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Mechanistic Study on Generation of the Trifluoroacetyl
Derivative of Melatonin
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Abstract: The trifluoroacetylation (TFA) mechanism of melatonin was extensively discussed on the basis of mass spectral data
for the TFA derivatives of melatonin, melatonin-(N-acetyl)-ds, serotonins, and tryptamines. It has been demonstrated that
3,3-spirocyclic indole derivatives are commonly generated in the TFA reactions of N-acyltryptamines of the enolic form. We have
proposed a mechanism where the specific cyclization reaction involving the spirocyclic structure proceeds by virtue of activation of
the 3-position of the indole moiety induced by TFA of the N atom in the moiety and enolation of the N-acyl group.
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Scheme 1. Mechanism for the formation of the PFP

derivative of 1, proposed by Blau et al.

1 R, = OCH;, R, = COCH; (melatonin)

2 R, = OCH;, R, = COCD; (melatonin-(N-acetyl)-ds)
3 Ry = OH, R, = H (serotonin)

4R,=0H, R, = COCH,

5§ Ry =H, R; = H (tryptamine)

6 Ry=0CH;, R;=H

7 R{ =OCOCH;, R, = COCH;

8 Ry =H, R, =COCH;,

9 R, =H, R, = COCD,
10 R, =H, R, = COCH,CH,
11 Ry =H, R, = COCH,CH,CH,

Fig. 1. Structures of the tryptamine related compounds

used here.
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Fig. 2. Mass spectra of the TFA derivative (12) of
melatonin (1) (a) and the TFA derivative (13) of
melatonin-(N-acetyl)-ds (2) (b).
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12 Ry = OCH3, R3 = COCF3, Ry = Rs = H

13 Ry = OCH3, R3 = COCF3, Ry =R5 =D

14 Ry = OCH3, R3 = COCF,CF,CF3, Ry=Rs=H

15 Ry = OCOCF3, R3 = COCF3, Ry =Rs=H
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Fig. 3. Structures of 3,3-spirocyclic indole compounds
derived from N-acyltryptamines.
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Table 1. Main Mass Spectral Data for the Derivatization
Products of N-acyltryptamines'

=

Compounds?

m/z (% of base peak)

TFA-derivative (12) of 1°
TFA-derivative (13) of 2%

HFB-derivative (14) of 1

TFA-derivative (15) of 4
TFA-derivative (16) of 7

TFA-derivative (17) of 8
TFA-derivative (18) of 9
HFB-derivative (19) of 8
TFA-derivative (20) of 10

TFA-derivative (21) of 11

310 (100; [M]), 213 (70)

312 (100; [M]), 243 (20),
15(56

410 (100, [M]"), 241 (20),
13 (40

392 (100; [M]), 295 (60)

338 (24; [M]M), 296 (100),
99 (48

280 (100; [M]"), 211 (32),
3(66

82 (100; [M]"), 213 (20),

85 (68

380 (100; [M]"), 211 (20),
83 (64

294 (100; [M]"), 279 (63),

197 (20

308 (72; [M]"), 279 (100),
11 (24

:

:

e

E

1) Samples were introduced via the GC column.

2) Abbreviations: TFA
heptafluorobutyryl

trifluoroacetyl, HFB

3) The MS spectrum was shown in Fig. 2a.
4) The MS spectrum was shown in Fig. 2b.
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Table 2. Main Mass Spectral Data for the Derivatization Products of Benzylamines"

Compounds?

m/z (% of base peak)

TFA-derivative of N-acetylbenzylamine
TFA-derivative of N-deuterioacetylbenzylamine

245 (19; [M]"), 182 (67), 131 (100), 106 (37)
248 (12; [M]"), 182 (41), 133(65), 106 (100)

1) Samples were introduced via the GC column.
2) Abbreviations: TFA=trifluoroacetyl

Table 3. Main Mass Spectral Data for the Derivatization
Products of 5 and 6"

Compounds?

m/z (% of base peak)
256 (23; [M]"), 239 (46),
143 (46), 130 (100)

382 (24; [M]"), 269 (56),
256 (64), 159 (100)

478 (55, M]"), 381 (32),
284 (100), 267 (55)

1) Samples were introduced via the GC column.

