkinson’s disease (1-3), tardive dyskinesia (4), Hun-
tington’s chorea (5, 6), and schizophrenia (7). As part of
ongoing studies of the mammalian metabolism of I (8-11),
methods were desired for the preparation of its specifically
deuterated analogs. The latter compounds were envisioned
as being potentially useful in mass spectral assays of I and
metabolites in biological fluids (12).

Early studies on the deuteration of I gave conflicting
evidence on the site and extent of deuteration (13) or
provided methodology requiring total synthesis of the
aporphine skeleton (14). One report (13) suggested that
deuterated analogs of I would not be suitable for use in a
mass spectral assay due to proton scrambling during va-
porization. Therefore, mass spectral studies were initiated
with deuterated I to develop conditions suitable for use in
biological assays.

During preliminary analysis, PMR analysis of I in tri-
fluoroacetic acid-d showed facile exchange of the 8- and
9-protons with the deuterium ions from the solvent (15).
The kinetics for the deuterium exchange of I were studied
using PMR spectroscopy, and conditions were developed
for the selective preparation of II and III using trifluo-
roacetic acid-d. The ester and silyl ether derivatives of I
were used to study the electron-impact and chemical-
ionization mass spectral characteristics of II and III for
potential use as internal standards in qualitative and
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quantitative determinations of I. Finally, II was employed
to analyze the }3C-NMR spectrum of I.

RESULTS AND DISCUSSION

The deuteration of apomorphine (I} in trifluoroacetic acid-d was
studied at various temperatures and in the presence of a transition metal
catalyst (5% rhodium on aluminum oxide). Products with increasing
deuterium substitution at the aromatic positions were isolated (Table
I). PMR spectroscopy was used primarily to determine the sites of sub-
stitution, while the extent of incorporation was assessed through mass
spectral and PMR analysis. When 1 was dissolved in trifluoroacetic
acid-d, there was a collapse of the pair of doublets at 6 6.72 and 6.92 in
the PMR spectrum, which is attributable to the exchange of the C-8 and
C-9 protons, respectively. Careful analysis of this exchange in excess
trifluoroacetic acid-d showed that it followed first-order kinetics (Fig.
1) and that C-8 H exchanged significantly faster (/2 69.4 min) than C-9
H (t1/2 115 min). This later observation may reflect differences in the
resonance stabilization of cationic transition-state intermediates at C-8
and C-9 and correlates with previous work on the bromination of apo-
morphine dimethyl ether (16).

The protonated amine of apomorphine hydrochloride also underwent
exchange in trifluoroacetic acid-d as expected. However, it was surprising
that the exchange of the amine proton was more than one order of mag-
nitude slower (k = 0.0325 hr~!,r = 0.996,a = 87%, t12 = 21.3 hr) than
the exchange of the aromatic protons at C-8 and C-9.

In contrast to the C-8 and C-9 protons, the exchange of the C-1 and C-3
protons for deuterium in trifluoroacetic acid-d was relatively slow at room
temperature. With PMR spectroscopy, it appeared that no more than
a 15% exchange occurred at C-1 and C-3 in excess trifluoroacetic acid-d,
even after 216 hr. Elevated temperatures were required to prepare a
product significantly enriched in II, and no improvement in incorporation
was observed with a rhodium catalyst (Table I). The exchange of the C-1
and C-3 protons for deuterium was observed through loss of the doublets
at 6 8.15 and 7.11, respectively. These changes were accompanied by an
expected collapse of the triplet observed for C-2 H at 4 7.31 into a singlet
integrating for one proton.

The noted assignments parallel those made by Ginos et al. (13) for 1
and II in dimethyl sulfoxide-de. These investigators studied the deu-
teration of apomorphine in 85% D3P0y, (in deuterium oxide) and found
that II was formed after heating at 95° for several hours or at 140° for 30
min. Convincing PMR evidence was provided for the purity and assign-

Table I —Deuteration of Apomorphine

Percent Formation under Various

Deuterated Conditions®

Analog of 1 A B C D E
do — — — 1 —
dq 10 11 4 6 1
dg 83 85 19 22 7
ds 7 2 41 35 32
dy — 2 30 29 44
ds — -— 6 6 16
Atom percent of deuterium? 39 39 63 60 74
Percent of theoretical yield® 84 14 42 40 44

