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Cycloaddition of the diazoalkanes to electron-deficient olefins (in situ) affords polysubstituted cy-
clopropanes in high yields (up to 85%). Deprotection of the ketal protecting group provided water-soluble
cyclopropane-bearing carbohydrate in good yields. Antimicrobial activity screening of the synthesized
compounds 8 and 9, utilizing a variety of Gram-positive bacteria (Staphylococcus aureus and Enterococ-
cus fecalis), Gram-negative bacteria (Escherichia coli and Klebsiella pneumoniae) and yeast (Candida
albicans), showed that all of the prepared analogues acquire promising activities against both Gram-
positive and Gram-negative bacteria, especially compounds 9b and 9c (antimicrobial active agents against
Gram-negative bacteria).
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ACUMETPUYHA CUHTE3A BO EJIEH CA/1 HA TUKJIOTIPOITAHHA

[uknoaauijata Ha TU30AIKAHU CO OJe(UHM MITO UMaaT HEAOCTUT Ha €IEeKTpOHH iNn Situ naBa
MOJMCYIICTUTYUPAHN IMKIONPOINaH BO ToneM mnpuHOc (1o 85%). Co oTcTpaHyBamke Ha KeTaimHaTa
3alITHTHA Tpyma ce M0OMBaaT BO BOJA PACTBOPJIMBH HUKIOMPONAHCKH jarJeXUAPATH CO N00ap MPUHOC.
AHanmm3aTa Ha aHTUMHKPOOHOTO JEjCTBO Ha CHHTETH3MpaHUTe coeawHeHHWja 8 m 9 Bp3 pasHu [pam-
nosutuBHU (Staphylococcus aureus u Enterococcus fecalis) u I'pam-neratuuu 6akrepun (Escherichia
coli u Klebsiella pneumoniae), xako u Bp3 kBacer (Candida albicans), nokaxysa feka cuTe MPUTOTBEHH
aHalo3M MOXAaT Ja JiejcTByBaaT Bp3 [paM-no3uTHBHM W ['pam-HeraTMBHM OakTepuu, OCOOEHO
coemunenunjata 9b u 9¢ (aHTUMHUKPOOHH cpezicTBa IPOTUB [ paM-HeraTUBHU GaKTepHN).

KiayuHu 300poBM: acUMETpHYHA CHHTE3a; jarJIeXUAPATH; IIUKIONPOIaH; aHTUMHKPOOHO J1€jCTBO

1. INTRODUCTION active compounds contain the cyclopropane moiety

[3, 4]. The cyclopropane sub-unit is also found in a

The cyclopropane ring is a common unit in a wide variety of naturally occurring compounds
diverse range of both naturally occurring and syn- including terpenes, pheromones, fatty acid metabo-

thetic compounds [1, 2] and many biologically lites, and unnatural amino acids [5, 6], as well as in
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rationally designed pharmaceutical agents. Owing
to the unique combination of a rigid strained struc-
ture and consequent susceptibility to electrophilic
attack, the cyclopropane ring often constitutes a
key element in complex compounds with a defined
orientation of pendant functional groups [7]. Thus,
over the past few decades, considerable attention
has been devoted to the development of asymmet-
ric methodology for the synthesis of highly func-
tionalized cyclopropanes [8]. Also, carbohydrates
constitute a rich source of materials for asymmetric
syntheses amplified by a history of well-documen-
ted functional group transformations [9, 10]. Car-
bon-branched sugars [11] are found in numerous
natural products. They have been used as starting
materials for the preparation of indole alkaloid
[12], commonly occurring in the glycon portion of
many antibiotics [13], and have been studied dur-
ing the elucidation of biochemical pathways. Addi-
tionally, naturally occurring macrolides often con-
tain branched polyol sequences, a structural motif
that portends an origin from a C-branched sugar
[14]. One of the most important advances in cyclo-
propane chemistry over the last decade has been
the integration of cyclopropanes and carbohydrates
[15]. Carbohydrates have an exciting history in
organic and medicinal chemistry [16]. Not only are
they ubiquitous natural products occurring
throughout the biosphere, but also they provide key
functional sub-units for rational drug designs [17].
They are inexpensive yet powerful members of the
chiral pool, which makes them attractive platforms
for asymmetric synthesis [18]. We recently report-
ed a new method for the generation of aryldiazo-
methanes from stable tosylhydrazone derivatives.
This procedure has proven to be a highly effective
and safe alternative technique to handle aryldiazo-
methanes [19] and has been employed in the cyclo-
propanation of alkenes [20]. The present article
reports our success in achieving this goal and the
development of a new user-friendly, one-pot proce-
dure for the preparation of cyclopropanes from ke-
tones in which not only the diazoi compound but
also the precursor tosylhydrazones are generated in
situ.

