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Part 1 ： The Chemis t r y of A P lanar Cyc looctate t raene 
Der iva t ive Fused to Phenanthrene Ring. 

U L _ A b s t r a c t ; 

A benzo-phenan th ro - fused planar cyc loocta te t raene 

der ivat ive, namely, 5,6,15,16-tetradehy( i robenzo[a]phenanthro-

[ 9 , 1 0 - ^ ] c y c l o o c t e n e ( 1 0 ) was synthesized through the 

dehydrob romina t ion (by potassium r^ r r -bu tox ide ) of the 

5,6,15,16- tet rabromo-5,6,15,16- tet rahydrobenzo[a]phenanthro[9, -

10-^]cyclooctene (29) generated from benzo[a]phenanthro[9,10-

e]cyclooctene (11). 
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(11). I n t r o f h i r t i n n ； 

Hiickel，on the basis of molecular orbital theory, proposed 

that a monocyclic ful ly conjugated polyene w i l l be aromatic i f and 

only i f it prossesses a closed shell of [4n+2]Tc e l e c t r o n s , w h e r e n 

is an integer greater than or equal to zero. Benzene, preferentially 

undergoes substitution rather than addition reactions, is a well 

known example of the [4n+2]兀 systems. On the contrary, the [4n]兀 

systems are less stable than the [4n+2]兀 systems and as a matter 

of fact, both systems behave d i f ferent ly . Later theoretical 

advancements have concluded that the [4n]兀 systems are 

destabilized by delocalization and wi l l be a n t i a r o m a t i c . A l l the 

—4n]兀 anrmlenes synthesized so far have fallen into this category. 

Cyclooctatetraene (COT) (1) has different properties from other 

larger [4n]兀 members. COT is a nonplanar molecule with four 

conjugated double bonds. Its structure can be represented by a 

1 
"tub" or "boat" conformation. It has the character of a normal 

f- o 

polyene and belongs to the D2d point group- ‘ It is believed that 

the nonplanarity of COT arises not only from its geometrical strain 

caused by planar conformation but also, more importantly, from 

the pseudo Jahn-Teller e f fec t , A planar symmetrical COT is very 

unstable because there exist two degenerate nonbonding orbitals, 

and each is occupied by an unpair electron, thus forming an open 
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shell arrangement of tr iplet state. This electronic state may as 

wel l suffer from the pseudo Jahn-Teller distortion that results in a 

geometr ical change of the molecule. As a result the orbital 

degeneracy is removed. The overall effect is a strainless tub shape 

molecule which is deprived of adjacent 兀 bond overlap. 

In order to convert COT to a planar conjugated 8-membered 

r ing compound, the pseudo Jahn-Teller effect must be eliminated. 

One of the possible methods is to replace one or more of the 

double bonds by acetylenes，because linear sp-sp hybrid bonds 

would force the 8-membered carbocycle to become planar. This 

idea suggests that, a fu l l y conjugated [8]-annulene such as 

cyc loocta- l ,5 -d iene-3,7-d iyne (2) would presumably be planar, i f 

i t indeed exists despite its high angular strain. 

2 
As a pioneer in this particular field，Krebs had synthesized 

cyc loocta- l ,3 ,5- t r iene-7-yne (3)i() which was expected to possess 

planar conformation. Compound 3 was the first example in the 

dehydro[8Jannulene f am i l y . Krebs showed that, dehydro-

brominat ion of bromocyclooctatetraene wi th potassium tert-

butoxide (KO^Bu) gave 3. However, due to its instability, 3 could 

not be isolated and its existence was only proved by trapping 
. , 1 1 - 1 3 exper iments . 
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3 

During the past two decades, many COT-derived compounds 

have been synthesized. Some of these COT derivatives were fused 

to aromatic rings to enhance stability of planar conformations. The 

unstable COT derivatives were usually confirmed by trapping 

r e a c t i o n s . S o m e examples of aromatic fused COTs are: 5,6,11,12-

tetradehydrodibenzo|a,cMcyclooctene (4),^^ 5,6-didehydrodibenzo-

[a,^]cyclooctene (5),^^ 5,6,9,10-tetradehydrobenzocyclooctene 

(6)，14 9,10-didehydrotribenzo[a,c,^]cyclooctene (7),^^ and 1,2,5,6-
17 18 

tetradehydro-3,4-benzo-7,8-naphtho[/?]cyclooctene (8). _ 

11 12 

7 6 = 5 4 
4 5 
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Many experimental data have shown that, in each of the benzo 

fused COT， the common bond shared by both rings is relatively 

longer compared wi th other bonds in the benzene moiety. 

Evidences f rom l i terature have conf irmed that the 

distances in compounds 4 ^^ and are 1.422A and 1.425A, 

respectively, which are even longer than the bond length of 

benzene (1.39A). It is therefore worthy to synthesize a planar 

8]annulene derivative with a bond of fusion similar to the bond 

order of an ethylene double bond. To satisfy such criterion, the C^-

C 2Q bond of phenanthrene (9) was chosen to fuse with COT 

derivative. In phenanthrene, the C9-Cjq bond has been found to 

behave as a double bond (Figure 1). 
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Figure 1. 

The resonance structures depicted in Figure 1 show that in only 

one of five forms is C9-C1Q bond a single bond. In other words, C9-

C i o bond is a 4/5 k bond. In fact, the literature value of C9-C1Q 

distance is which is almost equal to the length of an 

ethylene k 

bond (I .34A). 

Our target molecule is thus 5,6,15,16-tetradehydrobenzo[(3]-

phenanthro|_9’10_f^lcyclooctene (10). The aromatic rings, again, are 

responsible for the stability of the strained molecule. The two 

triple bonds are also kinetically protected by the protons at C ” C4, 

C j , and Ci4 positions from nucleophilic attack. 
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10 11 

Benzo[c/]phenanthro[9,10-cvlcyclooctene (11) seems to be the only 
22 

possible precursor of 10 and it has been synthesized earlier. We 

report here the realization of 10 through the manipulation of 11. 

I t is also interesting to note that 10 can be regarded as a 

derivative of 6，which has been found to be rather unstable.14 The 

direct comparison of the stabilities of 6 and 10 should shed some 

l ight on the stability enhancement caused by the protons on Cy 
and Ci4. 
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( I I I ) . Results and Discussion ！ 

The re t rosynthe t ic pathway leading to 1 1 w i th 

phenanthrene (9) as the starting material is shown in Scheme 1. 

Scheme 1 

r̂  〇H 

I I > I I 

1 1 1 2 

> I + ] I 

13 14 

> f y f 
V V 

9 15 
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Coincidental ly, Barton and coworkers have reported the synthesis 

of 6 ,15 -d ipheny lbenzo [aJphenan th ro [9J 0-^]cyclooctene (16)2 3 

which is very similar to 11. Their synthetic strategy is shown in 

Scheme 2. 

Scheme 2 

r ^ V n Ph 

Ph I I 11 I 

0 = / T I o c I 

™F，r. t . ~ 

Ph Ph 
1 8 “ 

dig lyme, 

160OC， 

-CO 

Ph [ Ph ^ ^ 

V h Ph 
—' 

16 20 

The room temperature cycloaddit ion between 1,3-diphenyl-2/ /-

c y c l o p e n t a l / Jphenanth rene-2-one (18)24 and the reactive 
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intermediate benzocyclobutene (17), generated by debromination 
9 S 

of 1 ,2-d ibromobenzocyc lobutane with Zn，furnished a bridge 

ketone 19. The annelated cyclooctene 16 was realized by the 

thermal decarbonylation of the cycloadduct 19 in diglyme at 160 

® C, and was fo l lowed by disrotatory r ing opening of the 

intermediate 20. 

The synthesis of 11 is somewhat similar to that of 16. In 

our case, the phenanthro-benzo coupling was achieved by mixing 

9,10-bis(bromomethyl)phenanthrene (13) and 1,2-dibromobenzo-

cyclobutane (14) together in the presence of Zn in DMF. Compound 
2 5 

1 4， i n turn, can be prepared according to Cava's method 

(Scheme 3). 

Scheme 3 

r ^ ^ f ^ cci4，iiv r p ^ ^ 

、44%「 k^cHBr, 
2 7 2 8 

Nal, DMF, 
6O-65OC 

86% 

1 4 
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The commercial ly available (9-xylene (27) was treated with 

4 equivalents of bromine through a radical mechanism to give the 

1 ,2-b is (d ib romoinethy l )benzene (28) . The debromination of 2 8 

by sodium iodide in DMF at C afforded the desired dibromide 

14. The synthesis of 11 is shown in Scheme 4. 

Scheme 4 

Br2，ecu 

reflux ’ 68% 

9 2 1 

1. Mg, EI2O 
2. MC2SO4 

82% 

Br2，CCl4 

^ i ^ y ^ B r “ r . t . ， 7 9 % 

2 3 2 2 

1. Mg, Et20 
2. MeJ 

97% 

B 丨-2，hv r 

r ^ S ^ C H q CCU，丨cfUix 
84% 

2 4 1 3 
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Scheme 4 ( c o n t i n u e d ) 

B r 1 4 

Zn，DMF 

7 1 OQOC，50% I 

1 3 2 5 

PCC，CH2CI2 

reflux, 57% 

OH 〇 

NaBH4 ’ THF 

~ k ：； ^ re f lux，52% ^ A y A ^ k ： ： ^ 

12 2 6 
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S c h e m e 4 (cont inued) 

O H 「 / ^ rv^SAi" 一 
I I V ArSCl，Et3N r ’ O 

CH2C1CH2C 丨 ^^^ 

~ k v ^ reflux，63% ~ k ： ^ 

^ 12 M 

[2,3] 

- ArSQH 

U U ( / 、 
— 

—Ar = ~ 

Phenanthrene (9) was allowed to react with bromine in 
26 • . 

refJuxing temperature, giving 9-bromophenanthrene (21) in fair 

yield. This electrophilic aromatic substitution released hydrogen 
- 1 4 -



bromide to restore the aromaticity of the product. The bromide 

2 1 was treated wi th magnesium to give the corresponding 

Grignard reagent which was then methylated by dimethyl sulfate 

to generate 9 -me thy Iphenanthrene (22).^"^ The second 

bromination was performed on the C^ -C jq bond of 22 at room 

temperature. The simultaneous el imination of hydrogen bromide 

resulted in the format ion of 9-broiTio-l 0-methy Iphenanthrene 
2S 

(23 ) . ‘ The bromide 23，after being converted to Grignard salt, 

was me thy la ted by methy l i od ide to f u rn i sh 9,10-

d i m e t h y l p h e n a n t h r e n e (2 4 ) . Radical bromination on the 

dimethyl group of 24 with two equivalents of bromine afforded 
？ 9 

9 , 1 0 - b i s ( b r o m o m e t h y I )phenanthrene (13 ) . 1,4,4a,8b-tetra-

h y d r o - 2 , 3 - p h e n a n t h r o | / ] b i p h e n y l e n e (25 ) was prepared by 

coupl ing 13 and 14 in the presence of activated zinc in DMF at 

100 "C. The benzylic position of biphenylene 25 was oxidized by 

pyr id in ium chlorochromate (PCC) in dichloromethane to provide 
2 2 

l , 4 ,4a ,8b- te t rahydro -2 ,3 -phenan th ro [ / ]b ipheny lene- l -one (26). 