¢ Key: A, conditions as indicated under Experimental for I11; B, same as A only
with 50 mg of 5% rhodium on aluminum oxide; C, 5 m) of trifluoroacetic acid-d and
0.66 mmole of I-HCI with agitation at 140° for 72 hr; D, identical to C only with 50
mg of 5% rhodium on aluminum oxide; and E, conditions as indicated under Ex-
perimental for 11, # Calculations are based on mass spectral analysis and are the
atom percent of deuterium of aromatic protons only. ¢ Isolated product.
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Table II—Mass Spectral Characteristics of Apomorphine, Its Deuterated Analogs, and Some Potentially Suitable Derivatives for GLC-Mass

Spectral Analysis
Parent or
Pseudoparent Other Important
Ionization Base Ion (Relative . Fragments
Compound Mode Scanned Peak Abundance) M —1]+/M+ (Relative Abundance)
I (free base) El 36-350 266 267 (64) 1.55 —
I.HCl El 50-350 266 267 (72) 1.39 —
I1.HC1 El 70-310 270 271 (75) 1.33 —
ITIL.HCI El 70-350 268 269 (70) 1.43 —
I.HCl Cls 70-350 268 268 (100) — 267 (9)
III-HC1 Cl 70-350 270 270 (100) — 269 (25)
I heptafluorobutyrate? EI 100-730 169 659 (37) 1.03 658 (38)
I trimethylsilyl ether¢ El 100450 410 411 (72) 1.38 322 (79)
II trimethylsilyl ether¢ El 100-450 414 415 (90) 1.11 326 (80)
III trimethylsilyl ether® EI 100-450 412 413 (75) 1.33 324 (66)
1 trimethylsilyl ether¢ CI 100-450 412 412 (100) — 396 (61)
II trimethylsilyl ether¢ CI 100-450 416 416 (100) — 400 (46)
ITI trimethylsilyl ether¢ CI 100450 414 414 (100) — 398 (34)
I tert-butyldimethylsilyl etherd ElI 100-530 322 495 (4) 0.3 438 (15)

@ Essentially identical results were obtained when methane or isobutane was used as the ionizing fdas. Allllofhlerl)chell:xical-ionization determinations were made with
imethylsilyl) ether.

methane. & 0,0-Bis(heptafluorobutyrate) ester. ¢ 0,0-Bis(trimethylsilyl) ether. ¢ 0,0-Bis(tert-buty

ment of deuterium atoms in II. However, mass spectral examination of
this product proved to be somewhat anomalous; the mass spectrum in-
dicated that ~55% of the aromatic protons had been exchanged for
deuterium (do, 23; d1, 0; d», 11; d3, 19; d4, 41; and d5, 6), while the PMR
spectrum indicated that 80% of the aromatic protons had been exchanged.
The relatively high proportion of undeuterated product shown by the
mass spectrum was attributed to the exchange between the proton from
hydrogen chloride and the deuterium atoms on the aromatic rings (II was
analyzed as its hydrochloride salt) during vaporization in the mass
spectrometer. The PMR determinations of IT and I1I performed during
the present studies were in agreement (within £4%) with the composi-
tions estimated by mass spectral analysis (Table I).

The exchanges of the C-1 and C-3 protons in trifluoroacetic acid-d were
facile compared to the exchange of C-2 H. Indeed, no exchange of C-2 H
could be detected when I was treated with trifluoroacetic acid-d (Table
I) or allowed to stand in trifluoroacetic acid-d for 9 days at 25°. The ease
of exchange of C-1 and C-3 H relative to C-2 H probably results from the
influence of the 11-hydroxyl group, which causes resonance stabilization
of the developing positive charges at C-1 and C-3. In contrast, a resonance
interaction of the 10-oxygen atom across both rings is prevented because
of its meta-relationship to the A-ring. Furthermore, the 10-hydroxy!
group of I may be protonated preferentially in trifluoroacetic acid, which
could have important implications for selective O-acylations of I in this
solvent (17).

Since II and III are proposed for use in biological disposition studies,
indication of their stability (with respect to the deuterium-hydrogen
exchange) in aqueous media was desired. To determine if the aromatic
protons of I at C-8 and C-9 would exchange under mildly acidic condi-
tions, ~60 umoles of I-HCl was dissolved in 1 ml of 0.02 and 0.3 M ascorbic
acid (to prevent oxidation of I) prepared in deuterium oxide (pH 2.92 and
2.28, respectively) and stored in screw-capped test tubes at room tem-
perature for 14 days. No incorporation of deuterium was detected after
this treatment following GLC-mass spectral analysis of the isolated
product as its bis(trimethylsilyl) ether derivative.

