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1,3-Dioxolanes have been described as chiral inhibitors of 5-lipoxygenase (5LO). In the present 
work, this series has been developed further to provide agents which showed comparable or 
superior potency in vivo to ZD2138, a methoxytetrahydropyran inhibitor of 5LO, which is 
currently undergoing clinical evaluation. An asymmetric synthesis was developed to these 
dioxolanes based on asymmetric dihydroxylation. (S)-iV-Methyl-4'-[[4-(2,2,4-trimethyl-l,3-
dioxolan-4-yl)thien-2-yl]thio]acetanilide ((S)-IOd) inhibited leukotriene B4 (LTB4) synthesis in 
A23187-stimulated human whole blood in vitro with IC50 0.039 ^M, 25-fold more potent than 
CR)-IOd. In vivo, (S)-IOd inhibited LTB4 synthesis by 70% in zymosan-inflamed air pouch 
exudate in rat 10 h after an oral dose of 1.5 mg/kg. Structure-activity relationship 
considerations suggested that the dioxolane and methoxytetrahydropyran series are related, 
a conclusion which can be supported by molecular modeling. 

5-Lipoxygenase (5LO) is the first enzyme in the 
biosynthesis of leukotrienes (LTs) from arachidonic acid. 
LTs are a family of important biological molecules. 
LTC4 and LTD4 are powerful bronchial spasmogens and 
LTB4 is a potent inflammatory mediator. Because of 
these properties, LTs are implicated in the pathology 
of a number of diseases such as asthma, rheumatoid 
arthritis, and inflammatory bowel disease. Extensive 
research has been devoted to two approaches to LT 
modulation, namely LTC4/LTD4 receptor antagonism 
and 5LO inhibition, and both have provided agents 
which are in late stage clinical evaluation for the 
treatment of asthma.1,2 As both spasmogenic and 
inflammatory LT components of asthma are addressed, 
a 5LO inhibitor may produce additional clinical benefit 
compared with a receptor antagonist. We have devel­
oped 4-methoxytetrahydropyrans (4-MeO-THPs) that 
are potent and selective 5LO inhibitors from which 1 
(ZD2138) and 2 (ZD7717) were chosen for clinical 
evaluation.3 Currently, phase II trials in asthma and 
rheumatoid arthritis are underway with 1. 

Our research has shown4 that structural variation of 
1 is possible while retaining potent inhibition of LT 
biosynthesis in vitro. For example (Chart 1), the 
2-quinolone ring system has been replaced by benzox-
azinone (2), dihydroquinolone (3), and substituted phen­
yl groups (5, 6). Thiophene and thiazole, when appro­
priately substituted, have proved effective alternatives 
to the central benzene ring (7, 8), and thio (2, 3, 5—8) 
and (often) sulfone (4) can replace the methyleneoxy 
linking group. With most of these compounds, similar 
inhibition to 1 was observed in vivo. A common feature 
of the aforementioned structures, however, is the 4-MeO-
THP, and in order to broaden the structural diversity 
within our collection of 5LO inhibitors, we sought 
alternatives to this ring system which conferred equiva­
lent or enhanced inhibitory potency following oral 
administration. Much work had been carried out to this 
end and a number of novel potent inhibitors in vitro 
discovered, but frequently these lacked the oral potency 
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Chart 1° 
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5 R = NMeCOMe 0.03 ^M 
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9 0.35 ^M 

10 x 11 X 
0 IC50S shown are for inhibition of LTB4 synthesis in A23187-

stimulated human whole blood. 

of 4-MeO-THPs. Illustrative is a series of dioxolanes,5 

exemplified by 9, in which the most effective oral agents 
were still roughly 5—10-fold less potent than 1. We 
undertook a further evaluation of the dioxolane series 
in which the thiophene, thiazole, and other changes 
embodied in 2 - 8 that had proved successful for 4-MeO-
THPs were incorporated into target structures 10 and 
11. This study resulted in the discovery of potent orally 
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Scheme 1" 
H S ^ S 

0 Reagents: (a) (1) LDA, (2) S; (b) (1) LDA, (2) 2-naphthalde-
hyde; (c) (1) BuLi, (2) MeSSMe. 

active dioxolane inhibitors of LT biosynthesis and is the 
subject of this report. 

Synthetic Chemistry 
For the synthesis of thiophene-containing dioxolanes, 

we envisaged that thiol 13 would be a versatile inter­
mediate in that reaction with bromo and iodo com­
pounds would allow the generation of a variety of target 
structures (Scheme 1). Our first attempt at the syn­
thesis of 13 involved treatment of the thiophene anion 
of 12, generated by LDA, with sulfur. However, no thiol 
product could be detected, even after reaction with LAH 
to reduce polysulfides. The formation of the required 
anion was demonstrated by the isolation of 14 as the 
sole product after reaction with 2-naphthaldehyde, but 
disappointingly, exposure of the anion to MeSSMe gave 
both regioisomers 15 and 16, each in 20-25% yield. In 
view of this result, we turned our attention to generat­
ing thiophene anions through lithium exchange with 
2-bromothiophene derivatives (Scheme 2). Lithiation of 
2,4-dibromothiophene with rc-BuLi generated only the 
2-anion which on reaction with MeSSMe gave 18 in 74% 