2. EXPERIMENTAL SECTION

Melting points (Mp) were determined in
open capillaries on a Buchi-510 Melting Point
apparatus and are uncorrected. IR spectra were
obtained on a Perkin-Elmer IR-197 spectrometer.
NMR spectra were obtained on a Bruker AC 300
spectrometer operating at 300 MHz for 'H and at
75.47 MHz for 3C. Mass spectra were acquired in
ESI mode. Optical rotations were measured at 589
nm. TLC was performed on pre-coated plates (0.2

mm, silica gel 60 F254). All solvents were distilled
and purified prior to use.

2.1. General procedure for the synthesis of
4-methyl-1-phenyl-2-(2,2,7,7-tetramethyl-
tetrahydro-bis[1,3]dioxolo[4,5-b;4',5'-d] pyran-5-
ylmethyl)-1,2-dihydro-pyridazine-3,6-diones 3

Pyridazine-3,6-dione 2 (1.0 mmol, 222 mg)
was added to a stirred solution (spin bar) of
1',2":3',4'-di-O-isopropylidene-a-D-galactopyranose
1 (1.1 mmol, 286 mg) and triphenyl-phosphine (1.1
mmol, 262 mg) in anhydrous THF under a nitrogen
atmosphere at 0 °C. To the resulting suspension (or
solution) was added diethyl azodicarboxylate (1.1
mmol, 174 mg) and the reaction mixture was then
stirred at room temperature until completion of the
reaction, as indicated by TLC on silica gel TLC
(hexane—EtOAc, 80:20). The precipitated diethyl
hydrazodicarboxylate was collected and the filtrate
was evaporated in vacuo. Addition of cyclohexane
to the oily residue caused the precipitation of tri-
phenylphosphine oxide which was collected. Evapo-
ration of the filtrate under reduced pressure gave a
residue that was purified by column chromatog-
raphy on silica gel to afford the pure compounds.

(1'R,2'S,3'S,4'S)-4-methyl-1-phenyl-2-(2,2,7,7-
tetramethyl-tetrahydro-bis[1,3]dioxolo[4, 5-b; 4',
5'-d]pyran-5-ylmethyl)-1,2-dihydro-pyridazine-
3,6-dione (3).

Yield: (355 mg, 90%), white solid, mp. 103-104
°C. [a]?%, = +27 (¢ = 1, CH,CL,), R; = 0.4 (cyclo-
hexane/AcOEt 4:1). '"H NMR (300 MHz, CDCls):
d 7.22-6.76 (m, 5H, Huom), 6.66 (s, 1H, Hs), 6.12
(d, \]Hl'—2' = 35, 1H, H1V), 5.58 (dd, JH3L4' = 37, \]H3'—2'
= 2.4, 1H, Hs), 5.18-5.10 (m, 2H, H,4), 4.41-4.37
(m, 1H, Hs), 4.20-4.16 (m, 1H, Hg), 4.00-3.94 (m,
1H, Hg), 2.05, 1.96, 1.91, 1.84, 1.21 (s, 3H, CH).
3C NMR (75 MHz, CDCls): § 171.2, 168.1, 141.2,
133.1, 130.0, 121.3, 118.7, 112.6, 110.4, 108.5,
97.2, 71.0, 70.9, 70.0, 67.6, 64.4, 27.5, 25.7, 25.6,
23.4, 22.6. HRMS: Calcd for Cy3HxsN,0;
444.1897. Found: 444.1894.

Anal. Calcd for C»3H»N,07: C, 62.15, H, 6.35, N,
6.30. Found: C, 62.13, H, 6.37, N, 6.27.

