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Abstract--The syntheses and antihypertensive activity of the thieno[3,4_b]pyran and thieno[2,3-blpyran isosteres of the 
potassium channel opener (PCO) RWJ 26629 (k 2a) are reported. While the unsubstituted thiophene derivatives were active at 20 
mg/kg, introduction of a strong electron withdrawing group in the 2-position of the thieno[3,2-b] series increased potency. 
Similar substitution on the thieno[3,4-b] series significantly lowered potency. Compounds 26 and 30 are approximately 5-fold 
more potent than the prototypic PC0 cromakalii (* 1). 

Introduction 

The role of potassium channels in regulating membrane 
potential has been elucidated by the discovery of 
cromakalim (kl), the prototypic selective and potent 
benzopyran potassium channel opener (PCO)? The efflux 
of potassium from vascular smooth muscle, effected by 
agents such as 1, causes a hyperpolarization of the cell 
membrane which, in turn, results in reduction of calcium 
influx through both vol 

@Y 
e (VOC) and receptor operated 

(ROC) calcium channels. The profound antihypertensive 
effect of 1 can be attributed to this functional antagonism 
of both VOC and ROC and may thus provide a new type 
of therapy for treating high blood pressure as well as a 
variety of other smooth muscle disorders. The interest in 
PCOs has led to the synthesis of a variety of other 
benzopyrans and derivatives4 We recently mported5 the 
synthesis and antihypertensive activity of a series of 
thieno[3,2-b]pyran isosteres of 1. While other aromatic 
heterocyclic isosteres of 1 have been reported, they are 
significantly less potent than the benzopyran systen~.~ In 
contrast, the thieno[3,2-blpyrans are considerably more 
potent than the corresponding benzopyrans. The 2-nitro 
derivative 2a (RWJ 26629) is lo-fold more 

!? 
tent than 1 

in spontaneously hypertensive rats (SHR). Typical of 
other PCOs, 2a stimulates the efflux of 86Rb, a radio- 
active surrogate for potassium,7 from rabbit aorta. 
Furthermore, at low doses, 2a selectively dilates coronary 
vasculature, thus making it a potential antianginal agent.8 

1 
cromakalim 

2a, X = NO*, RWJ 26629 
2b,X=CN 

During our on-going research investigating thiophene 
isosteres of biologically active compounds, we have 
frequently shown that there can be significant differences in 
biological activity among thiophene regioisomers.g* 1 o 
With these differences in mind, and given the remarkable 
potency of 2a, we wish to report the synthesis of the 
thieno[3,4-b]- and -[2,3-blpyran regioisomers of 2a and 
their biological activity. 

Chemistry 

The synthesis of the 7-(2_oxopiperidin-l-yl)&hydroxy- 
thieno[3,4-blpyrans @a) is outlined in Scheme I. We have 
previously described the formation of 3-bromo-5,5- 
dimethyl-5H-thieno[3,4-blpyran (3)t from 5,5dimethyl- 
5H-thieno[3,4-blpyran-7-one.11 Treatment of 3 with 
hypobromous acid (formed in situ from N-bromo- 
succinimide and water) gives bromohydrin 4 which is 
converted to epoxide 5 by the action of sodium hydride. 
Unlike the isomeric intermediate epoxide in the thieno[3,2- 
blpyran system, 5 is quite stable since it can be purifii by 
chromatography and stored for several weeks at room 
temperature without noticeable changes in appearance or 
reactivity. The enhanced stability of 5 is also reflected in 
its reduced reactivity for ring opening with weak 
nucleophiles. Reaction of the sodium salt of the 
appropriate la&am, which works well in the [3,2-b] 
system,5 fails in this case. However, sodium azide, a 
stronger nucleophile, reacts readily with 5 to give tranr- 
azidoalcohol6. Intermediates 3-6 are more stable than the 
corresponding intermediates in the thieno[3,2-b]- series 
which is probably reflective of electronic differences 
recently described for these systems.’ The overall 
conversion of 3 to 6 occurs in 57% yield. 

Reduction of the azide 6 is achieved in high yield either by 
the action of triphenylphosphinet2 to give amine 7b or by 
treatment with lithium aluminum hydride which 
simultaneously debrominates thiophene to form 7a. 
Acylation of amines 7a or 7b with 5-chlorovaleryl 
chloride and subsequent cyclization of 8a or 8b with 
sodium hydride produces the 7-(2_oxopiperidin-1-yl)-6- 
hydroxy-thieno[3,4-b]pymns 9a and b in high yields. 
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X=H 
X=Br 

9; 6 % 7a,b 

i_ s&+‘4ci 9 ~ &H 
X 6a,b X 9a,b 

scheme 1. “(4 NJ% HzO; @I NaH; (4 Nd, H@; (d) Ii&; (e) P(C&h; (f) Cl(CH&,COCl, NBt,; (9) NaH. 

Sulfuryl chloride regiospecifically chlormates thiophene in 
the 3-position of 9a, which is doubly activated as a result 
of being cr to sulfur and orrho to the ether linkage, to give 
10 exclusively (Equation 1). Reaction of 9a with acetic 
anhydride occurs both on the 6-hydroxyl group as well as 
the 3-position to give the 6-acetoxy-3-acetylthieno[3,4- 
blpyran derivative. The 6-hydroxyl can be easily 
regenerated with methanolic potassium carbonate to give 
11. Bromine reacts at the l-position of bromo derivative 

9b to give the dibromo product 12 (Equation 2). 
Acetylation of 9b and regeneration of the hydroxy group 
gives the 1-acetyl-3bromo derivative 13. Hydrogenation 
of 13 over palladium catalyst removes the 3-bromine 
substituent to give the l-ace@ derivative 14. Treatment of 
9a or 9b with a variety of nitrating agents (even under 
forcing conditions) fails to give the desii nitro derivatives 
as a consequence of extensive decomposition. 

X 

Equstion 1. “(a) SO& (3) AC@, I-K-X&; (4 K&03, MeOH. 

Bi 12 Y=Br 

13 Y=COCH3 

JSqoath~ 2 “(a) Ac,O, HCIO,; (b) K,CO, MeOH; (c) Bra; (d) Pd, %. 
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Unlike the synthesis for the [3,4-b] series which udlixes 
olefm 3, the corresponding okfin in the [2,3-b] sexies was 
unavailable, presumably due to the inherent instability of 
the thieno[2,3-B]pymn system1 All attempts to prepare the 
olefin from ketone 15 failed. Although reduction of 15 
prWeeds as expe4ze.d to the cormsponding alc4dlo~ attempts 
to byte the alcohol gave only tig opened products1 
Therefore, synthesis of the thieno[2,3-blpyrans required an 
alteruative appmach (Scheme II). 

Two equivalents of bromine react with 15 to give the 
dibromoketone 16. Reduction of 16 with sodium boro- 
hydride pmceeds in high yield to give only the c&bromo- 
hydrin 17. Several attempts to reduce the b~moketone 
directly to the requisite truns-bromohydrin using either 
hindered reducing agents such as diisobutylahuninum 
hydride or thermodynamic reducing conditions such as 
aluminum isopropoxide gave only trace amounts of the 
required Paris-bromohydrin isomer 19. However, reaction 
of 17 with thionyl chloride gives the ci~-~o derivative 
18 with expected retention of conf5guration. Treatment of 
18 with siliia gel causes displacement of the chlori& with 
inversion to give the desired traras-bromohydrin 19 in an 

excellent ~nv~ion. Up to 20 g of alcohol 17 has been 
isomer&d in high yield by this procedum and 19 requires 
no additional pur&ation for use in subsequent reactions. 
Treatment of 19 with sodium hydride produces an epoxide 
in situ, which is too unstable to isolate, but reacts with 
sodium axide to give the ~-ax&alcohol 20. Subsequent 
reduction with lithium acne hydride produces the 
amine 21. Acylation with Schlorovaleryl chloride and 
cyclixation with sodium hydride gives the desired product 
22. This same scheme, utilizing 4-chlorobutyryl chloride 
as the acylating agent, gives the pyrrolidmone 23. 
Bror&e,sulfurylchk&leandacedcanhydridereactreadily 
with 22 to substitute on the position a to sulfur to give 
24,25 and 26 (after hydrolysis of the 0 acetyl group) in 
high yields (Equation 3). However, treatment of 22 with a 
variety of nitrating agents fails to give the desired 2-nitro 
ckdivalive and result8 only in decomposition of the starting 
ma&al. The fails of both the thieno[2,3-bl- and -[3,4- 
b]pyrans to give the correspding nitrated products is in 
sharp contrast to what we observed in the thienof3,2- 
b]pyran series, which readily nitraW to give 2a in good 
yield. 