The use of II and IIl as GLC-mass spectral internal standards in’
metabolic studies requires derivatization to improve volatility and pre-
vent thermal decomposition. Furthermore, the production of suitable
(high molecular weight) fragment or parent ions that retain the deuterium
label is desired, and these ions should be formed in sufficient amounts
(i.e., they should represent a significant proportion of the total ionization
current) to permit sensitive detection. Previous work with I (18, 19) in-
dicated that the O,0-bis(trimethylsilyl) ether and the 0,0-bis(hepta-
fluorobutyrate) ester derivatives are readily formed quantitatively and
may be applicable to GL.C-mass spectral determinations. Compounds
converted to tert-butyldimethylsilyl ethers frequently form intense ions
at high m/e values due to loss of a tert-butyl radical (M — 57) using
electron-impact (EI) conditions, and this derivative was evaluated as well.
The electron-impact and chemical-ionization (CI) mass spectral char-
acteristics of I-III and their derivatives are presented in Table II.

A common fragment ion observed in the électron-impact mass spec-
trum of aporphines is an [M — 1]* species, which is due to loss of the
Ba-proton. As indicated in Table II, I and its derivatives, except for
apomorphine 0,0-bis(tert-butyldimethylsilyl) ether, give rise to a
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Figure 1—Kinetics of exchange of C-8 H (®) (k = 0.60 hr~1, r = 0.992,
a=970%,tye=69.4min)and C-9H (m) (k =036 hr=1,r=0.989, a
= 101.0%, t1/2 = 114.6 min) of apomorphine in trifluoroacetic acid-d
at 25°.
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Table III—!13C-NMR Spectral Characteristics of Apomorphine
in Trifluoreacetic Acid

Carbon Chemical Shift, Integrated Area®
C-1 130.8 2529
C-la 130.8 —
C-1b 128.9 1265
C-2 129.2 —b.e
C-3 129.7 —ed
C-3a 133.5 912
C4 27.5 860
C-5 55.4 840
C-6a 65.7 1004
C-1 334 731
C-Ta 127.5 1049
C-8 1224 —c.e
C-9 118.0 940
C-10 143.7 957
C-11 144.8 1031
C-11a 122.1 —re
N-Methy! 435 1183

@ From broad-band decoupled spectrum. ® Not sufficiently resolved from C-1b
for accurate area measurement. ¢ Peak height significantly less than that of qua-
ternary carbons. 4 Not sufficiently resolved from C-2 for accurate area measure-
ment. ¢ Not sufficiently resolved from C-11a for accurate area measurement. / Not
sufficiently resolved from C-8 for accurate area measurement. 8 Peak height sig-
nificantly greater than aromatic carbons bearing hydrogens.

prominent {M ~ 1]* peak. The bis(heptafluorobutyrate) derivative of
1 under electron-impact conditions gave a moderate parent ion (m/e 659)
in addition to extensive formation of the imine fragment (m/e 658).
However, a drawback in using the heptafluorobutyrate derivative is the
possibility of exchange of the deuterium atoms at C-8 and C-9 due to
small quantities of heptafluorobutyric acid present during derivatization
(19).

The electron-impact mass spectrum of the 0,0-bis(trimethylsilyl)
ether of I showed a parent ion that was 75% of the base peak and ac-
counted for 3% of the total ion current. A strong fragment ion was ob-
served at m/e 322 for apomorphine as its trimethylsilyl derivative, and
corresponding ions at m/e 326 and 324 were noted for the same derivative
of 1l and 111, respectively. However, in all of these cases, the fragment-ion
peaks represented <10% of the total ion currents.

When [ was treated with excess tert-butyldimethylimidazole, it formed
a diether derivative, as evidenced by a parent peak at m/e 495. The for-
mation of this derivative was somewhat unexpected since there is sig-
nificant steric crowding in the resulting derivatized catechol. As antici-
pated, the parent ion was rather weak in the electron-impact mass
spectrum of [ as its tert-butyldimethylsilyl ether derivative, but there
was a fragment ion of moderate intehsity at m/e 438 ([M — 57]*), which
probably arose due to the loss of a tert-butyl radical (20). This fragment
ion was 15% of the base peak but accounted for only 1% of the total ion-
ization current. A second fragment ion at m/e 322 served as the base peak
but represented only 6% of the total ionization current. The intensity of
these ions may have been enhanced by the use of lower ionization po-
tentials; however, the use of the tert-butyldimethylsilyl derivative in
GLC-mass spectral work is complicated by its GLC characteristics. Even
on a short column (50 cm, 3% methylphenylsiloxane; see Experimental),
this derivative has long retention times (e.g., 44 min at 210° with a carrier
flow rate of 20 ml/min).