2.2. General procedure for the addition of
diazoalkanes to 1-phenyl-1,2-dihydropyridazine-
3,6-dione N-glycoside derivatives 3

A mixture of the ketone (1.5 mmol) and p-
toluenesulfonylhydrazide (279 mg, 1.5 mmol) in
10 ml. of 95% ethanol was stirred for 3 h at room
temperature. Then, a 5N NaOH (300 ul, 1.5 mmol)
solution was added and the mixture was stirred for
a further 20 min. The pyridazinedione 3 (7.5
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mmol) was then added as a solid, and the mixture
was heated up to 50 °C and stirred at this tempera-
ture for 48 h. After cooling, the volatiles were
evaporated under reduced pressure and the residue
was dissolved in a 1:1 mixture of water-ethyl ace-
tate (70 ml). The organic layer was separated and
dried over MgSQO,. Filtration and evaporation of
the filtrate under reduced pressure led to the crude
material which was purified by flash column
chromatography (hexane-EtOAc, 85:15).

(1'R,2'S,3'S,4'S)-1-methyl-4,7,7-triphenyl-3-(2,2,
7,7-tetramethyl-tetrahydro-bis[1,3]dio-xolo[4,5-b;
4',5'-d]pyran-5-ylmethyl)-3,4-diaza-bicyclo[4.1.0]
heptane-2,5-dione (7a)

Yield: (594 mg, 90%), white solid. Mp = 135-136
°C. [a]*p = + 19 (¢ = 1, CH,Cl,), R; = 0.5 (cyclo-
hexane/AcOEt 4:1). *H NMR (300 MHz, CDCls) &
8.07-6.70 (m, 15H, Harom), 6.10 (d, Jyy» = 3.6, 1H,
Hll), 5.61 5.55 (dd, JH3'_4v = 37, \]H3v_2v = 23, 1H,
Hs), 5.13-5.09 (m, 2H, H,4), 4.37-4.33 (m, 1H,
Hs), 4.21-4.17 (m, 1H, Hg), 4.10-3.96 (m, 1H,
He), 2.15 (s, 1H, Hg), 2.05, 1.96, 1.93, 1.81, 1.56
(s, 3H, CH5). *C NMR (75 MHz, CDCl3) 6 171.1,
167.3, 139.9, 132.9, 129.1, 120.3, 117.8, 117.6,
112.5, 110.4, 108.5, 107.9, 97.2, 71.0, 70.8, 70.1,
67.4, 63.9, 38.5, 35.2. 34.4, 27.5, 25.7, 25.6, 23.3,
22.7. HRMS Calcd for CgzsHzgN,O;610.2679.
Found: 610.2676.

Anal. Calcd for C3H3sN,O7: C, 70.80, H, 6.27, N,
4.59%. Found: C, 70.78, H, 6.24, N, 4.57%.

(1R,6S,1'R,2'S,3'S,4'S)-1-methyl-7,7-bis-(4-nitro-

phenyl)-4-phenyl-3-(2,2,7,7-tetramethyl-tetrahydro-
bis[1,3]dioxolo[4,5-b;4',5'-d]pyran-5-ylmethyl)-3,4-
diaza-bicyclo[4.1.0]-heptane-2,5-dione (7b).

Yield: (595 mg, 85%), white solid. mp 161-161

°C. [a]?, = +33 (¢ = 1, CH,CL,), R; = 0.7 (cyclo-

hexane/AcOEt 4:1). *H NMR (300 MHz, CDCls) &

7.66-6.87 (M, 13H, Haom), 6.11 (d, Iy = 3.6, 1H,

H), 5.63 5.51 (dd, Juszg = 3.7, Jyzpy = 2.3, 1H,

Hy), 5.12-5.10 (m, 2H, H,4), 4.38-4.35 (m, 1H,

Hs), 4.20-4.18 (m, 1H, Hg), 4.09-3.99 (m, 1H,

He), 2.17 (s, 1H, He), 2.06, 1.93, 1.91, 1.83, 1.57

(s, 3H, CH5). *C NMR (75 MHz, CDCl3) § 170.9,

167.3, 140.9, 132.7, 128.2, 121.7, 116.9, 115.7,

111.9, 110.2, 108.6, 107.9, 97.3, 71.5, 71.1, 70.6,

66.9, 63.3, 38.6, 35.4, 33.7, 26.9, 25.7, 25.5, 23.4,

22.5. HRMS Calcd for CssH3sN40,1700.2381.

Found: 700.2378.

