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Abstract - Proton and carbon-13 nuclear magnetic resonance spectra
of some trypteophan derivatives are repeorted along with their analysis.
The spectral parameters reveal new sensitive probes for structure

elucidation of indole alkaloids,

In a purely synthetical contextl we required a facile method feor the 1dentifi-
caticn of different structural isomers of B-indolylethylpiperidine derivatives

of the type 1. Since ccmpounds of this type have not previously been aptly
characterised by nuclear magnetic resonance, we became interested in studying

their NMR spectral characteristics.

COOMe
CoOOMe

N . COOCHzCgHg

Our studies proved extremely fruitful yielding new information not only on

the compounds studied per se but alsc con some new and characteristic sensitive

probes for studying the substitution patterns 1n various indocle alkaloids.
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1!—! NMR Spectroscopy

The only reported 1}-I NMR spectrum for compounds of the type 1 was in a recent
publication hy Rapopor‘t2 for compound 2. Even +this paper, however, left the
NMR shifts wunassigned in 1mplicit form. Comparison of the lH NMR spectra
of 3a, 4a and Ba with those of 3b, 4b and 65b presented in Table 1, respectively,

reveal that:

R
4a R: 3-Et 4b R: 3-Et
5a 4-Me 5b  4-Me

TABLE 1. lH NMR data of compcunds 3 - 5.

3a 4a 52 3b 4 5b

H-a 3.15 m 3.15m 3.19m 4,23 dd 4.4 Hz 4,29 dd 4.0 Hz 4,26 dd 4.4 Hz
10,0 Hz 9.6 Hz 9.8 Hz

C005ﬂ3 344 5 3.54 s 3.52 s 3.54 s 3.56 s 3.62 s

H-B 3.55m 3.60 m 3.55 m 2,63 dd L4.4% Hz 2.60 dd 4.0 Hz
12.0 Hz

3,27 dd 10.0 Hz 3.29 dd 9.8 hz

12.0 Hz

H-2 6.84 d 6.97 d 6.96 d 6.95 d 7.00 s 7.06 d

N-H 8.55 br s 8.23 br s B8.22 brs 8,90 br s 8.88 br s 8.79 br s
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~ the 1ndolic N-H absorbs at lower field in the b series 1ndicating increased
acidity of the proton. The high-field shift of the a series is explained
by the enhanced possibility of hydrogen bonding between the 1indole N-H and
the carbomethoxy group. In the b series, such hydrcgen bonding 1s prohibaited
on steric grounds.

- the ester methyl signal 18 shifted to higher field in the a series as compared
to the b series manifesting a2 larger effect due to the anisotroplic ring current
of the aromatic indole nucleus. This observation 1s comprehensible on the
same reascning as the previous ltem.

- the H-2 of the aindole unit exhibits sharper doublet fine structure or even
singlet (3b) in the b series. This phencmenon is explained by the diminished
four~bond H-C=C-C-H coupling: The ester carbonyl tends to align the C=0
n-bond nearly in the plane of the aromatic system causing the a-hydrogen
toc be displaced farther from the plane. This results in the diminution of
the Jyy which is a function of c052@ {® = the torsion angle between the
n-system and the axis of the C-H bond).3
- 1in the a series, H-B8, 1.e. the proton o to the ester unit, resonates at
43.5%5 with its fine structure partially hidden under the ester methyl signal.
The H-a protons resonate at & 3.15 and are virtually undifferentiated.

- the c¢learest distinctien between the a and b series can be made on the
observation of the signal due to H-a 1n the b series at lcocwer field approxi-
mately at & 4.25 with three bond 3J coupling constants 4 Hz and 10 Hz to

HH

the B-hydrogens at approximately & 2.60 and & 3.30.