Reduction of the ketone 26 using sodium borohydride in THF 

y ie lded 1 ’4’4a，8b-tetrahydro_ 1 -hy droxy-2 ,3-phen an thro [/ ] b i ph -

enylene (12).22 The conversion of 12 to 11 was base on Wang 

and Paquette's method.29 The "allyl ic" alcohol 12 was treated with 

2,4-din i t robenzenesul fenyl chlor ide and tr iethylamine in 1,2-

dichloroethane, forming a sulfenate ester. It then underwent a 

[2,3] s igmatropic rearrangement fo l lowed by thermal syn 

el iminat ion to give a diene which, through a disrotatory r ing 

opening, afforded benzolaJphenanthro[9,10-^]cyclooctene (11). 
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F ina l l y， t he generation of 5,6,15,16-tetradehydrobenzo[a]-

phenanthro |9 ,10-^Jcyc looc tene (10) from 11 was carried out by 

dehydrobromination of the corresponding tetrabromide 9 which, 

in turn was obtained by bromination of the two ethylene double 

bonds of 11 (Scheme 5). 

Scheme 5 

Br Br 

Br2，CCU ~ ^ V ^ ： ^ 

Br Br 

1 1 2 9 

KO^Bu 
THF，r.t. 
63% 

13 ‘ 

】5」6 

6 5 

8 1 0 

The ^H-NMR spectrum of 10 includes an A^B^ system of H^, H:，H3 

and H4 at 5 6.66-6.68 ppm with J = 3.3，5.5 Hz. Hg, H 9 ， a n d H13 

exhibit adsorptions at 5 7.51-7.64 ppm centered at 7.57 ppm (m， 

4H). H7’ H i 4 show adsorption at 5 7.69-7.72 ppm as a doublet of 
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doublets with J = 1.7，7.32 Hz and H " show adsorption at 5 

8.50-8.53 ppm as a doublet having J = 8.65 Hz. The two pairs of 

symmetric acetylene carbons C5, Ĉ ^̂  and C^，C^^ gave two peaks in 

the ^^C-NMR spectrum at 109.67 and 113.04 ppm, respectively. 

The downf ie ld shif t of the acetylenic carbon adsorptions as 

compared wi th the chemical shifts of other ordinary linear sp-

hybr id ized alkynes (eg. 5 80.3 for 4-octyne; 6 87 for 2,2,5,5-

tetramethyl-3-hexyne) might be attributable to a hybridizat ion 

change due to the angle strain in The result of X-ray 

crystal lography conf irmed the bond length of C^^-C 14,̂  to be 

I .343A. The perspective view of 10 is shown in Figure 2. 

9C18 

Figure 2. Perspective View of COT 10 
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( IV ) . Conclusion ！ 

5,6,15,16-Tetradehydrobenzo[f l ]phenanthro[9,10-^]cyclooct-

ene (10) has been synthesized from phenanthrene. Compound 10 

is confirmed to be a planar anti-aromatic [8]-annulene with the 

common double bond shared by the phenanthrene and the 

cyclooctatetraene being equal to 1.343 A. 

-18 -



m . Exper imenta l Sec t ion ； 

A l l the ^H-NMR and ^^C-NMR spectra were obtained from a 

Bruker Cryospec WM250 spectrometer. Samples were run in CDCI3 

solutions at ambient temperature and the chemical shifts were 

recorded downfield (5 scale) from the reference, TMS, at 0 ppm. 

Mass spectra were recorded on a V G Micromass 7070F 

spectrometer operated at 20 and 70eV. Mel t ing points were 

determined on a hot-stage microscope apparatus and were 

uncorrected. E-Merk silica gel (70-230 mesh) was used for all 

column chromatography. Microanalyses were carried out by the 

Microanalysis Unit of the Shanghai Institute of Organic Chemistry, 

The Chinese Academy of Sciences and by MEDAC Ltd., Department 

of Chemistry, Brunei University. 
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9 - B r o n i o p li e n a n t h rene (21)^^ 

Phenanthrene (9) (100 g, 0.56 mol) was dissolved in CCI4 

(100 mL) and was heated to reflux. Bromine (30 mL，0.59 mol) in 

CCI4 (30 mL) was added dropwise to the solution over a period of 

two hours. The HBr gas evolved was transferred through an 

inverted funnel (connected by a rubber tube to the ref lux 

condenser) to a beaker (containing NaOH solut ion) to be 

neutralized. The resulting mixture was refluxed overnight, and 

then cooled to room temperature. The solution was washed by 

Na2S2〇3 (2 X 67 mL) and water (67 mL). The organic layer was 

separated, dried, and evaporated to give a brownish oi l . The 

remaining solvent was removed under vacuum (0.01 mniHg) at 

room temperature to give crude brownish-yel low solids which 

were recrystall ized from a mixture of 95% ethanol-acetone. The 

ye l low crystals obtained were dried under vacuum at room 

temperature for 12 hours (98 g, 64%), mp 62-64 ()C (lit.^^ 65-66 

()C). ^H NMR (NMR-1), 5 7.59-7.73 (m, 4H)，7.79-7.85 (m，IH)，8.11 

(s, IH)，8.35-8.39 (m，IH)，8.64-8.71 (m，2H). MS m/e 258.0 (M+ 

+2), 256.0 (M+)，177.1 (M+-Br). 

9 - M e t li y 113 h e n a n t li r e n e (22)^^ 

9-Bromophenanthrene (21) (70 g，0.27 mol) in dry diethyl 

ether (100 mL) and dry benzene (100 mL) was added dropwise to 

magnesium (7.2 g, 0.29 mol) in dry ether (50 mL). A catalytic 

amount of iodine was added to activate the reaction. After the 
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brown mixture had been refluxed for four hours, the flask was 

immersed in an ice bath. An excess amount of dimethyl sulfate 

(70 mL, 0.74 mol) in dry ether (70 mL) was added. The resulting 

yel low mixture was heated to reflux for another three hours and 

then left stirring overnight. The flask was again cooled in an ice 

bath, and HCl (10%, 100 mL) was added slowly. The organic layer 

was separated and NaOH (10%，100 inL) was added. The resulting 

mixture was refluxed for one hour and was allowed to cool to 

room temperature. The organic layer was separated and washed 

wi th H2O (3 X 200 mL), dried, and evaporated to give crude 

yel lowish solids. Recrystall ization from 95% ethanol gave l ight 

yellow crystals (43 g, 82%), mp 89-90 ()C (lit.^^ 90-91 ()C)- iR NMR 

(NMR-2)，5 2.72 (s, 3H), 7.54-7.67 (m，5H), 7.73-7.81 (m, IH) , 

8.03-8.07 (m， IH), 8.62-8.73 (m, 2H). MS m/e 192 (M+，1()0%)，191 

(M+ -H, 47%). 

9 - B r o 111 o -10 - 111 e t h y I p h e n a n t li r e n e (23)2 8 

9-MethyIphenanthrene (22) (45 g, 0.23 mol) was dissolved 

in dry CCI4 (200 mL). Bromine (13 mL, 0.25 mol) in dry CCI4 (30 

mL) was added dropwise to the solution at room temperature. 

Af ter the bromine was added, the solution turned dark brown. 

The resulting solution was stirred for 1.5 hour and was washed 

with saturated NasS^Og (400 mL) and then with H^O (2 x 400 mL). 

The organic layer was separated, dried and evaporated to give 

crude brownish-yellow solids which were recrystallized from 95% 

ethanol to afford yellow needle-like crystals (50 g，79%), mp 118-

120 ()C (lh.27 119-120 ()C，lit.28n7-118 ()C). ^H NMR (NMR-3), 5 
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2.96 (s, 3H), 7.63-7.68 (m, 4H)，8.11-8.15 (m, IH)，8.45-8.49 (m, 

IH)，8.64-8.71 (m, 2H). MS m/e 272 (M+ +2’ 34%), 270 (M+，35%)， 

191 (M+ -Br, 47%). 

9 , 1 0 - D i m e t h y l p h e n a n t h r e n e (24)2 8 

Oven-dried magnesium (8.4 g, 0.31 mol) was immersed in dry THF 

(20 mL) . 9-Bromo-lO-melhyIphenaiUlvrene (23) (80 g, 0.29 mol) 

in dry THF (200 mL) was added dropwise during 3 hours to the 

magnesium. The solution was warmed to start the reaction. After 

all bromide had been added, the mixture was refluxed for 5 hours. 

The reaction flask was immersed in an ice bath. Excess methyl 

iodide (135 inL, 2.16 mol) was slowly added to the Grignard 

reagent and the reaction mixture was heated to reflux for 12 

hours. The reaction flask was allowed to cool in an ice bath, and 

dilute HCl (10%, 200 mL) was added to the solution slowly with 

st i rr ing to quench the reaction. The solution was washed with 

saturated NaCl solution (3 x 300 mL). The organic layer was 

separated, dried and evaporated to give yellow solids which were 

adsorbed on sil ica gel. Chromatography on silica gel (hexanes 

eluent) afforded white solids (59 g，97%), inp 140-141 。C (lit.^^ 

140.5-141 ()C). I H NMR (NMR-4) 5 2.72 (s, 6H) 7.59-7.63 (m, 4H), 

8.10-8.14 (m，2H)，8.69-8.73 (m，2H). MS m/e 206 (M+，85%), 191 

(M+-CH3’ 100%). 
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9 , 1 0 - B i s ( b r o n i o n i e t l i y l ) p h e n a n t h r e n e (13)22 

9 ,10-Dimet I iy lphenanthrene (24) (15 g, 0.07 mol) in CCI4 

(300 mL) was i l luminated with a 500W sunlamp unti l ref lux. 

Bromine (7.5 mL, 0.15 mol) in CCI4 (10 mL) was added dropwise 

to the ref luxing solution under i l lumination. After all bromine had 

been added, the brown mixture was refluxed for 5.5 hours. The 

resulting solution was cooled to room temperature and part of the 

product precipitated as white solids. After f i l tering the solids the 

solution was washed with saturated NaaS^Og (300 mL) and water 

(2 X 300 mL) . The organic layer was separated, dried and 

evaporated to give crude brownish solids which were combined 

wi th the f i l tered precipitates. Recrystal l izat ion of the crude 

products f rom CHCI3 afforded white crystals (22 g, 84%), mp. 