Br&%_ aH hit o$jH 
20 Pi 22 n=2 

23 n=l 

sdrcaac II. “(a) Br2; (b) N&I&; (c) SOC!l2; (dl silica sel; (4 NaH; 0 NxN3, W; 0 LiA@b; @I QWU+2~ m3; (0 NSL 

aorb 
22-x 

or c,d 
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28 R=H 
29 f?=CH2C6Hs 

PalIadium-catalyzed c~~~koxylation I 3 of the bromo 
derivatives 24 and 27 provides a couvenient route to other 
substitution products (28 and 29) not accessible via 
eiectrophihc chemistry (Scheme III). Further conversion of 
ester 29 with ~mo~iurn hydroxide gives the 
co~es~nd~g amide which is easily dehy~at~ to the 
nitrile by the action of trifluoroacetic anhydride. 
Deprotection of the alcohol ultimately gives the 
cyano~ieno{Z,3-~~p~~ 30, the direct isostere of the 
cy~~~op~ ~~ (5 IX 

Attempts to extend the p~l~urn-ca~~y~ed carbo- 
~o~ylation to the ~ienor3,4-~~p~ series failed. Even 
at t~pe~t~es of up to 180 “C and reaction times of 
greater than 2 weeks, 9b and 12 fail to react, and only 
sing material is recovered. This lack of reactivity in the 
[3,4-b&series may be due to the steric congestion at the 

reaction site as well as in offends in the dectronie 
nature as ~~~ to the 13,2-&l or E2,3-b3 systems. 

Results and Discussion 

The various thieno[3,4-b]- and -E2,3-b]pyrans were 
evaluated for extensive activity at an oral screening 
dose of 20 mgkg in the spontaneously hypertensive rat 
(SHR).14 Results for cromakalii (1) and RWJ 26629 @a) 
are included for comparison. Blood pressure was rn~it~ 
for 4 h after dosing, and the maximal percent changes in 
mean arterial blood pressure ~~) are reported in Tables 
1 and 2. Bi~he~~ eviction of all of these blinds 
was not pe~o~ed, however, RWJ 2662@ and other 
closely related thieno[3,2-b]pyrans*5 cause 86Rb+ efflux 
from rabbit aorta which is typiCr of potassium cb~ne~ 
oPe=m 

