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Daphnezomines A 和 B 的四环核心骨架合成 
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摘要  在虎皮楠生物碱家族中, daphnezomine A 型生物碱仅包含三位成员: daphnezomine A (1), daphnezomine B (2)以及

dapholdhamine B. 这些生物碱含有独特的氮杂金刚烷骨架, 9 个连续的手性立体中心, 因此呈现出巨大的合成挑战性. 
报道了分子 1 和 2 的四环核心骨架的合成. 关键步骤包括一个黄氏酰胺活化增环反应和一个 Hutchins-Kabalka 还原重

排反应. 
关键词  全合成; 虎皮楠生物碱; daphnezomine A; daphnezomine B; 氮杂金刚烷; 黄氏酰胺活化增环反应; Hutchins- 
Kabalka 还原重排 

Synthesis of Tetracyclic Core Structure of Daphnezomines A and B 
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Abstract  Among the tiniest Daphniphyllum alkaloid subfamilies, daphnezomine A-type alkaloids consist of only three 
known members, namely daphnezomine A (1), daphnezomine B (2) and dapholdhamine B. These alkaloids contain a unique 
aza-adamantane core along with nine contiguous stereogenic centers, thus presenting remarkable synthetic challenges. The 
synthesis of tetracyclic core structure of 1 and 2 was reported. The key steps in our approach include a Huang’s amide-activa 
tion-annulation and a Hutchins-Kabalka reductive rearrangement. 
Keywords  total synthesis; Daphniphyllum alkaloids; daphnezomine A; daphnezomine B; aza-adamantane; Huang’s am-
ide-activation-annulation; Hutchins-Kabalka reductive rearrangement 

 

1  Introduction 
Since the isolation of daphnimacrine in 1909, more than 

350 Daphniphyllum alkaloids have been isolated. They 
consist of a large family of structurally intriguing natural 
products with a wide range of bioactivity.[1] Owing to their 
promising pharmacological potential and complex archi-

tectures, Daphniphyllum alkaloids have attracted extensive 
activities from organic synthesis community over the past 
four decades.[2] Since Heathcock’s seminal syntheses,[3] 
continuous efforts have resulted in elegant total syntheses 
by the groups of Carreira,[4] Li,[5] Smith,[6] Fukuyama/ 
Yokoshima,[7] Dixon,[8] Zhai,[9] Qiu,[10] Gao,[11] Sarpong,[12] 
Li[13] and Lu[14]. Moreover, Hanessian and his co-workers 
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have reported the total synthesis of a putative natural 
Daphniphyllum alkaloid.[11,15] Meanwhile, our group has 
also accomplished enantioselective total syntheses of 
calyciphylline A-type alkaloid himalensine A, daphne-
zomine A-type alkaloid dapholdhamine B, bukitting-
gine-type alkaloid caldaphnidine O and yuzurimine-type 
alkaloid caldaphnidine J.[2d,16] 

2  Results and discussion 
Amongst the tiniest Daphniphyllum alkaloid subfamilies, 

daphnezomine A-type alkaloids consist of only three known 
members, namely daphnezomine A (1),[17] daphnezomine B 
(2)[17] and dapholdhamine B (3)[18] (Figure 1). These alka-
loids contain a unique aza-adamantane core along with nine 
contiguous stereocenters, thus signifying remarkable syn-
thetic challenges. Fascinated by their complex caged stru-
ctures, a program aiming to prepare these molecules in an 
efficient manner was initiated. Recently, our group has 
accomplished the first total synthesis of 3.[16b] Soon after our 
report, Li and his co-workers reported efficient syntheses of 
1 and 2.[13] Herein, we would like to introduce our efforts 
toward the synthesis of 1 and 2, which successfully fabri-
cated the aza-tetracyclic core structure. The key transfor-
mations in our approach include Huang’s amide-activation- 
annulation and Hutchins-Kabalka reductive rearrangement. 

 
Figure 1  Daphnezomine A-type alkaloids 

Despite our success in the synthesis of 3, the subtle 
structural differences among 1, 2 and 3 impelled us to ex-
plore different synthetic strategies. With the thoughts that 
the D-ring formation would be much more critical than the 
introduction of the isopropyl group, a new approach with a 
different late-stage strategy was designed. In a retrosyn-
thetic perspective, we envisaged that the target molecules 1 
and 2 could be synthesized via late-stage functionalizations 
from tetracycle 4 (Scheme 1). 

Specifically, a selective functionalization of the disub-
stituted alkene moiety in compound 4 would allow the in-
stallation of the desired isopropyl group, while a diastere-
oselective hydroboration of the trisubstituted alkene would 
introduce the ketone motif, which would be further con-
verted to the carbinolamine functionality. In turn, we envi-
sion that a Hutchins-Kabalka reductive rearrangement of 
enone 5 would allow the construction of the trisubstituted 
alkene moiety in compound 4 as well as the desired stere-
ocenter at C-9. Furthermore, the cyclohexenone motif in 
compound 5 could be fabricated from amide 6 via Huang’s 
amide-activation-annulation. Last, amide 6 would be syn- 
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Scheme 1  Retrosynthetic analysis of 1 and 2. 

thesized from tricycle ketone 7, which could be further 
traced back to readily available chiral enone 8. 

