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Abstract

Due to their auspicious pharmacological efficacyudsre drug candidates, natural products
have been attracting scientific interest for ceesirAn interesting field of research concerns
the natural product class of terpenes. In thisreggamultitude of studies have already shown
their promising biological potential. Therefore,sat of 27 derivatives of the diterpene
dehydroabietylamine was synthesized, focusing omnin@- modifications and the
derivatization of the amino moiety at C-18. Subssrjuscreening of the compounds in
colorimetric sulforhodamine B-assays revealedirawitro cytotoxicity especially towards
malignant cell line MCF7. Particularly, 12-hydroiyfisonicotinoyl)dehydroabietylamine
and N-(4-methoxybenzoyl)dehydroabietylamine showed gaxydotoxic activities (EGp
(MCF7) = 4.3 + 0.2uM and EGy, (MCF7) = 4.5 £ 1.5uM, respectively) and significant

selectivities (S1 = 6.2 and S| = 8.8, respectivébtyyards malignant cell lines.

1. Introduction



Since ancient times, natural products have beed irséraditional folk medicine for the
treatment of a wide spectrum of diseases and dbsesReferences presumed that herbs and
flowers were already used as drugs 60,000 years lgihe beginning of the focentury, the
isolation of morphine as the first pharmacologigcadictive pure compound marked the
revolution of modern medicine by natural prodifctdowadays, approximately 50% of the
approved small molecule drugs are based on napmaducts and derivatives theréeof.
Especially, the development of new potent anticaragents is dominated by the use of
natural product leads. The potential of these sulosts was already demonstrated in the
1950s with the discovery of the vinca alkaloidsiblastine and vincristine. Today about 65%
of the anticancer agents in clinical use are ofir@tproduct origin (including plants, marine
organisms and microorganisnisf. The ongoing scientific interest in the discovend ahe
development of new anticancer agents is motivatgdthie limited use of common
chemotherapeutic agents due to their high toxitdwards healthy tissue and strong
associated side effects. Paclitaxel (Figure 1), ifmtance - one of the most prescript
chemotherapeutic agents worldwide - is approvednertreatment of metastatic breast cancer
and ovarian carcinom3sbut is also leading to hypersensitiditgs well as neurotoxic and
neuropathy side effect.

Based on their inherent biological activity anditlgreat pharmacological potential, natural
substances continue to represent optimal lead tetesc for the discovery and the

development of future drug candidates. This poaémsi confirmed by the large number of

natural product derived compounds in the varioussph of the clinical triafs.
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Figure 1. Structures of selected diterpenes.

In addition to Paclitaxel, other representativesh&f natural product class of diterpenes are
showing a multitude of pharmacological propertissaell, e.g. dehydroabietic aicd (Figure
1). Dehydroabietic acid occurs widely in the nattueain of variousinus species®™*®

As the most abundant component in resin acids, aitelbietic acid provides a protection

against harmful microorganisms and covers mechbnizanage. Ammonolysis and
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subsequent dehydration afforded dehydroabietylar(fingure 1), another diterpene with a
broad spectrum of pharmacological propertfe3his tricyclic abietane-type diterpene is
modified with an amino moiety at C-18 and derivasivthereof are showinga. an
antimalarial’, an antiinflammatory, an antibacterid!, an antivirat’® and an anticancer
potentiaf®®® Several investigations on the cytotoxicity of getoabietylamides showed the
promising potential of these derivatizatioid® Hence, we synthesized a set of 22
dehydroabietylamine derived amides and determihen in vitro anticancer potential in the

colorimetric sulforhodamine B-assay.

2. Resultsand discussion

2.1. Chemistry

We focused on three different groups of derivaitirest starting from commercial available
dehydroabietylamine: (i) “simple” amide derivatiygs) C-ring-modified amides and (iii)
biotinylated conjugates.

A positive influence/promising potential of amidenttionalities on then vitro antitumor
activity of dehydroabietylamine derivatives was rfduin various investigatiorf§:*®
Therefore, we started with the derivatization e #mino moiety of dehydroabietylamine at
C-18. In view of structure-activity relationships be carried out, a set para-substituted
aromatic amidesl{6) was synthesized via EDC/HOBt coupling reaction§1-77% isolated

yields (Scheme 1).

OH
OMe
Me
Cl

o U A W N A

Scheme 1. Synthesis of dehydroabietylamidds@): (a) aromatic carboxylic acid, EDC, HOBt, DCM,
overnight, rt, 51-77%.

Moreover, we investigated the influence of addiio€-ring modifications on the biological
activity of the dehydroabietylamides. Thus, dehwihietylamine was modified in four steps
according to the procedure developed by Gonzafer Perez-Guaita (Scheme 2). Initially
the amino moiety at C-18 was protected by the i@aatith phthalic anhydride to afford
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Followed by an acylation under Friedel-Crafts ctiods to provide8. Compound9 was
obtained by a Bayer-Villiger oxidation in the presence afeta-chloroperbenzoic acid.
Subsequent hydrazinolysis &f afforded target molecule 12-hydroxydehydroabietyte
(10). First, 10 was modified by the reaction with benzoyl chloritte obtain the double
substituted productl. Further amidations ofO were carried out via EDC/HOBt coupling
reactions to preserve the hydroxy moiety at C-18 #m investigate its influence on the
biological activity and further possible structaetivity relationships. The synthesesl@f17
were accomplished in 48-94% isolated yield. Morepwkee hydroxy moiety at C-12 was
acetylated to complete the set of the C-ring mediftompounds. The acetylation 1#-16
was realized by the reaction with acetyl chloridel & EA to providel8-22 in 61-97%
isolated yield. An optimization of the acetylatimi 17 was realized by preceding the

acetylation ofl0 in three steps to affor2B and subsequent amidation to obt2dn




Scheme 2. Synthesis and derivatization of 12-hydroxydehydreigtamine: (a) phthalic
anhydride, pyridine, reflux, 2.5h, 72%; (b) AcClJGds, DCM, 0 °C to rt, 2h, 92%; (c)
MCPBA, TFA, DCM, 0 °C to rt, overnight, 86%; (dyiMyH.O, EtOH, 80 °C, 7h, 89%; (e)
benzoylchloride, TEA, DCM, 0 °C to rt, 0.5h, 54%); gromatic carboxylic acid, EDC, HOB,
DCM, 0 °C to rt, overnight, 48-94%; (g) AcCl, TERCM, 0 °C, 0.5h, 61-97%; (h) BgO,
NaOH, THF, 0 °C to rt, 2h, 74%; (i) AcCl, TEA, DCNg, °C to rt, 30 min, 88%; (j) TFA,
DCM, 0 °C to rt, 1.5h, 95%; (k) isonicotinic aciEDC, HOBt, DCM, 0 °C to rt, overnight,
78%.

In general, a key aspect in the development of meh@motherapeutic drugs is the
optimization of the tumor specificity to avoid siddgfects that occur with the common
chemotherapeutic agents (e.g. with doxorubicinrugcin, cisplatin, paclitaxel). An often
discussed strategy to enhance drug uptake is theoftisa vitamine-mediated targeting
mechanisnt® 3! Based on the increased vitamin requirement fiulae functions, various
rapidly growing cancer cell lines show an over-eggion of biotin-specific receptors at their
cell surface allowing an efficient, targeted inétusof biotin and biotinylated substanc8s™
Thus, the third set of dehydroabietylamine derixedi consists of three biotinylated
conjugates to compare their cytotoxic activity attteir tumor specificity with the
dehydroabietylamides. Starting frdDdA, 10 and23, respectively25-27 were synthesized via
EDC/HOBLt coupling reactions (Scheme 3).

R=H  dehydroabietylamine HNW( R=H 25
R=0H 10 0 R=0H 26
R=0Ac 23 R=0Ac 27

Scheme 3. Synthesis of biotin conjugated dehydroabietylantagvatives 25-27): (a) biotin,
EDC, HOBt, DMF, 0 °C to rt, overnight, 70-80%.

2.2. Biological evaluation
The set of dehydroabietylamine derived compoudes and 10-27 was screened in
colorimetric SRB-assay to determine thiirvitro cytotoxic activity; their EGy values for
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five human tumor cell lines and one nonmalignanuseofibroblasts were measured. The

results are compiled in Table 1.

Table 1. Cytotoxicity of compoundsl-6 and 10-27, dehydroabietylamine DA, for
comparison) and betulinic aciBA, as a standard); Egvalues inuM from SRB assay after
96 h of treatment; the values are averaged frometlimdependent experiments performed
each in triplicate; confidence interval CI = 95%.urkian cancer cell lines: FaDu
(hypopharyngeal carcinoma), A2780 (ovarian carciapnmHT29 (colorectal carcinoma),
MCF7 (breast carcinoma), SW1736 (thyroid carcinoara nonmalignant mouse fibroblasts
(NIH 3T3).

