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The preparation of 10,11-anhydroerythromycin B (10) from 11-O-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-O-methanesulfonylerythromy-
cin A (6a) may be controlled to lead selectively to either 10,11-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 11,12-epox-
yerythromycins A (14 and 16) were readily rearranged to the corresponding C-8 epimeric 10,11-anhydroeryth-
romycins A (13 and 15). 8,9-Anhydro-11,12-epoxyerythromycin A 6,9-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 studies? 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 introduction into the erythromycin lactone
rings of functionalizable sites of unsaturation. Our interest
in 8-epi-erythromycins was stimulated by the postulate of
Celmer? concerning the importance of the stereochemistry
at C-8 to antibacterial activity.

The 8-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-
10,11-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. It 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 10,11-anhydroeryth-
romycins. A likely route involved preparation of the 11-O-
methanesulfonylerythromyecins.
11-O-Methanesulfonylerythromycins. Selective meth-
anesulfonation of the 11-hydroxy! 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 al.,5 who prepared the 2'-O-ace-
tyl-4”-O-formylerythromycins A and B, (1b 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”-O-formylerythromycins A and
B with methanesulfonic anhydride® in pyridine gave rise to
the corresponding 11-O-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”-0O-formyl groups of 6a and 7a gave the 11-O-meth-
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Antibacterial Activity of Selected Erythromyecins

Table I

Tadanier, et al.

Minimum inhibitory concentrations, g/ml®

Haemophilus

Staphylococcus Staphylococcus Streptocoecus Klebsiella Shigella sonnei Mycobacterium influenzae
Structure aureus 9144 aureus Smith ER? faecalis 10641  pneumonige 10031 9290 gallisepticum S6 Patterson
la 0.2 >100 0.05 3.1 12 0.2 1.56
2a 0.39 >100 0.05 6.2 25 0.05
10 6.2 >100 1.6 25 >100 100 100
13 6.2 >100 1.6 12 >100 0.5 50
7b 3.1 >100 0.2 25 100 0.5 12.5
6b 50 >100 6.2 50 >100 50 >100
14 >100 >100 25 25 >100 1 >100
11 25 100 3.1 100 >100 5 >100
20c 0.39 >100 0.05 6.2 12.5 0.05 1.56
9 12.5 >100 1.56 25 >100 0.1 >100
15 12.5 >100 0.78 12.5 100 1.0 50
@ Determined by an agar dilution method. * Erythromycin resistant.
anesulfonylerythromycins A and B (6b and 7b), which were NicHs ),
isolated in about 90% purity by column chromatography
and characterized spectroscopically. 0 en,
It has been established5 that while 11-O-acetylerythro- O~ oM
mycin B (7¢) exists as the hydroxy ketone tautomer, 11-0- o8,
acetylerythromycin A exists as the hemiacetal, 6¢. Similar- eH; Ok
ly nmr and ir spectra provide evidence that 11-O-meth-
anesulfonylerythromycin B exists as the hydroxy ketone L} R Ry
7b, while 11-O-methanesulfonylerythromycin A exists as 8a H H H
the hemiacetal 6b, The infrared spectrum of the hydroxy 20a  COCH, CHO H
ketone 7b shows carbony! absorptions of both lactone (1727 :gf co§H3 c:o zgzg:“
2Py

cm™1) and ketone (1704 cm™?) carbonyls, while the infrared
spectrum of the hemiacetal 6b shows only a sharp symmet-
rical lactone carbonyl (1727 cm™!). In addition, the C-10
proton resonances (CDClg) of the 11-O-acetyl- and 11-O-
methanesulfonylerythromycins A (6¢ and 6b) occur at
higher field (5 2.21 and 2.59, respectively) than those of the
corresponding B derivatives, 7¢ and 7b (6 2.99 and 3.186, 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 C-8 Ep-
imeric 10,11-Anhydroerythromycins B. Kurath, et al.,7
recently established that the erythromycins A (la) and B
(2a) are dehydrated to the corresponding 8,9-anhydro-
erythromycin 6,9-hemiacetals 8a and 8b in glacial acetic
acid. It 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
8h suggested that under suitable conditions an acid-cata-
lyzed equilibration might be established via the enol ether
8b leading to formation of 8-epi-erythromycin B (9). Treat-
ment of erythromycin B (2a) with 1:1 (v/v) acetic acid-
water at 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 at 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, -8, -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 5 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 compared®
and are attributable to the same conformational reorgani-
zation involving the C-6 to C-9 ring segment as discussed in
detail elsewhere.? The near identity of the coupling con-
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stants, Ji0,11, of erythromycin B (~1 Hz) and 8-epi-eryth-
romycin B (~1 Hz) (Table II) established that both had the
same configuration at 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 11-methanesulfonates
would undergo facile, base-catalyzed trans elimination to
form the 10,11-anhydroerythromycins (13 and 10). Treat-
ment of 11-O-methanesulfonyl-2’-O-acetyl-4’’-O-formyl-
erythromycin B (7a) with 1,5-diazabicyclo[4.3.0Jundecene-
5 (DBU)9 either under reflux for 0.5 hr or at 5° for 18 hr
smoothly effected elimination of the elements of meth-
anesulfonic acid. Methanolysis of the 2’-O-acetyl and 4”-
O-formyl groups gave 10,11-anhydroerythromycin B (10),
which was characterized by its infrared and ultraviolet
spectra and by its conversion in glacial acetic acid to 8,9:
10,11-dianhydroerythromycin B 6,9-hemiacetal (11).