As shown in Scheme 2, we began our approach from 
chiral diketone 8, which is readily available from 1,3-cy-
clohexandione (9) in seven steps.[16b] Subjecting diketone 8 
to basic condition (KHMDS) triggered the desired aza- 
Michael addition. The so-afforded enol anion was then 
trapped with a triflating reagent (PhNTf2) to give tricycle 
10. It is worth mentioning that only 1.0 equiv. of PhNTf2 
was used to avoid undesired enol triflation of the C-9 ke-
tone. Subsequently, a palladium-mediated reduction of the 
enol triflate smoothly furnished the disubstituted alkene 7. 
The C-9 ketone motif in intermediate 7 was then trans-
formed to its corresponding enol triflate, as required in the 
next side chain installation. A Suzuki coupling reaction 
successfully introduced the amide-containing side chain to 
our core structure to give compound 6. Next, Huang’s am-
ide-activation-annulation[19] was used to fabricate key cy-
clohexenone moiety in intermediate 5. With this in mind, 
compound 6 was subjected to Tf2O/2-F-Py condition, which 
triggered the amide activation process followed by the cy-
clization of the double bond on the nitrilium ion intermedi-
ate to afford corresponding N-arylcyclohexanimine. With-
out isolation, this N-arylcyclohexanimine moiety was then 
hydrolyzed under acidic conditions (2 mol/L HCl, THF, 
60 ℃) to produce cyclohexenone 5. 

At this juncture, it is required to set the C-9 stereocenter 
in a diastereoselective manner. Unfortunately, subjecting 
our enone substrate 5 to various Hutchins-Kabalka reduc-
tive rearrangement conditions[20] yielded C9-epi-4 as the 
sole product (Scheme 2). It is speculated that the reduction 
of the tosylhydrazone moiety occurred on the less sterically 
congested convex face, thus the following intramolecular 
hydride shift occurred on the α-face of our substrate. The 
stereochemistry of C9-epi-4 has been unambiguously as-
signed via single-crystal X-ray diffraction.[21] Alternatively, 
we noticed a unique method reported by Li et al.[22] that 
used allylic alcohol as substrate for Hutchins-Kabalka re-
ductive rearrangement. With this in mind, enone 5 was first   
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Scheme 2  Synthesis of the tetracyclic core of 1 and 2

subjected to reduction conditions (NaBH4, CeCl3•7H2O) to 
quantitively produce allylic alcohol 13, which was then 
subjected to Li’s conditions (TsNHNH2, acetonitrile, reflux) 
to yield a mixture of inseparable alkenes. To this end, this 
mixture was treated with m-CPBA/silica gel, with the hope 
to trigger a Meinwald rearrangement[23] to afford the cor-
responding C-11 ketone group. Surprisingly, compound 14 
was isolated as the major product (26% for two steps). The 
structure of 14 was also unambiguously assigned via a sin-
gle-crystal X-ray diffraction.[24] It is assumed that under 
Li’s conditions, the so-afforded trisubstituted alkene might 
undergo a transannular migration and was then converted to 
C-12 ketone under Meinwald rearrangement conditions 
(Scheme 3). 

3  Conclusions 
In summary, we have investigated the synthesis toward 

two highly challenging alkaloids daphnezomines A and B. 
Through key transformations including an aza-Michael 
addition and a Huang’s amide-activation-annulation, we 
successfully fabricated the tetracyclic core of daphnezo-
mines A and B. Inspirative stereochemical information was 
also observed in the late-stage rearrangements, such as 
Hutchins-Kabalka reductive rearrangement and Meinwald 
rearrangement. As our interests in caged natural products 
continues,[25] further efforts toward the total synthesis of 
these structurally fascinating alkaloids are currently un- 

 
Scheme 3  Plausible pathway for the formation of 14. 

derway in our laboratory and will be reported in due course. 

4  Experimental section 
Commercially available reagents were used without fur-

ther purification and all solvents were of HPLC quality. 
Unless otherwise stated, reactions were carried out under an 
atmosphere of argon and heating was performed in an oil 
bath. Reactions were monitored by thin-layer chromatog-
raphy (TLC; GF254) using plates supplied by Yantai 
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Chemicals (China). The plates were visualized under UV- 
light. Flash column chromatography was performed using 
silica gel (particle size, 0.040～0.063 mm) supplied by 
Yantai Chemicals (China). High resolution mass spectra 
(HRMS) were recorded on a Thermo Scientifific Q Exac-
tive Hybrid Quadrupole Orbitrap mass spectrometer. Single 
crystal X-ray diffraction (SCXRD) data were collected by a 
Bruker D8 Venture X-ray single crystal diffractometer. 
Optical rotation data were collected on an Autopol auto-
matic polarimeter (Rudolph Research Analytical) using 
HPLC grade CHCl3. All new compounds were character-
ized by 1H NMR, 13C NMR. NMR data were acquired at 
298 K using a 400 MHz Bruker AVANCE III HD spec-
trometer equipped with a Prodigy CryoProbe. For spectra 
recorded in CDCl3, chemical shifts were reported relative to 
the signal for CHCl3 (δ 7.26 for 1H NMR and δ 77.0 for 13C 
NMR). NMR data was analyzed using a MestReNova 
(v11.0.3-18688) by Mestrelab Research S. L. All NMR 
spectra for compounds 10, 7, 11, 6, 5, 4, 13 and 14 can be 
found in Supplementary Materials. 
4.1  Synthesis of (1S,4aS,5S,8aR)-8a-(2-(benzyl- 
oxy)ethyl)-4a-methyl-8-oxo-10-tosyl-1,4,4a,5,6,7,8, 
8a-octahydro-1,5-(epiminomethano)naphthalen-3-yl  
trifluoromethanesulfonate (10) 

To a solution of enone 8 (7.00 g, 14.14 mmol, 1.0 
equiv.) and PhNTf2 (5.05 g, 14.14 mmol, 1.0 equiv.) in dry 
THF (141 mL) under argon atmosphere, was added a solu-
tion of 0.5 mol/L KHMDS (28.3 mL, 14.14 mmol, 1.0 
equiv.) in THF at －78 °C. After being stirred for 1 h at 
room temperature, the reaction mixture was cooled to 0 °C 
and quenched with saturated aqueous NH4Cl (100 mL). 
THF was removed under reduced pressure and the residue 
was dissolved in EtOAc (100 mL) and H2O (50 mL). The 
organic phase was separated and the aqueous phase was 
extracted with EtOAc (100 mL×3). The combined organic 
phases were washed with brine, dried over anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. 
The residue was purified by flash chromatography on silica 
gel (eluent: EtOAc/PE (petroleum ether), V∶V＝1∶20 to 
1∶8) to give compound 10. White oil (6.24 g, 62%); 

