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Abstract
A series of substituted 3,6-diphenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazines were prepared and
analyzed as inhibitors of phosphodiesterase 4 (PDE4). Synthesis, structure activity relationships and
the selectivity of a highly potent analogue against related phosphodiesterase isoforms are presented.

Cyclic 3’, 5’ adenosine monophosphate (cAMP), a second messenger which mediates the
actions of numerous cellular receptors, is a key element in the regulation of cell signaling1 and
gene transcription.2 The control of intracellular cAMP levels is accomplished by a balance of
cAMP synthesis by adenylate cyclase, and its degradation (hydrolysis) by a variety of
phosphodiesterases (PDEs) (Figure 1). Cyclic guanosine monphosphate (cGMP) is controlled
with similar mechanisms. The presence of these cyclic nucleotides have regulatory effects on
protein kinase A (PKA) and protein kinase G (PKG), the guanine-nucleotide exchange factors
(GEFs), and the cyclic-nucleotide gated (CNG) sodium and calcium channels. Manipulation
of cAMP and cGMP levels in the cell represents a powerful mechanism for controlling cellular
physiology, and small molecules modulators of adenylate cyclase, guanylate cyclase, and
phosphodiesterases which are utilitzed as both research tools and as clinically used drugs.3

The PDE class of enzymes contains 11 principal isozymes with 21 characterized gene products.
4 The majority of PDE family members and isoforms have been well characterized in terms
of tissue distribution and substrate affinity.4 The pharmaceutical sector has focused particular
attention on the PDE4 gene family,5,6 with inflammation as a primary therapeutic target.7,8
The role of PDE4 in the inflammatory responses associated with asthma and chronic
obstructive pulmonary disease (COPD) has been widely studied.5,6,9,10 PDE4 modulation
has also been pursued for memory and depressive disorders11, and more recently for
inflammatory bowel disease.12

Due to the wide-ranging therapeutic interest in PDE4, numerous chemotypes capable of potent
and selective PDE4 inhibition currently exist. Several PDE4 inhibitors have entered into
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clinical evaluation including rolipram (1)13, roflumilast (2)14, cilomilast (3)15, tofimilast
(4)16 (Figure 2). Cilomilast has received an approval letter from the US FDA for use in
maintenance of lung function in COPD, but is still under study due to prevalent gastrointestinal
adverse effects (nausea/vomiting and abdominal pain).6 The potentially important clinical
benefits of PDE4 inhibition, coupled with the limitations of current PDE4 inhibitors, highlight
the need for novel PDE4 inhibitor chemotypes. Here we report a novel class of substituted 3,6-
diphenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazines (represented by 5A (Figure 2)) as potent
and selective inhibitors of PDE4.

High-throughput screening is commonly used to identify small molecule compounds that
modulate biochemical or cellular processes.17 The NIH Molecular Libraries Initiative (MLI)
18 has made available public sector screening, cheminformatics, and chemistry efforts on a
large scale. Recently, we noted several substituted 3,6-diphenyl-7H-[1,2,4]triazolo[3,4-b]
[1,3,4]thiadiazines as potent inhibitors of PDE4. This core structure represents a novel
chemotype capable of PDE4 inhibition. To explore this discovery further, novel analogues
were prepared utilizing existing literature precedence to construct the heterocyclic framework
(Scheme 1).19–22 Briefly, substituted benzoic acids were transformed to their analogous
methyl esters and then to substituted benhydrazides (refluxing with hydrazine in ethanol). The
hydrazides were treated with an ethanolic solution of potassium hydroxide to which carbon
disulfide was added to produce the corresponding carbodithioates. The dithioates were heated
(113 ºC) with hydrazine monohydrate and water then cooled and acidified to provide the
substituted triazole in good yields. When necessary, α-bromoketones were produced in modest
to good yields upon treatment of the corresponding acetophenones with bromine in chloroform.
Condensation between the substituted triazole and substituted α–bromoketones was effected
with heating in ethanol to provided the substituted 3,6-diphenyl-7H-[1,2,4]triazolo[3,4-b]
[1,3,4]thiadiazines. Mass directed preparative LC purification afforded pure samples in modest
to good yields. All samples were characterized via proton NMR and HRMS.22 Analytical LC
traces of standard 10 mM DMSO solutions confirmed that each product was >90% pure.

