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Diterpenoid alkaloids isolated from the
common larkspur, Delphinium ajacis, can
be classified into two distinct structural
types of compounds, the lycoctonine type,
y delcosine, acetyldelcosine

. and delsoline, and the atisine type, repre-
. sented by ajaconine. In an earlier communi-

-

cation (1) the biosynthesis of these alka-

. loids from mevalonate-2.*C and glycine-
. 2.4C was reported. At that time only del-
. cosine was conclusively identified from the

complex mixture of alkaloids obtained from

" the mature plants, whereas the seed yielded

- cosine (3), and several alkaloids o

Idel-
un-
known structure. The compound designated

ajaconine (2), delcosine (3, 4), a

" earlier as LBA-III (4, 5) has now been

_infrared, NMR, and mass s,

conclusively identified as delsoline (6) by
compari-
son with an authentic sample, This paper
describes the decomposition exhibited upon
electron impact of three lycoctonine-type
alkaloids and their trimethylsilyl and
acetyl derivatives. A preliminary communi-
cation has been reported (7).

o =r-0CH,

R= W, DELCOSINE
Re COCHy ACETYLDELCOSINE

R=CHy, DELSOLINE

* Article No. 2464 of the
Proc. Okis. Acad. Scl. 53: 9297 (1973)

analysis by gas-liquid chromatography.

METHODS

Reagents. Reagent grade N,0-bis(trimethyl-
silyl)acetamide-d;s (BSA-dy3) (99 atom
%) and trimethylchlorosilane (TMCS) (99
atom %) were purchased from Merck,
Sharp and Dohme of Canada, Ltd., Mon-
treal, Canada, and the protium form of the
reagents from Analabs, Inc.,, Hamden,
Connecticut.

Isolation of alkaloids. The alkaloids were
isolated from seeds of Delphinium ajacis
by extraction and column chromatography
on neutral alumina. Final purification was
done by TLC (benzene:ethyl acetate:di-
ethylamine, 7:2:1) and crystallization ac-
cording to the published procedures (1).
Silylation procedure (8). BSA (0.1 ml)
and a drop of TMCS were added step-wise
to the alkaloid (0.01 g) in a vial. The
sealed reaction mixture was kept at 55 C
for 3 hr and then the excess reagent was
removed by passing a stream of nitrogen
over it. The residue was dissolved in ace-
tone and analyzed by GC-MS using a solid
injection system (9).

Acesylation procedure. Acetic anhydride
(Reagent Grade) (0.5 ml) and a drop of

ridine were added stepwise to the alka-
oid (0.01 g) in a vial. The sealed reaction
mixture was kept overnight at 25 C and a
drop of water was added to the mixture.
The mixcure was analyzed by GC-MS using
a solid injection system (9).

Mass specg:. A pmwtzpe (10, 11) LKB-

9000 gas chromatograph-mass spectrometer
a mass

(da Pont Instruments, CEC Analytical



Division, Monrovia, California) were used.
The total jon current record served as the
GLC tracing on the LKB-9000. A 10-ft x
Y4-inch glass column packed with 19% OV-1
on Gas Chrom Q (100-110 mesh) (Applied
f‘c:;ienoe Ia:&mtort;’a, State College, Penn.)

equipped with a solid injection system
(9) was used on the LKB-90(’)e0f!

The LKB mass spectrometer was operated
at an electron energy of 70 eV, an accelera-
tor voltage of 3.5 kV, a trap current of
6 » A, an ion source temperature of 290 C,
and a direct probe temperature of 30-55 C.
The CEC mass spectrometer was operated
at an electron energy of 70 eV, an accelera-
ting voltage of 8 kV, and a direct probe tem-
perature of 160-170 C with an indicated
source pressure of 2 x 10-* mm Hg.

RESULTS AND DISCUSSION

Mass spectral analysis of
diterpenoid alkaloids

When crystallized delsoline, delcosine,
and acetyldelcosine from D. ajacis seeds
were analyzed by gas-liquid chroma-
tography-mass spectrometry (GC-MS), the
compounds partially underwent dehydra-
tion on the GLC column as demonstrated
by the emergence from the column of com-
pounds that possessed molecular weights of
18 amu less than the injected alkaloids.

Delcosine, acetyldelcosine, and delsoline
were subjected to high resolution mass
spectrometic analysis and exhibited similar
fragmentation patterns, as shown in Fig-
ures 1A, 1B, and 1C. These lycoctonine-
type alkaloids did not show many frag-
ment ions in the lower mass range.
characteristically lost the peripheral func-
tional groups. Some of the common frag-
ment ions formed were due to the loss of
CH,, OH, H;0, OCH;, CH;0H, and (H:O
+ CHy). Mass spectral studies of heteratis-
ine (12) and other lycoctonine- (13)
alkaloids also showed the loss of similar
peripheral functional groups.