Equilibration of 10 in 1:1 glacial acetic acid-water for 48
hr at room temperature gave a mixture containing 8-epi-
10,11-anhydroerythromycin B (12) and 10,11-anhydro-
erythromycin B (10) in a ratio of about 10:1 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 10,11-anhydroerythromycin B (10).

The C-8 Epimeric 10,11-Anhydroerythromycins A
and the C-8 Epimeric 11,12-Epoxyerythromycins A.
DBU-catalyzed elimination of the elements of methanesul-
fonic acid from 11-O-methanesulfonyl-2’-0O-acetyl-4”-0-
formylerythromycin A (6a) (Scheme II) may be controlled
to lead selectively to 10,11-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’-0-acetyl and 4”-0-formyl groups of the prod-
ucts led to isolation of 35% of 10,11-anhydroerythromycin
A (13) and 15% of 11,12-epoxyerythromycin A (14). In con-
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Table II
A Nuclear Magnetic Resonance Comparison of
Erythromycin B (2a) and 8-epi-Erythromycin B (9)¢

—~—Chemical shifts, ppm—— ———Coupling constants, Hz—-———
2a 9 2a 9
H-2 2.87 2.89 Jas 8.3 9.1
H-3 4.07 4.05 oS4 1 1
H-4 2.10 2.25 Jus 7.0 9.1
H-5 3.60 3.59 a7 15.0 14 .2
H-7a 2.00 2.06 Jras 10.0 7.2
H-7e 1.6 1.93 Jre,s 3.0 2.8
H-8 2.76 2.9 Jroa 1 1
H-10 2.98 2.83 Ju e 9.8 10.0
H-11 3.83 3.84 Jies 1 1.2
H-12 1.75 1.7 J15,140 9.0 9.1
H-13 5.35 5.31 J1s,140 5.5 4.8
H-14a 14a,14e
H-14e
H-1’ 4.43 4.32 Jrr g 7.0 7.1
H-2/ 3.21 3.24 Jorg 10.2 10.0
H-3’ 2.47 2.53 3400 12.0 121
H-4a’ Jsr, 400 3.5 3.8
H-4e’ Jsar, 407
H.57 3.52 3.52 Jaar 5 10.5 10.6
H-1"" ~4.89 4.87 Jier 5 1.8 1.6
H-2a'" 1.58 1.58 J1r 0000 4.5 4.2
H-2e” 237 240 Jl//,zyr 15 <1
H-4"" 3.00 3.01 Jogrr 00 15.5 15.1
H-5"" 4.05 4.02 Jar,zer 9.0 9.5

¢ All parameters were measured from 220-MHz spectra
obtained at 55° in CDCI; solution.

trast, when the DBU-catalyzed elimination was carried out
at 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 «,3-unsaturated ketone. After methano-
lysis of the 2'-O-acetyl and 4”-O-formyl groups 11,12-
epoxyerythromycin A (14) was isolated in 45% yield by col-
umn chromatography. A purified sample of 11-O-meth-
anesulfonylerythromycin A (6b) was smoothly converted to
14 by DBU in benzene at 5° for 18 hr,

Scheme 11

N

COCH; CHO
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Prolonged reflux of 10,11-anhydroerythromycin A (13)
with DBU in benzene in the presence of methanesulfonic
acid effected considerable C-8 epimerization. A reaction
time of 96 hr gave a mixture containing 8-epi-10,11-anhy-
droerythromycin A (15) and 10,11-anhydroerythromycin A
in a ratio of about 3:1 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 8,9:10,11-dianhydroerythro-
mycin A 6,9-hemiacetal (17) 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 10,11-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-ol 19, or the corresponding dienolate
anion.

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

Tadanier, et al.

cessful. Instead, treatment of 14 with glacial acetic acid at
room temperature for 1 hr gave 8-epi-11,12-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 1:1 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 10,11-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 6,9-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-11,12-epoxyerythromycin A  6,9-hemiacetal
(18) was desired, and was accomplished by epoxide forma-
tion from 8,9-anhydro-11-0-methanesulfonylerythromycin
A 6,9-hemiacetal (20¢). The behavior of 18 in both glacial
acetic acid and 1:1 acetic acid-water was investigated.