24
D[ ]α ＋119.0 (c 0.10, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ: 7.49 (d, J＝8.0 Hz, 2H), 7.40～7.30 (m, 5H), 
7.19 (d, J＝8.0 Hz, 2H), 4.94 (d, J＝6.8 Hz, 1H), 4.62 (d,  
J＝6.8 Hz, 1H), 4.46 (dd, J＝11.2, 13.2 Hz, 2H), 3.89～
3.77 (m, 2H), 3.75 -3.65 (m, 1H), 3.31 (d, J＝12.4 Hz, 
1H), 3.16～3.02 (m, 1H), 2.49 (dd, J＝8.4, 18.4 Hz, 1H), 
2.39 (s, 3H), 2.26 (dd, J＝2.0, 7.6 Hz, 1H), 2.20～2.10 (m, 
1H), 2.07～1.90 (m, 3H), 1.68～1.62 (m, 1H), 1.47～1.37 
(m, 1H), 1.04 (s, 3H); 13C NMR (101 MHz, CDCl3) δ: 
212.1, 149.7, 144.1, 138.3, 135.6, 129.9, 128.4, 127.6, 
127.5, 126.8, 118.1 (q, J＝321.18 Hz), 112.6, 73.0, 68.0, 
53.7, 53.0, 45.3, 40.38, 40.35, 39.2, 38.7, 29.0, 26.4, 23.8, 
21.4; 19F NMR (376 MHz, CDCl3) δ: －74.38; HRMS 
(ESI) calcd for [C29H33F3NO7S2 [M＋H] ＋  628.1645, 
found 628.1642. 

4.2  Synthesis of (1S,4aS,5S,8aR)-8a-(2-(benzyl- 
oxy)ethyl)-4a-methyl-10-tosyl-1,4a,5,6,7,8a-hexahyd-
ro-1,5-(epiminomethano)naphthalen-8(4H)-one (7) 

To a mixture of compound 10 (13.20 g, 21.05 mmol, 1.0 
equiv.), Pd(OAc)2 (474 mg, 2.11 mmol, 0.1 equiv.), PPh3 
(1106 mg, 4.21 mmol, 0.2 equiv.) and DIPEA (21.0 mL, 
126.32 mmol, 6.0 equiv.) in dry DMF (211 mL) under ar-
gon atmosphere, was added HCOOH (3.20 mL, 84.21 
mmol, 4.0 equiv.) at room temperature. After being stirred 
for 1 h at 60 °C, the reaction mixture was concentrated 
under reduced pressure. Then the reaction mixture was 
dissolved with EtOAc (100 mL) and brine (100 mL). The 
organic phase was separated and the aqueous phase was 
extracted with EtOAc (100 mL×4). The combined organic 
phases were washed with brine, dried over anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. 
The residue was purified by flash chromatography on silica 
gel (eluent: EtOAc/PE, V∶V＝1∶20 to 1∶8) to give 
compound 7. White foam (8.17 g, 81%); m.p. 114～
116 ℃; 24

D[ ]α ＋158.0 (c 0.31, CHCl3); 1H NMR (400 
MHz, CDCl3) δ: 7.60 (d, J＝8.4 Hz, 2H), 7.35～7.33 (m, 
4H), 7.30～7.24 (m, 3H), 5.84 (td, J＝3.6, 10.0 Hz, 1H), 
5.14～5.07 (m, 1H), 4.50 (dd, J＝11.6, 24.0 Hz, 2H), 4.31 
(d, J＝6.0 Hz, 1H), 3.93 (td, J＝4.9, 8.9 Hz 1H), 3.65 (dd, 
J＝2.0, 11.6 Hz, 1H), 3.55 (td, J＝6.4, 8.8 Hz, 1H), 3.30 
(td, J＝2.8, 12.8 Hz, 1H), 3.00 (dt, J＝10.4, 18.0 Hz, 1H), 
2.49～2.43 (m, 1H), 2.42 (s, 3H), 2.19～2.08 (m, 1H), 
2.06～2.03 (m, 1H), 2.00～1.97 (m, 1H), 1.87～1.79 (m, 
1H), 1.64～1.57 (m, 1H), 1.56～1.51 (m, 1H), 1.50～1.41 
(m, 1H), 0.96 (s, 3H); 13C NMR (101 MHz, CDCl3) δ: 
213.7, 143.4, 138.5, 136.6, 131.9, 129.6, 128.3, 127.7, 
127.4, 127.2, 119.2, 73.1, 68.2, 53.9, 52.7, 45.7, 40.8, 38.8, 
38.6, 36.6, 29.5, 26.3, 24.3, 21.5; HRMS (ESI) calcd for 
C28H34NO4S [M＋H]＋ 480.2203, found 480.2200. 
4.3  Synthesis of (1S,4aS,5S,8aR)-8a-(2-(benzyl- 
oxy)ethyl)-4a-methyl-10-tosyl-1,4,4a,5,6,8a-hexahyd-
ro-1,5-(epiminomethano)naphthalen-8-yl trifluorome- 
thanesulfonate (11) 

To a solution of enone 7 (11.30 g, 23.60 mmol, 1.0 
equiv.) and PhNTf2 (16.85 g, 47.20 mmol, 2.0 equiv.) in 
dry THF (240 ml) under argon atmosphere, was added a 
solution of 1.0 mol/L KHMDS (31.0 mL, 30.70 mmol, 1.3 
equiv.) in THF at 0 °C. After being stirred for 30 min at 
0 °C, the reaction mixture was quenched with saturated 
aqueous NH4Cl (100 mL). THF was removed under re-
duced pressure and the residue was dissolved in EtOAc 
(100 mL) and H2O (50 mL). The organic phase was sepa-
rated and the aqueous phase was extracted with EtOAc 
(100 mL×3). The combined organic phases were washed 
with brine, dried over anhydrous Na2SO4, filtered, and 
concentrated under reduced pressure. The residue was pu-
rified by flash chromatography on silica gel (eluent: 
EtOAc/PE, V∶V＝1∶4 to 3∶7) to give compound 11 
(10.00 g, 69%). White foam, m.p. 86 ～ 88 ℃; 

