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The mass spectra of the C-3, C-4, C-6, C-7, and C-12b deuterated derivatives of the indole alkaloid

1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinolizine

(Dracontomelum  mangiferum) show that the

P - 1 (base) peak at 70 eV is a mixture of four discrete ions, resulting from loss of C-4 H, C-6 H, C-7 H, and
C-12b H. The labeling results show that the previously proposed structure for m/e 197 arising from a retro
Diels-Alder reaction of m/e 225 only accounts for about 20% of m/e 197. The revised structure accounting for
most of m/e 197 arises from a stepwise fragmentation from the parent ion (m/e 226). New fragmentation path-
ways and ion structures are also proposed and supported for the peaks at m /e 184, 156, 144, 97, 83, and 69.

Since its first application to indole alkaloids,® mass
spectrometry has become a very important technique for
the elucidation of the structure of alkaloids and other nat-
ural products.4-5

Although mass spectrometry has been applied to several
members of the Corynanthe-Yohimbe family, -8 there is
no consensus and little direct support for the various pro-
posed fragmentation pathways for this class of indole al-
kaloids.” The indole alkaloid 1,2,3,4,6,7,12,12b-octahydro-

indolo[2,3-a]quinolizine (1)8 is the simplest structure for
8 7

which a mass spectral fragmentation pattern representa-
tive of the Corynanthe-Yohimbe class of indole alkaloids
may be expected.® The mass spectrum of 1 has been pre-
viously published,® but without direct support for the pro-
posed fragments. We now report a mass spectral study of
selected deuterated derivatives of 1.

Results and Discussion

The 70-eV mass spectra of 1 is reproduced in Figure 1
and each of the main fragment clusters will be discussed
in turn.

Parent Ton Cluster. It has been widely assumed8.9-11
that the P — 1 (base) peak (m/e 225 for 1) observed in the
mass spectra of Corynanthe-Yohimbe indole alkaloids and
other tetrahydro-83-carboline alkaloids is due to the loss of
C-12b H leading to 2. Only in systems where for steric
reasons a C-12b iminium ion cannot form have alternate P
— 1 ions been suggested.12

Our results (Table I) show that the P — 1 ion is a mix-
ture of ions 2-5, arising by hydrogen loss from C-12b, C-7,

3 (m/e 225)
Yug’
\T h

5 (m/e 225)

4 (m/e 225)

C-4, and C-8, respectively. For example, P — 2 (m/e 225,
loss of D) is intense in the spectrum of 1-7-dz and P — 1
(m/e 226, loss of H) is intense in the spectrum of 1-12b-
dy, both indicating the importance of other ions to P — 1.
In contrast, 1-3-ds (statistically adjusted for isotopic inho-
mogeneity) shows complete retention of deuterium in the
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P — 1 ion. A quantitative analysis of the data, assuming
100% specific deuterium incorporation, gives the result
that most of the P — 1 peak is comprised of 2 (37%) and 3
(32%), and the rest is due to 4 (13%) and 5 (19%) (see
Sample Calculation).

Loss of C-7 H to give 3 has analogy in the mass spec-
trum of 3-methylindole,1® where P — 1 is the base peak,
arising from loss of a methyl hydrogen. Such ions have
also been implicated in the solution chemistry of in-
doles. 14

Loss of deuterium from C-4 in 1-4-dy and 1-4-dy is
about the same (17% vs. 13%). We ascribe this to the
trans-axial orientation of the deuterium and the nitrogen
lone pair in 1-4-dy; this geometry is the much preferred
one for loss of hydrogen (deuterium) (i.e., in 1-4-dy there
is little preference for loss of hydrogen from C-4, even
with an isotope effect working against deuterium loss).
The axial deuterium in 1-4-dy is so assigned because the
2040-cm~1 C-D stretch in the infrared spectrum?® is a
C-D “Bohlmann band.”® By comparison, the infrared
spectrum of 1-4-ds with an axial and equatorial deuterium
shows 2050 and 2190 cm~1 for the two C-D stretches, re-
spectively.

