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Abstract. Stereocontrolled synthesis of erythronolides A and B has been 

achieved. 

In our preceding paper1 we have described a scheme for the total synthe- 

sis of erythronolides A and B (1A and lB, Scheme 1) the necessary intermedia- 

tes of which are 3,5-9,11-bis-cyclic derivatives of seco-acids of 9(S)- di- 

hydroerythronolides A and B (a and 2B). Retrosynthetic transformation of 

these structures gave Cl-Cl0 segment 3, which is common to both erythronoli- 

des, and structurally related aldehydes a and 3B which represent Cll-Cl3 

segments. Synthesis of these segments from levoglucosan as a common precursor 

was also described in the preceding publication. 

Reported here is the realisation of the key stage of the total synthesis 

of erythronolides A and B, namely, aldol addition of enolate of the ketone 4 

to aldehydes a (for erythronolide A), and 3B (for erythronolide B) and 

transformation of the thus obtained aldols into the target derivatives. 

1. Aldol Reaction of Ketone &and Aldehydes of Types 3A and a 

The search of conditions for aldol reaction was based on literature ana- 

logies 2,3 which allowed 

sing reagent of choice. 

(Scheme 2, compound ll) 

yield, hydroxyketone 12 - 

low for configurational 

to point to lithium hexamethyldisilazide as an enoli- 

Addition of Z-(0)-lithium enolate of the ketone 4 

to aldehyde g gave, as the only product in 65% 

with a correct configuration at Cl0 and Cl1 (see be- 

proof). It is obvious that the aldehyde 10 and enola- - 

te G represent a matched pair. 

More complex pattern was observed in the synthesis of seco-acid of 

erythronolide A when enolate 11 reacted with dialkoxyaldehydes of the type 
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2318 A. F. SVIRIDOV et al. 
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3A. Thus, in the case of aldehyde &3_three products were obtained in a total 

yield of 30%. For two of them, Band l7, which form a chromatographically 

inseparable mixture in a ratio of 4:7 (1H NMR data), was determined 

syn-ClO/Cll-configuration (it was minor component 16 that possessed the "na- 

tural" absolute configuration) and thus the third component is an 

"anti"-isomer. The overall syn:anti ratio is 3:l. The use of magnesium enola- 

te of the ketone, which is more prone to chelation, did not change the pro- 

ducts' ratio. 

Addition of the enolate 11 to aldehyde 14 gave also a mixture of three - 

products (4:l:l) in a total yield of 20%, the major isomer possessing "non- 

natural" lO/ll-syn-configuration. 

In terms of the double asymmetric induction the addition of the enolate 

11 to aldehydes 13 and 14 is a process wherein mismatched pairs of reagents - - 

participate and stereochemical outcome of which is determined by direction 

and magnitude of diastereofacial selection of aldehydes which exceeds the op- 

positely directed selectivity of the enolate. 

According to mechanistic considerations, preferential formation of pro- 

ducts with "non-natural" lO/ll-syrr-configuration points to inapplicability of 

chelate models to the description of stereodirection of addition of lithium 

enolates to Cl,p-dialkoxyaldehydes 
4 
. On the contrary, a prediction of stereo- 

chemical outcome of these reactions can correctly be made on the basis of 

nonchelate Felkin model 
5 . In its terms it is possible to rationalise the pre- 

dominance of a product with the "natural" lO/ll-syn-configuration upon addi- 

tion of the enolate 11 to the aldehyde 15. The ratio of the reaction products 

in this case ("natural"syn : "non- natural"syn : anti = 1.4:1.0:0.4) allows 

to conclude that reagents form again a mismatched pair. Diastereoselectivity 

of the reaction, however, is determined by diastereofacial selectivity of the 

enolate and hence the aldehyde 15 exhibits but small diastereofacial selecti- 

vity directed toward "non-natural" configuration at the Cl1 centre. This may 

be due to "endo"-orientation of aryl substituent in acetal ring which results 

in destabilization of the "usual" Felkin-type conformation of aldehyde 15 in 

favour to the "unusual" one with lesser steric hidrance between aryl substi- 

tuent and the carbonyl group. These data outline approaches which can be pro- 

mising in solution of a problem of a control of diaatereofacial selectivity 

of a,p-dialkoxyaldehydes of the type a. 

2. Synthesis of a Bis-cyclic Precursor of a Seco-acid of 

9(S)-Dihydroerythronolide B 

The next steps in the synthesis of the key intermediates, precursors of 

erythronolides A and B (derivatives 2 and 2B), involved assignment of confi- 
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Scheme 3 
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a: LiBHEt3/THF, -78O - -5O, 93%: b: MPMOMe, DDQ, MS 3A/CH2C12, 23%; 

c: LiA1H(t-Bu0)3/Et20, -50° - 25O, 86%; d: MPCH(OMe)2, CSA/CH2C12, 55%. 
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guration at the new chiral centres Cl0 and Cl1 in the primary products 

do1 addition and selective 9/11-anti reduction of a keto group therein 

at establishing the required (S)-configuration at c9. 

of al- 

aimed 

Treatment of hydroxyketone 12 with LiBHEt3 at -78OC gave selectively di- - 

01 2l, the structure of which was proved following conversion into the cyclic 

MP-acetala (Scheme 3). Coupling constants (Jg lo 1.7, Jlo 11 2 Hz) indicate 

relative syn-orientation of substituents at C9,'ClO, and Cli in 22, thus de- 

monstrating ClO/Cll-syn configuration in the starting hydroxyketone 12 -- 

The most suitable agent for "1,3-anti" reduction of &hydroxyketone 12 - 
proved to be LiAlH( t-Eh.zO)3, selectivity of reduction being 12:l in favour of 

diol 23. Coupling constants in the 
1 

- H-NMR spectrum of the derived acetal 24 

(J9,10 
0, Jlo 11 2.2 Hz) correspond to 9,10-anti, lO,ll-syn orientation of 

substituents.'The observed selectivity seems to be the result of intramolecu- 

lar attack on the carbonyl group by hydride-ion in a mixed trialkoxyaluminate 

a (cf.5). 

