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The preparation of l0,ll-anhydroerythromycin B (IO) from ll-0-methanesulfonyl-2’-0-acetyl-4~~-O-formyl- 
erythromycin B (7a) is described. C-8 epimerization of both erythromycin B and 10 was effected in aqueous acetic 
acid. Base-catalyzed elimination of the elements of methanesulfonic acid from 11-0-methanesulfonylerythromy- 
cin A (6a) may be controlled to lead selectively to either l0,ll-anhydroerythromycin A (13) or 11,12-epoxyeryth- 
romycin A (14). Methods for effecting C-8 epimerization of 13 and 14 are described. The C-8 epimeric 11,lZ-epox- 
yerythromycins A (14 and 16) were readily rearranged to the corresponding C-8 epimeric 10,ll-anhydroeryth- 
romycins. A (13 and 15) .  8,9-Anhydro-11,12-epoxyerythromycin A 6,g-hemiacetal (18) was prepared and shown 
not to be an intermediate in the C-8 epimerization of 11,12-epoxyerythromycin A (14) effected by glacial acetic 
acid. Compound 18 was converted to a mixture of 14 and 16 in aqueous acetic acid. 

The lactone rings of the macrolide antibiotics provide 
important and interesting substrates for fundamental stud- 
ies of the chemistry of large-ring alicyclic compounds. 
Knowledge of their chemistry is of practical significance 
with respect to the goal of preparing chemically modified 
macrolides with improved therapeutic properties, and 
should prove useful for contemplated total synthesis of 
these complex molecules. 

The extreme sensitivity of erythromycins to both acidic 
and basic conditions presents a challenge with regard to ef- 
fecting both chemical and stereochemical modifications. 
Previous studies2 established that the erythromycins A 
(la) and B (2a) are readily and irreversibly degraded by 
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both dilute aqueous alkali and dilute mineral acid. The 
object of our current work is the development of methodol- 
ogy for chemical and stereochemical modification of the 
erythromycin lactone rings. Our general approach is based 
on the selective introduct ion into the erythromycin lactone 
rings of functionalizable sites of unsaturation. Our interest 
in 8-epi-erythromycins was stimulated by the postulate of 
Celmer3 concerning the importance of the stereochemistry 
a t  C-8 to antibacterial activity. 

The @-hydroxy ketone functionality present in the eryth- 
romycin lactone rings suggested the introduction of a 10,11 
double bond. Although the C-8 epimeric 3,5-di-O-acetyl- 
10,ll-anhydroerythronolides B (4 and 5 )  were prepared by 
Perun by acid-catalyzed degradation of 3,5,11-tri-O-acetyl- 

erythronolide B (3),4 the sensitivity to acid and base of the 
intact erythromycins precluded direct acid- or base-cata- 
lyzed dehydration of the parent antibiotics. I t  was thus 
hoped that conversion of the 11-hydroxyl groups of the 
erythromycins to good leaving groups, followed by treat- 
ment of the resulting derivatives with a strong, nonnucleo- 
philic base, would lead to the desired 10,ll-anhydroeryth- 
romycins. A likely route involved preparation of the 11-0- 
methanesulfonylerythromycins. 

1 1-0-Methanesulfonylerythromycins. Selective meth- 
anesulfonation of the 11-hydroxyl groups of the erythromy- 
cins required protection of the two secondary hydroxyl 
groups present in the desosamine and cladinose moieties. 
The technique for protecting the sugar hydroxyl groups 
was developed by Jones, et a1.,5 who prepared the 2’-O-ace- 
tyl-4”-0-formylerythromycins A and B, ( l b  and 2b) and 
found that the parent erythromycins were readily regener- 
ated from these diesters by mild basic hydrolysis. Treat- 
ment of the 2’-0-acetyl-4”-0-formylerythromycins A and 
B with methanesulfonic anhydride6 in pyridine gave rise to 
the corresponding 11-0-methanesulfonylerythromycins A 
and B (6a and 7a). These labile products were character- 
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ized by their nmr spectra and used in preparative reactions 
without purification. Methanolysis of the 2/-O-acetyl and 
4”-O-formyl groups of 6a and 7a gave the 11-0-meth- 
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Table I 
Antibacterial Activity of Selected Erythromycins 