The primary leads were noted to have numerous methoxy substitutions on the adjunct 3-and
6-phenyl rings. Thus, our first exploration of structure activity relationships focused primarily
on varied methoxy substitutions on these key moieties (compounds 5A-K, 6A-K, 7A-K, 8A-
K, 9A-K, 10A-K and 11A-K shown in Figure 3). These derivatives were assayed against
purified human PDE4A using IMAP technology (Molecular Devices, CA).24 The inhibitory
effects (IC50 values) of these compounds are shown in Figure 3.

From this modest library it was obvious that the 3,4-dimethoxy phenyl substitution on the 5
position of the 3,6-dihydro-2H-1,3,4-thiadiazine ring is a critical functionality for potent PDE4
inhibition (compounds 5A-5K). All derivatives with this functionality had IC50 values in the
low nanomolar range with the most potent being 3-(2,5-dimethoxyphenyl)-6-(3,4-
dimethoxyphenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine (5F). The phenyl ring attached
at the 3 position of the 1,2,4-triazole portion was seemingly less involved in defining the
pharmacophore of this structure, as numerous methoxy substitutions had less obvious effects
in terms of structure activity relationships.

Interestingly, the 3,4-alkoxy moiety (or more appropriately the 3,4-catechol diether) plays a
key role in numerous PDE4 inhibitors [as illustrated by the structures of rolipram (1),
roflumilast (2) and cilomilast (3) (Figure 2)]. Crystallographic analyses of several known
inhibitors that share this feature show that a common hydrogen bond between this key
functionality and a conserved glutamine residue provides the structural basis for inhibition.6,
25 Importantly, this glutamine residue (Gln442 in PDEB and Gln369 in PDE4D) is within
close proximity to the coordinated Zn2+ and Mg2+ ions that form the basis for the mechanism
of cAMP hydrolysis by PDE4.25,26 Given the strong ability of 3,4-dimethoxy derivatives
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5A-5K to inhibit PDE4 we surmise that this novel chemotype is inhibiting PDE4 via interaction
at the same binding site. Interestingly, the similar 3,4-dimethoxy substitution pattern
engineered upon the phenyl ring attached at the 3 position of the 1,2,4-triazole did not convey
favorable affects on PDE4 inhibition as illustrated by compounds 6G, 7G, 8G, 9G, 10G and
11G. This suggests that the interaction between the 3,4 dimethoxy phenyl moiety attached at
the 5 position of the 3,6-dihydro-2H-1,3,4-thiadiazine ring places the remainder of the
molecule (i.e. the 1,2,4-triazole and the variously substituted phenyl ring attached at the 3
position) in an orientation that interrupts the binding of cAMP and subsequent hydrolysis.

Having defined this novel chemotype as capable of potent PDE4 inhibition, we next acsertained
the selectivity of these compounds against other PDE enzymes. IC50’s of 5A and rolipram
(1) were determined in biochemical assays for 12 PDE isoforms;27 results are shown in Table
1. Our lead compound 5A demonstrated nanomolar inhibitory potency against all three PDE4
isozymes (PDE4A, PDE4B and PDE4D) but 100-fold lower potency against the other the nine
PDEs tested, including no activity against PDE7A and PDE7B, which are closely homologous
to PDE4. Importantly, 5A showed potent inhibition of the therapeutically important PDE4B
isoform, compared to the relatively low potency of rolipram at PDE4B.