The common mode of fragmentation in
the lower mass range among delcosine and
its derivatives was the formation of the
M+—189 ion. A mechanism for the forma-
tion of the M+ — 189 fragment ion for delco-
sine is proposed in Scheme L. Initial cleav-
age of the C-1 — C-11 bond alpha to the
piperidine ring of delcosine gives rearranged
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jon a. Ion & forms ion b (m/e 438) by a
1, 2 shift of a hydrogen atom to an oxygen
accompanied by the loss of a methyl group.
This transition was confirmed by a meta-
stable ion at m/e 423.4. Other ions of m/e
420 might also be formed by the loss of one
of the other methyl groups in the mole-
cule, The fission of the C-4 — C-18 bond
in ion b, along with the loss of the C-7
hydroxyl group as water, gives ion ¢ (m/e
420). Other structures for fragment ions at
m/e 420 can be visualized as resulting from
the loss of any of the other hydroxyl grou

A metastable ion at m/e 402.8 confirms this
fragmentation process. lon ¢ loses a frag-
ment of m/e 156 to form one of m/e 2634,
which is due to the cleavage of C-5 — C-11
and C-6 — C-7 bonds. In ion 4 there is a
double bond at C-10 — C-11 as well as C-17
— C-7. This means that migration of the
bydrogen atoms at C-17 and C-10 to C.7
and C-11 might occur. The gain of a hydro-
gen atom at C-7 is difficult to explain since
this position is very far from any carbon
bearing a free hydrogen atom. It is not
apparent how these rearrangements occur;
hence, structure d is speculative. No meta-
stable ion was observed for the ¢ - d transi-
tion, a fact suggesting that it occurred in
several steps. Similar types of fragmentation
pathways, with the corresponding meta-
stable ions, as shown in Scheme I were also
observed in delsoline and acetyldelcoline.
The elemental composition of the M+ —189
jon d, which is common to all three alka-

loids, agrees with the proposed structure.

Mass spectra of trimethylsilyl (TMS)
derivam of diterpenoid alkaloids

The separation of these diterpenoid alka-
loids by GLC without dehydration was
made possible by preparing their trimethyl-
silyl (TMS) derivatives. These (TMS)
derivatives of dite: id alkaloids, pre-
pared by using ,0-bis (trimethylsilyl) -
acetamide (BSA), trimethylchlorosilage
(TMCS), and pyridine, on GLC analysis
showed a large number of peaks. N,0-bis
(trimethylsilyl) trifluoroacetamide (BSFA)
derivatives were also p (using BSFA
in pyridine). Both methods failed to effect
complete derivatization of all hydroxyl
groups. After using BSA and TMCS in the
absence of pyridine, a minimum number of
peaks for each alkaloid was observed upon
GLC analysis. TMS-d, derivatives of the
alkaloids were also p using BSA-dys
(> 99 atom %) and TMCS-ds (> 99 atom
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%) without pyridine. GC-MS analysis of
. protium and deuterium TMS derivatives
showed peaks corresponding to di- and
tri-TMS derivatives for delcosine, indicat-
ing that che C-1 OH, C-14 OH and either
C8 OH or C-7 OH groups were deriva-
tized. Acetyldelcosine-TMS yielded two
% corresponding to the mono- and di-

derivatives. Hence, when the C-14
OH is blocked by the acetyl group, only
C-1 OH and either C-8 OH or C.7 OH re-
main possibilities for derivatization. Del-

TasLE 1. Molecnlar weight of TMS and TMS-4,
¥ diterpenoid

soline modified with TMS gave, mainly,
a single peak which corresponded to the
mono-TMS derivative and a di-TMS deriva-
tive in the deuterated sample, an unexpected
observation in view of the nearly equal
intensities of observed with the
acetyldelcosine derivatives. Their masses
and corresponding mass shifts found in the
deuterated derivatives are shown in Table
1. The change from acetyl to methyl can-
not change the reactivity of the C-7 or
C-8 hydroxyl groups. The higher amount
of the di-TMS derivative of acetyldelcosine
is probably formed as a result of hydrolytic
removal of some of the acetyl froup and
subseq silylation at the C-14 hydroxyl

devivatives of lycoctominet
alhalotds. b ol
TMS TMS
No.of TMS <4 TMS
Com- GLC Pesk Peak Peak Peak
pound pesks 1 1 2 2
Delcosine 2 597 615 669 696
(M+ 453)
cosine 367 576 639 657
. (M+ 49%)
Delsoline 1 539 548% 6l1a 629
(M 467)

& Not observed in significant amounts

group. The formation of the mono-TMS
derivative of delsoline becomes clear since
hydrolysis of an ether would not occur as
easily as that of an acetate; however, no
explanation for the large amount of the
di-TMS-d, derivative can now be made.
This leaves the formation of significant
amounts of tri-TMS delcosine also difficult
to explain.

