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A New Method for the Synthesis of Polyether Bridged Azulencs; Reactions of Conjugated

Keto-carbenes Generated from the Corresponding Azulenoquinone Diazides

Yun-Shan Lin*, Shuan-Ya Jiang, Tian-Chyuan Hung?*,

Shih-Jue Lin, and Yuan L. Chow**
Department of Chemistry, Tamkang University, Tamsui, 25137, Taiwan.

(1) Summary of Crystallographic data (bond distances, angles and torsional angles)

for 5a-2THF, Sa-3THF, 5b-2THP, 5a-2DXN, 5b-2DXN ; Table 2-6.

(2) X-ray structure (ORTEP drawings) of 5b-2THP, 5a-2DXN, 5b-2DXN ; Figure
(2a) - Figure(2c).

(3) 'H NMR spectra of 3,4, 5, 6,7, Figure 3 - Figure 16

Experimental
The structures of 5a-2THF, 5a-3THF, 5b-2THP, 5a-2DXN, Sb-2DXN were
completely characterized by single crystal X-ray analysis, crystals of these
compounds were obtained by crystallization from dichloromethane/ n-hexane
10/ 1). All the crystal structures were solved by direct methods (NRCVAX).
Crystallographic calculations were performed on MicrovaxIll using
NRCVAX structure determination package. We collected the following collection of

the X-ray diffraction data,

5a-2THF-----C2,H,3NOs, triclinic in the space group P -1, with Z = 4, a = 8.0669

(12), b = 10.9852(6), ¢ = 21.770(3) A, V = 1849.5(4) A%, B =

] b




85.953(12)° (from 25 orentation reflections , 29.46° < 26 < 44.42° ),
Density (calc.) =1.327 g/ cmr’, 5483 uniqure reflections measured with
MK, radiation ( A = 1.5418 &), and 4451 obserbed with I > 25(]).
Absorption correction was not applied .Refinement was carried out to

converge on R¢= 0.060, R,,= 0.058.

.Sa-3THF ----- CsH3;NOQs, orthorhombic in the space group P 212121, withZ =4, a =

| 6.2781(18), b = 15.252(4), c = 23.994(3) A, V =2297.4(9) A%, B =
90.00° (from 25 orentation reflections , 17.40° < 26 < 22.38%), Density
{calc.) =1.277g / em®, 2352 uniqure reflections measured with MK
radiation (A=0.7107 A), and 1168 obserbed with I > 20(I). Absorption

correction was not applied .Refinement was carried out to converge on

R¢=0.240, Rw = 0.058.

5h-2THP---—-C2,H,4N,03, monoclinic in the space group P 21/c, withZ =8, a =
17.428(3), b = 15.9095(13), ¢ = 15.0070(13) &, V =3889.78) A’, p =
110.809(10)°(from 25 orentation reflections , 34.90° < 26 < 47.48°%),
Density (calc.) =1.245 g / cm®, 5768 uniqure reflections measured with
MK, radiation (A = 1.5418 A ), and 3914 obserbed with I > 2o(1).

Absorption correction was not applied .Refinement was carried out to

converge on Ry = 0.062, R,,= 0.055.

5a-2DXN-----C2;H;3NO7, monoclinic in the space group P 21/c, withZ =4, a=
2.3496(19), b = 12.329(3), c = 13.8677(18) &, V =2076.3(6) A*, B =

100.466(12)°(from 25 orentation reflections , 39.48° < 20 < 60.98°%),

TN




Density (calc.) =1.335 g/ cm’, 3540 uniqure reflections measured with
MK, radiation ( A = 1.5418 &), and 2969 obserbed with 1 > 2o(1).
Absorption correction was not applied .Refinement was carried out to

converge on Re= 0.043, R,,= 0.038.

5h-2DXN---—-CaH20N20s, monoclinic in the space group P 21/n, withZ =4, a =
7.2362(9), b =12.0551(11), ¢ =21.279(3) &, V=18323(4) &*, B =
99.228(11)°(from 25 orentation reflections , 34.76° < 26 <43.70° ),
Density (calc.) =1.335 g/ o’ 2713 uniqure reflections measured with
M,K, radiation ( A = 1.5418 A), and 2227 obserbed with I > 2o(I).
Absorption correction was not applied .Refinement was carried out to

converge on Ry=0.037, R,,= 0.037.
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Table 2 The structure parameters ( bond distances, angles and torsional angles) of
5a-2THF.

