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Schene 1SI. Synthesis of inhibitors (%)-7 and (z%)-13-

(+)-17. a) EtsN, CHC, 25°C 5 nin, 32 (79%, 33
(75%, 34 (50%, 35 (88%, 36 (82%, 37 (88%; hb) EtsN,
[PdCl o(PPhs)2], Cul, DWF, 25 °C, 5-26 h, (%)-13 (50%,
(£)-7 (70%, (%)-14 (68%, (+)-15 (90%, (*)-16 (76%,

(£)-17 (56%9. DWMF = N, N-Di net hyl f or mam de.
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Schene 2SI. Synthesis of inhibitors 8 and 9. a) NaH,
DVF, 25 °C, 16-24 h, 40 (95%, 41 (57%; b) Et 3N,

[PdC »(PPhs),], Cul, DMF, 25 °C, 19-26 h, 42 (84%, 9

(75%; c¢) HJ in MeOH (1.4M, 0 °C® 25 °C, 2 h, 97%
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Schene 3SI. Synthesis of inhibitors 10 and (%)-11. a)
NaH, DMF, 25-70 °C, 22-24 h, 45 (89%, (#)-46 (43%; b)
EtsN, [Pdd »(PPhs),], Cul, DWF, 25 °C, 25-24 h, 10 (4%,

(£)-11 (529 .
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Schene 48S|. Synthesis of inhibitor 18. a) EtsN
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Figure 1SI. Superposition of the two published X-ray

crystal structures of |spE. [1
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Lycopersicon esculentum
Chlamydia trachomatis
Desulfovibrio vulgaris
Bacteroides fragilis
Bordetella pertussis
Burkholderia mallei
Haemophilus influenzae
Escherichia coli
Pseudomonas aeruginosa
Xanthomonas campestris
Neisseria meningitidis
Clostridium thermocellum
Bacillus anthracis
Nostoc sp.
Mycobacterium tuberculosis
Thermus thermophilus
Sinorhizobium meliloti
Plasmodium falciparum
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Figure 2SI. Amno acid sequence alignnment of

n
T
m

proteins from various organi Sms. The alignnment was
constructed from |IspE amno acid sequences of 16
representative mnenbers from bacterial groups, from one
pl ant (Lycopersicon escul entum, and from one
api conpl exan protist (Plasnodium falciparum using the
program PileUp (GCG Madi son, Wsconsin). The nunberi ng
is according to the amno acid sequence of the
Escherichia coli protein. Arrows indicate the residues

ining the hydrophobic pocket as illustrated in Figure 3.
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Figure 3Sl. Exenpl ary kinetics for the inhibition of

| spE by (%)

-12 used to cal cul ate the Ki.-val ue.
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Figure 5SI. Crystal packing of inhibitor (%)-13.
Arrangenent of three neighboring nolecules in the crystal
of (%) -13, showing an extended H bonding network
involving both cytosine and sulfonamde noieties.
Di stances are given in A between heavy atons. The two
enanti omers each build H bonded chains of nolecul es al ong
a tw-fold screw axes in the direction of the
crystal | ographi c b-axis. Col or code: C. grey; O red;

N. blue; S yellow, F:. green.
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Experimental section of the supporting information

Ceneral : Solvents and reagents were purchased reagent-
grade and used wi thout further purification. Conpound 23
was synthesized according to a literature procedure.!?
Al reactions were carried out under an Ar atnosphere
unl ess otherw se stated. CHO, and toluene were freshly
distilled over CaH, and sodium respectively. All
products were dried under high vacuum (107 Torr) before
anal ytical characterization. TLC.  Alumnium sheets
coat ed with Si G- 60 UV2s4 from Macher ey- Nagel ,
visualization by UV light at 245 nm and staining with a
solution of KMy (1.5 g), KCO; (10 g), 5% NaOH (2.5 nl)
in HO (150 mL); or a solution of ninhydrin (0.3 g) in
butanol (100 nL) and glacial acetic acid (3 nL). Colum
chromat ography (CC): Si G-60 (230-400 nesh, 0.040-0.063
mm) from Fl uka. Anal ytical HPLC was perfornmed on a
Knauer Prontosil 120 C18 colum (259 x 4 mm 5 mm 100
A : products were eluted with a linear gradient (5-55%
of CHCN in HO containing 0.1% TFA over 20 min with a
flow rate of 1 nb/mn with UV detection at | = 254 nm
Preparative HPLC was perforned on a Knauer Prontosil 120-
5 C18 colum (250 x 25 mm 7 nmm 100 A); products were
eluted with a linear gradient (5-100%9 of CHsCN in HO

containing 0.1% TFA with a flow rate of 10 nL/mn with W

12



detection at | = 254 nm Melting points (np): Bilchi-510
appar at us; uncorrected. | R Spectra: Perkin El mer
Spectrum  BX FTIR System spectroneter (ATR-uni t,
Attenuated Total Reflection, Golden Gate). NVR spectra
(*H, '¥0Q: Varian Gemini-300, Bruker AMX-400, and Bruker
AMX- 500; spectra were recorded at 25 °C using the sol vent
peak as an internal reference. Coupling constants (J)
are given in Hz. The resonance nultiplicity is described
as s (singlet), br. s (broad singlet), d (doublet), t
(triplet), q (quartet), and m(multiplet). In the ¥*C NWR
spectrum of conpound 10, the signal fromthe CF; group is
not visible. H gh-resolution mass spectra (HRVS):
lonSpec Utima FT-1CR with 3-hyrdroxypicolinic acid (3-
HPA) as matrix (MALDI); M cromass Aut oSpec-U tima (El);
Finnigan TSQ 7000 (ESI). El emental anal yses were
performed by the Mkrolabor at the Laboratorium far
Organi sche Cheme, ETH Zirich. The nonenclature was

generated with the conputer program ACD/ Nanme (ACD/ Labs).

General procedure A for the Sonogashira cross coupling of
5-iodocytosine derivatives: To an Ar-degassed Schlenk
flask charged with iodocytosine (1.0 eq.), the acetyl ene
(1.1-3 eqg.), and Et3sN (2.0 Aquiv.) in anhydrous DWF,
[ PACl o(PPh3)2] (0.1 eq.) and Cul (0.2 eq.) were added at

25 °C. The mxture was left to stir at 25 °C in the
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dark, the solvent evaporated in vacuo, and the residue
purified by CC.

If purification by CC yielded the triethyl anmonium salt,
the solid was dissolved in CHCO ,/i-PrOH 3:1 washed wth
saturated aqueous NaC solution (3x), dried over Na,SQ,
filtered, and concentrated in vacuo.

