
6788 Journal  of the American Chemical Society / 101:22 / October 24, 1979 

K2CO3, CaCO3, CH2C12) which was pyrolyzed in situ (o- 
dichlorobenzene, 150 " C )  to give trans-dihydroaustamide 
184.'5 (mp 1 I O 7 ]  15 "C) in 50%overall yield. This material was 
identical i n  all respects ( N M R ,  UV, MS, TLC)  with an au- 
thentic sample of ( 1  2R)-dihydroaustamide prepared by hy- 
drogenation of austamide.' 

The dianion of 18 was formed with lithium diisopropylamide 
(2 equiv) in tetrahydrofuran a t  -78 OC, which in turn was 
quenched with 2 equiv of diphenyl disulfide a t  -78 O C  to room 
temperature. I n  this manner the tertiary alcohol 194-16 as  a 
mixture of stereoisomers (amorphous solid) was formed as the 
major product after aqueous workup. This alcohol was treated 
with excess triethylamine and mesyl chloride in methylene 
chloride at  room temperature to give dl-austamide (1) in 40% 
overall yield. The synthetic material was identical i n  all re- 
spects ( N M R ,  UV,  MS, TLC)  with an authentic sample. 
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A Novel Synthesis of 7-Fluorobenzo[ alpyrene 
Involving Two New Molecular Rearrangements' 
Sir: 

Because of our interest in the possible metabolic pathways 
by which benzo[a]pyrene produces cancer we sought to convert 
7-aminobenzo[a]pyrene (1) into 7-fluorobenzo[a]pyrene ( 2 )  
desired for testing. However, only very small amounts of 2 
could be produced from 1 by conventional diazotization via the 
diazonium f l u o r ~ b o r a t e ~ , ~  and none at  all using the modified 
procedure recently described for converting 7-aminobenz[a]- 
anthracene (3) into 7-fluorobenz[a]anthracene4 (4). 
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We then turned to rrans-7,8-dihydroxy-7,8,9,1 O-tetrahy- 
drobenzo[a]pyrene5 (5) in the hope that treatment with di- 
ethylaminosulfur trifluoride (DAST)6s7 would yield the cor- 
responding difluoride (6), which might be converted into 7- 
or 8-fluorobenzo[a]pyrene or a mixture of the two.* Treatment 
of 5 with DAST produced a compound which on heating in 
benzene with 2,3-dichloro-5,6-dicyano- 1,4-benzoquinone 
(DDQ) afforded 2 in 60% overall yield from 5. Examination 
of the N M R  spectra9 of the intermediate difluoro compound 
showed that rearrangement into 7-difluoromethyl-8,9-dihy- 
dro-7(H)-cyclopenta[a]pyrene (7) had taken place. This re- 
arrangement is surprising, especially since it has been men- 
tioned that the OH group in isobutyl alcohol can be replaced 
by F without causing extensive rearrangement or dehydra- 
tion.' 

Perhaps even more surprising is the rearrangement of 7 into 
2 i n  high yield on heating in benzene with DDQ, a reagent 
noted mainly for its ability to oxidize by extracting two hy- 
drogens. The formation of 2 from 7 provides an example of 
what may become a new method for synthesis of fluorinated 
aromatic compounds as  shown in Scheme I .  
Scheme I 

I CHO CHFn 

8 9 Ilo 

W e  are  studying the synthesis of nuclear substituted com- 
pounds of type 8, the conversion of these two compounds of 
type 9 by treatment with DAST,l0 and the effect of DDQ and 
other reagents on the rearrangement of 9 to 10. It is also of 
interest to see if dichlorides, dibromides, and dimethoxy 
compounds analogous to 9 can be caused to rearrange to 
compounds of type 10. Typical experimental procedures 
follow. 

To a stirred suspension of 0.90 g of 5 in 250 mL of CHzC12 
a t  -78 OC was added 1.5 g of DAST.6%7 After 30 min the 
temperature was allowed to rise to 0 OC and the mixture be- 
came clear. After water was added, the organic product was 
isolated and treated a t  reflux in benzene containing 0.90 g of 
DDQ for I6 h. Chromatography over basic alumina afforded 
0 .50g  (60%) of 2, mp 174-175 O C .  Anal." ( C ~ O H I  I F )  C,  H, 
F. 