Compound 28 (Scheme 4) is the required intermediate in the synthesis of - 

erythronolide B and its synthetic utility has already been demonstrated7. 

Transformation of the anti-dial 23 into the above intermediate required 8-0- 

debenzylation, MP-acetalation at 9,11, and deblocking of OH-13. After seve- 

ral trials we took advantage of our observation made in earlier syntheses of 

erythronolide A derivatives. 

It was found that treatment of 28 (Scheme 4) with DDQ in moist CH2C12 

resulted in rapid 8-0-debenzylation with retention of 9,10-MP acetal and the 

debenzylation product could be isolated in 50% yield. High rate (cf. ') of the 

process and its unusual chemoselectivity seem to be the consequence of rigid 

conformation of 26 which results in steric proximity of the axial acetal pro- - 

ton and 6-O-benzyl protective group. Probably, a carbocation formed at the 

acetal centre upon treatment of 26 with DDQ becomea inaccesible to the water - 

molecule due to steric hindrance of the benzyl group. Thus hydride-ion trans- 

fer from the benzyl group onto the carbocation becomes the main process to 

give a benzylic carbocation which undergoes facile attack by the water to gi- 

ve finally a debenzylation product. In assumption of insignificant difference 

in conformations of 26 and 24 we anticipated that the latter would undergo - - 

analogous debenzylation. This proved to be the case. Compound 24 when treated - 

with DDQ in moist CH2C12 gave 27 in 47% yield (26% from the diol 23). Desi- 

lylation of 27 afforded the target intermediate 28 which proved to be identi- 

cal to the sample prepared by an independent route 7 _ This confirms the cor- 

rect stereochemistry of all the chiral centres in 23 and, hence, the formati- - 

on of the "natural" lO/ll-syn product in aldol addition of the enolate 11 to 
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Scheme 6 

R a,b 

24% 
w 

fi R3=Bn 

R a,b 
42% 

17 R3=Bn 

2 R'=R2=R3=Bn 

2p R'=fi2=R3=H 

* 
- based on nonseparated mixture of 16 and 17 

18 R3=Bn /-OBn 

R3=Bn 

a: LiA1H(t-BuO)3/Et20; Me2C0, DMP, CSA; c: Ne/NH3, -78*; d: Bu4NF*3H20, 

+50° 



Erythronolidcs A and B-B 
2325 

the aldehyde 10 (Scheme 2). 

3. Structural Elucidation of the Primary Aldol Products 16-20 - -- 

The structure of products formed upon addition of the enolate &I_ to al- 

dehydea of the type a was eetabliehed by direct comparieon of derivative8 

therefrom with the reference compound prepared from the natural erythromycin 

A. Ae the reference compound was chosen bie-acetal 38 (Scheme 5) which is al- 

ao the key intermediate in the synthesis of erythronolide A. Therefore, the 

transformation sequence of primary aldols 16-20 coincided with the general 

direction of the synthetic scheme. 

The authentic reference sample 38 waa prepared from 29 (Scheme 5) which, 

in turn, was syntheeieed from erythronolide A according to the known 

methodsg'lO_ Reduction of the lactone 29 with LiAlH4 followed by differential 

protection of primary and secondary hydroxyls gave a which wae then conven- 

tionally converted into S. 

The structure of compounds B and 17 was established following their 

conversion into derivatives a and 39 respectively (Scheme 6) by sequential 

reduction with LiA1H(t-Bu0)3, acetonation, and debenzylation. The acetonation 

products, compounds 37 and B were isolated in yields of 24 and 42% respecti- - 

vely that clearly points to their origin from the minor and major components 

in the initial mixture of aldols. 

Compound 36 prepared from 37 was identical to the authentic aample. On - 

the basis of practically the same values for coupling constants in lH-NMR 

spectra of compounds 37 and 38, the "non-natural lO/ll-syn" configuration wae - 

ascribed to 39 -- 

The reduction-acetalation sequence applied to hydroxyketone 18 gave, be- 

sides the major 9.10-anti/lO,ll-syn product 40, the minor 9,10-syn/ lO,ll-syn 

isomer 41 in the ratio of 4:l. Partial deprotection of 40 afforded the afore- 

mentioned "non-natural lO/ll-syn" derivative 39. 

Reduction of hydroxyketone 19 (Scheme 7) led to a mixture of the expec- 

ted 9,10-anti/lO,ll-syn derivative $2_ and of approximately the same amount of 

the 9,10-anti/lO,ll-anti isomer 44 together with some secondary alcohols 46. - 

Compounds 42 and &&were identified following their conversion into cyclic 

derivatives 43 and 45. 

Reduction of hydroxyketone 20 also gave secondary alcohols 46, no lO,ll- 

anti product was observed. This could be converted into the aforementioned 

derivative 39 according to the reaction sequence outlined. 

4. Synthesis of 9(S)-Dehydroerythronolide A 

Transformation of the key intermediate into the target product was ac- 

complished as followe. Ozonolyeie of the olefin 36 and subsequent oxidation 
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of the aldehyde formed with pchloroperbenzoio acid gave the hydroxyacid 49 - 

(Scheme 8). This was subjected to macrolactoniaation according to a modified 

Corey procedure" to give the lactone ain 68% yield. It was completely 

identical to the sample prepared from the natural erythromycin A. Conversion 

of 29 into erythronolide A hae already been deecribed 
12 . 

EXPERIMENTAL 
1 

For general procedures see ref. . 