no. X Y R Xa mp,“c formula anaLb AMAF 

9a H H H 69 179-172 C~4H19NO3S C,H,N -49 

9b Br H H 84 207-208 C14HlsBrN03S C,H,N -2 

20 ci H H 75 207-209 Cl4Hl8CINO3S C,H,N -14 

13 COCH3 H H 87 278-279 C16H21NUqS C,H,N -7 

12 Br Br H 93 192-194 Cl&I17Br2NO$ C,H,N -5 

13 Br cq H SO US-176 C~6HzlBrNO4S C,H,N -13 

$4 H CUCH3 W 75 191-192 CgjH2INQsd C,H,Nd -20 

31 COCH~ H AC60 161-163 C1SH23NOSS C,H,N -1 

aP~at yield of isolated pioduct in last step. 
bAaalyses for the eIements indicated were within S 0.4% of the tBeoreticz%l values. 
~~~~~M6~~ Arterial blood Pressure (&MAP) was messured directly before aad up to 3 h after oral ~~~tioa of 20 mg&g of the test 

e: calc’d, 59.42; fknd, 58.82. 
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no. x R n 9/oa mp,T formlla anaLb W ED~o~ 

22H H 2 7l 160-161 C14H1gN03S C,H,N -43 

23H H 1 73 172-173 C13H17NO3S C,H,N -46 

24 Br H 2 66 167-169 C14H18BrN03S C,H,N -67 0.32 (0.22-0.51) 

25 Cl H 2 75 195-l% Cl4Hl8Cw03S C,H,N -67 0.47 (0.19-0.78) 

26 COCH3 H 2 65 166-172 Cl6H2lNOqS C,H,N -61 0.03 (0.014-0.040) 

28 CO&H3 H 2 63 195-197 Cl6H21NOs C,H,N -68 0.17 (0.07-0.27) 

30CN H 2 76 200-201 C15H18N203S C,H,N -66e 0.042 (0.029-0.057) 

32 COCH3 Ac 2 88 180-181 C18H23NOgS C,H,N -67 0.12 (0.08-0.16) 

33 Br H 1 22 166-168 C13H16BrN08S C,H,N -45 

34 Cl H 1 35 190-191 Cl3H16ClN03S C,H,N -57, -16 

35 COCH3 H 1 60 277-280 Cl5H1gNO4S C,H,N -64 0.21 (0.13-0.30) 

36 CaCH3H 1 87 M-185 C15H1gNOgS C,H,N -60, -3Sf 

1 cromakalim 0.19 (0.14-0.23) 

2ag No;! ([3,2+series, RW 26629) -65 0.015 (0.003&21) 

2b8 CN ([3#2q-series) -66 0.08 (0.026-0.041) 

%rcentyieldofisolatedpmductinlaststep. 
bAmlyse8 for tbe elements indicated were within f 0,496 of the tlmr&al values. 
%Cbange in h&m Arttrial blood Fkaaure (AMAP) was mmmued directlybsforemdupto3h~oraladministrstionofU)mglkgofthetest 

~~‘kmtk9 at which MAP dram by 30% (95% confidence). De@mtkl by dose rcspome curve. . _ __ __ . 
%?.9tsthstam @Ik&lp~:~~* * . 
The tmsubstituted thieno[3,4-b]- (9a) and -[2,3-b]pyrans 
(22,23) have good activity at 20 mgkg (-49, 43 and 
-46% respectively), similar to what was previously 
observed for the unsubstituted derivatives in the thieno[3,2- 
blpyran series.5 However, imroduction of substitnents onto 
the thiophene of the thieno[3,4-b]pyrans attenuates the 
antihypertensive effects. Larger electron-withdrawing 
substituents, such as bromine OT acetyl(9b, 11) in the 3- 
position essentially eliminate activity while the smaller 
chlorine group (10) maintains only low activity. Acetyl 
substitution in the l-position (13,14) also gives only 
weak activity. 

MAP by more than 60% at 20 mgkg (Table 2). Selected 
compounds were evahuned at lower doses, and the effective 
doses which produce a 30% drop in MAP @D30) were 
determined from the dose-response curves (Table 2). 
Derivatives with the weak electron-withdrawing groups 
bromo- (24) or chloro- (25) are about half as potent as 
cromakalim (1). Stronger electron-withdrawing groups 
improve potency even more dramatically; the carbo- 
methoxy derivative 28 is equipotent to 1 while the cyan0 
(30) and acetyl(26) derivatives are approxhnately five-fold 
more potent than 1. The best compounds in the thieno- 
[2,3-b]- series are 26 (ED30 = 0.03 mgkg) and 30 (ED30 
= 0.042 mgkg) which are about half as potent as 2a 
(E&o = 0.015 mg/kg), the best compound in the Substitutions on the thiophene of the 4-(2-oxopiperidin-l- 

yl)-thieno[2,3-blpyrau series have a considerably more 
positive effect on activity. Either weak electron- 
withdrawing substituents, such as bromine (24) or 
chlorine (25), or strong electron-withdrawing groups, such 
as acetyl(26), carbomethoxy (28) or cyan0 (30), reduces 

thieno[3,2b]pyran series. While the 2-nitro derivative in 
the thieno[2,Zb]pyran series would have been extremely 
interesting for direct comparison to Za, we were unable to 
nitrate 22 as previously noted (vide sacpru). 
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The 4-(2-oxopyrrolidiu-l-yl) derivatives were also evalti 
for their antihypertensive effects. The unsubstituted (23) 
and the 2-bromo (33) derivatives are moderately active at 
20 mg/kg, while other compounds with strong electron- 
withdrawing substituents reduce MAP more than 60% at 
this dose. The chloro (34) and ester (36) derivatives are 
substantially less active at 1.0 mg/kg than their 
corresponding 4-(2oxopiperidin-l-yl) derivatives, 25 and 
28 respectively. Only 35, the 2-acetyl derivative, remains 
equipotent to 1, but is substantially less potent than 26 
its piperidinone counterpart 

To test for the potential potassium channel opening 
mechanism of smooth muscle relaxation, compound 30 
was evaluated in aortic smooth muscle for antagonism by 
ATP-dependent potassium channel antagonist glybcn- 
clamide (Table 3, Figure 1).16 Compound 30 relaxed 

phenylephrine-contracted aortic rings in a concentration- 
dependent manner with 67.1 f 6.1 %J relaxation occurring at 
lo-* M. In the presence of 10 PM glybenclamide, the 
relaxant activity of 30 was attentuated with only 6.9 f 
2.5% relaxation observed at 10ms M. Cromakabm (1) 
elicited a similar pattern of relaxation as 30 but the 
concentration-response was shifted to the right indicating 
that cromaWm was less tentthan3ObymorethanlO- 
fold. Cromakalim at 10 go M, relaxed tissues by 85.3 f 
4.3% whereas in the presence of glybenclami& only 21.0 
f 4.5% relaxation was observed. Nitroglycerine produced 
relaxation of all tissues to the same maximal extent, 
regardless of the pretreatment regimen, indicating that the 
antagonism exerted by glybenclamide was specific for 
compound 30 and cromakalim. It can be inferred from this 
glybenclamide-sensitive antagonism, that compound 30 is 
a potassium channel activator. 

Table 3. Effect of glyben&mida on rat aortic ring relaxation by test compound? 

Cmpd. mm 

eb 

W-T PO-71 mw 

30 

30 + glybenclamide 

1 (cromakalirn) 

1 + glybenclamide 

8.W.8 67.1k6.1 83.6zQ.5 88.1ti.8 

6.9fl.O 6.9zt2.5 9.8S.6 23.3k8.8 

2.7k1.5 4.7ti.9 3O.W.5 85.3k4.3 

103S!.5 13.1ti.2 14.8ti.4 21.W4.5 

Qata are report4 af3 percent of maximal relaxation of rat aortic rings. Shown are relaxation at concentrations for 30 + gly, 30 alone, cromakalim (1) 
:gly,asld~(l)alonc,n=5or6forallexperiments. 
concentrations in M; f SEM. 