24
D[ ]α ＋133.2 (c 1.05, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ: 7.64 (d, J＝8.4 Hz, 2H), 7.38～7.32 (m, 4H), 
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7.31～7.23 (m, 3H), 5.95 (td, J＝3.6, 10.0 Hz, 1H), 5.76 
(dd, J＝2.8, 4.8 Hz, 1H), 5.46～5.38 (m, 1H), 4.57～4.41 
(m, 2H), 4.14 (d, J＝6.0 Hz, 1H), 3.88～3.77 (m, 1H), 
3.63～3.53 (m, 1H), 3.37～3.17 (m, 2H), 2.49～2.42 (m, 
1H), 2.41 (s, 3H), 2.27～2.18 (m, 1H), 2.01～1.86 (m, 
3H), 1.83～1.72 (m, 1H), 1.42～1.36 (m, 1H), 0.98 (s, 
3H); 13C NMR (101 MHz, CDCl3) δ: 148.4, 143.1, 138.0, 
137.3, 131.7, 129.3, 128.2, 127.7, 127.4, 126.8, 119.9, 
118.5, 118.1 (q, J＝321.18 Hz), 73.2, 67.3, 50.5, 45.4, 43.5, 
38.7, 38.3, 35.7, 28.9, 28.5, 22.7, 21.3; 19F NMR (376 MHz, 
CDCl3) δ: －74.48; HRMS (ESI) calcd for C29H33F3NO6S2 
[M＋H]＋ 612.1696, found 612.1694. 
4.4  Synthesis of 4-((1S,4aS,5S,8aR)-8a-(2-(benzyl- 
oxy)ethyl)-4a-methyl-10-tosyl-1,4,4a,5,6,8a-hexahyd-
ro-1,5-(epiminomethano)naphthalen-8-yl)-N-(2,6-di- 
methylphenyl)butanamide (6) 

A solution of compound 12 (434 mg, 2.30 mmol, 1.5 
equiv.) and 9-BBN (12.2 mL, 6.12 mmol, 0.5 mol/L in 
THF, 4.0 equiv.) was stirred at room temperature for 16 h. 
An aqueous solution of K3PO4 (3.1 mL, 1.95 g, 9.18 mmol, 
3.0 mol/L, 6.0 equiv.) was degassed under argon atmos-
phere, added slowly and the resulting biphasic mixture was 
stirred vigorously for 3 h. A solution of enol triflate 11 
(935 mg, 1.53 mmol, 1.0 equiv.) in DMF (30 mL) was 
added and the mixture was purged from traces of hydrogen 
gas (vacuum was applied until the mixture started to boil 
and then the flask was refilled with argon). AsPh3 (187 mg, 
0.61 mmol, 0.4 equiv.) and Pd2(dba)3•CHCl3 (158 mg, 
0.153 mmol, 0.1 equiv.) were added and the resulting 
mixture was warmed to 55 °C. The resulting mixture was 
stirred at this temperature for 12 h. The reaction mixture 
was cooled to room temperature, diluted with EtOAc (100 
mL) and poured into water (50 mL). The organic phase 
was separated and the aqueous phase was extracted with 
EtOAc (50 mL×3). The combined organic phases were 
washed with brine, dried over anhydrous Na2SO4, filtered, 
and concentrated under reduced pressure. The residue was 
purified by flash chromatography on silica gel (eluent: 
EtOAc/PE, V∶V＝1∶4) to give compound 6 (638 mg, 
64%). White foam, m.p. 160～162 ℃; 24

D[ ]α ＋106.5 (c 
0.23, CHCl3); 1H NMR (400 MHz, CDCl3) δ: 7.63 (s, 1H), 
7.51 (d, J＝8.0 Hz, 2H), 7.36～7.25 (m, 5H), 7.22 (d, J＝
8.0 Hz, 2H), 7.06 (s, 2H), 5.84 (dt, J＝3.6, 10.0 Hz, 1H), 
5.67 (s, 1H), 5.15 (dd, J＝6.4, 10.0 Hz, 1H), 4.47 (dd, J＝
12.0, 16.4 Hz, 2H), 3.96 (d, J＝6.4 Hz, 1H), 3.74～3.64 
(m, 1H), 3.54～3.44 (m, 1H), 3.37 (dd, J＝2.0, 12.0 Hz, 
1H), 3.05 (dd, J＝3.2, 12.0 Hz, 1H), 2.70～2.59 (m, 1H), 
2.47～2.40 (m, 1H), 2.39 (s, 3H), 2.36～2.28 (m, 1H), 
2.24 (s, 6H), 2.22～2.14 (m, 1H), 2.14～2.07 (m, 1H), 
2.05～1.97 (m, 1H), 1.97～1.90 (m, 2H), 1.90～1.66 (m, 
4H), 1.38～1.31 (m, 1H), 0.93 (s, 3H); 13C NMR (101 
MHz, CDCl3) δ: 172.2, 143.0, 138.1, 137.2, 135.5, 134.9, 
134.5, 132.5, 129.4, 128.38, 128.38, 128.0, 127.64, 127.64, 
126.9, 126.8, 125.7, 119.9, 73.0, 68.0, 52.5, 46.0, 43.9, 40.1, 
39.6, 36.7, 34.3, 32.1, 31.6, 30.7, 24.6, 23.8, 21.5, 18.5; 
HRMS (ESI) calcd for C40H47N2O4S [M＋H]＋ 653.3408, 

found 653.3405. 
4.5  Synthesis of (4S,4aS,10S,10aS)-4a-(2-(benzyl- 
oxy)ethyl)-10a-methyl-12-tosyl-4,4a,5,6,7,9,10,10a- 
octahydro-4,10-(epiminomethano)phenanthren-8  
(1H)-one (5) 