Minimum inhibitory Concentrations, gjmP------------------ 
Haemophilus 

Staphylococcus Staphylococcus Streptococcus Klebsiella Shigella sonnei Mycobacterium influenme 
Structure aureus 9144 aureus Smith ERb faecalis 10541 pneumoniae 10031 9290 gallisepticum S6 Patterson 

l a  0 . 2  > 100 0 . 0 5  3 .1  12 0 . 2  1 . 5 6  
2a 0.39 > l o o  0 . 0 5  6 . 2  25 0 . 0 5  

10 6 . 2  > l o o  1 . 6  25 > loo  100 100 
13 6 . 2  > l o o  1 . 6  12 >loo  0 . 5  50 
7b 3 . 1  > loo  0 . 2  25 100 0 . 5  1 2 . 5  
6b 50 > l o o  6 . 2  50 > 100 50 > 100 

14 > 100 > l o o  25 25 >loo  1 >loo  
11 25 100 3 . 1  100 >loo  5 >loo  
20c 0.39 > l o o  0.05 6 . 2  1 2 . 5  0 . 0 5  1 . 5 6  

9 1 2 . 5  ,100 1 . 5 6  25 > 100 0 . 1  > 100 
15 1 2 . 5  > loo  0 .I8 1 2 . 5  100 1 . o  50 

Determined by an agar dilution method. * Erythromycin resistant. 

anesulfonylerythromycins A and B (6b and 7b), which were 
isolated in about 90% purity by column chromatography 
and characterized spectroscopically. 

It has been established5 that while Il-O-acetylerythro- 
mycin B (76) exists as the hydroxy ketone tautomer, 11 -0- 
acetylerythromycin A exists as the hemiacetal, 6c. Similar- 
ly nmr and ir spectra provide evidence that 11-0-meth- 
anesulfonylerythromycin B exists as the hydroxy ketone 
7b, while 11-0-methanesulfonylerythromycin A exists as 
the hemiacetal 6b. The infrared spectrum of the hydroxy 
ketone 7b shows carbonyl absorptions of both lactone (1727 
cm-') and ketone (1704 cm-l) carbonyls, while the infrared 
spectrum of the hemiacetal 6b shows only a sharp symmet- 
rical lactone carbonyl (1727 cm-l). In addition, the C-30 
proton resonances (CDC13) of the 11-0-acetyl- and 11-0- 
methanesulfonylerythromycins A (6c and 6b) occur a t  
higher field (6 2.21 and 2.59, respectively) than those of the 
corresponding B derivatives, 7c and 7b ( 8  2.99 and 3.16, re- 
spectively). This upfield shift of the C-10 proton reso- 
nances of the A derivatives relative to the B is presumably 
the consequence of the absence of the C-9 keto carbonyls in 
the hemiacetals. 

It is of interest that the 11-esters of erythromycin A, 
which exist as hemiacetals, have little or no antibacterial 
activity, while the antibacterial activities of the 11-esters of 
erythromycin B, which exist as hydroxy ketones, is appre- 
ciable (Table I). 

The  C-8 Epimeric Erythromycins B and the (2-8 Ep- 
imeric 10,ll-Anhydroerythromycins B. Kurath, e t  C L L . , ~  
recently established that the erythromycins A (la) and B 
(2a) are dehydrated to  the corresponding 8,g-anhydro- 
erythromycin 6,9-hemiacetals 8a and 8b in glacial acetic 
acid. I t  was also found' that  the enol ether 8b is readily hy- 
drated in dilute aqueous mineral acid to regenerate eryth- 
romycin B (2a) (Scheme I). Since the C-8 carbon of 8b is no 
longer an asymmetric center, the interconversion of 2a and 
8& suggested that under suitable conditions an acid-cata- 
iyzed equilibration might be established via the enol ether 
8b leading to formation of 8-epi-erythromycin B (9). Treat- 
ment of erythromycin B @a) with 1:l (v/v) acetic acid- 
water a t  room temperature for 96 hr gave a mixture from 
which were isolated 35% of 8-epi-erythromycin B (9) and 
30% of erythromycin B (2a). To provide chemical evidence 
that 9 differed from 2a only in its configuration a t  C-8, it 
was converted to the enol ether, 8b, in glacial acetic acid. 