Compound 12. To a solution of HMDS (0.247 ml, - 1.17 mmol) in THF (4 ml) 

was added 1.74 N n-BuLi/hexane (0.875 ml, 1.17 mmol) at O°C. After 10 min the 

reaction vessel was cooled to -80°C and a eolution of ketone & (0.455 g, 1.08 

mmol) in THF (4 ml) wae slowly added. After 3 hre the reaction vessel was co- 

oled to -78OC and a solution of aldehyde g (0.278 g, 1.2 mmol) in THF (2 ml) 

wa8 added dropwise. After additional 15 min the reaction mixture was quenched 

with sat. NH4Cl solution at -78°C. The usual extractive work-up followed by 

chromatography (hexane-ether 88:12) gave 12 (0.44 g, 85X), - 

'H-NMR: 6 0.07 (8H, a, tBuM_e2SiO-), 

caihQ +13_3O (C 

1.95). 0.57 (3H, d: 8.7 Hz, Me-lo), 0.8 

(3H, d: 7 Hz, Me-12), 0.87 (9H, a, t&&le2SiO-), 0.9 (3H, t, Me-14), 0.91 (3H, 

d: 7 Hz, Me-4). 1.02 (3H, d: 8.5 Hz, Me-2), 1.13 (3H, d: 7 Hz. Me-8), 1..31 s, 

1.37 e (9H, Me- 8, and methyl groups of the isopropylidene moiety), 1.27 (lH, 

dd: 14.5, 3.3, H-7), 1.49-1.88 (4H, m, H-4, H-12, H-14, H-14'), 2.27 (lH, dd: 

9, 14.5 Hz,H-7'), 2.3 (lH, m, H-2), 2.45 (lH, dq: 1.7 Hz, H-10), 3.04 (lH, 

ddq; H-8), 3.42 (lH, dd: 2, 10 Hz, H-3), 3.75 (lH, m, H-13), 3.92 (lH, d: 2 

Hz, H-5), 3.99 (lH, ddd: 10 Hz, H-U), 4.47 and 4.8 (2H, AB-spectrum, 

Pha20-), 5.04 and 5.09 (2H, m, CIJ2=CH-), 5.58 (lH, m, CH2=CIJ-), 7.35 (5H. m, 

PhCH20-). 

Compounds 16 and 17. Aldol reaction of ketone 5 and aldehyde 13 in the - 

conditions described above for the preparation of compound 12 yielded a mix- 

ture of products. Chromatographic separation gave three fractions. The first 

one contained unchanged ketone 4 (Rf=0.44, hexane-ether 4:1, 0.158 g, 40%). 

The second fraction contained an individual aldol product (Rf=0.29, 0.05 g, 

7%) but the third was again a mixture of two aldols, g and II. (Rf=0.2, 0.157 

g, "23%) in 4:7 ratio (measured on the basis of H-5 integral intensities in 
1 
H-NMR spectra; 0 3.88 and 3.92 p.p.m. for the major and minor constituents 

respectively). 

Compound g. Aldol reaction of ketone 4 (0.195 g, 0.47 mmol) and aldehy- 

de 14 (0.18 g, 0.49 mmol) in the standard conditions yielded after chromatog- 

raphy (hexane-ether 4:l): unchanged 14 - (0.14 g, 0.38 mmol), unchanged 4 

(0.124 g, 0.3 mmol), and aldol &@ (0.049 g, 0.082 mmol, Rfz0.32) along with 

two minor aldols (Rf=0.44, 0.018 g; Rf=0.35, 0.014 g). For B Ca1;7+14.50 (C 
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methyl groups of the isopropylidene moiety), 1.4-1.6 (3H. H-12, H-14, H-14'), 

1.64 (2H, m, H-4, H-10). 1.86-2.04 (W, m, H-7', H-8), 2.32 (1H. m, H-2), 

3.26 (lH, br.d, H-Q), 3.45 (lH, dd: 1.6, 10 Hz, H-3), 3.6 (lH, d, H-11), 3.95 

(lH, ddd: 5.5, 1.7 Hz, H- 13), 4.03 (lH, d: 2 Hz, H-5), 4.6 and 4.72 (2H, AB 

spectrum, Phm20-), 5.04 and 5.1 (2H, m, CIj2=CH-), 5.56 (lH, m, CH2=C&), 7.3 

(5H, m. P&X20-). 

Compound a TO a stirred suspension of LiA1H(t-BuO)3 in ether (prepared 

from LiA1H4, 0.04 g, 1.05 mmol, and t-BuOH, 0.32 ml, 3.4 mmol) a solution of 

12 (0.277 g, 0.428 mmol) in ether (2 ml) was added at -5OOC. Cooling was re- 

moved and stirring was continued for 1 h. Then the reaction mixture was quen- 

ched with solid Na2S04-10H20. After vigorous reaction was completed the rea- 

ction mixture was diluted with ether and stirred for additional 1 h. Then in- 

organice was removed by filtration and the filtrate was concentrated and 

chromatographed (hexane-ether 88:12) to give 23 (0.24 g, 86%) along with 21 

(0.022 8. 7.8%). B, syrup, CUl~+22.Q" (C l-85), 'H-NMB: 8 0.1 (6H. F 

tB@$d2SiO-), 0.7 (3H, d: 7 Hz, Me-lo), 0.77 (3H, d: 6.7 Hz, Me-12), 0.91-0.97 

(18 H, m, t&Me2SiO-, Me-4, Me-E, Me- 14), 1.04 (3H, d: 6.2 Hz, Me-2), 1.36, 

1.42, 1.46 (SH, three, s. Me-6, Me-groups of the isopropylidene moiety), 1.5- 

1.6 (3H. m, H-12, H-14, H- 14'). 1.39 (1H. dd: 5.5, 14 Hz, H-7), 1.68 (lH, 

dq: 6.5 Hz, H-4), 1.63 (2H, m, H-7'. H-10). 1.98 (lH, m, H-8), 2.33 (lH, m, 

H-2), 3.43 (lH, dd: 2, 10 Hz, H-3), 3.7 (2H, m, H-13, H-Q), 3.9 (lH, d: 2 Hz, 

H-5), 4.3 (lH, br.d, H-11), 4.6 (2H, s, A2 spectrum Phq20-), 5.04 and 5,1 

(2H, m, C&=CH-), 5.89 (lH, m, CH2=C&), 7.3 (5H, m, ECH20-). 