In another experiment similar to the above, the crude 
product from the DAST treatment was chromatographed over 
neutral alumina to yield (40%) pure 7, mp 1 12- 1 13 OC. Anal.' 
( C ~ O H I ~ F ~ )  C,  H,  F. A sample of pure 7 gave 2 in 82% yield 
on treatment with DDQ as above. 
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The  I9F N M R  s p e c t r ~ m ' ~ . ' ~  showed a doublet of doublets 
centered a t  6 120 ppm (J = 57, 14.5 Hz, with additional 
smaller couplings of 2.5 Hz). The I H N M R  spectrum showed 
a triplet of doublets centered a t  6 5.9 ppm ( 1  proton, CHF2, 
J F I F  = 57, J" = 5 Hz). 

The  oxime of 7-keto-7,8,9,1 0-tetrahydrobenzo[a]pyrene4 
was converted into its acetate, mp 193-195 "C, which on 
heating with Pd/C in naphthalene a t  200-205 "C for 2 h 
yielded after dry column chromatographyi5 36% 1, mp 
203-204 "C; N M R  showed two exchangeable protons at  6 
4.66. Anal. I (C2oH l3N) C,  H,  N.  

To a stirred mixture under Nz of 2.18 g of NaBF4 in 50 mL 
of dry T H  F was added 2.6 mL of CF3COOH followed by 1.07 
g of 1. After 15 min a t  25 "C, the mixture was cooled to -20 
to - 15 "C and 500 mg of N a N 0 2  was added in small portions. 
The  dark brown suspension of diazonium salt formed was 
stirred for I5 min and the solid was collected, washed with dry 
T H F ,  and dried under vacuum. This solid had an I R  peak a t  
2200 cm-l (RNz+). The dry salt, mixed with powdered dry 
KF, was added to 100 mL of boiling dry xylene. The product 
was chromatographed over basic alumina to give 290 mg of 
solid, mp 152- 156 " C .  Analysis showed this to be a mixture 
of 2 and ben~o[a]pyrene. ' .~  

The mass spectral6 agreed with the assigned structures for 
1, 2, and 7. 
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Polyether Antibiotics Synthesis. Total Synthesis 
and Absolute Configuration of the Ionophore A-23187 

Sir: 
Over the last few years the general interest in polyether 

antibiotics has risen dramatically.1 This rapidly growing class 
of compounds, produced mainly by Streptomyces organisms, 
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characteristically form lipophilic metal ion complexes which 
are effective in ion transport across lipid barriers2 To date, the 
ionophore antibiotic A-23 187 (calcimycin, la)3 appears to be 
unique in its divalent cation transport ~e lec t iv i ty .~  Extensive 
literature is now rapidly accumulating on the application of 
this ionophore as an effective probe for the involvement of 
metal ions in the control of numerous physiological processes.s 
This communication describes the first synthesis of A-23 187 
( la)  and defines the absolute configuration of this natural 
product. 

Based upon oxygen anoineric effects and related stereo- 
chemical considerations,6 we projected that the 1,7-dioxa- 
spiro[5.5]undecane skeleton in 1 with the requisite C I 4  stere- 
ocenter would be readily attainable from the acyclic keto diol 
precursor 2 via acid-catalyzed ring closure (Scheme This 
internal ketalization process is undoubtedly a plausible step 
i n  the biosynthesis of la. We further assumed that stereo- 
chemical control of the CIS methyl-bearing stereocenter need 
not be an issue in the enantioselective synthesis of the penul- 
timate precursor 2 since acid-catalyzed equilibration of this 
center in the target molecule should afford the desired equa- 
torial methyl diastereoisomer.8 The intermediate 2, upon aldol 
disconnection, appeared to be readily accessible from the 
heterocyclic precursors 3 (R = H)' and 5 and the ketone 4 
which possesses a C2 axis of symmetry with respect to skeletal 
carbons CIo-CI2 and Clg-CIX. 

After several abortive attempts, a practical synthesis of the 
benzoxazole moiety 5 was developed. Methyl 5-hydroxyan- 
thranilate,In upon trifluoroacylation (TFAA, C5H5N), af- 
forded 6a, mp 136- 138 "C, in 92% yie1d.I I A priori, we had 
anticipated that mononitration of 6a would have revealed a 
greater propensity for electrophilic substitution a t  Cq vs. Cg, 
thereby thwarting attempts to construct the requisite amino- 
phenol 6c. This concern was unfounded. Nitration ( 1  equiv of 
"03 ,  Et,O, 25 " C )  afforded a 2:l mixture of the desired 
nitrophenol 6bi1 (mp 121-124 "C) and the corresponding 
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