2/-0-Acetyl-4”-O-formylerythromycin A (1b) was con-
verted to the enol ether 20a in glacial acetic acid. 20a was

3
Experinental Sestion 1 nethanesulfonyl-2'-B-acetyl-4"-C~armylerythronycin A (83, 15,1 §) ? 3470-3400, 1727 wnd 1704 on™l; nmr § 3,31 (e), 3.09 (050,Ne) ,
was tsolated as a browm foan by chloroform excraction: nmr: & 8.23 . .
Products were isolated by either benzens or caleroform 4 © 229 Ome)
(000H), 3.33 (ONe), 3.02 (G50,Me), 2.28 (Wee,), 2,06 (0CONe). - -hewi acetal
extraction. Tre teaction mixtures were shaken with nixtures of * () (ocoe) 2ok 252
4 aolutlon of 2,1 g of 42 in 50 ml of methanol was aliowed to 206}, =~ £ . -0~ SEVRRLTS -
excess 5% agueous scdium bicarbonate and the organic solvent. ~ 2 & voluthen of 13:5 & of 2-0-acetyl-i--tormyl
! stand at roon remperature for four days. The major porticn of the eryehromyetn A> and 170 ml of glactal acetic acid was alloved to
The squsous phase was sepavated and washed several times with the
methanol was evaporated under raduced pressure, Chloroform tond at =
organie sslvent, The organic solutions wete washed with weter and peond at voom terperaute for § hr. The major portion of the
extraction gave 1.54 g of en orange glass. Puve (m~ 90%) 11~ acetic actd vas eveporated under reduced pressurs and the producc,
combined. Solvents were evaporated under reduced pressure. Any
metharesulfonylerythromyain A (Gb. 686 mg) was laolated by partition 2'=0- i m -8 -hemiacatal
resddual pyridine vas ramoved by so-distillation with bensene undet ° ® i rncetyleifng-toxayt ; i
colum chronatography as a whlte glass: ir 3587, 3400-355¢, (202, 14 8) wae 1salatad by chloroform extTection: nmr & 8,20
reduced pressure. o 298
1727 e mme § 3,29 (OYed, 3.09 (0S0,Me), 2,32 (WMe,), 1.54 OCOH), 3,37 (OMe), 2.28 (NMe,), 2.04 (OCOMe), 1.55 (C-8 Me),
Optical rotasions weve deternined with 1% solurions in ? % (0008), 2,57 (oK) (), 204 (oK), ¢ g
(C~5 Ve). L3pen £ 2, £ 20, . h 1fonis
methanol with A Kilger and Watts polarimeter. Ir spectra were A suspenaton of 2,0 g of 208, 1.0 g of mAthenesulfonic
LizG-Methaneaulfonylexythranyein 3 (7b). ~=- A suspension aahyeride and 20 ml of pyricina v 4 at room tempera
determined vith deuteriochleroform solutfons using a Perkin-Elmer . yéride and 20 pyxiding wee atirrad ax Tperature
propared fros 7.5 g of 2'-O-acetyl-4"-O~formylaxythromyein B” (2b), for 4 hy, Th duct, B,9=enhydro-11-Q-m mesulfenyln2'-0-
Model 321 grating spectrometer. The cd deterninatisns were made wiih i ~2 B © profu enhydzoti-graethanesutionyind'y
3.6 g of werhanesulfonic enhydrids sud 53 ml of pyridine vas stivred etyl-g" A 8,9 205, 2.0
sanples clasolved in spectral grade methanol using a Durtun-Jasco L4 seetyl-4"0 6.9 o 8) vas
at room temperatura for 17 hr, The product, 1i-Q-methanesulfonyl- 1solated by chloroforn extraction,
Model GRO/UV~5 ingrrupent equipped with & cd attachment end oparating ted by shto eeron
2'-0-azetyl-4"-0~formylezythronyein B (7a, 7.8 g) vas teolated s & sugpensdon of 2.0 g of 205, 50 =l of methancl and 5 ml of
at amblent temperatures, XNmr spectra were determined at 100 Mz, =~
a brown foam by chloroform extractioni nmr & 8.23 (OCOH), 3.35 (OMe), 5% aqueous NaHCD, was stirred at room temperatuve for 64 hr during
unlesa otherwise speciffed, with a Varlan HA-100 spectrometer with 3
B 3.12 (080;He), 2,29 (NMe,), 2,06 (0COMe). A solution of 15 g of which tire a clear solution resulted. Chlorcform extraction gave
deuteriochloroform solutions. Chemical shifts are zeported 1n ppm : g
3, prepared as deseribed above, in 350 mi of methanol was allowed 1.8 g of orsnge glass. The product, 1l-0-methanesulfonyleB,ge
from internal tetramezhylsilane {(Cb) amd coupling conctants ave -
to stand at roon tewperacure for four deys, The methanol sclution avhyeroerythromycin A 6,9=hemiaceral (203) was isolated 4s a white
reported in Rz. Pariition colum chrometographies were carried ¢ut by A ~
L was treated with Darce G-50 and filtered through a celfte mat. The crystallfne solid by parcition columi chromacography( ©p 122-231°,
the methed of Oledaick and Corcoran’’ using silica gel (Merck, Darmstadt).
major portion of the methencl vas evaporated under veduced pressure. ta12% 385, gr 3562, 3590-3400, 1735 em™l, anr & 3,34 (04e);
1 15onyl st b (60), -~ A suspension o
i N 5 Chloroform extraction gave 10.9 g of a light-orsnge glass. Partitien 3,17 (080,Me), 2.28 {MM2,), 1.58 (C-8 Me)} 1,38 (C-6 Me).
srepared from 14.4 g of 2'-0-azetyl-4"-Q-forrylerythromysin A”{lb)s 2 z
colum chromatograghy ¢f 3.0 g gave 320 mg of pure (~90%) 11-0- Anal, Calcd for ChoH..0, NS: €, 57.48; ¥, 8,513 N, 1.76;
7.3 g of methanesulfontis anhudride, and Y08 ml of pysidine wss = 3876714
retnanesulfonylerythromyein B (7b) as a white plass: ir 3595, 3540 S 404, Found: €, 38,48; W, 8.95; X, 1,69; §, 4.34,
stirred at room temperazure for 19 hr.  The product, ll=0- ~
4 3 ©
10, 1-anhydreerythronyein B (10). =~ A solution of 7.5 g af henseae was beated under reflux for 0.5 hr, The resuliing nixture in the infrared, A solusion of 4,0 g of the produot, 88 ml of
11-0-rethanesulfonyl~z'~0-acety1-4"-0-Formylexythromyain B (Ja), was cooled o voom terperatura and diluted with 100 rl of enzene. methancl and 9 ml of 57 aqueous NAHCO, was stirred at Yoom remp-