=Ceo FaDu A2780 HT29 MCF7 SW1736 NIH 3T3
[uM]
DA 39z%0.1 3.8+0.1 21+0.1 3.0+0.2 42+03 .420.0
1 >30 >30 >30 >30 >30 >30
2 141 +0.2 8.7+3.5 85+14 80+1.1 13.0+2.169+1.0
3 17.3+6.2 91+24 104+ 3.5 45+15 11.224. 22.8+3.6
4 189+34 125+3.6 22.8+3.5 104+3.7 142% 135+2.6
S >30 >30 >30 >30 >30 >30
6 144+14 9.8+3.1 10.7+1.3 7919 142%2. 16.9+15
10 115+04 173+0.2 95+0.2 8.9+0.3 13.65%0. 22.0+3.2
11 >30 >30 >30 >30 >30 >30
12 148+0.3 125+05 16.2+0.7 48+0.3 11590 18.1+1.0
13 >30 >30 >30 >30 >30 >30
14 200+1.8 132+1.9 13.5+3.6 11.7+15 16A3%x 23.2+6.1
15 122+24 10.0x0.7 17.2+1.9 85+1.1 7.030. 16.8+3.0
16 219+21 6.6+0.4 105+1.1 5.0+05 10.24 0. 16.0+3.7
17 188+1.1 129+24 19.0+ 2.6 43+0.2 27.3%5 242+1.2
18 13.4+0.9 8.1+0.9 9.0+0.9 45+0.3 13.5+1.817.3+1.8
19 20.2+08 179+1.2 11.2+05 105+0.8 1722 214+1.3
20° - - - - - -
21 128+27 194+22 26.7+2.6 115+24 10.7%6+2 >30
22 144+24 5.0+0.2 11.7+21 6.1+1.9 15.3¢ 0. >30
23 131+09 20.0%x0.7 10.1+0.3 10.7+0.6 18BZ >30
24 124+12 144+19 153+1.9 5.7+0.8 12841 295+25
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25 245+26 18.6%1.3 155+1.7 11.6+3.8 >30 716.4
26 >30 >30 >30 >30 >30 >30
27 >30 >30 >30 >30 >30 >30
BA 10.7+21 9.7+2.0 16.0+2.1 106 +0.8 14.841 129+1.5

& Compound0 is not soluble under the conditions of the SRBaAss

In general, the dehydroabietylamine derivativesagtba moderate to good cytotoxic activity.
In this context, the distinct influence of almodit @mpounds on the proliferation of the
breast cancer cell line MCF7 is particularly notetwg. The lowest E; values of this study
can be observed for this cell line. Thus, the feitay discussion of possible structure-activity
relationships is concentrated on the impact on riaignant cell line MCF7 and the
nonmalignant mouse fibroblasts NIH 3T3. The cytatibyx for the nonmalignant cell line is
relevant in order to obtain an idea of the seld@gtifcharacterized by the selectivity index
(Sh); e.g. SI = EG (NIH 3T3)/EGy (MCF7)] of the compounds which is an importantexsdp
for prospective pharmacological applications.

The pharmacological promise ®A, which has intensively been investigated in vasiou

studieg® 23

is confirmed by the low E{g values for all examined human cancer cell lings bu
the results are spoiled by a distinct low seletstiysl = 0.8). Therefore, we investigated the
influence of an amidation of the amino moiety afil&on thein vitro cytotoxic activity at
first. Wheread\N-benzoyldehydroabietylamind)(showed a total loss of a cytotoxic activity
(ECsp > 30uM), the introduction of a substituent jpara position of the aromatic moiety can
affect the cytotoxicity significantly. In additicl N-(4-hydroxybenzoyl)dehydroabietylamine
(2), N-(4-methylbenzoyl)dehydroabietylaming) (and N-(isonicotinoyl)dehydroabietylamine
(6) that showed a good (to moderate) cytotoxicity {E@ICF7) = 8.0 £ 1.1uM, ECso
(MCF7) = 104 £ 3.7uM and EGy (MCF7) = 7.9 = 1.9uM, respectively), N-(4-
methoxybenzoyl)dehydroabietylamin®) (is particularly noteworthy. In this first groug o
compoundsg3 is characterized by the highest cytotoxic actiflBCso (MCF7) = 4.5 + 1.5
uM) - comparable t®A (ECso (MCF7) = 3.0 = 0.21M) - and an increased selectivity (Sl =
8.8) - ten times higher thdDA. The effect of C-ring modification on the cytotoxctivity of
the dehydroabietylamides is inconclusive with reger the elucidation of structure-activity
relationships. Whereas a C-ring modificationDA led to a general decrease in cytotoxicity
(from EG5p (MCF7) = 3.0 £ 0.2M to EG;p (MCF7) = 10.1 £ 0.3uM) and a slight increase in
selectivity (from SI = 0.9 to SI > 3.0), this trendnnot be observed after the derivatization of

its amine moiety by substituted benzoic acids. logiotoxicity and selectivity are still
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strongly influenced by the substituents of the atenresidue. For example, no distinct
cytotoxic activity can be determined fbrand5 (ECsp > 30 uM), while - in contrast tdA -
C-ring modifications introduce a definitive imprawent of theinn vitro cytotoxicity (e.g. 12-
hydroxy-N-benzoyldehydroabietylamindd): ECso (MCF7) = 4.8 + 0.3uM or 12-hydroxy-
N-(4-chlorobenzoyl)dehydroabietylamit(g6): EGso (MCF7) = 5.0 + 0.5uM). Furthermore,
12-hydroxyN-(isonicotinoyl)dehydroabietylamin€17), which showed the highest cytotoxic
activity (EGo (MCF7) = 4.3 = 0.2uM) combined with a high selectivity (SI = 6.2) ihig
study, should be mentioned. The acetylated dehpitbdamides18-24 show no further
significant increase of their cytotoxicity or ofeiih selectivity.

The results of the SRB assay concerning the bilatieg derivative25-27 do not indicate
any positive effect on the cytotoxic activity; irddition to the distinct decrease in the
cytotoxic activity, no significant selectivity cdre observed. Accordingly, the biotinylation of

dehydroabietylamine is not an appropriate methaddease its tumor specificity.

3. Conclusion

In summary, a set of 27 dehydroabietylamine derieat was synthesized by simple
derivatization of the amino moiety at C-18 and bydifications of the C-ring of the abietane-
framework. Subsequent screening in the colorimedfikB-assays determined their vitro
cytotoxicity for several human tumor cell lines aachonmalignant mouse fibroblast. The
suitable combination of modifications lead to cgtot activities comparable to those of
dehydroabietylamine, and additionally, to an insezh selectivity towards malignant cell

lines. In addition, Swisstargetprediction__(httpuw.swisstargetprediction.ch) shows

compounds of this kind as inhibitors of Btiiydroxysteroid dehydrogenase I. Inhibitors of
this enzyme might be ideal candidates for treatiagcer patients who developed aromatase
inhibitor resistancé?

4. Experimental part

4.1 General

Dehydroabietylamine (purity > 90 %) was obtaineahfrTCI; further reagents were bought
from commercial suppliers without any further pigation. The solvents were dried
according to usual procedures. TLC was performedilaa gel (Macherey-Nagel, detection
with ceriummolybdate spray reagent and UV absonptidlelting points are uncorrected
(LEICA hot stage microscope). Microanalysis wergqgrened with a Foss-Heraeus Vario EL

(CHNS) instrument. NMR spectra were recorded usimgVARIAN spectrometers Gemini
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2000 or Unity 500 at 27 °G5(given in ppm:J in Hz, typical experiments°C APT, DQF-
COSY, HMBC, HSQC). ESI-MS spectra were taken onianigan MAT LCQ 7000
(electrospray, voltage 4.1 kV, sheath gas nitrogesjrument. The optical rotations were
measured on a Perkin-Elmer polarimeter 341 at 2AQRGpectra were recorded on a Perkin-
Elmer FT-IR spectrometer Spectrum 1000; UV-vis s@ewere recorded on Perkin-Elmer

Lambda 14 spectrometer.

4.2 General procedures

4.2.2 General procedures A

The carboxylic acid (1.2 eq.) was suspended in D@M, 10 mL/100 mg carboxylic acid)
and cooled to 0 °C. HOBt (1.4 eq.) and EDC (1.4 egre added. After 30 min of stirring at
0 °C, the amine (1 eq.) was added. After compledibtine reaction (as indicated by TLC) and

usual aqueous work-up the residue was subjectedlionn chromatography.

4.2.3 General procedures B

Acetylation was achieved by reaction with AcCl (&@) and TEA (cat.) in dry DCM (dry, 10
mL/100 mg carboxylic acid). After completion of theaction (as indicated by TLC) and
usual aqgueous work-up the residue was subjectedlionn chromatography.

4.3 Syntheses
The syntheses of the compounti® were performed according to previously reported

procedures?

4.3.1 12-Hydroxydehydroabietylamin&0j

Compound9 (1.25 g, 2.64 mmol) was dissolved in boiling etHaf® mL) and hydrazine
monohydrate (0.78 mL, 15.91 mmol) was added. Aftempletion of the reaction (as
indicated by TLC) the suspension was filtered dreresidue was washed with fresh ethanol
(2 x 5 mL). The filtrate was concentrated underidigihed pressure and suspended in NaOH
(2 m, 30 mL). After 1 hour, the agueous mixture wastradized with HCI (2v) and extracted
with DCM (6 x 40 mL). The organic phase was wasketh brine (50 mL), dried and
concentrated under diminished pressure. Compdon@.71 g, 89%) was obtained without
any further purification as a colorless solig; R0.38 (silica gel, chloroform/methanol, 9:1);
mp = 193-198 °C;d]p = +50.9° ¢ = 0.36, CHCJ); IR (KBr): v = 3442r, 2956, 2926,
2862, 2366V, 2344y, 16360, 1612n, 1586V, 151Qv, 146Qv, 1422n, 1386v, 1324y, 1242,
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1168v cmi™; UV-vis (CHCL): Amax (log €) = 302 nm (3.50)*H NMR (400 MHz, CDGJ): 6 =
6.82 6, 1H,14-H), 6.62¢ 1H, 11-H), 3.19 - 3.09f, 1H, 15-H), 2.90 - 2.71n{, 2H, 7-H + 7-
Hp), 2.62 @, J = 13.3 Hz, 1H, 18-}, 2.44 @d, J = 13.4, 2.6 Hz, 1H, 184), 2.20 - 2.14 1§,
1H, 1-Hy), 1.84 - 1.611f), 4H, 2-H, + 2-H, + 6-H, + 6-H,), 1.47 @d, J = 11.1, 3.6 Hz, 1H, 5-
H), 1.43 - 1.271f, 3H, 3-H + 3-H, + 1-H,), 1.25 - 1.191, 9H, 16-H + 17-H + 20-H), 0.89
(s, 3H, 19-H) ppm;**C NMR (100 MHz, CDGJ): 6 = 151.3 (C-13), 148.4 (C-9), 132.1 (C-
12), 126.7 (C-14), 126.7 (C-8), 111.1 (C-11), 53(8318), 45.1 (C-5), 38.8 (C-1), 37.5 (C-
10), 37.3 (C-4), 35.4 (C-3), 29.6 (C-7), 26.9 (Q;186.3 (C-20), 22.9 (C-16), 22.7 (C-17),
19.0 (C-6), 18.9 (C-2), 18.9 (C-19) ppm; MS (ESE®H): m/z (%) = 302.2 ([M+H] 100);
analysis calculated for &gH3:NO (301.47): C 79.68, H 10.36, N 4.65; found: C549.H
10.45, N 4.43.