CGeneral Procedure B for the al kylation of 5-iodocytosine
derivatives: To a suspension of the cytosine derivative
(1.1 eg.) and NaH (1.1 eq., as a 60% dispersion in
m neral oil) in anhydrous DVF stirred for 1.5 h at 25 °C,
the alkyl bromde (1.0 eq.) in anhydrous DVF was added
sl owy. The mxture was stirred at 25 °C and
concentrated in vacuo.

General Procedure C for the formation of a sulfonam de:
To a solution of propargyl amne (1 eq.) and EtsN (1.1
eq.) indry CHd, (0.13 M, the sulfonyl chloride (1 eq.)
was added dropwise at 0 °C.  The m xture was left to stir
at 25 °C for 5 mn and concentrated in vacuo.
(£)-N-{3-[4- Ami no- 2- ox0- 1-(tetrahydro-2-thienyl)-1, 2-

di hydr opyri m di n-5-yl ] prop-2-yn- 1-yl } et hanesul f onam de
((x)-7): General procedure A, starting from (%)-25 (50
nmg, 0.155 nmmol), 33 (25 ng, 0.171 mmol), EtsN (31 ng,
0.310 mmol), [Pdd 2(PPh3);] (11 ng, 0.016 mmol), and Cul
(6 mg, 0.031 mmol) in anhydrous DW (3.5 nl). The
m xture was left to stir for 26 h. Purification by CC

(CHA o/ MeOH 95:5) to yield (x)-7 (37 ng, 70% as an

14



orange solid. Mp: 192-197 °C, 'H NMR (300 MHz,
CDCl 3/ CDsOD 7:1): d = 1.31 (t, J = 7.5 Hz, 3 H), 1.78-1.97
(m 1 H, 1.99-2.11 (m 2 H), 2.20-2.28 (m 1 H), 2.85-
2.93 (m 1H, 3.04 (q J=7.5H, 2 H, 3.093.14 (m 1
H, 4.02 (s, 2 H, 6.17-6.20 (m 1 H), 8.10 ppm (s, 1 H);
BC NVR (125 Mz, (CD3).SO: d=7.9, 28.9, 32.7, 32.8,
36.8, 45.8, 64. 3, 75.3, 89.3, 91.3, 145. 2, 153. 7,
164.1 ppm IR (neat): [ = 3383, 3296, 2968, 1639, 1599,
1494, 1403, 1343, 1310, 1278, 1228, 1184, 1136, 1081,
972, 878, 847, 778, 715, 639 cm%: HRVS  (MALDI ) :
calculated for  CisHoNGS," (M) 343. 0893, f ound:
343. 0899.

N-{3-[ 4- Ami no- 2- oxo- 1- (1H pyrazol - 3-yl met hyl ) -1, 2-

di hydr opyri m di n-5-yl ] prop-2-yn- 1-yl } et hanesul f onam de
(8): To 42 (45 ny, 0.101 mmol), HA in MeOH (1.4 M 2.41
m., 3.38 nmmol) was added and the mxture stirred at 0 °C
for 1 h and at 25 °C for 1 h. The mxture was
concentrated in vacuo. Purification by CC (CHO o/ MeOH
90:10, 2% N (25% in HO) to yield 8 (33 ng, 97% as an
off-white solid. Mp:  219-224 °C, 'H NMR (300 MHz,
(CD:),SO, 1 drop DO, 1 drop TFA): d=1.19 (t, J = 7.5
Hz, 3 H, 3.08 (q, J =7.5Hz, 2 H, 4.03 (s, 2 H, 5.00
(s, 2 H, 6.28 (d, J =2.3 Hz, 1 H, 7.68 (d, J = 2.3 Hz,
1 H, 823 (s, 1 H, 841 ppm(s, 1 H: C NW (125 M,

(CDy),SO): d=7.9, 32.6, 45.9, 75.2, 79.1, 88.4, 91.2,

15



103.6, 129.3, 147.3, 149.1, 153.9, 164.6 ppm IR (neat):
n = 3329, 3073, 2231, 1626, 1494, 1450, 1428, 1393, 1309,
1237, 1210, 1180, 1130, 1081, 1054, 994, 920, 842, 772,
719, 662 cm; HRVS (MALDI): calculated for CizHi7NeGsS*
(MH): 337.1077, found: 337.1084; Anal . calculated for
CisHisNeGS (336.37): C 46.42, H 4.79, N 24.98; found: C
46. 37, H 4.87, N 24.65.

N-[ 3- (4- Am no- 1- benzyl - 2- oxo- 1, 2- di hydr opyri m di n- 5-

yl ) prop-2-yn-1-yl ] et hanesul f onam de (9): Cener al
procedure A, starting from 41 (100 ngy, 0.306 mml), 33
(49 ny, 0.336 mol), FEtsN (62 ng, 0.611 mol),
[ PAC »( PPhs) ] (22 nmg, 0.031 mmol), and Cul (12 ng, 0.061
mol ) in anhydrous DVF (7 ni). The m xture was left to
stir for 26 h. Purification by CC (CHCO o/ MeOH 95:5) to
yield 9 (79 nmg, 75% as a white solid. Mp: 238-240 °C
'H NMR (300 MHz, CDO s/ CDsCD 7:1): d=1.27 (t, J = 7.4
Hz, 3 H), 3.00 (q, J =7.4 H, 2 H, 3.96 (s, 2 H, 4.88
(s, 2 H, 7.20-7.31 (m 5 H, 7.39 ppm (s, 1 H; C NWR
(75 MHz, (CD3).SO: d = 8.0, 32.6, 45.8, 51.6, 75.1, 88.7,
91.4, 127.5, 127.6 (2C), 128.5 (2C), 137.4, 149.2, 154.1,
164.7 ppm IR (neat): A = 3444, 3084, 1665, 1621, 1504,
1450, 1393, 1359, 1319, 1278, 1235, 1210, 1196, 1144,
1075, 1048, 915, 825, 777, 751, 695, 674 cm?; HRMS
(MALDI ) : cal cul ated for CigthoNsO:ST (MHY): 347.1172, found:

347.1164.
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Et hyl [ 4- am no- 2- ox0-5-(3-{[ (2, 2, 2-
trifluoroethyl)sul fonyl]am no}prop-1-yn-1-yl)pyrimdin-

1(2H)-yl ] acetate (10): GCeneral procedure A starting from
45 (112 ng, 0.347 mol), 32 (80 ng, 0.398 mmol), EtsN (80
mg, 0.796 mmol), [Pdd y(PPhs),] (25 nmg, 0.036 mml), and
Cul (14 ng, 0.072 mmol) in anhydrous DMF (8 nl). The
m xture was left to stir for 25 h. Purification by CC
(CHA o/ MeOH 95:5), followed by reversed-phase HPLC (0. 1%

