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SYNTHESIS OF MACROLIDE ANTIBIOTICS.
14.% SYNTHESIS OF 1-METHYLENE-3,5-0-ISOPROPYLIDENE-9,11-0-p-(METHOXY-
BENZYLIDENE)-9(S)-DIHYDRO DERIVATIVE OF SECO ACID OF 9(S)-DIHYDROERYTHRONOLIDE B

A. F. Sviridov, M. S. Ermolenko, . UDC 542.91:547.455
D. V. Yashunskii, V. S. Borodkin,
and N. K. Kochetkov

In the preceding publications it was shown [1, 2] that a stereo-directed synthesis of
a precursor of erythronolide B, compound (I) (Scheme 1), with the intention of coupling C!-
C® and C®-C'? .fragments, was unsuccessful because of the impossibility of building the correct
stereochemistry of the C®, C% atoms in the desired end product (I). Moreover, numerous attempts
to carry out the macrolactonization of 9(R)-8-epidihydro derivatives of seco-acid of eryth-
ronolide B obtained by this scheme were not successful. We therefore resorted to an alternate
path of synthesis of (I) based on the coupling of the C!-C® and C’-C!® fragments (Scheme 1).
The present publication is devoted to the realization of this scheme.

The efficacy of using a seco-acid derivative obtained from (I) in the macrolactoniza-
tion process was shown for the example of erythronolide A in [3, 4].

The synthesis of compound (I) can be carried out by adding compound (II) (the C’-C*3-
fragment), for example, in the form of anion generated from sulfoxide (II) (X = SOPh), to
ketone (IV), which is a C*-C® fragment (its synthesis, see [5]). With such a coupling of
the fragments, the configuration of the C® center is produced at the final stage of building
up the stereochemistry of (I). We have previously shown that the reaction of ketone (IVv)
with organomagnesium compounds leads to derivatives in which the configuration of the C® cen-
ter corresponds to the "matural" configuration [5].

*For previous communication, see [1].
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Likewise, a correct steeochemistry of the C®, C? centers of fragment (II) can be ob-
tained by a chelate-controlled syn-selective addition of the C7-C® block to aldehyde (III),
which is the C®-C!? fragment, the synthesis of the 11-0-benzyl analog of which has been previ-
ously described by us in [6]. In this case, the p-methoxybenzyl (MPM) group was chosen to
protect the hydroxyl group at C*! because at a certain stage the mono-0-substituted deriva-
tive can under neutral conditions be effectively converted into a cyclic 9,1ll-p-methoxybenzyl-
ideneacetal (MP) [7], thus ensuring the molecular protection of the hindered hydroxy group
at C?, which should impart the proper conformation to the seco-acid derivative and establish
the prerequisites for its successful macrolactonization into 9(S)-dihydroerythronclide B.

The starting compound for the synthesis of the C°-C!® fragment (aldehvde (XI)) was the
bicyclic derivative (V) [8], the configuration of the chiral centers of which fully corres-
ponds to the stereochemistry of the £!%-C!? section of the erythronolide B chain. To carry
out the (V) -+ (XI) transition, it was necessary to transform the bicyclic form into an acyclic
one, to differentiate the hydroxyl groups at C*' and C*3, and finally to extend the chain
at C!"* by one carbon unit.

The mercaptolysis of (V) and the subsequent acetonylation give preferentially the dioxo-
lane derivative (VI), in which the free hydroxyl group at C!! was protected in the form of
MPM ether. Acid hydrolysis of (VII) leads teo diol (VIII), which through the stage of monotos-
vlation, followed by closure of the corresponding 13,14-c-oxide, and reaction of the latter
with a Grignard reagent [9], was converted into alcohol (IX), whereby, because of the extra-
ordinary lability of the intermediate compounds, all the operations were carried out without
their isolation. The hydroxyl group in (IX) was protected in the form of a tert-butyldimethyl-
(TBS) or tert-butyldiphenylsilyl (TBDPS) ether (X) |[10]. Subsequently it was found that the
TBDPS group has clear advantages over the TBS group in view of the higher stabilitv of the
thioacetal at the hydrolysis stage (the yield of the aldehyde (XI) is 837 versus 607 in the
case of the TBS derivative), and also ensures a higher selectivity at the key stage of coupling
the fragments. Therefore we shall forthwith describe the experiments for this series only.
The retention of the configuration of the C!° center in aldehyde (XI) in the course of the
above-described series of (V) » (XI) transformations was previously confirmed in the synthe-
sis of the 11-0O-benzyl analog {6] (Scheme 2).
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Furthermore, on using the stereoselective two-carbon block construction, the C°-C*?
aldehyde (XI) had to be converted to a C’-C!* fragment of type (II), to ensure the suitabil-
ity for the subsequent coupling. Study of a series of syn-selective aldol and crotyl rea-
gents showed that this problem is most effectively solved by adding a lithium Z-enolate of
ethyl trityl ketone [11], by the action of which the required (8,9%-syn, 9,10-anti)aldol
(XII) is obtained as the sole product isolated from aldehyde (XI) and then subsequently suc-
cessfully transformed into the required derivative of type (II).

In the PMR spectrum of adduct (XII), the observed SSCC values (Jg ¢ = 1 and Jg 1, =
10 Hz) characterize this compound as (8,9-syn, 9,10-anti)aldcl, which fully agrees with the
known results of the addition of lithium Z-enolates of ketones to f-alkoxy aldehydes [12].
This was also independently confirmed by the study of spectra of the cyclic derivative (XIII).
The latter compound is obtained by treatment of the MPM-derivative (XII) with 2,3-dichloro-
4,5-dicyano-1,4-benzoquinone [7], whereby acetal (XIII) is formed in good yield in the form
of a single equatorial isomer with respect to the acetal center, which should favor the sub-
sequent stages of macrolactonization. The simplicity and selectivity of these transforma-
tions are among the merits of the MPM group which determine its use for the protection of
the hydroxyl group at C!!.