Since none of the derivatives had the desired characteristics for
quantitative GLC-mass spectral work employing electron-impact con-
ditions, chemical-ionization mass spectrometry was evaluated. The
chemical-ionization mode has two advantages over electron-impact
spectra. First, it usually is more sensitive than the electron-impact mode.
In a typical electron-impact spectrum, the base peak may account for only
20% or less of the total ion current, while many chemical-ionization
spectra display base peaks representing as much as 70-80% of the total
ion current. Apomorphine proved to be no exception. With the elec-
tron-impact mode, the base peak for I was at m/e 266 ([M — 1]*) and was
22% of the total ion current; with chemical-ionization mass spectrometry
(isobutane), the base peak at m/e 268 ([M + 1]*) was 59% of the total ion
current.

A second advantage to the chemical-ionization mode is that it often
gives a strong pseudoparent ion ([M + 1]*), which may, because of its high
molecular weight, be less likely to suffer interference from other com-
ponents of biological extracts. Apomorphine and its dideuterated analog,
111, gave intense pseudoparent ions at m/e 268 and 270, respectively,
which were the base peaks in both cases. Even when isobutane was used,
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M+* and [M — 1}* ions at m/e 266 and 267, respectively, were observed
in the chemical-ionization mass spectrum of I. These ions were in ap-
proximately the same relative proportion to one another as seen in the
electron-impact mass spectrum of I. It has been observed, especially with
tertiary amines using methane as the reactant gas, that the amine can
undergo electron transfer with one of the reactant ions, giving an M* ion
(21, 22). This transfer apparently occurs with 1. A similar observation was
made with glaucine, a related aporphine (23). This observation restricts
the use of underivatized I for qualitative work because the noted phe-
nomenon could lead to errors in quantitative determinations.

Of the three derivatives studied, the trimethylsilyl ethers were the most
suitable for GLC-mass spectral work. With methane as the GLC carrier
gas and the chemical-ionization reactant gas, the chemical-ionization
mass spectrum of the trimethylsilyl ethers of I, II, and III showed base
peaks at m/e 412, 416, and 414, respectively; the ions accounted for
25-32% of the total ion currents for these compounds. However, as was
seen with underivatized I, the trimethylsilyl ethers underwent electron
transfer with the reactant ions, giving appropriate M* and [M — 1]* ions
(m/e 411 and 410 for I as its trimethylsily! derivative) that were quite
intense (59 and 29% of the base peak, respectively, for the trimethylsilyl
derivative of I). In addition, there appeared to be significant hydrogen
abstraction, most likely of the 6a-proton. This phenomeneon is observed
with tertiary amines in which the hydride loss is enhanced by referring
the charge to an adjacent nitrogen atom (22, 24), and it makes the pseu-
doparent ions of the trimethylsilyl ethers of I-ITI less desirable for se-
lective-ion monitoring. Fortunately, there are strong and clean fragment
ions for the aporphines as their trimethylsilyl derivatives at m/e 396 (I),
400 (I1), and 398 (III) which account for ~15% of the total ion current in
each case. These ion fragments probably occur through the loss of
methane from pseudoparent ions, probably from the trimethylsilyl
groups. In conclusion, it appears that I and III can function as internal
standards for I if chemical-ionization mass spectrometry is used and the
noted fragment ions of their trimethylsilyl derivatives are monitored.

The availability of II presented an opportunity to elaborate chemical
shifts of the proton-bearing carbons of 1. By use of broad-band de-
coupling, off-resonance white noise decoupling, and selective-proton
decoupling, the 13C-NMR data listed in Table III were compiled.

The broad-band decoupling spectrum of I contained only 16 lines;
however, the signal at § 130.8 integrated for two carbons. The off-reso-
nance white noise decoupling spectrum indicated that the signals at &
144.8, 143.7, 133.5, 130.8, 128.9, 127.5, and 122.1 were nonprotonated
carbons. Chemical shifts assigned to aliphatic carbons in I (Table ITI) were
deduced from data reported previously for similar aporphines (25, 26).
The ¥C-NMR spectrum of IT had a single aryl CH signal at § 129.2.

