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The three stercoisomers ol the 6. 13-bis(thymidinyl)dioxocyclam 6 were synthesized through photorcaction ol
the chromium alkoxycarbene complex 2 and 1-(benzyloxycarbonyl)-4,4-dimethyl-A%-imidazoline. The molee-
ular structure of (R,.S)-6 was clucidated by X-ray crystallography.

Introduction

Fourteen-membered 1.4.8,1 1-tetraaza macrocycles (cvclams)
and their 5.7-diones (dioxo cyclams) play important roles as
ligands in catalysis as well as in metal complexation chemis-
try.'* Recently, Hegedus ef af. have found an unusual and
efficient route for the synthesis of the related 1.4.8.11-tet-
raaza 5.12-dions, which involves the acid-catalvzed cleav-
age/dimerization of azapenams produced by the photo-
chemical cycloaddition reaction between N-protected imida-
zolines and chromium {alkoxy)carbene complexes.®” This
route has the potential to afford cyclams that are not avail-
able by other synthetic methods. The utility of this method
has been demonstrated in the synthesis of optically active
dioxocyclams by employing optically active imidazolines.’?
However, optically active chromium carbene complexes
have not been attempted in the synthesis of optically active
dioxocyclams having substituents at the 6- and the 13-posi-
tion.

Interesting and novel properties have been found for
supramolecular complexes in which interacting components
are associated by non-covalent interactions.!” Nucleosides
are good candidates for components interacting by hydrogen
bonding."" Here we report the synthesis and photochemical
reaction of the chromium carbene complex that has a thymi-
dine moiety as the alkoxy substituent at the carbene carbon.

Results and Discussion

The dioxocyclams 6 were synthesized as a mixture of
diastereomers through the route shown in Scheme [: The
chromium {pivaloyloxycarbene complex 1 was generated
by the reaction of pivaloyl chloride and pentacarbo-
nyl[methy [ (tetramethylammonio)oxy } carbene]chromium(0).
The pivaloyloxy group was substituted by the thymidine
derivative for which the secondary hydroxy group was pro-
tected with the ferr-butyldimethylsilyl {TBDMS) group to
give the alkoxycarbene complex 2.

A dichloromethane solution of carbene complex 2 and |-
(benzyloxy)carbonyl-4.4-dimethyl-A>-imidazoline in a Pyrex
tube was irradiated under CO pressure (80 psi) with a
medium-pressure mercury lamp. The combined yield ot N-
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Scheme 1. The synthetic route for the cyclames 6.

protected azapenams 3 was high (80%), but a diastereomeric
mixture was obtained. The best vield resulted by using
slightly less than one equivalent of the imidazoline. Excess
imidazoline appeared to induce side reactions with the car-
bene complex. Each diastereomer was found to exist as a
mixture of rotomers about the amide bond.

The benzyloxycarbonyl {(BOC) group was removed
readily at room temperature by Pd-catalyzed hydrogenolysis
reaction in the presence of triethylamine to give free azape-
nams 4. The formation of hexahydrodiazepinones has been
observed under acidic conditions.® The virtual | : 1 ratio of
the diastereomers was clearly determined by 'H NMR,
although separation was not feasible.

The 14-membered cyclic compounds 5 were formed in
almost quantitative vield by treatinent of the free azapenams
4 with camphorsulfonic acid. All three possible diastere-
omers were produced with insignificant selectivity: (R R)-
5:(85)-5:(RS)-5— 3 : 3 : 4. [nterconversion between dias-
tereomers has been known for the methoxy analogues to
give the centrosymmetric isomer in high vield by crystalliza-
tion under acidic conditions.® Only slow decomposition to
unidentitied polar species was observed in a similar attempt
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with 5 to obtain one isomer as the predominant product. For-
tunately, however, separation of (R,S)-5 from the mixture of
(R.R)-5 and ($,.5)-5 was achieved by conventional column
chromatography on silica gel.