We conclude that the facile loss of one hydrogen from 1
is much less specific than previously believed, loss of hy-
drogen from C-12b, C-7, and C-4~C-6 each representing
about one-third of the P — 1 peak.

m/je 197 Cluster. The peak at m/e 197 (28%) in the
mass spectrum of 1 and many other indole alkaloids has
been assigned to 6 and is proposed to arise by a retro
Diels~Alder loss of ethylene from 2.8 This pathway is also
implicated in quinolizidine itself.1? A high-resolution
measurement shows m /e 197 to have a molecular formula
due entirely to C13H13Ns.

—C:H,

2 (m/e 225) —_— N
N h

H AN
6 (m/e 197)

Our results (Table II) require that an additional struc-
ture be written for m/e 197. This new species must retain
hydrogen on C-12b and C-3, and one-half of the hydrogen
on C-4. The precursor to this ion, at m/e 198 (8%) and
previously unexplained, must retain all of the hydrogen on
C-3, C-4, and C-12b. We propose 9 as the m /e 198 ion and
10 as the other m/e 197 ion, with the following sequence
accounting for their formation.

-C,H,
@ﬁ' +
N 2N m"

7 (m/e 226) 8 (m/e 226)
-H
9 (m/e 198) 10 (m/e 197)

Metastables are found for both routes to m/e 197. In the
deuterated derivatives the metastables corresponding to
the stepwise process 7 - 10 are usually more pronounced
than those for the retro Diels-Alder route.

The clusters observed for 1-3-dy and 1-12b-di at m/e
197, 198, 199, and 200 were used to calculate the contribu-
tions of the pathways leading to m/e 197. In the 1-3-d»
spectrum the m/e 199 peak will uniquely reflect the con-
tribution of 10 and m/e 197 will be the contribution from
8. After correction for isotopic distribution the intensity of
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these two peaks relative to the total m/e (197 + 199) in-
tensity is 20% for 6 and 80% for 10. A similar analysis for
1-12b-d; gives 16% for 6 and 84% for 10.

m/e 184 Cluster. The cluster of three peaks at m /e 184
(7%), 183 (7%), and 182 (7%) has been ascribed®.17+18 to
two sets of ions, 11-12 or 13, with the latter generally fa-
voredi7-18 and being supported by deuterium labelling
(ajmalicine).’® A high-resolution measurement shows m/e
184 to have a molecular formula due entirely to C;12H12Na.

.+
H | H _H

11 (m/e 184) 12 (mfe 184) 13 (m/e 184)

Our results (Table III) indicate that both sets of ions
are contributors to the m/e 184 cluster. For 1-4-ds, the
m/e 186 peak will be due primarily to fission of the C-
12b-C-1 bond and subsequent loss of the carbon fragment
(13). The m/e 184 peak will consist of ions from aromati-
zation of m/e 186 (i.e., loss of 2 H to give 14) and 11-12.
Knowing the relative frequency of aromatization of both
11-12 and 13 in forming 15 and 14, respectively, one can,
by adjusting m /e 184 by the ratio m /e 184/182, determine
the percentages to be 76% for 13 and 24% for 11-12.

The formation of 13 and its cluster partners at m/e 183
and 182 can be viewed as arising from 8 with loss of cyclo-.
propane or propene. Loss of CgHg from the ion corre-
sponding to 8 from quinolizidine itself is supported by a
metastable peak.!! We see a metastable for m/e 226 —
182 at 147.0 (caled 146.6).

-C.H, -oH- =
8 (mfe 226) —> 13 (m/e 184) — ! N
m N7 NN
H
182
g | _NYH 14 (m/e 182)
H

15 (m/e £82)

The formation of 11-12 might be visualized as involving
C-1-C-2 cleavage followed by H migration and loss of allyl
radical. The H migration from C-3 in 16 is supported by
the increased peak at m/e 185 in 1-3-da.