243.5-244 ()C (lit.^^ 235.5-237.5 ()C). ^H NMR (NMR-5), 6 5.13 (s， 

4H), 7.70-7.74 (m，4H)，8.21-8.25 (m, 2H), 8.71-8.75 (m，2H). MS 

m/e 366 (M++4，8%), 364 (M++2，17%), 362 (M+，10%), 285 (M+ 

-Br+2，51%), 283 (M+ -Br’ 49%), 204 (M+ -2Br，60%). 

1 ,4 ,4 a, 8 b - T e t r a h y d r o - 2,3 - h e n a n t h r o [ / ] b i p h e n y I e n e 

( 2 5 ) 2 2 

9,10-B is (bromon- ie thy l )phenanthrene (13 ) (19.46 g, 53.4 

mmol) and 1,2-dibromo-l ,2-dihydrobenzocyclobutene (14) (14 g, 

53.4 mmol) were dissolved in DMF (300 mL) under nitrogen 

atmosphere. The resulting solution was heated at 100-110 °C，and 

activated zinc (20 g) was added to the solution in one portion. The 

heterogeneous solution was stirred at 100-110。匚 for 6 hours. The 
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result ing solution was allowed to cool to room temperature and 

the excess zinc and zinc bromide were filtered. The fi ltrate was 

poured into ether (300 mL) and washed with water (4 x 500 mL). 

The organic layers were collected，dried and evaporated to give 

yellowish solids. The crude product was adsorbed on silica gel and 

purif ied by column chromatography on silica gel (EtOAc : hexanes 

= 1 : 3 0 eluent). The white solid obtained was recrystallized from 

CHCI3 : hexanes to yield white crystals (8 g, 50%), mp 215.5-217 ^C 

(lit.22 216.5-217.5 ()C). ^H NMR (NMR-6), 5 3.21-3.29 (m, 2H), 3.57-

3.64 (m，2H), 3.93-3.96 (t，2H, 3.5 Hz), 6.98 (s, 4H)，7.49-7.61 (m， 

4H)，8.16-8.20 (dd，2H，2.1，7.5 Hz), 8.60-8.64 (m’ 2H). MS m/e 

306 (M+，100%). 

1 ,4 ,4 a, 8 b - T e 11' a h y cl r 0 - 2,3 - p h e n a n t h 1' o [ /] b i p h e n y I e n e - 1 -

one (26)2 2 

B i p h e n y l e n e 2 5 (0.2 g, 0.7 mmol) was mixed with 

pyr idinium chlorochromate (1.31 g, 6 mmol) in CH2CI2 (20 mL). 

The mixture was refluxed for 20 hours. After cooling to room 

temperature, the dark brown mixture was extracted with dilute 

HCl (10%) and H^O (50 mL). The organic layer was separated, 

dried and evaporated to give brown solids which were adsorbed 

on silica gel and chromatographed on a silica gel column (eluted 

with EtOAc : hexanes = 1:10) to give yellow solids. The product 

was recrystallized from CH2Ci2-hexanes to afford yellow crystals 

(0.12 g, 57%), mp 222.5-223 "C (lit.^^ 224-225 ()C). ^H NMR (NMR-

7)，5 3.40-3.50 (dd, IH，6.9, 17 Hz), 3.94-4.02 (dd, IH, 2.5，17 Hz), 

4.41-4.48 (m, IH), 4.61-4.63 (d, 1H, 5.1 Hz), 7.05-7.25 (m，4H), 
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7.56-7.71 (m，4H)’ 8.20-8.25 (m, IH)，8.46-8.50 (m, IH) , 8.56-8.66 

(m，2H). MS m/e 320 (M+，38%), 291 (M+ -CO，83%). 

l，4，4a，8b-Tetra h y d r o - 1 _ h y d r o x y _2，3-phenant h r o [ / ] b i p h e _ 
ny lene (12 

Sodium borohydride (0.1 g, 2.6 mmol) was mixed with the 

ketone 26 (0.2 g, 0.6 mmol) in T I IF (21 mL). The resulting solution 

was ref luxed under N 〗 f o r 20 hours. After cooling to room 

temperature, the solution was extracted with ether (35 mL) and 

washed with H2O (50 mL). After layer separation, the aqueous 

layer was extracted with ether (2 x 50 mL). The organic layers 

were combined，dr ied and evaporated. The crude product was 

adsorbed on silica gel and purified by column chromatography on 

silica gel (EtOAc : hexanes 二 1:5 eluent) to afford white solids (0.1 

g，52%), mp 214.5-215.5 ()C (lit.^^ 218-219 ()C). ^H NMR (NMR-8), 5 

1.64-1.65 (d，IH，2.3 Hz), 3.19-3.29 (dd， IH, 11.2, 14.2 Hz), 3.69-

3.71 (m， IH), 3.94-3.99 (t, 1H, 5.7 Hz), 4.14-4.23 (dd, IH, 7.7，14.2 

Hz), 6.41-6.44 (dd，IH, 2, 5.5 Hz), 7.37- 7.40 (m, 4H), 7.66-7.73 (m, 

4H)，8.35-8.44 (m, 2H), 8.78-8.82 (m, 2H). MS m/e 322 (M+，71%), 

304 (M+ -H2〇，100%). 

B e n z o [ a ] 13 h e 11 a n t li r o [ 9,1 0 -^ ]cyc Iooc tene (11)22 

The alcohol 12 (0.79 g, 2.5 mmol) and 2,4-dinitrobenz-

enesulfenyl chloride^^ (3 g, 12.57 mmol) were dissolved in 1,2-

d ich loroethane (150 mL) at room temperature under N〗 

atmosphere. To the solution was added triethylamine (2 mL) via a 
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syringe. The solution became turbid in one minute and was stirred 

at room temperature for 3.5 hours. It was then heated to reflux 

for 20 hours. The resulting mixture was allowed to cool to room 

temperature and evaporated. The crude product was adsorbed on 

sil ica gel and chromatographeci on a sijica gel column ( C H ^ C l : : 

hexanes = 1:15 eluent) to give whi te solids which were 

recrystal l ized from benzene-hexanes to yield colorless needles 

(0.5 g, 63%), mp 231.5-232.5 ()C (lit.^^ 238.5-239 ()C). ^H NMR 

(NMR-9) , 5 7.06-7.26 (ABq, 4H，11.8 Hz), 7.12 (s, 4 H)，7.59-7.63 

(m，4H), 8.06-8.10 (m, 2H)’ 8.61-8.65 (m, 2H). MS m/e 304 (M+， 

100%). 

5 , 6 , 1 5 , 1 6 - T e t r a b r o n i o - 5 , 6 , 1 5 , 1 6 - t e t r a h y d r o b e n z o [ f l ] ph en -

an t h r o [ 9 , 1 0 -e ] cyc Iooc tene (29) 

To a stirring solution of 11 (0.47 g, 1.5 inmol) in dry CCI4 (15 

mL) was added Br2 (0.18 mL，3.6 mmol) through a syringe. The 

resulting solution was heated to reflux for 20 hours. The color of 

the solution became orange-red. The mixture was evaporated and 

adsorbed on silica gel. Purification by column chromatography on 

silica gel (CH2CI2 : hexanes 二 1:5 eluent) gave light yellow solids 

which were recrystall ized from CHC丨3-hexanes to afford white 

crystals (0.8 g, 84%), mp 240.6-241.6 ()C. ^H NMR (NMR-10), 6 

6.10-6.14 (d，IH, J 二 1】Hz), 6.20-6.23 (d, IH, 9.2 Hz), 6.68-6.72 (d， 

IH ’ J = 9.2 Hz), 6.78-6.83 (d, IH，10.9 Hz), 6.81-6.91 (m, 2H), 6.95-

7.02 (m， IH) , 7.56-7.72 (m，5H), 8.08-8.11 (m， IH), 8.50-8.61 (m, 

3H). MS m/e 624 (M+ +4，6%), 466 (M+ -2Br+4，5%), 464 (M+ 

-2Br+2, 10%), 462 (M+ -2Br, 4%), 385 (M+ -3Br+2，12%), 383 (M+ 
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-3Br，16%), 304 (M+ -4Br，100%). Anal. Calcd. for C^^U^^Br^ : C， 

46.20; H, 2.58. Found : C, 46.08; H’ 2.06. 

5 , 6 , 1 5 ,1 6 - T e t r a c l e h y d r o l ) e n z o [ r t ] p l i e n a n t h r o [ 9 , 1 0 - e ] c y c l o -
octene (10) 

The tetrabromide 29 (98.4 mg, 0.16 mmol) was dissolved in 

dry THF (10 niL) at room temperature under N^ atmosphere. 

Potassium tetr-buiox'idt (0.20 g, 1.7 mmol) in dry THF (6 mL) was 

added dropwise during 10 minutes to the solution. The mixture 

was lef t st i r r ing for 30 minutes at room temperature. The 

resulting orange-red solution was poured into ether (15 mL) and 

washed with water (15 mL). After separating the organic fraction, 

the aqueous layer was extracted with ether (2 x 10 mL). The 

combined organic layers were dried and evaporated. The resulting 

crude brownish solids were adsorbed on silica gel and purified by 

column chromatography on silica gel (CH2CI2 ： hexanes = 1:10 

eluent). The isolated orange product was recrystall ized from 

benzene-hexanes, yielding red-orange crystals (29 mg, 63%). The 

crystals decomposed at 183 ()C on an attempted melting point 

de terminat ion . Single crystals of 10 were obtained by 

recrystallization from cyclooctene. 'H NMR (NMR-1 1), 5 6.66-6.88 

(AA'BB,，4H，J : 3.3，5.5 Hz), 7.51-7.64 (m, 4H), 7.69-7.72 (m, 2H), 

8.50-8.53 (d，2H, 8.6 Hz); ^^CNMR (CMR-1), 5 109.67, 113.04, 

122.79, 126.93, 127.06, 127.32，127.79，128.96，129.35，130.28, 

134.31. MS m/e 300 (M+，100%). Anal. Calcd. for C24H12 ： C, 95.97; 

H，4.03 . Found : C, 95.07; H, 3.86. 
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Part 2 ： The Syntheses of 2 ,3 -D isubs t i tu ted and 2,3,5-
T r i s u b s t i t u t e c l Fu rans f r o m 2 , 4 - B i s ( t r i m e t h y l -
s i l y l ) f u r a n 

(FL Absf racf ！ 

2 - B e n z y l - 3 - m -an i sy 1 -5 -p - to l y l - fu ran (30 ) , 2-benzyl -3-

r r f l /2^-hexen- l -y l -5- / ; - to ly l - furan (31)，2-(3，5-dimethyl)benzyl-3-

p -me thoxy l ca rbony lbenzy l - 5 -hexy l - f u ran (32) and 2-benzyl-3-

[3，4-(methylenedioxy) jbenzyl furan (33) have been synthesized 

by uti l izing a sequence of regiospecific iodination, Nickel catalyzed 

Grignard cross-coupling, Sti l le-type cross-coupling and Suzuki-

type cross-coupling reactions. 
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(II) . I n t r o d u c t i o n ： 

Polysubstituted furans commonly occurred as key structural 

units of a widespread natural s u b s t a n c e s . ^ 之 ⑷ - ⑷ 丁卜^ furan 

derivatives (both saturated and unsaturated) have also made a 

tremendous contr ibution to the preparation of a wide range of 

cycl ic and acyclic organic coinpounds^^ (eg. r e t r o _ i s o s e n i n e ’ 3 2 ( b ) 

ha l l chond r in B，34 and fusarin^^) as wel l as some important 
n f： 

pharmaceut ica ls . 

