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Summary: An unique low-temperature rearrangement of 
silyl enol ether terminated oxiranes, prepared by the ad- 
dition of the dienolate anion of ethyl 2-bromo-4-siloxy- 
crotonate to aldehydes, has been implemented for the 
synthesis of functionalized dihydrofurans. 

The synthesis of substituted furans, dihydrofurans, and 
tetrahydrofurans continues to play a prominent role in the 
design of new methodologies for the preparation of natu- 
rally occurring compounds that contain such units.2 In 
recent years several methods of synthesis for furanoid 
derivatives have been reported? usually in the context of 
approaches to such compounds as monensin,’ nigericin? 
and other biologically significant targets? Most recent 
tetrahydro- or dihydrofuran syntheses’ feature C-O bond 
formation during the key reaction leading to ring closure. 
Exceptions to this strategy involving C-C bond formation 
have recently appeared.’*tb We report a simple, mild 
procedure (two steps) based on an unprecedented low- 
temperature rearrangement of silyl enol ether terminated 
oxiranes 2 to dihydrofurans of type 3 (Figure 1). 

These compounds possess the necessary functionality 
patterns of several naturally occurring antibiotics and can 
be functionalized further to either furans or tetrahydro- 
furans. The methodology is designed, through the re- 
duction of the ester in 3 to an aldehyde, to permit eventual 
iterative annulations of multiple furanoid subunits under 
extremely mild reaction conditions that tolerate sensitive 
functionalities. 

The annulation relies on the addition of the lithium 
dienolate of le to aldehydes at  -90 O C  in THF. The re- 
sulting vinyloxiranes were formed stereospecifically, re- 
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a Estimated by ‘H NMR. Overall yield from aldehyde via low- 
temperature rearrangement. Overall yield from aldehyde via 
thermolytic rearrangement, see ref 16. 

gardless of the stereochemistry of the starting dienolate, 
in analogy with an aldol-type transition state invoked for 
similar stereospecificity reported for vinyloxiranes lacking 
the silyl enol ether moietyq9 (All of the results reported 
in Table I were obtained using the 2 isomer of 1). The 
crude vinyloxiranes were suitably pure (-70% vide 
NMR)’O and were immediately used in the rearrangement 
sequence because of their instability to silica gel or HPLC 
chromatography. The stereochemistry of the vinyloxiranes 
was assigned as E for the oxirane substitution and E for 

(9) Hudlicky, T.; Fleming, A,; Lovelace, T. C. Tetrahedron 1989,45, 
3021. 

(10) The samples of crude vinyloxiranes were contaminated with re- 
covered excess starting material (displaying a signal at 6.3 ppm), and ita 
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sponding to the protons of the Eolefin of the enol ether, and a multiplet 
a t  3.7 ppm and triplet at  2.5 ppm, corresponding to protons a and b, 
respectively). Discounting of these signale in the NMR of vinyloxiranes 
lends credence to the argument that the diastereomeric (Z)-oxiranes were 
not present in the crude reaction mixtures. 
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R - C = O  - + Br 

TBSO 4 C02Et 

1 
TBS - 1-butyldimethylsilyl 

Figure 1. 

2 

the enol ether moiety. The basis for this assignment 
followed from NMR studies (NOE difference) performed 
on the analogous vinyloxiranes lacking the enol ether 

The syn relationship of the carbethoxy group and 
the proton was inferred by similarities in the chemical 
shifts of the vinyloxirane methines in the two series and 
the absence of NOE enhancement of vinyl protons upon 
irradiation of the vinyloxirane methines. The E geometry 
of the enol ether follows from the J value of the olefinic 
protons (15 Hz). 

