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In principle, these compounds could be also prepared 
by the well known Hafner route13 by using the corre- 
sponding 8-(dialky1amino)-substituted 6-vinylpenta- 
fulvenes. Whereas this reaction sequence is a three-step 
procedure (pentafulvene formation, cyclization, and ex- 
change of the dialkylamino substituent), the way described 
here is a high-yield one-step reaction. 

The product types from entries b, d, and e constitute 
valuable precursors which can be transformed into inter- 
esting compounds. Thus, the vinylpentafulvenes 4 and 5 
were isomerized to the corresponding 1,5-dihydro- 
pentalenes by flash thermolysis. Most effective for this 
purpose was the flash vacuum thermolysis of the "cyclo- 
pentadiene protected" parent vinylpentafulvene 2. A t  
temperatures between 450 OC and 520 OC14 cycloadduct 
2 loses cyclopentadiene and gives the vinylpentafulvene 
10, which spontaneously cyclizes to the 1,6a-dihydro- 
pentalene 11 (Scheme 111). This intermediacy product 
could not be isolated but immediately rearranges to the 
1,5-dihydropentalene W5 via 1,5-hydrogen migrations. 

Although this cyclization-rearrangement sequence was 
originally reported by Gajewski and Cavender: it was not 
exploited for synthesis until now (only 10 mg of 12 could 
be made by direct vinylpentafulvene static thermolysis 
until now4). In our case, 12 could be isolated in 2-3-g 
quantities by thermolysis of 6 g of 2 in about 30 min. This 
synthetic methodology competes very well with the cy- 
clooctatetraene thermolysis route developed by Meier and 
co-workers.16 Furthermore, it should be easily applied to 
acceptor-substituted acroleins as starting materials. In- 
vestigations using this concept are in progress. 
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Summary: A new method is described for the convergent 
synthesis of poly01 chains in which two chains are coupled 
with control of the newly formed stereogenic center. 

Sir: Advances in asymmetric synthesis' over the last 
decade have made the construction of many simple poly01 
chains routine, but larger chains still represent a formi- 
dable challenge. A method is described herein which al- 
lows poly01 chains to be coupled with control of the newly 
formed stereogenic center. This is a problem for which 
very few general solutions have been r e p ~ r t e d . ~ ? ~  Our new 
method will dramatically simplify the synthesis of large 
poly01 chains because it allows them to be prepared from 
readily available smaller chains by a conuergent strategy. 

This method is designed around new 1,3-diol synthons: 
6-alkyl-4-(phenylthio)-1,3-dioxanes (e.g. 2). These syn- 
thons are protected @-hydroxy aldehydes and can be pre- 
pared from either @-hydroxy  ester^^,^ or homoallylic alco- 
ho l~ .~ , '  The 1,3-diol synthon 2 was prepared as a single 
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isomer8 by treating 4-methyl-3- [ (trimethylsily1)oxylpen- 
tanal (1) (prepared in two steps from the homoallylic al- 
cohol 2-methyl-5-hexen-3-01) with (pheny1thio)trimethyl- 
silane and catalytic trimethylsilyl triflate to give a mixture 
of hemithioa~etals,~ followed by treatment with acetone 
and catalytic trimethylsilyl triflate.l0 This sequence can 

PhSSiMe3, -78 "C 

oms TMSOTf, 4 hrs 

1 [ ) y y S P h  ] Acetone, -78; 

O s 0  
TMSO oms TMSoTf, 35 hrs 

76% Overall 
2 

be performed in one pot but is more reliable when the 
intermediate hemithioacetals are isolated. The product 
slowly decomposes under the reaction conditions, so the 
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Scheme I." Synthesis of Lienomycin Decanehexolg Table I. Kinetic and Thermodynamic Coupling Reactions 
of 1,3-Diol Synthon 2 

1. LiDBB, THF. -78 4: 
2 optional equilbration 
3. eledrophile, -78 4: 

2 
~~ ~~ ~ 

equatorial 
(thermodynam- 

electrophile axial (kineticlo i d n  

PhCHO 

O x 0  

O x 0  OH 

51%' 
O x 0  

O x 0  OH 

80sb 

0 p y C 4 H s  -6% 

47% (3 : 97P 73% (98 : 2)d 

87% (% : 4) 65% (5 : 95) 

nIsolated yields are given, followed by GC ratios (axial/equato- 
rial) in parentheses. All new compounds were characterized by 'H 
and I3C NMR, IR, MS, and C, H analyses. *65:35 ratio of carbinol 
epimers. 61:39 ratio of carbinol epimers. dApproximately a 5050 
mixture of carbinol epimers. 