Comparison of the 220-MHz nmr spectra of erythromy- 
cin B and 8-epi-erythromycin B showed that both have es- 
sentially the same lactone ring conformations. The agly- 
cone ring vicinal coupling constants and chemical shifts of 
both compounds involving H-2, -3, -11, -12, and -13 are 
very nearly identical. This indicates a close conformational 
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similarity of the ring segments containing these protons. 
Somewhat more substantial differences are observed in the 
chemical shifts of H-4, -7a, -7e, -8, and -10 and the J4,b and 
C-7 methylene proton coupling constants. These differ- 
ences closely parallel those found when the spectra of 8- 
epi-erythronolide B and erythronolide B were compared8 
and are attributable to the same conformational reorgani- 
zation involving the C-6 to C-9 ring segment as discussed in 
detail e l~ewhere .~  The near identity of the coupling con- 
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stants, J~o ,J~ ,  of erythromycin B (-1 Hz) and 8-epi-eryth- 
romycin B (-1 Hz) (Table 11) established that both had the 
same configuration a t  C-10. 

Since the C-10 protons and the C-11 hydroxyl groups of 
the erythromycins A and B (la and 2a) are antiperiplanar, 
it  was hoped that the corresponding 1 I-methanesulfonates 
would undergo facile, base-catalyzed trans elimination to 
form the 10,ll-anhydroerythromycins (13 and 10). Treat- 
ment of ll-O-methanesulfonyl-2’-0-acetyl-4’’-O-formyl- 
erythromycin B (7a) with ~,5-diazabicyclo[4.3.O]undecene- 
5 (DBU)l0 either under reflux for 0.5 hr or a t  5” for 18 hr 
smoothly effected elimination of the elements of meth- 
anesulfonic acid. Methanolysis of the 2’-O-acetyl and 4”- 
0-formyl groups gave l0,ll-anhydroerythromycin B (101, 
which was characterized by its infrared and ultraviolet 
spectra and by its conversion in glacial acetic acid to 8,9: 
10,ll-dianhydroerythromycin B 6,9-hemiacetal (1 1). 

Equilibration of 10 in 1:l glacial acetic acid-water for 48 
hr at  room temperature gave a mixture containing 8-epi- 
l0,ll-anhydroerythromycin B (12) and l0,ll-anhydro- 
erythromycin B (10) in a ratio of about 1 O : l  as estimated 
from the relative areas of the corresponding C-10 methyl 
peaks in the nmr spectrum. Pure 12 was isolated by column 
chromatography. 

To prove that 12 differed from 10 only in its configura- 
tion at  C-8, it was converted to the enol ether 11 in glacial 
acetic acid. In addition, 8-epi-erythromycin B was convert- 
ed to 12 by the same sequence of reactions used to convert 
erythromycin B (2a) to 10,ll-anhydroerythromycin B (10). 

The C-8 Epimeric 10,ll-Anhydroerythromycins A 
a n d  t h e  C-8 Epimeric 11,12-Epoxyerythromycins A. 
DBU-catalyzed elimination of the elements of methanesul- 
fonic acid from ll-0-rnethanesulfonyl-2’-O-acetyl-4’’-0- 
formylerythromycin A (sa) (Scheme 11) may be controlled 
to lead selectively to l0,ll-anhydroerythromycin A (13) or 
11,12-epoxyerythromycin A (14). Treatment of 6a with 
DBU in refluxing benzene for 0.5 hr followed by methanol- 
ysis of the 2’-O-acetyl and 4”-O-formyl groups of the prod- 
ucts led to isolation of 35% of 10,ll-anhydroerythromycin 
A (13) and 15% of 11,12-epoxyerythromycin A (14). In con- 

Table I1 
A Nuclear Magnetic Resonance Comparison of 

Erythromycin B (2a) a n d  8-epi-Erythromycin B (9)” 

--Chemical shifts, ppm-- ,---Coupling constants, Hz---- 
2a 9 28 9 

H-2 2.87 2.89 Jz13 8 . 3  9 . 1  
1 1 H-3 4.07 4.05 Jzri 

7 . O  9 . 1  H-4 2.10 2.25 J4.j 

H-5 3 .60 3.59 J i a , 7 e  15.0 14.2 
H-7a 2.00 2.06 J7*.8 10 . o  7 . 2  
H-7e 1 . 6  1.93 J 7 e , ~  3 .O 2 . 8  
H-8 2.76 2.9 J I O , , ~  1 1 