TFA, H,O CHCN 95:5 ® 60:40 in 12 mn, 60:40 ® 50:50 in

24 mn, 50:50 ® 0:100 in 4 mn, 14 mn at 0:100) to
yield 10 (7 nmg, 4% as a white solid. Mp: 254-258 °C,
'H NMR (300 MHz, (CD;).SO: d=1.19 (t, J = 7.2 Hz, 3 H),

4.11 (q, J = 7.2 Hz, 2 H), 4.12 (s, 2 H, 4.46 (s, 2 H),

4.49 (q, J = 10.0 Hz, 2 H), 6.91 (br. s, 1 H), 7.81 (br.

s, 1L H, 7.97 (s, 1 H, 8.33 ppm (br. s, 1 H; *C NW\R
(125 MHz, (CDs).SO: d = 14.0, 32.8, 50.0, 52.8, 61.0,
75.2, 88.6, 90.7, 149.8, 154.0, 165.0, 168.3 ppm (the
signals fromthe CF; group were not visible); IR (thin
film: n = 3440, 2358, 1738, 1634, 1494, 1425, 1378,
1343, 1325, 1276, 1251, 1215, 1157, 1131, 1090, 1053,
1024, 910, 819, 782, 668 cm?; HRVS (MALDI): cal cul ated
for CisHieFsNiOST (MHY): 397.0788, found: 397.0784.

() - N-{3-[4- Ami no- 2- oxo- 1- (t et rahydr of uran-2-yl net hyl) -

1, 2-di hydropyri m di n-5-yl ] prop-2-yn-1-yl}-2, 2, 2-

trifluoroethanesul fonamde ((%)-11): General procedure A,

17



starting from (+)-46 (140 ng, 0.44 mol), 32 (176 ny,
0.87 mml), EtsN (0.18 ni, 1.31 nmol), [Pdd z(PPhs)]
(30.6 ng, 0.044 mmol), and Cul (16.6 ng, 0.087 mmol) in
anhydrous DMF (10.1 nlL). The mxture was left to stir
for 24 h. Purification by CC (CHC »/ MOH 95:5) to yield
(£)-11 (89 ngy, 52% as a brown solid. Mp: > 134 °C
(dec.); 'H NWR (300 MHz, CDCl 3/ CD:OD 3:1): d = 1.30-1.45
(m 2H), 1.67-1.76 (m 1H), 1.80-1.92 (m 1H), 3.30-3.45
(m 1H), 3.55-3.68 (m 2H), 3.81 (g, J = 9.1, 2H), 3.95
(s, 2H), 4.09-4.22 (m 2H), 7.50 ppm (s, 1H); *C NWR
(125 MHz, (CD3),SO): d = 25.0, 28.1, 32.7, 52.1, 53.0 (q,
J = 29.5 Hz), 67.0, 69.7, 75.7, 75.8, 90.4, 122.4 (q, J =
275.5 Hz), 150.1, 154.1, 164.6 ppm IR (thin film: A =
3734, 3628, 2994, 2359, 2342, 1718, 1653, 1506, 1394,
1351, 1322, 1251, 1159, 1131, 1082, 891, 844, 809, 781,
736, 702, 668 cm; HRVMS (MALDI): calculated for
CiaHhsFsNeOiS™ (MHY) : 395. 0995, found: 395.0993.
(£)-N-{3-[4- Ami no- 2- ox0- 1- (tetrahydro-2-thienyl)-1, 2-

di hydr opyri m di n-5-yl ] prop- 2-yn- 1-

yl }cycl opropanesul fonam de ((x)-12): General procedure A,
starting from (%)-25 (112 ng, 0.35 mol), 21 (110 ny,
0.69 mml), EtsN (0.15 ni, 1.04 nmol), [Pdd z(PPhs)]
(24.4 mg, 0.035 mml), and Cul (13.1 ng, 0.07 mml) in
anhydrous DWVF (8 nlL). The m xture was left to stir for

22 h. Purification by CC (CHC o/ MeOH 96:4) to yield (%)-

18



12 (116 nmy, 94% as a brown solid. Mp: 160-161 °C. H
NVR (300 MHz, (CD3).SO: d = 0.94 (d, J = 6.1, 4H), 1.93-
2.05 (m 3H), 2.15-2.20 (m 1H), 2.65 (q, J = 6.1, 1H),
2.82-2.88 (m 1H), 3.15-3.30 (m 1H), 4.05 (d, J = 5.7
Hz, 2H), 6.12-6.15 (m 1H), 6.84 (br. s, 1H), 7.56 (t,
J =57 Hz, 1H), 7.82 (br. s, 1H), 8.11 ppm (s, 1H):; ¥cC
NVR (75 Mz, (CDs),SO: d = 4.8 (2C), 28.8, 29.3, 32.6,
32.8, 36.7, 64. 1, 75.2, 89.2, 91.4, 145. 0, 153. 6,
163.9 ppm IR (neat): A = 3383, 3098, 2946, 2227, 1667,
1637, 1610, 1505, 1429, 1404, 1230, 1188, 1137, 1080,
1038, 974, 884, 853, 778, 698, 641 cm?’; HRVS (ESI):
cal cul ated for CiyHisNyNaG:S," ([M + Na]¥): 377.0713, found:
377.0714. Anal . calculated for GCisHisNGS, (354.08): C
47.44, H 5.12, N 15.81, found: C 47.31, H 5.14, N 15.54.
(£)-N-{3-[4- Ami no- 2- ox0- 1- (tetrahydro-2-thienyl)-1, 2-

di hydr opyri m di n-5-yl ] prop-2-yn-1-yl}-2,2, 2-
trifluoroethanesul fonamde ((%)-13): General procedure A,
starting from (x)-25 (80 ng, 0.25 mml), 32 (54 ny, 0.27
mmol ), EtsN (70 ni, 0.5 mol), [Pdd (PPhs),] (17.5 ny,
0.025 nmmol ), and Cul (9.5 ng, 0.05 mmol) in anhydrous DMF
(5.7 nm). The mxture was left to stir for 5 h.
Purification by CC (CHCO o/ MeOH 96:4) to yield (£)-13 (50
my, 50% as an off-white solid. Mp: 194-195 °C, 'H NWR
(300 MHz, (CD3).SO): d = 21.94-2.06 (m 3H), 2.17-2.23 (m