reaction must be carefully monitored to achieve optimal 
yields. We have previously described the reduction of 2 
with lithium di-tert-butylbiphenylide (LiDBB)l1 to give 
an axial alkyllithium with 50:l selectivity; the axial al- 
kyllithium epimerizes to the more stable equatorial al- 
kyllithium on warming to -20 "C for 30 min.l2J3 Coupling 
either the axial or equatorial alkyllithium with electrophiles 
(vide infra) leads to protected anti- or syn-1,3-diols, re- 
spectively. In summary, these 1,3-diol synthons are readily 
prepared from homoallylic alcohols and give either axial 
or equatorial alkyllithiums by judicious choice of reaction 
conditions.12 

The reaction of 1,3-diol synthon 2 with a variety of 
electrophiles is illustrated in Table I. The initially formed 
axial alkyllithium couples with representative electrophiles 
in 73-87% yield, while the more stable equatorial alkyl- 
lithium gives 4745% yields due to competitive protona- 
tion of the alkyllithium during equilibration. All of the 
coupling reactions proceed with retention of stereochem- 
istry at the alkyllithium center.14 As expe~ted, '~  the ad- 
ditions to benzaldehyde proceed with little selectivity to 
give protected 1,2,4-triols. The couplings of racemic 2 with 
racemic 2-butyloxirane according to Ganem's procedure16 
lead to 5050 mixtures of protected 1,3,5-triols; i.e. no 
double asymmetric induction" is observed. While this 
precludes the kinetic resolution of a racemic oxirane by 
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'(a) (i) TIPSOTf, lutidine, C H Q , ,  -20 "C, 71%; (ii) TMSCl, 
Et,N, DMAP, CH2Clz, room temperature, 92%; (iii) DIBAL-H, 
EtzO, -78 OC, 85%; (b) (i) PhSSiMe3, TMSOTf, CH2C12, -78 OC; 
(ii) acetone, TMSOTf, CH2C12, -78 "C, 51%; (c) LiDBB, THF, -78 
"C; ethylene oxide, BF3.0Et, -78 "C, 77%; (d) PPTS, anhydrous 
CuS04, acetone, room temperature; Bu4NF, THF, room tempera- 
ture, 84%; (e) TsCl, NaOH, THF,  room temperature, 82%; (f) 
LiDBB, THF, -78 "C; Bu3SnC1, -78 "G, 82%; (g) 1.0 equiv of 6, 1.6 
equiv of 7, 1.4 equiv of n-BuLi, THF,  -78 "C, 10 min; 2.5 equiv of 
BFrOEtz, -78 "C, 10 min, 62%; (h) (i) Bu4NF, THF, room tem- 
perature; (ii) MeOH, Amberlyte 15, room temperature, 100%. 

an optically active alkyllithium and vice versa, it ensures 
that all possible diastereomeric products can be prepared 
by coupling the appropriate optically active components. 
Reactions of the axial or equatorial alkyllithium with 
tributyltin chloride give the corresponding tetraalkyltins 
in good yield. The tetraalkyltins are convenient,l* stable 
syn- or anti-l,3-diol synthons, which return the original 
alkyllithiums upon treatment with n-BuLi;14 couplings 
with benzaldehyde give the expected products in excellent 
yield. Thus the 1,3-diol synthon 2 couples with a variety 
of electrophiles in good to excellent yield to give protected 
syn- or anti-1,3-diols. 

The oxirane coupling reaction is particularly well suited 
to the synthesis of the alternating (1,3,5, ...) poly01 chains 
found in the polyene macrolide  antibiotic^.'^ Lienomycin 
is an antibacterial and antifungal polyene macrolide an- 
tibiotic whose structurez0 and partial stereochemistryz1 
have been determined. One of the degradation products 
of lienomycin was determined to have the structure and 
stereochemistry of 9 based on extensive 'H NMR analy- 
sis.21 Decanehexolg was chosen to test the effectiveness 
of this new method in a convergent synthesis (Scheme I). 
Methyl (S)-3,4-dihydroxybutanoate (3) was prepared in 
two steps from (S)-malic acid.z2 The primary alcohol was 
protected as a triisopropylsilyl ether followed by protection 
of the secondary alcohol as a trimethylsilyl ether. Re- 
duction with DIBAL-H to the corresponding aldehyde 