Specific isoforms of PDE4 have been suggested as targets for a number of neuropsychiatric
and immunologic disorders6 and small molecules capable of subtype selective inhibition,
particularly of PDE4B over PDE4D, would therefore be extremely useful. For example,
PDE4B knockout models demonstrate anxiogenic phenotypes28, and mutations in PDE4B-
specific binding sites of DISC1 affect its binding to PDE4B and confer phenotypes related to
schizophrenia and depression.29 Down-regulation of PDE4A and PDE4B are correlated with
suppression of inflammatory cell function.30 By contrast, PDE4D is thought to play a role in
emesis.6 The catalytic/binding domains of PDE4B and PDE4D are highly homologous,
making structural insights of limited utility in designing more selective PDE4B inhibitors. 6

The novel structural class of PDE4 inhibitors reported here may provide a starting point for
the design of subtype selective inhibitors. A unique feature of this chemotype is the extended
phenyl ring attached at the 3 position of the 1,2,4-triazole. Given the likelihood that the catechol
diether moiety interacts with the conserved glutamine residue, the use of molecular modeling
and available structural information for both isoforms of PDE4 may allow for the design of
novel analogues that favor individual PDE4 isoforms. Of particular importance is the presence
of this seemingly modifiable phenyl ring. Additionally, it should be noted that the cLogP value
for 5A (calculated value is 3.26) is reasonable for potential blood brain permeation rendering
this novel PDE4 inhibitor an important chemotype for potential use in neuropsychiatric
indications. In summary, we report a novel class of PDE4 inhibitors based upon a 3,6-
diphenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine core structure. Initial SAR highly
suggests that this chemotype is among the catechol diether class of PDE4 inhibitors. The most
potent analogues maintained the presence of a 3,4-dimethoxy functionality located at the 5
position of the 3,6-dihydro-2H-1,3,4-thiadiazine ring but not the phenyl ring attached at the 3
position of the 1,2,4-triazole. A selected analogue (5A) was profiled for PDE isoform
selectivity and showed selectivity for PDE4, with balanced inhibition of the PDE4A, 4B, and
4D isoforms. Synthesis of additional analogues aimed at exploiting the new chemotype as a
potent and subtype-selective PDE4 inhibitor are currently underway.
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spectrometer using the LockSpray method. 1HNMR spectroscopy was preformed on a 400 MHz
Varian spectrometer. Chemical shifts were recorded on the ppm scale and were referenced to the
appropriate residual solvent signal (as indicated). Formation of Substituted Benzoates: To a
solution of benzoic acid (1 eq) in methanol (1.0 M) was added sulfuric acid (catalytic). The solution
was stirred at room temperature for 12 h, at which time the solvent was removed by rotary evaporation.
The crude reaction mixture was partitioned between ethyl acetate and water. The aqueous layer was
extracted twice with ethyl acetate and the organic extracts were combined, washed with water and
brine, dried over Na2SO4, and concentrated by rotary evaporation. The crude product was purified
by column chromatography to give the substituted benzoates in >80% yield. Formation of
