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Pure fluorescent derivatives of 12-0-tetradecanoyl phorbol-13-O-acetate (TPA), labeled in the 
tetradecanoyl chain, are synthesized by two ways: I) from both enantiomers of p -N-dansylaminotetra- 
decanoic acid which requires the resolution of the (2) B-aminoacid precursor; 2) from an achiral fluo- 
rescent chain derived from 3-azatetradecanoic acid. The new phorbol derivatives retain the main bio- 
logical activity of TPA. 

Phorbol esters such as 12-0-tetradecanoyl phorbol-13X)-acetate (TPA) are potent tumor pro- 

moters in mouse skin l and display a variety of biological and biochemical effects in vivo and in -- - 
vitro 2. _ We have recently demonstrated that the fluorescent TPA derivative 1, labeled by a dansyla- 

mino group linked to the tetradecanoyl chain at the 8 position, retains the main activity of TPA 

itself and thus is a suitable tool for the study of the mechanism of action of phorbol esters 3. This 
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compound 1 has been first synthesized as an mresolvable mixture of the two diastereomers 1A and 

1B and the question could be raised whether the diastereomers have different biological activities. 

We have now synthesized these diastereomers 1A and IB, starting from (+)- and (-)-ethyl B - 

aminotetradecanoate 4 respectively. On the other hand, to avoid the formation of diastereomer mix- 

tures, we have developped a mere direct approach to pure labeled derivatives using an achiral fluo- 

rescent tetradecanoyl chain. We have chosen to insert a nitrogen atom at the 3 position of the te- 

tradecanoyl chain to which a fluorescent group, dansyl in compound 2 or 4-nitrobenzo-Z-oxa-1,3-dia- 

zole (NBD) in compound 3, is linked. 

The key step in the synthesis of IA and IB is the resolution of (+)-ethyl p-aminotetradeca- 

noate 4 4, which was conveniently achieved in reasonable yield as follows. After extensive search for 

an acidic resolving agent, 6)-dibenzoyl-L-tartaric acid (DBTA) was found to give a I:1 salt which, 

after three to five recrystallizations 5 from EtOH/i-PrOH (1:2Ov/v) yielded partially resolved (+)-4, 

ee 50-65 %. Obviously, complete purification would be extremely laborious in this way, due to exten- 

sive co-crystallization of the two diastereomeric salts. By contrast, recrystallization of a suitable 
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enantiomeric derivative or salt should be a valuable alternative since, as a rule, the formation of so- 

lid solutions is less common with enantiomer mixtures 6a. To this end, the 3,5_dinitrobenzoate (DNB) 

salt of 4 was found particularly appropriate due to the lowest solubility of the enantiomers. Thus, 

starting from partially resolved (+)-4, DNB salt (ee > 50%), two or three recrystallizations from 

diethyl ether provided (+)-4, DNB salt, mp 93’C, L(x13456= +6.8’ (EtOH, c=5), ee > 98 %, as deter- 

mined by differential scanning calorimetry 6b. Finally, aminoester (+)-I, oil, L@6 = +12.5’ 

(CHC13, c=5) was readily obtained in 30 % overall yield. The other enantiomer t-r-4, oil, L”(11j,56= 

-12.4” (CHC13, c=5), ee > 98 %, was similarly prepared using (+)-DBTA as a resolving agent. 

Both (+)- and (-2-r were converted into pure oily IA and 1B respectively, by following the 

route previously described with ($4 3 (Scheme). The spectral characteristics (absorption, fluorescence 

emission, lH-NMR) 7 of 1A and 1B are entirely consistent with those of their mixture published 

earlier 3. 

The synthesis of the fluoresent derivatives 2 and 3 (Scheme) begins with the common precur- 

sor 3-azatetradecanoic (or N-indecylglycine) ethyl ester 7a (oil), which was readily prepared by alky- 

lation of glycine ethyl ester with I-bromoundecane in MeCN in the presence of NaHC03 (9O”C, 

20 h, 33 % yield). 

The preparation of 2 parallels that of 1 described above: i) dansylation of 7a followed by sa- 

ponification gave acid 8b (oil, 90 %I, ii) esterification of (+I-phorbol 13,20_O_diacetate using a large 

excess of the crude acid chloride of 8b followed by the cleavage of the 20aAc protective group 

afforded the desired fluorescent product 2 (oil, TLC on SiO2 with AcOEt/cyclohexane 60:40 as an 

eluent, 60% yield). In the preparation of 3, the saponification of 7a to 7b (mp 210 ‘C, dec, 90%) 

was performed prior to the introduction of the NBD group, which is extremely sensitive to alkalis. 