/2: T\ RO}<\: N=\ (OR Ro,,,/<\:
RO OR —N OR

(RR)S (SS)S (RS)S

Reduction of § with sodium cyanoborohydride gave the
dioxocyclams 6. [n CDCl; solution (R .S)-6 exists as two dis-
tinct conformers in about 7 : 3 ratio, as evidenced by dou-
bling of all peaks in the 'H and '*C NMR spectra. However,
only one set of resonance peaks was observed in the "H and
I3C NMR spectra for each of the { R R)- and the (S,5)-isomer.
The stereochemistry of (R,.S)-6 was confirmed by X-ray dif-
fraction analysis: Details of the X-ray data collection and
structural refinement are presented in Table 1. The molecu-
lar structure and atom-numbering schemes are given in Fig-
ure |. Selected bond lengths and angles are given in Table 2.
Notable features of the crystal structure are the unsymmetri-
cal interactions of the two thymidine units. One is interact-
ing in an intramolecular fashion through hydrogen bonding
between N(8) and O(1) (2.942 A) while the other is interact-
ing with another molecule through hydrogen bonding
between N{(6) and O(2) (2.849 A).

Experimental Section

General. [f not otherwise stated. all NMR spectra were

Table 1. Crystallographic Data for (R.5)-6

molecular formula
formula weight

CigtlgaNsO)2Siz
1021.41

crystal system monoclinic
space group 2,

a. A 15.7177(2)
h. A 11.6221(2)
. A 18.0412(3)
B. deg 113.3390(10)
1Aj 2978.57

7. 2

et g 3 [.139

crystal dimens. mm? 0.16 x 0.45 x0.55
temp. K 163(2)
radiation. A 0.71073
linear abs coetl. em™! 0.119

O range. deg 1.251023.25
no. of data colled 13912

no. of unique data 8206

no. of params refined 631

GOF L.104

RFY 0.0540
RAFY 0.1543

SR=S|FL - [E I PR S F
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Figure 1. The molccular structure of (R, S)-6.

Table 2. Selected Bond Lengths (A) and Angles (deg) for (R.5)-6

C(1)-0(3) 1.446(3) CN-C(1n 1.501{7)
C(1)-C(2) 1.545(6) CtN-C(10) 1.555{(6)
Ci(2)-0(1 1.245(3) C(2)-N(2) 1.329(6)
C(3)-Ni(2) 1.469(3) C(3)-C(47) 1.533(6)
Ci(3)-C(48) 1.537(6) C(3)-C{h 1.541(6)
C(3)-N(3) 1.471(6) C(5)-N(3) 1.453(6)
Ci(5)-C(6} 1.532(7) Ci6)-C(8) 1.428(35)
Ci6)-C(28) 1.53%(7) Ci6)-C(7 1.345(7)
C(7)-0(2) 1.249(3) C{T-N(4) 1.341(6)
C(8)-N($) 1.480(6) C(8)-C(43) 1.5323(7)
C(8)-Ci46) 1.528(7) Ci(8)-C(%) 1.340(7)
C(9)-N(I) 1.481(6} CL10-N(1) 1.459(6)

OQ3)-C(H-C(11)  112.9(3) O(3)-C(1)-C(2) 108.6(3)
C(IN-C(1)-C(2y  112.2() O3)-CH-C(10y  101.0(3)
CIN-C(1)-C(10) 112.6(4) C2)-C(1)- C10y  108.9(d)
O(1)-C(2)-N(2)  124.5(4) O(1)-C(2)-C(1} 121.5(4)
NE2)-C2)-Cely  113.9(4) N(2)-C(3)-C(d7)  109.6(d)
N(2)-C(3)-C(48) 106.0(3) CAN-C(3)-C(48)  109.5(dh)
N(2)}-C(3)-Cd)  [11.7(4) Cia7)-C(3)-Cd)  108.8(d
Cd8)-C(3H-Ctdy  111.2{4) N(3)-C(4)-C(3) 115.3¢4)
N3)-C(3)-Ci6)y  110.5(4) O(8)-C(6)-C(5) 103.5(3)

O8)-C(6)-C(28)  112.8(4) C(3)-C(6)-C(28)  110.8(4)
O8)-C(6)}-C(7)  11.1(d) C(3)-C(6)-C(7) 107.6(4)
C28)-Co)-C(7y 110.7(dh O(2)-C(7)-N(d) 124.5(4)
OR2)-C(7)3-C(6)  118.2(4) N{$)-C(7)-C(6) 117.2(4)

N(4)-C(8)-C{45) 109.8(4)
C(45)-C(8)-Cdoy 110.6(4)
C(45)-C(8)-C(%  109.0(4)
N()-C(9)-C(8)  112.2(4)

{

N{$H-C(8)-C(d6)  106.4(4)
Ni4)-C(8)-C(9) 110.6(4)
C{46)-C(8)-C(9)  110.4(4)
N{D-C(L10)-C(1)  113.4(d)

recorded in CDCls at 300 MIz for "1 and 75.5 M1z for BC.
Chemical shills are given in § ppm relative to CDCl: (5 77.2,
13C) or C1ICl: (8 7.26. 'H) which is present as an imputity in
CDCl: used. IR spectra were recorded on a Perkin-Elmer
1600 scrics FT-1R.