1H), 2.82-2.89 (m 1H), 3.16-3.26 (m 1H), 4.12 (d, J =

19



4.8 Hz, 2H), 4.52 (q, J = 9.9 Hz, 2H), 6.13-6.17 (m 1H),
6.89 (br. s, 1H), 7.83 (br. s, 1H), 8.14 (s, 1H),
8.33 ppm (t, J = 4.8 Hz, 1H); BC NWR (125 MHz,
(CD;).SO: d=28.9, 32.8 (20, 36.9, 53.0 (g, J =129.4
Hz), 64.3, 75.7, 89.1, 90.6, 122.4 (q, J = 275.6 Hz),
145.4, 153.7, 164.0 ppm IR (thin film: A = 3294, 2972,
2926, 2360, 2342, 1652, 1432, 1376, 1230, 1195, 1147,
10734, 668, 612 cm?; HRVS (MALDI): calculated for
CisHisF3sNiO;S," (MHY) : 397. 0616, found: 397. 0605.
(£)-N-{3-[4- Ami no- 2- ox0- 1- (tetrahydro-2-thienyl)-1, 2-

di hydropyri m di n-5-yl ] prop-2-yn-1-yl}-1,1, 1-
trifluoronethanesul fonam de ((x)-14): GCeneral procedure
A, starting from (%)-25 (112 ng, 0.35 nmmol), 34 (130 ny,
0.69 mml), EtsN (0.15 nl, 1.04 mol), [Pdd ,(PPhs3);]
(24.4 ng, 0.035 nmol), and Cul (13.1 ng, 0.07 nmol) in
anhydrous DWVF (8 nL). The m xture was left to stir for
22 h. Purification by CC (CHC 2/ MeOH 96:4) to yield (z)-
14 (90 ng, 68% as a yellow solid. M > 155 °C (dec.);
'H NVR (300 MHz, CDO 3/ CD:OD 7:1, 45 °C: d = 1.65-1.85
(m 1H), 1.87-2.10 (m 2H), 2.12-2.32 (m 1H), 2.78-2.92
(m 1H), 3.03-3.14 (m 1H), 4.06-4.19 (m 2H), 6.06-6.20
(m 1H), 8.07 ppm (s, 1H); C NWR (75 Mz, (CDs).SO:
d=29.6, 33.5, 34.6, 37.6, 62.7, 65.2, 77.0, 90.5, 120.3
(q, J = 322.9 Hz), 146.3, 154.3, 164.8 ppm IR (neat): A

= 3425, 3336, 2967, 2360, 1644, 1603, 1505, 1404, 1368,
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1299, 1224, 1181, 1146, 1074, 972, 859, 780, 680 cm';
HRVG  (MALDI): cal culated for CioHiaFsNiGsS," (IMHY)
383. 0454, found: 383.0449.

(£)-N-{3-[4- Ami no- 2- ox0- 1- (tetrahydro-2-thienyl)-1, 2-

di hydr opyri m di n-5-yl ] prop-2-yn-1-yl } met hanesul f onam de
((£)-15): Ceneral procedure A, starting from (z)-25 (120
nmg, 0.37 mml), 35 (98.8 ng, 0.74 mmol), EtsN (0.16 m,
1.04 mmol ), [Pdd z(PPh3);] (26.1 ng, 0.037 mmol), and Cul
(14.1 nmg, 0.074 mmol) in anhydrous DW (8.6 nlL). The
m xture was left to stir for 21 h. Purification by CC
(CHA o/ MeOH 97:3) to yield (£)-15 (110 ng, 90% as a
brown solid. M: 165-166 °C, *H NVR (300 MHz, (CDs).SO):
d=1.94-2.06 (m 3H), 2.15-2.22 (m 1H), 2.80-2.88 (m
1H), 2.99 (s, 3H), 3.15-3.26 (m 1H), 4.04 (d, J = 5.6
Hz, 2H), 6.12-6.16 (m 1H), 6.88 (br. s, 1H), 7.50 (t, J
= 5.6 Hz, 1H), 7.82 (br. s, 1H), 8.13 ppm (s, 1H; *C
NVR (75 MHz, (CD;),SO: d=29.0, 32.8, 32.9, 36.8, 64.3
(2C), 75.5, 89.3, 91.2, 145.3, 153.7, 164.1 ppm I R
(neat): n = 3416, 3310, 3065, 2923, 2862, 2362, 2227,
1636, 1592, 1504, 1482, 1431, 1403, 1298, 1251, 1229,
1140, 1057, 1011, 971, 851, 780, 667 cm’; HRVS (MALDI) :
cal cul ated for GCHieNsNaGS," ([M + Na] ¥): 351. 0556, found:
351. 0561; Anal . calculated for GCpHisNGS, (328.07): C

43.89, H 4.91; found: C 43.89, H 5.15.
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(£)-N-{3-[4- Ami no- 2- ox0- 1- (tetrahydro-2-thienyl)-1, 2-

di hydr opyri m di n-5-yl ] prop-2-yn-1-yl } propane- 1-

sul fonam de ((%)-16): GCeneral procedure A, starting from
(£)-25 (112 ng, 0.35 mmol), 36 (111.8 ng, 0.69 mmol),
EtsN (0.15 nl, 1.04 mmol), [Pdd »(PPhs),] (24.4 ngy, 0.035
mml ), and Cul (13.1 ng, 0.069 mmol) in anhydrous DV (8
m) . The mxture was left to stir for 21 h,.
Purification by CC (CHC o/ MeCH 97:3) to yield (%)-16 (94
my, 76% as an off-white solid. Mp: >201 °C (dec.); 'H
NMR (300 MHz, (CD3).SO: d=10.93 (t, J = 7.4 Hz, 3H),
1.62-1.73 (m 2H), 1.90-2.05 (m 3H), 2.15-2.22 (m 1H),
2.82-2.88 (m 1H), 3.06-3.11 (m 2H), 3.18-3.25 (m 1H),
4.01 (d, J = 5.8 Hz, 2H), 6.12-6.16 (m 1H), 6.89 (br. s,
1H), 7.55 (t, J = 5.8 Hz, 1H), 7.82 (br. s, 1H), 8.12 ppm
(s, 1H; C NWR (75 MHz, (CDs),SO): d = 12.6, 16.9, 28.9,
32.7, 32.8, 36.9, 53.1, 64.3, 75.3, 89.3, 91.4, 145.3,
153.7, 164.1 ppm IR (neat): A = 3393, 3317, 3210, 3051,
2962, 2872, 2707, 2359, 2235, 1666, 1642, 1604, 1534,
1503, 1462, 1400, 1342, 1312, 1294, 1248, 1225, 1178,
1080, 1055, 970, 925, 892, 876, 844, 779, 737, 696, 668,
643 cm'; HRVS: calculated for GCuaHoNiNaGS," ([M + Na] ):
379. 0869, f ound: 379. 0873; Anal . calculated for
CiaHboNy3:S; (356.10): C 47.17, H 5.56; found: C 47.06, H