4.3.2 12-Benzoylox\N-benzoyldehydroabietylaminéX)

Compound10 (0.10 g, 0.33 mmol) was dissolved in DCM (10 mLEA (0.20 mL, 1.44
mmol) and benzoyl chloride (0.12 mL; 1.04 mmol) svadded. After 30 min stirring at 0 °C
followed by usual aqueous work-up, the residue sa@sected to column chromatography
(silica gel, n-hexane/ethyl acetate, 7:3). Compoull (0.09 g, 54%) was obtained as a
colorless solid; R= 0.44 (silica geln-hexane/ethyl acetate, 7:3); mp = 105 °@p[= +43.2°

(c = 0.33, CHQ)); IR (KBr): v = 342%r, 2962n, 2928n, 2868n, 1736, 1646, 1602n,
1578w, 1540n, 1490n, 1450n, 1384v, 1312, 12665, 1244, 1176n, 1164n, 1114v, 1086n,
1064m, 1024w, 708 cmi*; UV-vis (CHCh): Amax (Iog &) = 240 nm (4.35), 278 nm (3.83H
NMR (400 MHz, CDCI3):8 = 8.24 - 8.191f, 2H, 28-H), 7.78 - 7.72nf, 2H, 23-H), 7.67 -
7.61 (m, 1H, 30-H), 7.55 - 7.4M{, 3H, 29-H + 25-H), 7.46 - 7.40n( 2H, 24-H), 6.994 1H,
14-H), 6.97 ¢, 1H, 11-H), 6.17 - 6.11d¢l, J = 6.2, 6.2 Hz, 1H, NH), 3.46l¢, J = 13.6, 6.3
Hz, 1H, 18-H), 3.33 @d, J = 13.6, 6.4 Hz, 1H, 184} 3.05 - 2.91 1, 2H, 15-H + 7-H),
2.89 - 2.78 (K, 1H, 7-b), 2.25 - 2.18f, 1H, 1-H), 2.07 - 1.98rf, 1H, 6-H), 1.86 - 1.73 1,
2H, 6-H, + 2-Hy), 1.72 - 1.581f, 1H, 2-H,) 1.56 - 1.491f, 2H, 5-H + 3-H), 1.48 - 1.321,
2H, 3-H, + 1-H,)), 1.26 6, 3H, 20-H), 1.21d, J = 7.0 Hz, 3H, 16-H), 1.18(J= 7.0 Hz, 3H,
17-H), 1.02 (s, 3H, 19-H) ppnf’C NMR (100 MHz, CDCI3)3 = 167.8 (C-21), 165.6 (C-
26), 148.4 (C-9), 146.6 (C-13), 137.2 (C-12), 13&22), 133.6 (C-30), 133.0 (C-8), 131.5
(C-25), 130.3 (C-28), 129.9 (C-27), 128.8 (C-288X (C-29), 127.3 (C-14), 127.0 (C-23),
118.2 (C-11), 50.4 (C-18), 45.6 (C-5), 38.5 (C33,8 (C-4), 37.8 (C-10), 36.5 (C-3), 30.1
(C-7), 27.4 (C-15), 25.5 (C-20), 23.2 (C-16), 26C117), 19.2 (C-6), 19.0 (C-19), 18.7 (C-2)
ppm; MS (ESI, MeOH): m/z (%) = 510.3 ([M+H]32), 527.1 ([M+NH4], 5), 532.5
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(IM+Na]*, 15), 564.1 ([M+Na+MeOH] 10), 1019.2 ([2M+H], 100), 1041.1 ([2M+N4d]
70); analysis calculated forsgH49NO3 (509.68): C 80.12, H 7.71, N 2.75; found: C 79.87,
2.94, N 2.56.

4.3.3 12-HydroxyN-benzoyldehydroabietylamin&Z)

Compoundl2 was prepared according to general procedure A frenzoic acid (0.05 g, 0.40
mmol) and compoundO (0.10 g, 0.33 mmol) followed by column chromatgma (silica
gel, n-hexane/ethyl acetate, 7:3). Compout®(0.07 g, 53%) was obtained as a colorless
solid; R== 0.32 (silica geln-hexane/ethyl acetate, 7:3); mp = 194-196 I E +6.6° € =
0.34, CHCY); IR (KBr): v = 343dr, 2958, 2928, 2868n, 1646, 1578v, 1542n, 1534,
1490w, 142@v, 13061, 1292, 1270m, 1242m, 118GV, 710m cmi’; UV-vis (CHCk): Amax (l0g

€) = 240 nm (4.10), 298 nm (3.53H4 NMR (400 MHz, CDC}): 6 = 7.76 - 7.7010, 2H, 23-
H), 7.52 - 7.451, 1H, 25-H), 7.45 - 7.3&1, 2H, 24-H), 6.82¢ 1H, 14-H), 6.64¢ 1H, 11-
H), 6.17 - 6.09dd, J = 6.2, 6.2 Hz, 1H, NH), 4.94,(1H, OH), 3.45 - 3.30n¢, 2H, 18-H, +
18-H,), 3.12 pept, J = 6.8 Hz, 1H, 15-H), 2.91 - 2.68( 2H, 7-H, + 7-H,), 2.22 - 2.141f,
1H, 1-H,), 1.98 - 1.901, 1H, 6-H), 1.84 - 1.591f, 3H, 2-H, + 2-H, + 6-H,), 1.55 - 1.491f,
1H, 3-H,), 1.45 €d, J = 12.3, 1.9 Hz, 1H, 5-H), 1.42 - 1.28,(2H, 1-H, + 3-H,), 1.25 - 1.19
(m, 9H, 16-H + 17-H + 20-H), 1.06s,(3H, 19-H) ppm;**C NMR (100 MHz, CDGJ): & =
167.9 (C-21), 151.1 (C-13), 148.1 (C-9), 135.0 @;2A31.9 (C-12), 131.6 (C-25), 128.8 (C-
24), 127.0 (C-8), 127.0 (C-23), 126.9 (C-14), 11(C111), 50.6 (C-18), 46.1 (C-5), 38.5 (C-
1), 37.8 (C-4), 37.7 (C-10), 36.5 (C-3), 29.8 (CZ}.0 (C-15), 25.5 (C-20), 22.8 (C-16), 22.7
(C-17), 19.4 (C-6), 18.9 (C-19), 18.8 (C-2) ppm; MBSI, MeOH): m/z (%) = 406.3
([M+H]*, 100), 428.3 ([M+Na], 52), 460.3 ([M+Na+MeOH] 8); analysis calculated for
Co7H3sNO; (405.57): C 79.96, H 8.70, N 3.45; found: C 79HB.95, N 3.21.

4.3.4 12-HydroxyN-(4-hydroxy)benzoyldehydroabietylamin3j

Compoundl3 was prepared according to general procedure A #emydroxybenzoic acid
(0.08 g, 0.60 mmol) and compoudd (0.20 g, 0.66 mmol). Column chromatography (silica
gel, n-hexane/ethyl acetate/chloroform, 1:1:2) gave campd3 (0.18 g, 65%) as a colorless
solid; R= = 0.47 (silica gelp-hexane/ethyl acetate/chloroform, 1:1:2); mp = 263-°C; p]p

= +30.7° € = 0.34, DMSO); IR (KBr):v = 342%s, 3266, 2940m, 2930m, 2868V, 1636n,
16065, 1578v, 1558, 151G, 1466y, 1436n, 1418n; 1388w, 1310m, 1288n, 1232n, 1202,
1180m cmit; UV-vis (DMSO): Amax (I0g €) = 269 nm (4.32)*H NMR (400 MHz, DMSO-g):

0 =9.87 § 1H, OH), 8.71¢, 1H, OH), 7.92dd, J = 6.4 Hz, 1H, NH), 7.71 - 7.66n( 2H, 23-
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H), 6.78 - 6.741f, 2H, 24-H), 6.66< 1H, 11-H), 6.60¢ 1H, 14-H), 3.38dd, J = 13.4, 7.1
Hz, 1H, 18-H), 3.07 hept, J = 6.8 Hz, 1H, 15-H), 2.94dd, J = 13.4, 5.8 Hz, 1H, 18-},
2.73 - 2571, 2H, 7-H + 7-Hy), 2.13 - 2.051h, 1H, 1-H), 1.99 - 1.911, 1H, 6-H;), 1.76 -
1.50 n, 3H, 2-H, + 2-H, + 6-H,), 1.45 @dd, J = 13.4, 13.4, 3.8 Hz, 1H, 334 1.36 - 1.291,
2H, 5-H + 3-H), 1.20 (ldd, J = 12.6, 12.6, 3.3 Hz, 1H, 134 1.12 6, 3H, 20-H), 1.10d, J =
7.2 Hz, 3H, 16-H), 1.09d( J = 7.2 Hz, 3H, 17-H), 0.8%(3H, 19-H) ppm;**C NMR (100
MHz, DMSO-d): § = 166.4 (C-21), 159.9 (C-25), 152.0 (C-13), 14(CA49), 131.3 (C-12),
129.2 (C-23), 125.9 (C-24), 125.5 (C-22), 124.78)C114.6 (C-11), 110.2 (C-14), 49.2 (C-
18), 44.6 (C-5), 38.2 (C-1), 37.8 (C-4), 36.9 (Q;135.8 (C-3), 29.2 (C-7), 26.1 (C-15), 25.3
(C-20), 22.6 (C-16), 22.5 (C-17), 18.9 (C-19), 1§296), 18.3 (C-2) ppm; MS (ESI, MeOH):
miz (%) = 422.2 ([M+H], 20), 444.3 ([M+Nd], 30), 843.3 ([2M+H], 10), 865.2 ([2M+Nad],
100); analysis calculated forf13sNO3 (421.57): C 76.92, H 8.37, N 3.32; found: C 76 H1,
8.55, N 3.17.