Compound 22. A solution of 21 (0,026 g, 0.04 mmol) and 4- methoxybenzyl- 

methyl ether (0.012 g, 0.08 mmol) in CH2C12 (1 ml) was treated with DDQ 

(0.014 g, 0.06 mmol) in the presence of powdered 3A molecular sieves (0.1 g). 

After 20 min at ambient temperature the reaction was quenched with sat. 

NaHC03 soln and molecular sieves removed by filtration. The usual extractive 

work-up followed by chromatography (hexane- ether 95:5) gave 22 as a sole 

product (0.007 g, 23%). CC1g6-21.20 (C 1.95). syrup, 'H-NMN: 0 0.05 (6H, s, 

tBuMM2SiO-), O-75-0.9 (12H, three d and t, Me-2, Me-4, Me-lo, Me-14), 0.9 

(9H, s, t&Me$iO-), 1.01 (3H. d. Me-8), 1.03 (3H, d, Me-12), 1.15 (1H. dd: 

14, 8.7 Hz, H-'7), 1.3 (3H, 8, Me-6), 1.4, 1.47 (6H, two s, Me-groups of the 

isopropylidene moiety), 1.4-1.6 (3H, m, H-12, H-14, H-14'). 1.73 (2H, m, H-4, 

H-lo), 2.04 (lH, m, H-2), 2.3 (lH, m, H-8), 2.58 (lH, d, H-7-), 3.3 (lH, dd: 

1.7, 10 Hz, H- 9). 3.41 (1H. dd: 2, 10 Hz), H-3), 3.65 (lH, dd: 2, 10 Hz. H- 

ll), 3.79 (3H, s, &OPhCH<), 3.86 (lH, d: 2 Hz, H-5), 4.06 (lH, ddd: 1, 6, 6 

Hz, H-13). 4.55 and 4.7 (2H, AB spectrum, PhC11,2C-). 4.95 and 5.05 (2H. 

m2=CH-), 5.44 (1H. 8, MeOPhCH_<), 5.55 (lH, CH2=C&-), 6.8, 7.2. 7.36 (9H, 
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three m, phCH20-, MeO&CH<), nOe CHgl, Ha=5%; CHgl, H11=6%. 

Compound 24. A solution of 23 (0.095 g, 0.146 mmol) and aniealdehyde di- 

methyl acetal (0.055 g, 0.33 mmol) in CH2C12 (2 ml) wae kept for 30 min in 

the presence of catalytic amount of TaOH'H20. The reaction was quenched with 

eat. NaHCC3 soln. The usual extractive work-up followed by chromatography 

(hexane-ether Q:l) gave 24 (0.06 g, 55%), syrup, [Cl]g"+4.20 (C 3.0). 'H-NMR: 

Q 0.00 (6H, 6, tBu&a2sio-), 0.51 (3H, d: 7 Hz, Me-lo), 0.76 (3H, t, Me-14), 

0.66 (QH, s, tB&4e2SiO-), 1.0 (3H, d: 6, 7 Hz, Me-4), 1.03 (3H, d: 6.5 Hz, 

Me-2), 1.13 (3H, d: 7 Hz, Me-12), 1.14 (3H, d: 6.5 Hz, Me-6), 1.27 (3H. e, 

Me-6), 1.35, 1.41 (BH, two 8, Me- groups of the isopropylidene moiety), 1.4- 

1.5 (W, m, H-14, H-14'), 1.56 (lH, dd, H-7), 1.64 (lH, dd, H-7"), 1.65 (2H, 

m, H-4, H-lo), 1.69 (lH, m, H-12), 2.33 (lH, m, H-2), 2.43 (lH, m, H-6), 3.31 

(lH, d: 10 Hz, H-Q), 3.4 (lH, dd: 2, 10 Hz. H-3), 3.62 (3H, s, &OPhCH<), 

3.66 (lH, d: 2Hz, H-5), 3.91 (lH, dd: 2.2, 10 Hz, H-11), 3.99 (lH, ddd: 1.5, 

6, 6 Hz, H- 13), 4.66 and 4.77 (2H, AB spectrum, PhCH20-), 5.05 and 5.11 (2H, 

a2=CH-), 5.6 (lH, m, CH2=C&-), 5.56 (lH, a, MeOPhC&), 6.9, 7.26, 7.43 (QH, 

three m, phCH20-, MeO&CH<). 

Compound 27. To a solution ofa (0.06 g, 0.076 mmol) in CH2C12 (1 ml) 

was added DDQ (0.07 g. 0.3 mmol) in three portions in 1 h at ambient tempera- 

ture. The reaction was stirred for additional 20 minutes and quenched with 

sat. NaHC03 eoln. The usual extractive work-up followed by chromatography 

(hexane-ether Q:l) gave 27 (0.025 g, 47%), [Ul~-3.Q" (C 1.25). 'H-NMR: C - 

0.05 (BH, 8, MM2SiO-), 0.73 (3H, d: 7 Hz, Me-lo), 0.62 (3H, t, Me-14), 

0.91 (QH, s, tge2SiO-), 1.0 (3H, d: 6.7 Hz, Me-4), 1.05 (3H, d: 6.5 Hz, Me- 

2)s 1.11 (3H, d: 6.5 Hz, Me-6), 1.18 (3H, d: 7 Hz, Me-12), 1.17 (3H, s, Me- 

6), 1.43 (6H, s, Me-groups of the isopropylidene moiety), l-41-1.72 (6H, m, 

H-14, H-14', H-7, H-12, H-4), 1.66 (lH, dq, H-10), 2.34 (1H. m, H-2), 2.53 

(lH, m, H-6), 3.31 (lH, d: 11 Hz, H- Q), 3.42 (lH, dd: 2, 10 Hz, H-3), 3.5 

(lH, d: 2 Hz, H-5), 3.61 (3H, e, MeOPhCH<), - 4.02 (lH, ddd: 6.2, 6.2, 1.5 Hz, 

H-13), 4.05 (lH, dd, 10, 2 Hz, H-11), 5.05 and 5.13 (2H, m, CB2=CH-), 5.61 

(lH, m, CH2=C&), 5.62 (lH, 8, MeOPhCH<), 6.9 and 7.45 (4H, two m, MeO&CH<). 