In connect ion w i th the studies on 3,4-disubst i tuted 

f u r an s，37(a)-⑷ ^ ^ are also interested in developing new 

methodologies to the preparation of substituted furans of other 

kinds. We report herein a brief survey on the various reactions of 

fu ran . 

(A). Reactions of Furan : 

⑴ . R e a c t i o n w i th Electrophi les : 

Furan is characterized as an electron rich heterocycle that 

contains six 兀-electrons distributed over the five-membered ring 

system. I t undergoes electrophilic attack more readily at the a -

position than the P-position. Such feature can be easily understood 

in terms of delocalization of a positive charge in the cationic 

intermediate^^ as shown in Scheme 6. 
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Scheme 22 

i k 

‘r 

a L 一 

+ 

• mm 

b 

It is clear that the cation a, derived by a-addi t ion, represents 3 

resonance structures and as a result should have greater stability 

than cation b, which is derived by P - a d d i t i o n . 
(2^. Reactions w i th Nucleophi l ic Reagents : 

Nucleophi l ic reagents do not react with furan and its alkyl 

derivatives by addition or by substitution. However, furan can be 
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treated with a strong base, resulting in the deprotonation at the a -
, 39(a) 

c a r b o n . In this manner, furan reacts effectively with n-

butyl l i th ium / TMEDA in refluxing hexane to give synthetically 

useful furymthium.4() (Scheme 7). 

Scheme 7 

O ^ — 

The 2 - l i t h io species can immediately react wi th various 

electrophiles to produce 2-substituted furan. 

(3). Cvcloadcl i t ion reactions : 

Furan, as a diene, undergoes Diels-Alder reaction'^^ w i t h 

dienophiles of high reactivity such as maleic anhydride"^^ (Scheme 

8). 

Scheme 8 

O O O 

r ^ r A r ^ v ^ 
o + P O 0 + 0 o 

^ S； ^ ^ S ； ^ \ < 
O 0 0 

exo endo 

/ thermodynamic \ / k inet ic \ 
〈product ) y product j 
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Equal ly important is the cycloaddition of furan to activated 

acetylenes (eg. 1，1，1，1，4，4，4，4-hexafluoro-2-butyne) in the 

generation of 3,4-disubstituted furans^^ (Scheme 9). 

Scheme 9 

CF3 — 

• + II ^ ^ 
CF3 F3C CF3 

H2 / P t 

F3C CF3 _ . 

\ S ^ Q 
^ F3C CF3 

(B). Syntheses of Polvsubst i tuted Furans : 

There is a resurgence in the literature of new and effective 

methodologies for furan synthesis in the last decade, due to the 

rap id development of organic chemistry, in par t icu lar 

organometallic chemistry. As a result of these activities, many 

new possibilities for furan synthesis have been recorded. In order 

to only focus our attention on the new synthetic methods, some 

old and not so frequently used methods are not discussed here 
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since they have been reviewed e l s e w h e r e . 3 9 ( b ) - ( e ) Some latest 

developments in furan synthesis are outlined below. 

(1), By APJI) Cntnivzed Cv r l i / n f i on ； 

Conjugated allenones readily cyclized to 2,3,5-trisubstituted 

furans upon treatment with AgNOg-CaCOs in aqueous acetone^^ 

(Scheme 10) 

Scheme 10 

CH3 AgN03，H2O OH 

n ^ OR CaC03，Me2C(/ C H 3 乂 

O OR 

-H2O 

‘r 

/C7H15 

r i 
R = Ac , TBS , MOM 

OR 

(2). By Base-Catalyzed I somer i / a t i on of A l k y n vloxiranes : 

A lkyny lox i ranes can isomerize to d i f ferent substituted 

furans upon treatment with KO^Bu in ^BuOH-18-crown-6. This is 

an unusual cyc l iza t io r /^ (Scheme 11) which involves an init ial 

1,4-elimination of the alkynyloxirane i leading to the cumulene i i . 

Intramolecular cycl izat ion of i i gives a vinylic anion i i i which 
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undergoes proton transfer via iv and v followed by protonation to 

furnish v i . 

Scheme 11 

R O 、 

H _ f ^ H r2 

—— 

i n 

H R2 r2 

i v i i i 

R〇-

H R2 R2 

Rl Ri . 
V V I 

This pathway can be further verif ied with the used of a -

methylene homopropargylic alcohol v i i as a starting material to 

provide a 2,4-disubstituted furan x i i (Scheme 12). The anion v i i i 

generated from the alcohol v i i in the presence of KO^Bu undergoes 
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cyclization to give the vinylic anion ix, proton transfer through x 

and x i followed by protonation affords the furan x i i . 

Scheme 12 

——於 
\ HO N ^ ^ - o 

M〇M〇y V丨丨 M〇M〇> V i ‘ 

ROH 

y . ^ — 

M O M O " ^ M O M O ^ 

R0 ' 

ROH . 

s . ^ s . 
/ X I / XII 

M〇M〇一 M〇M〇 
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⑶， B y _ B a s e - C a t a l v / e d C v c l i z a t i o n - T s o m e r i / a t i o n of y-

A l k v n v l A l l v l i r A lcohol ！ 

This methodology has been employed for the preparation of 

2,3,5-tr isubsti tuted furans via cycl izat ion of y -a lkyny l a l ly l ic 

alcohol fo l lowed by a subsequent isomerization in K O ^ B u / ^ An 

il lustration of the mechanism is shown in Scheme 13. 

Scheme 13 

厂 OMOM ^ - ^ M O M 
H — / KO'BU H - ^ 

5 一 ( W 

/ H O 广 - 产 八 
Bu Bu 

- O M O M 

‘r 

==rx 'BuOK ( 

Bu Bu 

⑷ . B y P a l l a d i u m - C a t a l y z e d C o u p l i n g of l - P r o p a r g y l -

1 , 3 - d i c a r b o n v l Com pounds and V i n v I i c , A r v l 

T r i f la tes or Halides : 

2-Propargyl- l ,3-dicarbonyl reacts as a functionalized alkyne 

with vinyl , aryl triflates or halides in the presence of Pd(PPh3)4 
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and K2CO3, providing 2,3,5-trisubstituted furans^"^ (Scheme 14). 

The reaction proceeds through the formation of a 兀 -pa l l ad ium 

complex x i i i and is fol lowed by generation of the a - v i n y l -

palladium complex x iv via regioselective trans addition of oxygen. 

The reductive el imination of Pd(0) gives hydrofuran xv which 

undergoes isomerization to afford the 2,3,5-trisubstituted furan 

x v i . 

Scheme 14 

O 

X V i 

《 \ 
乂 XPCIR 

x i i i 

O 
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(5). From nr,p-Unsati i rated Ketones ！ 

a - B r o m o - p - a l k o x y ketone (in its enolated form) can be 

converted to 2-acetyl-4-alkoxymethyI-5-methylfurans in a one 

pot process by dehydrohalogenation with l,8-diazabicyclo[5,4,0]-

undec-7-ene ( D B U ^ (Scheme 15). 

Scheme 15 

( f O ^ 、 Br O 广 

RO 乂 R O ^ 

O O 
9 、 0 O Br 

^ ^ . -HBr 

RO R O ^ 

\ V 

RO 
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A i l the aforementioned methods are well established synthetic 

methodologies for the preparation of polysubstituted furans. 

However，a common shortcoming of these methods is that the 

availabil i ty of starting materials may be limited. 

(C). Recent Ach ievement : 

In previous works, we have demonstrated the use of Diels-

A lde r and ret ro D ie l s -A lde r react ions to prepare 3,4-

b i s ( t r ime thy l s i l y l ) f u ran (34)，which can be used as a building 

block for the synthesis of 3,4-disubstituted furans37(a)’（d) (Scheme 

16). 

Scheme 16 : 

T M S — TMS 
Et3N TMS TMS 

o ^ ^ M 
sealed tube N=z/ 

\\ / / 2 days \ 

Ph 

-PhCN 
80% 

Ri r2 TMS TMS 

3 4 
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It is known that the t r imethy ls i l y l -subst i tu ted aromatic 

compounds would experience electrophiiic substitution readily at 

the z . / )卯 - p o s i t i o n . 4 9 The intermediate thus formed is stabilized by 

a P-effect as a result of the contribution from the carbon-silicon 

bond to the adjacent carbocation (Scheme 17). 

Scheme 17 

r 1 + 

SiMe3 

• • 

-Me3Si+ 

C — C 

於 0 

Si 
0 

3-effect 

The conjugation between the carbon-sil icon a-bond and the 

adjacent p-orbital is responsible for the intermediate's stability."^^ 

Experiments have shown that //?ay;-substitution of a proton on 

t r imethy ls i ly la ted aromatic compounds would result in the 

rearrangement of the trimethylsi lyl group.^^ 
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Based on these facts, we have successfully prepared 2,4-

b is ( t r imethy ls i l y l ) fu ran (35) from bis( tr imethyls i ly l )acetylene 

and 4-phenyloxazole^^ (Scheme 18). It is noteworthy that 35 has 

been p r e v i o u s l y prepared^^ in a small quantity by a 

photorearrangement of 2,5-bis(tr imethylsi ly l) furan. 

Scheme 18 

T M S ~ = T M S 厂 

+ 290 ()C ™ S TMS 
sealed tube / 一 \ 

入 “ 
^ N 3.5 clays N = i / 
N"""^ Ph 

Ph 

-PhCN 

TMS eat TMS TMS 

H . H C 0 2 H _ w 

^ o TMS 33% ^ o 
3 5 3 4 

The rearrangement of a triniethylsilyl group occurs because of the 

sterically unfavorable orientation of the two trimethylsilyl groups 

at the C-3 and C-4 positions. The mechanism of the isomerization 

of 34 to 35 is shown in Scheme 9. It begins with the electrophilic 

attack of a proton on the //;ay;-position to form a cation 34a. As 
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the rearrangement proceeds from 34b to 3 4 d , it is l ikely that a 

pentavalent silicon cation intermediate 34c is also involved.^^ The 

resul t ing 2,4-b is( t r imethy ls i ly l ) furan (35) is formed through the 

simultaneous elimination of a proton from the C-2 position. 