The use of selective-proton decoupling of the aromatic protons in tri-
fluoroacetic acid presented some problems. Irradiation (0.3 w) at 6 H 7.31
to enhance C-2 and § H 7.11 to enhance C-3 caused enhancement of all
of the protonated aromatic carbon signals. In contrast, irradiation at 6
H 8.15 to enhance C-1 caused collapse of all of the protonated aromatic
carbon signals represented by lines integrating for one carbon; this effect
was especially noticeable for the signal at 4 129.7. However, during this
experiment, the signal at 6 130.8 (which integrates for two carbons) still
integrated for two carbons, indicating that the protonated carbon reso-
nating at ¢ 130.8 is C-1. By default, the carbon signal at 6 129.7 corre-
sponds to C-3.

Assignment of the carbon signals for C-8-C-11 are based on reported
assignments in similar aporphines (25, 26). The carbon assignments for
nuciferine and isocorydine suggest that C-11a (ortho to phenol) should
be the farthest upfield while C-3a should be the farthest downfield of the
signals possible for these nuclei. The remaining nonprotonated carbons
are provided with proposed assignments (Table III) based on the chemical
shifts suggested for analogous carbons in isocorydine (25).

An unusual observation was made with respect to carbon resonance
intensities when trifluoroacetic acid was used as the solvent. All of the
nonprotonated aromatic carbons possessed intensities greater than or
equal to those of the protonated aromatic carbons (during broad-band
decoupling); the opposite usually is true because of nuclear Overhauser
enhancement. This observation may have general applicability in dif-
ferentiating nonprotonated from protonated carbons and is under further
investigation in these laboratories.

EXPERIMENTAL

Reagents—(R)-(—)-Apomorphine hydrochloride hemihydrate was
used as purchased!. Trifluoroacetic acid-d was generated from trifluo-

1 McFarland Smith Ltd., Edinburgh, Scotland.



roacetic anhydride? with deuterium oxide3 (99.7 atom % D). All other
solvents and reagents were analytical reagent grade.

Mass Spectral and GLC-Mass Spectral Studies—Mass spectra
were determined in the electron-impact and chemical-ionization modes
using an automated GLC-mass spectrometric* system consisting of a
microprocessor-controlled gas chromatograph coupled (all glass jet
separator) to a quadrapole mass spectrometer and data system. Mass
spectra of I-11I (free base and hydrochloride salts) were obtained by in-
troduction of the sample on a solid probe programmed from 100 to 300°
(30°/min). GL.C-mass spectral determinations were implemented with
a U-shaped glass column (50 cm X 2 mm i.d.) packed with 3% methyl
phenyl siloxane on a specially treated silaceous support (100-120
mesh).

Helium (20 ml/min) was the carrier gas in all electron-impact studies;
methane was the carrier gas (20 ml/min) in most chemical-ionization
work. GLC-mass spectral analyses were carried out with a column tem-
perature of 180-220°. The mass spectrometer was operated with an
electron energy of 70 ev, an emission current of 350 gamp, an ion source
temperature of 220°, and a scan rate of 30 scans/min from m/e 50 or 100
to 700. The final spectrum of each compound was an averaged sum of 10
or more spectra with the average background subtracted.

Trimethylsilyl derivatives were prepared by dissolving ~1 mg of I, I1,
or IIT in 100 pl of N,O-bis(trimethylsilyl)acetamide and heating at 65°
for 30 min. The tert-butyldimethylsilyl derivative of I was prepared by
reaction of ~1 mg of I-HCI with 200 ul of tert-butyldimethylsilylimid-
azole reagent® at 65° for 1 hr. Apomorphine 0,0-bis(heptafluorobutyrate)
was formed by a method reported previously (18).

NMR Studies—PMR and kinetic studies were performed with a
100-MHz” instrument, and chemical shifts are reported relative to tet-
ramethylsilane. The rates of deuterium exchange were determined
through analyses of integrated areas for C-8 and C-9 H relative to C-2
H in apomorphine hydrochloride. When I-HCl was reacted for 9 days at
25° in trifluoroacetic acid-d (containing 2 mg of dithionite/ml to prevent
oxidation of I), the integrated area for C-2 H relative to the aliphatic
protons remained constant within experimental error.