Anal. Calcd for C35H3sN4,O14: C, 61.71, H, 5.18, N,

8.00%. Found: C, 61.69, H, 5168, N, 7.98.

(1IR,6S,1'R,2'S,3'S,4'S)-7,7-bis-(4-methoxy-phenyl)-
1-methyl-4-phenyl-3-(2,2,7,7-tetramethyl-tetrahy-
drobis[1,3]dioxolo[4,5-b;4',5'-d]pyran-5-yImethyl)-
3,4-diaza-bicyclo[4.1.0]heptane-2,5-dione (7¢)
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Yield: (636 mg, 95%), white solid. Mp. 127-128
°C. [a]*p = + 61 (¢ = 1, CH,Cl,), Rf = 0.6 (cyclo-
hexane/AcOEt 4:1). *H NMR (300 MHz, CDCls) &
7.47-6.59 (m, 13H, Harom), 6.10 (d, Jyro = 3.6, 1H,
HIV), 5.61 5.49 (dd, JH3v_4v = 37, JH3v_2v = 23, 1H,
Hy), 5.17-5.12 (m, 2H, H,4), 4.37-4.33 (m, 1H,
Hs), 4.21-4.18 (m, 1H, Hy), 4.10-3.98 (m, 1H,
He), 3.71 (s, 6H, CH3), 2.15 (s, 1H, Hg), 2.07, 1.91,
1.89, 1.81, 1.59 (s, 3H, CH3). *C NMR (75 MHz,
CDCly) 6 170.8, 167.4, 159.9, 140.6, 132.6, 127.9,
116.4, 1159, 112.1, 110.4, 108.6, 107.7, 97.2,
71.1, 69.9, 69.6, 66.6, 63.3, 55.5, 38.4, 35.6, 33.0,
26.8, 25.6, 25.4, 23.4, 21.9. HRMS Calcd for
CsgH42N204 670.2890. Found: 670.2886.

Anal. Calcd for CsgHjN,Oq: C, 68.04, H, 6.31, N,
4.18%. Found: C, 68.02, H, 6.29, N, 4.16%.

2.3. Deprotection of cyclopropanes 7

To a solution of cyclopropanes 7 (1 mmol)
in 8 ml of anhydrous methanol, was added a cata-
Iytic (20 mg) amount of sodium was added. The
reaction was stirred for 2 h then neutralized by the
addition of 200 mg of acidic Amberlite® IR-120
resin. The reaction mixture was filtered to remove
the resin and the solvent was re-evaporated under
reduced pressure to give a diastereo-isomeric mix-
ture of 8 and 9.

(1R,6S,1'S,2'S,3'S,4'R)-1-methyl-4,7,7-triphenyl-
3-(3,4,5,6-tetrahydroxy-tetrahydropyran-2-ylme-
thyl)-3,4-diaza-bicyclo[4.1.0]heptane-2,5-dione (8a).
Yield: (62%), white solid, mp. 187—188 °C. [a]*p
= +65 (¢ = 1, CH,Cl,), Rf = 0.5 (MeOH/H,0 4:1).
'H NMR (300 MHz, CDCls) & 8.04-6.73 (m, 15H,
Harom), 5.31 (d, Ju> = 3.9, 1H, H;), 3.98-3.86 (m,
2H, Hy.4), 4.11-4.03 (m, 1H, Hs), 3.82 (dd, Jyzs =
3.4, \]H3'—2': 103, 1H, H3V), 3.72-3.68 (m, lH, H@),
3.62-3.58 (m, 1H, Hg), 2.21 (s, 1H, Hg), 1.59 (s,
3H, CH;). *C NMR (75 MHz, CDCl;) & 170.4,
168.6, 137.3, 135.1, 128.7, 127.9, 126.9, 123.5,
120.6, 119.7, 118.3, 114.6, 113.4, 112.7, 98.1,
74.3, 73.4, 72.2, 71.0, 64.8, 40.9, 39.4, 35.6, 34.7,
28.6.HRMS: Calcd for C30H30N207 530.2053.
Found: 530.2044.