Scheme 2° 

yield. The 4-bromo substituent of 18 was transformed 
using standard methods to 15. The MeS group of 15 
was cleanly demethylated by 3 equiv of MeSNa (DMF, 
130 0C), but attempts to isolate and characterize the 
thiol led to extensive degradation. However, we found 
that crude Na thiolate could be reacted successfully with 
a variety of aryl halides. For example, reaction with 
AT-methyl-4-iodoacetanilide in the presence of CuCl and 
K2CO3 gave 1Od and with 4-fluoroacetophenone pro­
vided 1Oi in 89% and 73% yields, respectively. 1Oi was 
also prepared through the intermediacy of 19 whereby 
the thiophene substituents were introduced in the 
reverse order. Further elaboration of 1Oi furnished the 
oxime derivatives shown in Table 1. 

For the syntheses of resolved dioxolanes, the Sharp-
less asymmetric dihydroxylation (AD) was employed 
(Scheme 3).6 The requisite thiophene alkene substrate 
21 was prepared from 3-acetyl-2-bromothiophene (20) 
by Wittig olefination followed by lithiation and quench 
with MeSSMe. Treatment of alkene 21 with AD-mix-a 
or AD-mix-/3 produced resolved diols (S)-22 and (R)-22 
in 95% and 98% yields, respectively, and enantiomeric 
excesses (ees) of >98%. Optical purities and absolute 
configurations were determined by 1H NMR experi­
ments with a chiral shift reagent and comparison with 
a pair of enantiomeric diols of known absolute configu­
rations.7 Resolved thiazole diols were prepared simi­
larly. Alkene 24, prepared by reaction of 5-lithio-2-
(thiomethyl)thiazole with acetone followed by dehy­
dration, gave the diols CR)-25 and (S)-25 in yields'of 95% 
and 76% with AD-mix-a and AD-mix-/3, respectively.8 

Each diol 25 had an ee of 98.5%. The resolved thiophene 
and thiazole diols were converted to target compounds 
using the methods described in Scheme 2. In fact, the 
AD routes proved so efficient and convenient that it was 
easier to prepare resolved compounds directly than 
synthesize racemates, and no racemic thiazole target 
compounds were synthesized. 

Biological Results and Discussion9'10 

Compounds were evaluated for inhibition of LT bio­
synthesis in vitro using A 23187-stimulated human 
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+; (e) (1) BuLi, (2) 4-[MeC(OCH2)2JPhS; 
(f) MeSNa; (g) ArI, CuCl, K2CO3; (h) 4-fluoroacetophenone; (i) NH2OH-HCl, NaOAc; (j) (1) NaH, (2) BrCH2CN; (k) KHSO6, NaOAc. Note: 
capital letters in square brackets refer to the general synthetic methods indicated in Table 2 and the Experimental Section. 
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Scheme 3" 

Bis. ^ S 

M e S ^ S 

(fl)-22 

T-Ji-
23 

—~ R 
<e)(f) J 

24 

S U^OH 

(R)-25 

( d ) X 

S M^OH 

(S)-2S 

° Reagents: (a) Ph3P=CH2; (b) (1) BuLi, (2) MeSSMe; (c) AD-
mix-ct; (d) AD-mix-/?; (e) (1) BuLi, (2) acetone; (f) BF3-Et2O. 

whole blood (Table 1). The bicycles benzoxazinone and 
dihydro-2-quinolone, employed advantageously in 4-MeO-
T H P s 2 and 3 , also produced potent inhibitors when 
applied in the thiophene—dioxolane series, i.e., 10c,a. 
However, 10b wi th the l inking group extended to CH2S 
was substant ia l ly less effective. The seco-analogue of 
10a, 1Od, had similar potency as did the sulfonamides 
10f,h. Removing the N-Me fragment from the seco-
amide group produces 1Oi which was somewhat less 
potent t h a n 1Od, bu t the "reversed" amide 1Og had 
considerably reduced potency. The oxime 1Oj was a 
potent inhibitor, significantly more potent t h a n the 
O-Me oxime 10k. 

For rout ine evaluat ion in vivo, compounds were 
examined for inhibition of LTB4 synthesis in zymosan-
inflamed r a t air pouch exudate 3 h after oral adminis­
t ra t ion. Of the compounds described so far, only 1Od 
(ED50 0.5 mg/kg) exhibited comparable oral potency11 

to 1, and in order to be able to assess th is compound 
fully in vivo, we prepared resolved materials . Compari­
son of the enant iomers of 1Od in vitro demonst ra ted an 
eudismic ratio of 25 with (S)-IOd the eutomer. A similar 
ratio has been observed with enantiomeric 4-methoxy-
2-methyl tetrahydropyrans. 1 2 

With resolved in termedia tes now available, various 
derivatives of the oxime (S)-IOj were prepared. In 
contrast to the O-Me oxime 10k, t he cyanomethylated 
compound (S)-IOl was slightly more potent t h a n 1Oj in 
vitro and also active in vivo (ED50 0.5 mg/kg po). The 
presence of the oxime provided a point of a t t achment 
by which water-solubilizing groups could be appended 
in a t t empts to enhance oral potency. For example, the 
iV-morpholinoethoxy ((S)-IOo) group was introduced, 
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Table 1. Inhibition of LT Biosynthesis by Compounds 10 
and 11 