80 - 

+ 30 with Glybenclamido 

V Cromakalim (1) with 

100 ’ , I I I I 
control PW- 1O”M lO%l 10-b 10%-l 

treatment 
Concentration of Test Compound 

Rat nortic rings were suspended in Krebs bicnrbonate buffer at 37 “c under a +g tension of 2 g and contracted with 0.1 @M phenylephrine to 
produce an average tension of 2.4 g, n = 23. Tissues recaived either glybenckmde (gly), 10 p.M or vehicle (10% DMSO) as pretreatment followed 
by a cumulative concentration response to 30 or cromakalim and a final dose of nitroglycerine (100 mg) to induce maximal relaxation. Data are 
reported a9 cent 
cromnkalim )alone;n=5cr6forallexperiments. R” 

of maximal relaxation. Shown are the concentration response curves for 30 + gly, 30 alone, cromakalim (1) + gly and 

Figure 1. Effect of pre-treatment with glybe.nclamide on relaxation of rat aortic rings with test compoundrr 
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The enhauced potency of the substituted thieno[3,2-bl-5 and 
-[2,3-blpyran series, in which the aromatic substituents 
have a similar orientation, and the poor activity of the 
substituted thieno[3,4-blpyran series which has a 
dramatically different orientation, led us to speculate that 
the position of substituents on the thiophene ring is at 
least as important as their electron-withdrawing properties 
for good activity in these series. With this in mind, we 
generated the electropotential malxG7 of selected derivatives 
in the -[2,3-b]-, -[3,4-b]- and -[3,2-b]- series. We felt 
comparison of electropotential maps vs biological effects 
could provide some insights into differences among these 
derivatives. For quantitative purposes, a comparison of this 

Z?e 
would be best made using biochemical data such as 

Rb+ efflux as a surrogate for K+; however, the nature of 

2b (the [3,2-b] isomer of 30) has this region shifted 
toward the lower left quadrant while that of the nitro 
derivative 2a has a significantly expanded region of 
electronegativity in the left quadrants which encompasses 
the electronegative areas of both 30 and 2b. Electro- 
potential maps for the relatively inactive thieno[3,4-b]- 
series have a dramatic shift in location of the region of 
electronegative potential around the substituted thiophene 
(as might be expected from differences in the substituent 
geometry). These differences in electropotential maps may 
provide insight into the differences in biological potency 
measured between the series of thieno[2,3-b]-, -[3,4-b]- and 
-[3,2-b]pyran derivatives as well as other related benzo- 
Pyrans. 

the 86Rb+ efflux assay is not a measure suitable for These series of thienopyrans are among the most potent 
quantitative comparisons.1* On the other hand, assuming potassium channel openers synthesized to date. While 2a 
similar bioavailabilities, the dramatic differences of activity remains the most interesting derivative in our studiis, 26 
in SHR might at least be qualitatively rationalized by and 30 are similar in potency to 2a. Differences in the 
comparison of electropotential maps. Compound 30 electropotential maps of 26 or 30 vis-a-vis 2a may be 
(Figure 2) has an electropotential map typical of the most predictive of differences in biological activity worthy of 
potent -[2,3-b]- and -[3,2-b]-derivatives with a large region further study and provide some insights into the 
of negative electropotential area (light grey) perpendicular requirements about the aromatic region to give enhanced 
to the ring system in left-hand quadrants. A similar map of activity. 

eP= a Elecb qotential map” of trans-2-cyano-5,6-dihydro-5-hydroxy-6,6-dimethyl-4-(2-oxopiperidin-l-y1)-4H 
Negativ re electrop otential amas are depicted in light grey and positive areas are depicted in dark grey. Surfaces represent 2 

‘-thienol2 ,3-WPF 
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Experimental Section 

Melting point determinations were done on a Thomas- 
Hoover capillary melting point apparatus and are 
uncorrected. I&a-red (IR) spectra were obtained on a 
Perk&Elmer IRS. Nuclear magnetic resonance (‘H NMR ) 
spectra were recorded on a General Electric QE300 (300 
MHz) spectrometer. Chemical shifts are reported in parts 
per million (6) downfield relative to tetramethylsihure. 
Microanalyses were performed on a Perkin Elmer model 
24Oc elemental analyzer and mass spectra were determined 
on a Finnigan INCOS 50, single stage quadrupole, using 
desorption chemical ionization techniques. Silica gel 60, 
230400 mesh, was used for both flash chromatography 
and medium pressure chromatography (MPLC). 
Compounds in the tables are prepared according to the 
general procedures described. Physical properties of the 
compounds are summarr ‘zed in Tables 1 and 2. 

trans-3,6-Dibromo-5,6dihydro-7-hydroxy-5,5-di?nethyl-7H- 
thieno[3,4-blpyran (4) 

NBS (7.65 g, 43.0 mmol) was added to a solution of 3’ 
(10.2 g, 41.7 mmol) in DMSO (110 mL) and Hz0 (1.13 
mL, 62.6 mmol). After stirring at room temperature for 1 
h, the reaction was quenched with H20. The product was 
extracted with Et20, washed several times with H20, dried 
and evaporated to give 4 as a brown oil, 12.1 g (85%); IR 
(neat): 1572, 1457 cm-‘; MS: m/z 341 (MI-I+); NMR 
(CDC13): 6 1.42 (s, 3H), 1.66 (s, 3H), 2.55 (br s, lH, 
exchanges with D20), 4.02 (d, J = 9.6 Hz, lH), 4.86 (d, .J 
= 9.6 Hz, lH), 7.29 (s, 1H). 

3-Bromo-5,6dihydro-6,7-epo~-5,5dimethyWH-thieno- 
[3,4-bJpyran (5) 

A solution of 4 (3.36 g, 9.81 mmol) in DMF (50 mL) 
was treated with NaH (60% in oil, 0.43 g, 10.8 mmol). 
After stirring at room temperamre for 2 h, the solution was 
poured into Hz0 (150 mL) and extracted with Et20. The 
organic phase was washed several times with H20, dried 
and evaporated to give 5 as a brown oil, 2.65 g, (94%). 
The oil was used without further purification. MS: m/z 
261 (MH+); NMR (CDC13): 6 1.27 (s, 3H), 1.62 (s, 3H), 
3.39 (d, J= 7.0 Hz, lH), 3.98 (d, J= 7.0 Hz, lH), 7.30 (s, 
1H). 

trans-7-A.zido-3-bromo-5,6dihydro-6-hya?o.q-5,5- 
dimethyl-7H-thieno[3,4-bJpyran (6) 

A solution of 5 (2.65 g, 10.1 mmol) in acetone (40 mL) 
and Hz0 (20 mL) was treated with NaN3 (2.63 g, 40.6 
mmol). After stirring at room temperature for 2 h, the 
solution was poured into Hz0 (200 mL) and extracted with 
Et20. The organic phase was washed with Hz0 several 