Anal. Calcd for C5H3N,O4: C, 67.91; H, 5.70; N,
5.28%. Found: C, 67.88; H, 5.77; N, 5.35.

(1R,6S,1'S,2'R,3'S,4'R)-1-methyl-4,7,7-triphenyl-
3-(3,4,5,6-tetrahydroxytetrahydropyran-2-ylme-
thyl)-3,4-diaza-bicyclo[4.1.0]heptane-2,5-dione (9a).
Yield: (33%), white solid, mp. 161-162 °C. [a]%p
=+51 (c = 1, CH,Cl,), R¢ = 0.45 (MeOH/H,0 4:1).
'H NMR (300 MHz, CDCl5) § 8.03-6.71 (m, 15H,
Harom), 5.29 (d, Jypo = 8.1, 1H, Hy), 3.91- 3.87 (m,
2H, H2v,4V), 4.09-4.11 (m, 1H, Hy), 3.79 (dd, JH}'—4' =
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3.3, Jz» = 10.1, 1H, Hs), 3.70-3.69 (m, 1H, Hy),
3.61-3.57 (m, 1H, Hy), 2.19 (s, 1H, Hg), 1.51 (s, 3H,
CHs). ®C NMR (75 MHz, CDCly) & 170.3, 168.3,
138.4, 135.3, 127.9, 127.1, 125.22, 122.7, 121.3,
120.6, 118.4, 115.3, 113.3, 112.6, 97.5, 74.4, 73.7,
721, 71.2, 65.6, 41.3, 39.7, 34.3, 34.1, 27.4.HRMS
Calcd for C3H3N,0; 530.2053. Found: 530.2039.
Anal. Calcd for C3H3N,O7: C, 67.91; H, 5.70; N,
5.28%. Found: C, 67.90; H, 5.75; N, 5.30.

(1R,6S,1'S,2'S,3'S,4'R)-1-methyl-7-(4-nitro-phe-
nyl)-7-(3-nitro-phenyl)-4-phenyl-3-(3,4,5, 6)-(3,4,5,
6-tetrahydroxy-tetrahydro-pyran-2-ylmethyl)-3,4-
diaza-bicyclo[4.1.0}heptane-2,5-dione (8b).
Yield: (68%), white solid, mp. 197-198 °C. [a]%
=+ 78 (c = 1, CH,Cl), Rf = 0.7 (MeOH/H,0 4:1).
'"H NMR (300 MHz, CDCl;) & 7.64-6.83 (m, 13H,
Harom), 5.29 (d, Jur> = 3.9, 1H, H;), 4.10-4.06 (m,
1H, Hy), 3.97-3.85 (m, 2H, H,4), 3.80 (dd, Juz4 =
34, Jizy = 103, 1H, Hs), 3.70-3.66 (m, 1H, Hy),
3.60-3.55 (m, 1H, Hg), 2.19 (s, 1H, He), 1.53 (s, 3H,
CH;). ®°C NMR (75 MHz, CDCls) § 170.7, 168.3,
141.8, 133.7, 1285, 123.7, 118.7, 115.7, 1145,
1135, 112.7, 111.9, 110.9, 110.7, 98.4, 75.3, 74.4,
72.5, 71.6, 65.4, 42.1, 40.4, 36.7, 35.8, 28.7.HRMS
Calcd for C3yH,5N4011 620.1755. Found: 620.1750.
Anal. Calcd for C30H28N4011: C, 58.06, H, 4.55, N,
9.03%. Found: C, 58.00, H, 4.59, N, 9.13.
(1R,6S,1'S,2'R,3'S,4'R)-1-methyl-7-(4-nitro-phe-
nyl)-7-(3-nitro-phenyl)-4-phenyl-3-(3,4,5,6-tetra-
hydroxytetrahydro-pyran-2-ylmethyl)-3,4-diaza-
bicyclo[4.1.0]heptane-2,5-dione (9b)