2kAx.Arl 0 

no.a R1 R2 X Ar* 

human 
whole blood 
IC50 ("M)* 

10a NMeCOCH2CH2 
10b NMeCOCH=CH 
10c NMeCOCH2O 
1Od NMeCOMe 
1Oe NMeCOMe 
1Of NMeSO2Me 
1Og CH2CONEt2 
1Oh SO2NMe2 
1Oi COMe 
1Oj CMe=NOH 
10k CMe=NOMe 
(S)-IOd NMeCOMe 
(B)-IOd NMeCOMe 
(S)-IOj CMe=NOH 
(S)-IOl CMe=NOCH2CN 
(S)-IOm CMe=NOH 
(S)-IOn CMe=NOCH2CN 
(S)-IOo CMe=NOCH2CH2-

N(CH2CH2)20 
(B)-IIa NMeCOCH2CH2 
(R)-I l b NMeCOMe 
(S)-Hb NMeCOMe 
(B)-IId CMe=NOH 
(B)-He CMe=NOH 
(B)-Hf CMe=NOCH2CN 
(B)-Hg CMe=NOCH2CN 
(B)-Hc COMe 

S thio 
CH2S thio 
S thio 
S 
SO2 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
SO2 
SO2 
S 

S 
S 
S 
S 
SO2 
S 
SO2 
S 

thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 
thio 

thiaz 
thiaz 
thiaz 
thiaz 
thiaz 
thiaz 
thiaz 
thiaz 

0.10 
6.93 
0.040 
0.15, 0.070 
0.84 
0.16 
3.22 
0.21 
0.60 
0.040 
0.27 
0.040, 0.037 
1.18, 0.75 
0.040 
0.010 
0.090 
0.050 
1.51 

0.060 
0.070, 
6.21 
0.13 
0.20 
0.030 
0.12 
0.39 

0.30 

a Ref 9. b thio = 2,4-thiopheneyl; thiaz = 2,5-thiazolyl. S or SO2 
is appended to the 2-position of thiophene and thiazole r ings. c 95% 
confidence limits for IC50 values were ±2.6-fold. 

bu t th is change reduced potency considerably in vitro, 
and the compound was of no in teres t in vivo (ED50 >1.5 
mg/kg po). 

Potency in the thiazole series paralleled in many 
respects t h a t of the thiophene series. Thus , dihydro-
2-quinolone CR)-IIa, iV-methylacetanilide CR)-IIb, and 
oxime CR)-IId were all potent inhibitors in vitro. (R)-
11b has the same absolute configuration as (S)-IOd and 
was 33-fold more potent t h a n (S)-IIb in vitro. In 
common with the thiophene series, the cyanomethylated 
derivative CR)-IIf was a potent inhibitor in vivo (ED50 
0.5 mg/kg po); however, (B) - I Ib was less potent orally 
(ED50 > 1.5 mg/kg po) t h a n its thiophene counterpar t 
1Od. 

An advantage of S-linking groups, over the CH2O of 
1, is t h a t they allow conversion to sulfone, and this 
modification could lead to improved oral potency in two 
ways. Firstly, lowering lipophilicity relative to the 
sulfide would be expected to increase aqueous solubility. 
Secondly, placement of the electron-withdrawing SO2 
group adjacent to the two aryl r ings could provide these 
r ings with some protection from possible oxidative 
metabolism. However, in this instance, a l though the 
sulfones of oximes and 0-(cyanomethyl)oximes in the 
thiophene ((S)-IOm, (S)-IOn) and thiazole ((B)-IIe, (R)-
l l g ) series were not significantly different from t h e 
corresponding sulfides ((S)-IOj, (S)-IOl; CR)-IId, (R)-Uf) 
in vitro, none of these compounds showed enhanced 
potency in vivo (ED50S >1.5 mg/kg po). 

The thiophene acetanilide (S)-IOd was chosen for 
evaluat ion alongside 1 in the r a t air pouch assay bu t 
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p r e s e n t in (S)-IOd, viz. a t e r t i a r y benzyl ic c a r b o n a tom, 
a benzyl ic s u b s t i t u e n t (OMe or Me) p rov id ing confor­
m a t i o n a l r e s t r i c t i on or s p a c e filling, a n d r i n g oxygen 
a t o m s a n d amid ic ca rbony l s ava i l ab le for H-bond ing to 
t h e e n z y m e . 