times, dried and evaporated. Recrystallization tiom hexanes 
gave 6 as a colorless solid, 2.0 g (65%), m.p. 80-87 “C; 
IR (KBr): 2106, 1576, 1465 cm-l; MS: m/z 304 @II-I+); 
NMR (CDC13): 6 1.28 (s, 3H), 1.52 (s, 3H), 2.31 (d, J= 
4.9 Hz, lH, exchanges with &O), 3.70 (dd, J = 4.9 and 
8.7 Hz, lH, simplifies to d, J = 8.7 Hz, with D20 

exchange), 4.35 (dd, J= 1.4 and 8.7 Hz, lH), 7.23 (d, J= 
1.4 Hz, 1H). Anal. (CgHt@rN30$) C, H, N. 

trans-7-~-5,~i~~od-hydroxy-5,5-dimethyl-7H- 
thieno[3,4-blpyran (7a) 

A suspension of LAH (1.99 g, 52.5 mmol) in THF (100 
mL) was treated with 6 (5.32 g, 17.5 mmol) then heated to 
refhrx for 2 h. The reaction was carefully quenched by 
adding sequentially Hz0 (2 mL), 15% NaOH (2 mL) and 
Hz0 (6 mL). The inorganics were removed by filtration 
through a pad of silica gel eluting with CH2C12. The 
CH2Clz solution was dried over MgSO4, and the solvent 
was evaporated to give 7a, 3.07 g (88%): m.p. 114-116 
“C; MS: m/z 200 (MI-I+); NMR (CDC13): 6 1.22 (s, 3H), 
1.47 (s, 3H), 2.34 (br s, 3H, exchanges with ho), 3.36 
(d, J = 9.8 Hz, lH), 3.66 (dd, J = 1.4 and 9.8 I-Ix, H-I), 
6.28 (d, J = 3.4 Hz, lH), 7.10 (dd, J = 1.4 and 3.4 Hz, 
1H). 

aans-7-~3-bronao-5,6-di8ydro-6-hyd5- 
dimathyl-7H-~no[3,4-bJpyran (7s) 

A solution of 6 (1.32 g, 4.34 mmol) and triphenyl- 
phosphine (1.25 g, 4.77 mmol) in THF (40 mL) was 
heated to reflux for 2 h. The solution was cooled to room 
temperature, treated with Hz0 (1 mL) and stirred at room 
temperature for 16 h. NH4OH (lN, 30 mL) and Et20 (30 
mL) were added. The aqueous layer was separated, and the 
organic layer was washed in HCl (lN, 30 mL). The 
combined aqueous layers were neutrahzed with 50% NaGH. 
The product was extracted into CH& and dried over 
MgS04. The solvent was evaporated in vacua to give 7b 
as a colorless solid, 1.07 g (96%), m.p. 170-172 “C; IR 
(KBr): 3353, 3129, 3086, 2991, 2985, 2977, 1565, 1464 
cm-l; MS: m/z 278 (MI-I+); NMR @MSO+: 6 1.10 (s, 
3H), 1.37 (s, 3H), 1.95 (br s, 2H, exchanges with &O), 
3.15 (m, lH), 3.50 (dd, J = 1.6 and 9.4 Hz, lH), 5.44 (d, J 
= 5.1 Hz, lH, exchanges with D20), 7.42 (d, .I = 1.6 Hz, 
1H). 

brms-7-(s-Chroropentamido)-5,6-dihydroa- 
dimethyl-7H-thieno[3,4-b Jpyran (8a) 

5-Cblorovalfxyl chloride (2.04 mL, 15.8 mmol) was added 
to a 0 “C solution of 7a (3.0 g, 15.1 mmol) and Et3N (6.3 
mL, 45.2 mmol) in CH2C12 (50 mL). After 1 h, the 
solution was poured onto a silica gel column and eluted 
with 3% MeGH/CH$12 to give the 8a as an amber oil, 
4.83 g (100%); IR (neat): 3294, 1645, 1561, 1541, 1453 
cm-l; NMR (CDCl3): 6 1.27 (s, 3H), 1.46 (s, 3H), 1.68- 
1.96 (m, 4H), 2.25-2.46 (m, 2H), 3.48-3.70 (m, 3H), 
4.60 @r s, lH), 4.97 (m, H-I), 6.20 (br d, H-I), 6.36 (d, J = 
3 Hz, H-I), 7.08 (dd, J= 1.0 and 3.0 Hz, 1H). 

An amber oil; IR (neat): 3293, 1639, 1573, 1535 cm-t; 
MS: m/z 3% (MI-I+); NMR (CDC13): 6 1.28 (s, 3H), 1.50 
(s, 3H), 1.85 (m, 4H), 2.36 (m, 2H), 3.57 (m, 3H), 4.31 
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(d, J = 2.8 Hz, lH, exchanges with &O), 4.96 (m, H-I), 
5.80 (br s, lH, exchanges with &O), 7.06 (d, J= 1.6 Hz, 

1H). 

A’0 “C solution of 8a (4.8 g, 15.1 mmol) in DMP (50 
mL) was treated with NaH (60% in oil, 0.63 g, 15.8 
mmol). After stirring at room temperature for 2 h, the 
solution was poured into Hfl(250 mL) and extracted with 
CH2Cl2. The organic phase was washed several times with 
H20, then purified by flash chromatography (3% 
MeOH/CHzC12) to give a solid. T&nation in Et20 gave 
9a as a colorless solid, 2.92 g (69%); IR (KBr): 3430, 
2973, 1613, 1563, 1488 cm-l; MS: m/z 282 (MI-I+); 
NMR (CDC13): 6 1.27 (s, 3H), 1.48 (s, 3H), 1.78-1.88 
(m, 4H), 2.56 (m, WI), 3.04 (m, lH), 3.20 (m, HI), 3.42 
(d, J = 4.9 Hz, lH, exchanges with D20), 3.75 (dd, J = 
4.9 Hz, J = 10.1 Hz, H-I), 5.83 (dd, J = 1.4 and 10.1 Hz, 
H-I), 6.36 (d, J = 3.4 Hz, lH), 6.86 (dd, J = 1.4 aud 3.4 
HG H-0. Anal. C14H19NO3S) C, H, N. 

trims-3-Bromo-5,6-dihydroa-kydroxy-S,S-d- 
oxopi~riddn-l-y~)-7H-t~no[3,4-b]Wran (9b) 

IR (KBr): 3500-3200, 1612, 1575, 1489 cm-l; MS: m/z 
360 (MH+); NMR (CDC13): 8 1.28 (s, 3H), 1.53 (s, 3I-I). 
1.72-1.88 (m, 4H), 2.55 (m, 2H), 3.05 (m, lH), 3.27 (m, 
H-I), 3.34 (4 J = 5.3 Hz, lH, exchanges with ho), 3.75 
(dd, J = 5.3 and 10.2 Hz, lH), 5.82 (d, J = 10.2 Hz, H-I), 
6.86 (d, J = 1.6 Hz, 1H). Anal. (Ct&IlsBrNO$) C, H, N. 

A solution of sulfuryl chloride (1 .O M, 1.5 mL, 1.5 
mmol) was added to a solution of 9a (0.40 g, 1.42 mmol) 
in CH2C12 (10 mL) at -10 “C and stirred at -10 OC for 1.5 
h. The solution was washed with saturated NaHCOs. The 
product was purified by flash &romatography (3% MeOH 
in CH2C12). Trituration in Et20 gave 10, 0.34 g (75%), 
as a colorless solid; IR (KBr): 3500-3200, 1612, 1304, 
1092 cm-‘; MS: m/z 316 @II-I+); NMR (CDC13): 8 1.29 
(s, 3H), 1.54 (s, 3H), 1.75-1.90 (m, 4H), 2.54 (m, 2I-Q 
3.05-3.22 (m, 2H), 3.53 (br d, J = 5.5 Hz, H-I), 3.75 (dd, 
J = 5.5 and 10.2 Hz, H-I), 5.80 (d, J = 10.2 I-Ix, H-J), 6.67 
(d, J= 1.5 Hz, H-I). Anal. (C14H1sClN03S) C, H, N. 

tms-3-Acetyl-5,6dihydro-6-h@vq-5,5dimethyl-7-(2- 
oxopiperiak-1 -y~)-7H-tla~~~3,4-b]pyran (11) 

A solution of 31 (0.55 g, 1.5 mmol) in MeOH (10 mL) 
was treated with Km (0.23 g, 1.65 mmol) and stirred at 
roomtemperaturefor2h.‘Ihemixturewaspouredinto 
Hz0 (100 mL) and the product was collected by filtration. 
T&nation in Et20 gave 11,0.42 g (87%), as a colorless 
solid; IR(KBr): 3500-3300,1640,1615,1426,1409 cm-l; 
MS: m/z 324 @B-I+); NMR (CDC13): 8 1.36 (s, 3H), 1.58 
(8, 3H), 1.67-1.90 (m, 4H), 2.52 (s, 3H), 2.56 (m, 2H), 
3.09-3.15 (m, 2I-Q 3.55 (br d, lH), 3.78 (dd, J = 5.5 and 

10.2 Hz, H-I), 5.80 (d, J = 10.2 Hz, lH), 7.16 (d, J = 1.4 
Hz, 1H). Anal. (C1&tNO4S) C, H, N. 

Isam-I,3-Dibromo-5,6dihydro-6-hydroxy-S, 
(2-oxopiperidin-1 -yl)-7H-th~~[3,4-b]pyran (12) 

A solution of 9b ‘(0.78, 2.15 mmol) in CH2C12 (10 mL) 
was treated with Bq (0.12 mL, 2.26 mmol) at 0 “C for 1 
h. The product was purified by fiash chromatography using 
3% MeOH in CH2C12 as the eluant. Trituration in Et20 
gave 12, 0.88 g (93%) as a colorless solid; IR (KBr): 
3500-3200, 1607, 1572, 1491 cm-l; MS: m/z 438 
(MH+); NMR (CDC13): 8 1.25 (s, 3H), 1.52 (s, 3I-J), 
1.82-1.89 (m, 4H), 2.54 (m, 2H), 3.05 (m, H-I), 3.27 (m, 
lH), 3.71 (d, J = 3.5 Hz, HI), 3.78 (dd, J = 3.5 and 9.3 
Hz, lH), 5.75 (d, J = 9.3 Hz, 1H). Anal. (C14HlTBr2_ 