To a cooled (0 °C) solution of compound 6 (681 mg, 
1.04 mmol, 1.0 equiv.) and 2-fluoropyridine (0.162 mL, 
1.88 mmol, 1.8 equiv.) in dry DCM (20 mL) under argon 
atmosphere was added Tf2O (0.228 mL 1.36 mmol, 1.3 
equiv.). After being stirred for 15 mins at 0 °C, the solution 
was warmed to room temperature and stirred for 1 h. DCM 
was removed under reduced pressure and the residue was 
dissolved in THF (20 mL) and 2 mol/L HCl (10 mL). The 
resulting mixture was warmed to 60 °C and stirred for 13 
h. The reaction mixture was cooled to room temperature, 
diluted with EtOAc (20 mL). The organic phase was sepa-
rated and the aqueous phase was extracted with EtOAc (20 
mL×3). The combined organic phases were washed with 
brine, dried over anhydrous Na2SO4, filtered, and concen-
trated under reduced pressure. The residue was purified by 
flash chromatography on silica gel (eluent: EtOAc/PE, 
V∶V＝1∶8 to 1∶4 to 1∶2) to give compound 5 (220 
mg, 40%). Pale-yellow oil, m.p. 126～128 ℃; 24

D[ ]α  
＋122.3 (c 0.31, CHCl3); 1H NMR (400 MHz, CDCl3) δ: 
7.54 (d, J＝8.0 Hz, 2H), 7.39～7.26 (m, 5H), 7.22 (d, J＝
8.0 Hz, 2H), 5.93 (dt, J＝3.2, 9.6 Hz ,1H), 5.23 (dd, J＝
6.4, 9.8 Hz, 1H), 4.47 (q, J＝12.0 Hz, 2H), 4.04 (d, J＝6.0 
Hz, 1H), 3.69～3.60 (m, 1H), 3.47 (td, J＝4.8, 9.2 Hz, 
1H), 3.32 (dd, J＝2.0, 12.0 Hz, 1H), 3.17～3.08 (m, 1H), 
2.54～2.44 (m, 1H), 2.39 (s, 3H), 2.37～2.25 (m, 3H), 
2.25～2.20 (m, 1H), 2.20～2.14 (m, 1H), 2.00～1.85 (m, 
4H), 1.79～1.64 (m, 2H), 1.50～1.44 (m, 1H), 0.89 (s, 
3H); 13C NMR (101 MHz, CDCl3) δ: 198.8, 155.7, 143.0, 
137.9, 137.6, 134.9, 132.5, 129.5, 128.4, 127.72, 127.68, 
126.7, 119.9, 73.0, 68.1, 52.5, 45.8, 45.6, 39.6, 39.5, 37.4, 
34.0, 31.8, 28.0, 26.3, 24.6, 22.4, 21.5; HRMS (ESI) calcd 
for C32H38NO4S [M＋H]＋ 532.2516, found 532.2516. 
4.6  Synthesis of (4S,4aR,4bS,10S,10aS)-4a-(2-(be- 
nzyloxy)ethyl)-10a-methyl-12-tosyl-1,4,4a,4b,5,6,7,9, 
10,10a-decahy-dro-4,10-(epiminomethano)phenanth-
rene (C9-epi-4) 

To a solution of 5 (21 mg, 0.0395 mmol, 1.0 equiv.) in 
dry EtOH (3 mL) was added p-TsNHNH2 (8.1 mg, 0.0435 
mmol, 1.1 equiv.). The reaction mixture was stirred and 
heated under reflux for 4 h. The solvent was removed and 
the reaction flask was recharged with argon followed by 
adding of dry DCM (3 mL). The solution was cooled to 
0 °C as catecholborane (7.1 mg, 0.0593 mmol, 1.5 equiv.) 
was injected into the flask. The reaction mixture was 
stirred at 0 °C for 3 h, after which NaOAc•3H2O (16 mg, 
0.1185 mmol, 3.0 equiv.) was added into the solution at 
0 °C. The mixture was allowed to warm to room tempera-
ture over 30 min, heated under reflux for 12 h, cooled 
down to room temperature, filtered, washed with DCM and 
concentrated under reducer pressure. At last, the residue 
was purified by column chromatography (eluent: EtOAc/ 
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PE, V∶V＝1∶4) to give C9-epi-4 (12 mg, 60%). White 
solid, m.p. 120～122 ℃; 24

D[ ]α ＋12.0 (c 0.10, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ: 7.63 (d, J＝8.4 Hz, 2H), 
7.38～7.27 (m, 5H), 7.23 (d, J＝8.0 Hz, 2H), 5.83 (td, J＝
3.4, 9.8 Hz, 1H), 5.28 (s, 1H), 5.09～5.02 (m, 1H), 4.54～
4.44 (m, 2H), 3.81 (d, J＝6.0 Hz, 1H), 3.65～3.56 (m, 
1H), 3.46～3.38 (m, 1H), 3.24～3.09 (m, 2H), 2.72～2.62 
(m, 1H), 2.50～2.42 (m, 1H), 2.41 (s, 3H), 2.33～2.24 (m, 
1H), 2.03～1.85 (m, 4H), 1.79～1.74 (m, 1H), 1.74～1.69 
(m, 1H), 1.68～1.61 (m, 1H), 1.60 (s, 2H), 1.50～1.40 (m, 
2H), 0.91 (s, 3H); 13C NMR (101 MHz, CDCl3) δ: 143.0, 
138.3, 138.0, 137.2, 132.7, 129.4, 128.4, 127.6, 127.6, 
127.3, 121.1, 120.2, 73.2, 68.3, 57.5, 47.1, 42.0, 40.69, 
40.65, 40.1, 35.9, 35.3, 29.7, 29.5, 25.2, 23.5, 22.9, 21.5; 
HRMS (ESI) calcd for C32H40NO3S [M＋H]＋ 518.2723, 
found 518.2723. 
4.7  Synthesis of (4S,4aS,10S,10aS)-4a-(2-(benzyl- 
oxy)ethyl)-10a-methyl-12-tosyl-1,4,4a,5,6,7,8,9,10, 
10a-decahydro-4,10-(epiminomethano)phenanthren-
8-ol (13) 