In conclusion, we have developed efficient a s y m m e t r i c 
s y n t h e s e s of t h i o p h e n e - a n d t h i a z o l e - c o n t a i n i n g diox-
o l anes . T h e e n a n t i o m e r i c p a i r s (R)-IOd, (S)-IOd a n d 
CR)-IIb, ( S ) - I I b d e m o n s t r a t e d enan t iose lec t ive inh ib i ­
t ion of LT b iosyn thes i s . E n an t i o s e l ec t i v e inh ib i t ion of 
LT b i o s y n t h e s i s r e m a i n s r a r e , a n d t h i s work prov ides 
f u r t h e r e x a m p l e s . T h i s s t u d y e x t e n d s ea r l i e r work on 
5 L O - i n h i b i t i n g d ioxo lanes 1 5 a n d d e m o n s t r a t e s t h a t 
potency in vivo e q u a l or s u p e r i o r to ZD2138 (1) i s 
ach ievab le w i t h d ioxolanes following oral a d m i n i s t r a ­
t ion . In p a r t i c u l a r , t h e d ioxolane g r o u p offers a n 
a l t e r n a t i v e p h a r m a c o p h o r e to 4 - M e O - T H P for p rov id ing 
po t en t oral i nh ib i t o r s of L T b i o s y n t h e s i s . O n e d i s a p ­
p o i n t i n g a s p e c t of t h e s e n e w e r d ioxolanes w a s t h e 
difficulty of i n d u c i n g t a r g e t c o m p o u n d s to c rys ta l l ize , 
e v e n t h o s e exh ib i t i ng h igh ees . L a c k of c rys ta l l in i ty 
compl i ca t e s d r u g pur i f ica t ion d u r i n g m a n u f a c t u r e , a n d 
for t h i s r ea son , f u r t h e r prec l in ica l w o r k on (S)-IOd w a s 
cu r t a i l ed . 

E x p e r i m e n t a l S e c t i o n 

General . All reactions were performed in argon atmo­
spheres. Organic extracts were dried over MgSOi before 
evaporation in vacuo using rotary evaporators. NH4CI refers 

Table 2. Physical and Synthetic Data for Compounds 10 and 11 and Key Intermediates 

no. 

10a 
10b 
10c 
1Od 
1Oe 
1Of 
1Og 
1Oh 
1Oi 
1Oj 
10k 
(S)-IOd 
(R)-IOd 
(S)-IOj 
(S(IOi 
(Sl-IOl 
(S)-IOm 
(S)-IOn 
(S)-IOo 
(R)-IIa 
(R)-Hb 
(S)-Hb 
(R)-IIc 
(R)-Hd 
(R)-He 
(R)-IIf 
(R)-Hg 
12 
(S)-15 
19 
21 
22 
(S)-22 
(R)-22 
(Sl-25 
(R 1-25 
27 

formula 

C20H23NO3S2 
C2iH23NO3S2-0.25DMF 
C19H21NO4S2 
C19H23NO3S2 

C19H23NO5S2-O-BToI 
C18H23NO1S3-O^ToI 
C22H29NO3S2 

C8H23NO1S3-O^ToI 
C8H2 0O3S2 

Ci8H21NO3S2 

Ci9H23NO3S2 

Ci9H23NO3S2 

C9H2 3NO3S2 

Ci8H2 ,N03S2 

Ci8H2o03S2 

C20H22N2O3S2 
C,8H2,NO5S2-0.33Tol 
C20H22N2O5S2 
C21H32N2O1S2 

Ci9H22N2O3S2 

Ci8H22N2O3S2 

Ci8H22N2O3S2 

CnHi9NO3S2 

Ci7H20N2O3S2 

C17H20N2O5S2 

C H 1 H 2 1 N 3 O 3 S 2 

C19H2,N3O5S2-0.2Tol 
Ci0Hi1O2S 
CiiH]602S2 
Ci1Hi3BrO2S2 

C8HioS2 

C8Hj2O2S2 

C8Hj2O2S2 

C8Hi2O2S2 

C7HnNO2S2 

C7HnNO2S2 

C20H22O1S2 

anal. 

CHN 
CHN 
CHN 
HN; C 
CHN 
CHN 
HN; C 
CHN 
CHNS 
HN; C* 
HN; C* 
CHNS 
CHNS 
CHNS 
CHS 
CHNS 
CHN 
CHNS 
CHNS 
CHNS 
CHN 
CHNS 
HN; O 
CHNS 
CHNS 
HN; C* 
CHN 

CHS 
CH; Br̂  
CH 
CH 
CHS 
CHS 
CHN 
CHNS 
CH 

mp 

UlI 

oil 
oil 
oil 
ml 
ml 
oil 
oil 
oil 
(Hl 
Oil 
O.I 
Oil 

oil 
oil 
oil 
oil 

(,,I 
ml 
oil 

7 7 -
7 6 -
oil 
7 5 -
154 
oil 
0,1 
IK1 

Hq 

oil 

4 0 -
72-
73-
107 
107 
120 

(0C) 

7h 

77 

78 
-156 

42 
7-1 
74 
-109 
-109 
-122 

I a ] 2 V 

+9.9 (c = 
-10.9 (c ; 

-11.9 (C^ 
+11.7 (C: 

+ 14.8 (c: 
-14.5 (c: 

- 7 . 4 (c • 

+7.0 (c -

deg 

= 0.5) 
= 0.5) 

= 0.5) 
= 0.3) 

= 0.5) 
= 0.5) 
= 0.2) 
= 0.3) 

method (yield, 9 

A* (17) 
C(87) 
C (14) 
C (89) 
F (80) 
C (54) 
C (51) 
C (90) 
D (73); B (32) 
E (93) 
E (97) 
C (90) 
C (89) 
E (99) 
D (71) 
G (82) 
F (81) 
F (72) 
G (71) 
C (78) 
C (72) 
C (70) 
D (76) 
E (90) 
F (37) 
G (94) 
F (62) 
B (43) 
m 
A (78) 
m 
in 
in 
in 
in 
in 
in 