5.73.
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(£)-N-{3-[4- Ami no- 2- ox0- 1- (tetrahydro-2-thienyl)-1, 2-

di hydr opyri m di n-5-yl ] prop-2-yn-1-yl } benzenesul f onanm de
((£)-17): GCeneral procedure A starting from (x)-25 (80
mg, 0.25 mmol), 37 (53 ng, 0.27 mol), EtsN (70 nL, 0.5
mmol ), [Pdd 2(PPh3),] (17.5 ng, 0.025 mmol), and Cul (9.5
nmg, 0.05 mmol) in anhydrous DVMF (5.7 nl). The m xture
was left to stir for 5 h. Purification by CC (CHO »/ MeCH
96:4) to yield (£)-17 (55 ng, 56% as a yellow solid.
Mp: 173-174 °C, 'H NWR (300 MHz, (CD;).SO: d = 1.89-2.02
(m 3H), 2.16-2.20 (m 1H), 2.83-2.91 (m 1H), 3.19-3.31
(m 1H), 3.95 (d, J = 5.7 Hz, 2H), 6.11-6.14 (m 1H),
6.64 (br. s, 1H), 7.54-7.65 (m 3H), 7.76 (br. s, 1H),

7.83 (s, 1H), 7.76-7.87 (m 2H), 8.11 ppm (t, J 5.7 Hz,

1H); 3C NWR (125 MHz, (CD3).SO: d = 28.9, 32.8, 33.0,
37.0, 64.2, 75.5, 89.2, 90.3, 126.7 (20, 129.1 (20,
132.5, 140.2, 144.8, 153.6, 163.8 ppm IR (thin film: A
= 3307, 2973, 2879, 2360, 2341, 1376, 1225, 1195, 1150,
1074, 668 cm’; HRVS (ESI): calculated for Cp7HigNsNaG:S,*
([M+ Na]*): 413.0713, found: 413.0735.

4- Am no- 1- benzyl - 5- ( 3- hydr oxypr op- 1-yn- 1-yl ) pyri m di n-
2(1H) -one (18): Ceneral procedure A, starting from 41
(100 ng, 0.306 mml), propargyl alcohol (47) (51 nmg,
0.917 mmol ), Et3N (62 ng, 0.611 mmol), [Pdd z(PPhs),] (22
nmg, 0.031 mmol), and Cul (12 ng, 0.061 mmol) in anhydrous

DMF (7 nl). The mxture was left to stir for 24 h.
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Purification by CC (CHO o/ MeOH 95:5) to yield 18 (40 ny,
51% as an off-white solid. Mp: 184-187 °C, 'H NWR (300
MHz, CDCl 3/ CDsOD 7:1): d=4.31 (s, 2 H, 4.90 (s, 2 H),
7.21-7.34 (m 5 H), 7.40 ppm (s, 1 H); C NWR (75 Mz,
(CD3),SO): d=49.7, 51.6, 75.5, 89.1, 94.9, 127.3, 127.5
(20), 128.3 (2C), 137.2, 148.8, 153.9, 164.4 ppm IR
(thin film: A = 2360, 1643, 1496, 113, 1024, 649 cm?;
HRVG (MALDI): calculated for CuHisNeO™ (MHY): 256. 1081,
found: 256.1084.

N- Prop- 2-yn-1-yl cycl opr opanesul f onam de (21): Cener al
procedure C, starting from propargyl amne (19) (0.46 L,
7.1 mol), cycl opr opanesul f onyl chloride (20) (1g,
7.1 mol), and EtsN (1.1 nL, 7.8 mmol) in dry CHOd,
(53 ). Purification by CC (EtQAc/cycl ohexane 2:3) to
yield 21 (814 ny, 72% as a colorless oil. 'H NWR (300
MHz, (CDCOl3): d=0.95-1.05 (m 2H), 1.08-1.19 (m 2H),
2.34 (t, J = 2.5 Hz, 1H), 2.48-2.57 (m 1H), 3.89 (m
2H), 5.14 ppm (br. s, 1H; BC NWR (75 Mz, CDd 3):
d=5.7 (2C), 30.4, 32.5, 72.7, 79.4 ppm IR (neat): A =
3276, 2924, 2360, 2336, 1429, 1327, 1300, 1146, 1074,
891, 835, 668 cm'; HRMB (ESI): calculated for GHyNNaG,S*
([M+ Na]*: 182.0246, found: 182.0242. Anal. calcul ated
for CsHeNGS (159.04): C 45.27, H 5.70, N 8.80; found: C

44.99, H 5.73, N 8.82.
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(%) - 4- Ami no- 5-i odo- 1- (tetrahydro-2-thienyl)pyrimdin-2-
(1H) -one ((x)-25): To a suspension of 23 (474 mg, 2 mol)
in dry toluene (20 m.) were added Et3N (1.12 nmi, 8 nmmol)
and trinmethylsilyl trifluornethanesulfonate (1.54 nmL, 8
mmol) at 25 °C.  Tetramet hyl ene sulfoxide (24) (0.18 mi,
2 mol) and Znl, (384 ng, 1.2 mol) were added at 0 °C
The m xture was stirred at 25 °C for 17 h. The resulting
m xture was washed with saturated aqueous NaHCO; sol ution
(90 ni). The aqueous |layer was extracted with CHOC ,/i -
PrOH 3:1 (3 x 80 nL). The conbined organic phases were
washed with saturated aqueous NaC solution (3 x 80 nli),
dried over Na, SO, and concentrated in vacuo.
Purification by CC (CHO o/ MeOH 99:1 ® 96:4) to yield
(x)-25 (388 ng, 60% as a white solid. Mp: 183-187 °C,
'H NMR (300 MHz, CDOl3): d= 1.78-1.93 (m 1 H), 2.02-
2.18 (m 2 H), 2.28-2.40 (m 1 H, 2.91-2.99 (m 1 H),
3.16-3.23 (m 1 H), 553 (br. s, 1 H, 6.26-6.30 (m 1
H, 8.21 (s, 1 H, 8.24 ppm (br. s, 1 H: BCNW (75
MHz, CDCl 3/ CD;OD 7:1): d = 28.1, 33.2, 38.4, 56.2, 65.6,
147.8, 155.5, 163.4 ppm IR (neat): A = 2948, 1630,
1470, 1386, 1273, 1224, 1169, 1130, 1076, 876, 771,
638 cm?'; HRMS (MALDI): calculated for GCgHuil NsOS™ (MHY):
323. 9662, found: 323.9660.