0l-C2  1.345(4) 01-C2*  1.348B(4} -C10-C9  127.7(3} cr-cior-cor 121.8(3
01-C14 1.458(4) 01°-C14’ 1.461(6) 31-2}?-05 122.0{1) odr-cli’-05' 121.5{3)
02-C17 1.416(5) Q2°-C17'  1.459(7) od-cil-Cc1  125.3(3) o4r-c1ir-ct’ 125.4(3)
02-C18  1.415(5) 02¢-C187 1.407{6) 0s-cii-cl  112.7(3) 057-Cll'-cl*  113.1{3}
03-C4  1.352(4) 03 -C4*  1.36G{4} N-C13-C3 176.4(4) N'-C13°-C3' 176.0(5)
03-C21 1.453(5) 03'-C21° 1.450{5} oi-cli-c1s 110.7(3) ol’-ci4r-c1s’ 110.8(1)
04-Cll  1.204(4) O4'~CII* 1.206{4} Cl4-cl3-cl6 113.5(3) Ci4r-ci5r-c16* 116.104)
05-ci1l  1.337(4) 05'-CI1’ 1.336{5) C15-C16-C17 113.9(3) C1§'~Ci67~C1T* 114.8(5)
05-C12  1,453(5) 05°-CI2' 1. 444(5) 02-Cl7-C18 109.7(4&) 02¢-C17¢-C16" 109.7(5}
N-C13  1,144(5%5) N’-Cl3’  1.138(S) 02-C18-C19  107.5(3) 02'-c187-C19* 108.3{4)
£1-c2  1.407(5) Ci'-C2*  1.408(5) c18-c19-c20 115.3(}) C16°-C19°~C20°* 123.4(6)
c1-c9  1.421(5) clr-c9r 1.422(5) €19-020~C21 110.7(3) C197-C20°¢-C21' 120.7(5]
ci-cll 1.465(5) Cl'-Cl1’ 1.466(5) 63-C21-C20 106.7(3) 031'-C21°~C207 111.0(4})
€1-C3  1.412(5) c2'-C3’  1.409(5)
€3-c10 1.416(5) €3'-C10* 1.413(5)
€3I-CL3  1.423(5}) €1'-C137  1,422(5)
€4-cS  1.402(5) ce*-C5”  1.402(5)
c4-CLO  1.395(5) C4’-C10’ 1,386(5]
c8-C6  1.377{6} c5'-C6'  1.313{6)
c6-C7  1.3B82(6) €6°-C7*  1.379(5)
c7-c8  1.373(5) c7'-C0’  1.375(5)

C8-Cy  1.399(5) C6'~C9*  1.396(5)
C9-C10  1.459(S) C9*-C10’ 1.465(5}

7 C14-C1S 1.496(5) C147-C15" 1.569(8)
€15-Ci6 1.513(6) C15°-C16* 1.459(8)
C16~C17 1.492(7}) €167-C17' 1.500(9)
C18-C19 1.511(6) CI87-C19* 1.473(8)
C19-C20 1.%33{6) €197-C207 1.408(0)
€20-C21 1.504(6} €207-C21" 1.455(7) -
ci-0l-c14 117, €2'-04'~C14*  116.3(
Ci7-02-C18 114. C17'-027-C18’ 109.2{
c4-03-C21 120, C47-03'-C21'  119.6

115, C11/-05’-C12¢ 114.8
107. €2°-C1¢-C9’ 107.5
127. c2'-clv-cii’  128.0
175 C9'~Cl*-Cl1¢  124.5
123, 01°-C2'-CL’ 124.1
126 017-C2°~C3’ 126.1

C1-C2-CJ) 109.
€2-C3-Cl0 108.
C2-C3-C13 124,
€10~-C3-C13 126.
0J-Cc4-CS 118,
03-Ce-C10 113.
C5-C4-C10 127,
C4-C5~C6 128,
€5~C6-CY 130.
C§-C7-C8 128
C7-C8-C9 128,
Cl-C9-c¥ 125,
Ci-c9-cig 107.
C8-C9-Cl0 127.
€J-C10-C4 124.