In the PMR spectrum of (XIII), the observed SSCC (Js,10 = 0.5 and J;, ;; = 2 Hz) and the
nuclear electrostatic repulsion (NER) between the acetal proton and H!' indicate an axial
configuratien of the acetal proton and a somewhat distorted chair-like conformation of the

1,3-dioxolane ring.
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The reductive splitting of trityl ketone (XIII) by the action of LiBHEty (11] gives
alcohol (XIV), whose PMR spectrum indicates a change in the conformation of the acetal ring.
The study of NER showed a steric convergence of the ortho protons of the p-methoxyphenyl
group, the Me group at C!°, and the HY proton, and also the absence of the effect between
the acetal proton and H!''. In combination with the SSCC values (Js,10 = 0.5 and Jic,1:1 =
2 Hz), this makes it possible to ascribe a distorted boat conformation to the acetal ring
in (XIV). The spectral data obtained for (XIII) and (XIV) unequivocally cenfirm the abso-
lute (S)-configuration of the C® center.

Alcohol (XIV) which was obtained was further converted by the action of Ph,S,—Bu,P
{13] into phenyl sulfide (XV), the oxidation of which by m-chloroperbenzcic acid gives a
readily chromatographically separable mixture of sulfoxides (R)-(XV) and (S)-(XVI) in yields
of 22 and 747, respectively, in which the assignment of configurations of the chiral sulfur
atom was accomplished polarimetrically (the (R)-isomers have a positive rotation sign [14]).

The (R)- and (S)-sulfoxides were introduced in the form of lithium derivatives into
the reaction with the C'-C® ketone (IV), which we have described previously in [5]. It was
thus found that only the minor (R)-sulfoxide (XVI) enters into the reaction and gives a mix-
ture of two products in a 7:1 ratio, while the main (S)-isomer (XVI) does not react.® There-
fore, the necessity arose for a more selective synthesis of (R)-sulfoxide (XVI).

We attempted several oxidation methods, and as a consequence of net finding any signi-
ficant differences in the ratio of the isomers of (XVI) formed, we developed a mild and conve-
ient method for the isomerization of the stereoisomeric sulfoxides, which enables solving
this problem. Thus, treatment of (S)-sulfoxide (XVI) with trifluoroacetic anhydride, fol-
lowed by the additionof water leads to a mixture of (R)- and (S)-sulfoxides (XVI) in the
ratio of 77:23. It is probable that this reaction proceeds via the formation of trifluoro-
acetoxysulfonium ion of type A, which is further attacked by water at the sulfur atom, giv-
ing the isomeric sulfoxide. The presence of the initial (S)-(XVI) in the reactiocn mixture
is the result of attack by water at the trifluoroacetoxy group carbonyl, or the racemization
of the sulfonium ion via the formation of a symmetrically tetracoordinated sulfurane B
(see diagram on following page).

By using this method (oxidation of sulfide, separation of a mixture of isomeric sulfox-
ides, isomerization of (S)-sulfoxide (XVI)), sulfide (XV) was converted into the (R)-sulfox-
ide in a high overall yield. The main product of coupling of the latter with methyl ketone
(IV), obtained in a yield of 88%, should have, in analogy with the reaction product of this
ketone with Grignard reagents [5], the "natural" configuration of the C® center, which was
later confirmed.

The sulfoxide (XVII) obtained was found to be a very labile compound, and therefore
it was immediately converted into sulfide (XVIII) [16], the desulfuration of which completes
the building up of the stereochemistry of the whole carbon chain of erythronolide B. The
desulfuration process was complicated by the polyfunctionality of the molecule of (XVIII); the
best results were obtained by the action of Na in liquid ammonia at —78°C, using ether as
a cosolvent. Product (XIX), obtained in a high yield, was desilylated, which led to deriva-
tive (I), a key intermediate product in the synthesis of erythronolide B. The precursor of
the seco-acid (I) obtained by this scheme has a rigorously proved configuration of nine out
of eleven chiral centers in 9(S)-dihydroerythronolide B, C2-C® and C°-C!?. Comparison of

*Analysis of the literature data on the reactions of sulfoxides with a similar structure [15]

did not make it possible to explain satisfactorily the reason for such a radical difference
in the behavior of (R)- and (S)-sulfoxides (XVI).
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(I) with the product of the same structure, obtained by an alternate scheme (see the following
articles in this series) and having a known configuration of the C® and C® centers, proved
their complete identity, and thus their stereochemical correspondence to 9(S)-dihydroerythron-
olide B. Thecompletion of the synthesis of erythronolide B by this scheme is described in

the following article.

EXPERIMENTAL
For general methods, see [2].

1,6-Anhydro-2,4-didesoxy-2,4-di-C-methyl-g-D-galactopyranose (V). A solution of 14 g
(56.38 mmoles) of 3-O-benzyl derivative (V) [8] in 120 ml of MeOH was boiled over Ra/Ni for
5 h, and then stirred for another 45 h at 20°C. The catalyst was filtered, washed with MeOH,
and the solution was evaporated at 30°C in vacuo. The residue was recrystallized twice from
a pentane—ethyl acetate (EA) (9:1) mixture. The mother liquor was purified by chromatography
in a hexane—EA (1:1) system. Yield 7.32 g (827), mp 40.5-41°C (pentane), [a]p?® —31° (C
1.09). PMR spectrum: 1.03 d (6H, JCH3!10 = JCH3!12 = 7 Hz, CH; at C!® and C'?), 2.05 d.d.q

(1H, Js, 10 = J1o,11 = 1.8 Hz, H'%), 2.19 m (1H, le 1, = 1.2 Hz, H?), 2.45 br.s (1H, OH at
c1), 3.45 m (1H, H''), 3.57 d.d.d (1H, Jlk L =7, Jiu,13 = 4.9 Hz, H'*78X0), 4.21 m (2H,
H'? and H1*-endo) 5.3 4.4 (1H, Jo,11 = 1.8 Hz, H9)