Compound 26. A solution of 27 (0.05 g, and - - 0.06 mmol) n-Bu4NF' 3H20 

(0.09 g, 0.3 mmol) in THF (1 ml) was kept at +50°C for 16 hra. The solution 

wae concentrated in vacua. The residue was dissolved in CHC13 and washed with 

brine. The usual work-up followed by chromatography (hexane- EtOAc 3:l) gave 

28 (0.032 g, Q5%), syrup, CClp+6.6' (C l.O), 'H-NMR: 6 0.76 (3H, d, Me-12), 

1.00 (3H, t, Me-14), 1.07 (3H, d, Me-4), 1.05 (3H, d, Me-2), 1.21 (3H, d, Me- 

lo), 1.42 and 1.43 (6H, two 8, Me-groups of the ieopropylidene moiety), 1.67 

(lH, ddq; 2, 2 Hz, H-4), 1.64 (lH, br.dq: 2 Hz, H-10), 1.96 (lH, ddq: 2, 10 
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Hz, H-12), 2.33 (lH, m: 9.5, 8.2 Hz, H- 2), 2.81 (lH, m: 1.5. 10.5 Hz, H-8), 

3.31 (lH, br.d. H-Q), 3.42 (lH, dd, H-3), 3.49 (lH, d, H-5), 3.85 (lH, ddd: 

5, 7.5 Hz, H-13), 4.17 (lH, dd. H-11), 5.08 (2H, m, C&=(X-), 5.81 (lH, m, 

CH,=CIJ-), 5.85 (lH, s, MeOPhCIJ<), 8.89 and 7.41 (4H, MeO&CH<). 

Compound a_ was prepared from natural erythromycin A by the known tech- 

niques Qplo. cai~8+12.2 (c 1.0). 'H-NMR: 6 0.85 (3H, t, Me-14), 1.01 (3H, d. 

Me-4), 1.15, 1.23 (8H, two e, Me-8, Me-12), 1.18 (3H, d, Me-2), 1.24 (3H, d, 

Me-lo), 1.28 (3H, d, Me-B), 1.57, 1.58, 1.59 (12H, three s, Me-groupa of the 

isopropylidene moieties), 1.58 (2H. m, H-4, H-14), 1.83 (lH, br.q, H-lo), 

1.94 (lH, ddd: 2.5, 7.5, 14.5 Hz, H-14'), 2.14 (lH, m, H-8), 2.78 (lH, dq: 

8.5, 11 Hz, H-2), 3.13 (lH, d: 11.5 Hz, H-Q), 3.8 (lH, d: 1.7 Hz, H-11), 3.79 

(lH, dd: 1 Hz, H-3), 3.97 (lH, d: 1.5 Hz, H- 5), 5.08 (lH, dd: 11.5 Hz, H- 

13). 

Compound 30. To a stirred suspension of LiA1H4 (0.412 g, 11 mmol) in 

ether (5 ml) was added a solution of 29 (0.415 g, 0.829 mmol) in ether (3 ml) 

at -5OOC. Cooling was removed and the reaction mixture was stirred for 1.5 h. 

Then water (0.412 ml), 15% NaOH soln (0.412 ml), and again water (1.23 ml) 

were auccesaively added. The precipitate was removed by filtration and the 

filtrate wae concentrated. The residue was chromatographed (hexane-EtOAc 3:7) 

to give 30 (0.4 g, 95%), glassy solid, Calg7+35.40 (C l.O), 'H-NMR: C 0.97 

(3H, d, Me-E), 1.04 (8H, two d. Me-4. Me-2), 1.08 (3H, t, Me-14), 1.1, 1.15, 

1.37, 1.4, 1.42 (18 H, five s, Me- 8, Me-12, Me-groups of the ieopropylidene 

moieties), 1.73 (1H. m, H-4), 1.9 (lH, m, H-10), 3.25 (lH, dd: 2, 10 Hz, H- 

13). 3.34 (lH, dd: 2.5, 8.5 Hz, H-Q), 3.49 (1H. d: 2 Hz, H-5), 3.53 (1H. dd: 

5, 11 Hz, H-l), 3.82 (lH, dd: 5 Hz, H-l'), 3.82 (lH, dd: 2, 10 Hz, H-3), 3.92 

(lH, d: 4 Hz, H-11). 