C1'-C2°-C3’ 109.6
€2'-C3'-Cl10’ 108.5
€2'-c3’~ci3’ 124.7
C10°-C3r-Cl13" 126.0
03’-~-CA*~CS5" 118.6
03/-Cd’'-cio’ 113.4
C5’-Cd'~-C10’ 127.9
C4’'-CS5-C6" 128.8
CS’-C67-CT"’ 129.9¢
C6'~C7*-C8’ 128.9
Cl'-Cld'-Cc9’ 129.2
1 Cl7-C9r-C8* 125.7
i Cir-c9’-clo’ 197.7
; car-c9r-clo’ 126.6
)
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cl)r-clo’-cd’ 125.3¢(
c€3-c10-c9 107, €3'-Cclo-c9’  106.5(
cl4 ot «c©2 c1 -136.8( &) ci& ol c2 c3 48.0( )
€I ol Cl4 C1% 71.4¢ 3) cl6 0! C17 CI6 -168.3( &)
€17 02 ci8  C19 166.6( 6) [STER ) I ] c3 46.9¢ 3}
€l 0} Ch CI0  -137.4( &) ck 03 ci1  c10 131.6( S)
€12 05 Ci1 ok 0.5¢ 3} ciz oS cit  cl 179.8¢ %)
cl [o+] o1 ~175.3( 3) c9 c1 cl €y -+  0.6( 2)
cit ¢l cz ol 1) cit  ci €2, ¢3 -177.2( %)
cz ¢l cy B 177.9¢ 5 c2 c1 €3 c10 -2.3¢ )
€11 ¢l ¢ ca -4.3( ) cit ¢l cy clo 175.5¢ 3)
€2 ci  cil o4 -163.3( 5) c2 cl cit 05 17.5¢ 2)
[+ < S < § S 1 19.3¢ 2) cy. ci ciy o% ~-159.9( %)
01 cz ¢y cio 177.2¢( %) 01 (] c3 ci3 8( 2)
€1 €2 ¢ tio 1.4¢ 2) cl [ c3 c13  -170.0( S}
€2 ©) Ccl0o ci 171.4(  5) ¢z c3 cie €9 -1 2}
c13 c3 cio c& -17.4C 2) c13  ©) cio  c9 168.4( )
€2 ¢} Cc13 N M7¢ Y c10 €3 13 N -135.0¢ 3)
03 ch €3 c6  ~179.0( 5) clo  c [+ c6 )
03 Cc& C10 CI -0.9¢ 2} 0} Ck cio  c? 172.0¢ %)
€S €& clo © 176.5¢ %) [ S ] c10 ¢ -10.6¢ 2)
ch ¢ c6 ¢ .00 ) cs  Cc§ c7 c3 0.7( 3)
6 © c8 9 -3.6( 2) c7 cB cy cl 179.1( 5)
7 c8  © €10 -0.6( 2) cl cg C10 © 1. )
€1 CY Cl0 Ch -170.0( 5) c8 €3 Cl0 C3 -177.1¢ %)
c8 €9 clo c* 9.0( 2) ol Clh €135 c1s  -173.1(C 3)
Clk Cc1S <Ci6 ct7 $9.7¢ 4) c1y  cl6 ci7 o2 51.3¢ 3)
02 €18 C19 €20 -158.2( 6) CI8 Cl19 €0 CI1 147.8¢ €)
€19 c0 ¢ 0 -5,3¢ ) Cl&’ oir €' ci*t  -13.2( 35)
Cl4’ oi’ €' C3° i9.9¢ 1 €' 01' Cl&' CI5’ 71.5( &)
C18' 0%’ <Cl7' Cié* -165.8( 8) c1?* 02" <CI18' C19'  T47.4( 7)
cIl' 0)' C&' CS' §6.4( 3) c21r 03’ C&'  C10’ -135.3( 3)
cs  0) c21’ cl0’  115.7( %) ci2’ 0%’ CI1’ 04’ KN
c1r 0%  ciir cit  -177.9¢ 5) cy'  C1r  c1 olr -177.( %)
€y ¢+ crr ¥ -0.7¢ ) ciyr ¢+ ¢z ol 2)
clir cI* €2’ 3 -178.4( S5) cz* cl' ¢y c8’ 178.2¢ %)
€I’ €1* ¢y clof -2.2( 2) civr ci+ ¢y ce’ -4.00 2)
cil’ ci* ©9* Cci0*  175.6( %) €It €It Cl1' 04" -174.AC 6)
c€1* cI' CIl' 0% 6.1{ 1) e LA LA+ § S T 8.2¢ 2)
€y’ CcI' Cil* 05 -170.7¢ 3) o’ c2* €Y Ci0*  179.9¢ %)
otr  ©¥r c3  ciy 9.8¢ 2) cir ¢ ¢y clor 3.5¢ )
T C€I* C3' CI¥ -166.6( 5) €2’ ci* CIo' CA' 169.2( S)
€2’ €y cio’ ¢y’ -4.8( 2) cly Cc3*  Cclpr c4’ -20.08( 3)
€1y €3 clo cy’ 165.2( 5} € ¢y ciy W 44.9¢ &)
clor €3 C1y ue -123.5¢ 6) 03° CA’  €3°  C8  -171.6{ €)
clo* c4’'  ©S' cbr 440 3) 0}’ ¢4’ Cclt CY -2.4¢ 2)
03 Cc4 CI0' O 170.2¢ .5) CS' CA'  Ci0* CJ* 175.7¢ 5)
cs'  c&  Clor Y’ -11.7¢ 2} c4'  C5°  C6' C7’ 1.5¢ 0
cs' c§ cI' B 0.8( 3) c§’ cI1'  co' Y’ -3.8( )
crr c8’ ¢y clv 178.3( 5) cr;’  cgr ¢y clo’ L2 )
cli* ¢y cilor cy’ 030 2) €l* c9* cClor Ck'  -167.4( 3)
cg’ ¢c) CIo' .y -176.1( 3) cg'  C9'  Cl0* CA* 10.1¢ )
o1’ Cl4' CI1S' CI6' -175.6( 7) ci4* c13* cle’ cii’ 70.0¢ S)
CI15' ci§¢* c17r ozr $0.1( &) o1' c18° cly’ €70° -13%.0( 8)
Ci8 €19* c20' c21' 155.3( B) c19* c10* €21° 03’ -54.9( 4)