Yield (17%), white solid. Mp = 171-172 °C. [0]*p
= +60 (c = 1, CH,CI,), Rf = 0.6 (MeOH/H,0 4:1).
'H NMR (300 MHz, CDCls) & 7.67-6.84 (m, 13H,
Harom), 5.27 (d, ‘]Hl'—2' = 81, 1H, H]v), 4.12-4.08 (m,
1H, Hy), 3.96-3.82 (m, 2H, Hy4), 3.78 (dd, Ju3-4 =
3.3, Juz» = 10.1, 1H, H3), 3.67-3.61 (m, 1H, Hy),
3.57-3.50 (m, 1H, Hy), 2.10 (s, 1H, He), 1.48 (s,
3H, CH;). *C NMR (75 MHz, CDCl;) & 170.1,
169.0, 141.4, 132.2, 127.8, 124.1, 119.6, 115.6,
113.9, 113.2, 1124, 112.1, 111.1, 110.6, 97.5,
74.9, 74.3, 71.4, 71.1, 66.6, 43.4, 41.4, 37.7, 36.3,
26.9.HRMS Calcd for CgzHxN4O1; 620.1755.
Found: 620.1747.

Anal. Calcd for C30H28N40]_1: C, 58.06, H, 4.55, N,
9.03%. Found: C, 58.10, H, 4.58, N, 9.11.

(1IR,6S,1'S,2'S,3'S,4'R)-7,7-bis-(4-methoxyphenyl)-
1-methyl-4-phenyl-3-(3,4,5,6-tetrahydroxy-tetra-
hydro-pyran-2-ylmethyl)-3,4-diaza-bicyclo[4.1.0]
heptane-2,5-dione (8¢)

Yield (66%), white solid. Mp = 138-139 °C. [a]*p
= 469 (c = 1, CH,Cl,), Rf = 0.5 (MeOH/H,0 4:1).
'H NMR (300 MHz, CDCl3) & 7.45-6.64 (m, 13H,
Harom), 5.28 (d, Jui> = 3.9, 1H, H;), 4.09-4.01 (m,

1H, Hs), 3.95-3.84 (m, 2H, H,), 3.81-3.76 (dd,
Juza = 3.4, Juzy = 10.3, 1H, H3v), 3.70-3.67 (m,
1H, Hyg), 3.63-3.57 (M, 1H, Hy), 2.18 (s, 1H, Hg),
1.51 (s, 3H, CH3). *C NMR (75 MHz, CDCls) §
171.3, 169.5, 159.7, 142.4, 133.5, 128.8, 120.4,
119.7, 118.9, 117.7, 115.9, 114.7, 1145, 113.6,
99.0, 75.1, 73.7, 72.5, 72.0, 65.7, 55.5, 41.2, 40.1,
365, 346, 29.5.HRMS Calcd for C32H34N209
590.2264. Found: 590.2255.

Anal. Calcd for C3,H34N,Oq: C, 65.07, H, 5.80, N,
4.74%. Found: C, 65.14, H, 5.85, N, 4.67%.

(1R,6S,1'S,2'R,3'S,4'R)7,7-bis-(4-methoxyphenyl)-
1-methyl-4-phenyl-3-(3,4,5,6-tetrahydrox-tetra-
hydro-pyran-2-ylmethyl)-3,4-diaza-bicyclo[4.1.0]
heptane-2,5-dione (9¢)

Yield (28%), white solid. Mp = 141142 °C. [a]*p
= +34 (c = 1, CH,Cl,), Rf = 0.6 (MeOH/H,0 4:1).
'H NMR (300 MHz, CDCls) & 7.32-6.67 (m, 13H,
Harom), 5.23 (d, Ju1» = 8.1, 1H, Hy), 4.09-4.01 (m,
1H, Hs), 3.95-3.84 (m, 2H, Hy4), 3.80-3.75 (dd,
\]H3V.4v = 33, JH3V.2v = 101, 1H, H3V), 3.69-3.65 (m,
1H, Hg), 3.61-3.56 (m, 1H, Hg), 2.19 (s, 1H, Hg),
1.54 (s, 3H, CHs). °C NMR (75 MHz, CDCls) &
171.1, 168.4, 158.4, 140.3, 134.7, 127.1, 119.9,
119.2, 117.9, 117.4, 114.7, 114.7, 1145, 113.8,
99.1, 75.6, 73.9, 72.4, 71.3, 66.8, 55.4, 41.3, 40.6,
35.9, 34.4, 27.7. HRMS Calcd for CgzHzN,0q
590.2264. Found: 590.2267.