Compound 32. To a solution of 30 (0.4 g, 0.79 mmol) and pyridine (1 ml) 

in CH2C12 (2 ml) was added benzcyl chloride (0.185 ml, 1.8 mmol). The reacti- 

on mixture wae kept for 1 h at ambient temperature and then was quenched with 

M HCl (20 ml). The usual extractive work-up gave mono- benzoate 31 which was - 

not purified but dissolved in CH2C12 (2 ml) and treated with tert- 

butyldimethylsilyl trifluoromethanesulfonate (0.275 ml, 1.2 mmol) for 15 mi- 

nutes in the presence of Et3N (0.448 ml, 3.4 ml) at -20°C-->+20°C. The reac- 

tion was quenched with M HCl. The usual extractive work-up followed by chro- 

matography (hexane-ether 85:15) gave 32 (0.55 g, 95% based on 

cai28+2io (c i 0) 

30)) syrup, 

D - , lH-NMR: C 0.1 (8H, tBuMM2SiO-), 0.9 (QH, s, tE&Me2SiO-), 

0.95 (3H, d, Me-a), 1.0 (3H, t, Me- 14), 1.08 (3H, d, Me-4), 1.11 (3H, d, Me- 

2), 1.11, 1.13, 1.33, 1.42, 1.44 (18H, five 8, Me-8, Me-12, Me-groups of the 

iaopropylidene residues), 1.39 (lH, m, H-14), 1.7-1.9 (4H, m, H-8, H-10, H- 
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14, H-14'), 2.15 (lH, m, H-2), 3.32 (lH, m: 6, 2.5 Hz, H-9), 3.51 (lH, d: 2 

Hz, H-5), 3.52 (lH, dd: 1.5, 3.5 Hz, H-13), 3.62 (lH, dd: 2, 10 Hz, H-3), 

3.88 (lH, d: 4 Hz, H-U), 4.14 (lH, dd: 11.5, 6.5 Hz, H-l), 4.28 (lH, dd: 5 

Hz, H-l-), 7.5 and 6.3 (5H. two m, P&COO-). 

Compound 33. A solution of 32 (0.55 g) in MeOH (10 ml) was refluxed for 

40 minutes in the presence of 15% NaOH soln (1 ml). The solvent was removed 

in vacua and the residue was dissolved in CHC13 and washed with brine. The 

usual extractive isolation followed by chromatography gave 33 (0.42 g, 92%), 

syrup, CUl~+29.7° (c 1.0). lH-NMR: 6 0.1 (6H, s, tBuMM2SiO-), 0.9 (QH, s, 

tBuJG2SiO-), 0.96 (3H, d, Me-6), 1.00 (3H, t, Me-14), 1.02 (3H, d, Me-2), 

1.04 (3H, d, Me-4), 1.07 (3H, d, Me-lo), 1.01, 1.16, 1.35, 1.4, 1.42 (18H, 

five s, Me-6, Me-12, Me-groups of the isopropylidene moieties), 1.76 (lH, m, 

H-4), 1.8 (2H, m, H-8, H-lo), 3.33 (lH, dd: 2.5, 6.7 Hz, H-Q), 3.52 (lH, dd: 

3.5, 6.5 Hz, H-13), 3.52 (lH, d: 2 Hz, H-5), 3.63 (lH, dd: 2, 10 Hz, H-3), 

3.49-3.64 (2H, m, H-l, H- l'), 3.88 (lH, d: 4 Hz, H-11). 

Compound 36. To a stirred suspension of PPh3CH3Br (0.68 g, 1.9 mmol) in - 
benzene (5 ml) was added a solution of n-BuLi in hexane (0.9 N, 1.58 ml). The 

reaction mixture was heated to reflux and a solution of aldehyde 34 in benze- - 

ne (5 ml) was added dropwise. Refluxing was continued for 10 minutes. Then 

the reaction mixture was cooled to ambient temperature and several drops of 

acetone was added. Next, phosphorous contaminants were removed by passing the 

reaction mixture through a pad of silica (elution with hexane-EtOAc 4:l). The 

crude 35 was purified by chromatography (hexane-EtOAC 85:15) to give a homo- - 

geneous material which however constituted two isomeric products in 4:l ratio 

as determined on the basis of integral intensities of the signals of methyl 

groups in silyl protection, 6 0.1, 8; 0 0.17 two s, for major and minor com- 

ponents respectively. 

This mixture of isomeric compounds 35 was subjected to desilylation in a 

usual manner to give after chromatography (hexane-EtOAc 2:l) the only product 

36 (0.2 g, 95%), syrup, CU1~6+30.20 (C l.O), lH-NMR: 8 0.95 1.13 (15H, four - 

d and one t, Me-2, Me-4, Me-8, Me-lo, Me-14), 1.25, 1.37, 1.39, 1.42 (18H, 

five 8. Me-6, Me-12, methyl groups of the isopropylidene moieties), 1.65 (2H, 

m, H-4, H-14), 1.9 (3H, m, H-7, H-8, H-lo), 2.32 (lH, m, H-2), 3.25 (lH, dd: 

2 Hz, H-13), 3.34 (lH, dd: 2.5, 6.5 Hz, H-9), 3.39 (lH, dd: 2, 10 Hz, H-3), 

3.45 (lH, d: 2 Hz, H-5), 3.91 (lH, d: 4 Hz, H-11), 5.07 (2H, m, CE2=CH-), 5.6 

(lH, m, CH2=CH_-). 

Compounds 37 and @_. To a stirred suspension of LiAlH(t-Bu03) (1.2 mm01) 

in ether (5 ml) a solution of the mixture of compounds 16 and - 17 (0.155 g, 

0.215 mmol) was added at -5OOC. The cooling bath was removed and the reaction 
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mixture was stirred for 1 h. Then the reaction was quenched in a usual manner 

(0.046 ml of water, the equal volume of 15% NaOH soln, and 0.14 ml of water) 

and the precipitate was removed by filtration. The filtrate was concentrated 

to give crude material (0.17 g). This was dissolved in 1:l BMP - acetone (2 

ml) and kept for 15 minutes at ambient temperature in the presence of cataly- 

tic amount of (+)-lo- camphorosulfonic acid. The reaction was quenched with 

sat. NaHCO3 soln. The usual extractive work-up followed by chromatography 

(hexane-ether 96:4) gave 37 (0.04 g, 24% based on starting mixture B and lJ) 

and 38 (0.07 g. 42%). 