The following chemicals were prepared according to
literature procedures: pentacarbonyl|methyl{(tetramethy-
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lammonio)oxy jcarbene [chromium(0).'*  1-(benzyloxycar-
bony I}-4.4-dimethy I-A*-imidasoline.!” and the TBDMS-
protecied thymiding '

Chromium Carbene Complex 2. Pentacarbony [|methy]
¢ (tctramethy lammonio)oxy jcarbene |chromium Q) (383
mg. 1.89 mmol) was dissolved in dnv CH2Cl: (15 mL) under
an argon atmosphere. and the solution was cooled to —63 °C.
Pivalov] chloride (0.23 mL. 1.9 mmol) was added dropwisc.
and the resulting suspension was stirred at =63 “C~=23 °C
over 3 h, The suspension was cooled again to —63 “C and a
solution of thec TBDMS-protected thymidine (565 mg. 1.72
mmol) in dry CH-Cl; (3 mL) was added through a cannula.
and the resulting suspension was stirred at —63 *C~25 °C
over 13 h. The suspension was diluted with CH2Cl: (60 mL).
washed with H-O (40 mL x 2) and bring (00 mL). dricd over
MgSO.. and the solvent was cvaporated to vield a gum
which was chromatographed on silca gel (1/1 cthy] acetaie/
hexane. Ry = 0.69) 1o give 362 mg (0.978 mmol. 37%) of
complex 2 as yellow-orange solid. "TH NMR §9.08 (br s. 1
H. NH). 7.11 (s. 1H). 6.27 (dd. J; = 6.6 Hz..J>= 6.3 Hz. 1 H).
5.02 (br m, 2H). 4.36 (br s. 1H). 4.30 (br. s. 1H). 3.02 (s. 3
H). 2.32 (m. 2H). 1.90 (s. 3H). 0.91 (s. 9H). 0.109 (s. 3H).
0.103 (5. 3H). BC NMR §361.1.223.0. 216.4. 163.8. 1504,
1355 111.7. 85.6. 84.2. 71.6. 40.6. 259, 18.1. 12,7, —4.46.
—4.76. IR (NaCly v 2064 (C=0). 1932 (C=0). 1693 (C=0)
cm

BOC-Protected Azapenam 3. The chromium carbene
complex 2 (340 mg. 0.392 mmol) and 1-(benzyloxycarbo-
ny D~ 4-dimethyvl-A--imidazoline (137 mg. 0.389 mmol)
were disselved in dry and degassed CH-Cl- (30 mL). and the
resulting vellow-orange solution was irmadiated at 33+C in a
Pyrex tube under CO (80 psi). Alter 16 h the resulting light
brown solution was concentrated and chromatographed on
silica gel (1/1 cibyl acelatc/hexane. Ry= 0.43) Lo give 306
mg (0.476 mmol. 80.3%) of a mixture of 4 rotomers of | : |
diastcrcomeric mixture as a white solid. '"H NMR & 8.83/
R.77/8.74/8.73 (br s. 1H. NH). 7.536/749/741/7.33 (s. IH).
7.37-7.32 (m. SH). 640-6.23 (m. 1H). 332-5.00 (n. 3H).
4494025 (m. TH). 4.05-3.67 (m. 3H). 3.533.14 (n. H).
2.30-2.00 (m. 2H). 1.96/1.93/1.88/1.86 (s. 3H). 1.63/1.62/
1.61 (s. 3H). 1.341.26/1.22/1.20/1.19/1.17 (5. 6H). 0.87 (s.
9H). 0.077/0.074/0.039/0.052/0.043/0.033 (s. 6H) IR (NaCl)
v 3201 (NH). 1778 (C=0). 1696 (C=0). Anal. Calcd for
C3-HauNJOSI: C. 39.79: H. 7.21: N. 8.72. Found: C. 39.72:
H. 7.08: N. 8. 534,