2,2,2-Trifluoro-N prop-2-yn-1-yl et hanesul f onam de (32):

CGeneral procedure C, starting from propargyl amne (19)
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(0.26 mL, 4 mml), 2,2,2-trifluoroethanesul fonyl chloride
(26) (0.44 m., 4 mmol), and EtsN (0.61 nL, 4.4 mol) in
dry CHdO, (30 nL) to yield 32 (633 ng, 79% as an orange
sol i d. Purification by CC (EtOAc/cycl ohexane 1:1). Mp:
56-59 °C; 'H NWMR (300 MHz, CDO3): d=2.45 (t, J = 2.5
Hz, 1 H, 3.99 (g, J =88 H, 2 H, 4.04 (dd, J = 6.0,
2.5 Hz, 2 H, 4.87 ppm (br. s, 1 H: ¥C NW (75 Mz,
CDCl3): d=32.9, 55.1 (q, J = 31.1 Hz), 74.2, 77.7, 117.7
ppm (q, J = 277.1 Hz); IR (neat): A = 3321, 3306, 3019,
2961, 2853, 2127, 1430, 1400, 1367, 1325, 1260, 1241,
1154, 1139, 1084, 1070, 992, 926, 888, 857, 817, 674,
655, 630 cm'; HRMS (ESI): calculated for GHsFsNO:S' ([ M
H *): 199.9999, found: 200.0034; Anal . calculated for
GsHsFsNG:S (201.01): C 29.85, H 3.01, N 6.96; found: C
29.78, H 3.06, N 6.99.

N- Prop- 2-yn- 1-yl et hanesul f onani de  (33):!3 Gener al
procedure C, starting from propargyl amne (19) (110 nmg,
2.0 mmol), ethanesulfonyl chloride (27) (257 ng, 2.0
mml ), and EtsN (223 ng, 2.2 mmol) in dry CHCd, (15 nl)
to yield 33 (222 ng, 75% as an orange oil. Purification
by CC (EtOAc/cycl ohexane 1:1). 'H NMR (300 MHz, CDC 3):
d=1.42 (t, J =7.5 H, 3H, 2.35 (t, J =2.5H, 1H),
3.18 (q, J = 7.5 Hz, 2 H), 3.97 (dd, J = 3.7, 2.5 Hz, 2
H, 4.48 ppm (br. s, 1 H; BC NWR (75 Miz, CDds):

d=28.3, 32.6, 47.8, 72.9, 78.9 ppm IR (neat): n =
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3275, 3136, 3062, 2944, 2360, 1770, 1694, 1645, 1609,
1565, 1496, 1434, 1380, 1350, 1315, 1284, 1233, 1182,
1138, 1063, 930, 909, 833, 777, 715, 690, 648. Spectr al
data consistent with known dat a.

1,1,1-Trifluoro-N prop-2-yn-1-yl net hanesul fonam de (34):
CGeneral procedure C, starting from propargyl amne (19)
(0.51 m., 8 mmol), trifluoromethanesul fonyl chloride (28)
(0.85 nL, 8 mml), and EtsN (1.22 nL, 8.8 mmol) in dry
CH,CO, (60 nL). Purification by CC (EtOAc/cycl ohexane
1:1) to yield 34 (748 ny, 50% as an orange oil. 'H NWR
(300 MHz, (CDCl3): d=2.42. (t, J = 2.5 Hz, 1H), 4.07-
4.13 (m 2H), 5.55 ppm (br. s, 1H); BC NWR (75 Mz,
CDA3): d=33.9, 74.1, 76.7, 119.29 (q, J = 320.4 Hz),
145.4, 153.7, 164.0 ppm IR (neat): A = 3300, 2923,
2360, 2342, 1653, 1436, 1375, 1232, 1197, 1145, 1068,
635, 616 cm'; HRMS (ESI): calculated for GHsFsNOS ([ M
H "): 185.9842, found: 185.9840.

N- Pr op- 2- yn- 1- yl met hanesul f onani de (35):[4 Gener al
procedure C, starting from propargyl amne (19) (0.51 ni,
8 muol ), nethanesul fonyl chloride (29) (0.62 ni, 8 nmol),
and EtsN (1.22 ni, 8.8 mol) in dry CHO, (60 nl).
Purification by CC (EtOAc/cyclohexane 1:1) to yield 35
(940 nm, 88% as a colorless crystalline solid
( Et 0Ac/ cycl ohexane) . 'H NMR (300 MHz, CDCl3): d = 2.38

(t, J = 2.6 H, 1H), 3.09 (t, J = 1.2 Hz, 3H), 3.91-3.98
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(m 2H), 4.87 ppm (br. s, 1H; C NWR (75 Miz, CDd3):
d=32.6, 41.4, 73.3, 78.9 ppm IR (neat): n = 3298,
3269, 3020, 2937, 2122, 1758, 1438, 1412, 1327, 1302,
1245, 1149, 1061, 1004, 972, 923, 828, 764, 710, 680,
639, 616; M5 (ESI): calculated for CHNOS ([MH™):
132.0, found: 132.0. Spectral data consistent with known
dat a.

N- Prop- 2-yn- 1-yl propane- 1- sul f onani de  (36): 3 Gener al
procedure C, starting from propargyl amne (19) (0.51 ni,
8 mol ), 1-propanesul fonyl chloride (30) (0.90 ni, 8
mmol), and EtsN (1.22 n, 88 mvol), in dry CHC,
(60 ). Purification by CC (EtQAc/cycl ohexane 1:2) to
yield 36 (1.05 g, 82% as a yellowoil. *H NWR (300 Mz,
CDA3): d=1.00 (dt, J = 2.8, 7.5 Hz, 3H), 1.74-1.86 (m
2H), 2.33 (t, J = 2.6 Hz, 1H), 3.04-3.10 (m 2H), 3.86
(dd, J = 2.6, 5.9 Hz, 2H), 5.26 ppm (br. s, 1H; C NWR
(75 Mz, CDOs3): d=12.8, 17.1, 32.2, 54.8, 72.6,
79.0 ppm IR (neat): A = 3274, 2937, 2361, 1431, 1322,
1258, 1045, 924, 867, 668, 634 cm’; HRVS (ESI):
calculated for GCsHiiNNaG,S" ([M + Na]¥): 184.0403, found:
184.0398. Spectral data consistent with known dat a.