Substituted Aryldithiocarbazates: To a solution of methyl benzoate (1 eq) in ethanol (0.55 M) was
added hydrazine (4 eq). The solution was heated to reflux with stirring until TLC showed full
consumption of starting materials (12 h), then cooled. The solvent was removed by rotary evaporation
and the crude reaction mixture was partitioned between ethyl acetate and water. The aqueous layer
was extracted twice with ethyl acetate and the organic extracts were combined, washed with water
and brine, dried over Na2SO4, and concentrated by rotary evaporation. The crude hydrazide (1.0 eq)
was taken up in ethanol (0.5 M). Potassium hydroxide (1.5 eq) was added, and stirred to dissolve.
To this solution, carbon disulfide (1.5 eq) was added in a drop-wise fashion. Within a period of 1–
10 min, the potassium salt precipitated from solution, and was allowed to stir as a suspension for 12
h. The suspension was filtered and dried to give the potassium aryldithiocarbazates as pale yellow
powders in >85%. Formation of Substituted triazoles: To a mixture of aryldithiocarbazate (1 eq)
in water (10.0 M) was added hydrazine monohydrate (2 eq). The mixture was heated to 113 °C to
induce cyclization to the triazole with formation of hydrogen sulfide gas (reaction mixture turned
greenish brown). After 0.75 h, the reaction mixture was cooled and ice chips were added.
Acidification with conc. hydrochloric acid precipitated a white solid. The product was filtered and
washed with 2 x 20 mL portions of cold water to give the triazoles. If necessary, recrystallization
from 95% ethanol garnered analytically pure products. Final yields ranged from 75–90%.Formation
of Substituted 2-bromoacetophenones: To a solution of substituted acetophenone in chloroform
(0.35 M) was added bromine (1.2 eq). The solution was stirred at room temperature for 0.5 h, then
heated to reflux for another 0.5-2 h until TLC showed full consumption of starting materials. The
reaction mixture was concentrated by rotary evaporation and the crude product was purified by
column chromatography. Final yields ranged from 50–95%. Formation of Substituted 3,6-
diphenyl-7H-[1, 2, 4]-triazolo[3, 4-b] [1, 3, 4] thiadiazines: To a mixture of triazole (1.0 eq) and
substituted 2-bromoacetophenone (1.0 eq) was added ethanol (0.1 M). The reaction mixture was
sealed in a crimp-top high pressure vessel and stirred at 105 °C for 4 h. The crude reaction mixture
was partitioned between methylene chloride and water. The aqueous layer was removed and the
organic layer was washed with a mixture of water and brine, then concentrated by rotary evaporation.
The crude product was purified by preparative HPLC (see General Experimental for details). 3-(2-
methoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine
(5A):1H NMR (d6-DMSO, 400 MHz) 7.61-7.55 (m, 2H), 7.50 (dd, 2.0, 8.4 Hz, 1H), 7.41 (d, 2.0 Hz,
1H), 7.24 (d, 8.0 Hz, 1H), 7.15-7.07 (m, 2H), 4.22 (s, 2H), 3.80 (s, 3H), 3.77 (s, 3H), 3.73 (s,
3H); 13C NMR (d6-DMSO, 100 MHz) 158.3, 156.3, 152.9, 150.5, 149.5, 142.9, 6, 132.2, 125.9,
122.4, 121.0, 114.3, 112.6, 112.2, 110.6, 56.5, 56.4, 56.2, 23.5; LC-MS: RT (min) = 6.19; [M +
H]+ 383.1; HRMS calcd for C19H19N4O3S (M + H) 383.1100 , found 383.1181. 3-(3-
methoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine
(5B):1H NMR (CDCl3, 400 MHz) 7.74-7.70 (m, 2H), 7.59 (d, 2.0 Hz, 1H), 7.43-7.35 (m, 2H), 7.02
(dd, 2.8, 8.4 Hz, 1H), 6.94 (d, 8.4 Hz, 1H), 4.00 (s, 2H), 3.95 (s, 3H), 3.93 (s, 3H), 3.84 (s, 3H); LC-
MS: RT (min) = 6.77; [M + H]+ 383.0; HRMS calcd for C19H19N4O3S (M + H) 383.1100 , found
383.1184. 3-(4-methoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-
thiadiazine (5C):1H NMR (CDCl3, 400 MHz) 8.09 (dd, 2.4, 6.8 Hz, 2H), 7.57 (d, 2.4 Hz, 1H), 7.42
(dd, 2.0, 8.4 Hz, 1 H), 6.99 (dd, 2.0, 6.8 Hz, 2H), 6.96 (d, 8.4 Hz), 3.97 (s, 2H), 3.96 (s, 3H), 3.93 (s,
3H), 3.87 (s, 3H); LC-MS: RT (min) = 6.60; [M + H]+ 383.1;HRMS calcd for C19H19N4O3S (M +
H) 383.1100 , found 383.1176. 3-(2, 3-dimethoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-
triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (5D):1H NMR (CDCl3, 400 MHz) 7.42 (d, 2.0 Hz, 1H), 7.33
(dd, 2.0, 8.4 Hz, 1H), 7.21 (dd, 1.6, 7.6 Hz, 1H), 7.16 (t, 7.6 Hz), 7.08 (dd, 1.6, 7.6 Hz, 1H), 6.89 (d,
8.4 Hz, 1H), 3.97 (s, 2H), 3.92 (s, 3H), 3.89 (s, 3H), 3.84 (s, 3H), 3.75 (s, 3H); LC-MS: RT (min) =
6.35; [M + H]+ 413.1; HRMS calcd for C20H21N4O4S (M + H) 413.1205, found 413.1281. 3-(2, 4-
dimethoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine
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(5E):1H NMR (CDCl3, 400 MHz) 7.59 (d, 8.8 Hz, 1H), 7.43-7.41 (m, 2H), 6.93 (d, 8.8 Hz, 1H), 6.60
(dd, 2.4, 8.8 Hz, 1H), 6.54 (d, 2.4 Hz), 4.06 (s, 2H), 3.93 (s, 3H), 3.87 (s, 3H), 3.86 (s, 3H), 3.75 (s,
3H); LC-MS: RT (min) = 6.18; [M + H]+ 413.1; HRMS calcd for C20H21N4O4S (M + H) 413.1205,
found 413.1288. 3-(2, 5-dimethoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-
[1, 3, 4]-thiadiazine (5F):1H NMR (CDCl3, 400 MHz) 7.43 (d, 2.0, 1H), 7.40 (dd, 2.0, 8.4 Hz, 1H),
7.23 (d, 3.2 Hz, 1H), 7.06 (dd, 3.2, 9.2 Hz, 1H), 6.93 (dd, 3.2, 12 Hz, 2H), 4.04 (s, 3H), 3.93 (s, 3H),
3.84 (s, 3H), 3.79 (s, 3H), 3.69 (s, 3H); LC-MS: RT (min) = 6.29; [M + H]+ 413.1; HRMS calcd for
C20H21N4O4S (M + H) 413.1205, found 413.1278. 3-(3, 4-dimethoxyphenyl)-6-(3, 4-
dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (5G): 1H NMR (CDCl3, 400
MHz) 7.76-7.73 (m, 2H), 7.56 (d, 2.4 Hz, 1H), 7.44 (dd, 2.0, 8.4 Hz, 1H), 6.98-6.94 (m, 2H), 3.98
(s, 2H), 3.97 (s, 3H), 3.95 (s, 3H), 3.94 (s, 3H), 3.93 (s, 3H); LC-MS: RT (min) = 6.22; [M + H]+
413.1; HRMS calcd for C20H21N4O4S (M + H) 413.1205, found 413.1279. 3-(3, 5-
dimethoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine
(5H):1H NMR (CDCl3, 400 MHz) 7.65 (d, 1.6 Hz, 1H), 7.41 (d, 2.0 Hz, 1H), 7.39 (d, 2.4 Hz, 2H),
6.95 (d, 8.8 Hz, 1H), 6.58 (t, 2.4 Hz, 1H), 3.98 (s, 2H), 3.97 (s, 3H), 3.95 (s, 3H), 3.83 (s, 6H); LC-
MS: RT (min) = 6.95; [M + H]+ 413.1; HRMS calcd for C20H21N4O4S (M + H) 413.1205, found
413.1278. 3-(2-methylpheny)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-
thiadiazine (5I):1H NMR (CDCl3, 400 MHz) 7.99 (s, 1H), 7.92 (d, 7.6 Hz, 1H), 7.60 (d, 2.0 Hz,
1H), 7.42-7.35 (m, 2H), 7.30 (d, 7.6 Hz, 1H), 6.96 (d, 8.8 Hz, 1H), 3.98 (s, 2H), 3.97 (s, 3H), 3.93
(s, 3H), 2.42 (s, 3H); LC-MS: RT (min) = 7.04; [M + H]+ 367.1; HRMS calcd for C19H19N4O2S
(M + H) 367.1150, found 367.1224. 3-(2-ethoxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-
triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (5J):1H NMR (CDCl3, 400 MHz) 7.65 (d, 6.8 Hz, 1H), 7.52 (t,