Scheme 19 

TMS 

3 5 

TMS TMS 

TMS H ^ ^ ^ H + ^ j ^ ： ； ^ f 

TMS H + O “ 
^ 女 S i M e i 3 4 a 

3 4 。 《 j j 

TMS H ^ ^ 

34 b 
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In a separate experiment, 3,4-bis( t r imethyls i ly l ) furan (34) was 

converted e f f i c ien t l y to 35 on exposure to t r i f luoroacet ic 

anhydride containing a catalytic amount of tr i f luoroacetic acid 
with CCI4 as a solvent. 

TMS TMS TMS 
y v (CF3C0)20，CCl4 V 
《 》 sealed t u b e ~ ^ A 

� 160。C，85% O ^ T M S 
3 4 3 5 

2,4-B is ( t r imethy ls i l y l ) fu ran (35) was used as a building block for 

the synthesis of polysubstituted furans. The synthetic uti l i ty of 3 5 

is outlined in the fol lowing section. 
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(III、. Results and Discussion ！ 

(A)，At temn fed SvnthoMs of 2.4-ci isuhstit i i fed furans ！ 

Our first attempt in the use of 2,4-bis(tr imethylsi lyl)furan 

(25 ) was to prepare 2,4-disubstituted furans. It was known that 

aryltrimethyisilane can be iodinated easily at the ipso-position 

upon treatment with silver salt and i o d i n e . T h e r e f o r e , our 

approach used as the key step was an iodination of the furan 3 5 

wi th si lver tr i f luoroacetate, iodine and THF at -78 ^C . 

Unfortunately, the products turned out to be a mixture of non-

separable mono- and di-iodo-furans (Scheme 20). 

Scheme 20 

TMS TMS TMS 

H C F 颇 久 ^ + k 

35 36 37 

The ^H NMR spectrum of the non-polar fraction, separated by 

column chromatography on silica gel, indicates two peaks at 5 6.53 

(s, IH) and 7.44 (s，IH) corresponding to the protons at C-3 and C-

5 of iodofuran 36，respectively. There also exists a singlet at 6 

6.49 ppm which represents the C-4 proton of diiodofuran 37. Both 

the mass peaks of 3 6 and 37 were found in the mass spectrum. 

In view of the results obtained in the direct iodination of 35， 

further manipulation was not sought. 
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(B). Synthesis of 2.3..S-tr is i ihst i f i i fed furans ！ 

Since the direct iodination route had failed to give pure 

product, attention was drawn to the manipulation of C-2 position. 

I t was well known that lithiation took place readily at C-2 position 

of furan.55 Therefore，a blocking group could be added to the C-2 

posi t ion of 2,4-b is( t r i inethyls i ly l ) furan (35) through " B u U and 

alkyl or benzyl halides. 

TMS TMS 

H _ . K 
入 T M S 2) ArCH.X A r C H , 入 O 入 T M S 

35 

n ) . Synthesis of 2 - ben / v 1 - 3 - m - a n is v I -5 • /; - f o I v 1 • f u r a n 

(30)： 

A benzyl group was chosen as a blocking substitutent to 

replace the C-2 proton of 35，thus resulting in the generation of 

benzylfuran 38. Subsequent -iodination at C-5 provided the 

iodide 39，wh ich through a Ni-catalyzed cross-coupling yielded 

the diaryl-furan 40 (Scheme 21). 

Scheme 21 

TMS TMS 
V - ^ l )BuL i ,THF, r . t . ， V " ^ 

^ O � � M S 2) rT^^'Y^Br r^Q^TMS 
35 ^ 79% I 

38 
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S c h e m e 21 (cont inued) 

TMS TMS 

九 r r K 
f ^ o TMS r ^ c T ^ I 

-78 "C，74% 

、 丨 38 f I 39 

NiCl2(dppe) 

Et20，r.t.，17h 

52% 

TMS 

4 0 

Nickel(II)-phosphine complexes are useful tools for the conversion 

of halofurans to arylfurans 56 Here NiCJ2(clppe) was employed to 

catalyt icaJly convert the iodofuran 3 9 together with p -

tolyl magnesium bromide to 2-benzyl-5-/;- tolyl-3 - t r ime thy ls i l y l -

furan (4 0). The genera 丨 mechanism of a Ni-catalyzed cross-

coupling is shown in Scheme 22. 
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S c h e m e 22 
L2NiX2 

^ ^ 2ArMgX 

2MgX2 

L2NiAr,2 

TMS V 

r i 
A r ' ^ O 八Ar 

TMS 

4 0 a 、 W 

TMS I 

j r i /MS 
、 r , V L2N1 

39c \ I 
/ A r 'MgX 

MgX I 

The dihalodiphosphine nickel reacted with a Grignard reagent to 

form an intermediate diorganonickel complex which, after 
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releasing an organo-dimer, was converted to an activated Ni(0) 

complex. An oxidative addition of the halofuran 39a on Ni(0) 

fol lowed by transmetallation with Ar 'MgX furnished the diorgano 

complex 39c. The reductive elimination of the coupling product 

4 0a resulted in the regeneration of the activated Ni (0) to 

complete the cycle. 

Treatment of 40 with one equivalent of boron trichloride at 

-78 ()C and a subsequent work up with 1M Na2C O 3 and ether 

afforded the boroxine 41 as an intermediate^?⑷(Scheme 23). A 

pal ladium-catalyzed Suzuki-type cross-coupling^^ of the boroxine 

4 1 and 3-brornoanisole using tet rak is( t r ipheny Iphosphine)-

palladiuiTi(()) as a catalyst, in methanol, toluene and 2M NazCOg at 

re f lux ing temperature afforded 30. Scheme 24 represents the 

general catalyt ic pathway of this Suzuki-type cross-coupling 

react ion. 

The oxidative addition of RX on the activated Pd(PPh3)2， 

given by Pc^PPhg)*，generated an organo-halo-palladium complex 

41c which upon an anion exchanged provided an intermediate 

4 I d . The triiner 41a then took part in the cycle, releasing the 

tetrahydroxy boroxine, and furn ishing the diorgano-pal ladium 

41b . On completion of the cycle，the reductive elimination of the 

expected product [i.e. the 2,3,5-trisubstituted furan 30a] and the 

simultaneous regeneration of the activated Pd(PPh3)2 took place. 
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Scheme 23 

TMS 

\ l )BCl3,CH2Cl2,-78"C 

\ 2) IM Na^CO]，Etp 

\ � c ^ i i ^ 1 

\ 

0 O 
CH3 

— 4 1 _ 

M e O ~ / \ ^^Pd(PPh3)4，MeOH，PhMe 
~ V / / Na2C03，reflux，2h，57% 

^ 30 
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S c h e m e 21 (continued) 

Pcl(PPh3)4 

/ 厂 \ 

Ar, 乂 O ^ A r ^ Z 
41b (PPh3)2P《 

41c I X 

_ HO OH 1' \ / 

A \ / 
H 〇 ， 、 � OH V ^ ^ ^ — O ^ 

J 41cl ⑶ 

Ar. Ar ^ ^ X-

A 从 、 々 
O.g.O Ar' 

A r . 兮 

Ar 

41a 

The 1h NMR spectrum exhibits an AA'XX' system at 5 7.16-7.19 

and 7.55-7.58 ppm (4H, J 二 8.2 Hz) which corresponds to the two 

pairs of symmetrical protons of the tolyi group at the C-5 position. 

The methyl-protons of the tolyl group resonance as a singlet at 5 
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2.35 ppm (3H), so do the methoxy and the benzylic protons at 5 

3.76 ppm (3H) and 5 4.20 ppm (2H), respectively. The C-4 proton 

shows a singlet at 5 6.76 ppm ( IH ) . The rest of the 9 aromatic 

protons gave rise to the appearance of a multiplet at 6 6 .81-7 .33 

p p m . 

( 2 ) . Syn thes i s o f 2 - b e n / v l - 3 - / r ^ - h e x e n - 1 - y 1 - 5 -7;-

t o l v l - f u r a n ( 3 1 ) : 

Catalyzed by Pd(PPh3)4， the boroxine 41 reacted with trans-

1 - iodo-1 -hexene at ref lux ing temperature to afford 2-benzyl-3-

trans-\\Q,\^\\-\ -y l -5- / ; - to ly l - furan (31) (Scheme 25). 

Scheme 25 

Pd(PPh3)4 , MeOH-PhMe 
4 1 r - ^ n ^ ^ ^ N - ^ 

2M Na2C03，reflux 「 T 
2h，66% k ^ M e 

31 

In the ^ H NMR spectrum of 31, the terminal methyl-protons of 

the hexenyl group show a triplet at 5 0.89-0.95 ppm (3H, J = 7 Hz) 

and the aliphatic protons resonance at 5 1.26-1.46 ppm (4H) and 5 

2.14-2.22 ppm (2H) as multiplets. The methyl protons of the tolyl 

group and the benzylic protons display two singlets at 5 2.34 ppm 

(3H) and 5 4.05 ppm (2H), respectively. The v iny l ic protons 
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resonance at 5 5.89-6.00 ppm ( IH ) and 5 6.20-6.27 ppm ( IH ) as 

two sets of multiplets. The C-4 proton provides a singlet at 5 6.69 

ppm. There is also an AA'XX' system locating at 5 7.13-7.16 (2H, J 

= 8 . 2 Hz) and 6 7.49-7.53 (2H, J 二 8.2 Hz). The rest of the aromatic 

protons afford a multiplet at 5 7.20-7.33 (5H). 

_ S y n t h e ? > i s _ o f 2 - (3 .5 - cl i m e t h v 1) h e n / v 1 - 3 - m e t h o x v -

c a r l ) o n v l h ( m / v l - 5 - h e x v l - f m - a n (32) : 

2,4-Bis( t r imethyIs i ly l ) furan (35) reacted with "BuLi and the 

resul t ing l i th ium salt was alkylated by 3,5-dimethylbenzyl 

b romide to give 2 - (3 ,5 -d imethy l )benzy 1-3,5-b is( t r i methy l -

silyi)furan (42). The usual ioclination with AgO^CCFi and in THF 

at -78 ()C furnished the iodide 43. Palladium-catalyzed cross-

coupl ing reaction was used to convert 43 to an alkynyl furan 

44. The triple bond was hydrogenated catalytically to generate a 

hexyl-furan 45 in good yield (Scheme 26). The general catalytic 

cycle of the Pd-catalyzed cross-coupling is shown in Scheme 27. 