4.3.5 12-HydroxyN-(4-methoxy)benzoyldehydroabietylamiriet)

Compoundl4 was prepared according to general procedure A #temethoxybenzoic acid
(0.12 g, 0.79 mmol) and compountd (0.20 g, 0.66 mmol), followed by column
chromatography (silica geh-hexane/ethyl acetate/chloroform, 1:1:2) to yietohpound14
(0.22 g, 77%) as a colorless solid: R 0.56 (silica geln-hexane/ethyl acetate, 6:4); mp =
227-229 °C; ¢]p = +5.3° €= 0.36, CHGJ); IR (KBr): v = 3422r, 295&, 292&, 2868,
1638, 160&, 1572n, 1546n, 1504, 1460, 1440n, 1418n, 1384y, 1378v, 1308n, 1256,
1178, 1112v, 1032n, 844m, 766m cmi’; UV-vis (CHCh): Amax (I0g €) = 242 nm (4.16), 264
nm (4.21):"H NMR (400 MHz, CDCJ): & = 7.74 - 7.6716, 2H, 23-H), 6.94 - 6.88nf, 2H,
24-H), 6.81 ¢, 1H, 14-H), 6.65¢ 1H, 11-H), 6.07dd, J = 6.0, 6.0 Hz, 1H, NH), 5.2&(1H,
OH), 3.83 §, 3H, 26-H), 3.41 - 3.31n¢, 2H, 18-H + 18-H,), 3.17 - 3.08 lfept, J = 6.8 Hz,
1H, 15-H), 2.88 - 2.81nf, 1H, 7-H), 2.76 - 2.681f, 1H, 7-H), 2.19 - 2.12 1, 1H, 1-Hy),
1.95 - 1.891f, 1H, 6-H), 1.81 - 1.601f, 3H, 6-H, + 2-H, + 2-H,), 1.54 - 1.471q, 1H, 3-H),
1.43 @d, J=12.3, 1.7 Hz, 1H, 5-H), 1.39 - 1.28,(2H, 3-H, + 1-H,), 1.25 - 1.201H, 6H, 17-

H + 16-H), 1.20 § 3H, 20-H), 0.98¢ 3H, 19-H) ppm:*C NMR (100 MHz, CDGJ): § =
167.5 (C-21), 162.3 (C-25), 151.2 (C-13), 148.19)C131.9 (C-12), 128.8 (C-23), 127.2 (C-
22), 126.9 (C-8), 126.8 (C-14), 114.0 (C-24), 11(C111), 55.6 (C-26), 50.5 (C-18), 46.1 (C-
5), 38.5 (C-1), 37.8 (C-4), 37.7 (C-10), 36.5 (C-3.8 (C-7), 27.0 (C-15), 25.4 (C-20), 22.8
(C-16), 22.7 (C-17), 19.4 (C-6), 18.9 (C-19), 1832) ppm; MS (ESI, MeOH): m/z (%) =
436.3 ([M+H], 21), 458.3 ([M+Nal], 20), 871.2 ([2M+H], 25), 893.3 ([2M+N4d], 100);
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analysis calculated forgH37NO; (435.60): C 77.20, H 8.56, N 3.22; found: C 76199.69,
N 3.10.

4.3.6 12-HydroxyN-(4-methyl)benzoyldehydroabietylaminsy

Compound15 was prepared according to general procedure A #lemethylbenzoic acid
(0.08 g, 0.60 mmol) and compoudd (0.15 g, 0.50 mmol). Column chromatography (silica
gel, n-hexane/ethyl acetate/chloroform, 8:2:10) gave amwmp 15 (0.10 g, 48%) as a
colorless solid;

Rr = 0.36 (silica geln-hexane/ethyl acetate/chloroform, 8:2:10); mp =-248 °C; p]p =
+11.3° € = 0.30, CHQ)); IR (KBr): v = 338%r, 2954, 29365, 2924, 2866m, 1626, 1614,
15505, 15065, 1466, 1438n, 1418, 1386n, 1376n, 1316n, 130%, 1238n, 1188n, 1118w,
752m cmi’; UV-vis (CHCk): Amax (log €) = 244 nm (4.20), 300 nm (3.6TH NMR (400
MHz, CDCk): 6 = 7.63 ¢, J = 8.2 Hz, 2H, 23-H), 7.21d(J = 7.9 Hz, 2H, 24-H), 6.81s(1H,
14-H), 6.64 ¢, 1H, 11-H), 6.12dd, J = 6.1, 6.1 Hz, 1H, NH), 5.265,(1H, OH), 3.44 - 3.30
(m, 2H, 18-H + 18-H,), 3.13 pept, J = 6.7 Hz, 1H, 15-H), 2.89 - 2.8@n( 1H, 7-H), 2.78 -
2.66 M, 1H, 7-H)), 2.38 €, 3H, 26-H), 2.19 - 2.12nf, 1H, 1-H), 1.97 - 1.881f, 1H, 6-H),
1.82 - 1.601, 3H, 6-H, + 2-H, + 2-H,), 1.55 - 1.47f, 1H, 3-H), 1.43 ¢id, J =12.3, 1.9 Hz,
1H, 5-H), 1.40 - 1.29nf, 2H, 3-H, + 1-H,), 1.23 ¢, J = 5.3 Hz, 3H, 16-H), 1.21d(J = 5.3
Hz, 3H, 17-H), 1.20¢ 3H, 20-H), 0.995 3H, 19-H) ppm*C NMR (100 MHz, CDGJ): § =
167.9 (C-21), 151.2 (C-13), 148.0 (C-9), 142.0 &);232.1 (C-22), 131.9 (C-12), 129.4 (C-
24), 127.0 (C-23), 126.9 (C-8), 126.8 (C-14), 11(IC111), 50.5 (C-18), 46.1 (C-5), 38.5 (C-
1), 37.8 (C-4), 37.7 (C-10), 36.5 (C-3), 29.8 (CZ8.9 (C-15), 25.4 (C-20), 22.8 (C-16), 22.7
(C-17), 21.6 (C-26), 19.4 (C-6), 18.9 (C-19), 1832) ppm; MS (ESI, MeOH): m/z (%) =
420.3 ([M+H], 18), 442.3 ([M+Nal], 12), 839.3 ([2M+H], 48), 861.3 ([2M+N4d], 100);
analysis calculated forgH37NO, (419.60): C 80.15, H 8.89, N 3.34; found: C 79188.02,

N 3.16.

4.3.7 12-HydroxyN-(4-chloro)benzoyldehydroabietylamins)

Compoundl16 was prepared according to general procedure A fdechlorobenzoic acid
(0.09 g, 0.60 mmol) and compount (0.15 g, 0.50 mmol) followed by column
chromatography (silica geh-hexane/ethyl acetate/chloroform, 8:2:10) to yiewmpound
16 (0.13 g, 60%) as a colorless solig; R0.45 (silica geln-hexane/ethyl acetate/chloroform,
8:2:10); mp = 246-248 °Cyo]p = +9.8° € = 0.33, DMSO), IR (KBr).v = 3420r, 2956,
29265, 2866m, 164%, 163G, 1596, 154&, 1510m, 14865, 1438v, 1418n, 1388v, 1308n,

13



1238n, 1182n, 1094n, 1048v, 1014m, 846m, 758n cm™; UV-vis (DMSO): Amax (log €) =
265 nm (6.77)H NMR (400 MHz, DMSO-g): § = 8.72 6, 1H, OH), 8.31 - 8.24d, J = 6.3,
6.3 Hz, 1H, NH), 7.86 - 7.79( 2H, 23-H), 7.52 - 7.46n{, 2H, 24-H), 6.67¢ 1H, 14-H),
6.61 & 1H, 11-H), 3.40dd, J = 13.4, 7.0 Hz, 1H,18-§13.07 fhept, J = 6.8 Hz, 1H, 15-H),
2.99 @d, J = 13.5, 5.8 Hz, 1H, 184} 2.75 - 2.571f, 2H, 7-H + 7-H,), 2.14 - 2.051, 1H,
1-Hy), 1.99 - 1.881f, 1H, 6-Hy), 1.76 - 1.631f, 1H, 2-H), 1.63 - 1.501f, 2H, 6-H, + 2-H,),
1.50 - 1.401, 1H, 3-Hy), 1.39 - 1.291h, 2H, 5-H + 3H), 1.22 (n, 1H, 1-H,), 1.12 &, 3H, 20-
H), 1.10 ¢, J = 7.0 Hz, 3H, 16-H), 1.08d(J = 7.0 Hz, 3H, 17-H), 0.90s(3H, 19-H) ppm;
3C NMR (100 MHz, DMSO-g): § = 165.8 (C-21), 152.0 (C-13), 147.3 (C-9), 135:726),
133.6 (C-22), 131.3 (C-12), 129.2 (C-23), 128.224); 125.9 (C-14), 124.7 (C-8), 110.2 (C-
11), 49.5 (C-18), 44.7 (C-5), 38.1 (C-1), 37.8 (C3¥.0 (C-10), 35.8 (C-3), 29.1 (C-7), 26.1
(C-15), 25.3 (C-20), 22.6 (C-17), 22.5 (C-16), 16919), 18.9 (C-6), 18.3 (C-2) ppm; MS
(ESI, MeOH): m/z (%) = 440.2 ([M+H] 56), 462.3 ([M+Na], 35), 901.2 ([2M+N4d], 100);
analysis calculated for &ZH34CINO, (440.02): C 73.70, H 7.79, N 3.18; found: C 73.50,
H7.93, N 3.00.

4.3.8 12-HydroxyN-(isonicotinoyl)dehydroabietylaminé?)