Thus, the condensation of NBD chloride, according to Fager et al. 8 afforded 9 (SiO2 column chro- 

matography with acetone/MeOH 70:30 as an eluent, 13% yield). The subsequent steps performed as a- 

bove provided 3 (oil, TLC on SiO2 with AcOEtrcyclohexane 60:40 as an eluent, 24% yield). The com- 

pounds 2 and 3 were characterized by mass, lH-NMR and fluorescence spectrometry 9. 

Biological studies 10911 indicate that the fluorescent derivatives 1-3 retain potent activity in 

competing the binding of t3H)-PDBu to C3H/lOT1/2 cells. They are also equipotent with TPA as ac- 

tivators of purified protein kinase C and phospholipid metabolism. These data substantiate our first 

results concerning the potentiality of such probes to characterize the receptor sites of phorbol 

esters. 
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lH-NMR spectra (200 MHz, CDCl3) (Chain = azatetradecanoyl moiety). 
2 S (ppm) 0.81 (d, 3H, J 6.5 Hz, 18-Me), 0.88 (t, 3H, J 7 Hz, Me-chain), 1.05-1.3 (m, CH2- 
chain and 14-H), 1.13, 1.18 (2s, 6H, 16- and 17-Me), 1.42 (m, 2H, CH2-chain), 1.7 (m, 2H, CH2- 
chain), 1.78 (d, 3H, J 2 Hz, 19-Me), 2.0 (m, lH, 11-H), 2.05 (s, 3H, 13-AC), 2.5, 2.53 (AB, 2H, J 
18 Hz, 5-CH2), 2.67 (m, lH, OH), 2.90 (b r.s, 6H, NMe2), 3.25 (m, ZH, 8- and IO-H), 3.37 (m, 
2H, CH2-chain), 4.01 (s, 2H, 20-CH2), 4.15, 4.27 (AB, 2H, J 18 HZ, N-CH2-CO), 5.41 (brs, lH, 
OH), 5.43 (d, IH, J 10.5 Hz, 12-H), 5.65 (d, lH, J 5 Hz, 7-H), 7.18 (d, IH, J 7 Hz, dansyl 6-H), 
7.5 (m, 3H, 1-H and dansyl 3- and 7-H), 8.26 (d, lH, J 7 HZ, dansyl 4-H), 8.30 (d, lH, J 8 Hz, 
dansyl S-H), 8.53 (brd, IH, J 8 Hz, dansyl 2-H). 
3 5 (ppm) 0.88 (t, 3H, J 6.5 Hz, Me-chain), 0.93 (d, 3H, J 7 HZ, 18-Me), 1.10 (d, lH, J 5 Hz, 
14-H), 1.15, 1.17 (s, 6H, 16- and 17-Me), 1.26 (m, chain), 1.38 (m, 2H, chain), 1.79 (d+m, 5H, J 
3 Hz, 19-Me and CH2_chain), l.% (s, 3H, 13-AC), 2.17 (m, IH, 11-H), 2.50, 2.53 (AB, 2H, 5- 
CH2), 2.51 (brs, IH, OH), 3.26 (m, 2H, 8 and IO-H), 3.74 (m, 2H, CH2-N-1, 4.02 (AB A2, 2H, 
20-CH2), 4.75, 4.84 (AB, 2H, J 17 Hz, N-CH2-CO), 5.35 (m, lH, OH), 5.45 (d, IH, J 10 Hz, 12- 
H), 5.66 (brd, lH, J 5.5 Hz, 7-H), 6.23 (brd, lH, J 9 Hz, NBD 5-H), 7.57 (br.t, lH, l-H), 8.48 
(d, IH, J 9 Hz, NBD 6-H). 
Mass spectrometry: 2 C47H66N2ClOS, m/e 851 (M+), 3 C4lH56N4011, m/e 781 (M+). 
UV (Et0H): 2 h max (nm) 250, 330, 395. 3 h max (nm) 230, 330, 470. 
Fluorescence spectra (EtOH): 2 h max 525 nm (excitation at h 330 nm), 3 h max 530 (excitation 
at X470 nm). 
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Results to be published. 

A similar behaviour has been recently reported for a TPA derivative which carries a dansyl 
group in the terminal position of a IZdodecanoyl chain. R.M.J. Liskamp, A.R. Brothman, J.P. 
Arcoleo, O.J. Miller and LB. Weinstein, Biochem. Biophys. Res. Comma. 131, 920 (1985). 
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