Scheme 26 

TMS TMS 
\ _ l)"BuLi , THF \ _ 

Ck • JJk 
丁 MS U J TMS 

35 r.t. , 46% 
. I 42 
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Scheme 26 (continued) 

TMS 厂 TMS -

( / ^ T M S A 队 CCF3’l2 
THF, -78 丄 

r ^ ^ 90% 
. 42 

4 3 
• M 

PdCl2(PPh3)2, Cul 
EtzNH，r.t. 

TMS 

^ ^ ^ ^ 44 

Pd/C (10%), H2 
EtOH , r.t.，78% 

TMS 

. 45 
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Scheme 22 

(PPh3)2PdCl2 

广 HC=C—R + Et2NH 

cat. Cul 

乂 [NEt2H2]+Cl-

(PPh3)2Pd(C=C-R)2 

、R— ^ c - C ^ C - R 
44a 

\ (PPh3)2Pd _ _ 

( \ 
(PPh3)2Pd 

V 广‘ 
\ H C = C — R 

\ Ar Et2NH 
43c 

\ _明 2 ] + 1 -

The mechanism was initiated when the Pd(II) complex reacted 

with a terminal acetylene in the presence of EtzNH and Cul to 

form a dialkynylpalladium complex, which, through a reductive 

el imination of the diacetylene, became a reactive species of 
-54 -



Pd(PPh3)2. A subsequent oxidative addition of A r l to Pc^PPh])〗 

gave the aryl- iodo-palladium complex 43b on which alkynylation 

took place to form an aryl-alkynyl palladium 43c. Subsequently, 

the cycle was completed by an reductive el iminat ion of the 

coup l ing product 44 a and the regenerateion of the reactive 

Pd(PPh3)2. 

The furan 4 5 was f inally converted to 32，v ia a boroxine 

intermediate 4 6 ’ by the usual consecutive treatment with BCI3 

N a 2 C O 3-ether and Suzuki cross-coupl ing wi th methyl 4-

bromomethyJbenzoate (Scheme 28). 

The ^ H NMR spectrum of 32 indicates the presence of the 

hexyl protons in between 5 0.83 and 5 2.54 ppm. The protons of 

the two methyl groups exhibit a singlet at 5 2.24 ppm (6H). The 

two sets of benzylic protons at C-2 and C-3 resonance as two 

singlets at 5 3.84 ppm (2H) and 5 3.72 ppm (2H), respectively. The 

benzoate methyl shows a singlet at 5 3.89 ppm (3H). The C-4 

proton resonances at 5 5.72 ppm as a singlet ( IH) . The aromatic 

protons of the C-2 benzyl group show two singlets at 5 6.74 ppm 

(2H) and 5 6.82 ppm ( IH) . There is also an AA 'XX ’ system (from 

the C-3 benzyl group) locating at 5 7.18-7.94 ppm (4H，J = 8.3 Hz). 
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Scheme 28 

TMS 

I 45 

\ 1) BCI3 , CH2CI2 ,-78 "C 

\ 2) IM Na2C03 , Et20 

V x O 〜 / 

气。'《 
\ 46 

f T ^ Br 

^ ^ MeO 
^d(PPh3)4，MeOH , PhMe 

9 \ n ^ Na.CO.，reflux , Ih ,71% 
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i l i t _ S y n t h e s i s o f 2 - b e n x v l - 3 - r 3 . 4 - ( m e t h v l e n e d i o x v ^ -

benzvlfuran f ” ） ； 

The previously prepared iodofuran 39 was reduced by L A H 

in T H F at room temperature to furnish 2-benzyl-3-tr imethyl-

si lylfuran (47) which, upon treatment with BCI3 and NasCOg-ether， 

provided an intermediate boroxine 48. A Pd(0)-catalyzed Suzuki-

type cross-coupl ing reaction between 48 and 3,4-(methyl-

enedioxy)benzyl chloride afforded the desired 2,3-disubstituted 

furan 33 (Scheme 29). 

Scheme 29 

TMS TMS 

j r x • ’ � � , 
I ^ ^ O " ^ I r.t.，l()h，82% f ^ ^ O 

39 47 
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Scheme 29 (continued) 

TMS 

47 

^ ^ \ l)BCl3,CH2Cl2 
\ -78 ()C，9h 

\ 2) IM Na^CO] 
\ ether 

「 o1 
r v . ��� 

产 o b 
48 

oV 
\ \ ~ ^ ^ ^ Pd(PPh3)4 , MeOH-PhMe 

^ \ ^ ^ I M Na2C03 , reflux , 2h，24% 

“ 々 

、 3 3 
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In the ^H NMR spectrum of 33, there are three singlets locating at 

5 3.58 ppm (2H), 5 3.88 ppm (2H) and 5 5.82 ppm (2H), which 

correspond to the benzylic protons at C-2, C-3, and the methylene 

protons respectively. The C-4 and C-5 protons show two doublets 

at 5 6.07 ppm ( I H ) and 5 7.18 ppm ( I H ) , respectively. The 

multiplets of the aromatic protons appear in between 5 6.51 and 5 

7.23 ppm (8H). 
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nV). Conclusion ！ 

The 2-benzyl -3-m-anisyI -5- / ; - to ly l - furan (30)， 2-benzyl-3-

r ra /2 .v-hexen- l - y l - 5 - / ; - t o I y I - f u ran (31 ) and 2-(3,5-dimethyl) -

b e n z y l - 3 - / ; - m e t h o x y c a r b o n y l b e n z y I - 5 - h e x y l - f u r a n (32 ) have 

been synthesized from 2,4-bis( t r imethy]s i ly l ) furan (35) . The 

strategy used involved a C-2 l i thiation-alkylation, a C-5 ipso-

iodinat ion, nickel-catalyzed cross-compling reaction and Pd(0)-

catalyzed Suzuki-type cross-coupling reaction. 2-Benzyl-3-[3,4-

(methylenedioxy)|benzylfur〔 in (33) was synthesized through the 

reduction of iodofuran 39 and was followed by a Pd(0)-catalyzed 

Suzuki-type cross-coupling reaction. 

These experimental series described above are expected to 

f ind important application in the synthesis of polysubstituted 

furans. 
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m . Experimental Section ； 

4 - P h e n y l o x a z o l e ^ 】 

A mixture of phenacyl bromide (255 g, 1.28 mol), 

ammonium formate (281 g, 4.4 mol) in anhydrous formic acid (1.3 

L) was refluxed for 5.5 hours. The resulting dark-brown solution 

was poured into ice (1 kg). NaOH solution (8.3 M, 4 L) was added 

to the mixture with continuous stirring in order to neutralize the 

acid When the pH reached 8，ether (1 L) was added to extract the 

product. The organic layer was separated, dried, and evaporated 

to give a crude dark-red liquid which was distilled under vacuum 

at 94-95 OC (10 mmHg) [lit/^^ bp. 57-60 ()C (0.6 mmHg)] to furnish 

a l ight yellow liquid. Silica gel column chromatography (ether : 

hexanes 二 1 :6 eluent) afforded a colorless oil (57 g, 30%). ^H NMR 

(NMR-12)，5 7.27-7.43 (m, 3H), 7.73-7.77 (m，2H), 7.91 (s, IH). MS 

m/e 145 (M+). 

2 , 4 - B i s ( t r i m e t h y l s i l y I ) f u r a n (35)^ 2 

(a). B is( t r imethyls i ly l )acety lene (2 g, 0.02 mol) and 4-

phenyloxazole (2 g, 0.01 mol) were mixed in a sealed tube to 

which anhydrous HCOOH (0.1 mL, 2.6 mmol) was added. The 

sealed tube was heated at 290 ()C for 3.5 days to give a dark 

mixture. Vacuum disti l lation of the resulting mixture gave a 

colorless liquid. Column chromatography on silica gel (hexanes 

eluent) afforded a colorless oil of 35 (1.63 g，33%).】H NMR (NMR-

13)，5 0.21 (s, 9H), 0.26 (s，9H), 6.60 (s，IH)，7.54 (s，IH). 
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(b). From 3，4-bis(trirnethyLsilyl)funin ( 3 4 ) : 

3,4-Bis(tr imethyls i ly l ) furan (34) (0.1 g, 0.5 mmol) and CCI4 

(1 mL) were mixed in a sealed tube. To this solution (CFgCCO^O (0.1 

mL) was added through a syringe. The sealed tube was heated to 

160 ()C for 24 hours. The resulting mixture was evaporated to give 

a brown oil which was purified by chromatography on a silica gel 

column (hexanes eluent) to afford a colorless oil (85 mg, 85%). The 

physical and spectrometric data are identical with an authentic 

sample prepared previously. 

l o d i n a t i o n of 2 , 4 - b i s ( t r i n i e t h y l s i l y l ) f u r a n (34) 

2,4-B is( t r imethy Isi Iy I ) fur 11 n (34) (0.27 g, 1.3 mmol) was 

mixed with AgO^CCF〗(0.62 g, 2.8 mmol) in dry THF (10 mL). After 

all silver salt had been dissolved, the reaction flask was cooled in 

a dry ice-acetone bath (-78 ()C). The mixture was stirred under N^ 

for 5 minutes and ！之(0.33 g, 1.3 mmol) in dry THF (10 mL) was 

added dropwise in a period of 20 minutes. The resulting 

suspension was stirred for 1 hour and was filtered to give a light 

yellow solution which was diluted with saturated NazS^Og solution 

(20 mL) and ether (20 mL). The organic layer was separated, 

dried and evaporated to furnish a yellowish oil. Purification by 

sil ica gel column chromatography (hexanes eluent) afforded a 

mixture of 3 6 and 37 as a colorless oil (137.8 mg). The oil 

decomposed quickly on prolonged standing at room temperature. 

I r NMR (NMR-14) 5 0.29 (s, I IH ) , 6.49 (s, 0.5H), 6.53 (s, IH), 7.44 
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(s’ IH) . MS m/e 266 (M+’ mono-iodide, 29%), 392 (M+’ di-iodide, 

76%). 

2 - B e n z y l - 3 , 4 - b i s ( t r i n i e t h y l s i l y l ) f u r a n (38) 

To a stirred solution of 2，4-bis(trimethylsilyl)furan (35) 

(0.66 g，3.1 mmol) in dry THF (12 mL) was added "BuLi (2 mL, 3.3 

mmol) through a syringe. The mixture was stirred under N? for 30 

minutes. Benzy] bromide (0.4 mL, 3.4 mmol) in dry THF (8 mL) 

was added dropwise to the orange mixture and it became light 

yel low immediately. The resulting mixture was left stirring for 

another 30 minutes, and then was poured into ether (20 mL) and 

washed with H2O (20 mL). The organic fraction was separated, 

dried and evaporated to give a yellowish oil. The crude product 

was pur i f ied by sil ica gel column chromatography (hexanes 

eluent) to afford a colorless oil as product of 38 (0.75 g, 79%). I H 

NMR (NMR-15), 5 0.23 (s, 9H), 0.28 (s，9H), 4.10 (s, 2H)，6.58 (s， 

IH) , 7.18-7.34 (m，5H). MS m/e 302 (M+，10%)，73 (TMS, 100%). 