Treatment of vinyloxiranes with trimethylsilyl iodide 
(TMSI) and hexamethyldisilazane (HMDS) at -78 to -50 
"C produced siloxydihydrofurans in good to excellent 
yields (with the exception of 14 and 17 where the yields 
of rearrangement were 50%) and with exclusive trans 
stereochemistry (Table I). This result was both unex- 
pected and unprecedented as the topography of dihydro- 
furans obtained in this fashion was identical to that re- 
sulting from thermal rearrangement of vinyloxiranes. 
Chuche," Eberbach,12 and othersDJh have shown that at 
temperatures in the range of 400 OC simple vinyloxiranes 
rearrange via cleavage of C-C bond and the subsequent 
stereospecific closure of carbonyl ~ 1 i d e s . l ~ ~  Conversely, 
opening of such compounds with halogen nucleophiles 
proceeds with C-0 bond cleavage and leads to halo- 
hydrins.&J4 We therefore expected the 2,3,5-regiochem- 
istry found in 22,16 resulting from a C-O bond cleavage in 
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In the caw of enol ether terminated vinylcyclopropanes 23 both seta of 
conditions ale0 gave the diquinane 24 through the cleavage of the indi- 
cated bond. Oxepine 26 wan identified in thermal and acid-catalyzed 
rearrangements of 6, and aldehyde 26 was obtained in acid catalyzed 
rearrangements of 6, 8, and 11. Details of mechanirtic studies in this 
wriee and results of low-temperature NMR work will be diecloeed at  a 
later date (Hudlicky, T.; Heard, N.; Wild, C., unpublihed observations). 
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stereoelectronic analogy with the reported opening of TMS 
enol ether terminated vinylcyclopropanes.8J6J6 Previous 
attempts to prepare analogues such as 22 or its norsiloxy 
derivatives via nucleophilic cleavage of vinyloxiranes re- 
quired additional steps and conditions to elicit dihydro- 
furan formation.% It is remarkable that the presence of 
an enol ether on the vinyloxirane so alters the stereoe- 
lectronice of the system to create the operational difference 
between 400 and -78 OC to elicit the rearrangement. At  
the present time no mechanistic speculation is available 
concerning this rearrangement as there apparently is no 
parallel between the mechanism of the TMSI-mediated 
closure of silyl enol ether terminated vinylcyclopropanes 
and viny1oxiranes.l6la 

For the purpose of comparison and precise identification 
of the topography of dihydrofurans, the flash vacuum 
pyrolysis was studied also and was shown to lead to both 
cis- and trans-substituted dihydrofurans, with the expected 
regiochemistry indicative of C-C cleavage and the six T 

electron closure of the carbonyl ylide (Table 1).la Vinyl- 
oxiranes 5,8, and 11 also rearranged to dihydrofurans and 
oxepines such as 25 (4:l ratio in the case of 11) at  room 
temperature in dilute CDCl, solution with the rearrange- 
ment complete in 7 days. Exposure to silica gel on the 
other hand gave products such as 26,16 derived from C-O 
cleavage assisted by hydrolysis of the enol ether moiety. 
All compounds were characterized by NMR spectroscopy 
and mass spectral or combustion analysis. The stereo- 
chemistry of all dihydrofurans was also assigned on the 
basis of NMR studies and proton coupling constants.'* 
The potential for synthetic applications was briefly in- 
vestigated with compounds 16 and 19. These vinyloxiranes 
were obtained in lower yields, presumably because of 
competing enolization. The dihydrofurans 18 and 21, re- 
sembling furanoid units found in natural products, were 
formed as inseparable diastereomeric mixtures (21), which, 
in the case of 21, converged to one isomer on hydrogena- 
tion. These transformations remain to be investigated in 
detail for optimization. Detailed mechanistic studies of 

(16) Slow evaporation of vinyloxiranea at  80 OC (Kugelrohr) led mostly 
to the trans isomers (series a), while evaporation a t  higher temperature 
(300 O C )  gave mixtures of tram and cis (series b) compounds as well a 
fully aromatic furans (see the Supplementary material). The reversible 
formation of oxepine in one case occurred during thermolysis, consistent 
with the expected tendency of divinyloxiranes for such rearrangement?-'' 
Detaila will be disclosed in a full paper. 
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1970,270,1894. Paladini, J. C.; Chuche, J. Bull. Soc. Chim. h.. 1974,197. 
Eberbach, W.; Burchardt, B. Chem. Ber. 1978,122,3666. Eberbach, W.; 
Troetmann, U. Chem. Ber. 1986,118,4035. 
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experimental JC-H values compared nicely with t h w  obtained by calcu- 
lations using the MM2 method (QCPE-396, implemented by Chemical 
Design, U.K., 1989). The absence of NOE enhancement betwen Hb and 
H, further confirmed the stereochemistry of the tram isomers. 
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the unusual TMSI and Lewis acid catalyzed rearrange- 
menta and applications of this technology to natural 
Droduct svnthesis form the focus of our current endeavors 

administered by the American Chemical Society, and the 
Jeffress Trust Fund. 