13C-NMR spectra were obtained with a 90-MHz Fourier transform
system8, and chemical shifts are reported relative to tetramethylsilane.
Solutions containing 200 mg of I.HCl/ml of trifluoroacetic acid and 75
mg of ILHCl/ml of trifluoroacetic acid-d were analyzed with an external
deuterium oxide capillary for locking. For selective-proton decoupling
experiments, approximate proton chemical shifts relative to carbon
resonances were determined from analysis of acetone-dg solutions of I.
HCI. The sample for 3C-NMR analysis then was irradiated at the ap-
propriate chemical shift with the source set at 0.3 w.

[1,3,8,9-2H ]JApomorphine (II)—(R)-(—)-Apomorphine hydro-
chloride hemihydrate (400 mg, 1.2 mmoles) was dissolved in trifluo-
roacetic acid-d (5 m], 67.3 mmoles) in a silylated 16 X 100-mm polytef-
lined screw-capped culture tube and placed in a pipe bomb at 140° for
96 hr. The trifluoroacetic acid-d was removed under a nitrogen stream,
leaving a pale-brown oil. The oil was treated with a saturated solution
of sodium bicarbonate, and the mixture was extracted with ether (4 X
5 ml). The ether was removed under reduced pressure, and the residue
was redissolved in dry ether (15 ml). The hydrochloride salt, obtained
by bubbling hydrogen chioride through the ether solution, was filtered
and dried under vacuum to give 88 mg (44% of theoretical yield) of
pale-green powder. Recrystallization from methanol-acetone gave off-
white to pale-green crystals.

Purity was >99% as determined by UV.spectrophotometry using
spectral comparisons and absorbance values at 273 nm from authentic
I-HCI [Amax (water) 273 nm, € = 17,300]. The GLC retention time of II
as its heptafluorcbutyrate derivative was identical to that obtained from
similarly derivatized I. The parent peak of I as the free base was at m/e
271 (C17H13D4NQs) with a base peak at m/e 270 (C17H2D¢NO2) and a
retro-Diels-Alder peak at m/e 228 (C15HgD409). PMR analysis (triflu-
oroacetic acid-d) showed a signal at  7.42 (s, C-2 H) and residual signals
at 6 8.24 and 7.20 from I-d3 (Table I).

[8,9-2H;]Apomorphine (II1)—(R)-(—)-Apomorphine hydrochloride

2 Matheson, Coleman and Bell, Norwood, Ohio.

3 Merck & Co., Rahway, N.J.

4 Finnifan 4023 system complete with model 9610 gas chromatograph, model
4000 quadrapole mass spectrometer, and model 2300 INCOS data system, Finnigan
Instruments, Sunnyvale, Calif.

5 QV-17 on Chromosorb WHP, Analabs, North Haven, Conn.

€ Applied Science Laboratories, State College, Pa.

7 Nﬁydel HA-100, Varian Associates, Palo Alto, Calif.

8 Model WH 90, Bruker Instruments, Billerica, Mass.

hemihydrate (200 mg, 0.66 mmole) was dissolved in trifluoroacetic acid-d
(5 ml, 67.3 mmoles) and kept in the dark at room temperature for 72 hr.
The workup was the same as that described for Il and gave 140 mg (70%
of theoretical yield) of III-HCI as an off-white to pale-green powder.
Purity was >99% as determined by UV spectrophotometry, and the GLC
retention time of the heptafluorobutyrate derivative of III was identical
to that of the corresponding derivative of I. The parent peak of III as the
free base was at m/e 269 (C,7H;5D5NO3), the base peak was at m/e 268
(C17H14D3NO3), and the retro-Diels-Alder peak was at m/e 226
(C15H10D2032); PMR (trifluoroacetic acid-d): 6 8.24 (d, 1H, J = 8.0, C-1
H), 7.42 (t, 1H, J = 8.0, C-2H), 7.20 (d, 1H, J = 8.0, C-3 H), 6.96 (s, C-9
H, due to the presence of a trace amount of C-8 2H,), and 6.83 (s, C-8 H,
due to the presence of a trace amount of C-9 2H,) (Table I).

Use of Rhodium Catalyst—Reactions were performed as indicated
except that 50 mg of 5% rhodium on aluminum oxide® was added and the
reaction mixtures were agitated for the times indicated. Workup proce-
dures were identical to those outlined.
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Abstract O The antitumor sesquiterpene lactones microhelenins-A, B,
and C, microlenin acetate, and plenolin were isolated from Helenium
microcephalum. The structures and stereochemistry of these lactones
were determined by physical methods as well as by chemical transfor-
mations and correlations. Microlenin acetate appears to be the first novel
dimeric sesquiterpene lactone demonstrated to have significant anti-
leukemic activity.