Mass spectra of the protium TMS deriva-

TABLE 2. Mass specival relative intewsities of protium trimesbylsilyl derivatives of three lycoctomime-
maf':u.zou,.

type diterp
Acetyl- Acetyl-
Delcosine Delcosine delcosine delcosine Delsoline
41 TMS trl TMS mono TMS i TMS mono TMS
M+ 897 Mt eey 567 M+ 639 + 539
M+ trace 3 trace
M+-15 20 -5 14 5 8
M+-—17 100 25 100 30 85
M+-—18 8 44 5 100 28
M+31 -— — — 10 10
M+-33 10 18 18 — 100
M+ 3§ 40 —_— 30 _— 85
M+-90 10 3 8 —_ 8
M+-107 s 30 4 2 50
M+—108 18 3 14 —_— 5

derivatives of three lycoctomine-

Acetyl- Acetyl-
Delcosine Delcosi delcosi; delcosine Delsoline
di TMS (du) i TMS (dn) mooo TMS (dy)  di TMS (du) di TMS (db)

M+ 613 M+ 696 Mt 576 M+ 657 M+ 629
M+ trace trace trace trace trace
M+-17 50 10 100 50 75
M+-18 100 35 10 10 i8
M+—~19 28 10 S 8 10
M+~20 12 [ 8 12 15
M+<31 4 4 - 20 4
M+—33 12 20 10 4 10
+-~33 1 — 25 —_— —
M+-=118 6 13 -— 12 30
M+116 18 5 12 40 7}




tives of alkaloids (Table 2) and of the
deuterated TMS derivatives (Table 3) ex-
hibited patterns similar to those of the
parent alkaloids. The common fragment
ions were due to loss of the following
groups: CH;, OH, H.O, OCH,, (CH; +
OH), TMSOH, and (OH + OTMS). The
fragment ions M+—18, M+—19, and M+
—20 in deuterated TMS derivatives were
formed by the loss of DO, DHO and D,O

ively. That at M+ —17 was due to loss
of OH from either the C-8 and/or C-7 terti-
ary carbon atoms. Preparation of TMS de-
rivatives was mainly useful as a means to
analyze the alkaloids by gas chromatogra-
phy. This technique may prove valuable in
the analysis of crude mixtures of alkaloids
isolated from various Delphimium species
and of diterpenoid alkaloids produced by
Aconstum and Garrya species.

Mass spectra of acetyl derivatives
of diterpenoid alkaloids

Delcosine, acetyldelcosine, and delsoline
were also converted into the corresponding
acetates. On GC-MS analysis acetylated
delcosine showed three diacetate GLC peaks,
and acetyldelcosine and delsoline two mono-
acetate GLC peaks each. Since more than
one peak for each type of derivative was
observed, it was concluded that different
hydroxyl groups were esterified; however,
it was not possible to determine which
hydroxyl groups were acetylated in the in-
dividual derivatives. The different locations
of esterification and the stereochemistry of
different hydroxyl groups explain the dif-
ferent retention times observed. The mass
spectra (Table 4) of the three delcosine

95

diacetates and the two acetyldelcosine
monoacetates showed similar fragmentation
patterns with differences in relative in-
tensities. The common modes of fragmenta-
tion of the acetates were due to the loss of
CH,, H,0, OCH;, (CH; + Hy0), OCOCH,,
HOCOCH;, (H:O + COCH;), (CHs +
HOCOCH;), (H:O + OCOCHy), (H,O +

Deicosine, 4453

CaeMhOy 2.8 453

l-‘ 4234

; a, OH

b.alg 438
L

=’ 402:8

sS4
-~

4,808 264(w°-189)
Gote0;

S.mig 420
St

FIGURE 1. Proposed route of formation of the
M+—189 ion.

TA:L! 4. Principal fragmens ioms and their relative imsensities of three Delphinum diterpenoid al-

acetates.
Acetyl Acetyl
del ne delcosine Delsoline Delsoline
D D Delcosi! mono- mono- mono- mono-
diacetate-1 diacetate-2 diacetate-3 acetate-1 acetate-2 acetate-1  acetate-3
M+ 537 M+ 537 M+ 637 M+ 537 M+ 537 M+ 509 M+ 508
M+ 3 3 1 trace 10 22 1
M+-2 — 50 - -— 8 64 —
M+-—15 10 3 1 1 38 2 -—
M+—18 5 18 6 100 30 35 12
M+_31 7 8 — 25 36 60 10
M+_33 12 10 —_ 12 50 26 8
M+ —45 — 32 15 —_ 6 —_ 20
M+--59 100 40 20 - 40 20 8
M+—60 10 10 50 20 30 20 30
M+-61 s 36 8 20 28 50 100
M+-75 8 10 4 15 25 24 6
M+_77 10 20 20 80 30 20 25
M+-78 4 8 25 30 8 - 35
_ M+_g9 £ 50 15 2 6 44 12
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HOCOCH;), and (CHy + CH; + helpful than the acetates. A column tem-
COCH,3). perature of 200 C was required for the
lysis of the ac [ d to 220 C
For rapid GLC analysis of lycoctonine TGS der s P
alkaloids the TMS derivatives were more for TMS derivatives.
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FIGURE 2. Mass spectrum of delcosine.
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FIGURE 5. MS-GC analysis of D. ejacis alkaloids using the solid injection technique (9) (10-f¢

x Y4-in glass column; 1% OV-1 on 100/110 mesh Gas Chrom Q,

flash heater 312 C, mol

separator 280 C, He flow 21 ml/min, spectra taken at 70 eV).
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