Azapenam 4. The BOC-prolecled azapenam 3 (683 mg,
1.07 mmol) was dissolved in degassed McOH (30 mL). 10%
Pd in carbon powdcr (303 mg) and tricthylamine (0.5 mL)
were added. and the resulting suspension was stirred at 23 °C
under H~ (35 psi). Afier 2 h the suspension was filtered
through Cclite. and the solvents were evaporated to give 373
mg of crude products. which was chromatographed on silica
gcl (cthy] acctate. Ry = 0.43) 1o give 410 mg (0.806 mmol.
75.4%) of a colorless gum. The gum was crvstallized at 25
*C from hexane and a small amount of CH-Cl- 1o give 336
mg (0.661 mmol. 61.7%) of a 1 : | diastercomceric mixture
as whitc solid. '"H NMR §9.19 (br s. IH). 7.33/7.51 (s. IH).
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6.34/6.29 (dd. /1 =8 1H~ J.-=60H/ /1 =73 Hs. /=606
Hz. 1H). 4.76/4.71 (s. 1H). 4.47-4.36 (m. 1H). 4.02-3.65 (m.
3H). 3.08/2.62 (d. ./ = 11.4 Hz. 2H). 2.36 (br s. 1H). 2.28-
1.97 (m. 2H). 1.93 (5. 3H). 1.56/1.09 (s. 6H). 1.33 (s. 3H).
0.87 (s. 9H). 0.06 (s. 6H): 3C NMR & 175.0. 174.9. 164.2.
164.1. 150.6. 1359, 1358, 111.1. 111.0. 90.1. 89.9. 86.4.
863. 854 831.77.7.72.5.654.653.62.1.61.4 41.5. 414,
238,250,219, 18.1. 1533, 145, 128. 12.6. —4.46. —4.53.
—4.64: IR (NaCl) v 3350 (NH). 1735 (C=0). 1696 (C=0).
1684 (C=0). Anal. Caled for CaqHyN4OGSi: C. 36.67. H.
794:N. 11.01. Found: C. 36.47: H. 7.88: N. 10.86.

Unsaturated Dioxocyclam 5. The free azapenam 4
(225 mg. 0.442 mmol) and racemic camphorsulfonic acid
(27 mg. 0.12 mmol) were dissolved in drv CH:CIL- (10 mL).
and the resulting solution was stirred at 23 °C for 24 h. The
solution was dilutcd with CH-Cl- (30 mL). washed with
aqucous 3% NaHCO; (20 mL) and brine (20 mL). and dricd
over MgS8QO;. The solvent was ¢vaporated to give 216 mg
(0.212 mmol. 96%) ol a mixturc which appcared as two
spols (cthyl acctate: Ry= 0.66 and 0.32) on TLC. (R,9)-5. 'H
NMR (two conformers. a/b ~ 7/3) §9.33(b)/9.32(a) (brs. 2
H). 9.08(b)/8.50(a) (s. 2H). 7.8%)/7.72(b) (s. 2H). 7.66(a)/
7.62(b) (s. 2H). 6.40(b)/6.27(a) (dd../, = 7.5/6.6 Hz. J = 6.4/
6.6 Hz. 2H). 4.79(b)/4.42(a) (br s. 2H). 4.10(a)/3.95(b) (br s.
2H). 3.90-3.70 (m. 4H). 3.60-3.20 (m. 4H). 2.30-2.05 (m. 4
H). 1.92¢a)/1.90(b) (s. 6H). 1.54/1.51/1.47 (s. 12H). 1.22 (s.
6H). 0.87 (s. I8H). 0.088(b)/0.072(a)/0.063(2)/0.054¢a) (s.
[2H). *C NMR § 169.0¢a)/168.5(b). 167.9. 164.3. 150.6(b)/
150.3¢a). 135.6(a)/136.0(b). 110.9(b)/110.8(). 86.9(b)/86.4(a).
83.9(a)/83.2(b). 80.2(a)y/80.1(b). 73.1(b)/72.7(a). 70.6(b)/
69.7(a). 65.9(6)/65.6(a). 53.8(a)/53.7(b). +1.3(b)/41.2(a).
25.9(0)/25.8a).  25.2(b)/25.0(a). 24.8(ay24.7(b). 2:.4.
18.1(a)/18.0(b). 12.8(b)/12.2¢a). —+.52(a)/-4.59(b)—+.69(a)/
—4.72(b). IR (NaCl) v 3198 (NH). 1688 (C=0). 1678 (C=0)
em . (RR)| + (S.5-5 "H NMR § 9.12/9.01 (br s. 2H).
7.91/7.77 (s. 2H). 7.73/7.63 (s. 2H). 7.59/7.50 (s. 2H). 6.37/
6.29 (dd. ./y = 6.6/6.6 Hz. ./~ = 6.9/6.9 Hz. 2H). 4.62/4.42 (br
m. 2H). 4.02/3.97 (br d. ./ =2.7/2.1 Hz. 2H). 3.80-3.35 (m. 8
H). 2.30-2.03 (m. 4H). 191 (s. 6H). 1.52/1.51 (5. 6H). 1.39/
1.37/1.35/1.34 (s. 12H). 0.88 (s. I8H). 0.082/0.076 (5. 12H),
13C NMR & 168.8. 167.7/167.0. 164 1/163.8. 150.5/150.4.
136.5/135.7. L11.2/110.9. 86.4/86.3. 85.8/85.0. §1.1/80.7.
73.0/72.6. 68.2/67.9. 65.3/64.7. 34.3/54.2. 41.2/41.1. 25.9.
26.1/25.6. 25.5/252. 2317218, 181, 129/123. —45/
—4.54/—4.539/—4.65. IR (NaCl) v 3191 (NH). 1688 (C=0)
cm