3.4 g of L,5-diazabicyclol5. 4,0 undecenas5, and 50 ni of benzene
was heated under Teflux for 0,5 hr, Tre reactlon mixture was

cocled 7o room temperature and diluted with 30 ml of bemzene,

Water (100 ml) was added, ard che vesulting mixcure was stirred at
room tamperature for 40 min. Benzeme etraction gave 12.9 g of

an orange glass, Treatment of chis product wita 300 ml of methanol

eratura for 43 hr, Chloroforn ex:raction gave 3.58 g of product
which wae chrematographed on a partiticn colum te yleld 1.5 g of

11,12~apoxyerythromycin A (24) ldenticsl in all respects Lo that

Water (50 wl) was added, ard the resulting mixture was stirred at
rcom temperature for ons hour, Bensene extraction gave 5.48 g of
an orange foam.

4 sclutfon of 10.7 g of produst, prepared as lescribed avova,
in 260 ml of vethansl was allowed to stand at vaow remperature for
three days. The tesulting solution was treated with Darec G-60
and filtersd through a celite mat. The major portion of the methanol
was evsporated under reduced presswra and the product (3.5 g of
white foan) was Lsolated by chlorofarm extrastion. Chromatography
0% the latter (5.1 g) on Sephadex LH-20, followed by crystellization

fror erhar, gave 2,42 g of 10,ll-anhydrcervthramyein Bt mp 118-130%;

112" -51% 5 max 23w (e 10,640); ir 3610, 3575-3400, 1725,
1667 en” ) amr £ 6,42 (Ce11 M), 3.32 (OVe), 2.3C (dey), 1,77
{C-10 ¥e).

Anal. Celod for Cyul .Gy N:i C, 63.493 K,y 9,36: X, 2,00
Found: €, §2.4C1 H, 9.63¢ N, 1.92,

Similar rasulis vere obtaimed when the rsacticn of §a with
DBY ir benzens was carried out at 3° for 18 hr,

10,11-sahydroerychrony=tn A (13 snd 11,12Fpoxyarythroryein A

(Li}. === &) A solution of 15,0 g of ll-O-methanesulforyl-2'=D~

acetyl-

¢-formyleryehroryen A (§a), 7.0 § of DIU and 107 wl of

for 5¢ he folloved by chloroforn extzaction gave 10.7 g of yellow
glass, Partition columm chroratography cf 2,54 g of thie product
yielded, in the eariier fractions, 376 mg of 11,32-eporyeryEhronycin
A (14 ~ 148 + 148) s @ white zlass from chlovofcrm solution: ir
3600-3350, 1729, 1708 en” >,

ngl. faled for Coes¥0 0 C.62,08: K, 515 K, 196
Found: €, 62,141 R, 9.363 §, 1.77.