37: syrup, [a1r+4.7° (C l-O), 'H-NMR: C 0.98 (3H, d, Me-4), 1.0 (3H, d, Me- 

8), 1.04 (3H, d, Me-lo), 1.06 (3H, d, Me-2), 1.14 (3H, t, Me-14), 1.29, 1.31, 

1.34, 1.36, 1.43, 1.47 (16H, six s, Me-6, Me-12, Me-groups of the isopropyli- 

dene moieties), 1.66 (lH, m, H-4), 1.72 (lH, m, H-14), 1.9 (3H, m, H-6, H-10, 

H-14'), 2.33 (lH, m, H-2), 3.34, 3.61 (2H, two dd, H- 13, H-S), 3.46 (lH, dd: 

2, 10 Hz, H-3), 3.93 (lH, d: 2 Hz, H-5), 4.06 (lH, d: 4.5 Hz, H-11), 4.56 and 

4.91 (2H, AB spectrum, PhCH20-), 4.63 and 4.77 (2H, AB spectrum, PhCH,O-), 

4,64 (2H, A2-spectra, PhCH20-), 5.06 (2H, m, Cg2=CH-), 5.6 (lH, CH2=C&), 7.3 

(15H, m, 3 x PhCH20-). 

38: syrup, [U]F-8° (C 1.0); 'H-NMR: 6 0.82 (3H, d, Me-4), 0.97 (3H, t, Me- 

14), 0.99 (3H, d, Me-lo), 1.0 (3H, d, Me-2), 1.07, 1.33, 1.38, 1.39, 1.42 

(18H, five s, Me-8, Me-12, Me-groups of the isopropylidene moieties), 1.4 

(lH, m, H-4), 1.99 (lH, m, H-8), 2.2-2.3 (2H, m, H-2, H-lo), 2.93 (lH, dd: 2, 

10 Hz, H-3), 3.08 (lH, dd: 3.5, 8 Hz, H-13), 3.18 (lH, dd: 7.5, 2 Hz, H-S), 

3.43 (lH, d: 2 Hz, H-5), 4.06 (lH, d: 4.5 Hz, H-11), 4.47 and 4.56 (2H, AB 

spectrum, PhCHHO-), 4.13 and 4.51 (2H, AB spectrum, PhCH20-), 4.64 and 4.83 

(2H, AB spectrum, PhCH20-), 5.12 (2H, m, CH2=CH-), 5.6 (lH, CH2=Cg-), 7.3 

(15H, 3 x PhCH20-). 

Compound 36_ (synthetic). A solution of 37 (0.04 g) in ether (lml) was 

added to an excess of Na/NH3 (-100 mg Na in "5 ml NH3 liq.) at -76OC. The re- 

action was kept for 1 h at this temperature and then was quenched with solid 

NH4C1 until discolouration occured. The reaction mixture was allowed to stand 

to evaporate NH3 and then dry residue was diluted with water and extracted 

with CHC13. The usual work-up followed by chromatography (hexane-EtOAc 2:l) 

gave S (0.027 g, "loo%), Ca1y+28,4° (C l.O), 'H-NMR spectrum is identical 

to that of the authentic sample. 

Compound 2. Prepared from 38 according to the procedure described for - 

transformation 37 -> 36 in "100% yield. Syrup, C~1~+4.S" (C l.O), 'H-NMR: 6 - 

0.98, 1.01, 1.03, 1.09 (12H, four d, Me-2, Me-4, Me-6, Me-lo), 1.25 (3H, t, 

Me-14), 1.1, 1.16, 1.32, 1.38-1.39, 1.42 (18H, six s, Me-6, Me-12, Me-groups 
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of the ieopropylidene moietiee), 1.85 (lH, m, H-4), 1.78 (lH, m, H-14), 1.8 

(lH), 2.05 (2H, m), 3.4 (lH, dd: 2, 10 Hz, H-3), 3.43 (lH, d: 2 Hz, H-5), 

3.51 (lH, dd: 2, 10.5 Hz, H-13), 3.78 (lH, d: 3.5 Hz, H-11). 5.08 (2H, 

CH2=CH-), 5.8 (lH, CH2=m_-). 

Compound6 sand 41. Prepared from g (0.05 g) in the standard way: re- - 

duction with an excess of LiA1H(t-BuO)3 followed by ketalization with DMP- 

acetone in the presence of catalytic amount of (+)-lo- camphoroeulfonic acid. 

After usual work-up and chromatography (hexane- ether Q8:2) compound 40 was 

obtained in 48% yield along with 41 (11%). 

40: syrup, Cal?+ 21° (C l-O), lH-NMR: 6 0.1 (8H, e,tBuMM2SiO-), 0.87 (3H, d, 

Me-lo), 0.92 (3H, d, Me-4), 1.01 (3H. t, Me-14), 1.04 (3H. d, Me- 2), 1.09 

(3H, d, Me-8), 1.2, 1.28, 1.32, 1.33, 1.43, 1.48 (18H, eix a, Me-8, Me-12, 

Me-groups of the isopropylidene moietiee), 1.83 (lH, m, H- 4), 1.9-2.05 (2H, 

m, H-8, H-14), 2.13 (lH, m, H-lo), 2.31 (lH, m, H-2), 3.08 (lH, dd: 3.5, 8 

Hz, H-Q), 3.43 (lH, dd: 2, 10 Hz, H-3), 3.51 (lH, dd: 4, 8 Hz, H-13), 3.88 

(lH, d: 5 Hz, H-11), 3.95 (lH, d: 2 Hz, H-5), 4.48 and 4.8 (2H, AB spectrum), 

4.74 and 5.28 (2H, AB spectrum), 5.08 (2H, m, CZJ2=CH-), 5.8 (lH, (X2=--). 

7.3 (lOH, m, mCH20-, phcH20CH20-). 