Compound (VI). A 19.7 g portion (138.8 mmoles) of BF3.Et20 was added to a solution
of 7.32 g (46.27 mmoles) of (V) and 7.51 g (69.4 mmoles) of 1.3-propanedithiol in 46 ml of
CH,Cl,. The mixture was held at ~20°C for 12 h, cooled to —20°C and neutralized by NH, (gas)
to a weakly alkaline value of pH. The mixture wass evaporated, the residue was dissolved
in 50 ml of acetone, and 25 ml of 2,2-dimethoxypropane and 1 g of TsOH-H,0 were added (pH <
7). The mixture was held for 1 h, was then decomposed by a saturated solution of NaHCO,,
evaporated, and the residue was passed through a S$i0, layer, using for eluting the compound
a gradual benzene-EA gradient from 0 to 25% (at 5% spacings). Yield 9.34 g (66%), syrup,
{alp?® —4.5° (C 2.0). PMR spectrum: 0.88 d and 1.10 d (6H, Jcy, JCHz 17 = 6.7 Hz, CHj

at C1° and C12), 1.34 s and 1.41 s (6H, CH; of 13,l4-acetal), éZ d.a.q (1H, Jig,1s = 4.5,

Jiz,11 = 9 Hz, H'?), 2.0 d.d.q (1H, Jio,11 = 2.5, Jio,s = 6.7 Hz, H'®), 2.05-2.18 m (2H, SCHa -

CH,CH,S), 2.62 d (lH, Ji1,0 = 4 Hz, OH at C''), 2.8372.92 m (4H, —SCH,CH,CH,S- ) 3.71 d.d

(lH Jiw 13 = Jiu as'= 7 Hz, H'*), 3.91 d.d.d (1H, H'), 4.06 d.d (1H, Jiu'13 = 6.7 Hz,
B4 4.17 d (18, H®), 4.31 d.d.d (1H, H'®).

Compound {VII). A solution of (VI) in 23 ml of DMF was added with stirring to a sus-
pension of 1.1 8 (4.6 mmoles) of NaH in 23 ml of DMF. The mixture was stirred at ~20°C for
5 min, and then 4.33 g (27.6 mmoles) of p-methoxybenzyl chloride (obtained by the reaction
of p-methoxybenzyl alcohol and thionyl chloride in the presence of DMF) was added, and the
mixture was stirred for 1 h. The excess NaH was decomposed with 2 ml of MeQOH, poured intc
water and extracted with ether. The extract was washed with water and a saturated solution
of NaCl, dried over Na,SO., evaporated and chromatographed in a heptane—ether (5:1) system.
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Yield 8.55 g (87%), syrup, [alp?*~0.5° (C 2.0). PMR spectrum: 0.93 d and 1.12 d (6H, JCH, 1

JCHs .12 = 7 Hz, CH3 at C!° and C*?), 1.35 s and 1.44 s (6H, CH; of 13,14-0-acetal), 1.70-
1.90'm (2H, H'° and H'?), 2.08 m (2H, SCH2CH2CH2S), 3.65d.d (1H, Jy;,,, = J;;,,, = 7.6 Hz,
H''), 3.80 s (3H, CH,0C¢H,CH,0), 3.81 d.d (1H, H™*), 4.01 d.d (1H, Ji,,1,' = 8, Jyut 5 = 7
Hz, H'*'), 4.02 d (1H, J, ,, = 8.5 Hz, H®), 4.33 d.d.d (IH, Jy5 4,0 = 7, Jy5 4, = 4 Bz, HY?),
4.62 d and 4.75 d (2H, Jgop = 11 Hz, AB system CH;OC(H,CH,0), 6.90-7.30 m (4H, CH,0C H,CH,0).

Compound (VITI). A solution of 7.7 g (18 mmoles) of (VII) in 50 ml of 80Z aqueous AcOH
solutionwas heated at 60°C for 1.5 h, evaporated, and the residue was diluted with CHCla. The
solution was washed with saturated NaHCO; and NaCl solutions, dried over Na,SO,, evaporated,
and the residue was chromatographed in EA. Yield 5.25 g (757), syrup, [alp?® +7.5° (C 2.0).
PMR spectrum (D,0 was added to the solution of the sample in CDCl;): 1.02 d (3H, JCH,,12 =
7 Hz, CHy at C'?), 1.23 d (3H, Jcy,,,, = 7 Hz, CH, at C1°), 1.88 d.d.q (1H, J,, ,, 2 1.6,
Jiz,12 = 5 Hz, H'?), 2.10 m (2H, SEH,CH,CH2S), 2.20 d.d.q (1H, Ji, 5, = Jiq,s = 6 Hz, HO),
2.86 m (4H, SCH,CH,CH,S), 3.52 d.d (IH, Jy, 11 = 4.3, Jy0 ,o0 = 11.7 Hz, B®*), 3.65 d.d. (1H,
Ji4t,15 = 8 Hz, B'*'), 3.74d.d (1H, H!'), 3.80 s (3H, CHs0C.H,CH,0), 4.04 d.d.d (1H, H1?),
4.08°d (1H, H®), 4.58 d and 4.68 d (24, Jgem = 10.5 Hz, AB-system CH30C.H,CH,0), 6.87-7.27 m
(4H, CH30CeH4CH20).

Compound (IX). A 2.72 g portion (14.26 mmoles, 1.05 equiv.) of TsCl was added to a
solution of 5.25 g (13.58 mmoles) of (VIII) in 25 ml of pyridine, and the mixture was held at
~20°C for 5 h. The solution was diluted with CdCl;, washed with 1 N HC1l, water, a saturated
solution of NaCl, dried over Na,SO, and evaporated. The residue was dissolved in 50 ml of
absolute MeOH, the solution was cooled to —15°C, and 2.82 g (20.37 mmoles) of K2COs were ad-
ded. The mixture was stirred for 4 h, and then poured into water, and extracted with CHCl,.
The extract was washed with water and a saturated solution of NaCl, dried over Na,50,, and
evaporated. The residue was dissolved in 20 ml of THF, and was added with stirring at
—40°C to a suspension, obtained by adding 14 ml of 1.95 M solution of MeMgCl in THF (27.3
mmoles) to 438 mg (2.72 mmoles) of CuCl-Me,S in 6 ml of THF. After 30 min, the mixture was
heated to 0°C, decomposed with 3 ml of a saturated solution of NH,Cl, and filtered. The fil-
trate was dried over Na,S0,, evaporated, and the residue was chromatographed in a benzene—
ether (9:1) system. Yield 2.266 g (56.7%), syrup, [alp?® +8.5° (C 1.0). PMR spectrum:

0.95 t (3H, Jeg_,,, = 7.3 He, CHy at C!*), 1.02 d (3H, Jcg s12 = 7 Hz, CH; at C'?), 1.23 4
(cH, JCH3, 10 =7 Hz, CH; at C'°), 1.39 d.d.q (1H, Ji,,13 = 3.5 Hz, Jy, 14t = 13 Hz, H'Y),

1.58 d.d.q (1iH, Jiyt,1: = 8 Hz, H'*'), 1.81 d.d.q (1H, Jiz,15 = 1.6, Jy, 1, = 4.5 Hz, H'?),
2.09 m (2H, SCH,CH,CH,S), 2.22 d.d.q (1H, Jio,11 = 6.5, Jy5 o = 5.5 Hz, 1%, 2.86 m (4H,
—SCH,CH,CH,5—), 2.98 m (1H, OH at C*3), 3.72 d.d (1H, H), 3.80 s (3H, CH,0C.H,CH,0), 3.86
br.d.d (1H, H'®), 4.05 d, (1H, H®), 4.58 d and 4.67 d (2H, Jgem = 10.5 Hz), AB system CH,-
OC.H,CH,0), 6.86-7.28 m (4H, CH;0C.H,CH,0).

Compound (X). A solution of 454 mg (1.888 mmoles) of tert-butyldiphenylsilane (ob-
tained by reducing t-BuPh,SiCl by LiAlH,) in 2 ml of CH,Cl, was added at 0°C, with stirring,
to a suspension of 603.9 mg (1.762 mmoles) of tritylium perchlorate [17] in 2 ml of CH,Cl,.
The mixture was heated to ~20°C, and 382 mg (3.776 mmoles) of Et,N were added, and then a
solution of 484 mg (1.259 mmole) of (IX) in 4 ml of CH2Clz. The mixture was stirred for 5
min, was then decomposed with a saturated sclution of NaHCO;, and extracted with CHC1,. The
extract was washed with a saturated solution of NaCl, dried over Na,S0,, evaporated, and the
residue was chromatographed in a heptane—FA (20:1) system. Yield 593 mg (75.6%), mp 118-
118.5°C (hexane), [alp?? +53.2° (C 1.0). PMR spectrum: 0.58 t (3H, Jcy ,14 = 7.5 Hz, CH,
at Cl‘&), 0.92 d (BH, JCH3,12 = 7 HZ, CH3 at ClZ)’ 1.09 4 (3H, JCH3,10 = ? ﬁz’ CHEJ at ClO)’
1.10 s (9H, t-BuPh,Si0), 1.40~1.60 m (2H, H!*, HI“'), 1.74 d.a.q (1H, Jy1y .15 =1, J12,11 =
9.5 Hz, H'?), 1.89 d.d.q (1K, Jyy 1, = 1.8, Jyo,5 = 10 Hz, H3?), 2.08 m (3H, SCH,CH,CH,S),
3.81 s (3H, CH30C¢H,CH,0), 3.97d (1H, H®) 4.07 d.d.d (1H, JCHy,,,= 55 J13,14' = 9 Hz, H'?),
4.19 d.d4 (1H, H''), 4.32 d and 4.59 4 (2H, J em = 12.5 Hz, AB-System CH,0C.H,CH,0), 6.81 m,
7.02m, 7.32 m, 7.62 m, 7.72 m (14H, t-Bu(Caﬁs)ZSiO, CH;0C4H,CH,0). B

Compound (XI). A 5.258 g portion (30.5 mmoles) of CdCO, and 4.968 g (18.3 mmoles)
of HgCl, were added to a solution of 3.80 g (6.1 mmoles) of (X) in 40 ml of an acetone-water
(9:1) mixture. The mixture was boiled for 6 h, the precipitate was filtered, and the sclu-
tion was extracted with ether. The extract was washed with water and a saturated solution
of NaCl, dried over Na,SO,, evaporated, and the residue was chromatographed in a heptane—
ether (19:1) system. Yield 2.685 g (83%), mp 83-83.5°C (pentane), [alp?? —32.4° (C 1.0).
PMR spectrum: 0.60 t (3H, JCHs, 14 = 7.5 Hz, CH; at C'*), 1.0 d and 1.14 d (6H, JcH,, 10 =
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JcH; 7 Hz, CH, at C'® and C'?), 1.11 s (94, t-BuPh,Si0), 1.55 m (2H, H*" and H!"'), 1.79
d.d%q {1, Ji2,11 = 9.5, Jy, 1, = 1 Hz, H?), 2.56 d.q (1H, J,, ., = 1.8 iz, H'®), 3.80 s
(3H, CH,0C, H CH, ,0), 3.94 d and 4. 08 d (2H, Jgem '10 Hz, AB-system CH3O0CgH cnzo) 4.13 d.d
(1H, H1Y), 4.13 d.d.d (1A, Jis3, 14 = 5.5, Ji3,14' = 8.8 Hz, H'?), 6.75-7.75 (14H, t- Bu(CeHg)»
sio, CHaoCsHuCHzo) 9.85 s (1H, HS)