" Recorded in CH2Cl2 solution. b Prepared using bis-(3,4-dihydro-2-oxo-l-methylquinol-6-yl) disulfide (refs 4b,c) and 28 . ' Prepared from 
the thiol generated from 15, 6-(bromomethyl)-l-methylquinol-2-one (ref 3), and K2CO3 at room temperature. d Prepared from 1-methyl-
6-mercaptobenzoxazin-2-one (ref 4a) and 28. ' C: calcd, 60.45; found, 60.0. ' C : calcd, 62.97; found, 62.3. * C: calcd, 59.48; found, 60.0. 
' C: calcd, 60.45; found, 59.9. ' AM2-Chloroethyl)morpholine used as alkylating agent. ' C: calcd, 58.43; found, 57.9. * C: calcd, 56.55; 
found, 57.0. ' Br; calcd, 22.37; found, 21.6. • See the Experimental Section. 

F i g u r e 1. Overlay generated in Sybyl using multifit of 1 (light 
gray) and (S)-IOd (dark gray). 

a t t h e more d i s c r i m i n a t i n g t i m e po in t of 10 h pos tdose . 
Tes ted in t h i s way , 1 a n d (S)-IOd showed 4 9 % Ip < 0.01) 
a n d 7 0 % (p < 0 .001) i nh ib i t i on OfLTB 4 s y n t h e s i s a t 1.5 
m g / k g po, respec t ive ly . 

A l t h o u g h a t first s i g h t t h e d ioxo lanes m a y a p p e a r to 
r e p r e s e n t a d e p a r t u r e from t h e 4 - M e O - T H P se r i es , 
m u c h of t h e s t r u c t u r e - a c t i v i t y r e l a t i o n s h i p (SAR) pre ­
s e n t e d h e r e i nd i ca t e s t h a t t h e two s e r i e s a r e i n d e e d 
r e l a t e d . F o r e x a m p l e , al l t h e f e a t u r e s of t h e 4 -MeO-
T H P s t r u c t u r e s 2 - 8 , w h e n app l i ed in t h e d ioxolane 
s e r i e s , h a v e also provided p o t e n t i nh ib i to r s . O n e w a y 
of r a t iona l i z ing t h e s e o b s e r v a t i o n s is depic ted in F i g u r e 
1, in which (S)-IOd h a s been mode led on 1 u s i n g t h e 
mul t i f i t a l g o r i t h m provided in Sybyl . 1 3 I n t h i s over lay , 
all t h e i m p o r t a n t s t r u c t u r a l e l e m e n t s 1 4 of 4 - M e O - T H P s 
a r e m a t c h e d in close s p a t i a l p rox imi ty by f e a t u r e s 
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to a saturated aqueous solution. Chromatography refers to 
flash chromatography and was performed as described.16 

Melting points are uncorrected. 
Method A. 4-Bromo-2-(methylthio)thiophene (18). n-

BuLi (70 mL, 1.5 M in hexanes, 0.105 mol) was added dropwise 
to a stirred solution of 2,4-dibromothiophene (25 g, 0.014 mol) 
in dry ether (400 mL) at - 7 0 0C. After 0.5 h, dimethyl 
disulfide (10.4 g, 0.11 mol) dissolved in ether (40 mL) was 
added. The reaction mixture was held at -70 °C for 0.5 h, 
allowed to warm to 0 0C over 2 h, and added to a mixture of 
NH4CI and ice. The organic phase was separated, the aqueous 
phase was re-extracted with ether, and the combined ether 
solutions were washed with water and evaporated. Chroma­
tography (hexanes) gave 18 as a colorless liquid (15.3 g, 70%): 
1H NMR (CDCl3, 200 MHz) <5 7.2 (d, J = 1.5 Hz, IH), 6.95 (d, 
J = 1.5 Hz), 2.5 (s, 3H). 

Method B. 4-(2,3-Dihydroxyprop-2-yl)-2-(methylthio)-
thiophene (22). n-BuLi (16.6 mL, 1.5 M in hexanes, 25 mmol) 
was added dropwise to a stirred solution of 18 (5.2 g, 25 mmol) 
dissolved in dry ether (150 mL) at - 7 0 0C. After 1 h at - 7 0 
0C, l-hydroxypropan-2-one tetrahydropyran ether (4.3 g, 25 
mmol) dissolved in ether (5 mL) was added. The reaction 
mixture was kept at - 7 0 0C for 1 h, allowed to warm to - 3 0 
0C, and added to NH4Cl (100 mL). The organic phase was 
separated, the aqueous phase was re-extracted with ether (2 
x 50 mL), and the combined ether solutions were washed with 
water and evaporated. Chromatography (EtOAc:hexanes, 30: 
70) gave a clear oil (5.35 g) which was dissolved in MeOH (20 
mL) and treated with 2 N HCl (3 mL) for 1.5 h. NaOH (2 N, 
3.5 mL) was added, MeOH evaporated, and the residue diluted 
with water and extracted with EtOAc. The extracts were 
washed with brine, evaporated, and chromatographed (EtOAc: 
hexanes, 1:1) to give 22 as an oil which slowly crystallized (3.08 
g, 60%): 1H NMR (CDCl3, 200 MHz) d 7.2 (d, J = 1.5 Hz, IH), 
7.0 (d, J = 1.5 Hz, IH), 3.75 (dd, J = 11.7, 5 Hz, IH), 3.6 (dd, 
J = 11.7, 6.7 Hz, IH), 2.86 (s, IH), 2.5 (s, 3H), 2.24 (br t, IH), 
1.5 (s, 3H); MS m/z (CI) 205 [(M + H)+]. 