Dioxocyclam 6. The unsaturated dioxocyclam § (176
mg. 0.172 mmol). NaBH;CN (23 mg. 0.37 mmol). and a
small amount of bromocresol green were dissolved in 1 1
McOH/CH-Cl- (4 mL). HCI/McOH (0.9 N) was added drop-
wisc to the cooled (0 °C) blue solution until the vellow-green
color remained. and the resulting solution was stirred at
“C~23 oC for 24 h. HCIYMcOH (0.9 N) was added. and the
resulting yellow solution was stirred for 30 min to destroy
NaBH:CN unrcacted. Aqueous 5% NaOH was added until
the solution turned to blue. The solvents were ¢vaporated,
and the resulting residuc was dissolved in CH-Cl- (30 mL).
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The solution was washed with H-O (20 mL) and brine (20
mL). and dricd over KoCO;. The solvent was evaporated 10
give 101 mg (0.0989 mmol. 37%) of a whitc solid. which
was rcorystallized (rom hexane and a small amount of
CH:CL: to give 77 mg (0.073 mmol. 44%) of whitc micro
crystals. (R.S)-6: '"H NMR (two conformers. ab ~ 7/3) &
9.85 (br s. 2 H). 7.20(a)/7.15(b) (s. 2H). 7.11(a)/6.85(b) (s.
2H). 6.11(a)/6.03(b) (dd. ./, = 6.3/6.6 Hz. J~» = 6.6/6.6 Hz. 2
H). 4.30 (m. ZH). 3.91 (m. 2H). 3.73-3.45 (m. 4H). 3.45-
3.25/2.80-2.60 (m. 8H). 2.20-2.10 (m. 4H). 1.88(a)/1.86(b)
(s. 6H). 1.31(b)/1.10(b) (s. 6H). 1.30 (s. 12H). 0.83 (s. 18H).
0.045 (s. 12H). 3C NMR & 171.6(b)/171.5¢a). 164.2(a)/
164.1(b).  150.5(b)/150.4@a). 136.4a)136.3(b). 111.1(b)/
110.0(a). 86.6(b)/86.1(a). 85.7. 80.8(b)/80.3(). 72.1(a)/
72.0(b). 63.8. 37.1/57.0. 33.2(b)/53.0¢a). 40.4. 26.9(b)/
26.4(). 25.8. 25.3. 19.7(a)/19.5(b). 18.0. 12.8. —4 45/~ 63,
IR (NaCl) v 3190 (NH). 3049 (NH). 1684 (C=0) cm .
(RR)-6 + (5.5)-6; 'H NMR §9.35 (br s. 2 H). 7.59/7.42 (s.
2H). 7.33/7.11 (s. 2H). 6.26/3.89 (dd. ./) = 6.3/6.0 Hz. J- =
6.9/6.6 Hz. 2H). 4.65/4.32 (br m. ZH). 3.97/3.85 (m. ZH).
3.75-335 (m. 4H). 3.30/3.13 (d../ = 12.0/11.1 Hz. 2H). 2.90-
2.60 (m. 4H). 2.40-1.95 (m. 8H). 1.91/1.90 (s. 6H). 1.40/
1.33/1.32/1.30/1.26/1.16 (s. 18H). 0.88/0.87 (s. 18H). 0.067
(s. 12H). BC NMR & 171.6/171.5. 163.9. 150.3/150.1.
137.3/133.7. 111.0/110.9. 87.9. 86.2/83.5. 80.3/79.7. 73.0/
70.8. 63.9/62.7. 39.53/38.9/38.7. 33.9/33.6. 40.9/40.2. 27.2/
26.4/24.5/242. 239, 194/193. 18.12/18.07. 12.8/12.6.
~447/-4.53/-4.65. IR (NaCl) v 3193 (NH). 1692 (C=0)
cm . Anal. Caled lor Cy3HgaNgOy2Sia: C. 36,44 H. 8.29: N,
10.97. Found: C. 3649: H. 8.24: N. 11,01,