N ‘ ~NE — @I\I—/l(;\+ —
< NH

2 (m/e 225)

16 (m/e 225)

-CHy
—> 12 (mfe 184) —> 11 (m/e 184)

17 (m/e 225)

Such rearrangements are proposed to occur in the mass
spectra of simple cyclic amines.19-20

At 20 eV m/e 183 and 182 are much less intense than at
70 eV (Table III), indicating that these fragments are
formed from m/e 184 by successive hydrogen loss. At low
ionization energy m/e 184 does not have enough residual
energy to lose one or two hydrogens and it tends to accu-
mulate.

m/e 170 Cluster. The cluster of two peaks at m/e 170
(24%) and 169 (33%) has been previously assigned!?-18 to
18 and 19, respectively, and these fragments are support-
ed by a deuterium label at C-12b in ajmalicine, each
being shifted to one higher mass unit.*® The lesser peaks
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Figure 1. Mass spectrum (70 eV) of 1.
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at m/e 168 (16%) and 171 (15%) are assigned to 20 and 21,
respectively. A high-resolution measurement shows m/e
170 to have a molecular formula due entirely to C11H1oNs.

| gue
N Nt N~z NH
H H

19 (m/e 169)

| +
N ~NH
H

21 (m/e 171)

18 (m/e 170)

N
NI AN
H

20 (m/e 168)

Our results (Table IV) support these assignments. As
expected, the mass spectrum of 1-3-dz shows complete
deuterium loss from this cluster. The increase by 20% in
the m /e 170 peak in 1-4-d; may indicate that the origin of
the hydrogen on N-5 in 19 and 21 is at least partly C-4.
The spectrum of 1-12b-d; shows retention of deuterium in
all four fragments (18-21). 1-7-dz shows a surprisingly
large m/e 171 that may be due to 19 containing deuterium
at both C-7 and N-5.

The formation of these fragments may proceed as shown
below. Quinolizidine shows a similar loss of ethylene to

. T NH*
H | H
H 21 (m/e 171)

8 (m/e 226) - l_zH‘

19 (m/e 169)

-CoH, -2H- »
9 o + —> 20 (m/e 168)
m N /N. m s
H

18 (m/e 170)

140
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225

169

o
IR
180 200 220 240
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give a fragment corresponding to m /e 170 (18), and is sup-
ported by a metastable.1?

m/e 156 Cluster. The peak at m/e 156 (12%) has been
‘previously assigned both to 22 and 23. A high-resolution
measurement shows m /e 156 to have a molecular formula
due entirely to C11HioN.

/7 7
+ e
N7 N
H 1 H

22 (m/e 156) 23 (m/e 156)

Our results (Table V) show that both 22 and 23 are
present. The data for 1-3-dg, 1-4-d;, and 1-4-d; indicate
clearly that C-3 and C-4 are not retained in the m/e 156
fragment. C-6 is retained but to a lesser extent than C-7
and C-12b, indicating a mixture of fragments 22 and 23.
An analysis of the data gives the relative contributions of
each: 22, 48%; 23, 52%.

m/e 144 Cluster. The cluster at m/e 144 (9%), 143
(11%), and 142 (10%) has previously been represented as
24 (or 25) but this was in a study of oxindole alkaloids®
and may not be the structure of the m/e 144 fragment
from 1. A high-resolution measurement shows m/e 144 to
have a molecular formula due entirely to C10H1gN.

H H
24 (m/e 144) 25 (m/e 144)

Our data (Table VI) indicate that the m/e 144 cluster
cannot only be due to 24. Carbons C-3 and C-4 are clearly
not present in the m/e 144-142 fragments, nor is hydrogen
transferred from these carbons to the fragments. The data
for 1-3-dg, 1-4-d1, and 1-4-dy are self-consistent, but the
small increase in m/e 145 in these three spectra compared
to that for 1 is difficult to rationalize. It is clear from the
data that both hydrogens on C-7 are retained but that
only one from C-6 is retained in the fragments. The hy-
drogen on C-12b is retained to the extent of about 75%.
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This suggests that the m/e 144 peak is due both to 24-25
(55%) and 26--27 (456%}).

26 (m/e 144) 27 (m/e 144)

These ions have been proposed to occur in the fragmen-
tation of quebrachamine.?!

m /e 130 Cluster. The cluster of four peaks at m/e 130
(1%), 129 (7%), 128 (8%), and 127 (2%) has previously
been ascribed!® to 28 and subsequent ions. A high-resolu-
tion measurement shows m/e 130 to have a molecular for-
mula due entirely to CgHsN.