2-(Methylthio)-4-(2,2,4-trimethyl-l,3-dioxolan-4-yl)-
thiophene (15). A solution of 22 (1 g, 4.9 mmol), 2,2-
dimethoxypropane (1 mL, 8.2 mmol), and PTSA (10 mg) in 
acetone (12 mL) was refluxed for 0.75 h, cooled to room 
temperature, added to aqueous NaHCOs, and extracted with 
EtOAc. The extracts were washed with brine, evaporated, and 
chromatographed (EtOAc:hexanes, 5:95) to give 15 as a 
colorless liquid (0.97 g, 81%): 1H NMR (CD3SOCD3,200 MHz) 
<5 7.3 (d, J = 1.5 Hz, IH), 7.1 (d, J = 1.5 Hz, IH), 3.95 (AB 
pattern, 2H), 1.48 (s, 3H), 1.39 (s, 3H), 1.32 (s, 3H); MS (CI) 
mlz 245 [(M + H)+]. 

Bis(4-acetylphenyl) Disulfide (26). NaSMe (7.7 g, 0.11 
mol) was added portionwise to a stirred solution of 4-fluoro-
acetophenone (12 mL, 0.1 mol) in DMA (50 mL), maintaining 
the reaction temperature below 35 0C with external ice cooling. 
The reaction mixture was stirred for 2 h and added to ice/ 
water. Solids were collected and dried at 50 0C in vacuo to 
give 4-(methylthio)acetophenone (15.44 g, 92%). This material 
was dissolved in DMF (100 mL), NaSMe (15 g, 0.22 mol) added, 
and the mixture heated at 150 °C for 1.5 h. The reaction 
mixture was cooled, added to a mixture of 3 N HCl (120 mL) 
and ice, and extracted with ether (3 x 50 mL). The extracts 
were washed with brine and evaporated. The crude thiol 
dissolved in DMSO was left at room temperature for 18 h, 
added to ice/water (200 mL), and extracted with EtOAc. The 
extracts were washed with brine, evaporated, and chromato­
graphed (EtOAc:Tol, 10:90) to give 26 as a white solid (8.33 g, 
73%): 1H NMR (CDCl3, 200 MHz) d 7.9 (d, J = 8.6 Hz, 4H), 
7.55 (d, J = 8.4 Hz, 4 Hz), 2.6 (s, 6H); MS (CI) m/z 320 [(M + 
NH4)+]. 

Bis[4-(2-methyl-l,3-dioxolan-2-yl)phenyl] Disulfide (27). 
A solution of 26 (4.5 g, 15 mmol), ethylene glycol (5 mL, 90 
mmol), triethyl orthoformate (10 mL, 60 mmol), and PTSA (250 
mg) in toluene (30 mL) was heated at 60 0C for 3 h, cooled, 
diluted with EtOAc (100 mL), and washed with aqueous K2-
CO3 and brine. Evaporation and trituration with ether and 
hexanes gave white crystals which were collected and washed 
with hexanes to give 27 (4.43 g, 76%): mp 126-128 0C; 1H 
NMR (CDCl3, 200 MHz) 6 7.45 (m, 8H), 4.02 (m, 4H), 3.75 (m, 
4H), 1.62 (s, 6H); MS (CI) m/z 391 [(M + H)+]. 

Method C. 2V-Methyl-4'-[[4-(2,2,4-trimethyl-l,3-diox-
olan-4-yl)thien-2-yl]thio]acetanilide (1Od). NaSMe (0.54 
g, 7.7 mmol) and 15 (0.54 g, 2.2 mmol) dissolved in dry DMF 
(5 mL) were heated at 130 0C for 0.5 h, cooled, and added to 
a mixture of dilute citric acid, ether, and ice. The organic 
phase was separated, the aqueous phase was re-extracted with 
ether, and the combined ether solutions were washed with 
brine and evaporated. The crude thiol was dissolved in DMF 
(5 mL), Af-methyl-4-iodoacetanilide (0.6 g, 2.2 mmol), K2CO3 
(0.41 g, 3 mmol), and CuCl (50 mg) were added, and the 
reaction mixture was stirred and heated at 130 0C for 2 h. 
After cooling, the reaction mixture was added to ice and 
aqueous K2CO3 and extracted with EtOAc. The extracts were 
evaporated and chromatographed (EtOAc:hexanes, 1:1) to give 
1Od as a colorless oil (0.74 g, 89%): 1H NMR (CD3SOCD3, 200 
MHz) 6 7.65 (d, J = 1.5 Hz, IH), 7.43 (d, J = 1.5 Hz), 7.27 (AB 
pattern, 4H), 4.0 (AB pattern, 2H), 3.15 (s, 3H), 1.8 (br s, 3H), 
1.55 (s, 3H), 1.45 (s, 3H), 1.35 (s, 3H); MS (CI) m/z 378 [(M + 
H)+]. 