Compound (XII). A 3.5 ml portion of a 1.79 N solution of n-BuLi in hexane (6.3 mmoles)
was added at -78°C to a solution of 1.8%2 g (6.3 mmoles) of trityl ethyl ketone [1l] in 30
ml of THF. The mixture was stirred for 1 h and a solution of 2.61 g (4.899 mmoles) of (XI)
in 15 ml of THF was added. The mixture was stirred for 1 h, and then decomposed at —~78°C
with a saturated NH,Cl solution, and extracted with CHCl,. The extract was washed with water
and a saturated solution of NaCl, dried over Na,SO,, evaporated, and the residue was chroma-
tographed in a heptane—ether (11:1) system. Yield 3.44 g (84.37), mp 155.5-156°C (pentane),
[alp?? —4.4° (C 1.0). PMR spectrum: 0.43 d (3H, JCHs,12= 7 Hz, CH; at C!'?), 0.54 t (3H,
JCHs, 14 = 7.5 Hz, CHz at C'*), 0.71d (3H, JCH3,.0 =7 Hz, CH3 at cl°? 0.82d (3H. JCHs, s = 7 Hz, CHs
at.Ca) 1.07 s (9H t- BuPh2510) 1.20-1.70 m (4H, H'®, le, gi+,H:*'), 3.19 br.q (1H, Js s =1 Hz,
H8) 3.32 br. d (1H, Je.10 = 10 Hz, H®), 3.47 s (1H, OH at c?), 3.79 s (3H, CH30CsH4CH2Q), 4 0br. d.d
(1H, J1i2,13 = 4, Ji1s,1s = 10 Hz, H!3), 4.10 d.d (1H, Jio,11 = l Ji11,12 = 10 Hz, H'1), 6.80-

7.70 m (29H, t- Bu(CsHs)leO CH30CsH«CH20, (CsHs)sC(0).

Compound (XIII). A 2 g portion of 3 & molecular sieves and 0.953 g (4.197 mmoles) of
2,3-dichloro-5,6-dicvano-1,4-benzoquinone were added to a solution of 3.33 g (3.997 mmoles)
of (XII) in 25 ml of CH,Cl,. The mixture was stirred for 1 min, and was then decomposed by
a saturated solution of NaHCO,. The precipitate was filtered through acelite layer, the fil-
trate was diluted with CHCl,, washed with a saturated solution of NaCl, dried over Na,SC,,
evaporated, and the residue was chromatographed in a hexane—ether (11l:1) system. Yield 2.824
g (85%), mp 182-182.5°C (pentane), [alp2® —-11.6° (C 1.0). PMR spectrum: 0.41 t (3H.

= 7.5 Hz, CH; at C'¥), 0.54 d (3H, JCHa,12 = 7 Hz, CH; at clz), 0.81 d (3H,
= 6.5 Hz, CH; at C®), 1.0 s (9H, t- Buthslo) 1.18 d (3H, JcH,, = 6.7 Hz, CH; at

ct%), 1.35 m (2H, H'"“, H1*'), 1.53d.q(1H, Jio,11 = 2 Hz, H!®), 1.68 4. d q (lH Ji2 11 = 10,
Ji2,13 = 1.5 Hz, le), 3.80 s (3H, CH,OCgH, of 9,11-0-acetal), 3.81 d.4 (1H, H*!), 4.13 d.d.d
(1H, J13,1% = 4.5, Jy3,1,' = 10 Hz, H3), 4.22 d.q and 4.31 d (2H, AB system, Jg,s = 10.5 Hz,
H® and Hg, respectlvely) 5.18 s (1H, H of acetal), 6.80-7.60 m (29H, aromatic protons).

The NER measurement showed a steric convergence of the acetal proton and the proton at C!!
atom.

Compound (XIV). A 20 ml portion of 1 N solution of NaBHEt; in THF (20 mmoles) was ad-
ded to a suspension of 1.924 g (22.2 mmoles) of LiBr and 2.99 g (3.597 mmoles) of (XIII) in
5 ml THF. The mixture was allowed to stand at 20°C for 120 h, and 72 ml of a 157 solution
of NaOH, followed by 72 ml of a 307 solution of H20z, were added. The mixture was stirred for
2 h, and then diluted with water and extracted with CHCl,. The extract was washed with water and a
saturated solution of NaCl, dried over Na,S0O,, evaporated, and the residue was chromatographed in
a hexane—EA (4:1) system. Yield 1.913 g (907), syrup. PMR spectrum (after the addition of D,0 to
the solution of a sample of {XIV) in CDC1,;): 0.55 t (3H, Jcﬁa .4 = 7.4 Hz, CHyatCy,), 0.92 ¢
(3K, JCH 6.6 Hz, CH; at C'?), 1. 06 d and 1.06 s (12H, JcH,,s = 0.5 Hz, CH; at C® and
t-BuPh, 510, 3, 1.18 d (CH, JCH,,,, = 6.5 Hz, CHy at C1°), 1.46 m°(2H, H'* and H*'), 1.72 d.d.q
(1H, J*1 12 = 10, Jy, ;5 = 1 Hz, H'?), 1.86 br.d.q (1H, J., ., = 2 He, H'?), 2. 36m (1H, Jg 4 =
10, Jg,, =3, Jg, ot = 4 Hz, H?® ) 3.57 d.d (1H, J7,7' =10. 5'Hz, H?), 3.56 br.d (1H, H?), 3.67
d.d (18, H7'), 3.83 s (3H, CH,0C.H,, of 9,11-0- -acetal), 4.05 d.d (1H, H'), 4.14 d.d.d (1H,
Jis, 16 = 55 Ji3,14 = 9 Hz, Hla), 5.12 s (lH H of acetal), 6.84-7.70 m (14H aromatic protons).
The NER measurement showed a steric convergence of the aromatic rlng o-protons of the acetal
group, the H® proton and protons of the CH; groups at the C8® and C*° atoms.