Cryatallizarion of 1,97 of 1'% from ether gave 1.23 g of
the pure hemacatal tautomer 1ébi 7 13a-162%; (xIZ¢ -90%¢ ir
3378, 3500-3400, 1727 x>

Purther slutfon of the colum gave 923 ma of 10,1l-anhydre-
exythronyeln & (1) a5 & whize giase; (212 - $6%; Anax 23nm

(€ 9:99); 1r 3610-3350, 1727, 1665 cm

ner & 6,48 (C-11 5),
3.32 (0%, 2.25 (Wfap), 2.02 (C-10 “fed.

dnal. Saled for CoMooxd o €82,081 ¥, 5.15; ¥, 196
Found: €, 61.88; 4, 9.43; N, 1.94,

b.) A sclutfon of 15.6 g of ll-O-rethanesulfonyl~2'~0=
acatyl-s'-O-fornylerythronyein A (58, 5.8 § of DEU, and 98 al of
banzere was stirred at §° for 18 hr, Benzene (98 ml) and water
(98 ml) wara added and the resulting risture wse stirred a: rood
temperature for 1%, The product (32,9 g), isolated by benzene

extraction, shoved the atsence of &4 -Unsaturated ketcne absotption

Gesertved above,
€5 A pre-coaled solution of 2,49 g of DBU in 30 ml of
benzene was added £o 1,84 g of 1l-0-methanesulfonylesythromycin A
(82) and the resulting solutior was stirred at 5° for 16 hr,
Benzene (50 0l) and water (50 ml) wers added ané the wesulting
mixture was srirred at room tenperature for 1 hv. denzene
extractien yieided 1.72 g of 11,12-epoxyerythromyein & (34)
identicsl with that described above,
4.) & mixture of 912 mg of 11,12-epmxyeryrhromycin A (L&),
533 mg Gf DBU, 0.076 mi of methanssulfonic acid and 7.6 ml of
benzene was heated under vefivk for 3 hour, The usuel workup and
benzene ex:raction gave 687 mg of orange glass. Partition colum
chromatography of 632 mg gave 337 mg of pure 10,ll-awhydroerythromycin
A,

-spi-Frythzonyedn B (9), ~=- & solution of 1.6 g of
ezythromycin B (3a) in 17 nl of acetic aci¢ and 17 wl of watar vas
slioved to ecand at roam tempevatura for 96 hr. The resulilag
solution wes added dropwise to a stirred suepension cf excess
KaH0O tn water, Tha product (719 mg) wes Lesistad by chlstofor

excrastion. Partition column cheomacazraphy vielded, in tha
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converted to 8,9-anhydro-11-O-methanesulfonyleryth-
romycin A 6,9-hemiacetal (20¢) on treatment with meth-
anesulfonic anhydride in pyridine followed by methanol-
ysis of the 2’-O-acetyl and 4”-O-formyl groups. Treatment
of 20c with DBU in benzene under reflux for 18 hr gave
8,9-anhydro-11,12-epoxyerythromycin A 6,9-hemiacetal
(18) in good yield.

Treatment of 18 with 1:1 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 at room temperature for 1 hr yielded 20% of
starting material, 20% of the enol ether 17, and only 9% of
8-epi-11,12-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-9-0l 21.

The contrast to the ease of formation of 11,12-epoxy-
erythromycin A (14) from 11-O-methanesulfonylerythro-
mycin A (6b), effected by DBU in benzene (5°, 18 hr), iden-
tical treatment of 8,9-anhydro-11-O-methanesulfonyleryth-
romycin A 6,9-hemiacetal (20¢) 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
NMe; and two OMe peaks. The major component showed
peaks at 6 3.35 (OMe) and 2.31 (NMey), while the minor
component showed peaks at 6 3.36 (OMe) and 2.29 (NMey).
A characteristic singlet appeared at 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 at 56° for 0.5 hr, the ratio of
components changed to 2.4:1 with the original major com-
ponent predominating. When the solution was cooled to
35° the ratio of components remained at 2.4:1 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 at 56° for 0.5 hr showed signif-
icant increase, in the heated sample, of the ratio of intensi-
ties (log I/I;) of the ketone carbonyl absorption (1708

earlier fractions, Gvepi-erythromycin B (145 mg) &6 a white
glass, Crystallization of 485 mg'® froa methanol water gave
322 ug of prisns: wp 169-171° [a)2¢ - 35%5 1r 3602, 3560-3440,
1720 w7t (@001); 1733, 1720 en™d (R ; mar ¢ 3.26 (o), 2.30
(WMe,), 1.6k (66 Me).

el Calod for Oy 0 N G, 61,903 K, 9,401 K, 1,95,
Found: €, 61,80 K, 9.65; N, 1.9

Further elution gave 123 o3 of erythromyein B,

E-agi—lo,ll-mhydraeryzhremycin B {12). --- a,) A solution
prepared from 3.3 g of 10, li-anhydroerythromyetn B (109, 10 m of
acetic acid, and 10 ml of water was allowed to stsnd at yoom
temperature for 49 hr. The resulting solution was added dropwise
£ & stirved suspension of 150 g of solid NaHOO, {n 800wl of
water. Chloroform extraction gave 5.2 g of white glass containing
8-gpi-10,1l-anhydroerythromycin B ('I‘Z) ard 10,11-anhydroerythromycin
B [!\9) in a ratic of about 10 to 1 estimated from ths characteristic
=10 methyl peaks in the ner spectrum, Partition colum chroras
tography of 1,82 g of the product gave 883 5g of pure 8mep~10,1ln
salydrosTythrometn B (12) as & whice glass: (1% - 54% amex
2300m (¢ 10,526); Lr 3610 (shoulder), 3520-3400, 1723, 1664 es™);
Bo 8 6.35 (G-L1 ), 3.25 (O¥e), 2.29 (e}, 1,33 (C-10 Me).