Anal. : Calcd for ‘ C，67.48 ； H，8.66. Found : C，67.51 ； H, 

8.48. 

2 - B e n z y I - 5 - i o d o - 3 -1 r i 111 e t li y 1 s i I y I f u r a 11 (39) 

2 - B e n z y l - 3 , 5 - b i s ( t r i m e t l i y l s i l y l ) f u r a n (38 ) (0.47 g, 1.6 

mmol) was mixed with AgOzCCF] (0.78 g, 3.5 mmol) in dry THF 

(10 mL). After all silver salt had been dissolved, the reaction flask 

was immersed in a dewar flask containing dry ice and acetone (-

78 o Q . The mixture was stirred under N? for 5 minutes and I2 
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(0.40 g, 1.6 mmol) in THF (10 mL) was added dropwise in a period 

of 30 minutes. One hour later the resulting suspension was 

filtered through celite to give a light yellow solution which was 

di luted with saturated sodium metabisulfite (Na^SzOs) solution 

(20 mL) and ether (20 mL). The organic portion was separated, 

dried and evaporated to yield a yellow oil. Purification by silica 

gel column chromatography (hexanes eluent) afforded a colorless 

oil of 39 (0.41 g，74%). ' h NMR (NMR-16)，5 0.25 (s，9H), 4.07 (s, 

2H)，6.46 (s, IH) , 7.18-7.35 (m’ 5H). MS m/e 356 (M+，42%). Ana l . : 

Calcd for C】4Hi7〇SiI : C，47.20 ； H, 4.81. Found : C, 47.32 ； H, 4.63. 

2 - B e n z y l - 5 - / ; - t o l y l - 3 - t r i n i e t h y l s i l y l f u r a n (40) 

The Gr ignard reagent was prepared by reacting 4-

bromotoluene (2 g, 11.7 mmol) and a large excess of magnesium 

(1 g, 41.1 mmol) in dry ether (10 mL) at reflux temperature. The 

concentration of the Grignard salt formed was approximately 2.28 

g per 10 mL. The iodide 39 (0.62 g, 1.7 mmol) was stirred with 

NiCl2(dppe) (49.1 mg, 0.08 mmol) in dry ether (5 mL) under N〗at 

room temperature. The Grignard reagent / ) - t o l y l magnesium 

bromide (6 mL, 1.37 g, 7 mmol) was added to the solution through 

a syringe. After stirring for 17 hours, the resulting mixture was 

poured into saturated NH^CI solution (10 mL) and was extracted 

with ether (10 mL). The organic layer was separated, dried and 

evaporated to furnish a brownish oil. Column chromatography on 

silica gel (hexane eluem) afforded a color丨ess oil of 40 (0.29 g， 

52%).】H NMR (NMR-17)，5 0.24 (s，9H), 2.32 (s, 3H)，4.07 (s，2H), 

6.51 (s, IH) , 7.12-7.15 and 7.48-7.52 (AA'XX' , 4H, 8.2 Hz), 7.21-
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7.29 (m，6H). MS m/e 320 (M+，100%). Anal. : Calcd. for C2iH240Si : 

C，78.69 ； H，7.55. Found : C, 78.80 ； H，7.38. 

2 - B e n z y 1 - 3 - m - a n i s y 1-5- /7- to ly I - f u r a n (30) 

Furan 40 (74 mg, 0.2 mmol) was stirred in CH2CI2 (10 mL) under 

N2 at -78 ()C. 1 M BCI3 in CH^Cl^ (0.27 mL, 0.3 mmol) was added via 

a syringe to the stirring solution. One hour later, the mixture was 

poured into 1 M NazCO] solution (10 mL) and was extracted with 

ether (15 mL). After layer separation, the organic fraction was 

dried and evaporated to give the crude yellowish boroxine 41. 

Wi thout pur i f ica t ion, the boroxine 41 was mixed with 3-

bromoanisole (0.06 mL, 0.5 mmol) and Pd(PPh3)4 (14.3 mg, 0.01 

mmol) in MeOH (6 mL) and PhMe (6 mL). The solution was heated 

to dissolve all Pci(PPh3)4 and 2 M Na^COg (3 mL) was added. The 

mixture was heated to reflux for 1 hour. The resulting mixture 

was diluted with H2O (10 mL) and ether (10 mL). The organic 

layer was separated, dried and evaporated to furnish a brownish 

oil which was cliromtitographed on a silica gel column (ether : 

hexanes 二 1 : 20 eluent) to afford a colorless oil of 30 (46.7 mg, 

57%).】H NMR (NMR-18), 5 2.35 (s, 3H)，3.76 (s, 3H)，4.20 (s, 2H), 

6.76 (s, IH), 6.81-7.03 (m, 3H), 7.16-7.19 and 7.55-7.58 (AA’XX•， 

4H, 8.2 Hz), 7.21-7.33 (m，6H). MS m/e 354 (M+，100%). A n a l . : 

Calcd. for C25H22O2 : C，84.72 ； H, 6.26. Found : C，84.56 ； H, 6.33. 
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2 - B e n / y 1 - 3 - tra hexen -1 - y l - 5 - / ; - t o l y I - f u r a n (31) 

To a stirring solution of furan 40 (116.5 mg, 0.4 mmol) in CH2CI2 

(10 mL) at -78 ^C under N^ was added BCI3 in CH2CI2 ( I M , 0.54 

mL，0.5 mmol). The mixture was stirred for 30 minutes. The 

resulting solution was poured into 1 M Na^CO] solution (10 mL) 

and was extracted with ether (15 mL). The separated organic 

fraction was dried and evaporated to yield a yellow oil which was 

chromatographed on a silica gel column (ether : hexanes = 1 : 1 

eluent) to furnish white solids. The solids obtained were 

immediately treated wi ih trans-1 -ioclo-1 -hexene, (supplied by 

Zhi-Zhong Song, Department of Chemistry, The Chinese University 

of Hong Kong), (147.7 mg, 0.7 mmol) and Pc^PPh])。(20 mg, 0.02 

mmol) in MeOH (7 mL) and PhMe (7 mL). The solution was heated 

to dissolved all Pd(0) reagent and 2 M Na2C〇3 (2 mL) was added 

in one portion. The resulting mixture was refluxed for 1 hour and 

was then diluted with H^O (10 mL) and ether (10 mL). The organic 

layer was separated, dried and evaporated to furnish a brownish 

oi l , which was purif ied by silica gel column chromatography 

(hexanes eluent) to afford a colorless oil of 31 (66.8 mg, 66%). ^H 

NMR (NMR-19), 5 0.89-0.95 (t, 3H, 7 Hz), 1.26-1.46 (m, 4H), 2.14-

2.22 (q，2H, 6.7 Hz), 2.34 (s, 3H)，4.05 (s, 2H)，5.89-6.01 (m, IH), 

6.20-6.27 (d, IH , 16.7 Hz), 6.69 (s, IH)，7.13-7.16 and 7.49-7.52 

(AA'XX' , 4H, 8.2 Hz), 7.20-7.33 (m，5H). MS in/e 330 (M+，18%). 

Anal. : Calcd. for C24H26O : C, 87.23 ； H, 7.93. Found : C，87.36 ； H, 

7.56. 
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3 , 5 - B i s ( t r i n i e t l i y l s i l y l ) - 2 - ( 3 , 5 - d i m e t h y l ) b e n / y I f u r a n (42) 

To a st irr ing solution of 2,4~bis(tr imethylsi lyl)furan (35) 

(0.59 g，2.8 mmol) in THF (12 mL) at room temperature under N〗 

was added "BuL i (1.7 mL, 2.8 mmol) through a syringe. After 30 

minutes，3,5-dimethyIbenzyl bromide (393 mg, 2 mmol) in dry 

THF (5 mL) was added to the solution. The resulting solution was 

stirred for 30 minutes and was poured into ether (20 mL) and H2O 

(20 mL). After layer separation, the organic fraction was dried 

and evaporated to give a brown oil. The crude product was 

chromatographed on a silica gel column (hexanes eluent) to afford 

a colorless oil of 42 (0.42 g, 46%).丨 H NMR (NMR-20), 5 0.32 (s， 

9H), 0.35 (s, 9H), 2.37 (s, 6H), 4.10 (s, 2H), 6.65 (s, IH) , 6.90 (s, 

2H), 6.92 (s, IH). MS m/e 330 (M+，39%). Anal. : Calcd. for 

Cj9H3QOSi2 ： C, 69.02 ； H, 9.14. Found : C，69.12 ； H, 9.00. 

2 - (3，5 - cl i ni e t h y 1) I) e n /: 3' 1 - 5 - h e X y 丨-3 -1 r i 111 e t h y 1 s i 1 y 1 f u r a n 

( 4 5 ) 

(a) Format ion of 2-(3,5-dimethyl )benzy 1-5-iodo-3-tr imethy Isi l -

ylfuran ( 4 3 ) : 

Furan 42 (404.5 mg, 1.2 mmol) was mixed with AgOaCCF] 

(0.55 g, 2.5 mmol) in dry THF (10 mL) under N^. After all the Ag 

salt had been dissolved, the reaction flask was cooled to -78 ^C. 

Iodine (314.4 mg，1.2 mmol) in dry THF (10 mL) was added to the 

solution dropwise in a period of 30 minutes. After stirring for 1 

hour, the resulting suspension was filtered through celite to give a 

l ight yellow solution which was poured into a saturated NazS^O; 
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solution (20 mL) and was extracted by ether (20 mL). The organic 

layer was dried and evaporated to furnish a yel lowish oi l . 

Purif ication by silica gel column chromatography (hexanes eluent) 

afforded a colorless oil of 43 (426 mg, 91%) which decomposed 

gradually on prolonged standing at room temperature. ^H NMR 

(NMR-21) 5 0.21 (s，9H), 2.27 (s, 6H), 3.95 (s, 2H), 6.42 (s, IH), 6.77 

(s，2H), 6.85 (s, IH) . Compound 43 was used in the fol lowing 

reaction without further purif ication. 