Method F. 2V-Methyl-4'.[[4-(2,2,4-trimethyl-l,3-diox-
olan-4-yl)thien-2-yl]sulfonyl]acetanilide (1Oe). A solution 
of Oxone (50%, 300 mg) in water (2 mL) containing sufficient 
NaOAc to bring to pH 5-6 was added to a stirred solution of 
1Od (130 mg, 0.35 mmol) in MeOH (4 mL). After 4 h, the 
reaction mixture was added to water and extracted with 
EtOAc. The extracts were washed with brine, evaporated, and 
chromatographed (EtOAc:Tol, 75:25) to give 1Oe as a colorless 
oil (114 mg, 80%): 1H NMR (CD3SOCD3, 200 MHz) 6 8.0 (d, J 
= 8.7 Hz, 2H), 7.9 (d, J = 1.5 Hz, IH), 7.85 (d, J = 1.5 Hz, 
IH), 7.6 (d, J = 8.7 Hz, 2H), 4.0 (AB pattern, 2H), 3.22 (s, 
3H), 1.94 (s, 3H), 1.5 (s, 3H), 1.38 (s, 3H), 1.29 (s, 3H); MS 
(FAB) m/z 410 [(M + H)+]. 

Method D. 4-[[4-(2,2,4-Trimethyl-l,3-dioxolan-4-yl)-
thien-2-yl]thio]acetophenone (1Oi). Crude thiol, prepared 
from 15 (1 g, 4.1 mmol) as described in the preparation of 1Od, 
was dissolved in DMF (8 mL), K2CO3 (0.83 g, 6 mmol) and 
4-fluoroacetophenone (0.565 g, 4.1 mmol) were added, and the 
stirred reaction mixture was heated at 130 0C for 1.5 h, cooled, 
added to ice/water, and extracted with EtOAc. The extracts 
were evaporated and chromatographed (EtOAc:hexanes, 15: 
85) to give 1Oi as a clear oil (1 g, 73%): 1H NMR (CD3SOCD3, 
250 MHz) 6 7.9 (d, J = 8 Hz, 2H), 7.7 (d, J = 1.5 Hz, IH), 7.45 
(d, J = 1.5 Hz, IH), 7.25 (d, J = 8 Hz, 2H), 4.03 (AB pattern, 
2H), 1.55 (s, 3H), 1.4 (s, 3H), 1.35 (s, 3H); MS (CI) m/z 349 
[(M + H)+]. 

Method E. 4-[[4-(2,2,4-Trimethyl-l,3-dioxolan-4-yl)-
thien-2-yl]thio]acetophenone oxime (1Oj). A solution of 
1Oi (400 mg, 1.15 mmol), NaOAc (510 mg, 6.3 mmol), and NH2-
OH-HCl (400 mg, 5.75 mL) in EtOH (5 mL) was refluxed for 2 
h, cooled, and evaporated. Water was added to the residue 
which was extracted with EtOAc. The extracts were evapo­
rated and chromatographed (EtOAc:hexanes, 25:75) to give 1Oj 
as a colorless oil (390 mg, 93%): 1H NMR (CD3SOCD3, 200 
MHz) 6 11.1 (s, IH), 7.65 (d, J = 1.5 Hz, IH), 7.6 (d, J = 8 Hz, 
2H), 7.4 (d, J = 1.5 Hz, IH), 7.2 (d, J = 8 Hz, 2H), 4.0 (AB 
pattern, 2H), 2.15 (s, 3H), 1.55 (s, 3H), 1.4 (s, 3H), 1.35 (s, 
3H); MS (FAB) m/z 362 [(M - H)-J. 

2-(Methylthio)-4-(prop-l-en-2-yl)thiophene (21). n-Bu-
Li (1.6 M in hexanes, 37 mL, 57 mmol) was added dropwise to 
a stirred suspension of Ph3PMeBr (21.4 g, 60 mmol) in THF 
(100 mL) cooled in ice. After 1.5 h at room temperature, the 
ylide solution was recooled in ice and 4-acetyl-2-bromothiophene 
( H g , 52.5 mmol) dissolved in THF (60 mL) was added 
dropwise. The reaction mixture was kept at 10 0C for 1 h and 
at room temperature for 2 h, added to NH4Cl, and extracted 
with ether. The extracts were evaporated and chromato­
graphed (hexanes) to give a colorless liquid (9 g) which was 
converted, by the procedure used to prepare 18, to 21 (6.25 g, 
70%): 1H NMR (CDCl3, 250 MHz) 6 7.25 (d, J = 1.5 Hz, IH), 
7.15 (d, J = 1.5 Hz, IH), 5.3 (s, IH), 5.02 (m, IH), 2.5 (s, 3H), 
2.1 (s, 3H); MS (CI) m/z 171 [(M + H)+]. 