8.4 Hz, 1H), 7.41 (d, 8.8 Hz, 1H), 7.07 (t, 7.2 Hz, 1H), 6.99 (d, 8.4 Hz, 1H), 6.92 (d, 8.0 Hz, 1H),
4.04 (s, 2H), 3.97 (q, 6.8 Hz, 2H), 3.92 (s, 3H), 3.81 (s, 3H), 1.18 (t, 6.8 Hz, 3H); LC-MS: RT (min)
= 6.55; [M + H]+ 397.1; HRMS calcd for C20H21N4O3S (M + H) 397.1256, found 397.1337. 3-(2-
hydroxyphenyl)-6-(3, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine
(5K):1H NMR (CDCl3, 400 MHz) 8.34 (dd, 1.6 Hz, 1H), 7.63 (d, 1.6 Hz, H), 7.44 (dd, 2.4, 8.4 Hz,
1H), 7.36 (ddd, 1.6, 7.2, 12 Hz, 1H), 7.13 (dd, 1.2, 8.4 Hz, 1H), 6.92 (ddd, 1.2, 8.4, 15.2 Hz, 1H),
4.00 (s, 2H), 3.98 (s, 3H), 3.97 (s, 3H); LC-MS: RT (min) = 7.63; [M + H]+ 369.0; HRMS calcd for
C18H17N4O3S (M + H) 369.0943, found 369.1018. 3-(2-methoxyphenyl)-6-(2, 5-
dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (10A):1H NMR (CDCl3, 400
MHz) 7.60 (d, 7.6 Hz, 1H), 7.49 (app. t, 8.8 Hz, 1H), 7.07-6.98 (m, 4H), 6.91 (app. d, 10.4 Hz, 1H),
4.00 (s, 2H), 3.85 (s, 3H), 3.77 (s, 3H), 3.72 (s, 3H); LC-MS: RT (min) = 6.79; [M + H]+383.1;
HRMS calcd for C19H19N4O3S (M + H) 383.1100 , found 383.1176. 3-(3-methoxyphenyl)-6-(3-
methoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (7B):1H NMR (CDCl3, 400 MHz)
7.85 (d, 8.8 Hz, 2H), 7.67 (d, 7.2 Hz, 2H), 7.36 (t, 8.0 Hz, 1H), 7.01-6.96 (m, 3H), 3.94 (s, 2H), 3.85
(s, 3H), 3.83 (s, 3H); LC-MS: RT (min) = 7.21; [M + H]+ 353.1; HRMS calcd for C18H17N4O2S
(M + H) 353.0994, found 353.1068. 3-(4-methoxyphenyl)-6-(4-methoxyphenyl)-7H-[1, 2, 4]-
triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (8C):1H NMR (CDCl3, 400 MHz) 8.01 (d, 8.8 Hz, 2H), 7.84
(d, 8.4 Hz, 2H), 6.98 (d, 8.4 Hz, 4H), 3.97 (s, 2H), 3.86 (s, 3H), 3.84 (s, 3H); LC-MS: RT (min) =
7.02; [M + H]+ 353.1; HRMS calcd for C18H17N4O2S (M + H) 353.0994, found 353.1075. 3-(2, 3-
dimethoxyphenyl)-6-(2, 5-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine
(10D): 1H NMR (CDCl3, 400 MHz) 7.20 (dd, 1.6, 7.6 Hz, 1H), 7.14 (t, 8.0 Hz, 1H), 7.10 (d, 3.2 Hz,
1H), 7.06 (dd, 1,6, 8.0 Hz, 1H), 6.99 (dd, 3.2, 9.2 Hz, 1H), 6.88 (d, 9.2 Hz, 1H), 3.98 (s, 2.0), 3.87
(s, 3H), 3.85 (s, 3H), 3.74 (s, 3H), 3.79 (s, 3H); LC-MS: RT (min) = 6.93; [M + H]+ 413.1; HRMS
calcd for C20H21N4O4S (M + H) 413.1205, found 413.1288. 3-(2, 4-dimethoxyphenyl)-6-(2, 5-
dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (10E): 1H NMR (CDCl3, 400
MHz) 7.52 (d, 8.4 Hz, 1H), 7.04 (d, 3.2 Hz, 1H), 6.98 (dd, 3.2, 9.2 Hz, 1H), 6.90 (d, 8.8 Hz, 1H),
6.57 (2.4, 8.4 Hz, 1H), 6.51 (d, 2.4 Hz, 1H), 3.93 (s, 2H), 3.85 (s, 3H), 3.83 (s, 3H), 3.75 (s, 6H);
LC-MS: RT (min) = 6.70; [M + H]+ 413.0; HRMS calcd for C20H21N4O4S (M + H) 413.1205, found
413.1285. 3-(2, 5-dimethoxyphenyl)-6-(4-methoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-
thiadiazine (8F):1H NMR (CDCl3, 400 MHz) 7.74 (d, 8.8 Hz, 2H), 7.16 (d, 2.8 Hz, 1H), 7.01 (dd,
3.2, 9.2 Hz, 1H), 6.90 (dd, 3.6, 9.2 Hz, 3H), 3.94 (s, 2H), 3.81 (s, 3H), 3.76 (s, 3H), 3.63 (s, 3H); LC-
MS: RT (min) = 6.75; [M + H]+ 383.1; HRMS calcd for C19H19N4O3S (M + H) 383.1100, found
383.1174. 3-(3, 4-dimethoxyphenyl)-6-(2, 4-dimethoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1,
3, 4]-thiadiazine (9G):1H NMR (CDCl3, 400 MHz) 7.75 (d, 1.6 Hz, 1H), 7.69 (dd, 1.6, 8.4 Hz, 1H),
7.61 (d, 8.4 Hz, 1H), 6.88 (d, 8.8 Hz, 1H), 6.54 (ddd, 2.0, 8.4, 18 Hz), 3.94 (s, 2H), 3.88 (s, 9H), 3.84