Anal, Caled for C. €, 63.49; K, 9.363 ¥, 2,00,

37501,
Found: C, 63.43; H, 9.56; K, 1,89,

b.) A sample of S-spi-erythromcin B (9, 382 mg) was convarred
t6 2'-gracetyl-4"-0-Fornyl-b-gpi-erythromyein 3 (340 mgd, by the

method of Jones, st al.%. Treatmeat of the diester (340 mg) with

epoxyerythromyein A (1§), Partition colum chromatography gave

536 ng of pure 16,
$,9-hemtacetal

8,9-10,11-Dianhydroerythromyein 41173, --= 2.) 4 solution

of 1.57 g of 10,1l~ankydroerythrpmyein A (13) in 20 wl of glactal
acetic acid was allowed to stand at raon tesperature for 4 hr,

The ustal workup and chloroform extraction gave 1,21 § of 1].
Repeated partition colum chromatography gave 527 mg of analytically
pure 17¢ (228 - 88°%; imex 267m (x 2628); 1r 36055 3554, 3500

"3400, 1727 cat,

ane 35,26 (C-11 K); 3.32 (Ma), 2,28 (Ws,), 1.88
(€-10 Ma), 1,60 (C~8 Me), 1,48 (05 Me).

Anal. Caled for Gy H .0, N:
Pound: G, 63.56; H, 9,29; ¥, 1.94,

<, 63,68; H, 9.10; N, 2.01,

b.) A solution of 1.98 g of 8-gpt-10,1l-anhydroerythromycin A
15 &n 25 ml of glactal acetic acid wad allowed to stand at room
temperature for 24 hr. The uaual workup followed by chlorofora
axtraction gave 1.66 g of 8,9-10, li-dlanhydroetychronycin & 6,9-
hentacatal (17).

) Asolution of 205 mg of 11,12-spexyerychremyein 4 (14)
4n°2.5 ml of glacial acetic acid was allowed to stand at zoom
temperature for 46 hr.  The usual workup gave 162 mg of white
glass. Partition colum chromatography of 120 mg gave 47 mg of
pure 17,

4.) A solution of 300 mg of 8-epi-11,12-spoxyerythromycin A
16) 1n 3.8 ol of glacial acetic acid was allowed to stand at room

tesperacure for 46 hr. The uaual workup gave 248 mg of wnite glass.

178 ©g of Jethanesulfonic anhydride in pyridine at room temperature

for & hr followed by chioroZform extraction gave 380 mg of crude

11-0-reth fonylez'-Q; '~ foray 1-B-gpi in B,
The latter was treated with 580 mg of DBU in 8,1 ml of benzene at
room tewperature for 15 hr and then under reflux for 1 hr. Treat-
ment of the product with methanel (10 =l) at room temperature for
90 hr falloved by chloroform extraction gave 256 mg of product.
Partition colum chromacography yielded 68 mg of pure 12, identical

with that prepared as described sbove.

(FMe,), 1,66 (C-10 Me), 1.59 (C-8 Na), 1.47 (0-6 Me),

nal, Galed for €y M oDy Wi C, 65,173 H, 9.32; K, 206,
Found! €, 64.92; ¥, 9.41; N, 1,99,

b.) A solution prepared frow 211 mg of B-ept-10,11~
anhydroerythromycin B (12) in 2.5 ml of glacial acetic acid was
allowed to stand at room tewperature for 4 hr, The product (163 mg)
was fsolated as descrided above, and proved Ldentical with the
sample of 8,9-10,11~dlanhycroarythromyein B 6,9-hentasetal (11

prepared from 10 as described sbove.

lon of Gmept B (9) to 8, 8-gpi-11,12-Epoxyerythromyein A (16). —-- ) A sclution of
B 6,9-Hemiacetal (8b). -~ A solution of 320 mg of Begpi-erythromyein 11,12-epouyerythvoryein A (14) 4n 26 ul of glacial acetfc acid was

B (2’) in 4 ml of glactal aceric acid was allowed to stand at room
temperature for 19 hx, The scetic acid was eveporated under reduced
pressure, and a slurry of 5 g of NaCO, in 50 ml of water was added
to the vesldue. The product (293 mg) was dsolated by chlorofora
extraction and was identical with s sample o: 8,9-anhydraerythromycin
B 6,5-hemtacetal (8b) prepared as described by Kurarh, et si’, by
criteria of nmr, ir anéd tle,

8,9-10,11-Dianhydroerythronyein B 6, 9-Hemiacetal (11}, ---

) & solution of 2,1 g of 1,ll-anydroerythromyein B (10) in
25 ml of glacial acetic acid was allawed to stand at Toom temperaturs
for 4 hr. The product (2.0 g) wes isolated as a white glass by
the methed eaployed for the isclatfon of 8b, abave, Parririon solum

chromatography of 800 mg of product gave 725 mg of pure 1l s a white

glaes afcer treatment wich Darce G-60: [a]él’ - 94°; Amax 262nm (z 2864);

1r 3595, 3545, 350€-3400, 1723 enl, nmr ¢ 5.12 {C-11 ¥), 2,29

Paztition colum chromstography zave 133 mg of pure 7.