9 . 8  10.0 H-10 2.98 2.83 Jii.in 

H-11 3.83 3.84 J i 2 . 1 3  1 1 . 2  
H-12 1.75 1 . 7  J 1 3 , 1 4 a  9 .0  9 . 1  
H-13 5 .35 5 .31 J13,14e 5 . 5  4.8  
H-14a J14a, 14e  
H-14e 
H-1’ 4 .43 4.32 Ji,,z, 7.0 7 . 1  
H-2’ 3.21 3.24 J Z , , , I  10.2 10 .0  
H-3’ 2.47 2.53 J3~,4~, 12.0 12 .1  
H-4a‘ J 3  I 4 e  I 3.5  3 .8  
H-4e‘ J4&4e’ 
H-5’ 3.52 3.52 J4ar,~, 10.5 10.6 
H-1“ 4.89 4.87 Jde8,j, 1 . 8  1 . 6  
H-2a” 1.58 1.58 J I , ~ , ~ ~ ”  4 . 5  4 .2  
H-2e“ 2.37 2.40 Jl#t,nett 1 . 5  <1 
H-4” 3.00 3.01 J z a ~ , , 2 , t ,  15.5 15 .1  
H-5” 4.05 4.02 J 4 t , , o t t  9 . o  9 . 5  
5 All parameters were measured from 220-MHz spectra 

obtained a t  55’ in CDC13 solution. 

trast, when the DBU-catalyzed elimination was carried out 
a t  5” for 18 hr complete elimination of the elements of 
methanesulfonic acid was effected, as indicated by the nmr 
spectrum of the crude product, but the ir spectrum showed 
the absence of any a,@-unsaturated ketone. After methano- 
lysis of the 2’-O-acetyl and I”-O-formyl groups 11,12- 
epoxyerythromycin A (14) was isolated in 45% yield by col- 
umn chromatography. A purified sample of 11-0-meth- 
anesulfonylerythromycin A (6b) was smoothly converted to 
14 by DBU in benzene a t  5” for 18 hr. 

Scheme I1 

bo COCH, CHO 

6b H H 

15 
13 
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Prolonged reflux of 10,11-anhydroerythromycin A (13) 
with DRU in benzene in the presence of methanesulfonic 
acid effected considerable C-8 epimerization. A reaction 
time of' 96 hr gave a mixture containing B-epi-10,ll-anhy- 
droerythromycin A (15) and l0,ll-anhydroerythromycin A 
in a ratio of about 3:l as estimated from the characteristic 
C-10 methyl peaks in the nmr spectrum. Pure 15 was iso- 
lated by column chromatography, and both C-8 epimers, 13 
and 15, were converted to 8,9: l0,ll-dianhydroerythro- 
mycin A 6,9-hemiacetal(l7) in glacial acetic acid. 

Although the erythromycin enol ethers 8b and 11 are 
probable intermediates in the C-8 epimerizations of eryth- 
romycin B and l0,ll-anhydroerythromycin B which are ef- 
fected by aqueous acetic acid, a control experiment estab- 
lished that the enol ether 17 is not an intermediate in the 
C-8 epimerization of 13 to 15 effected by DBU and meth- 
anesulfonic acid in benzene. Treatment of 17 with DBU and 
methanesulfonic acid in benzene under reflux for 96 hr in 
the presence of 1 equiv of water gave only recovered start- 
ing material. This suggests that the intermediate involved 
in the epimerization of 13 to 15 under these conditions is 
the 8,10-dien-9-o1 19, or the corresponding dienolate 
anion. 