To a solution of 5 (380 mg, 0.72 mmol, 1.0 equiv.) and 
CeCl3•7H2O (400 mg, 1.07 mmol, 1.5 equiv.) in MeOH (7 
mL) under 0 °C was added NaBH4 (27 mg, 0.72 mmol, 1.0 
equiv.). Then the solution was stirred at 0 °C in 30 min and 
quenched with saturated aqueous NH4Cl (20 mL). The 
aqueous layer was extracted with EtOAc (20 mL×3). The 
combined organic layers were washed with brine, dried 
over Na2SO4 and concentrated under reducer pressure. At 
last, the residue was purified by column chromatography 
(eluent: EtOAc/PE, V∶V＝1∶4) to give isomers 13a and 
13b. 

For 13a: 222 mg, 58%. White foam, m.p. 125～127 ℃; 
24
D[ ]α ＋116.0 (c 0.10, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ: 7.55 (d, J＝8.4 Hz, 2H), 7.38～7.26 (m, 5H), 
7.23 (d, J＝8.0 Hz, 2H), 5.98 (dt, J＝3.2, 9.6 Hz, 1H), 
5.52～5.40 (m, 1 H), 4.47 (dd, J＝12.0, 20.8 Hz, 2H), 4.13 
(d, J＝6.4 Hz, 1H), 3.90～3.81 (m, 1H), 3.69 (dt, J＝6.0, 
9.2 Hz, 1H), 3.51 (dt, J＝4.8, 9.2 Hz, 1H), 3.27 (d, J＝13.2 
Hz, 1H), 3.07 (d, J＝9.2 Hz, 2H), 2.47 (d, J＝18.0 Hz, 
1H), 2.39 (s, 3H), 2.35～2.21 (m, 2H), 2.11～2.02 (m, 
1H), 1.98～1.83 (m, 4H), 1.82～1.67 (m, 2H), 1.64～1.59 
(m, 1H), 1.57～1.47 (m, 1H), 1.36～1.29 (m, 1H), 0.96 (s, 
3H); 13C NMR (101 MHz, CDCl3) δ: 142.7, 138.3, 138.2, 
133.8, 133.1, 132.7, 129.6, 128.4, 127.7, 127.6, 126.4, 
120.5, 73.0, 68.7, 67.4, 52.3, 45.1, 44.2, 40.1, 39.7, 34.2, 
31.9, 31.4, 31.3, 25.9, 24.8, 21.5, 17.7; HRMS (ESI) calcd 
for C32H39NNaO4S [M＋Na]＋ 556.2492, found 556.2491. 

For 13b: 159 mg, 42%. White foam, m.p. 155～157 ℃; 
24
D[ ]α ＋130.0 (c 0.10, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ: 7.56 (d, J＝8.4 Hz, 2H), 7.38～7.26 (m, 5H), 
7.23 (d, J＝8.0 Hz, 2H), 5.90 (dt, J＝3.2, 9.6 Hz, 1H), 
5.30～5.20 (m, 1H), 4.46 (dd, J＝12.0, 18.0 Hz, 2H), 
4.15～4.06 (m, 1H), 3.96 (d, J＝6.4 Hz, 1H), 3.68 (dt, J＝
5.6, 9.2 Hz, 1H), 3.49 (dt, J＝4.8, 9.6 Hz, 1H), 3.32 (d, J＝
12.4 Hz, 1H), 3.12 (d, J＝12.4 Hz, 1H), 2.83～2.70 (m, 
1H), 2.40 (s, 3H), 2.26～2.16 (m, 1H), 2.01～1.97 (m, 

1H), 1.95～1.82 (m, 3H), 1.77 (s, 1H), 1.72～1.63 (m, 
2H), 1.63～1.57 (m, 2H), 1.57～1.50 (m, 1H), 1.43～1.34 
(m, 2H), 0.96 (s, 3H); 13C NMR (101 MHz, CDCl3) δ: 
142.6, 138.4, 138.3, 134.1, 132.4, 132.3, 129.5, 128.4, 
127.7, 127.6, 126.6, 120.6, 73.0, 70.9, 68.5, 52.1, 45.7, 
43.9, 40.2, 39.8, 34.3, 32.8, 32.0, 31.8, 25.5, 24.5, 21.5, 
19.6; HRMS (ESI) calcd for C32H39NNaO4S [M＋Na]＋ 
556.2492, found 556.2491. 
4.8  Synthesis of (4S,4aR,4bS,8aR,10S,10aS)-4a- 
(2-(benzyloxy)ethyl)-10a-methyl-12-tosyl-4,4a,4b,5,6,
7,8,8a,10,10a-decahydro-4,10-(epiminomethano)phe
nanthren-9(1H)-one (14) 