Anal. Calcd for C3,H3:N,Oq: C, 65.07, H, 5.80, N,
4.74%. Found: C, 65.11, H, 5.76, N, 4.77%.

2.4. Antimicrobial activity screening

Antimicrobial activity screening of the syn-
thesized compounds 8 and 9 was performed by the
agar dilution technique as recommended by the
Clinical and Laboratory Standard Institute (CLSI)
[21]. The tested compounds were dissolved in di-
methyl sulfoxide (DMSO). An inoculum of about
1.5-108 colony forming unit (CFU) per spot was
applied to the surfaces of Mueller—Hinton agar
plates containing graded concentrations of the re-
spective compound; plates were incubated at 37 °C
for 18 h. The spot with the lowest concentration of
compound showing no growth was defined as the
minimum inhibitory concentration (MIC). All or-
ganisms used in this study were standard strains
obtained from American Type Culture Collection
(ATCC). The organisms included representatives of
Gram-positive bacteria (S. aureus 25923 and E. fecal-
is 29212), Gram-negative bacteria (E. coli 25922 and
K. pneumoniae 33495) and yeast (C. albicans
20260). The MIC of Ciprofloxacin and Amphotericin
B was determined concurrently as reference for anti-
bacterial activities, respectively (Table 2). Control
DMSO was used with each experiment.
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3. RESULTS AND DISCUSSION

The 4-methyl-1-phenyl-1,2-dihydropyridazi-
ne-3,6-dione derivative of D-(+)-galactose 3 was
prepared according to literature procedures. Primary
alcohol 1 was converted into 4-methyl-1-phenyl-1,2-

dihydro-pyridazine-3,6-dione N-glycoside 3 in excel-
lent yield (90%) by a Mitsunobu reaction with 4-
methyl-1-phenyl-1,2-dihydro-pyridazine-3,6-dione 2
in the presence of triphenylphosphine and diethyl
azodicarboxylate (Scheme 1).

»Lo

NH % f’t s THEPPhy DEAD. ﬁ @

1 2

Scheme 1. Substrate scope for the synthesis of glycol-pyradizine-3,6-dione 3

Since preliminary experiments showed that
diazoalkanes could also be generated in situ from
ketones 4 in a one-pot process, condensation of p-
tosylhydrazine with ketones followed by treatment
with an aqueous solution of sodium hydroxide led
to a solution of ketone tosylhydrazones sodium salt
5, which upon warming to 50 °C gave a solution of

aryldiazomethanes 6, as heralded by formation of
the characteristic deep red color [21]. For the pur-
pose of the present investigation, 4-methyl-1-
phenyl-1,2-dihydro-pyridazine-3,6-dione  deriva-
tive of D-(+)-galactose 3 was added prior to warm-
ing the reaction mixture to provide the desired
cyclopropanes 7 in good yields (Scheme 2).

_ + A
R,C=0 + TosNHNH, NaOH [ R,C=NNTos Na R
4 5
Mo
o 0
9 0
H3C OT\
N
&
H
)
- 4+
6
7
a) R=CgHs b) R=p-NO,C¢H; c) R=p-MeOCgH,

Scheme 2. Proposed synthesis of cyclopropanes using diazo compounds generated in situ
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The intermediate of this reaction is pyrazo-
line which was not separated. It was found that
thermal 1,3-dipolar cycloaddition followed by
nitrogen extrusion gave cyclopropane [22].

Y.

>,

The 1,3-dipolar cycloaddition of aryldiazo-
methanes 6 with 4-methyl-1-phenyl-1,2-dihydro-
pyridazine-3,6-dione derivative of D-(+)-galactose
3 was completely stereoselective; a syn configura-
tion was assigned to all cyclopropanes.