\
;\;/ N7
H Ht

28 (in/e 130) 29 (m/e 130)

Fragment 28 is invariably found in the mass spectra of
simple indoles,13:18:22 Hhut it is still not clear whether it
has indole structure 28 or quinoline structure 29,23-25 even
though ring expansion has been proposed to be significant
in the fragmentation of 2-methylindole 23,25

QOur results (Table VII) show that C-3, C-4, and C-6 are
not present in the m/e 130 fragment, as expected. Fur-
thermore, it is clear that hydrogens from C-7 and C-12b
are present in the fragment, supporting 28 (or 29) as the
m/e 130 structure. The m/e 129 and 128 fragments both
appear to retain at least some hydrogen from C-7 and C-
12b, but it is difficult to postulate appropriate structures.

The other ion formed in the fragmentation leading to
m/e 130 appears at m/e 97 (1%). Our data (not tabulated)
show that C-3, C-4, C-6 and C-12b, but not C-7, are re-
tained in the jon. This is consistent with 7 — 30 + 31.

7 (mje 226) — Q—j/

30

The tricyclic amine 32 shows in its mass spectrum the
fragments 28 (3%) and 33 (100%),25 indicating the facile
cleavage of the “tryptamine bond.”2?

/
, e
—_— +
N AN N
H O H

28 (m/e 130)

31 (m/e 9N

39 ’ 33 (m/e 98)
Quinolizidine shows a very intense m /e 97 peak which
has been assigned to 31.12
Summary. It is clear that the mass spectral fragmenta-
tion pattern of indole alkaloid 1, and probably most of the
Corynanthe-Yohimbe alkaloids, is more complex than

SoCw1el

Table I, Relative Intansities for the Parent loa Cluster at 7¢ eV Tabie II. Relative

Intensities of the /e 197 Cluster at 70 av®
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previously believed. All of the important high molecular
weight fragments are shown to be mixtures of different
ions. The main points of this work are summarized as fol-
lows.

(1) The P ~ 1 peak (m/e 225) consists of a mixture of
four ions, 2-5, arising from loss of hydrogen at C-12b, C-7,
C-4, and C-8, respectively. Three of these ions result when
ionization occurs at N-5, while the fourth (3) occurs when
an electron is lost from the aromatic ring, presumably
from N-12.

{2) The large molecular weight fragments at m/e 197,
184, and 170 arise principally from parent ion 7 by cleav-
age of the C-12b-C-1 bond and subsequent loss of two,
three, and four carbons, respectively.

(3) The m/e 197 fragment is a mixture of two ions, 6
and 10. The previously proposed retro Diels-Alder reac-
tion from 2 (m/e 225) accounts for at most 20% of m/e
197 (6).

(4) The fragments that appear at m /e 184, 156, and 144
are each due to a mixture of at least two discrete ions
(11-13, 22-23, and 24-27, respectively) arising from differ-
ent fragmentation pathways.

(5) When hydrogen loss within a cluster at high ioniza-
tion energy (70 eV) is important, at low ionization energy
(= 20 eV) it is greatly retarded. This results in the accu-
mulation of certain ions (e.g., m/e 198, 171, 158, and 145)
that are not easily seen at high ionization energy.

(6) Hydrogen loss from a carbon « to a nitrogen (i.e.,
C-4, C-6, and C-12b in 1) is more favorable when the hy-
drogen is trans diaxial to the nitrogen lone pair. This in-
teresting observation, seen in the present work (¢f. 1-4-d
and 1-4-ds) and in our earlier work162 with the cis- and
trans-2-tert-butyl derivatives of 1, should be generally ap-
plicable to the problem of determining stereochemistry
and ring fusion in Corynanthe-Yohimbe and other quinol-
izidine alkaloids. '
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Table IV. Relative Intensities for the m/e 170 Cluster at 70 ev? Table VI. Relative Intensities for the m/e 144 Cluster at 70 oV
m/e m/e
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tion of p/e 196 relative to m/e 197 at low eV siace less residual
energy is available to be dissipated. It is not reasanable to suppose
that the #+1) pathway would be irportant wher our results do show that
the 2+§ pathway accounts for only 208 of m/g 197,

“The mach less intense peak a:z /g 197 in thke mass spectra of
compared to that in the mass spectrum of 1

The other ion formed in m/g 226157 (37+38) appears in a cluster
of peaks at m/e 68, 69, and 70 (all <1%). A high resolution measure-
ment shows m/g 69 to have a molecular formula due entirely to CEN.
show that both 37-38 + 40 and 39223 + 41
:ce some loss of hydrogen Zrom C6 is seen.