13C NMR Spectra

Peak assigments are based on c¢hemical shift corr‘elat:‘mn‘:l and SFORD spectra
recorded to reveal the multiplicities of the s8sighals. The aindecle carbon
resonances Wwere assigned based on established literature datas , and the piperi-
dine carbons were identified by the use of model ccmpounds6. For the tetrahydro-
pyridine derivative 6, the carbons 2 and 6 were differentiated by the endocyclic

homoallyl effect’ exhibited by C-6.
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The 13C MMR spectra of the compeounds 3a, 4a, 5a, 3b, 4b and 5b are presented
in Table 2.
TABLE 2. 13C NMR spectiral assignments.
c R - R R
2 122.5 122.1 -0.4 122.6 122.4 -0.2 122,66 122.3 -0.3
3 111.9 111.7 -0.2 11ll.¢ 111.6 0 111.6 111.9 +0.3
3a 127.1 126.2 -0.9  127.3 126.2 -1.1  127.3 126.3 -1.0
4 118.2 118.6 +0.4 118.5 118.6 +0.1 11i8.5 118.8 +0,3
5 118.7 119.3 +¢.3  119.1 119.3 +0.2  1192,1 119.4 +0.3
6 121.3 121.8 +t,5 121.7 121.% +0.2 121.7 121.9 +0.2
7 111.2 111.3 +0.1  111.@ 1ll.4 +0,3 111.0 111.4 +0.4
7a 135.8 136.0 +0.2 136,00 136,1 +0.1 136.0 136.1 +0.1
o 24.8 41,0 +16.2 26.3 41.2  +14.9 25.2 41,2 +16.0
B 69.2 61.7 =7.5 68.3 60.6 =7.7 68.2 60.5 =7.7
2" 50.8  54.5  +3.7 521  55.6 43,5 49,0 52.5 3.5
3! 26.0 25.8 -0.2 137.8 137.3 +0,5  125.2 124.7 -0.5
4! 24.2 24.2 ] 117.5 117.5 o] 132.6 132.5 -0.1
5' 26,0 25.8 -0.2 27.7 27.7 0 31.2 30.3 -0.9
6* 50.8 54.5 +3.7 46.7 49,9 +3.2 46.7 50.2 +3.5
COCCH, 172.2  174.8 +2.6  172.3 174.7 +2.4 172,3 174.5 +2.2
COOCH, 50.6 51.7 +1.1 50.9 51.8 +0.9 51,0 51.9 +0,9
3'-££2-CH3 - - - 25.3 25.3 0 - - -
3‘—CH21;H3 - - - 12,1 12,0 -0.1 - - -
4"933 - - - - - - 22.9 22.9 0

~ The resonances of the

tution

in

the

side

chain.

Carbons 2

make

and 3a

indele nucleus remain nearly

an

independent of the substi-

however, in

exception,

being shifted to higher field in the b series as compared to the a series.

The effect 18 less diagnostic for C-2 but the observed Aé= - 1 ppm for C-3a,

- In the b series, the chemical shift of the ester carbonyl 1s shifted 2.5

ppm to lower field and the ester methyl 1.0 ppm to lower field. These effects

are also taken as the manifestation of the aromatic ring current effect (vide supral.
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- Disregarding the effects on the multiplicities of the signals due to C-a
and C-B, the most dramatic effect is observed 1n the heterccyclic carbons
® to +the nen-indolic¢ nitrogen, 1.e. C-2' and C-6' equalling 4Aé =z +3.5 ppn.
This effect 1s attributable to the release of steric congestion caused by
the carbomethoxy group in the members of the a serlesd.

- Changing from the a series to the b series also affects the side chain
carbons C-a and C-B in a regular manner. A paramagnetic shift of 15-16 ppm
is observed for C-a , as cone would expect from saimple considerations of
o and B-effects %. On the other hand, the observed shift of C-8 { 44 = - 7.5

ppm}) is nearly 9 ppm units smaller than one might expect. This 1s, however,

easily apprehended by considering the added p-effects 1n the a series.

EXPERIMENTAL

The NMR spectra were recorded at r.t. on a Jeol JNM-FX 60 spectrometer operating
at 15.04 MHz 1n Fourier transform mode. The resonances were measured downfield
(&) from the 1i1nternal standard TMS ( & 0.00) 1n approximately 0.5 M CDCZK:3
sclutions, For 130 NMR spectra, 10000 scans of 4 kHz were accumulated with
8 k data points (FID) using 5 usec pulse width (9 psec & 90° pulse) and 1.50
sec pulse repetition time. The data were precessed using Fourier self—convolutlon8

to increase resslution,
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