Table 3 The structure parameters ( bond distances, angles and torsional angles) of

5a-3THF.

C1-C2  1.400{6) €12-C13 1.507(7)

CI-CS  1.408(7) C13-Ci14 1.493(8)

€1-C24 1.461({7) C14-03 1.420(6)

€2-C3  1.413(6) C15-C16 1.511(9)

C2-01 1.339(6) C15-03 1.425(7)

€3-C10 1.413(7) €16-c17 1.521(7)

C3-C23 1.425{7) C17-C18 1.508(8)

cd-c5  1.407(7) C18-02 1.404(6)

c4-Clo  1.412(7) €19-C20 1.515(7)

c4-04  1.349(6) €19-02 1.415(7)

€5-c6  1.373(8) €20-c21 1.514(7)

C6-C7  1.379(8) £21-C22 1.501(7)

€7-C8  1.378(8) C22-01 1.424(6)

C8-C9  1.394{7) €23-N  1.139(6)

C9-C10 1.462(6) €24-05 1.193(6)

C11-c12 1.498(8) €24-06 1.312(7)

Ci1-04 1.442(6) C25-06 1.433(6)

€2-C1-C9  107.4(4) C12-C11-04 105.1(4)

€2-C1-C24 127.5(5) C11-C12-C13 113.1{4)

€9-C1-C24 125.0{4) €12-C13-C14 113.8(5)

C1-C2-C3  110.4(4) €13-C14-03 108.5(4)

C1-C2-01  121.5(4) C16-C15-03 114.2(4)