our data (not tabulated)

are operating s

yohimbine and ajmalicine

4

supports the stepwise mechanism rather than the retzo-Diels-Alder H =N -CH ,CECH,y
reaction as the main pathway for tae formation of § (m/g 1987),
o (m/e €9)

A possible scheme for the formation of the @/e 156 fragment (22) 4l (m/e 70)

is depicted below. A possible scheme for the formation of the m/e 143 fragments

is shown below,

[N
| > ! e,
8 s X
e [ i N
. 5o B
35 (g/e 198) 36 g 19€) X g
21 /e 171)
=~ ” =CH,=NCH,CH=CH,
e ?
H =
H — * &\ 2
N
@/g ZZGV M S
42 (/e 143)
22 (a/g 156) 37 (m/e 225)
i 3 Ch=CE
28 + E,CeNCH,CH,CH=CE,
The £: leading to retertion of C& as in 23 is shown .
below and resembles the mechanism proposed by Coutts' for tetrahydro-
g~caxbolines. Tnhis pathway is consistent with the fact that Loch C7 43 (n/e 143 44 (/e 83)
hydrogens are retained in p/g 136.
-C gHgN
4Hg
(SN0
) N
H "
7 (/g 226) 39 (n/e 226) 23 (m/s 136}
0-12=10 €0C-13-12
Schems I Visual examination of the data revealed that more than one species

was contributing to the P-1 peak. Indesd, loss of hydrogen (deuterium)
from €4, ©6, €7, and Cl2b ocours at low and high fonization poten-
tial, making the "parent" and "parent-1" procedures unusable, The

analysis of 1-3d, is acceptable using this mechod, since deiterium

1) D0/RE0D/K,C0, loss from C3 is insignificant, ard it gives an isotopic composition
of 868 d,, 11% d,, ana 32 dj.
2) LiAlh, 2 L 0
Mags Spectra. - The mass spectra were determined by Mr. H, A,
Kirst, Mr. J. W. Suggs, and Mr. H. I. Ensiey at Garvard University

D
138,

on an agsaviated Electronics Industries MS9 mass spectrometer at
source temperatures of 150-200°.

Lu\lD

For the exact mass determinations
perfluorotri-n-butyl amine was the calibratior standard, the minimum
Tesoiution was 30 ppm, and the precision was +5 pm

3,3-pideuterio~1,2,3,4,6,7,12,12¢ rdolol2, 3=alguino-
lizine (1-3d,). - A mixture of 2.0 g (0.0083 mol) of lactam (L
0.5 g of annyd K,C05, 15 ml of 5,0, and 32 ml of Bt0D wae refluxed.
After one day an additional 20 mi of EtOD and 1.0 ¢ of K,C0, wers
sdded. After 3 days an additional 10 ml of EtOD and 0.5 g of K,CO
were added.

3
After 13 days of reflux the mixture was allowed to cool

and the white solid was coliected by filiration.
diluted with K;0 and extracted with CHCL,.
HyO0 washing and

The filtrate was
This afforded, after
drying (K,C0;), on concentration in vacue 0,27 g
of white soiid, This material was stirred with 0.4 ¢ (0.0095 mol)
LiAld, ir 75 ml of dry TNF at 25° (after 1 hr at 0°) under N, for
o 10 hr and then refluxsd for 48 hr.

The cooled mixture was cauticusly
quenched with H,0 and éiluted with 2% NaCH. The THF layer was®
separated, the salts were further extracted with Et,0, and the com
bined extracts were water washed, dried (K,CO4), and concentrated

in vacue to give 0.27 ¢ of 1-3d, as a white solid. Recrystalliza-
tion from Et,0-hexane gave tiny crys:al clusters, mp 15(-152°,

The tlc behavior wae idsntical to that of 1.

4, 4-Dideaterio=1,2,3,4,8,7,12,12b~octahydzoindolo(2, 3-al quino-
lizine (1-4dy). - A mixture of 2.0 g (0.0083 mol} of lactam 48°° ana
2.0 g {0,048 mol) of LiAlD, in 15C ml of dry THF was siirred under
Ny at 25° (after 1 kr at 0°) for 24 hr and then refluxed for 58 br.