N
I
O

intermediate pyrazoline

0]
0]
O
HaC o)
)
> “ N
R \©
H
O

Scheme 3. Decomposition of the pyrazoline intermediate

The structure and stereochemistry were un-
ambiguously established by NMR 2D. Crucial
evidence for the stereochemistry was obtained by
nuclear Overhauser effect spectroscopy (NOESY).
The spectrum shows that protons between (CHs),
and Hg have strong nuclear Overhauser effect. This
results confirms the cis relationships between pro-
tons (CHs;); and Hs Accordingly, the stereochemis-
try of 7a was concluded (Fig. 1).

NOE (CH3)1-H6

o
v

Ta

Fig. 1. 1H NOESY NMR

The choice of the protective group was im-
portant to the outcome of the cycloaddition and for
the deprotection of the adducts. Deprotection of 7
by basic hydrolysis followed by acidic treatment
[23] provided the known water soluble carbohy-
drates 8 and 9 in good yields (Table 1).

Antimicrobial activity screening of the syn-
thesized compounds 8 and 9 was determined by the
agar dilution technique, as recommended by the
Clinical and Laboratory Standard Institute (CLSI)
[24], utilizing a variety of Gram-positive bacteria
(Staphylococcus aureus and Enterococcus fecalis),
Gram-negative bacteria (Escherichia coli and
Klebsiella pneumoniae) and yeast (Candida albi-
cans). From the obtained results (Table 1) it has
been noticed that all of the tested compounds ex-
hibit promising antimicrobial properties against
both Gram-positive and Gram-negative bacteria.
However, all of the tested compounds seem com-
pletely inactive against the used yeast strain (C.
albicans). It has also generally been noticed that
compounds 9 are more effective antibacterial
agents than compounds 8. Also, compounds 9b
and 9c seem to be the most effectively prepared
Gram-negative antibacterial agents. This may be
attributed to the role of anisyl function attachment
to cyclopropane ring system as the most observed
enhancing antibacterial properties moiety compa-
rable with the other adopted residues.
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Table 1

Synthesis of cyclopropane derivatives 8 and 9

OH
OH HO—\ on
o
oH o oH
N HaC "
MeONa, MeOH, r.t. ’{I HO + R7»; ’1‘ o
15 min \© R \@
b
0
7 8 9
a:R=Ph a:R=Ph
b: R = p-NO,Ph b: R = p-NO,Ph
c: R=p-OCHzPh ¢: R=p-OCHzPh
Entry Cyclopropane 8/9 Ratio 8/9° yield (%)°
1 8a/9a 65/35 95
2 8b/9b 80/20 85
3 8c/9c 70/30 95

*Relative proportion determined by "H-NMR of the reaction crude.
®Combined yield after column chromatography.

Table 2

Minimum inhibitory concentrations (MIC, ug/ml) of the tested compounds
against different organisms

Compounds 8a 8b 8c 9a 9b 9c CIP AMP
Organisms
S.a. 10 10 10 5 0.9 0.7 0.3 )
E.f. 5 10 10 25 4 0.6 0.3 )
E.c. 10 10 5 25 0.5 15 0.3 )
K.p 25 5 10 2 1.7 25 1.3 )
Ca ) ) ) ) ) ) ) 4

CIP = Ciprofloxacin; AMP = Amphotericin B; (-) = inactive

4. CONCLUSION

In conclusion, we have developed a simple
preparation of glycol-cyclopropanes from a carbo-
hydrate-derived precursors via a 1,3-dipolar cy-
cloaddition reaction of aromatic diazo compounds
generated in situ in a one-pot sequence from the
ketones and tosylhydrazine. To the best of our
knowledge, this is the first report of the synthesis
of sugar-fused cyclopropanes heterocycles with an
attached pyridazine-3,6-dione core by means of
1,3-dipolar cyclo-addition of aromatic diazo-
alkanes. Cleavage of the ketal protecting groups
provided water-soluble cyclopropane-bearing car-

Maced. J. Chem. Chem. Eng. 35 (1), 45-52 (2016)

bohydrates 8 and 9. These compounds were tested
for antimicrobial properties against both Gram-
positive and Gram-negative bacteria. From these
studies, compounds 9b and 9¢c emerged as the lead
compounds, which showed maximum antimicrobi-
al activity. Thus, compound 9c represents a fruitful
matrix for the development of a new class of anti-
microbial agent that deserves further investigation
and derivatization.
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