NO3S) C, H, N. 

IR (neat): 1748, 1652, 1438 cm-l; MS: m/z 444 (MH+); 
NMR (CDC13): 8 1.35 (8, 3H), 1.50 (s, 3I-Q 1.50-1.80 
(m, 4H), 2.15 (s, 3H), 2.40 (s, 3H), 2.54 (m, 2H), 3.00- 
3.20 (m, 2H), 5.20 (m, lH), 6.10 (m, H-I). 

trans-l-Acetyl-3-bromo-S,6d~~o~~r~-5,5- 
a%nethyl-7-(2-oxopi$eridin-l-yl)-7H-thieno[3,4-b]pyran 
(13) 

IR (KBr): 1666, 1610, 1599, 1441 cm-l; MS: m/z 402 
(MH+); NMR (CDC13): 6 1.22 (s, 3H), 1.53 (s, 3H), 
1.62-1.83 (m, 4H), 2.43 (s, 3H), 2.64 (m, 4H), 3.79 (dd, 
J = 2.0 and 8.9 Hz, H-I), 4.47 (d, J = 3.5 Hz, H-J.), 5.96 (d, 
J = 8.9 Hz, 1H). 

trans-l-Acetyl-5,6-dihydrod-k5~~t~l-7-(2- 
oxopiparidin-l-yl)-7H-thieno[3,4-b]pyrQn (14) 

Compound 13 (0.27 g, 0.66 mmol) in MeOH (20 mL) 
was hydrogenated at 40 psi over 10% Pd/C (30 mg) for 20 
h. The catalyst was removed by filtration, and the solvent 
was evaporated. The product was purified by flash 
chromatography (3% MeOWCH2C12) as the eluant and 
recrystallized from CH$&/hexane, to give 14, 0.16 g 
(75%) as a colorless solid; IR (KBr): 3500-3300, 1660, 
1634, 1489, 1435 cm-l; MS: m/z 324 (MI-I+); NMR 
(CDCl3): 6 1.22 (s, 3H), 1.48 (s, 3H), 1.65-1.81 (m, 4I-I) 
2.48 (s, 3H), 2.4fL2.90 (m, 4H), 3.80 (dd, J = 2.1 and 
8.9 Hz, lH), 4.52 (a, J = 2.1 Hz, H-I), 5.94 (d, J = 8.9 
Hz, lH), 6.69 (8, 1H). Anal. (C1eH2lN0&1/4H20) C, 
H, N. 

2,5-Dibromo-5,6dihydro-6,6~t~l~~~e~~2,3-b]- 
pyran-4-one (16) 

Bromine (4.2 mL, 82.4 mmol) was added dropwise to a 
solution of 15l (7.5 g, 41.2 mmol) in HOAc (70 mL) at 
r.t. After 1 h, the solution was poured into Hz0 (300 mL) 
and extracted with CH2C12 (100 mL). The organic layer 
was washed with Hz0 then saturated aq. NaHCO3, dried 
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over MgS04, and the solvent was evaporated. The residue 
was purified by flash chromatography (5% Et2O/pentanes) 
to give 8.1 g (58%J of 16 as an orange solid, m.p. 97-99 
“C; IR (KBr): 1687, 1527, 1491 cm-l; MS: m/z 339 
(MH+); NMR (CDC13): 6 1.61 (s, 3H), 1.69 (s, 3H), 4.20 
(s, lH), 7.10 (s, 1H). Anal. (CgHsBr&S) C, H. 

cis-2,5-Dibromo-5,6-dihydro4-hydroxy-6,6-dirnethyl4H- 
thieno[2,3-blpyran (17) 

A solution of 16 (2.5 g, 7.35 mmol) in EtOH (30 mL) 
was treated with NaBH4 (1.0 g, 26.4 mmol). After stirring 
at room temperature for 16 h, the solution was poured into 
Hz0 (200 mL) and extracted with CH2C12 (50 mL). The 
organic layer was washed with H20, dried and evaporated to 
give 17 as an amber oil, 1.69 g (67%), which was used 
without further purification. IR (neat): 3600-3200, 1566, 
1467 cm-‘; MS: m/z 342 (MH+); NMR (CDC13): 6 1.52 
(s, 3H), 1.61 (s, 3H), 2.42 (d, J = 9.5 Hz, lH), 4.34 (d, J 
= 4.4 Hz, H-I), 4.70 (dd, J = 9.5 and 4.4 Hz, lH), 6.81 (s, 
1H). 

cis-2,5-Dibromo-4-cMoro-5,6-~hydro-6,6dimethyl4H- 
thieno[2,3-blpyran (18) 

Thionyl chloride (1.8 mL, 24.6 mmol) was added to a 
solution of 17 (1.7 g, 4.9 mmol) in CHzCl2 (30 mL). 
After stirring for 1 h, the solution was washed with 
saturated aq. NaHCO3 (2 x 300 mL), dried and evaporated 
to give 18, 1.7 g (96%) as a yellow oil, which was used 
without further purification. IR (neat): 1566, 1472 cm-l; 
MS: m/z 356 (MH+); NMR (CDC13): S 1.51 (s, 3H), 1.66 
(s, 3H), 4.27 (d, J= 6.7 Hz, lH), 5.10 (d, J= 6.7 Hz, lH), 
6.78 (s, 1H). 

trans-2,5-Dibromo-5,6-dihydro-4-hydroxy-6,6-dimethyl-4H- 
thieno[2,3-blpyran (19) 

Silica gel, 23o-400 mesh, (1.0 g) was added to a solution 
of 18 (1.6 g, 4.6 mmol) in 5% Et20 in pentanes (30 mL). 
The resultant mixture was stirred at room temperature for 
30 min and faltered through a pad of silica gel elutig with 
5 to 20% Et20 in pentanes until all the product had been 
eluted. The combined fractions were evaporated to give 19, 
1.1 g (73%) as an amber oil. IR (neat): 3600-3200, 1570, 
1469 cm-l; MS: m/z 342 (MH+); NMR (CDC13): 6 1.52 
(s, 3H), 1.60 (s, 3H), 2.43 (d, J = 5.0 Hz, lH), 4.06 (d, J 
= 7.1 Hz, lH), 4.76 (dd, J = 5.0 and 7.1 Hz, lH), 6.80 (s, 
1H). 

tranM-Azido-2-bromo-5,6-dihydro-5-hydro~-6,6- 
dimethyl4H-shieno[2,3-blpyran (20) 

A 0 “C solution of 19 (1.15 g, 3.36 mmol) in DMF (25 
mL) was treated with NaH (60% in oil, 134 mg, 3.36 
mmol). After stirring at room temperature for 2 h, the 
reaction was cooled to 0 “C and NaN3 (635 mg, 10.8 
mmol) in Hz0 (2 mL) was added. After stirring at room 
tempemhne for 1 h, the resultant solution was poured into 
Hz0 (150 mL), extracted with CHzCl2 (50 mL), washed 

several times with H20, dried and evaporated to give 20 as 
a brown oil, 1.0 g (98%), which was used without further 
purification. IR (neat) 3600-3200, 2101, 1663, 1568, 
1470 cm-l; MS: m/z 303 (MH+); NMR (CDC13): 6 1.31 
(s, 3H), 1.48 (s, 3H), 2.42 (d, J = 5.3 Hz, lH), 3.72 (dd, J 
= 7.5 and 5.3 Hz, lH), 4.21 (d, J= 7.5 Hz, lH), 6.76 (s, 
1H). 

trans4-Amino-5,6-dihydro-5-hydroxy-6,6dimethyl4H- 
thkm[2,3-b]pyran (21) 

A solution of 20 (1.0 g, 3.3 mmol) in THF (10 mL) was 
added to a mixture of LAH (0.37 g, 9.9 mmol) in THF (50 
mL). The mixture was heated to reflux for 2 h. The 
reaction was quenched by sequential addition of Hz0 (0.4 
mL), 15% aqueous NaOH (0.4 mL) and Hz0 (1.2 mL). 
MgSO4 was added to the mixture and the inorganics were 
removed by filtration. The inorganics were washed with 
CH2C12, dried and evaporated to give 21 as a colorless 
solid, 0.59 g (90%), m.p. 107-109 “C; IR (neat): 3400- 
2700, 1567, 1456 cm-l; MS: m/z 200 (MH+); NMR 
(CDC13): 6 1.26 (s, 3H), 1.50 (s, 3H), 2.05 (br s, 3H), 
3.36 (d, J= 8.8 Hz, lH), 3.56 (d, J= 8.8 Hz, lH), 6.46 (d, 
J= 5.8 Hz, lH), 6.71 (d, J= 5.8 Hz, 1H). 

5-Chlorovaleryl chloride (0.42 mL, 3.25 mmol) was added 
to a 0 “C solution of 21 (0.59 g, 2.96 mmol) and Et3N 
(1.44 mL, 10.4 mmol) in CH2C12 (25 mL). After stirring 
at room temperature for 1 h, the residue was purified by 
flash chromatography (2.5% MeOH/CH&) to give the 
product as an amber oil, 0.76 g (81%); MS: m/z 318 
(MH+); NMR (CDC13): 6 1.31 (s, 3H), 1.48 (s, 3H), 
1.83-1.88 (m, 4H), 2.25-2.30 (m, 2H), 3.54-3.60 (m, 
2H), 3.65 (d, J= 8.1 Hz, lH), 4.83 (dd, lH), 5.84 (br d, 
lH, exchanges with D20). 6.51 (d, J= 5.8 Hz, lH), 6.61 
(d, J= 5.8 Hz, HI), 8.45 (br s, lH, exchanges with D20). 

tms-5,6-Dihydro-5-hydroxy-6,6-dimebhyl4-(2-oxo- 
pi~riddn-I-yl)-4H-thietlo[2,3-b]pyran (22) 

A 0 ‘C solution of trans-4-(5-chloropentamido)-5,6-d& 
hydro-5-hydroxy-6,6-dimethyl-4Zf-thieno[2,3-b]pyran (0.75 