(18) Reduction of the 1,3-diol synthons produces alkyllithiums con- 
taminated with 1 equiv of lithium thiophenoxide. The thiophenoxide 
does not affect carbonyl additions but does destroy an equivalent of 
(precious) alkylating agent. Regenerating the alkyllithiums from tetra- 
alkyltins avoids this problem. 
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Biology and Practice; Omura, S., Ed.; Academic Press: New York, 1984, 
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J.; Jereczek, E.; Borowski, E. Tetrahedron Lett. 1979, 17, 1533-1536. 
Pawlack, J.; Zielinsky, J.; Golik, J.; Gumieniak, J.; Borowski, E. J .  An- 
tibiot. 1980,9,989-997. Pawlack, J.; Zielinsky, J.; Golik, J.; Jereczek, E.; 
Borowski. E. J. Antibiot. 1980. 9. 998-1004. 
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followed by sequential treatment with (pheny1thio)tri- 
methylsilane and acetone as described above gave the 
optically active 1,3-diol synthon 4. The oxirane 6 and the 
tetraalkyltin 7 were both prepared from synthon 4. Re- 
duction of 4 and coupling with ethylene oxide gave alcohol 
5.8 Acid-catalyzed migration of the acetonide to the more 
stable terminal position, followed by desilylation and 
d e h y d r a t i ~ n , ~ ~  gave oxirane 6. Tetraalkyltin 718 and oxi- 
rane 6 were coupled by sequentially treating a solution of 
the two compounds with n-BuLi and boron trifluoride 
etherate a t  -78 "C to give alcohol 8 in 62% yield. 
Transmetalation proceeds faster than oxirane opening, and 
boron trifluoride etherate activates the oxirane for cou- 
pling. Desilylation and acid hydrolysis gave decanehexol 

(23) Holand, S.; Epsztein, R. Synthesis 1977, 706-708. 

9.8 The internal bisacetonide prepared from 9 has 'H 
NMR and COSY spectra consistent with the data reported 
for the corresponding lienomycin degradation product, 
confirming the relative stereochemistry. The convergent 
synthesis of decanehexol9 from 1,3-diol synthon 4 required 
only six linear steps and demonstrates the effectiveness 
of this new method for assembling the alternating poly01 
chains found in polyene macrolide antibiotics. 
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Intramolecular Diels-Alder reactions of 6-(alkynylthio)-1,2,4-triazines are shown t o  give 2,3-dihydrothieno- 
[2,3-c]pyridines and 3,4-dihy&o-W-thiopyano[2,3-c]pyridines. l-Oxo-2,3-dihydrothieno[2,3-c]pyridines synthesized 
in this fashion from the corresponding 6-(alkynylsulfinyl)-1,2,4-triazines are readily aromatized to thieno[2,3- 
clpyridines by a n  acetic anhydride induced Pummerer  reaction. 

Inverse electron demand intramolecular Diels-Alder 
reactions of 1,2,4-triazines tethered to an appropriate 
dienophilic side chain provide a versatile and remarkably 
effective route to a broad variety of fused pyridines and 
 pyrimidine^.^,^ Several years ago we developed a con- 

(1) Present address: Pfizer Central Research, Chas. Pfizer and Co., 
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L. G. Tetrahedron Lett. 1986,27, 1967. (d) Taylor, E. C.; Macor, J. E. 
Tetrahedron Lett. 1986, 27, 2107. (e) Taylor, E. C.; Pont, J. L. Tetra- 
hedron Lett. 1987,28,379. (0 Taylor, E. C.; Macor, J. E. J.  Org. Chem. 
1987,52,4280. (9) Taylor, E. C.; Macor, J. E.; Pont, J. L. Tetrahedron 
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54, 1249. (1) Seitz, G.; Dietrich, S. Arch. Pharm. (Weinheim, Ger.) 1984, 
31 7, 379. (m) Seitz, G.; Gorge, L.; Dietrich, S. Tetrahedron Lett. 1985, 
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venient synthesis of 1,2,4-triazin-6-ones4 and their corre- 
sponding 6-thi0nes.~~ Alkylation of the latter with 4- 
halo-1-butynes and 5-hdo-l-pentynes, utilizing procedures 
analogous to those previously employed for the preparation 
of 3-(alkynylthi0)-1,2,4-triazines,~~ provides a family of 
tethered diene-dienophile pairs that are attractive inter- 
mediates for the preparation of thieno[ 2,3-c]pyridines and 
3,4-dihydro-2H-thiopyrano[2,3-c]pyridines. The present 
paper describes these transformations in full detail.3a 

It  should be noted that thienopyridines, although not 
found in nature, have attracted considerable attention as 
components of synthetic antibiotics, as agricultural chem- 
icals, and as dyestuffs. Previous syntheses have invariably 
utilized preformed pyridines or thiophenes as starting 
materials and have required strenuous, and often low- 
yielding, reaction conditions and difficultly accessible 
starting  material^.^ accessible starting materialsS4v5 By 
contrast, the conversions described below utilize readily 
accessible 1,2,4-tria~ines~"$~ and alkynyl alkylating agents, 

~ ~~~~~ 

(4) Taylor, E. C.; Macor, J. E. J. Heterocycl. Chem. 1985, 22, 409. 
(5) For a review of the syntheses, uses, and chemistry of thieno- 

pyridines, see: Barker, J. M. The Thienopyridines. In Aduances in 
Heterocyclic Chemistry; Katritzky, A. R., Boulton, A. J., Eds.; Academic 
Press: New York, 1977; Vol. 21, pp 65-119. 
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