(b ) Format ion of 2- (3,5-d imethy l )benzy 1-5-hexyny 1-3-tr imeth-

y ls i ly l furan (44) 

Iodide 43 (180 nig, 0.5 mmol) was mixed with PdCl2(PPh3)2 

(128 mg, 0.2 mmol) and Cul (100 mg, 0.5 mmol) in Et^NH (5 mL) 

and was stirred under N2 at room temperature. After 1 -hexyne (1 

g， 12.7 mmol) had been added through a syringe, the mixture 

turned dark in a few minutes. The mixture was left stirring for 36 

hours and was followed by evaporation of the organic solvent. The 

black residue was adsorbed on si l ica gel and column 

chromatography on silica gel using hexanes as eluent gave a 

colorless oil of 44，which was used in the fo l lowing reaction 

without further purif ication. 

(c) Hydrogenation of 4 4 

The acetylene 44，without further purif ication, was mixed 

with a catalytic amount of Pd/C (10%) in absolute ethanol (12 mL). 

The solution was then stirred under hydrogen atmosphere for 18 

hours. The resulting mixture was fi l tered through celite and 
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evaporated. The crude product was purif ied by silica gel column 

chromatography (hexanes eluent) to afford a colorless oil of 4 5 

(12(5 mg, 78%). ipi NMR，(NMR-22) 6 0.20 (s, 9 H), 0.84-0.89 (t, 3H， 

6.8 Hz), 1.26-1.59 (m，8H)，2.26 (s, 6H), 2.52-2.58 (t，2H, 7.6 Hz), 

3.89 (s, 2H), 5.86 (s，IH), 6.78 (s, 2H), 6.83 (s，IH). Anal. : Calcd. for 

C22H340Si : C，77.13 ； H’ 10.00. Found : C, 77.72 ； H，10.07. 

2 - (3，5 - (1 i ni t ] h y 丨）b (Ml, y I - 3 - - ni e t h 0 X y c a r b o n y 丨 b e n z y 1 - 5 -

h e x y l - f u r a n (32) 

Furan 45 (62 mg, 0.2 mmol) was stirred in CH^Cl : (9 mL) at 

-78 ()C under N: . BCI3 (1 M solution in CH2CI2, 0.23 inL, 0.2 mmol) 

was added through a syringe. The solution was stirred for 30 

minutes and was poured into I M Na^COg (15 mL) and ether (20 

mL) . The organic layer was separated, dried and evaporated to 

give a yel lowish oi l of 4 6 . The crude boroxine 4 6 was 

chromatographed on a silica gel column (ether : hexanes = 1 : 2 

eluent) to furnish a yellowish oil as a pure boroxine 46. It was 

immediate ly treated wi th PcKPPh�）^ (15 mg, 0.01 mmol) and 

methyl 4-bromomethylbenzoale (44 mg, 0.2 mmol) in MeOH (5 

mL) and PhMe (5 mL). The mixture was heated to dissolve all the 

Pcl(PPh3)4. 2 M Na^COg (3 mL) was added to the stirring solution 

in one portion. The resulting mixture was refluxed for 1 hour and 

was then cooled to room temperature. It was diluted with H2O (15 

mL) and ether (15 mL). The organic layer was separated, dried 

and evaporated to give a brownish-yel low residue which was 

adsorbed on silica gel and purified by column chromatography on 

silica gel (ether : hexanes 二 1 : 20 eluent) to yield a colorless oil of 

- 6 9 -



32 (54 mg, 71%). ^H NMR (NMR-23), 5 0.83-0.89 (t, 3H，6.8 Hz), 

1.26-1.61 (m, 8H), 2.24 (s, 6H)，2.48-2.54 (t，2H，7.6 Hz), 3.72 (s， 

2H)，3.84 (s, 2H)，3.89 (s, 31-1)，5.72 (s，IH), 6.74 (s，2H), 6.82 (s, 
IH)，7.18-7.22 and 7.90-7.94 (AA,XX•，41-1，8.3 Hz). MS m/e 418 

(M+，100%). Anal. : Calcd. for C28H34O3 : C，80.35 ； H, 8.19. Found : C, 

80.35 ； H，8.21. 

2 - B e n z y 1 - 3 - t r i m e t h y l s i l y l f u r a n (47) 

L i th ium aluminum hydride (49 mg, 1.3 mmol) was added in 

one por t ion to a st i rred solut ion of 2-benzy l -5 - iodo-3-

t r imethy ls i ly l furan (39) (0.83 g, 2.3 mmol) in THF (10 mL) under 

N2 at room temperature. The suspension was stirred for 10 hours. 

The reaction flask was immersed in an ice bath and H2O (5 mL) 

was added very s lowly to destroy the un re acted LAH. The 

result ing solution was diluted with H2O (10 mL) and ether (15 

mL). The organic layer was separated, dried and evaporated. The 

crude product was purified by silica gel column chromatography 

(hexanes eluent) to afford a colorless oil of 47 (441 mg, 82%). i H 

N M R (NMR-24) 5 0.24 (s, 9H), 4.02 (s, 2H), 6.29-6.30 (t， IH, 1.8 

Hz), 7.14-7.27 (m, 5H), 7.34-7.35 (t, IH, 1.8 Hz). Anal. : Calcd. for 

Ci^HisOSi : C, 72.99 ； H，7.87. Found : C, 72.78 ； H, 7.65. 

2 - B e n / y l - 3 - [ 3 , 4 , - ( n i e t h y I e n e ( l i o x y ) ] b e n z y I f u r a n (33) 

2 -Benzy l - 3 - t r ime t l i y Is i ly I furan (47 ) (190 mg, 0.8 mmol) 

was Stirred in CH2CI2 (】(）mL) at -78 ()C under N^. BCI3 (1 M 

solution in C H ^ C l�，1 . 2 2 mL，1.2 mmol) was added through a 

- 7 0 -



syringe to the reaction flask. The solution was left stirring for 9 

hours. The resulting mixture was poured into 1 M Na^CO] (10 mL) 

and was extracted with ether (15 mL). After layer separation, the 

organic fraction was dried and evaporated. The crude boroxine 48 

was chromatographed on a silica gel column (ether: hexanes = 1 : 2 

eluent) to give yellowish solids. The amount of the starting 4 7 

recovered was 96.6 mg (0.4 mmol) and the amount of starting 

material actually reacted was 93.3 mg (0.4 mmol). The yield of 

boroxine 4 8 was 46 mg (62%). Boroxine 48 was immediately 

treated with 3，4-(metliylenedioxy)benzyl chloride (73 mg, 0.4 

mmol) and PcKPPhg)^ (20 mg, 17 mmol) in MeOH (6 mL) and 

PhMe (6 mL). The solution was heated to dissolve the palladium 

catalyst. 2 M Na2C O 3 (2 mL) was added to the mixture in one 

portion. The mixture was refluxed for 2 hours. The resulting 

mixture was allowed to cool to rooin temperature and was poured 

into H2O (15 mL). After extraction with ether (15 mL), the organic 

layer was separated, dried and evaporated. Purification of the 

crude product through silica gd column chromatography (hexanes 

eluent) afforded a yellowish oil of 33 (17 mg, 24%). ^H NMR 

(NMR-25) 5 3.58 (s，2H), 3.88 (s, 2H)，5.82 (s，2H)，6.07-6.08 (d, IH, 

1.8 Hz), 7.19-7.20 (d，IH, 1.8 Hz), 6.51-6.54 (m, 2H)，6.61-6.64 (m, 

IH), 7.07-7.23 (m, 5H). Anal. : Calcd for C^^H^^O^ : C, 78.06 ； H, 

5.52. Found : C, 77.81 ； H，5.61. 

- 7 1 -
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L is t of Spectra ； Page 

(NMR-1) 9-Bromophenanthrene (21) 7 9 

(NMR-2) 9-Methylphenanthrene (22) 8 0 

(NMR-3) 9 -B romo-10 -me thy l phenan th rene (23 ) 8 1 

(NMR-4) 9,10-Dimethylphenanthrene (24) 8 2 

(NMR-5) 9,10-Bis(bromomethyl)phenanthrene (13) 8 3 

(NMR-6) l ,4 ,4a ,8b-Te t rahydro -2 ,3 -

phenanthro[ / ]b iphenylene (25) 8 4 

(NMR-7) l ,4，4a，8b-Tetrahydro-2,3-phenanthro-

[ / ]biphenylene-1 -one (26) 8 5 

(NMR-8) l , 4 ,4a ,8b-Te t rahyc l ro - l -hyc i roxy -2 ,3 -

phenanthro[ / ]b iphenylene (12) 8 6 

(NMR-9) Benzo⑷phenanthro[9，10-e]cydooctene (11) 8 7 

(NMR-10) 5 ,6 ,15,16-Tet rabromo-5,6 ,15,16- te t rahydro-

benzo[^z]phenanthro[9,10-^]cyclooctene (29) 8 8 

(NMR-11) 5,6,15,16-Tetradehydrobenzo[a]phenanthro-

[9，10-小cyclooctene (10) 89 

(CMR-1) 5,6,15,16-Tetradehydrobenzo[ f l ]phenanthro-

[9,10-它]-cyclooctene (10) 90 

(NMR-12) 4-Phenyloxazole 9 1 

(NMR-13) 2,4-Bis( t r imethyls i ly l ) furan (35) 9 2 

(NMR-14) 2- Iodo-4- t r imethy ls i l y l fu ran (36)， 

2,5-Di iodo-3- t r imethy ls i ly l furan (37) 9 3 

(NMR-15) 2-Benzy l -3 ,4-b is( t r imethy ls i ly l ) furan (38) 94 

(NMR-16) 2-Benzy l -5- iodo-3- t r imethy ls i ly l fu ran (39) 9 5 

(NMR-17) 2 -Benzy l -5 - (4 -me thy l )benzo -3 -

t r imethy ls i ly l furan (40) 9 6 

(NMR-18) 2-Benzy l -3-m-an isy l -5- /7- to ly l - fu ran (30) 9 7 
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(NMR-19) 2-Benzy l -3- fA-an5-hexen- l -y l -5- /7- to ly l -

furan (31) 9 8 

(NMR-20) 3 ,5 -B is ( t r ime thy ls i l y l ) -2 - (3 ,5 -d imethy l ) -

benzylfuran (42) 9 9 

(NMR-21) 2 - (3 ,5 -d ime thy l )benzy l -5 - iodo-3 -

t r imethyls i ly l furan (43) 100 

(NMR-22) 2 - (3 ,5 -D imethy l )benzy l -5 -hexy l -3 -

t r imethyls i ly l furan (45) 101 

(NMR-23) 2- (3 ,5-Dimethy l )benzy l -5-hexy l -3-e . -

methoxycarbonylbenzyl- furan (32) 102 

(NMR-24) 2-Benzyl -3- t r imethy ls i ly l furan (47) 103 

(NMR-25) 2-Beny l -3 - [3 ,4- (methy lened ioxy) ]benzy l 

-furan (33) 104 
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