C3-C2-01  128.2(4) €15-C16~C17 115.2(5)

€2-C3-C10 107.2{4) C16-CL17-C18 131.1(5)

€2-C3-C23 126.4(4) C17-C18-02 110.7(4)

£10-C3-C23 126.2(4) €20-C19-02 115.0(4)

C5-C4-C10 128.3(4) €19-C20~C21 114.9(4)

C5-C4-04  120.1(4) €20-C21-C22 112.4(4)

€10-C4-04 111.5(4) €21-C22-01 107.1{4)

cd4-c5-C6  128.4(5) €3-c23-N  176.8(5)

C5~CB-C7  130.1{5) C1-C24-05  124.8(5)

C6-C7-C8  129.3(5) €1-C24-06  112.6(4)

C7-CB-C9  129.3{5) 05-C24-06  122.5(5)

C1-C9-C8  125.1{4) C2-01-c22  121.8(4)

C1-C9~C10 107.9{4) €18-02-C19 114.0(4)

C8-C9-C10 127.0(5) C14-03-C15 113.9(4)

€3-Cl0-c4 125.3{4) cd-o4~cil  124.3(4)

C3-C10-C9 107.1(4) €24-06-C25 115.9({4)

C4-C10-CY 127.5{4)
¢ ¢ cz c3 1.6( 3) s 1
c24 c¢c1  c2 €3  -175.8( 6) €4 cl 2§ gi 17§'f( 2>
€2 ¢ c  c8  -178.5( 6) 2 ¢l ¢y, c1o 026 B
€4 c1 ¢ cB -L.1( 3) Cah cl, o 10 es o
€2 Cl  C24 05 -179.0( 7) 2 ¢l cu 06 0l0¢ 3
g ¢l c24 o5 4.0( 3) C9 c1  c26 06 -175'9( g)
¢t c2 ¢ c1o -1.9( 3) cl ¢z ¢ c23 174‘9( s)
01 €2 ¢33 c10 179.3( &) 01 ¢z ¢33 ¢23 30 o
€L c2 ot c22  170.8( 5) 3 c2 ol 22 Io'g( 3
€2 €3 Cl0 ch  -178.5( &) & & co e e 3
P P g;g ca 480 3) cz3 ¢3  clo ¢y -17523% g;

=35.7¢ 4) c1o0  ¢3 €23 N 140.4¢ 6
clo ci 5 ¢ 0.2¢ 3 0 a6
€S ¢4 cl0 ¢3 -177.72 6; o G o I N I
04 c4& cClo c3 1.2( 2) 04 €4 Cl0 €9 178,68 &)
6 ek 04 cnl 0.8¢ 3) Clo ¢4 o4 o1 -1r85¢ o
c4 ¢ c6 ¢F ~1.6{ 3) 6s s o o8 ok 3
ce c7 ¢ co 1.0¢ 3) c7 ¢ ¢¢ ¢l 178'0( B
¢z c8 ¢y clo 0.5( 3) €t ¢ clo 3 o5 1)
€L ¢ clo c4 179.4( 6) 8 ¢ clo ¢3 1;7‘4( g)
€8 €9 clo «c4 -2.8( 3) 04 c1l c12 c13 56'3( 3
Ciz Cll o4 c4  -177.8( 6) Cl1  Cl2 Cl3 Cl4  -i65. ¢ 3
o g%g c14 03 k(T €13 cl4 03  c1s :167-2§ §§
Cc 58.4 ’
cis s o cia 178.3( 1) e oy b s gt 8
02 ci9  171.2( 6) 02 €19 ¢20 ¢21 61,

€20 © C19 02 c18 77.30 4 308
20 ca1 a2 ol -171.9¢ & ST 9508¢ &)
cl c26 06 C25  177.7( 6) 05 C24 06  C25 S3.2¢ 3)




Table 4 The structure parameters ( bond distances, angles and torsional angles) of
5bh-2THP.