g, 2.36 mmol) in DMF (25 mL) was treated with NaH 
(60% in oil, 104 mg, 2.60 mmol). After stirring at room 
temperature for 1 h, the solution was poured into Hz0 
(200 mL), extracted with CH2C12, washed with H20, dried 
and evaporated. The residue was purified by flash 
chromatography (2.5% MeOH/CH#2) to give 22,0.47 g 
(71%), as a colorless solid; IR (KBr): 3328, 1607, 1563, 
1490 cm-l; MS: m/z 282 (MH+); NMR (CDC13): 6 1.32 
(s, 3H), 1.50 (s, 3H), 1.74-1.87 (m, 4H), 2.50-2.56 (m, 
2H), 3.03-3.20 (m, 2H), 3.74-3.81 (m, 2H, collapses to a 
d, J = 9.5 Hz, 1H with D20), 5.64 (d, J = 9.5 Hz, H-J& 
6.44 (d, J = 5.8 Hz, lH), 6.48 (d, J = 5.8 Hz, 1H). Anal. 
(C14H1gN03S) C, H, N. 



Tbiophene systems-XVII 433 

An amber oil; IR (neat): 3500-3200, 1645, 1541, 1459 
cm-*; MS: m/z 304 (MI-I+); NMR (CDC13): 8 1.31 (s, 
3H), 1.48 (s, 3H), 2.12-2.20 (m, 2H), 2.46-2.52 (m, 2I-I), 
3.64 (t, J = 6.1 Hz, 2H), 4.65 (br s, lH, exchanges with 
D20), 4.83 (dd, J = 1.2 and 6.8 Hz, H-I), 5.99 (br d, lH, 
exchanges with DzO), 6.51 (d, J = 5.8 Hz, lH), 6.62 (d, J 
= 5.8 Hz, H-I) 

CH2C12, washed several times with Hz0 and dried over 
MgSO4, and purified by flash chromatography (1% MeOH./ 
CH2C12) to give 27, 3.3 g (77%), as a colorless solid, 
m.p. 170-171 “C; IR (KBr): 3059, 2943, 1642, 1576, 
1483 cm-l; MS: m/z 450 (MH+); NMR (CDC13): 8 1.35 
(s, 3H), 1.52 (s, 3H), 1.55-1.76 (m, 4H), 2.37-2.47 (m, 
2H), 2.88-2.96 (m, 2I-Q 3.65 (br s, lH), 4.60 (d, J= 11.7 
Hz, lH), 4.71 (d, J = 11.7 Hz, lH), 5.87 (br s, lH), 6.40 
(s, lH), 7.27-7.38 (m, 5H). Anal. (C21H24BrNOsS) C, H, 
N. 

~-5,6-Dihydro-5-hydroxy6,6~i~t~l~~2-o~- 
pyrrolidin-l-yl)-4H-t~~i2,3-b]pyran (23) 

trans-2-Carbomethoxy-5,6dihydro-5-hydro~-6,6-dimethyl- 
4-(2-oxopiperidin-1-yl)-4H-thieno[2,3-b]pyran (28) 

IR (KBr): 35W3200, 1687,1650,1568,1461 cm-‘; MS: 
m/z 268 (MI-I+); NMR (CDC13): 8 1.33 (s, 3H), 1.51 (s, 
3H), 2.03-2.56 (m, 2H), 2.54 (m, 2H), 3.13 (d, J= 5.0 
Hz, lH), 3.23-3.29 (m, 2H), 3.77 (dd, J = 5.0 and 9.2 
Hz, lH), 5.12 (d, J = 9.2 Hz, ZH), 6.43 (d, J = 5.8 Hz, 
lH), 6.48 (d, J= 5.8 Hz, 1H). Anal. (C1sH17N0sS) C, H, 
N. 

trans-2-Bromo-5,6-dihydro-5-hydroxy-6,6-dimethyl-4-(2- 
~pi~tddin-l-yl)-4H-thhieno[2,3-b]pyr~ (24) 

IR (KBr): 35OfL3100, 1613,1598, 1568,1466 cm-l; MS: 
m/z 360 (MH+); NMR (CDC13): 8 1.32 (s, 3H), 1.48 (s, 
3H), 1.78-1.87 (m, WI), 2.53 (m, 2H), 3.20 (d, J = 1.4 
Hz, lH), 3.06-3.16 (m, 2H), 3.72 (d, J = 9.2 Hz, ZH), 
5.60 (d, J = 9.2 Hz, lH), 6.46 (s, HI). Anal. (Cl$IlsBr- 
N03S) C, H, N. 

In a stainless steel Parr apparatus, a solution of 24 (1.0 g 
2.78 mmol), Et3N (0.66 mL, 4.72 mmol) and bis(tri- 
phenylphosphino)-palladium(II) chloride (60 mg) over CO 
(160 psi) was heated to 100 “C for 2 days. The solvent was 
evaporated, and the resultant residue was purified by flash 
chromatography (3% MeOHKH2C12) and recrystallized 
from toluene to give 28, 0.59 (63%), as a colorless solid; 
IR (KBr): 3418, 1702, 1607, 1494, 1456 cm-l; MS: m/z 
340 @‘lH+); NMR (CDC13): 6 1.34 (s, 3H), 1.53 (s, 3I-I) 
1.79-1.86 (m, 4H), 2.53-2.56 (m, 2H), 3.07 (m, 2H), 
3.78 (m, 2H), 3.83 (8, 3I-I), 5.70 (d, J= 9.2 Hz, lH), 7.26 
(s, H-0. AnaL Gd-WJO5S) C, H, N. 

@am-5-Ben&oxy-2-carbomethmy-5,6dihydro-6,6- 
dimethyl4_(2-oxopiperidin-l-yl)-4H-thieno[2,3-b]pyran 
(29) 

tms-2-Chloro-5,6dihydro-5-hydroxy-6,6&nethyl-4-(2- 
ompiperidin-I -yWH-thieno[2,3-blpyran (25) 

NMR (CDC13): 8 1.33 (s, 3H), 1.48 (s, 3H), 1.77-1.87 
(m, 4I-Q 2.50-2.56 (m, 2H), 3.03-3.20 (m, 2I-I). 3.74 
3.81 (m, 2H, collapses to a doublet, lH, with D20), 5.58 
(d, J = 9.2 Hz, H-I), 6.31 (s, 1H); IR (KBr): 1613, 1599, 
1572, 1490 cm-l; MS: m/z 316 (MI-I+). Anal. (Cl&sCl- 
N03S) C, H, N. 

A colorless solid; m.p. 155-156 “C. IR (KBr): 1701, 
1647, 1462, 1437 cm-l; MS: m/z 430 (MH+); NMR 
(CDC13): 8 1.37 (s, 3H), 1.56 (s, 3H), 1.61-1.77 (m, 4H), 
2.39-2.47 (m, 2H), 2.92-2.96 (m, 2I-I), 3.70 (br s, lH), 
3.81 (s, 3H), 4.62 (d, J= 11.7 Hz, H-I), 4.73 (d, J= 11.7 
Hz, HI), 5.97 (br s, lH), 7.21 (s, lH), 7.27-7.39 (m, 
5H). Anal. (C23H27N05S) C, H, N. 

trans-2-Ac~l-5,6-dihydro-S-hydroxya,6-~~t~~~-(2- 
oxopiperidin-1 -yl)-BH-thieno[2,3-blpyran (26) 

IR (KBr): 3500-3300, 1641, 1634, 1607, 1487 cm-l; MS: 
m/z 324 (MI-I+); NMR (CDC13): 8 1.36 (s, 3I-Q 1.54 (s, 
3I-Q 1.80-1.89 (m, 4H), 2.43 (s, 3H), 2.57 (m, 2H), 3.09 
(m, 2H), 3.62 (d, J = 4.7 Hz, lH), 3.77 (dd, J = 4.7 and 
9.4 Hz, H-I), 5.72 (d, J = 9.4 Hz, lH), 7.13 (s, 1H). Anal. 
(C16H21NC4S) C, H, N. 

@ans-5-Benzylo~-2-brom-5,6dih$ro-6,6dimethyl4-(2- 
oxop~riditl-l-yl)-4H-th~~[2,3-b]pyrars (27) 

A solution of 29 (2.67 g, 6.22 mmol) and NH40H (30 
mL) in MeOH (60 mL) in a stainless steel Parr reactor was 
heated to 100 “C for 8 h. The solvent was evaporated, and 
the residue was purified by flash chromatography (5% 
MeOH/CH$12) to give the product, 1.5 g (58%), as a 
colorless solid, m.p. 204-207 ‘C; IR (KBr): 2942,1648, 
1619, 1470, 1463 cm-l; MS: m/z 415 (MH+); NMR 
(CDC13): 8 1.26 (s, 3H), 1.53 (s, 3H), 1.61-1.80 (m, 4HL 
2.25-2.35 (m, W), 2.85 (m, lH), 3.17 (m, lH), 3.90 (m, 
lH), 4.61 (d, J = 11.8 Hz, lH), 4.73 (d, J = 11.8 Hz, 
lH), 5.70 (br s, lH), 7.22 (br s, lH, exchanges with 
D20), 7.25 (s, lH), 7.28-7.35 (m, SI-I), 7.80 (br s, lH, 
exchanges with b0) Anal. (CZH~&I~O~S) C, H, N. 

Sodium hydride (60% 0.40 g, 10.0 mmol) was added to a 
solution of 22 (3.43 g, 9.52 mmol) in DMF (50 mL) at 0 
Oc. After stirring at 0 ‘C for 1 h, benzyl bromide (1.2 mL, 
0.010 mmol) was added to the solution, and the solution 
was stirred for an additional 1 h. The solution was poured 
into Hz0 (300 mL), and the product was extracted into 

Trifluoroacetic anhydride (1.0 mL, 6.97 mmol) was slowly 
added to a solution of rrans-5-benzyloxy-2-carboxamido- 
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5,6dihydro6,6dimethyl4(2-oxopiperidin-l-yl)4Z&thieno 
[2,3-blpyran (1.33 g, 3.32 mmol) and EtsN (0.51 mL, 3.6 
mmol) in CHzCl2 (50 mL) at 0 “C. The solution was 
stirredatO”Cfor1h,andtheproductwaspurifiedbyflash 
chromatography (1% MeOH/CH2C12) to give the product, 
1.09 g (82%), as a colorless solid, m.p. 119-124 “C; IR 
(KBr): 2214, 1619, 1563, 1459 cm-l; MS: m/z 397 
(MH+); NMR (CDC13): 6 1.38 (s, 3H), 1.60 (s, 3H), 
1.35-1.74 (m, 4H), 2.45-2.53 (m, 2H), 2.73-3.00 (m, 
2H), 3.70 (br s, HI), 4.52 (d, J = 12.0 Hz, lH), 4.80 (4 J 