N- Pr op- 2- yn- 1- yl benzenesul f onani de (37): 03 Gener al
procedure C, starting from propargyl amne (19) (0.26 nL,
4 mmol ), phenyl sul fonyl chloride (31) (0.51 nL, 4 mol),

and EtsN (0.61 nL, 4.4 mol) in dry CHC, (30 nm).
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Purification by CC (EtOAc/cyclohexane 1:3) to yield 37
(689 ny, 88% as a yellow oil. *H NWMR (300 MHz, CDCl 3):
d=208(t, J =25H, 1H, 3.83 (dd, J = 2.5, 5.9 Hz,
2H), 5.23 (br. s, 1H), 7.47-7.60 (m 3H), 7.88-7.92 ppm
(m 2H; C NWR (75 Mz, CDCl3): d=32.8, 72.9, 77.8,
127.1 (2C), 128.9 (2C), 132.8, 139.2 ppm IR (neat): A =
3283, 3012, 2672, 1448, 1326, 1159, 1094, 1070, 926, 835,
756, 722, 689, 633 cm’; HRVS (ESI): calculated for
CoHbNNaO,S* ([M + Na]): 218.0246, found: 218.0247.
Spectral data consistent with known data.

3- [ (4- Ani no- 5-i odo- 2- oxopyri ni di n-1(2H) -yl ) met hyl ] - N, N-

di et hyl - 1H pyrazol e- 1- sul f onam de (40): Cener al
procedure B, starting from 23 (97 ng, 0.410 nmol), NaH
(16 ng, 0.410 mol), and 3-(brononet hyl)- N, N-di net hyl - 1H
pyrazol - 1-sul fonami de (38)!® (100 ng, 0.373 mol) in
anhydrous DMF (2 x 4 nL). The mxture was left to stir
for 16 h. Purification by CC (CHC o/ MeOH 99:1 ® 96:4)
to yield 40 (151 ng, 95% as a white solid. Mp: 196-
198 °C; 'H NWR (300 MHz, CDd3): d=3.05 (s, 6 H, 5.28
(s, 2 H, 6.43 (d, J =1.9 H, 1 H, 7.60 (d, J = 1.9 Hz,
1 H, 7.86 ppm (s, 1 H:;: BC NWR (75 Mz, (CDs)2SO:
d=38.6 (20, 45.2, 56.5, 106.9, 142.7, 144.0, 151.8,
154.2, 164.4 ppm IR (neat): [ = 3438, 2948, 1633, 1455,
1418, 1393, 1382, 1355, 1325, 1275, 1206, 1169, 1128,

1094, 1055, 1027, 971, 944, 920, 886, 810, 789, 779, 728,
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714, 640, 625 cm’; HRVS (MALDI): calculated for
CioHusl NeOsS*  (MHY):  424.9887, found: 424.9875; Anal .
calculated for CioHisl NsG;S (424.22): C 28.31, H 3.09, N

19.81; found: C 28.36, H 3.05, N 19.55.

4- Am no- 1- benzyl - 5-1 odopyri m di n-2(1H) -one (41): Ceneral
procedure B, starting from 23 (474 ny, 2.00 nmol), NaH
(48 ng, 2.00 mml), and benzyl bromde (39) (311 ng, 1.82
nmmol ) in anhydrous DMF (2 x 20 nmL). The mxture was |eft
to stir for 24 h. Purification by CC (CHCO o/ MeOH 98:2 ®
90:10) to yield 41 (337 ng, 57% as a white solid. Mp:
225-228 °C; 'H NMR (300 MHz, (CD:)2SO: d=4.85 (s, 2
H, 6.54 (br. s, 1 H, 7.26-7.33 (m 5 H, 7.72 (br. s, 1
H, 8.22 ppm (s, 1 H; ¥C NWR (75 Miz, CDO s/ CD;OD 7:1):
d =52.5 56.6, 127.8 (2C, 128.2, 128.8 (2C, 135.1,
150.5, 156.4, 163.5 ppm IR (thin film: A = 2359, 2341,
1626, 1543, 1365, 1280, 1218, 1070, 1023, 827, 733, 681,
645 cm?; HRVS (MALDI): calculated for CiiHhil NsO (MY :
327.9941, found: 327.9944.

3-{[4- Ami no-5-{3-[ (et hyl sul fonyl )am no] prop-1-yn-1-yl}-2-
oxopyrimdin-1(2H) -yl ] nmethyl }-N, N-di net hyl - 1H pyrazol e- 1-
sul fonam de (42): General procedure A, starting from 40
(110 ng, 0.259 nmmol), 33 (42 ngy, 0.285 mmol), Et3N (52
ng, 0.518 mmol), [Pdd ,(PPhs3),] (18 ng, 0.052 nmol), and
Cul (18 ng, 0.026 nmmol) in anhydrous DWVF (6 nlL). The

m xture was left to stir for 19 h. Purification by CC
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(CHC o/ MeOH 99:1 ® 96:4) to yield 42 (97 ng, 84% as a
yel l ow solid. Mp: 210-212 °C. 'H NWVR (300 MHz,
CDO 5/ CDsOD 7:1): d=1.32 (t, J = 7.5 Hz, 3 H), 2.98 (s,
6 H, 3.05 (q, J = 7.5 H, 2 H, 4.02 (s, 2 H, 5.18 (s,
2 H, 6.32 (d, J =13 H, 1 H, 7.56 (d, J = 1.3 Hz, 1
H, 7.65 ppm (s, 1 H: BC NWR (75 Mz, CHO o/ MeOH 9:1):
d=10.0, 33.0, 39.0 (2C), 44.7, 47.5, 74.5, 90.8, 91.86,
109.7, 140.7, 142.1, 147.9, 154.7, 164.7 ppm IR (neat):
n = 3379, 3101, 1665, 1621, 1505, 1455, 1373, 1318, 1281,
1235, 1215, 1173, 1140, 1068, 976, 919, 786, 720, 695,
676, 655, 608 cm’; HRVMS (MALDI): calculated for

CisHaNyGS," (MHY) @ 444, 1118, found: 444.1111.

Et hyl (4- am no-5-i odo- 2- oxopyrim di n-1(2H) -yl )acetate

(45): General procedure B, starting from 23 (948 ng, 4
mmol), NaH (176.4 ng, 4.4 mmol), and ethyl bronpacetate
(43) (735 ng, 4.4 mmol) in anhydrous DWVF (60 + 20 nl).
The m xture was left to stir for 22 h. Purification by CC
(CHO o/ MeOH 97.5:2.5) to yield 45 (1.15 g, 89% as a
white solid. Mp: 207-209 °C, 'H NMR (300 MHz, CDd 3):
d=1.30(t, J =7.2H, 3H, 425 (q, J =7.2 H, 2 H)),
4.51 (s, 2 H, 7.57 ppm (s, 1 H); BC NWVR (125 Mz,
(CD;).SO): d=14.0, 49.6, 55.6, 60.9, 152.2, 154.5,
164.3, 168.4 ppm IR (neat): A = 3460, 2977, 2250, 1723,
1633, 1478, 1412, 1397, 1368, 1356, 1330, 1282, 1230,

1207, 1093, 1012, 958, 920, 876, 819, 776, 731, 710, 645,
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625; HRVG (MALDI): calculated for GgHiil e (MH):
323. 9840, found: 323.9846; Anal. calculated for GgHiol NsGs
(323.09): C 29.74, H 3.15, N 13.01; found: C 29.78, H
3.06, N 13.13.