1.35104) otr-c2' 1,33
olen oty - , L33145) o1-c1i-ci2  110,3{3}) olt-cilt-cl2® 109.314)
01-C16 1.412(6 02-¢16’ 1.405(7) ciz-cii-cid 1Y) SETEbIas i
03-cf  1.332(4 03'-C4*  1.350(5 €13-C14-C15 113.4(4) C13¢-Cl4r-Cl5’ 112.9(4)
03-C20 1.454(S o3 lcz0r 1.434i4) o2-cl5-cld  110.0(4) o1r-clst-cidr 109.5(4)
N1-C21 1.138(S§ Hir-C21' 1.135(5) 02-Cl16-Cl7 108.7(4) 02'-Clé'-Cil” 109.1(4)
NI-CI2 1.137(5 N21-C22' 1.115(6} cle-ci1-c18 1123480 Sle et et
o R H N2 -c12 Lty C17-C18-C19 114.4(4) c17+-cler-cig’ 114.6(5)
CI-C9  1.435(S C1'-C10" 1.386(6 €18-C19-€20 112.9{4) c18’-c19r-c20* 114.1141
i Lt SitEhens 1t iaiE i
N ottt ,ocat . 1-c21-cl  177.3(4) e .
cI-Clo 1.406(5 M I S MSila 1SSl N27-c227-C3'  177.3(8)
C3-€22 1.423(5 C3:-C22° 1.416{6
c4-C5  1.404(5 c4r-c5*  1.439(6)
C4-C10 1.403(5 CA'-C10" 1.364(6)
c5-C6  1.159(6 c5'-C6¢  1.310(7)
C§-C7  1.388{6 c6'-c7¢  1.422{7)
C7-C8  1.386(§ CT¢-C8’  1.430(7
c8-Cy  1.380(5 C8'-C9*  1.362(5
‘ C3-C10  1.847(5 C8’=Clo* 1.434(6
2 Cl1-C12 1.500(6 Cl1'-C12* 1.476(7
Cl2-C13 1.495(6 C12'~C13’ 1.489(8
ClI-C14 1.512(6 C137-C14* 1.517(7
C14-C15 1.499(7 C14'-C15 1.482(8
C16-C17 1.499(7 C167-C17' 1.481(8
C17-C18 1.514(7 C17°-C18° 1.503({8
C18-C19 1.507{7 C18°-cly- 1.491(8 ’
C1l9-C20 1.4908¢(6 clsr-c20’ 1:493(7’
€2-01-C11  118.3 1-017-C11*
c18-02-c16¢ 112.7 s e teler 11
g;-gi-g:o }gl.' C4*'-D3"-C20* 110.
~Cl- a4 , .
€2-Ci-C21  121.§ e 1

c2'-cl'-c21’ 120.
Cl0°-CL’=~C217 133,
oL*-c2r-ci’ 119,
ol'-C2'-C3’ 131,
Clr-c2'-c3’ 109.
C2'-C3'-C9’ 108.
C2'+C3’-C22' 126.
CYr-Cc3r-c22¢ 124,
03'-Cc4’-C5’ 120.
0l'-cé’'-Ccl0* 114,
cS'-c4r-clo’ 125.
Ce’-CH -Ch" 132,
CS5’-C6'-C7’ 128.
Ccér-C7'~C8* 129,
Cl1r-C8r-Cc9* 123,
cl'-c9’-ca 119.
c3'-cyr-clo’ 105,
CB*-C9'-ClO’ 134,

c9-cl-c2l  124.1
01-c2-cl 129.0
01-C2-C3 121.3
c1-C2-C3 109.6
€2-C3-C10  107.9
€2-C3-c21  121.§
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Table 5 The structure parameters ( bond distances, angles and torsional angles) of

S5a-2DXN.
L
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Table 6 The structure parameters { bond distances, angles and torsional angles) of

5b-2DXN.