Keyphrases [0 Antitumor agents—microhelenins, microlenin acetate,
and plenolin, isolation from Helenium microcephalum, determination
of structure and stereochemistry O Microhelenins—isolation from
Helenium microcephalum, determination of structure and stereo-
chemistry [0 Sesquiterpene lactones—microhelenins, microlenin acetate,
and plenolin, isolation from Helenium microcephalum, determination
of structure and stereochemistry

Search for an ample supply of helenalin for investigation
into the relationship between the structure of sesquiter-
pene lactones and their cytotoxic antitumor activity led
to the use of the plant Helenium microcephalum? (1).
Preexamination of the whole plant extract revealed that
the removal of helenalin left a mother liquor, which re-
tained significant inhibitory activity against Walker 256
carcinosarcoma in rats and P-388 lymphocytic leukemia
in mice. Further work with the chloroform extract resulted
in the isolation? and structural determination of the new
antitumor agents microhelenins-A (I) (2), B (VD) (3), C
(VIID) (8), and D (mexicanin-E, XIV) (3) and microlenin3
(4, 5), which were described in preliminary reports.

The purpose of this paper is to describe fully the isola-
tion and structural elucidation of microhelenins-A, B, and
C, the new dimeric antileukemic agent microlenin acetate®
(X), and the companion pseudoguaianolide plenolin (VII)
(7).

! The constituents of H. microcephalum were examined previously and reported
10 contain helenalin in good yield (1).

2 Helenalin also was isolated from this chloroform extract.

* Microhelenins-A, B, C, and I) and microlenin showed significant (T/C = 125%)
inhibitory activity against Walker 256 carcinosarcoma in rats at T/C = 148, 138,
159. 144, and 172% at 2.5 mg/kg, respectively. Microlenin and microlenin acetate
demonstrated significant (T/C > 120%) inhibitory activity against P-388 lym-
phocytic leukemia in mice at T/C = 167 and 147% at 12.5 mg/kg, respectively, ac-
(}-or;‘lgigg to a literature method (6). Plenolin showed T/C = 138% at 25 mg/kg in the

) screen.
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RESULTS AND DISCUSSION

The final chloroform extract of the whole plant of H. microcephalum
was chromatographed on silica gel using chloroform and chloroform-ethyl
acetate (3:1) as the eluents. The initial chloroform eluate afforded a gum
of several components. Further silica gel column chromatography and
preparative TLC of this mixture led to the isolation of microhelenins-A,
B, C, and D. Subsequent elution with chloroform—ethyl acetate (9:1) gave
plenolin and microlenin as well as helenalin. Microlenin acetate was
isolated from the mother liquor after the removal of helenalin.

Microhelenin-A (I)—Microhelenin-A (I), CisH;504 (high-resolution
mass spectral and elemental analyses), mp 140-141°, [«]* +89.0°, showed
the partial structure A, with the lactone ring closed at C-7 and C-8 and
the methylene group of CHoOCH attached at C-5 on the basis of IR and
NMR (Table I) evidence as reported previously (2).

The circular dichroism and optical rotatory dispersion data of micro-
helenin-A are listed in Table II together with data for 2,3-dihydrohele-
nalin (II) (8), whose absolute configuration has been established. Simi-
larities in the sign and magnitude of ketone Cotton effects indicated that
I possessed the same trans-fused cyclopentanone ring system (C-1a,
C-58-CH20) as II. Determination of the cis-stereochemistry of the
~-lactone ring in I was based on the generalization that cis-fused lactones
closed toward C-8, exhibiting a positive lactone Cotton effect, as exem-
plified by II (9, 10). In addition, Samek’s rule (11) (J7,13 trans-lactone
2 3 2 Jq,13 cis-lactone), which generally has been applicable to
guaianolides, also indicated that I contains a cis-fused lactone since J7 13,
= 2.5-3.0 and J7,13¢ = 2.0-3.0% This evidence led to postulation of possible
conformations of the seven-membered ring of I (C and D).

-10° « 2 Ha
dH. H. ~60r

E: boat F: half-chair

H

4 The coupling constants of J7,;5 were changed by the conditions of the NMR
instrument (XL-100), as shown in the data.
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