2) Abbreviations: TFA = trifluoroacetyl.

mono-TFA-derivative of 5

di-TFA-derivative of 6

tri-TFA-derivative of 6
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Scheme 2. Proposed mechanism for the formation of
the TFA derivative of 1.

WIXESIZTFA R L ODBBEL 27 ST A M AL D
- BBz g, ZhoDHEEX, TFA FEELIZ
PBNWT2OHD TFA HiZ A ¥ F—)VBERED N R FIZEA
INTWBZEBRLTWS, 6 O ti-TFA FEAETIE.

m/z=478 (25 FE—2 mz=3811Z 1 DD TFA E D ik
LEZIZTR M AT, IBI2mz=284122 2D TFA
HBPEL 77X M A OE—IDBAEh 3
M. spirocyclic FAERZIGIZ 5 CF,COOH DiiiltiZ R 5 h
2N, Z DT & & D spirocyclic 1t DEFTIZIZHIBED N-acyl
HEOT ) —)EHBETHZI & IS Y F—)ILERK
D N-TFA B2 £ % 3 fIDEMLAF LRI W 2 L EDH B
e B HEHM TN B, Degen 5. 1 O
heptafluorobutyrylimidazole (HFBI) iZ & % &8/t IGIZ
DVTHIEL ). TORBIZBVTHA ¥ K= VBIKO
N-HFB (A Z2ZEH TS, LD L. heptafluorobutyric



I BHEFIAZFIE Vol. 50, 61-65 (2001)

65

anhydride IZ £ 2 RS & X &% b HFBIZ X % &6 Tl
SHD N-acetyl XA RIZ HFB #4582 L acetyl &K S
7= 8. spirocyclic BERRIGIZET L TRV, TOZEH
BB GIZ N-acyl D /) —)UEDNEBELRRBRIETH S
ZEEREMTTND,

DUEDHERIZED, 1 O TFA FEEELRIGIZBNT
spirocyclic #EDHERLIL Scheme 2 TR IHETH B F
ABIEDPTEB, DFED 1 IX TFAA IZ X D ISHOD
N-acetyl {i& 4 > F—)UBRED N-acetyl (LB ET LT, 1
v R—IVEBRED 3 MIDiEHELE acetyl B (—A&IZIX acyl
BHYDx ) —)WL%EHZET spirocyclic BEDBERTH LD L
RETRIENTE S,

# @

Melatonin > GC-MS ZF| AL 78 E ST EO R 3EIZEY
HMInBRRICBWT, Z0 TFA FHEENRELD TRHRENZHA
REIGHEEZTZE8 REL | AL 7-FEE AT spirocyclic
HETHHZLERLMII LT, ZOMRISIH ST/ —
NMELHD N-acyl 2% 55 tryptamine B E L &2 L1E T
HZEEWLINITHHT, EFLIIMHT DT/ —
fbeA LV R—/LB¥ N-TFA BIZED 3 (iR AIC L TEST
THHEBEELIRELT,

ARFFEEMEDDIZH T, Al BRI R FH R -
BLUAARTE KT Seibl HLIVAERBRIBIEFTEEEL
Too DPBIFESN-LET,

3| Bk

1) H. Wissbach, J. Axelrod, Biochim. Biophys. Acta, 43, 352
(1960): H. Wissbach, J. Axelrod, J. Biol. Chem., 236, 211
(1961).

2) AW, {3, 11, 1401 (1974): ‘FH, &, 1, 1379
(1974): A, G, 11, 1389 (1974).

3) ZHMAE, EBRFERRZEB LRI (1978).

4)K. Blau, G. S. King, and M. Sandler, Biomed. Mass
Spectrom., 4, 232 (1977).

5)P. H. Degen, J. R. Doamaral, and J. D. Barchas, Anal.
Biochem., 45, 634 (1972).