= 12.0 Hz, lH), 5.90 (br s, lH), 6.97 (s, H-0, 7.28-7.40 
(m, 5H). 

trans-2-cyCano-5,6dihydro-5-hydroxy-6,6dimethyl-4-(2- 
oxopiperidin-I-yl)-BH-thieflo[2,3-blpyratt (30) 

A 1 M solution of BBrs (12.7 mL, 12.7 mmol) in CH2C12 
was slowly added to a solution of truns-5-benzyloxy-2- 
cyan0-5,6-dihydro-6,~~~y1-4-(2-oxopi-1-y1)-4H- 
thieno[2,3&]pyran (0.97 g, 2.54 mmol) in CH2C12 (50 
mL) at 0 OC. After stirring for 1 h at 0 “C, the solution 
was shaken in a separatory funnel with H20. The organic 
layer was separated and dried over MgS04. The product was 
purified by flash chromatography (2% MeGH./CH2C12) and 
recrystallized from CH##exanes to give 30, 0.57 g 
(76%), as a colorless solid; IR (KBr): 3500-3200, 2945, 
2208, 1614, 1560, 1489 cm-‘; MS: m/z 307 (MH+); 
NMR (CDC13): S 1.35 (s, 3H), 1.54 (s, 3H), 1.78-1.89 
(m, 4H), 2.54 (m, 2H), 3.02-3.10 (m, 2H), 3.77 (d, J= 
9.4 Hz, lH), 3.85 (br s, lH, exchanges with 90), 5.69 
(d, J = 9.4 Hz, lH), 7.04 (s, 1H). Anal. (C15HlgN2GsS) 
C, H, N. 

tmns-6-Acetoxy-3-acetyl-5,6dihydro-.5,5dimethyl-7-(2- 
oxopiperidin-I -yl)-7H-tFaieno[3,4-b/pyrQn (31) 

A suspension of 9a (0.90 g, 3.19 mmol) in AQO (10 mL) 
was treated with perchloric acid (70%, 8 drops) at 0 “C. 
The resultant orange solution was stirred for 4 h at 0 “C, 
then poured into Hz0 (80 mL) and stirred for 1 h. The 
product was extracted into CH2C12 and washed twice with 
Hz0 and with saturated aqueous Na2COs. The product was 
purified by flash chromatography (3% MeGH/CH2C1~ and 
recrystallized from CH$lz/hexanes to give 31, 0.71 g 
(60%), as a colorless solid; IR (KBr): 1744, 1647, 1557, 
1451, 1419 cm-l; MS: mfz 366 (MH+); NMR (CDCls): S 
1.44 (s, 3H), 1.48 (s, 3H), 1.69-1.83 (m, 4H), 2.11 (s, 
3H), 2.48 (m, 2H), 2.52 (s, 3H), 3.00 (m, lH), 3.23 (m, 
lH), 5.20 (d, J = 10.0 Hz, lH), 6.11 (d, J = 10.0 Hz, 
lH), 7.18 (d, J = 1.5 Hz, 1H). Anal. (CtsH23N05S) C, 
H, N. 

trans-2-Acetyl-5,6dihydro-5-hydroxy-6,6ditnethyl4-(2- 
ompiperidin-I -yl)-4H-thietw[Z, 3-blpyran (32) 

IR (KBr): 1746, 1643, 1483, 1455 cm“; MS: m/z 366 
(MH+); NMR (CDC13): S 1.43 (s, 3H), 1.44 (s, 3H), 
1.66-1.85 (m, 4H), 2.10 (s, 3H), 2.43 (s, 3H), 2.48 (m, 
2H), 2.96 (m, lH), 3.24 (m, lH), 5.20 (d, J = 9.5 Hz, 
lH), 6.00 (d, J = 9.5 Hz, HI), 7.11 (d, J = 0.3 Hz, H-I). 
Anal. (CtsH2sNG$) C, H, N. 

trans-2-Bromo-5,6dihydro-5-hydroxy-6,6dimethyl4-(2- 
oxopyrrolidin-l-yl)-4H-thieno[2,3-b]pyrmr (33) 

IR (KBr): 1662, 1571, 1464 cm-l; MS: m/z 346 (MH+); 
NMR (CDC13): S 1.33 (s, 3H), 1.50 (s, 3H), 2.W2.11 
(m, 2H), 2.51 (m, 2H), 3.22-3.35 (m, 2H). 3.53 (d, J = 
5.6 Hz, lH, exchanges with &O), 3.74 (m, lH), 3.83 (s, 
3H), 5.04 (d, J = 9.2 Hz, lH), 6.43 (s, 1H). Anal. 
(CtsHt6BrNGsS) C, H, N. 

tmns-2-Chloro-5,6dihydro-5-hydroxy-6,6dimethyl-4-(2- 
oxopy~o~n-I-yl)-4H-thieno[2,3-b]pyran (34) 

IR (KBr): 1663, 1644, 1575, 1479 cm-l; MS: m/z 302 
(MH+); NMR (CDC13): 6 1.33 (s, 3H), 1.50 (s, 3H), 
2.04-2.13 (m, 2H), 2.48 (m, 2H), 3.20-3.36 (m, 2H), 
3.42 (d, J = 5.5 Hz, lH, exchanges with QO), 3.72-3.77 
(m, HI), 3.83 (s, 3H), 5.02 (d, J = 9.2 Hz, lH), 6.28 (s, 
1H). Anal. (Ct3Ht&lN03S) C, H, N. 

trans-2-Acetyl-5,6dihydro-5-hydroxy-6,6dGnethyl-4-(2- 
ompyrrolidin-l-yl)4H-thieno[2,3-b]pyran (35) 

IR (KBr): 3415,1659,1643,1635, 1443,142O cm-l; MS: 
m/z 310 @R-I+); NMR (DMSO-&): S 1.26 (s, 3H), 1.46 
(s, 3H), 1.95-2.00 (m, 2H), 2.32-2.42 (m, 5H), 3.02 (m, 
HI), 3.30 (m, lH), 3.72 (m, H-l.), 3.74 (m, H-I), 4.85 (d, J 
= 9.6 Hz, lH), 5.73 (d, J = 5.9 Hz, lH, exchanges with 
D20), 7.38 (s, H-I). Anal. (Ct5HtgN04S) C, H, N. 

trans-2-Carbomethoxy-5,6dihydro-5-hydroxy-6,6dirnethyl- 
4-(Z-ompyrrolidin-I-yl)4H-thieno[2,3-blpyran (36) 

IR (KBr): 1713, 1685, 1655, 1485, 1463 cm-l; MS: m/z 
326 (MH+); NMR (CDC13): S 1.35 (s, 3H), 1.54 (s, 3H), 
2.06-2.14 (m, 2H), 2.50-2.56 (m, 2H), 3.18-3.30 (m, 
2H), 3.62 (d, J = 5.8 Hz, lH, exchanges with D20), 3.74 
(m, HI), 3.83 (s, 3H), 5.12 (d, J = 9.4 Hz, lH), 7.23 (s, 
1H). Anal. (Ct5HtgNO5S) C, H, N. 

Antihypertensive activity 

Antihypertensive activity was assessed using a direct 
measurement of systolic and diastolic arterial blood 
pressure in spontaneously hypertensive rats (SHR).14 
MeanarterUpressureandheartratewerederivedfromthe 
measurements. Gn the day of the experiment, a catheter 
was implanted into the left carotid artery of the SHR under 
light ether anesthesia. The catheter was exteriorized at the 
nape of the neck and secured with an adhesive wrap. Rats 
were then placed in Bollman restraint cages in a quiet room 
and after a 60 min postsurgical recovery period, rats with 
mean arkrial pressures >15Omm Hg were used for further 
evaluation. Recordings of arkrial pressure were obtained 
using a Statham pressure transducer connected to a Gould 
2800 chart recorder. Groups of 4-6 SHR received a single 
oral dose of drug or vehicle, administered by gavage at 
doses of 0.003 to 20 mg/lcg and were monitored 
continuously for 4 h post-dosing. Compounds were 
solubilized in distilled H20. Data were expressed as the 
percentage change from mean pm-drug values for each rat. 
Differences from pre-drug values were analyzed using 
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regression analysis over the linear portion of the dose- 
response curves. The oral ED30 (dose that produces a 30% 

reduction in mean armial pmsure) was calculated for each 
drug. 

Potassium channel activation 

The activity and mechanism of action of test compounds 
was further investigated in isolated rings of rat thoracic 
aorta usin a modification of a previously published 
procedure.!9 Rings of vascular smooth muscle (34 mm) 
were suspended in 10 mL tissue baths of Krebs bicarbonate 
buffer at 37 “c, oxygenated with 95% 02/5% CO2 under 2 
g of passive tension and contracted with a submaximal 
concentration of phenylephrine (0.1 @VI) throughout the 
study. Tissues were pretreated with either glybenclamide 
(10 PM, Sigma Chemical, St Louis, MO) or the 
equivalent volume of vehicle (10% DMSO). A cumulative 
concentration response to test compound was generated. At 
the end of the experiment, all tissues received 10 pg/mL of 
nitroglycerine (Eli Lilly, Indianapolis, IN) to induce 
maximal relaxation. Data are reported in Table 3 as percent 
of maxhnal relaxation of phenylephke-induced tension 
anddepktedinFigure1. 
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