8~204-10, LL-Anhydroerythromyein A (15), --- a.) & wixture
prepared frow 6.0 g of 10,11-anhydroerythronyein A (13), 3.9 g of DBU,
0.51 =l of methanesulfonic acid, and 51 nl of tenzene wes heatad
under reflux for 96 kr, The usual workup gave 4.82 g of glass,

the mnr spectrum of which indfcazed a 3 to 1 mixturs of G-gpi-

10,1 A (’15) and 10,1, b Y Y A
(E) based on the heights of the corresponding C-10 methyl protons.
Pure 15 vas 1solated by partition colum chromatography: [s]20 -55°%;
Ay 23200 (¢ BB0L); fx 3604, 3550-3400, 1723, 1664 cu'l, nur & 6.4
(C-11 H), 3.28 (OMe), 2,28 (We,), 2,08 (C~10 o).

allowed to atand ar room terperature for 1 hr, and then added drop-
wise to a srirred suspemnsion of 50 g of Naﬁcnz and 300 ml of water.
Chloroform extraction of the resulting wmixture gave 1.92 g of white
glasd. Partition coluon chromatography of 1,77 g gave 1,17 g of

pure B-gpi-11,12-spoxyerythromyein A (g):!ulﬁé - §8%; ir 3600-3550,

3510-3430, 1727 ew”Y, mur § 3,35 (OMe), 2.72 (011 H,

g1 10/0 Hed, 2.29 (), 1,58 (C-6 Me),
fnal,  Caled for CgyAc D) ,B: C, 62.08; H, 9.15; N, 1.96
Found G, 61.95; H, 9.27; ¥, 1,90,

Later fractions gave 37 mg of 8,3-10,11-dianhydroerythronyein A
6,9-hentacetal (17) (See below).

b.) & eolution of 1.20 g of 11,12-epoxyerythromycin A (14),
20 ml of acetic actd, and 20 ml of water was allowed to atand at
Toom temperature for 24 hr. The producc was isolated by chloroforn

extraction as described apove to yield 1.1 g of 8-gpi-11,12-

1727; nmr § 3,28 {OMs), 2.66 (C-11 H, Jm,u = 6.2 Hz), 2,28

(Mey)s 1.62 (C-B Me), 1,39 (C-6 ¥e),

Anal, Caled for Oy He 0,1 €, 63.68; H, $,10; N, 2.0L.
Pound: C, 63.81; K, 9.14; N, 1.90.

Treatuent of §,9-Anhydro~11,12-epoxyerythronyein A 6,9-

hemiacatal (18) with Glacial Acetic Acid, -—- & solution of 184
g of 18 in 2.2 ml of glactal acetic actd was allowed to stand

st room tewpevature for 1 hr and then added dropwise to a stirred
suspanston of 8.7 g of NaHoO, 4n 87 ml of water. Benzeme extrac
tion gave 161 mg of white glass. FPartition colum chromatography

geve 33,4 og of recovered 18, 39 a5 of 8,9-10,11-diachydro-

Anal. Osled Zor €, M 0\ N: C, 62.08; H, 9,15; N, 1,56, erythrazyein & (17) and 17 mg of 8-gpi-11,12-epoxyerythromycin A
Pound: C, 62,15; ¥, 5.34; N, 1.89. 8.

b.) 4 mixcure of 387 ml of 8-epi=11,12-spcxyerythromyein A
(16), 243 5g of DBU, 0,032 & of methspesulfonic acd and 3.22 ml
©of benzene was heated under raflux for 3 hr. The usual warkup and
benzene extraction gave 308 mg of 8-2pi-10,1l-anhydroerychromyein A
a5,

8,9-4nhydzo-11,12-epcxyerythromycin A 6,9-Hemiacetal (18). =--

4 solutfon of 2,22 g of 1l-Cm ulfonyl-s, A

6,9-hemiacetal (20¢), 3.0 g of JBU and 36 ml of denzene was heated
under reflux for 18 hr. The uaual workup followed by benzene
extraction gave 1.7¢ g of vhite glass. Partition colum chropatography
of 1,10 g gave 834 ng of pure 8,9-anhydro~li,12-epoxyerythromycin &