Compoundl?7 was prepared according to general procedure A fsamicotinic acid (0.07 g,
0.57 mmol) and compouri® (0.15 g, 0.50 mmol). Column chromatography (siyed, ethyl
acetate/chloroform, 1:1) afforded compour®(0.16 g, 78%) as a colorless solid: R0.27
(silica gel, ethyl acetate/chloroform, 1:1); mp 201125 °C; §]p = +8.8° € = 0.38, CHCJ);

IR (KBr): v = 342dr, 2958, 292&, 2868n, 165%, 1618n, 155%, 1510n, 1418n, 1306n,
1240m, 1184n, 1066y, 100GV, 756n cm’; UV-vis (CHCk): Amax (log €) = 242 nm (3.96),
297 nm (3.66)'H NMR (400 MHz, CDCJ): 6 = 8.70 €, J = 4.9 Hz, 2H, 24-H), 7.5&i(J =
5.2 Hz, 2H, 23-H), 6.825( 1H, 14-H), 6.65¢, 1H, 11-H), 6.32t(J = 5.8 Hz, 1H, NH), 3.47 -
3.30 M, 2H, 18-H + 18-H,), 3.15 fept, J = 6.7 Hz, 1H, 15-H), 2.92 - 2.82n( 1H, 7-H),
2.78 - 2.671f, 1H, 7-Hy), 2.21 - 2.081, 1H, 1-H), 1.95 - 1.881, 1H, 6-H), 1.83 - 1.571f,
3H, 6-H, + 2-H, + 2-H,), 1.55 - 1.461f, 1H, 3-H), 1.42 €d, J = 10.5, 1.8 Hz, 1H, 5-H), 1.39
-1.26 (m, 2H, 3-H, + 1-H,), 1.25 - 1.181f, 9H, 16-H + 17-H + 20-H), 0.9%,(3H, 19-H)
ppm; *C NMR (100 MHz, CDGJ): 6 = 165.9 (C-21), 151.5 (C-13), 150.4 (C-24), 149
9), 142.2 (C-22), 132.2 (C-12), 126.8 (C-14), 12@_e8), 121.1 (C-23), 111.0 (C-11), 50.7
(C-18), 46.0 (C-5), 38.4 (C-1), 37.9 (C-4), 37.610), 36.5 (C-3), 29.7 (C-7), 26.9 (C-15),
25.4 (C-20), 22.8 (C-16), 22.7 (C-17), 19.4 (C-83,9 (C-19), 18.7 (C-2) ppm; MS (ESI,
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MeOH): m/z (%) = 407.4 ([M+H], 100), 813.2 ([2M+H], 26), 835.2 ([2M+Na], 6); analysis
calculated for gH34N20, (406.56): C 76.81, H 8.43, N 6.89; found: C 761828.69; N 6.59.

4.3.9 12-AcetoxyN-benzoyldehydroabietylamindg)

Compoundl8 was prepared according to general procedure B frompoundl2 (0.14 g,
0.35 mmol). Column chromatography (silica gel;hexane/ethyl acetate/chloroform,
8.5:1.5:10) afforded compourid (0.15 g, 96%) as a colorless solid; R0.5 (silica geln-
hexane/ethyl acetate/chloroform, 8.5:1.5:10); m@%92 °C; p]p = +29.9° ¢ = 0.33,
CHCI3); IR (KBr): v = 3422, 2963, 2928&, 2868n, 175&, 1644, 1580m, 154G, 1492n,
1458n, 1368n, 1304m, 1290m, 1208ss, 1176n, 1018n cmi™; UV-vis (CHCk): Amax (log €) =
286 nm (3.11)*H NMR (400 MHz, CDGJ): 6 = 7.74 @, J = 7.3 Hz, 2H, 23-H), 7.481d, J =
7.2, 7.2 Hz, 1H, 25-H), 7.4214, J = 7.3, 7.3 Hz, 2H, 24-H), 6.93,(1H, 14-H), 6.82¢ 1H,
11-H), 6.19 - 6.12r, 1H, NH), 3.45dd, J = 13.6, 6.1 Hz, 1H, 18-H1 3.31 ¢(id, J = 13.5, 6.2
Hz, 1H, 18-H), 2.96 - 2.851, 2H, 7-H, + 15-H), 2.85 - 2.74nG, 1H, 7-H,), 2.30 &, 3H, 27-
H) 2.22 - 2.161, 1H, 1-H), 2.02 - 1.951, 1H, 6-H), 1.82 - 1.64rf, 3H, 2-H, + 2-H, + 6-
Hp), 1.55 - 1.45r, 1H, 3-H), 1.45 - 1.31r, 2H, 1-H,+ 3-Hy), 1.23 §, 3H, 20-H), 1.18d, J

= 6.9 Hz, 3H, 16-H), 1.16d(J = 6.9 Hz, 3H, 17-H), 1.00s(3H, 19-H) ppm*C NMR (100
MHz, CDCk): 6 =170.1 (C-26), 167.8 (C-21), 148.3 (C-13), 14&D), 137.0 (C-12), 135.0
(C-22), 133.0 (C-8), 131.5 (C-25), 128.7 (C-24)7 22(C-14), 127.0 (C-23), 118.0 (C-11),
50.4 (C-18), 45.5 (C-5), 38.4 (C-1), 37.8 (C-4),8({C-10), 36.5 (C-3), 30.1 (C-7), 27.3 (C-
15), 25.5 (C-20), 23.1 (C-16), 23.1 (C-17), 21.220, 19.2 (C-6), 18.9 (C-19), 18.7 (C-2)
ppm; MS (ESI, MeOH): m/z (%) = 448.2 ([M+H]64), 465.0 ([M+NH]", 10), 467.3
([2M+CaJ*, 20), 470.3 ([M+Na], 100); analysis calculated fokE3gNOs (447.61): C 77.82,
H 8.33, N 3.13; found: C 77.49, H 8.57, N 2.96.

4.3.10 12-AcetoxyN-(4-acetoxy)benzoyldehydroabietylamiri®)

Compoundl9 was prepared according to general procedure B tompoundl3 (0.08 g,
0.19 mmol). Column chromatography (silica gehexane/ethyl acetate/chloroform, 6:4:10)
gave compound9 (0.09 g, 94%) as a colorless solid: R 0.47 (silica gelp-hexane/ethyl
acetate/chloroform, 6:4:10); mp = 95-98 °@}d = +24.2° ¢ = 0.33, CHCJ); IR (KBr): v =
3422m, 2962n, 2928n, 2868, 1758, 1648n, 1606n, 1544n, 1498, 1466v, 1458V, 1438w,
1370w, 1306w, 1288v, 1204ss, 11665, 1104v, 1016n, 914m cmi’; UV-vis (CHCh): Amax (log

€) = 246 nm (4.11)'*H NMR (400 MHz, CDCJ): 6 = 7.76 @, J = 8.4 Hz, 1H, 23-H), 7.14(
J=8.4 Hz, 1H, 24-H), 6.93(1H, 14-H), 6.82¢, 1H, 11-H), 6.12dd, J = 5.6, 5.6 Hz, 1H,
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NH), 3.42 @d, J = 13.6, 6.1 Hz, 1H, 18-} 3.30 ¢d, J = 13.6, 6.2 Hz, 1H, 184, 2.98 -
2.72 (, 3H, 15-H + 7-H + 7-Hy), 2.30 6, 3H, 27-H), 2.29¢ 3H, 29-H), 2.23 - 2.161, 1H,
1-H.), 2.01 - 1.931f, 1H, 6-H), 1.84 - 1.621fy, 3H, 2-H + 2-H, + 6-Hy), 1.54 - 1.44 1, 2H,
5-H + 3-H), 1.44 - 1.2816, 2H, 3-H, + 1-Hy), 1.23 § 3H, 20-H), 1.18d, J = 6.9 Hz, 3H, 16-
H), 1.16 €, J = 7.0 Hz, 3H, 17-H), 0.9%(3H, 19-H) ppm**C NMR (100 MHz, CDGJ): § =
170.1 (C-28), 169.1 (C-26), 167.0 (C-21), 153.126); 148.3 (C-13), 146.3 (C-9), 137.0 (C-
12), 133.0 (C-8), 132.6 (C-22), 128.4 (C-23), 12(C214), 121.9 (C-24), 118.0 (C-11), 50.5
(C-18), 45.6 (C-5), 38.4 (C-1), 37.8 (C-4), 37.2X@), 36.5 (C-3), 30.0 (C-7), 27.3 (C-15),
25.5 (C-20), 23.1 (C-16), 23.1 (C-17), 21.3 (C-28),1 (C-27), 19.2 (C-6), 18.9 (C-19), 18.7
(C-2) ppm; MS (ESI, MeOH): m/z (%) = 506.2 ((M+L5), 522.9 (M+NH]*, 10), 528.3
(IM+Na]*, 30), 1011.3 ([2M+H], 95), 1033.1 ([2M+N4d] 100); analysis calculated for
C31H39NOs (505.65): C 73.63, H 7.77, N 2.77; found: C 73H1N.

4.3.11 12-AcetoxyN-(4-methoxy)benzoyldehydroabietylamir20)

Compound20 was prepared according to general procedure B tompoundl4 (0.08 g,
0.18 mmol). Column chromatography (silica gehexane/ethyl acetate/chloroform, 8:2:10)
yielded compoun@0 (0.08 g, 93%) as a colorless solid: R0.30 (silica geln-hexane/ethyl
acetate/chloroform, 8:2:10); mp = 94-96 °@G}d = +28.2° ¢ = 0.35, CHQ)); IR (KBr): v =
3424, 2962, 2928n, 2868n, 175&, 164G, 160&, 1576v, 1542, 1504ss, 1462, 1368n,
1310m, 1300n, 1292m, 1254ss, 121G, 11765, 111G, 10181 cmi™; UV-vis (CHCh): Amax (l0g