An attempt to characterize 11,12-epoxyerythromycin A 
(14) by its conversion in glacial acetic acid to 8,g-anhydro- 
11,12-epoxyerythromycin A 6,9-hemiacetal(18) was unsuc- 

cessful. Instead, treatment of 14 with glacial acetic acid at  
room temperature for 1 hr gave B-epi-11,lZ-epoxyeryth- 
romycin A (58%) which was found to exist as the hemiace- 
tal 16. The same product 16 was isolated (48%) after treat- 
ment of 14 with 1:l acetic acid-water at  room temperature 
for 24 hr. Both 14 and 16 were converted to 8,9:10,11-di- 
anhydroerythromycin A 6,9-hemiacetal (17) in glacial ace- 
tic acid at room temperature for 46 hr. Conversion of 14 
and 16 to the corresponding C-8 epimeric l0,ll-anhydro- 
erythromycins A (13 and 15) was effected with DBU in re- 
fluxing benzene in the presence of methanesulfonic acid for 
3 hr. 

The C-8 epimerization of 11,12-epoxyerythromycin A 
(14), which occurs in glacial acetic acid, is in marked con- 
trast to the behavior of other erythromycin derivatives 
which are converted to 8,9-anhydroerythromycin 6,g-hemi- 
acetals under similar conditions. To  provide some insight 
into the mechanism of C-8 epimerization of 14 to 16, and to 
add to the evidence for their structures, the preparation of 
8,9-anhydro-ll,E?-epoxyerythromycin A 6,9-hemiacetal 
(18) was desired, and was accomplished by epoxide forma- 
tion from 8,9-anhydro-ll-0-methanesulfonylerythromycin 
A 6,9-hemiacetal (20c). The behavior of 18 in both glacial 
acetic acid and 1:l acetic acid-water was investigated. 
2'-O-Acetyl-4''-O-formylerythrornycin A (1 b) was con- 

verted to the enol ether 20a in glacial acetic acid. 20a was 

6 
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converted to 8,9-anhydro-ll-O-methanesulfonyleryth- 
romycin A 6,9-hemiacetal (20c) on treatment with meth- 
anesulfonic anhydride in pyridine followed by methanol- 
ysis of the 2'-O-acetyl and 4"-O-formyl groups. Treatment 
of 2012 with DBU in benzene under reflux for 18 hr gave 
8,9-anhydro-l1,12-epoxyerythromycin A 6,9-hemiacetal 
(18) in good yield. 

Treatment of 18 with 1:l acetic acid-water for 0.5 hr at  
room temperature gave a mixture from which were isolated 
11,12-epoxyerythromycin A (14, 49%) and 8-epi-11,12-ep- 
oxyerythromycin A (16, 18%). Treatment of 18 with glacial 
acetic acid a t  room temperature for 1 hr yielded 20% of 
starting material, 20% of the enol ether 17, and only 9% of 
8-epi-l1,12-epoxyerythromycin A (16). Since the latter 
conditions effect essentially complete C-8 epimerization of 
14 we believe that this result excludes the enol ether 18 as 
the intermediate in the C-8 epimerization of 14 effected by 
glacial acetic acid, and suggests that the epimerization oc- 
curs via the 8-en-9-01 21. 

The contrast to the ease of formation of 11,12-epoxy- 
erythromycin A (14) from Il-O-methanesulfonylerythro- 
mycin A (6b), effected by DBU in benzene (5", 18 hr), iden- 
tical treatment of 8,9-anhydro-ll-O-methanesulfonyleryth- 
romycin A 6,9-hemiacetal (20c) led to quantitative recov- 
ery of starting material. 
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Hydroxy Ketone-Hemiacetal Tautomerism of the  
C-8 Epimeric 11,12-Epoxyerythromycins A (14 and 16). 
Although 11,12-epoxyerythromycin A (14), isolated as a 
glass by evaporation of chloroform from a chloroform solu- 
tion, showed a single spot in several tlc systems, the nmr 
spectrum of a freshly prepared solution in deuteriochloro- 
form at 35" showed 14 to be a mixture of two components 
in a ratio of 1.2:1, estimated from the heights of the two 
NMez and two OMe peaks. The major component showed 
peaks a t  6 3.35 (OMe) and 2.31 (NMeZ), while the minor 
component showed peaks a t  6 3.36 (OMe) and 2.29 (NMe2). 
A characteristic singlet appeared a t  6 1.66 which was asso- 
ciated with the minor component and is tentatively as- 
signed to its C-6 methyl protons. When the deuteriochloro- 
form solution of 14 was heated a t  56" for 0.5 hr, the ratio of 
components changed to 2.4:l with the original major com- 
ponent predominating. When the solution was cooled to 
35' the ratio of components remained at  2.4:l and little 
change in the ratio was noted even after several days at  
room temperature. 