LiAld

EEd
E]
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Table VIIT. Calculation of Ion Distribution in the Parent

Cluster for l-12bd.

observed expected

relative B+l corrected
n/e intensities contribution intensities
225 58 [ 58
226 106 10 20
227 97 17 80
228 18 17 4

The percent total intensities for the uncorrected and corrected inten-
sities are then calculated using the relationship: %X = X/(X+¥+2)
where X, Y, and Z represent the intensities of different peaks in a
cluster. TFor example, the m/e 225 calculations for 1-12bé, using
uncorrected and corrected values give 37% and 39%, respectively, for
the percent of m/e 225 in the parent cluster. This Qifference of

2% is less than the 5% precision assumed to abtain in the mass spec-

tral reasurements.

Fxsgmentat n_Appen:

The cleavage of the Cl-ClZb bond has baen suggested to occur in
the fragmentation of ajmalicine end related alkaloids,®
quinolizidine itself,?! A similar stepwise mechanism can account for
§ but its precursor ior 35 does not
23 and Cl2b.
benefit from the extra stability of

as well as

satisfy the requirement that m/e
In addition, fragment 34 does not
8 where the positive charge can

198 retain hydrogen at

e shared by both nitragens.

ChH,
2 H
I — | T —i-) ‘{l 2y 8
N = N
b B (/e 187}
o
34 (m/e 226) 35 (a/e 198}
Another possibility for the formatfon of 10 is a retro-Diels-alder

loss of ethylene from 4 (m/g 225). Although our data cannot rule out
the 4+10 pathway, the mass spsctra at 20 eV show & more intense m/g 198
{56%) relative to m/e 197 (100%) than at 70 eV which suggests the
importance of 9 ir the formmtion of 10.

One would expect an actumula-

S0C-13-3
(R/e 171) has been proposes to occur in the
fragmentation of tetrahydro-3-carbolines,

The otaer ion formed in m/e 226+143 (3743) appears in a clister
of peaks at m/e 82, §3, 8 and 85 (all <1%). A high resolu
surement shows m/e 83 to ave a molecular formila due entirely to
QgHgN. (not tabulated) show that C3, C4, and some C6, bu:
tot C7, are retained in this ion. Therefors, both 37-43 + $4 and

Loss of HCN from 21

n mea-
our data

45+45 < 47 are probably occurring.

m/e 226)

46 (m/e €3)

1 sect!

Ceuterated Compounds. -
1-38, 1-4dy, 1-6d,,
Compounds 1-4d,

2e synthesis of the deuterated compounds

178, a0d 1-12bd; Lo summarized in schgne 1.

and 1-12bd; have been previously described,’

although in che presant stady ininiur fon 51 was preparsd according
=0 the method of Martel and Costercusse.2’ . 828 ang 45,29-3¢
and ketone 5030731 )

Lactams 4
are kaown compounds.

3), 1-4d,, 1-6dy, 2-74,, and j-lzbd
de to the method of prearation should reflecs the purity of the
metal deuteride reducing agent,’? whersas the preparation of 1-38;
involving agusous exchange ard a metal hydride reduction could give
raterial having a much lower deuterium content.

The isotopic purity of

Analysis of the parent-ion clusters at 20 eV and § eV using a
computerized version Of published "parent” and "parent-1" proce-
dures™® gave uareasonably low values of deuteriun content, even though
che (P+1)/P isotopic ra: (at 20 eV}
Additional measurements at 25

ios indicated high isotopic purity.
sV showed the parent cluster to have

as at 70 eV, indicating very facile

the "parent-1" procedure’? shouid have
corrected Zor this facile P-1 fragmentation at low ionization potential.
ilure to do so indicated that the underlying assumptions>? of the
program were not applicable in the presert case.

the same relative intensi:ies

P-1 processes. Nonetheless,

JOC-13-12

The cooled mixture was cautiously quenched with water and diluted
with 2N NaoH. The usual work ap (vide supra) gave 1.64 g (86%) of
l 4 g 28 & white solid. Recrystailization from Etz ~hexane gave
tiny colorless crystals, mp 152-153.5°%,
identical to that of 1.