£) = 265 nm (4.19)*H NMR (400 MHz, CDCJ): 6 = 7.71 ¢, J = 8.7 Hz, 2H, 23-H), 6.935(
1H, 14-H), 6.90¢, J = 8.7 Hz, 1H, 24-H), 6.8%(1H, 11-H), 6.06dd, J = 5.7, 5.7 Hz, 1H,
NH), 3.83 6, 3H, 26-H), 3.43dd, J = 13.7, 6.2 Hz, 1H, 18-§i 3.29 ¢d, J = 13.6, 6.3 Hz,
1H, 18-H)), 2.95 - 2.851f, 2H, 15-H + 7-H), 2.85 - 2.73 1, 1H, 7-H,), 2.30 §, 3H, 28-H),
2.22 - 2.151fn, 1H, 1-H), 2.02 - 1.941f, 1H, 6-H,)), 1.85 - 1.631f, 3H, 2-H, + 2-H, + 6-H,),
1.53 - 1.451, 2H, 5-H + 3-H), 1.45 - 1.301f, 2H, 3-H, + 1-H,), 1.23 6, 3H, 20-H), 1.184,
J=6.9 Hz, 3H, 16-H), 1.16](J = 6.9 Hz, 3H, 17-H), 0.9%(3H, 19-H) ppm*C NMR (100
MHz, CDCk): 6 = 170.1 (C-27), 167.3 (C-21), 162.2 (C-25), 14&413), 146.3 (C-9), 137.0
(C-12), 133.1 (C-12), 128.8 (C-23), 127.2 (C-2272 (C-14), 118.0 (C-11), 113.9 (C-24),
55.5 (C-26), 50.3 (C-18), 45.5 (C-5), 38.4 (C-1j,8(C-4), 37.8 (C-10), 36.5 (C-3), 30.1 (C-
7), 27.3 (C-15), 25.5 (C-20), 23.1 (C-16), 23.11(D; 21.1 (C-28), 19.2 (C-6), 19.0 (C-19),
18.7 (C-2) ppm; MS (ESI, MeOH): m/z (%) = 478.3 (M]*, 50), 497.5 ([2M+C4d], 5),
500.3 ([M+NaJ, 30), 955.2 ([2M+H], 85), 977.1 ([2M+N4d], 100); analysis calculated for
CaoH39NO, (477.64): C 75.44, H 8.23, N 2.93; found: C 75138.46, N 2.77.
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4.3.12 12-AcetoxyN-(4-methyl)benzoyldehydroabietylamin2lj

Compound21 was prepared according to general procedure B tompoundl5 (0.06 g,
0.14 mmol). Column chromatography (silica gehexane/ethyl acetate/chloroform, 8:2:10)
afforded compoun@1 (0.04 g, 62%) as a colorless soli¢; R0.56 (silica gelp-hexane/ethyl
acetate/chloroform, 8:2:10); mp = 92-95 °@}d = +28.3° ¢ = 0.31, CHQ)); IR (KBr): v =
3424, 2963, 292&, 2868n, 1758, 1643, 1614n, 154%, 150G, 1458n, 1368n, 1302n,
12085, 1176n, 1018n, 752m cmi’; UV-vis (CHCh): Amax (log €) = 242 nm (4.15)'H NMR
(400 MHz, CDC}): 6 = 7.63 ¢, J = 8.1 Hz, 2H, 24-H), 7.22(J = 7.9 Hz, 2H, 23-H), 6.93
(s, 1H, 14-H), 6.82¢ 1H, 11-H), 6.10dd, J = 5.9, 5.9 Hz, 1H, NH), 3.43i¢, J = 13.7, 6.3
Hz, 1H, 18-H), 3.30 @d, J = 13.7, 6.4 Hz, 1H, 184}, 2.97 - 2.851f), 2H, 7-H, + 15-H), 2.84
-2.73 (n, 1H, 7-H), 2.38 €, 3H, 26-H), 2.30¢, 3H, 28-H), 2.23 - 2.151¢, 1H, 1-H), 2.03 -
1.94 (m, 1H, 6-H), 1.83 - 1.621, 3H, 2-H, + 2-H, + 6-H,), 1.55 - 1.441f, 2H, 5-H + 3-H),
1.44 - 1.281, 2H, 3-H, + 1-H,), 1.23 6, 3H, 20-H), 1.18d, J = 7.0 Hz, 3H, 16-H), 1.16l(J

= 6.9 Hz, 3H, 17-H), 0.9%(3H, 19-H) ppm**C NMR (100 MHz, CDGJ): § = 170.1 (C-27),
167.7 (C-21), 148.4(C-9), 146.3 (C-12), 141.9 (G;237.0 (C-13), 133.1 (C-8), 132.1 (C-
22), 129.4 (C-23), 127.2 (C-14), 127.0 (C-24), D1&-11), 50.3 (C-18), 45.5 (C-5), 38.4 (C-
1), 37.8 (C-4), 37.8 (C-10), 36.5 (C-3), 30.1 (CZ3.3 (C-15), 25.5 (C-20), 23.1 (C-16), 23.1
(C-17), 21.6(C-26), 21.1 (C-28), 19.2 (C-6), 18319), 18.7 (C-2) ppm; MS (ESI, MeOH):
m/z (%) = 462.3 ([M+H], 42), 479.1 ([M+NH]", 4), 484.4 ([M+Na], 38), 923.3 ([2M+H],
72), 945.2 ([2M+Nal, 100); analysis calculated fordElsgNOs (461.64): C 78.05, H 8.52, N
3.03; found: C 77.78, H 8.76, N 2.81.

4.3.13 12-AcetoxyN-(4-chloro)benzoyldehydroabietylamin22j

Compound22 was prepared according to general procedure B ftompoundl16 (0.06 g,
0.14 mmol). Column chromatography (silica gehexane/ethyl acetate/chloroform, 8:2:10)
afforded compoun@2 (0.06 g, 89%) as a colorless solid; R0.36 (silica geln-hexane/ethyl
acetate/chloroform, 8:2:10); mp = 94-98 °@}d = +25.3° ¢ = 0.33, CHGJ); IR (KBr): v =
342r, 2963, 292&, 2868n, 175&, 1646, 1596n, 1542n, 1486, 1368n, 1306n, 121G,
1176m, 1092, 1016n, 758n cm®; UV-vis (CHCk): Amax (l0g €) = 242 nm (4.26)*H NMR
(400 MHz, CDC}): 6 = 7.71 - 7.63r6, 2H, 23-H), 7.42 - 7.36f, 2H, 24-H), 6.93¢ 1H, 14-
H), 6.82 §, 1H, 11-H), 6.09dd, J = 6.4, 6.4Hz, 1H, NH), 3.44i¢, J = 13.7, 6.5 Hz, 1H, 18-
Ha), 3.28 @d, J = 13.7, 6.4 Hz, 1H, 18, 2.97 - 2.851f, 2H, 7-H, + 15-H), 2.84 - 2.72n,
1H, 7-H,), 2.30 §, 3H, 27-H), 2.23 - 2.151, 1H, 1-H), 2.01 - 1.921f, 1H, 6-H), 1.85 - 1.59
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(m, 3H, 2-H, + 2-H, + 6-H,), 1.54 - 1.44}, 2H, 3-H, + 5-H), 1.43 - 1.31nG, 2H, 1-H, + 3-
Hp), 1.23 6, 3H, 20-H), 1.18d, J = 6.9 Hz, 3H, 16-H), 1.16&d(J = 6.9 Hz, 3H, 17-H), 0.99
(s, 3H, 19-H) ppm}*C NMR (100 MHz, CDGJ): = 170.1 (C-26), 166.7 (C-21), 148.3 (C-
9), 146.3 (C-13), 137.8 (C-25), 137.0 (C-12), 13€R2), 133.0 (C-8), 129.0 (C-24), 128.4
(C-23), 127.2 (C-14), 118.0 (C-11), 50.4 (C-18),48-5), 38.4 (C-1), 37.8 (C-4), 37.8 (C-
10), 36.5 (C-3), 30.0 (C-7), 27.3 (C-15), 25.5 @;23.1 (C-16), 23.1 (C-17), 21.1 (C-27),
19.2 (C-6), 19.0 (C-19), 18.7 (C-2) ppm; MS (ESke®H): m/z (%) = 482.3 ([M+H] 34),
499.1 ([M+NH]", 12), 504.3 ([M+Na], 42). 965.1 ([2M+H], 58), 984.9 ([2M+N4d], 100);
analysis calculated for &gH3sCINO3 (482.05): C 72.26, H 7.53, N 2.91; found: C 71.B4,
7.75, N 2.71.

4.3.14 12-AcetoxydehydroabietylamirizS)

Compound10 (0.45 g, 1.59 mmol) was dissolved in THF (30 mLQahe solution was
cooled to 0 °C. Sodium hydroxide (4 7 mL) and diert-butyl dicarbonate (0.35 mg, 1.61
mmol) were added. After 2h of stirring at room tergiure the solvent was removed under
vacuum and sodium dihydrogen phosphate,(20 mL) was added. The aqueous phase was
extracted with DCM (4 x, 40 mL). The combined ornggphases were washed with brine (30
mL), dried and concentrated in vacuum. For analgsisample was purified by column
chromatography (silica geh-hexane/ethyl acetate/chloroform, 8:2:10);4R0.43 (silica gel,
n-hexane/ethyl acetate/chloroform, 8:2:10); mp =986C; jo|p = +27.4° ¢ = 0.33, CHGJ);

IR (KBr): v = 342%s, 2962n, 2928n, 2868n, 169G, 1618n, 151G, 1472v, 1458n,
1418n,1368n, 1324y, 1308v, 1246n, 1166, 1052v cm™; UV-vis (CHCk): Amax (log €) =
307 nm (3.24)’H NMR (400 MHz, CDCJ): 6 = 6.83 6, 1H, 14-H), 6.64¢ 1H, 11-H), 4.53
(dd, J=6.0, 6.0 Hz, 1H, NH), 3.17 - 3.0M(2H, 15-H + 18-H), 2.96 €id, J = 13.9, 7.0 Hz,
1H, 18-H,), 2.84 ¢d, J = 16.1, 6.0 Hz, 1H, 7-§, 2.74 @dd, J = 17.1, 11.4, 7.3 Hz, 1H, 7-
Hp), 2.21 - 2.14 1, 1H, 1-H), 1.87 - 1.781h, 1H, 6-H), 1.79 - 1.711, 1H, 2-H), 1.71 -
1.61 (n, 2H, 6-H, + 2-H,), 1.43 6, 9H, 23-H), 1.44 - 1.32nf, 2H, 1-H, + 3-Hy), 1.28 - 1.24
(m, 1H, 3-H,), 1.24 ¢, J = 4.1 Hz, 3H, 16-H), 1.231(J = 4.1 Hz, 3H, 17-H), 1.2G(3H, 20-
H), 0.90 6 3H, 19-H) ppm;*C NMR (100 MHz, CDGJ): § = 156.4 (C-21), 151.0 (C-9),
148.4 (C-13), 131.8 (C-12), 127.2 (C-8), 126.8 @);1n11.1 (C-11), 79.3 (C-22), 51.3 (C-
18), 45.1 (C-5), 38.5 (C-1), 37.6 (C-4), 37.5 (O;13b.1 (C-3), 29.7 (C-7), 28.6 (C-23), 27.0
(C-15), 25.4 (C-20), 22.9 (C-16), 22.7 (C-17), 1@16), 18.8 (C-2), 18.8 (C-19) ppm; MS
(ESI, MeOH): m/z (%) = 424.2 ([M+N3§] 100), 456.2 ([M+Na+MeOH] 15); analysis
calculated for gsH3gNO3 (401.58): C 74.77, H 9.79, N 3.49; found: C 74H%.93, N 3.21.
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N-Boc-dehydroabietylamine was acetylated accordmmgeneral procedure B to yield 12-
acetoxyN-Boc-dehydroabietylamine. Column chromatographyicgilgel, n-hexane/ethyl
acetate/chloroform, 8.5:1.5:10) afforded 12-acetx@oc-dehydroabietylamine (0.45 g,
64% over two steps) as a colorless solidz R 0.48 (silica gel, n-hexane/ethyl
acetate/chloroform, 8.5:1.5:10; mp = 65-66 °@p[= +31.3° € = 0.34, CHGJ); IR (KBr): v