Comparison of the infrared spectrum of the freshly pre- 
pared deuteriochloroform solution of 14 with that of an ali- 
quot which had been heated a t  56" for 0.5 hr showed signif- 
icant increase, in the heated sample, of the ratio of intensi- 
ties (log 1/10) of the ketone carbonyl absorption (1708 
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cm-l) to the lactone carbonyl absorption (1729 cm-l) 
from 0.5 to 0.8. This established that the minor component 
was the hemiacetal tautomer 14b which was largely con- 
verted to the hydroxy ketone tautomer 14a on heating in 
deuteriochloroform. 

A preparative attempt to convert the 1.2:1 mixture of 
14a and 14b to a 2.4:l mixture by heating a chloroform so- 
lution of 14 under reflux for 0.5 hr was unsuccessful. After 
evaporation of chloroform under reduced pressure and 
drying of the residue under high vacuum at 56' for 20 hr, 
the hydroxy ketone to hemiacetal ratio (14a:14b) was iden- 
tical with that of the starting material (1.2:l) by criteria of 
both nmr and ir. This result is interpreted to indicate that 
the 2.4:l ratio of 14a to 14b in the heated chloroform solu- 
tion reverted to the original 1.2:l ratio on evaporation of 
solvent. 

An nmr spectrum of a freshly prepared sample of 14 in 
methanol-d4 showed a ratio of hydroxy ketone to hemiace- 
tal of 1.2. On heating at 56' for 0.5 hr, the ratio changed to 
0.9 favoring the hemiacetal. The identities of the two com- 
ponents in methanold4 is based on the intensity of the sin- 
glet a t  6 1.63 attributed to the C-6 methyl of the hemiacetal 
14b, relative to the intensities of the two NMe2 peaks ob- 
served. 

A pure sample of the hemiacetal tautomer 14b was iso- 
lated (70% recovery) by crystallization from ether. The tau- 
tomeric purity of 14b was established from the nmr spec- 
trum of a freshly prepared solution in deuteriochloroform. 
When the nmr spectrum was determined after the solution 
had remained at room temperature overnight it was found 
that the sample had reverted to a 2.3:l mixture of 14a to 
14b. When the solution was heated at  56" for 0.5 hr the 
ratio of 14a to 14b was found to be 2.4:l. 

These data indicate that the tautomers 14a and 14b are 
interconvertible, but have a sufficiently high energy barrier 
to interconversion to preclude rapid equilibration at room 
temperature in chloroform solution. 

In contrast to 11,12-epoxyerythromycin A, which exists 
as an interconvertible mixture of tautomers 14a and 14b, 
the following evidence indicates that 8-epi-11,12-epoxyer- 
ythromycin A exists exclusively as the hemiacetal (16). 

(1) The nmr spectrum of a freshly prepared solution of 
16 in CDC13 showed only one sharp NMez peak and one 
sharp OMe peak, and otherwise indicated the presence of a 
single component. The appearance of the spectrum did not 
change on prolonged heating of the solution a t  56'. 

(2) The ir spectra of the pure C-8 epimeric hemiacetals 
14b and 16 (in deuteriochloroform) were virtually identical. 
Both showed only lactone carbonyl absoprtions a t  1727 
cm-l. In contrast the 1.2:l  mixture of 14a and 14b 
showed both lactone (1729 cm-l) and ketone (1708 cm-l) 
absorptions. 

(3) The nmr spectra of the hemiacetals 14b and 16 
showed singlet C-methyl absorptions a t  6 1.66 and 1.57, re- 
spectively, tentatively assigned to the C-6 methyl protons. 
In contrast the hydroxy ketone 14a shows no such absorp- 
tion in the region between 6 1.40 and 2.30. 

(4) The C-10 proton resonances of the hemiacetals 14b 
and 16 appear a t  6 2.4 (J10,ll = 10.0 Hz) and 2.21 (J10,ll = 
10.0 Hz), respectively, while the C-10 proton resonance of 
the hydroxy ketone 14a appears at  6 3.09 ( J IO,~~ = 10.0 Hz). 
This downfield shift of the C-10 proton resonance of 14a 
relative to the hemiacetals is presumably the consequence 
of the presence in 14a of the C-9 keto carbonyl. 