2-(Methylthio)-5-(prop-l-en-2-yl)thiazole (24). n-BuLi 
(1.55 M, 60 mL, 92 mmol) and a solution of 23 (10.8 g, 82 
mmol) in ether (80 mL) were added dropwise simultaneously 
to stirred ether (200 mL) cooled to -10 °C. After 0.3 h, acetone 
(18.4 mL, 252 mmol) in ether (20 mL) was added. After 3.5 h 
at -10—0 0C, the reaction mixture was added to NH4Cl and 
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ice. The organic phase was separated, the aqueous phase was 
re-extracted with ether, and the combined ether solutions were 
evaporated. Chromatography (EtOAc:hexanes, 40:60) gave a 
clear oil (13 g) which was dissolved in CH2Cl2 (150 mL), and 
BF3-Et2O (16.9 mL, 0.14 mol) was added. After 1 h at room 
temperature, the reaction mixture was added carefully to 
aqueous K2CO3 and extracted with ether, and the extracts 
were evaporated. Chromatography (EtOAc:hexanes, 6:94) 
gave 24 as a pale yellow oil (8.7 g, 62%); 1H NMR (CDCl3, 
200 MHz) 6 7.5 (s, IH), 5.17 (s, IH), 5.0 (Br s, IH), 2.7 (s, 3H), 
2.1 (br s, 3H); MS (CI) mlz 172 [(M + H)+]. 

(S)-4-(l,2-Dihydroxyprop-2-yl)-2-(methylthio)thio-
phene ((S)-22). A stirred suspension of AD-mix-a (25.2 g) in 
(-BuOH (90 mL) and water (90 mL) was cooled to 0 0C and 21 
(3.1 g, 18.2 mmol) added. After 18 h at 0 0C, Na2SO3 (10 g, 80 
mmol) was added. The reaction mixture was allowed to reach 
room temperature, added to water, and extracted with EtOAc. 
The extracts were evaporated and chromatographed (EtOAc: 
hexanes, 60:40) to give (S)-22 as a white crystalline solid (3.41 
g, 92%). 

CR)-4-(l,2-Dihydroxyprop-2-yl)-2-(methylthio)thio-
phene (CR)-22). This was prepared as a white crystalline 
solid by the procedure used for the preparation of (S)-22 but 
substituting AD-mix-/5 for AD-mix-a (yield 93%). 

(i?)-5-(l,2-Dihydroxyprop-2-yl)-2-(methylthio)thia-
zole (CR)-25). This was prepared as a white crystalline solid 
by the procedure used for the preparation of (S)-22 but 
substituting 24 for 21 (yield 95%): 1H NMR (CDCl3,200 MHz) 
6 7.45 (s, IH), 3.7 (br AB pattern, 2H), 3.0 (br s, IH), 2.68 (s, 
3H), 2.35 (br s, 3H), 1.6 (s, 3H). 

(S)-5-(l,2-Dihydroxyprop-2-yl)-2-(methylthio)thia-
zole ((S)-25). This was prepared as a white crystalline solid 
by the procedure used for the preparation of (R)-22 but 
substituting 24 for 21 (yield 76%). 

Method G. (S)-4'-[[4-(2,2,4-Trimethyl-l,3-dioxolan-4-
yl)thien-2-yl]thio]acetophenoneO-(Cyanomethyl)oxime 
((S)-IOl). NaH (60% dispersion in oil, 50 mg, 1.26 mmol) was 
added to a solution of (S)-IOj (230 mg, 0.63 mmol) in DMF (2 
mL), stirred for 1 h, and cooled in an ice bath and BrCH2CN 
(150 mg, 1.26 mmol) dissolved in DMF (0.5 mL) added. After 
2.5 h, the reaction mixture was added to NH4CI and extracted 
with EtOAc, and the extracts were evaporated. Chromatog­
raphy (EtOAc:Tol, 5:95) gave (S)-IOl as a colorless oil (208 mg, 
82%): 1H NMR (CD3SOCD3, 200 MHz) d 7.75 (d, J = 1.5 Hz, 
IH), 7.73 (d, J = 8 Hz, 2H), 7.52 (d, J = 1.5 Hz, IH), 7.33 (d, 
J = 8 Hz, 2H), 5.15 (s, 2H), 4.1 (AB pattern, 2H), 2.3 (s, 3H), 
1.64 (s, 3H), 1.51 (s, 3H), 1.44 (s, 3H); MS (CI) mlz 403 [(M + 
H)+]. 

2-Bromo-4-(2,2,4-trimethyl-l ,3-dioxolan-4-yl)thio-
phene (28). NBS (1.6 g, 9.0 mmol) was added to a stirred 
solution of 12 (1.8 g, 9.0 mmol) in DMF (5 mL) and AcOH (1 
mL) cooled in an ice bath. After 1.5 h, the reaction mixture 
was basified with aqueous K2CO3 and extracted with Et2O. 
The extracts were washed with water, evaporated, and chro­
matographed (EtOAehexanes, 2.5:97.5) to remove the 2,3-
isomer, which was formed in similar yield, to give 28 as a 
colorless liquid (0.81 g, 32%): 1H NMR (CDCl3, 250 Hz) 6 7.08 
(d, J = 1.5 Hz, IH), 6.98 (d, J = 1.5 Hz, IH), 4.0 (AB pattern, 
2H), 1.56 (s, 3H), 1.48 (s, 3H), 1.41 (s, 3H). 
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