= 3443, 2966n, 2930m, 2868, 1758n, 1718n, 1702n, 1636n, 1508n, 1498n, 1458w,
1384v,1366m, 1246n, 12080, 117G, 1016v cmi’; UV-vis (CHCh): Amax (I0g €) = 296 nm
(3.00);*H NMR (500 MHz, CDCJ): 6 = 6.94 §, 1H, 14-H), 6.83 1H, 11-H), 4.52dd, J =
6.0, 6.0 Hz, 1H, NH), 3.11d¢, J = 13.8, 6.5 Hz, 1H, 18-} 2.95 - 2.86 1, 2H, 15-H + 7-
Ha), 2.79 @dd, J = 17.4, 11.2, 7.5 Hz, 1H, 7sH2.30 6, 3H, 25-H), 2.20 - 2.14nf, 1H, 1-
Ha), 1.90 - 1.831f, 1H, 6-Hy), 1.79 - 1.601f, 3H, 6-H, + 2-Hy + 2-H,), 1.46 (d, J = 12.5, 2.2
Hz, 1H, 5-H), 1.43¢, 9H, 23-H), 1.42 - 1.34nf, 2H, 1-H, + 3-Hy), 1.27 - 1.211f, 1H, 3-H)),
1.20 6, 3H, 20-H), 1.19d, J = 7.3 Hz, 3H, 16-H), 1.181(J = 7.3 Hz, 3H, 17-H), 0.9G5(3H,
19-H) ppm;**C NMR (125 MHz, CDGQJ): § = 170.1 (C-24), 156.3 (C-21), 148.6 (C-9), 146.3
(C-13), 137.0 (C-12), 133.2 (C-8), 127.1 (C-14)3811(C-11), 79.3 (C-22), 51.2 (C-18), 44.6
(C-5), 38.4 (C-1), 37.7 (C-4), 37.5 (C-10), 36.123); 29.9 (C-7), 28.5 (C-23), 27.3 (C-15),
25.4 (C-20), 23.2 (C-16), 23.1 (C-17), 21.1 (C-2B®),0 (C-6), 18.8 (C-19), 18.7 (C-2) ppm;
MS (ESI, MeOH): m/z (%) = 466.2 ([M+N§] 100), 909.1 ([2M+Nd] 10); analysis
calculated for gH41NO, (443.62): C 73.10, H 9.32, N 3.16; found: C 72197R.52, N 2.87.
12-AcetoxyN-Boc-dehydroabietylamine was dissolved in DCM (20)ntooled to 0 °C and
TFA (5 mL) was added. After 2.5 h of stirring abno temperature, the solution was diluted
with DCM (30 mL) and was washed with aqueous sodiwdrogen carbonate solution
(saturated, 3 x, 20 mL). The organic phase was @dshith brine (20 mL), dried and
concentrated in vacuo. CompouB8l (0.32 g, 92 %) was obtained as a colorless sBlids
0.29 (silica gel, chloroform/methanol, 9:1); mp831104 °C; §]p = +18.4 ¢ = 0.32, CHCGJ);
IR(KBr): v = 318w, 297Qv, 2925, 179Gv, 1749n, 162Qv, 1514n, 1464v, 1378v, 1220m,
11955, 11435, 1020m, 809m, 7845, 70%s cm™; UV-vis (CHCk): Amax (I0g €) = 296 nm (2.75)

: 'H NMR (500 MHz, CDCY): § = 7.22 br s, 2H, NH), 6.94 6, 1H, 14-H), 6.78< 1H, 11-
H), 2.97 - 2.741f, 5H, 18-H, + 18-H, + 15-H + 7-H + 7-H,), 2.28 6, 3H, 22-H), 2.22 - 2.17
(m, 1H, 1-H), 1.84 - 1.641f, 4H, 6-H, + 6-H, + 2-H, + 2-H,), 1.55 - 1.491f, 1H, 3-H), 1.42
-1.34 (, 2H, 1-H,+ 5-H), 1.31 - 1.21rf, 1H, 3-H,), 1.20 §, 3H, 20-H), 1.18d, J = 6.9 Hz,
3H, 16-H), 1.15q, J = 6.9 Hz, 3H, 17-H), 1.02s(3H, 19-H) ppm;**C NMR (125 MHz,
CDCl3): 8 = 170.8 (C-21), 147.8 (C-9), 146.3 (C-13), 13TA1Q), 132.6 (C-8), 127.2 (C-
14), 117.7 (C-11), 51.6 (C-18), 45.6 (C-5), 37.81(C37.5 (C-10), 35.8 (C-4), 35.1 (C-3),
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28.6 (C-7), 27.3 (C-15), 24.8 (C-20), 23.1 (C-183,0 (C-17), 21.1 (C-22), 18.8 (C-6), 18.1
(C-2), 17.6 (C-19) ppm; MS (ESI, MeOH): m/z (%) 4431 ([M+H]", 100), 687.2 ([2M+H],
5); analysis calculated for,@133NO; (343.50): C 76.92, H 9.68, N 4.08; found: C 76.84,
9.51, N3.85.

4.3.15 12-AcetoxyN-(isonicotinoyl)dehydroabietylamin@4)

Compound24 was prepared according to general procedure A ftompound23 (0.10 g,
0.29 mmol) and isonicotinic acid (0.05 g, 0.4 mm@plumn chromatography (silica gek,
hexane/ethyl acetate 3:7) gave compo@A4d0.10 g, 77%) as a colorless solid: R 0.3
(silica gel,n-hexanel/ethyl acetate, 3:7); mp = 85-89 “@p[= +29.6° € = 0.34, CHCJ); IR
(KBr): v = 3406, 296, 293, 2868n, 175&%, 1654, 154%, 1496n, 1458n, 1438n, 1408n,
1370m, 1300m, 1210s55, 1176n, 1162n, 1066v, 1018n, 756m cmi’; UV-vis (CHCh): Amax
(log €) = 298 nm (3.21)*H NMR (500 MHz, CDCJ): & = 8.71 ¢, J = 4.8 Hz, 2H, 26-H),
7.58 @, J = 5.0 Hz, 2H, 25-H), 6.935(1H, 14-H), 6.81¢ 1H, 11-H), 6.26dd, J = 5.0, 5.0
Hz, 1H, NH), 3.46dd, J = 13.7, 6.4 Hz, 1H, 18-} 3.29 €d, J = 13.7, 6.3 Hz, 1H, 18,
2.96 - 2.851, 2H, 7-H, + 15-H), 2.78ddd, J = 17.7, 11.2, 7.5 Hz, 1H, 7sH 2.29 §, 3H,
22-H), 2.22 - 2.16m, 1H, 1-H), 1.99 - 1.93f, 1H, 6-H,), 1.82 - 1.74(m, 2H, 6-H, + 2-H,),
1.71 - 1.64 1, 1H, 2-H), 1.53 - 1.471h, 1H, 3-Hy), 1.45 @d, J = 12.3, 1.9 Hz, 1H, 5-H), 1.42
-1.30 M, 2H, 1-H, + 3-H,), 1.22 §, 3H, 20-H), 1.18d, J = 6.9 Hz, 3H, 16-H), 1.15(J =
6.9 Hz, 3H, 17-H), 1.00s( 3H, 19-H) ppm;*C NMR (125 MHz, CDGJ): 6 = 170.2 (C-21),
165.8 (C-23), 150.6 (C-26), 148.2 (C-9), 146.3 @);142.1 (C-24), 137.1 (C-12), 132.9 (C-
8), 127.2 (C-14), 121.1 (C-25), 118.0 (C-11), 5518), 45.4 (C-5), 38.3 (C-1), 37.9 (C-4),
37.7 (C-10), 36.5 (C-3), 29.9 (C-7), 27.3 (C-13,£(C-20), 23.1 (C-16), 23.1 (C-17), 21.1
(C-22), 19.2 (C-6), 19.0 (C-19), 18.6 (C-2) ppm; MBSI, MeOH): m/z (%) = 449.3
(IM+H]", 100), 471.3 ([M+Na&] 5), 897.1 ([2M+H], 30), 918.9 ([2M+Na], 10); analysis
calculated for GgH3sN05 (448.60): C 74.97, H 8.09, N 6.24; found: C 74188.23, N 5.87.