X-ray Structure Analysis of (£,5)-6. Crystals of (£,5)-
6 were grown from a CH:Cl--McOH-hexane solution al
room lemperature. Diflraction data were collecled by
cmploving  graphitc-monochromated Mo K, radiation
(A =0.71073 Ay al 163 K. A total of 13912 reflections were
mcasurcd over the following ranges: 2.30 = 20 = 46,509,
—16 = h = 17212 = £ = 12.-19 = { = 20, The crystallo-
graphic data and additional dctails of data collection arc
summarized in Table 1. The structure was refined by full-
matrix Icast-squarcs mcthods. All the non-hydrogen atoms
were refined anisotropically. The final ¢ycle of refincment
Ied to the R indices histed in Table 1.

Conclusion

A novel chromium carbene complex 2. which has a thynu-

Jetivwook Park ef af.

dine moicty as the alkoxy substituent at the carbene carbon.
was synthesized. Its photochemical cvcloaddition rcaction
with an achiral imidaroline produced the corrcsponding aza-
penams 3 in good vicld. The unsaturated dioxocyvclams §
were formed by dimerization of the frec azapenam 4. [nsig-
nificant stereoselectivity was obscrved in the photochemical
cveloaddition as well as in the dimerization. However. the
unsaturated dioxocvclam (£,5)-5 was scparated from the
other isomers. The molecular structure of the dioxocyclam
(2.9)-6 was determined by X-ray crystallography.

Acknowledgment.  This paper was accomplished with
Rescarch Funds provided by The Korca Rescarch Founda-
tion. Support for Faculty Abroad. Partial support for this
rescarch by National Institutes ol Health (GM 34324) is also
gratefully acknowledged.

Supplementary Material Available.  Tables of crystal
data. atom coordinatcs. bond lengths and angles. and aniso-
tropic displaccment paramcters for (R,5)-6 (7 pages). Order-
ing information is given on any current masthead page.

References

1. For a recent review, see: Busch D. 11 Alcock, N. W.
Chem. Rev. 1994, 94, 585,

2. Wagler, I. R.: Fang, Y. Burrows, C. 1. J . im. Chem. Soc.
1989, 54, 1584 and references therein.

3. Nam, W.. 1o, R Valentine, I. 8. J. Am. Chem. Soc. 1991,
113, 7052,

4. Burow, C. I Rokita, S. TL. dee. Chem. Res. 1994, 27,
293

5. Halcrow, M. Az Chnistou, G. Chem. Rev: 1994, 94, 2421

6. Hsiao, Yo Hegedus, 1., 8.7 Ong. Chiem. 1997 62, 3580.

7. Dumas. 8. Lastra. Ti: Hegedus. T S Am. Chiem. Soc.
1995, /17 33068,

8. llegedus, L. S.. Moser, W. 1L J. Org. Chem. 1994, 59.
7779.

9. Betschart, C.. llegedus, L. S. J. .im. Chem. Soc. 1992,
114, 5010,

10, Armaroli, N.: Barigelletti, F.. Cakigero, (5.0 Flamigni. L.
White, C. M.. Ward, M. D. J. Chem. Soc., Chem. Connn.
1997 2181 and references therein.

11 Jettrey, Go AL Scanger. W, Hvdrogen Bonding in Biologi-
cal Strwetures: Springer-Verlag: Berlin, Germany, 1991

12. Tischer. T O Maasbol, A, Chem. Ber: 1967 100, 2445

13. Connor, I A Jones, T ML Chem. Soc. 4 1971, 3368,

14, Ogilvie. K. K2 Thomson, Tt A Quilliam, M. AL West-
more, I. B. Tetrahedion Lewt. 1974, 13, 2863,