Examination of Dreiding models of the hydroxy ketone 
and hemiacetal tautomers of 8-epi-11,12-epoxyerythromy- 
cin A suggests that relief of steric interaction between the 
C-6 and C-8 methyl groups, resulting from cyclization to 
the hemiacetal 16, may be a major factor responsible for 

the existence of 16 as the sole observable tautomer. In con- 
trast, no steric interaction between the C-6 and C-8 methyl 
groups of either the hydroxy ketone 14a or the hemiacetal 
14b of 11,12-epoxyerythromycin A is apparent. 

Circular Dichroism of the 10,ll-Anhydroerythromy- 
cins. Circular dichroism determinations have shown that 
the C-8 epimeric 10,ll-anhydroerythromycins have quite 
distinctive n - K* transitions of the C-9 keto carbonyls. 
The l0,ll-anhydro ketones with the natural configuration 
a t  C-8 show circular dichroism minima (13, [el340 -870; 10, 
[8]32: -2185) while the 8-epi- l0,ll-anhydro ketones show 
circular dichroism maxima (15, [el310 $1100; 12, [8]320 
+1940). The signs of the n - T* bands of the C-8 epimeric 
3,5-di-O-acetylerythronolides B (4, [8]336 -2130; 5, [el304 

+1620) confirm the assignments of P e r ~ n . ~  The relation- 
ship of the CD curves of 4 and 5 to that of 10,ll-anhydro- 
oleandromycin diacetate has been discussed by Celmer.3a 

Antibacterial Activities. Antimicrobial activities of 
many of the modified erythromycins described above, 
against a cross section of bacteria, are shown in Table I. 
None of the compounds possess in vitro antibacterial activ- 
ity approaching that of the parent erythromycins and most 
are devoid of activity against many strains except a t  ex- 
treme levels. Earlier reference was made to the predictions 
of Celmer,3b later abandoned,3a concerning the possible an- 
tibacterial benefit of C-8 epimerization. It should be noted 
that C-8 epimerization of erythromycin B drastically low- 
ers in vitro activity against wild and resistant strains, thus 
conforming to the current view of Celmer.3a 
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In an effort to explore the stereochemistry of 6-ketoabieta-8,11,13-trienes, 18-nor-5P-abieta-8,11,13-trien-6-0ne 
(8), 19-nor-5/3-abieta-8,11,13-trien-6-0ne (14) ,  19-norabieta-8,11,13-trien-6-one (3), and abieta-8,11,13-trien-6- 
one (1) have been prepared. 19-Norabieta-8,11,13-triene (7) was converted to ketone 8 by the sequence oxidation 
to 18-norabieta-8,11,13-trien-7-one ( 5 ) ,  reduction to the 7/3-01 (6) ,  dehydration to 18-norabieta-6,8,11,13-tetraene 
(4), oxidation to a mixture of glycols, and dehydration to 8.19-Norabieta-8,11,13-trien-6-one (3) was prepared by 
a similar route using 19-norabieta-8,11,13-trien-7-one (19) as starting material and also by isomerization of 19- 
nor-5P-abieta-8,11,13-trien-6-one (14). Ketone 14 was obtained by oxidation of 19-nor-5P-abieta-8,11,13-trien- 
6/3-01 (E), which was the principal alcoholic product from the hydroboration-oxidation of 18-norabieta-4,8,11,13- 
tetraene (9). Prolonged treatment of 9 with diborane, followed by oxidation, gave a mixture of 19-nor-5P-abieta- 
8,11,13-trien-7a- and -70-01 (17 and 18). Abieta-8,11,13-trien-6-one (1) was prepared from abieta-8,11,13-triene 
(23) by the method used for the synthesis of ketones 3 and 8. The mechanism of the anomalous hydroboration of 
9 and the conformations of the various 6-ketones are discussed. 