5,6-Dideuterio-1,2,3,4,6,7,22,1 ndolo[2,3-alguine-
lizine (1-6d,). - A mixture of 2.0 g (0.0083 mol) of lactsm 432°7 0
ard 1.0 g (0.024 mol) of LLAID4 in 30 ml of dry THF was stirred
under N, at 25° {after 1 hr at 0°)

The tlc behavior was

for 22 hy and then refluxed for

3 hr. The usual workup gave & vellow solid, Chromatography over
60 g of activity IIT basic Woelm alumina gave, with benzeme elution,
1.53 g (818) of 1-64, s a white solid, mp 151-153%, Reorystalliza-

=fon Zrom echer gave pure material as colorless crystals.
behavior was identical to that of 1.
7.7-Dideuterio=1,2,3,4,6,7,12, 12b=0ctanyéroindolo[2, 3-a]quino-
zine (1-74;), - & mixture of 0.26 g (0.0011 mol) of ketons 5000 L
and 0.13 g (0.0031 mol) Of LiAID, in 50 ml of dry THF was stirred
under nitrogen st 25° (after 1 hr at 0%) for 20 hr and then refluxed
for 1 br. The usual workup and chromatography gave 0.082 g (33%)
of 1-7d, as a white solld, mp 145-151°.
cal’to thax of 1.
L2b-Deuterio=i,2,3,4.6,7,12, 12b= 12, 3-alquinoli-
(1-12b8;). - To a solution of 0.20 g (0.0048 mol) of NamD,
in 20 mi OF abs ZtOK was added 1.2 3 (0.0046 mol) of iminium chloride
51.%7 after 15 min the mixture was concentzated in yacuo and diluted
with benzene. Chromatography over activity III basic Woelm alunina
gave, with bengene elutioh, 0.93 ¢ (§9%) of 1-1zbd) =s an off-white
solid. The tlc behavior was identical to that of 3.
Sampie 70

The tle

The tlc behavior was identi=

indol

zina

aleulation alculate the true intensities of peaks,

the observed intensities are scaled for the most intemss peak &o

1008, The expected P+1 contributions are calculated by multiplying
the peak intensity of, for example, m/e 225, 226, and 227 in succession
By 17.6 (the calouiated ((+1)/7)100 for m/s 225, 226, and 227 using
1.197¢ 1%, o.3668 By, ana o.c15% Zg
tributions of each peak. Thé expected P+l contributions are then

to get the expected P+l con-

subtracted from the observed relative intensities cf the peak to
which they contribute o cbiain the corrected values (Table VITI).
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Photochemistry of Polycyclic 5-Acylnorbornenes!
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Ketones 3X, 3N, 4X, and 4N were synthesized and irradiated with ultraviolet light. Compounds 3X and 3N
gave products, enal 6 and oxetane 3, respectively, which are believed to have been formed from n,r* states of the
carbonyl groups. Ketones 4X and 4N gave products, 8 and 7, respectively, which were probably formed from

«,7* states of the double bonds.

Earlier studies of the photochemistry of simple endo-5-
acylnorbornenes?-3 (1) have revealed a photocycloaddition
reaction of significant synthetic versatility as well as one
which involves intriguing mechanistic subtleties. It has
been shown? that oxetanes of structure 2 are formed from
1 with quantum efficiencies ranging from 0.10 to 0.22 and

313 nm
—_—
CsH,

0=C—R 0" "R
1 2

that essentially no other products are produced. In partic-
ular, type 1 and type II cleavages were not competitive
even in favorable cases, e.g, R = t-C4Hy, i-CsHiyit
Preliminary studies with exo-5-acylnorbornenes did not
yield well-defined product mixtures, on the other hand.
Thus, these results raised several questions concerning the
factors which control the efficiency of oxetane formation
and the general structural limitations of this reaction. In
addition, the behavior of the exo systems was perplexing
and a more detailed investigation was clearly of interest in
view of the paucity of data on the behavior of constrained
v,0-unsaturated ketones.?

To these ends, an investigation of the synthesis and
photochemistry of the following four ketones was initiat-
ed: 3X, 3N, 4X, and 4N.

A Ay
m%%

4X

The choice of these systems was governed by the rela-
tively fixed geometrical orientations of the chromophores.
From the drawings shown below, it can be seen that only

£, N

aN

in 3N is the n orbital of the carbonyl group suitably posi-
tioned with respect to the double bond to permit the
mode of interaction proposed for exciplex formation in the