Compound (XV). A 1.279 g (5.856 mmoles) of Ph,S and 1.394 g (6.889 mmoles) of BusP
were added to a solution of 1.73 g (2.928 mmoles) of (XIV) in 15 ml pyridine. The solution
was held at ~20°C for 24 h, then was diluted with CHCl,, washed with a 1 N HCl solution, 157
NaOH solution, and a saturated solution of NaCl, dried over Na,SO,, evaporated, and the resi-
due was chromatographed in a hexane—EA (11:1) system. Yield 1.84 g (927), mp 119.5-120°C
(hexane), [alp®! +28° (C 1.0). PMR spectrum: 0.51 t (3H, Jcy,,,, = 7 Hz, CHj at ci*), 0.90
d (34, Jcy,,,, = 6.9 Hz, CH; at c?), 1.05 s (94, t-BuPh, 510)3° 1l14 4 (3H, JCH3,s = 6.4 Hz,
CHy at C%)’ 116 4 (31, JCH,,1o = 6.5 Hz, CH; at C*°), 1.30-1.56 m (2H, H*s1%), 1,71 d.d.q
(1H, Jiz,11=10.4, J;; ;5 = 1.6 Hz, H'*), 1.82 d.q (1H, J;o,11 = 2 Hz, H 10), 2,40 d.d.d.q
(11, ;re,9 = 11, Jg,, = 8.5, Jg ;1 = 3.1 He, H®), 2.68 d.d (1H, Js,7t = 13 Hz, H7), 3.14 d.d
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(1H, H7'), 3.46 4 (1H, H®), 3.81 s (3H, CH;0C.H,, of 9,11-0-acetal), 3.95d.4d (1H, H*?), 4.07
d.d.d (1H, J.5 14 = 5.2, Ji3, 14t = 7 Hz, H3), 4.79 5 (1H, H of acetal), 6.80-7.56 m (19H,
aromatic protons).

Compound (XVI). A 0.446 g portion (2.583 mmoles) of m-chloroperbenzoic acid was added
to a solution of 1.604 g (2.348 mmoles) of (XV) in 25 ml of EA, cooled to —40°C. The mixture
was held for 10 min, and evaporated. The residue was dissolved in CHCl,, the sclution was
washed with saturated solutions of NaHCO, and NaCl, dried over Na,S0,, evaporated, and the
residue was chromatographed in a hexane—FA (2:1) system. The yield of (R)-(XVI) was 358 mg
(21.8%), mp 100.5-101°C (hexane), {a]p?® +105.7° (C 1.0). (S)-(XVI): 1.215 g (747}, mp
106.5-107°C (hexane), [a]p?® —24.3° (C 1.0). PMR spectrum (R)-(XVI): 0.30 t (3H, JCHJ,zu =
7 Hz, CH; at C'*), 0.89 d (3H, JeH,,,. = 7 Hz, CHy at C'%), 1.10 s (9H, t-BuPh,Si0), 1.12
d (3H, JCH,,, = 6.5 He, CH; at C%), 1.25 d (3H, Jcy,,,, = 7 Hz, CH; at C'°), 1.25-1.70 m
(4H, v, W2, H*, H}*'), 2.50 d.d (18, J, 4 = 10,73, ,» = 13 Hz, H7), 2.80d.d (1H, J7’,s =
2.5 Hz, H'"), 2.91 m (1H, Jg , = 10.5 Hz, H®), 3.38 4 (1H, H?), 3.82 s (3H, CH,0C.H, of 9,
11-0-acetal), 4.04 d.d (1H, J,o,:; = 2.5, Jy;,,, = 10 Hz, H!!), 4.07 d.d.d (1H, J,, ,, =
1.2, Jy3,14 =5, J13,:," =9 Hz, H'?), 4,82 s (1H, H of acetal), 6.80-7.70 (19H, aromatic protons).
PMR spectrum (S)-(XVI): 0.50 t (3H, JCH,,,, =7 Hz, CH, at C**), 0.83d (3H, JcH,,,, = 7 Hz, CH,
at C*?), 1.08 s (9H, t-BuPh,510), 1.16 t (6H, Jew,,1q = JCH,,s = 7 Hz, CHa at C° and cLey,
1.20-1.80 m (4H, H'?, H'?, H'*, H*“'), 2.66 m (1H, H%), 2.81 s, 2.82 s and 2.83 s (2H,

H7, H?'), 3.52 br.d (1H, Jq ¢ = 10, Je,10 = 1 Hz, H%), 3.82 s (3H, CHsO0C.H, of 9,11-0-acetal),
3.93 d.d (1H, J,;,,, = 2.5, J,; ;; = 10.5 Hz, H!1), 4.07 d.d.d (1H, J1s,12 = 1.5, J13,12 =
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5, Ji3, 14t =8Hz, H'?), 4.95 s (lﬁ, H of acetal), 6.80-7.70 m (19H, aromatic protoms).

Isomerization of Sulfoxide (S)-(XvI). A 0.589 g portion (4.944 mmoles) of %,4,6-
trimethylpyridine was added to a solution of 0.96 g (1.373 mmoles) of (S)-(XVI) in 5 ml of

THF. The mixture was cooled to —60°C and after adding 0.346 g (1.648 mmoles) of (CF,C0),0
and stirring for 20 min, a mixture of 820 pliter THF and 180 uliter water was added. The solu-
tion was heated to ~20°C, diluted with CHCl,, washed with 1 N HCl solution, water, saturated
solution of NaCl, dried over Na,S0_, evaporated, and the residue was chromatographed in a
hexane—EA (2:1) system. The vield of (R)-(XVI) 0.734 g (76.5%), {(S)-(¥VI) was 0.226 g
(23.57%).