Skoumbourdis et al. Page 6

Bioorg Med Chem Lett. Author manuscript; available in PMC 2009 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(s, 3H)=; LC-MS: RT (min) =6.78; [M + H]+ 413.1; HRMS calcd for C20H21N4O4S (M + H)
413.1205, found 413.1208. 3-(3, 5-dimethoxyphenyl)-6-(4-methoxyphenyl)-7H-[1, 2, 4]-triazolo-[3,
4b]-[1, 3, 4]-thiadiazine (8H): 1H NMR (CDCl3, 400 MHz) 7.87 (d, 8.8 Hz, 2H), 7.32 (d, 2.4 Hz,
2H), 6.98 (d, 8.8 Hz, 2H), 6.56 (app. t, 2.4 Hz, 1H), 3.94 (s, 2H), 3.86 (s, 3H), 3.81 (s, 6H); LC-MS:
RT (min) = 7.36; [M + H]+ 383.1; HRMS calcd for C19H19N4O3S (M + H) 383.1100 , found
383.1181. 3-(2-methylphenyl)-6-(4-methoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-
thiadiazine (8I): 1H NMR (CDCl3, 400 MHz) 7.95 (s, 1H), 7.88-7.84 (m, 3H), 7.37 (t, 7.6 Hz, 1H),
7.27 (app. t, 7.6 Hz, 1H), 7.01-6.97 (m, 2H), 3.95 (s, 2H), 3.87 (s, 3H), 2.41 (s, 3H); LC-MS: RT
(min) = 7.56; [M + H]+ 337.1; HRMS calcd for C18H17N4OS (M + H) 337.1045 , found 337.1119.
3-(2-ethoxyphenyl)-6-(4-methoxyphenyl)-7H-[1, 2, 4]-triazolo-[3, 4b]-[1, 3, 4]-thiadiazine
(8J): 1H NMR(CDCl3, 400 MHz) 7.77 (d, 8.8 Hz, 2H), 7.65 (dd, 1.2, 7.6 Hz, 1H), 7.50 (app. t, 7.2
Hz, 1H), 7.09 (t, 7.6 Hz, 1H), 6.96 (dd, 3.6, 8.8 Hz, 3H), 3.96 (q, 6.8 Hz, 2H), 3.95, (s, 2H), 3.85 (s,
3H), 1.12 (t, 6.8, 3H); LC-MS: RT (min) = 7.06; [M + H]+ 367.1; HRMS calcd for C19H19N4O2S
(M + H) 367.4368, found 367.1226. 3-(2-hydroxyphenyl)-6-(4-methoxyphenyl)-7H-[1, 2, 4]-
triazolo-[3, 4b]-[1, 3, 4]-thiadiazine (8K): 1H NMR (CDCl3, 400 MHz) 8.33 (d, 8.0 Hz, 1H), 7.91
(d, 8.8 Hz, 2H), 7.35 (t, 7.2 Hz, 1H), 7.12 (d, 8.0 Hz, 1H), 7.05 (d, 8.8 Hz, 2H), 6.95 (t, 7.6 Hz, 1H),
3.97 (s, 2H), 3.90 (s, 3H); LC-MS: RT (min) = 8.12; [M + H]+ 339.0; HRMS calcd for
C17H15N4O2S (M + H) 339.0837, found 339.0918.