To a solution of 13a (or 13b) (543 mg, 1.02 mmol, 1.0 
equiv.) in dry CH3CN (20 mL) was added p-TsNHNH2 
(1.89 g, 10.19 mmol, 10.0 equiv.). The reaction mixture 
was stirred and heated at reflux for 2 h. The solvent was 
removed and the residue was dissolved in DCM (30 mL). 
m-CPBA (415 mg, 85%, 2.04 mmol, 2.0 equiv.) and silica 
gel (1086 mg, 200% weight) were added and stirred at 
room temperature for about 10 h. The mixture was filtered, 
washed with DCM (30 mL×3) and concentrated under 
reducer pressure. At last, the residue was purified by col-
umn chromatography (eluent: EtOAc/PE, V∶V＝1∶4) to 
give 14 (141 mg, 26%). White solid, m.p. 104～106 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 7.59 (d, J＝8.4 Hz, 2H), 
7.42～7.34 (m, 4H), 7.34～7.29 (m, 1H), 7.26 (s, 1H), 
7.24 (s, 1H), 5.77 (td, J＝3.6, 10.0 Hz, 1H), 5.24～5.15 
(m, 1H), 4.52 (dd, J＝11.6, 22.8, 2H), 4.37 (d, J＝6.0 Hz, 
1H), 3.63～3.57 (m, 1H), 3.57～3.46 (m, 2H), 3.40 (dd,  
J＝2.0, 12.6 Hz, 1H), 3.14 (dd, J＝3.6, 12.8 Hz, 1H), 2.41 
(s, 3H), 2.39～2.33 (m, 1H), 2.05～2.01 (m, 1H), 1.93～
1.84 (m, 1H), 1.72～1.64 (m, 4H), 1.52～1.41 (m, 1H), 
1.38～1.12 (m, 6H), 0.94 (s, 3H); 13C NMR (101 MHz, 
CDCl3) δ: 212.3, 143.6, 138.1, 136.7, 130.3, 129.7, 128.4, 
127.7 (2C), 127.1, 121.2, 73.4, 65.9, 58.0, 57.2, 47.4, 43.9, 
42.1, 39.8, 39.6, 38.2, 28.9, 27.7, 25.9, 25.4, 23.6, 21.9, 
21.5; HRMS (ESI) calcd for C32H39NNaO4S [M＋Na]＋ 
556.2492, found 556.2492. 

 
Supporting Information  Experimental characterization 
data and copies of X-ray, 1H NMR, 13C NMR and 19F 
NMR. The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn/. 

References 
[1] (a) Li, Z.-Y.; Guo, Y.-W. Chin. J. Org. Chem. 2007, 27, 565 (in 

Chinese). 
(李震宇, 郭跃伟, 有机化学, 2007, 27, 565.) 
(b) Liang, X.; Yang, X.-Z.; Chen, L.; Jiang, S.; Chen, Y.-D.; Deng, 
Q.-Y.; Chen, X.-G.; Yuan, J.-Q. Med. Chem. Res. 2020, 30, 1. 
(c) Wu, H.; Zhang, X.; Ding, L.; Chen, S.; Yang, J.; Xu, X. Planta 
Med. 2013, 79, 1589. 
(d) Xu, J. B.; Zhang, H.; Gan, L. S.; Han, Y. S.; Wainberg, M. A.; 
Yue, J. M. J. Am. Chem. Soc. 2014, 136, 7631. 

[2] (a) Kobayashi, J.; Kubota, T. Nat. Prod. Rep. 2009, 26, 936. 
(b) Chattopadhyay, A. K.; Hanessian, S. Chem. Rev. 2017, 117, 
4104. 
(c) Kang, B.; Jakubec, P.; Dixon, D. J. Nat. Prod. Rep. 2014, 31, 



   
Chinese Journal of Organic Chemistry ARTICLE  

 
Chin. J. Org. Chem. 2023, 43, 171～177 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/    177 

550. 
(d) Guo, L.-D.; Chen, Y.; Xu, J. Acc. Chem. Res. 2020, 53, 2726. 
(e) Zhong, J.; Wang, H.; Zhang, Q.; Gao, S. Alkaloids: Chem. Biol. 
2021, 85, 113. 

[3] (a) Piettre, S.; Heathcock, C. H. Science 1990, 248, 1532. 
(b) Heathcock, C. H.; Davidsen, S. K.; Mills, S.; Sanner, M. A. J. 
Am. Chem. Soc. 1986, 108, 5650. 
(c) Ruggeri, R. B.; Heathcock, C. H. J. Org. Chem. 1990, 55, 3714. 
(d) Heathcock, C. H.; Kath, J. C.; Ruggeri, R. B. J. Org. Chem. 
1995, 60, 1120. 
(e) Ruggeri, R. B.; Hansen, M. M.; Heathcock, C. H. J. Am. Chem. 
Soc. 1988, 110, 8734. 
(f) Stafford, J. A.; Heathcock, C. H. J. Org. Chem. 1990, 55, 5433. 
(g) Heathcock, C. H.; Stafford, J. A.; Clark, D. L. J. Org. Chem. 
1992, 57, 2575. 
(h) Ruggeri, R. B.; McClure, K. F.; Heathcock, C. H. J. Am. Chem. 
Soc. 1989, 111, 1530. 

[4] Weiss, M. E.; Carreira, E. M. Angew. Chem., Int. Ed. 2011, 50, 
11501. 

[5] (a) Lu, Z. Y.; Li, Y.; Deng, J.; Li, A. Nat. Chem. 2013, 5, 679. 
(b) Li, J.; Zhang, W. H.; Zhang, F.; Chen, Y.; Li, A. J. Am. Chem. 
Soc. 2017, 139, 14893. 
(c) Chen, Y.; Zhang, W. H.; Ren, L.; Li, J.; Li, A. Angew. Chem., 
Int. Ed. 2018, 57, 952. 
(d) Zhang, W. H.; Ding, M.; Li, J.; Guo, Z. C.; Lu, M.; Chen, Y.; 
Liu, L. C.; Shen, Y. H.; Li, A. J. Am. Chem. Soc. 2018, 140, 4227. 

[6] (a) Shvartsbart, A.; Smith, A. B., III J. Am. Chem. Soc. 2014, 136, 
870. 
(b) Shvartsbart, A.; Smith, A. B., III J. Am. Chem. Soc. 2015, 137, 
3510. 

[7] Yamada, R.; Adachi, Y.; Yokoshima, S.; Fukuyama, T. Angew. 
Chem., Int. Ed. 2016, 55, 6067. 

[8] Shi, H.; Michaelides, I. N.; Darses, B.; Jakubec, P.; Nguyen, Q. N. 
N.; Paton, R. S.; Dixon, D. J. J. Am. Chem. Soc. 2017, 139, 17755. 