Hnd will 6e reported in due course. 
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Supplementary Material Available: Experimental Section 
with 'H and I3C NMR spectra (including 2D NMR for 9a, 9b, 
12a, and 25) and the details of preparation of compounds 5,6a,b, 
8,9a,b, 11,12a,b, 14,15a,b, 17,18,20,21,25 (41 pages). Ordering 
information is given on any current masthead page. 
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Summary: An efficient, four-step synthesis of the novel 
HIV-1 reverse transcriptase inhibitor TIBO R82150 is 
described. 

The recently reported TIBO compounds, for example 
R82150 (la) and R82913 (lb), are remarkably specific 
inhibitors of HIV-1 virion replication in T-cell cultures. 
Unlike AZT and the related nucleoside antiviral agents 
DDC and DDI, which are effective against both HIV-1 and 
HIV-2, the TIBO compounds do not inhibit replication of 
HIV-2, other RNA viruses, or DNA viruses. Several 
members of the TIBO series are active at  nanomolar 
concentrations and TIBO lb has an inhibitory concen- 
tration equal to that of AZT. In preliminary tests in hu- 
mans, TIBO la, which has the best selectivity index (50% 
cytotoxic dose/50% inhibitory concentration) of the 
TIBO's reported, appears to be well tolerated.' 

l a  &H, TIE0 R82150 2, El-RG-587 
l b  k C I ,  TIEOR82913 

Since the discovery of the TIBO's, a second class of 
HIV-1 specific inhibitors, the dipyridodiazepinones (e.g. 
BI-RG-587,2) has been described.2 The TIBO's and the 
dipyridodiazepinones inhibit HIV-1 reverse transcriptase; 
they do so by binding to a common site which is not a 
substrate binding site.3 A third class of HIV-1-selective 
inhibitors appears to act by a different me~hanism.~ 

The preparation of TIBO R82150 was originally reported 
to be an 11-step procedure with an overall yield of 49'0.l~~ 
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250, 1411. 
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Scheme I. Synthesis of TIBO 1' 

No, No, 

3 

S 6 

O (a) (CICO)p, PhMe, 60 "C; then L-alaninamide hydrochloride, 
K2C03, PhMe/H20, 0 O C ,  2 h; (b) 10 equiv of BHBSMe2, THF, re- 
flux, 12 h; (c) DMF, KICOs, 120 'C, 3-methyl-2-butenyl bromide; 
(d) H2, 5% Pd(C), EtOH, 2 h, filter; then CS2, 37 OC, 3 h. 

Clearly, a shorter and more efficient synthesis of the TIBO 
structure was desirable for the preparation of analogues 
and essential for the anticipated manufacture of a drug 
in this series. 

We are now pleased to report an efficient synthesis of 
TIBO R82150 in which the four structural componenta are 
incorporated into the desired TIBO product in only four 
steps. The synthesis uses only standard reagents, none 
of which is difficult to handle. 

Straightforward retrosynthetic analysis of TIBO 1 
strongly suggests precursors to three of ita four structural 
components. Thus, the imidazothione ring would be ela- 
borated by "capping" an aminodiazepine with a thio- 
carbonyl reagent; the C-4 to N-6 chain, containing the 
chiral center, would be derived from an L-alanine deriva- 
tive; and the prenyl side chain would be introduced by 
alkylation of the benzylic nitrogen (N-6). 

Recognition that commercially available 2-chloro-3- 
nitrobenzoic acid (3) might be a suitable precursor to the 
1,2,34risubstituted benzene moiety led us to pursue a 
strategy in which the chloro substituent is displaced in an 
intramolecular nucleophilic aromatic substitution. Prep- 
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M. K.; Sherrill, R. G.; Raeymaekers, A,; Van Celder, J.; Andries, K.; 
Janssen, M. A. C.; De Clercq, E.; Janesen, P. A. J. J. Med. Chem. 1991, 
34, 746. 
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