Several naturally occurring compounds, among them 
taxodione2 and mayten~quinone ,~  have been isolated which 
contain a keto group in the 6 position of an abietane ring 
system. In addition to these compounds, and their deriva- 
tives, the parent compound abieta-8,11,13-trien-6-one (1) 
has been ~ r e p a r e d , ~  as have a few other structurally related 
ket0nes.j In the compounds of this type in which the stere- 
ochemistry about the A-B ring fusion has been discussed, 
it has been either shown or assumed that the stable ring 
juncture is trans. However, ketones similar to 1 are essen- 
tially 9-methyl-1-decalone ;systems, in which it is known 
that there is very little energy difference between the cis 
and trans isomers,6 and in the trans isomer of 1 there is also 
a severe axial-axial interaction between the &methyl 
group (C-19) a t  C-4 and the angular methyl. It would thus 
appear that for ketones such as 1 the cis isomer should be 
more stable. In order to expllore this apparent stereochemi- 
cal inconsistency, the synthesis of 1 has been reinvestigat- 
ed, and the preparation of the 18- and 19-nor ketones (2 
and 3) and their stereochemical preferences at  C-5 studied. 

The obvious precursor of the 18-nor ketone (2), 18-nora- 
bieta-6,8,11,13-tetraene (4), was prepared from 18-nora- 
bieta-8,11,13-trien-7-one (517 by hydride reduction to the 
7p-01 (6) which gave olefin 4 on dehydration with toluene- 
sulfonic acid in benzene. In order to ensure that no isomer- 
ization a t  C-5 had occurred under the conditions of the de- 
hydration, olefin 4 was reduced tol8-norabieta-8,11,13- 
triene (7).8 The attempted direct conversion of ketone 5 to 
the olefin by reaction with toluenesulfonylhydrazine, fol- 
lowed by me thy l l i t h i~m,~  gave a complex mixture contain- 
ing no hydrocarbon. 

Although olefins similar to 4 have been converted to the 
6-ketones by various proced~res,~aja in our hands these did 
not prove efficient and an alternative route was chosen, 
which entailed oxidation of 4 to a stereoisomeric mixture of 
cis glycols using sodium chlorate-osmium tetroxide,lO fol- 

lowed by treatment with hot formic acid to give the 6-ke- 
tone. 

The nmr spectrum of the product ketone shows a secon- 
dary methyl signal a t  6 0.84 with a coupling constant of 5 
Hz, indicating that this group is equatoria1,ll consistent 
only with a cis A-B ring fusion and a steroidal conforma- 
tion of these rings.12 It is thus aparent that the product of 
this sequence is 18-nor-5P-abieta-8,11,13-trien-6-0ne (8), 
and that during the reaction with formic acid, isomeriza- 
tion to the more stable cis isomer has occurred. 

19-Norabietatrien-6-one (3) was initially obtained uia a 
fortuitous series of reactions resulting from the investiga- 
tion of the hydroboration-oxidation of 18-norabieta- 
4,8,11,13-tetraene (9). It has been reported that hydrobora- 
tion-oxidation of the mixture of olefins obtained by lead 
tetraacetate decarboxylation of abieta-8,11,13-trien-18-oic 
acid (dehydroabietic acid) affords, in addition to other 
products, 19-nor-5P-abieta-8,11,13-trien-7-0ne (lO).7 It  was 
suggested that this ketone was probably derived from ole- 
fin 9 uia 19-nor-5P-abieta-8,11,13-triene (1 1); however, this 
could not be confirmed. In subsequent work, attempts were 
made to obtain a homogeneous sample of hydrocarbon 9; 
however, a practical method for preparation of this com- 
pound by acid-catalyzed isomerization of the mixture of 
olefins obtained from dehydroabietic acid could not be ac- 
complished.12b 

Attempted separation of a mixture of 9 and 18-nor-5P- 
abieta-3,8,11,13-tetraene ( 12)12 by reaction with bis(3- 
methyl-2-butyl)borane, which has been utilized to separate 
trisubstituted from tetrasubstituted olefins, gave residual 
hydrocarbons with essentially the same composition as the 
starting mixture.13 Both olefins apparently react with the 
reagent a t  nearly the same rate, and 18-nor-5P-abieta- 
8,11,13-trien-3or-ol (13),12b arising from olefin 12, was iso- 
lated from the reaction. When the mixture of olefins from 
the decarboxylation of dehydroabietic acid7 was treated 