[9] Chen, X.; Zhang, H.-J.; Yang, X.; Lv, H.; Shao, X.; Tao, C.; Wang, 
H.; Cheng, B.; Li, Y.; Guo, J.; Zhang, J.; Zhai, H. Angew. Chem., 
Int. Ed. 2018, 57, 947. 

[10] (a) Xu, B.; Wang, B.; Xun, W.; Qiu, F. G. Angew. Chem., Int. Ed. 
2019, 58, 5754. 
(b) Wang, B.; Xu, B.; Xun, W.; Guo, Y.; Zhang, J.; Qiu, F. G. An-
gew. Chem., Int. Ed. 2021, 60, 9439. 

[11] Zhong, J.; Chen, K.; Qiu, Y.; He, H.; Gao, S. Org. Lett. 2019, 21, 
3741. 

[12] (a) Hugelshofer, C. L.; Palani, V.; Sarpong, R. J. Am. Chem. Soc. 
2019, 141, 8431. 
(b) Hugelshofer, C. L.; Palani, V.; Sarpong, R. J. Org. Chem. 2019, 
84, 14069. 

[13] Xu, G.; Wu, J.; Li, L.; Lu, Y.; Li, C. J. Am. Chem. Soc. 2020, 142, 
15240. 

[14] Cao, M.-Y.; Ma, B.-J.; Gu, Q.-X.; Fu, B.; Lu, H.-H. J. Am. Chem. 
Soc. 2022, 144, 5750. 

[15] Chattopadhyay, A. K.; Ly, V. L.; Jakkepally, S.; Berger, G.; Hanes-
sian, S. Angew. Chem., Int. Ed. 2016, 55, 2577. 

[16] (a) Chen, Y.; Hu, J.; Guo, L.-D.; Zhong, W.; Ning, C.; Xu, J. An-
gew. Chem., Int. Ed. 2019, 58, 7390. 
(b) Guo, L.-D.; Hou, J.; Tu, W.; Zhang, Y.; Zhang, Y.; Chen, L.; Xu, 
J. J. Am. Chem. Soc. 2019, 141, 11713. 
(c) Guo, L.-D.; Hu, J.; Zhang, Y.; Tu, W.; Zhang, Y.; Pu, F.; Xu, J. J. 
Am. Chem. Soc. 2019, 141, 13043. 
(d) Guo, L.-D.; Zhang, Y.; Hu, J.; Ning, C.; Fu, H.; Chen, Y.; Xu, J. 
Nat. Commun. 2020, 11, 3538. 
For our very recent total syntheses of other Daphniphyllum alka-
loids, see: (e) Zhang, Y.; Chen, Y.; Song, M.; Tan, B.; Jiang, Y.; 
Yan, C.; Jiang, Y.; Hu, X.; Zhang, C.; Chen, W.; Xu, J. J. Am. 
Chem. Soc. 2022, 144, 16042.  
(f) Hu, J.; Guo, L.-D.; Chen, W.; Jiang, Y.; Pu, F.; Ning, C.; Xu, J. 
Org. Lett. 2022, 24, 7416. 

[17] Morita, H.; Yoshida, N.; Kobayashi, J. J. Org. Chem. 1999, 64, 
7208. 

[18] Zhang, Y.; Di, Y.-T.; Mu, S.-Z.; Li, C.-S.; Zhang, Q.; Tan, C.-J.; 
Zhang, Z.; Fang, X.; Hao, X.-J. J. Nat. Prod. 2009, 72, 1325. 

[19] (a) Wu, D.-P.; He, Q.; Chen, D.-H.; Ye, J.-L.; Huang, P.-Q. Chin. J. 
Chem. 2019, 37, 315. 
(b) Huang, P.-Q.; Huang, Y.-H. Chin. J. Chem. 2017, 35, 613. 
(c) Huang, P.- Q.; Huang, Y.-H.; Wang, S.-R. Org. Chem. Front. 
2017, 4, 431. 
(d) Huang, P.-Q.; Huang, Y.-H.; Geng, H.; Ye, J.-L. Sci. Rep. 2016, 
6, 28801. 

[20] (a) Hutchins, R. O.; Kacher, M.; Rua, L. J. Org. Chem. 1975, 40, 
923. 
(b) Kabalka, G. W.; Yang, D. T. C.; Baker, J. D. J. Org. Chem. 
1976, 41, 574. 

[21] Crystallographic data for compound C9-epi-4 (CCDC 2170411) has 
been deposited at the Cambridge Crystallographic Data Centre. 

[22] Yang, J.; Xiong, Z.; Chen, Y.; Li, Y. Synth. Commun. 1997, 27, 
2985. 

[23] Wang, Z. Meinwald Rearrangement. In Comprehensive Organic 
Name Reactions and Reagents, Wiley Online Library, Hoboken, NJ, 
USA, 2010, pp. 1880～1882. 

[24] Crystallographic data for compound 14 (CCDC 2170422) has been 
deposited at the Cambridge Crystallographic Data Centre. 

[25] For our recent synthesis and studies of other caged natural products, 
see:  
(a) Xie, S. Ning, C.; Yu, Q.; Hou, J.; Xu, J. Chin. J. Chem. 2021, 
39, 137. 
(b) Xie, S.; Chen, G.; Yan, H.; Hou, J.; He, Y.; Zhao, T.; Xu, J. J. 
Am. Chem. Soc. 2019, 141, 3435. 
(c) Zhang, Y.; Guo, L.-D.; Xu, J. Chin. J. Org. Chem. 2019, 39, 
1079 (in Chinese). 
(张焱, 郭联东, 徐晶, 有机化学, 2019, 39, 079.) 
(d) Zhao, N.; Yin, S.; Xie, S.; Yan, H.; Ren, P.; Chen, G.; Chen, F.; 
Xu, J. Angew. Chem. Int. Ed. 2018, 57, 3386. 

(Li, L.)  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