6,9-homtacetals [all® -42°, (x 3590 (shoulder), 3550, 3500-3400,

Treatmeat of 8,9-Anhydro-11,12-epoxyerythromyein A 6,9-

aemizcetal (18), with L:l Aceric Acid-Water, --- A solution of

612 wg of 18, 9.6 ml of aceric acid and 9.6 nl of watar wss allowed
to stand at roon temperature for 0.5 hr and then added dropwise
% & srirred suspension of 30 § of NaHCO; in 300 =l of water.
Calaroforn extraction gave 641 mg of white gless. Partition colum
chroratography gave 207 mg of 11,12-spoxyerythromyein A aw
and 109 ag of 8-gpi-11,12-spoxyerychromycin A (16).
6,3 hemiacesal
Treatment of 8,9-10,11-Dlannydroerytheoryeln A{(17) with DB

in Banzene in the Presence of Methanesulfonic Acid and Water. ---

A solution of 704 mg of 17, 476 mg of DBU, 0.018 nl of water,
0,065 ml of methanesulfonic acid, and 6 ml of benzane was heated under
reflux for 94 hr. The usual workup, and benzene extraction gave

585 mg of recoverad 17.
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cm™!) to the lactone carbonyl absorption (1729 c¢m=1)
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 2.4:1 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 (1.2:1) by criteria of
both nmr and ir. This result is interpreted to indicate that
the 2.4:1 ratio of 14a to 14b in the heated chloroform solu-
tion reverted to the original 1.2:1 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 methanol-dy is based on the intensity of the sin-
glet at 6 1.63 attributed to the C-6 methyl of the hemiacetal
14b, relative to the intensities of the two NMes 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 2.3:1 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 2.4:1.

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 (186).

(1) The nmr spectrum of a freshly prepared solution of
16 in CDCl; showed only one sharp NMey 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 at 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 at 1727
cm~1 In contrast the 1.2:1 mixture of 14a and 14b
showed both lactone (1729 em~!) and ketone (1708 cm™1)
absorptions.

{8) The nmr spectra of the hemiacetals 14b and 16
showed singlet C-methyl absorptions at § 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 at 6 2.4 (J10)11 = 10.0 HZ) and 2.21 (J10,11 =
10.0 Hz), respectively, while the C-10 proton resonance of
the hydroxy ketone 14a appears at § 3.09 (J10,11 = 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
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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 10,11-Anhydroerythromy-
cins, Circular dichroism determinations have shown that
the C-8 epimeric 10,11-anhydroerythromycins have quite
distinctive n — «* transitions of the C-9 keto carbonyls.
The 10,11-anhydro ketones with the natural configuration
at C-8 show circular dichroism minima (13, [#]34 —870; 10,
[flaz7 —2185) while the 8-epi-10,11-anhydro ketones show
circular dichroism maxima (15, [f1310 +1100; 12, [6]s90
+1940). The signs of the n — =* bands of the C-8 epimeric
3,5-di-O-acetylerythronolides B (4, []335 —2130; 5, [6]304
+1620) confirm the assignments of Perun.* The relation-
ship of the CD curves of 4 and 5 to that of 10,11-anhydro-
oleandromycin diacetate has been discussed by Celmer.32

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 at ex-
treme levels. Earlier reference was made to the predictions
of Celmer,2? later abandoned,?® 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.32
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In an effort to explore the stereochemistry of 6-ketoabieta-8,11,13-trienes, 18-nor-58-abieta-8,11,13-trien-6-one
(8), 19-nor-53-abieta-8,11,13-trien-6-one (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 73-ol (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-583-abieta-8,11,13-trien-6-one (14). Ketone 14 was obtained by oxidation of 19-nor-53-abieta-8,11,13-trien-
64-0l (15), 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-53-abieta-
8,11,13-trien-7a- and -73-0l (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
taxodione? and maytenoquinone,® 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 prepared,? as have a few other structurally related
ketones.® 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,® and in the trans isomer of 1 there is also
a severe axial-axial interaction between the S-methyl
group (C-19) at 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 explore 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 (5)7 by hydride reduction to the
78-ol {6) which gave olefin 4 on dehydration with toluene-
sulfonic acid in benzene. In order to ensure that no isomer-
ization at 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 methyllithium,® gave a complex mixture contain-
ing no hydrocarbon.

Although olefins similar to 4 have been converted to the
6-ketones by various procedures,52 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,0 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 at § 0.84 with a coupling constant of 5
Hz, indicating that this group is equatorial,’! 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-58-abieta-8,11;13-trien-6-one (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 via 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 hydrohora-
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-58-abieta-8,11,13-trien-7-one (10).7 It was
suggested that this ketone was probably derived from ole-
fin 9 via 19-nor-58-abieta-8,11,13-triene (11); 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-58-
abieta-3,8,11,13-tetraene (12)!2 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.!® Both olefins apparently react with the
reagent at nearly the same rate, and 18-nor-58-abieta-
8,11,13-trien-3a-ol (13),12Y arising from olefin 12, was iso-
lated from the reaction. When the mixture of olefins from
the decarboxylation of dehydroabietic acid” was treated