24. PDE assay: Inhibition of PDE4A was performed using IMAP technology (Molecular Devices, CA).
Briefly, two μl/well of PDE4A1A (BPS Bioscience, CA) mixture (0.05ng/μl PDE4A1A, 10 mM Tris
pH 7.2, 0.1% BSA, 10 mM MgCl2, 1 mM DTT, and 0.05% NaN3, final concentration) was dispensed
into 1536-well black/solid bottom assay plates (Greiner Bio-One North America, NC) using a Flying
Reagent Dispenser (Aurora Discovery, CA). The plates were centrifuged at 1000 rpm for 30s and
then 23 nL compound was transferred to the assay plate using a Kalypsys pin tool. After incubation
at room temperature for 5 min, 2 μL/well of cAMP (100 nM, final concentration) was dispensed for
a final assay volume of 4 μL /well. The plates were centrifuged at 1000 rpm for 30s, incubated for
40 min at room temperature, and then 4 μL of IMAP binding reagent were added to the assay plate.
After 1 to 4 hr incubation at room temperature, the fluorescence polarization (FP) signal (Ex= 485
nm, Em= 530 nm) was measured on Viewlux plate reader (Perkin Elmer, MA).
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Figure 1.
Cartoon description of Cyclic Nucleotide Regulation and Effect. Formation of cGMP via GC
or NO stimulated guanylate cyclase activation and formation of cAMP via GPCR Gs stimulated
adenylate cyclase activation. cGMP and cAMP regulate several effectors including PKA
(protein kinase A), PKG (protein kinase G), GEF (guanine-nucleotide exchange factor) and
CNG channels (cyclic-nucleotide gated ion channels). The action of numerous
phosphodiesterases convert cAMP and cGMP to 5’-AMP and 5’-GMP respectively.
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Figure 2.
Structures of rolipram (1), roflumilast (2), cilomilast (3), tofimilast (4) and 6-(3,4-
dimethoxyphenyl)-3-(2-methoxyphenyl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine 5A.
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Figure 3.
Schematic representation of substituted 3,6-diphenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazines 5A-K, 6A-K, 7A-K, 8A-K, 9A-K, 10A-K and 11A-K and each compounds
apparent IC50 value versus PDE4A.
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Scheme 1.
a Reagents and conditions: (i) cat. H2SO4, MeOH, r.t. 12 h; (ii) hydrazine, EtOH, reflux 12h.;
(iii) KOH, EtOH; then CS2 r.t. 12h; (iv) hydrazine monohydrate, H2O, reflux, 3h, then conc.
HCl; (v) Br2, CHCl3, rt 5 min. then reflux 30 min to 4 hr; (vi) EtOH, 105 oC, 4 h.
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Table 1
PDE isoform selectivity data for 1 and 5A

PDE isoform* 1IC50(μM) 5AIC50(μM)

PDE1A >50 >50
PDE1B inactive >50
PDE3A inactive >50
PDE4A 0.084 0.024
PDE4B 16 0.54
PDE4D 0.082 0.018
PDE5A inactive >50
PDE7A inactive inactive
PDE7B inactive inactive
PDE9A inactive inactive
PDE10A inactive >50
PDE11A inactive >50

*
data represents the results from three seperate experiments.
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