Compound (XVII}. A 300 uliter portion of a 1.72 N solution of n-BuLi in hexane (516
vmoles) was added at -78°C to a solution of 59 mg (583.3 umoles) of diisopropylamine in 900
uliters of THF. The mixture was heated to =40°C in the course of 1 h and then cooled to
—60°C. A solution of 339.7 mg (486 umoles) of (R)-(XVI) in 1300 uliter of THF was added,
and stirring was continued for 1 h. The solution was cooled to —78°C, and 107 mg (472.8
pmoles) of (IV) in 1200 uliter of THF were added. The mixture was held for 2 h, was then de-
composed by a saturated solution of NH,Cl, and extracted with CHCl,. The extract was washed
with water and a saturated solution of NaCl, dried over Na,SO,, evaporated, and the residue
was chromatographed in a hexane—EA (5:1) system. The yield of (XVII) was 283 mg (64.7%);
the yield of the isomer at C® was 40 mg (8.9%). The compounds are unstable. PMR spectrum:
0.29 d (3H, JCHs,10 = 7 Hz, CH; at C'°), 0.40 t (3H, JCH,,,, = 7 Hz, CH, at C'%), 0.85 m (1H,
H'?), 0.55 d (3H, Jen 12 = 6.5 Hz, CH; at C!?), 1.03 d (31, JCHQ,z = 6.5 Hz, CH; at C?2),
1.12 4 (38, Jcg i 7 Hz, CH; a2t C*), 1.15 s (9H, t-BuPh,Si0), 1.17 d (3H, JCH;, 1, = 7.3 Hz,
CHy at C®), 1.2321.48 w (2H, H'* and H“'), 1.45 s and 1.46 s (6H, CH; of 3.5-0-acetal), 1.46
m (1H, H'®), 1.77 s (3H, CH, at C¢), 1.80 m (1H, H*), 2.35 d.d.q (1H, H?), 2.89 br.s (1H,
H7), 2.98 m (1H, H®), 3.45 d.d (1H, J,,5 = 10, J,,, = 1.5 Hz, H3), 3.77 d (1H, Js g = 10.5
Hz, H®), 3.82 s (3H, CH,0C(H, of 9,11-0-acetal), 3.85 d.d (IH, Jyy ;0 = 2, Jy, 1, = 10 Hz,
H1), 3.95 d.d.d (IH, Jy5 1, = 1.4, Jyg,04 = 5, Jya,140 = 9 Hz, BYY), 3.97 4 (1H, J, . = 2
Hz, H®), 4.80 s (1H, H of acetal), 5.07°d.d (1H, Jii-cis,1 = 10.5, Jircis,1'-trans & 2 Hz,
H''-cis), 5.13 d.d (1H, Ji'-trans,1 = 17 Hz, Hl'-trans), 5,58 d.d.d (1H, Ji,2 = 9 Hz, HL),
6.80-7.80 m (19H, aromatic protons).

Compound (XVIII). A 0.27 g portion (1.797 mmoles) of Nal was added to solution of
0.419 g (452.8 pmoles) of (XVII) in 4 ml of acetone, cooled to 0°C, and then a solution of
0.2853 g (1.358 mmoles) of (CF3C0),0 in 0.5 ml of acetone was added. The mixture was held
for 30 min, was then decomposed by a saturated solution of NaRCO,, and extracted with CHCI,.
The extract was washed with saturated solutions of Na,S,0; and NaCl, dried over Na,SO,, evap-
orated, and the residue was chromatographed in a hexane—EA (11:1) system. Yield 0.371 g
(90.1%), syrup, [alp?® +25.9° (C = 1.02). PMR spectrum: 0.49 t (3H, JCHs,1,=7.3 Hz, CHs
at C**), 0.92 d (3H, JCH,,1, = 7 Hz, CHy at C*%), 0.97 d (3H, Jcy_,, = 6.5 Hz, CH, at C*),
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1.0 d (3H, Jeg. ., = 6.5 Hz, caa at C2), 1.04 s (9H, t-BuPh,8i0), 1.22 4 (3H, Jgy = 7 He,
CH, at C°), 1.25 d (3H, Jch,,, = 7 Hz, CHy at C®), 1.36 s (3H, CH, at C%), 1. 48’ and 151

s (6H, CH, of 3,5-0O-ketal), 1. 29 m and 1.47 m (28, % and H'*'), 1.61 m (1H, H*), 1.80 m
(1H, H?), 2.04 br.d.q (1H, Jyq 11 = 2, Jg,;0 = 0.5 Hz, H!®), 2.27 m (1H, H?), 2.68 s (1H,
OH at C%), 2.79m (1H, H®), 3.40 d.d (1H, J) . = 2, Ja,4 = 10 Hz, H3), 3.45 d (1H, J, s =3
Hz, #7), 3.83 s (3H, casc H, of 9,11-0- acetal), 4.10°4° (14, Jg 1o = 10.5 Hz, HY), 4.30 d.d.d

(IH, J,4,0, = 1.5, Jy, 1. = 5y Jys, 1, = 9.5 Hz, H'3), 4.20 d {1H, J, , = 2 Hz, H%). 4.22 d.d
(18, 3,02 = 10 He, BiL), 4.87 d.4 (1H, J,  '-cig = 10, J1'-cis, i trang = 2 Hz, Hl'-cis),
5.02 d.d’ (1K, J, '“trans > 17 Hz, HI ‘trané}, 5.30 d.d.d (1H, J, , = 8.5 Hz, H), 5.32 s

(1H, H of acetalj 6.80-7.70 m (19H, aromatic protons).

Compound (XIX). A 23 mg portion (1 mmole) of Na was added to a mixture of 3 ml of 1li-
quid NH; and 2 ml of ether cooled to —78°C. The mixture was stirred for 20 min, a solution
of 0.371 g (408 umoles) of (XVIII) in 2.5 ml of ether was added, and stirring was continued
for 15 min. The mixture was decomposed by solid NH,Cl, ammonia was evaporated, the residue
was diluted with CHCl;, and filtered. The filtrate was dried over Na,SO,, evaporated, and
the residue was chromatographed in a hexane—FEA (11:1) system. Yield 0.226 g (69.1%), syrup,

[alp2t +14. 2° (C = 1.0). PMR spectrum: 0.50 t (3H, JCH = 7.2 Hz, CH; at C**), 0.90 d
(3H, Jeg_,,, = 7 Bz, CHy at C'Z), 1.03 d (3H, Jcy,,, = 7 He, CH3 at €*), 1.06 s (9H, t-BuPh,-
si0), 1.07 & (3H JeH. . = 7 Hz, CHy at C2), 1.10%4"(3H, Jey. . = 6.4 Hz, CH, at C®), 1.17 d

(3H, JCH3 L, = 7 Hz, O at G1°), 1.25s (3H, CH, at C®), 1.43°S and 1.47 s (6H, CH of 3,5-0-

ketal), 1.75 m (1H, H'?), 1.91 m (1H, H*°), 2.26 s (14, OH at C®), 2.36 m (1lH, H2), 2.56 m
(1H, Hs) 3.28 br. d.(lH Je,s = 11 Hz, H%), 3.45d.4 (1H, Js,s =1.8, Js, 2 = 9.5 Hz, H?), 3.
3.544 (1R, Js o = 2 Hz, Hs) 3.83 s (3H, CH,0CcH, of 9,11,0-acetal), A 16 d.d.d (1H, Jla 10 =
L5 B2, Ji3,10= 5, Jia,u! = 9.5 Hz, B19), “2.27 d.4 (1B, J1y,10 = 2, Juy, a0, = 10 Hz, B,
5.04 d.d (18, J11-cis,1=10, Jir-cis,1'-trans = 2 Hz, B AC1é) 5.12 d.d’ (1H, Ji'-trans,1 =
16.5 Hz, H'-trans),s5.61 d.d.d (1H, J.,2 = 8.5 Hz, H'), 6.80-7.70 m (14H, aromatic protons).