01-C2 1.348(3) C2-C3  1.400(3)
0l-C1l 1.447(3) C3-C4  1.418(3)
02-C12 1.417(3) C3-C20 1.416(3)
02-C13 1.415(3) C4-C5  1.393(3)
03-C14 1.413(3) C4-Cl0  1.452(3)
03-C15 1.413(3) C5-C6  1.402(3)
04-CLl6 1.420(3) C6-CT  1.374(3)
04-C17 1.414(3) C7-C8  1.383(4)
05-C5 1.350(3) C8-C9  1.381(3)
05-C18 1.431(3) C9-C10  1.391(3)
N1-C1l9 1.140(4) C11-cl2 1.488(4)
N2-C20 1.140(3) C13-Cld4 1.490(4)
€1-C2 1.393(3) C15-C16 1.493(4)
C1-C10 1.425(3) C17-C18 1.493(4)

2 C1-Cl9 1.405(3)
C2-01-Cll 119.17(17) C4-C5~C6  127.58(21)
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C4-C3-C20 129.77(20) 04-C16-C15 110.56(20)
C3-C4-C5  125.88(20) 04~C17-C18 107.98(20)
C3-C4-C10 107.32(18) 05-C18-C17 107.27(19)
C5-C4-Cl0  126.79(19) N1-Cl9-Cl 178.9(3)
05-C5-C4  112.28(19) 'N2-C20-C3  176.40(25)
05-C5-C6 (20)

Cll 01 c2 c1  -51.4( 2) ci1 ol ¢z c3 133.6
6( 2
2 0l il clz -106.3( 2) €13 02 ci2 cil -173.9§ 3;
€2 0z c13 cl168.3( 3) €15 03  cl& CI3 -165.9¢ 3)
€6 03 ci5 cle  1754( 3) €17 05 c16 15 -171.8( 3)
04 ci7 ci8  172.3( 3) CI8 05  C5 G4 -149.5¢ 2)
€18 05 ¢ 6 32.3¢ 1) €S 05 cl8 c17  135.3( 3)
0l 2 o1 -17503( 3 clo ¢l ¢z ¢3 20010 1)
gz9 Ci cz 01 2.9¢ 1) Cc19 Cl c2 Cc3 178.3¢( 3)
c2 cl o cio c 0.0( 1) €2 €l clo ©9  -177.1( 3)
9 Cl  clo ¢4 -178.5( 3) . €19 ¢l ¢10 4.4 1)
€2 ¢l c19 Bl -179.3¢ 33 ci0 ¢l c19 N1 -1.2¢ 2)
o o @ oo 176.0( 3) 0L Cc2 3 ¢  -s5.0( 1)
<o @ o 0.1¢ 1) €l C2 3 €20 179.1( 3)
20 c3 ¢ o 1mls( 3 €2 e ¢ cl0 0.1 1)
0 oo o 20.1( 1) €20 C3 ¢4 clo  -179.0( 3)
2 ¢ oo w 11.5¢ 1) €6 €3 c20 N2 -169.7¢ 3)
3¢ c5 05 1.2(¢ 1) €3 ¢ o5 ¢ 179.2¢ 3)
Clo ci c5 05 179.9( 3) Clo c4 ©5 g ~2.1¢ 1)
¢ o co oo 0.1¢ 1) 3  c4 .Clo C9 177.0( 3)
G ¢ clo ol -17sl8( 3 cS ¢4 clo ¢y -1.9¢ 1)
05 © 6 o .18l 3 ct €5 6 o7 3.8( 1)
¢ oo 20.3¢ 1) 6 c7 8 9 23.3¢ 1)
¢ @ o clo 1.7¢ 1) 8 9 clo et 178.5( 3)
02 Ci3 ci4 o3 -ganab 1) 6B as ar o D
04 c17 c18 05 -68.2( zg o3 cle o4 7640 D)




Figure 2b. The X-ray structure (ORTEP drawings) for 5a-2DXN.
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Figure 2¢. The X-ray structure (ORTEP drawings) for Sb-2DXN.
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Figure 3.

'HNMR spectra of 3a
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Figure 4.  'H NMR spectra of 3b
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Figure 5. 'H NMR spectra of 3¢
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Figure 6. 'HNMR spectra of 5a-2THF
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Figure 7. 'H NMR spectra of 5a-3THF
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Figure 8. 'H NMR spectra of 5a-2THP
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Figure 11. 'H NMR spectra of Sb-3THF
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Figure 12.  'HNMR spectra of 5b-2THP
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Figure 13. 'HNMR spectra of 5b-2DXN
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