(%) - 4- Ami no- 5-i odo- 1- (t et rahydr of ur an- 2-

yl met hyl ) pyrim din-2(1H)-one ((%)-46): General procedure
B, starting from23 (176 ng, 0.74 mmol), NaH (31 ng, 0.81
mml ), and tetrahydrofurfuryl bromde ((%)-44) (134 nmy,
0.81 mml) in anhydrous DVF (11 + 4 nmL). The m xture was
left to stir at 70 °C for 24 h. Purification by CC
(CHA o/ MeOH 96:4) to yield (£)-46 (101 ngy, 43% as a
white solid. Mp: > 162 °C (dec.); 'H NWR (300 MHz,
CDO 3/ CD;OD 7:1): d=1.37-1.49 (m 1H), 1.72-1.81 (m
2H), 1.88-1.97 (m 1H), 3.38-3.46 (m 1H), 3.60-3.75 (m
2H), 3.96-4.03 (m 2H), 7.66 ppm (s, 1H); *C NWR (75
MHz, CDCl 3/ CD;OD 7:1): d = 25.5, 28.4, 52.7, 55.4, 68.0
76.7, 152.0, 156.0, 163.7 ppm IR (neat): A = 3385,
3070, 2975, 2885, 2503, 2359, 2323, 1803, 1651, 1615,
1557, 1538, 1527, 1471, 1417, 1386, 1373, 1363, 1316,
1270, 1214, 1189, 1162, 1095, 1068, 1020, 987, 949, 916,
904, 822, 778, 766, 668, 636, 615 cm’; HRVS (MALDI) :
calculated for GoHisl NsOF (MHY) : 322. 0047, f ound:
322.0041; Anal . calculated for GCHp2l NsG; (321.00): C

33.66, H 3.77, found: C 33.45, H 4.05.
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Bi ol ogi cal assays.

Materi al s. [ 1, 3, 4- 13G3] 4- Di phosphocyti dyl - 2C- et hyl - D-
erythritol (CDP-ME) was prepared as described earlier.!®
IspgE E. coli was prepared according to the published
procedure. [ NADH and phosphoenol pyruvat e potassium salt
wer e pur chased from Bionol, ATP and pyruvat e
ki nase/ | act ate dehydrogenase from Si gma- Al dri ch.

Determ nation  of the 1Gy value by initial rate
measur enent s. Assay m xtures were prepared as described
earlier!® with some nodifications: 60 puL of a solution
containing 100 mM Tris hydrochl oride, pH 8.0, 10 nM Myd »,
2 MMdithiothreitol, 2.5 nM phosphoenol pyruvat e potassi um
salt, 2 mv ATP, 0.46 ™™ NADH, 1 U of lactate
dehydrogenase, 1 U of pyruvate kinase, and |IspE protein
were added to 60 pl of the inhibitor solutions (final
concentration varied from8 — 1000 pM. The reaction was
started by addition of 60 pupuL of CDP-ME (final
concentration 1 mVM and nonitored at 340 nm

Determ nation  of the K value by initial rate
measur enent s. Assay m xtures were prepared as follows:
50 pL of a solution containing 100 nM Tris hydrochl ori de,
pH 8.0, 10 mM MdC, 2 mv dithiothreitol, 2.5 nM
phosphoenol pyruvate potassium salt, 2 nM ATP, 0.46 nM
NADH, 1 U of |actate dehydrogenase, and 1 U of pyruvate
ki nase were added to 50 pl each of the inhibitor solution

of IspE protein. The reaction was started by addition of
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50 pL CDP- ME For the determnation of each single Ky
value in the presence of the inhibitor, the concentration
of CDP-ME was varied from35 to 400 mM while keeping the
concentration of inhibitor fixed. The m xtures were
incubated at 27 °C, and the reaction was nonitored
photometrically at 340 nm The K. and K values of the
i nhibitors were obtained by observing the behavior of Ky
values at different inhibitor concentrations (0 — 32 uM
and cal cul ated using the program Dynafit.![®

Monitoring the inhibition of the reaction catalyzed by
| spE via C NMR spectroscopy. Assay m xtures contai ned
100 M Tris hydrochloride, pH 8.0, 10 nM Mgl ,, 5 nmM ATP,
10 % (v/iv) DO 2 mM dithiothreitol, 1.5 nM [1, 3, 4-13G] -
CDP-ME, and 13 pg IspE protein in a volunme of 500 pL.
| nhi bitory substances were added at final concentrations
ranging fromO to 1 mM The mxtures were incubated at
37 °C and termnated by the addition of EDTA to a final
concentration of 20 nM  The solution was anal yzed by 3C
NVR spectroscopy on a Bruker DRX 500 (125 WMiz) and

referenced to an internal standard of [1-C]-glucose

(0.9 M.

X-ray crystal structure of (zx)-13.

Crystal data at 223 K for (CisHisFsNiGS;) [M = 396.41]:

nmonocl i nic, space group C2/c, Z = 8, rcaca = 1. 565 g cm



3 a = 23.4052 (7), b = 13.5616 (5), ¢ = 10.7568 (4) A R
= 99.700 (2)°, V = 3365.5 (2) A%  Bruker-Nonius Kappa-
CCD diffractometer, M-Ka radiation, ? = 0.7107 A Nunber
of reflections neasured = 6470, independent = 3844, R=
0.022. The structure was solved by direct nethods
(SIR97)!%  and refined by full-matrix |east-squares
analysis  (SHELXL- 97),[*M  calculated Hatoms were
included in the final structure factor calculation. Both
t he trifluoromnethyl group and t he
t et rahydrot hi ophenylring are heavily disordered | eading
to a relatively bad agreenent factor. Final R(F) = 0.103,
WR(F?) = 0.318 for 226 paraneters and 3844 reflections
with 1l > 2s (1) and T < 27.5°. CCDC- 632407 contains the
suppl ementary crystall ographic data for this paper and is
avai l abl e free of char ge from t he Canbri dge
Crystall ographic Data Centre (CCDC, 12 Union Road,
Canbridge CB2 1EZ, UK; Tel.: (+44) 1223-336-408; Fax:
(+44) 1223-336-033; E-mmil: deposit@cdc. cam ac. uk).
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