4.3.16N-Biotinyldehydroabietylamine2)

Compound 25 was prepared according to general procedure A from
dehydroabietylamine (0.15 g, 0.52 mmol) and biqinl3 g, 0.53 mmol) using DMF as
solvent. Column chromatography (silica gel, chlorof/methanol, 9:1) afforded compound
25 (0.22 g, 81%) as a colorless solid; R0.36 (silica gel, chloroform/methanol, 9:1); mp
128-130 °C; ¢]p = +41.3° € = 0.32, CHQJ); IR (KBr): v = 3406n, 331%, 3076n, 2956,
29265, 2866m, 1704ss, 1654, 1648, 1550m, 1508V, 1498n, 1458n, 1382, 1326v, 1266,
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1216w, 1172v cmi’; UV-vis (CHCk): Amax (log €) = 285 nm (3.21)!H NMR (500 MHz,
CDCly): 6 = 7.16 ¢, J = 8.2 Hz, 1H, 11-H), 6.99d, J = 8.2, 1.6 Hz, 1H, 12-H), 6.9@,(J =
1.4 Hz, 1H, 14-H), 6.280¢ s, 1H, NH), 6.00 r s, 1H, NH), 4.43 dd, J = 4.9, 4.9 Hz, 1H,
29-H), 4.19 (d, J = 4.8, 4.8 Hz, 1H, 27-H), 3.22q, J = 13.6, 5.3 Hz, 1H, 18-p} 3.11 ¢id, J
=13.6, 5.8 Hz, 1H, 18-, 3.07 - 3.011, 1H, H-26), 2.94 - 2.7&, 4H, 7-H, + 7-H, + 15-H

+ 30-H.), 2.69 ¢, J = 12.8 Hz, 1H, 30-), 2.32 - 2.261f, 1H, 1-H), 2.21 ¢, J = 7.3 Hz, 2H,
22-H, + 22-Hy), 1.93 - 1.871f, 1H, 6-H), 1.81 - 1.57rf, 8H, 2-H; + 2-H, + 6-H, + 25-H, +
25-H, + 24-H, + 24-H, + 23-Hy), 1.45 - 1.371f, 3H, 23-H, + 3-H, + 5-H), 1.37 - 1.32, 1H,
1-Hy), 1.32 - 1.241%, 1H, 3-H,), 1.23 @, J = 6.9 Hz, 6H, 16-H + 17-H), 1.2%,(3H, 20-H),
0.93 6, 3H, 19-H) ppm:“C NMR (125 MHz, CDCJ): § = 173.6 (C-21), 163.9 (C-28), 147.3
(C-13), 145.7 (C-9), 135.0 (C-8), 127.1 (C-14), R¢4C-11), 123.9 (C-12), 61.9 (C-27), 60.4
(C-28), 55.6 (C-26), 49.9 (C-18), 45.4 (C-5), 4(C530), 38.5 (C-1), 37.6 (C-4), 37.6 (C-10),
36.3 (C-3), 36.3 (C-22), 33.5 (C-15), 30.3 (C-8,R(C-23), 28.2 (C-24), 26.0 (C-25), 25.5
(C-20), 24.1 (C-16), 24.1 (C-17), 19.1 (C-6), 10019), 18.8 (C-2) ppm; MS (ESI, MeOH):
miz (%) = 512.3 ([M+H], 10), 534.4 ([M+Na], 10), 1023.3 ([2M+H], 15), 1045.3
([2M+Na]", 100); analysis calculated forgEl4sN30,S (511.76): C 70.41, H 8.86, N 8.21, S
6.27; found: C 70.13, H 8.96, N 8.65, S 6.03.

4.3.17N-Biotinyl-12-hydroxydehydroabietylamin@6)

Compound26 was prepared according to general procedure A ftompoundl0 (0.15 g,
0.50 mmol) and biotin (0.17 g, 0.70 mmol) using DMsi$ solvent. Column chromatography
(silica gel, chloroform/methanol, 9:1) afforded qumund?26 (0.19 g, 72%) as a colorless
solid; R- = 0.39 (silica gel, chloroform/methanol, 9:1); m@.54-156 °C; ¢]p = +55.4° ¢ =
0.35, MeOH); IR (KBr):v = 3404, 2928&, 2866m, 1696ss, 1654, 1550m, 1510n, 1458n,
1380m, 1308n, 1268n, 1242n, 1184m, 1164, 1088v, 1048v cm™; UV-vis (MeOH): Amax
(log €) = 303 nm (3.47)*H NMR (500 MHz, CROD): & = 6.75 §, 1H, 14-H), 6.61< 1H,
11-H), 4.38 ¢id, J = 7.8, 4.5 Hz, 1H, 29-H), 3.88/d, J = 7.8, 4.4 Hz, 1H, 27-H), 3.63 — 3.56
(m, 1H, 18-H), 3.15 fept, J = 6.9 Hz, 1H, 15-H), 2.81d¢l, J = 12.7, 5.0 Hz, 1H, 30-} 2.73
(dd, J = 10.2, 5.2 Hz, 2H, 7-k+ 7-H,), 2.63 — 2.59r6, 2H, 18-H, + 30-H,), 2.51 @dd, J =
7.3, 4.5 Hz, 1H, 26-H), 2.24 — 2.18\(3H, 1-H, + 22-H, + 22-H,), 2.04 — 1.97r, 1H, 6-H),
1.80 @dddd, J = 16.3, 13.1, 8.2, 3.0 Hz, 1H, 29H1.72 — 1.62r6, 3H, 2-H, + 6-H, + 25-H,),
1.61 — 1.511, 1H, 25-H), 1.50 — 1.40r0, 4H, 24-H, + 24-H, + 3-H, + 5-H), 1.40 — 1.23n(,
4H, 1-H, + 3-H, + 23-H, + 23-H,), 1.19 6, 3H, 20-H), 1.19q, J = 6.9 Hz, 3H, 16-H), 1.16](
J=6.9 Hz, 3H, 17-H), 0.9%(3H, 19-H) ppm¥*C NMR (125 MHz, CQOD): § = 176.0 (C-
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21), 166.1 (C-28), 153.3(C-13), 149.2 (C-9), 13g212), 127.4 (C-14), 127.1 (C-8), 111.5
(C-11), 63.2 (C-27), 61.5 (C-29), 57.0 (C-26), 5(03518), 45.4 (C-5), 40.9 (C-30), 39.7 (C-
1), 39.0 (C-4), 38.6 (C-10), 37.2 (C-3), 36.8 (Q;AD.7 (C-7), 29.8 (C-23), 29.4 (C-24), 27.8
(C-15), 27.0 (C-25), 25.9 (C-20), 23.6 (C-16), 2&817), 20.5 (C-6), 19.8 (C-2), 19.7 (C-
19) ppm; MS (ESI, MeOH): m/z (%) = 528.4 ([M+H]74), 550.5 ([M+Na], 100); analysis
calculated for GoH4sN303S (527.76): C 68.27, H 8.59, N 7.96, S 6.08; foudd67.96, H
8.73, N 7.75, S 5.86.

4.3.18 12-AcetoxyN-biotinyldehydroabietylamine2()

Compound27 was prepared according to general procedure A ftompound23 (0.10 g,
0.29 mmol) and biotin (0.09 g, 0.37 mmol) using DMsi§ solvent. Column chromatography
(silica gel, chloroform/methanol, 9:1) afforded qumand 27 (0.09 g, 55%) as a colorless
solid; R= = 0.27 (silica gel, chloroform/methanol, 9:1); m@d.30-132 °C; ¢]p = +53.4° € =
0.31, CHCY); IR (KBr): v = 3284n, 2958V, 2926, 2866v, 1754n, 169%, 164&, 1539,
1496m, 1455n, 1368n, 120%s, 1016n, 912m, 729m cmi’; UV-vis (CHCk): Amax (log €) =
296 nm (3.03YH NMR (400 MHz, CDC}): 6 = 6.94 §, 1H, 14-H), 6.80¢ 1H, 11-H), 6.13
(s, 1H, NH), 5.99 ¢d, J = 6.3, 6.3 Hz, 1H, NH), 4.41dd, J = 7.5, 4.7 Hz, 1H, 31-H), 4.18
(dd,J=7.5, 4.7 Hz, 1H, 29-H), 3.24ld, J = 13.7, 5.9 Hz, 1H, 18-} 3.09 - 3.001f, 2H, 18-
Hp + 28-H), 2.95 - 2.85n), 2H, 15-H + 7-H), 2.85 - 2.741, 2H, 7-H, + 32-H,), 2.62 @, J =
12.8 Hz, 1H, 32-k), 2.29 §, 3H, 22-H), 2.23 - 2.12nf, 3H, 24-H + 24-H, + 1-H,)), 1.94 -
1.85 (m, 1H, 6-H), 1.80 - 1.541, 7H, 6-H, + 2-H, + 2-H, + 25-H, + 25-H, +27-H, + 27-H,),
1.46 - 1.34 (m, 5H, 26-t+ 26-H, + 3-H, + 1-H, + 5-H), 1.34 - 1.22r(, 1H, 3-H), 1.19 §,
3H, 20-H), 1.18d, J = 6.7 Hz, 3H, 16-H) 1.16d(J = 6.7 Hz, 3H, 17-H), 0.91s(3H, 19-H)
ppm; *C NMR (100 MHz, CDGJ): 5 = 173.5 (C-23), 170.2 (C-21), 163.8 (C-30), 14&5
13), 146.3 (C-9), 137.0 (C-12), 133.2 (C-8), 12c214), 118.0 (C-11), 62.0 (C-29), 60.3 (C-
31), 55.6 (C-28), 49.7 (C-18), 44.8 (C-5), 40.53®); 38.4 (C-1), 37.7 (C-4), 37.6 (C-10),
36.2 (C-3), 36.2 (C-24), 29.8 (C-7), 28.3 (C-25:,2(C-26), 27.3 (C-15), 25.9 (C-27), 25.4
(C-20), 23.2 (C-16), 23.1 (C-17), 21.1 (C-22), 1gX019), 19.0 (C-6), 18.7 (C-2) ppm; MS
(ESI, MeOH): m/z (%) = 304.8 ([M+C3] 10), 570.5 ([M+H], 50), 589.5 ([2M+C4[, 5),
592.5 ([M+NaJ, 10), 1139.2 ([2M+H], 80), 1161.3 ([2M+N4d] 100); analysis calculated for
C3oH4sN303S (569.80): C 67.45, H 8.31, N 7.37, S 5.63; found37.31, H 8.60, N 7.52, S
5.52.
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Highlights

* Dehydroabietylamine shows a broad spectrum adblgioal activities

* “Simple” amides, C-ring-modified and biotinylatednides were prepared
* These compounds were screened in SRB assaysgtfupxic activity

* Several compounds showed high cytotoxicity anddyselectivity for human tumor cells