Compound (I). A solution of 0.264 g (329 umoles) of (XIX) and 0.962 g (3.049 mmoles)
of Bu,NF in 3 ml of THF was heated at 80°C for 20 h, was then evaporated, and the residue
was dissolved in CHCl,. The solution was washed with a saturated solution of NaCl, dried
over Na,S0,, evaporated, and the residue was chromatographed in a hexane—EA (3:1) system.
Yield 0.182 g (98%), syrup, [a]D25 +7.2° (C = 1.0). PMR spectrum: 0.78 d (3H, JCH3,12 =
7 Hz, CHy at C'2), 1.0 t (1, Jcy,,,, = 7.3 Bz, CHy at C**), 1.01 d (3H, JCH, ,,= 6.5 lz,
CH, at Cc*), 1.05d (3H, Jcy. ., = 6.3 Hz, CH3 at €2), 1.11 d (3H, Jcg. ., = 6.5 Rz, CHy at C8),
1.20 s (3H, CH, at c®), 1.31%d (3H, JCH,,1, = 6.5 Hz, CHy at C1°), 1] 42 s and 1.43 s (6H, CHs
of 3,5-0-ketal), 1.67 d.d.q (IH, Jk =00, =2 He, BY), 1.84 br.d.q (1H, J,  ,, = 2 Hz,
H'®), 1.98d.d.q (1K, 3., ., =10,J , ., = 2"z, H'2), 2.33 m (1H, J,,, = 0.5, Jj,; = 8.2 Hz,
H?), 2.61 m (1H, Jg o ’10. 5, Jg ,2 = 1.5 Hz, H®), 3.31 br.d (1H, H?), 3.42 d.4 (1H, H3?),
3.49 4 (1H, HS), 3. 45 d.d.d (lH "J1. ,1e =5, Jis 1t = 7.5 Hz, H'®), 4.17 d.d (1H, H''), 5.05
d.d (1H, Jit-cis,; = 10, Jy1.cqg.1'- trans =2 Hz gt' -cis), 5,12 br.d.d (1H, Ji'-trans,1 =
16.8 Hz, H''-trans), 5.61 d d.d (1H, B%), 5.65 s (1H, H of acetal), 6.89 m, 7. 41 m (4H
CH,0CcH, of 9,11-O-acetal).

IIN

CONCLUSIONS

A directed synthesis of a seco-acid derivative of 9(S)-dihydroerythronolide B has
been carried out.
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SYNTHESIS OF MACROLIDE ANTIBIOTICS.
15.% STEREODIRECTED SYNTHESIS OF ERYTHRONOLIDE B ACCORDING TO THE COUPLING
SCHEME OF THE (C®-C'3) + (C7-C®) + (C'-C®) FRAGMENTS

A. F. Sviridov, M. S. Ermolenko, UDC 542.91:547.455
D. V. Yashunskii, V. S. Borodkin,
and N. K. Kochetkov

In the preceding publication of this series we have described a stereodirected synthesis
of a precursor of a seco acid of 9(S)-dihydroerythronolide B (I). The configuration of nine
out of eleven chiral centers in (I), C?-C%® and C®-C!'3, was rigorously proved from examina-
tion of the PMR spectra of a series of cyclic derivatives. Comparison of compound {I) with
the product of the same structure obtained by an alternative scheme (see the following pub-
lications of this series) and having a known configuration of the C® and C® centers confirmed
their complete identity, and thus their complete stereochemical correspondence to 9(S)-diby-
droerythronolide B. The seco acid, which can be obtained from derivative (I); satisfies all
the requirements necessary for the successful realization of the macrolactonization stage,
formulated in [2, 3], in particular, the (S)-configuration of the C® center, the presence of
3,5- and 9,11-bis(cyclo)acetal system, the equatorial position of the p-methoxyphenyl group
at the 9,11l-acetal center. All the above enumerated factors made it possible to proceed to
the concluding stage of a total stereodirected synthesis of erythronclide B from carbohydrates
according to a (C®-C'?) and (C7-C®) + (C'-C®) coupling scheme of fragments, i.e., a macro-
lactonization and direct comparison of the aglycones of synthetic and natural antibiotics
and their derivatives, which is the subject of the present publication.

The double bond in compound (I) was subjected to ozonolysis, and the subsequent oxida-
tion of the aldehyde formed by m-chloroperbenzoic acid in the presence of a phosphate buf-
fer at pH 7.0 [4] leads to a hydroxy acid derivative of erythronolide B (II). This compound
was converted into an activated thioether by reaction with bis(l-isopropyl-4-tert-butylimid-
azol-2-yl) disulfide and Ph;P, and lactonized by boiling in toluene under highly dilute con-
ditions (C = 1073 M) [5], which led to lactone (III) in a very high yield (72%). The struc-
ture of the product obtained was confirmed by the data of PMR spectroscopy and direct compar-
ison of several derivatives obtained both from the macrolide (III) and from natural erythron-
olide B. The comparison was carried out on the basis of melting points, specific rotation
and PMR spectra for macrolactones (III), (IV) and (VII). All the characteristics of the
synthetic samples of the above lactones coincide exactly with those obtained from a natural
erythronolide B (scheme).

Thus, macrolide (III) is converted by acid hydrolysis into 9(S)-dihydroerythronolide
B (IV). The reduction of a sample of natural erythronolide B (VII) by sodium borohydride on

*For previous communication, see [1].
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