41: syrup, CUI~g+28.40 (C O-33), 'H-NMR: 0 0.1 and 0.15 (8H, two a, 

tBuMM2SiO-), 0.91 (18H, 8. t&Me2SiO-), 0.91 (3H, d, Me-lo), 0.94 (3H, d, Me- 

4), 1.03 (3H, d, Me-2), 1.05 (3H, t, Me-14), 1.05 (3H, d, Me-B), 1.3, 1.31, 

1.35, 1.38, 1.43, 1.48 (18H, six s, Me-8, Me-12, Me-groups of the ieopropyli- 

dene moietiee), 1.08 (lH, m, H-4), 1.9 (lH, m, H-10), 2.7 (lH, m, H-2), 3.28 

(lH, dd: 1.5, 10 Hz, H-Q), 3.41 (lH, dd: 2, 10 Hz, H-3), 3.58 (lH, dd: 8, 3.5 

Hz, H-13), 3.82 (lH, d: 2 Hz, H-11), 3.91 (lH, d: 2 Hz, H-5), 4.47 and 4.84 

(2H, AB spectrum), 4.59 and 4.72 (2H, AB spectrum), 4.75 and 5.18 (2H,m, AB 

spectrum), 5.05 (2H, m, cH2=CH-), 5.55 (lH, m, CH,=ca-), 7.3 (lOH, m, 

&CH20-, PhCH20CH20-). 

Transformation of compound 40 into 9. Compound 4Q was debenzylated 

with Na/NH3 liq. in the ususal way to give two isomeric compounds: (Rf=0.45 

and Rf=0.28, hexane-EtOAc 85:15) in 1:l ratio. These were desilylated with 

nBu4NF.3H20 to give the same compound 9. 

Compounds 43, 45, and 46. Compound 19 (9 mg) was reduced with 

LiA1H(t-Bu0)3 according to the general procedure. Chromatographic separation 

of the crude product (hexane-EtOAc 85:15) gave compounds 42 (1 mg, Rf=0.5 he- 

xane-ether 4:1), 42 (4 mg, Rf=0.48), and 44 (2 mg, Rf=0.4). The thus obtained 

compound 42 (4 mg) was dissolved in acetone-DMP 1:l (0.5 ml) and kept for 40 - 

min at +20°C in the presence of (*)-lo-camphorosulfonic acid ("1 mg). The 

reaction mixture was then neutralyzed with excess of Et3N and concentrated. 
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Chromatographic purification (hexane-EtOAC B5:5) yielded 43 (3 mg). Syrup, 
. 

ca3~-a.a0 (c 1.0); IH-NMR: 6 0.83 (3H, d, Me-lo). 0.91 (3H, d. Me-B), 1.03 

(3H, d, Me-4), 1.05 (3H, d. Me-Z), 1.08 (3H. t, Me-14), 1.24, 1.28, 1.29, 

1.35, 1.41 (18H. eix e, Me-8, Me-12, Me-groupe of the ieopropylidene moie- 

ties), 1.75 (IH, m, H-8), 1.8 (lH, m, H-4), 2.13 (lH, m, H-10). 2.34 (lH, m, 

H-2), 3.23 (1H. dd: 3.5, 11 Hz, H-S), 3.42 (lH, dd: 2, 10 Hz, H-3), 3.47 (lH, 

d: 5.05 Hz, H-11), 3.88 (lH, dd: 10, 4 Hz, H-13), 3.82 (3H, 8, &OPhCH<), 

3.84 (lH, d: 2 Hz, H-5), 4.58, 4.73 (2H, A9 spectrum, PhCH20-), 5.07 (W, m, 

CH2=CH-), 5.88 (lH, m, CH2=CIJ-), 5.77 (lH, e, MeOPhcH_<), 8.9, 7.2-7.5 (QH, III, 

MeOPJCH<, phCH20-). 

Compound 45 wae prepared etarting from 44 by the above deeoribed route. 

syrup, ca3?+4Y? (c 0.18); 
- 

'H-NMR: 6 0.78 (3H. d, Me-lo), 0.94 (3H, d, Me- 

8), 0.95 (3H, d, Me-4), 0.98 (3H, t, Me-14), 1.04 (3H, d, Me- 2), 1.28, 1.29, 

1.31, 1.38, 1.41, 1.45 (18H, eix e, Me-8, Me-12, Me- groups of the isopro- 

pylidene moieties), 1.84 (lH, m, H-4), 1.75 (lH, m, H-10). 2.10 (lH, m, H-8), 

2.32 (lH, m, H-2), 3.44 (lH, dd: 2, 10 Hz, H- 3), 3.48 (lH, dd: 2.5, 10.5 Hz, 

H-S), 3.59 (lH, d: 10, H-11), 3.88 (lH, dd: 3, 10.5 Hz, H-13). 3.83 (3H. e, 

&OPhCH<), 3.89 (lH, d: 2 Hz, H-5). 4.8 (2H, AR spectrum, PhCH+O-), 5.07 (2H, 

m, CJj,=CH-), 5.88 (lH, m, CH2=(X&), 5.88 (lH, e, MeOPhCHH<), 8.9, 7.2-7.4 (9H, 

m, &CH 0-, MeOPhCH<). 
P - 

For 48 H-NMR: 6 0.8-1.1 (12H. Me-2, Me-4, Me-a, Me-g), - 2.3 (lH, m, H-2), 

3.14 and 3.5 (H-Q of the both isomers), 3.45 (lH, dd, H-3), 4.0 and 3.99 (H-5 

of the both isomers), 5.88 (2H. m, CH2=CH-), 5.78 (lH, m, CH2=C_-), 7.3 (5H, 

m, P&X20-). 

Compound 48. Compound 20 (0.08 g) wae reduced with LiAlH(t-&10)~ accor- 

ding to the described procedure to give after chromatography (hexane - EtOAc 

85:15) compound 47 (0.032 g, Rf=0.38 hexane-EtOAc 4:l) along with compound 42 

(0.01 g. Rf=0.41). Diol 42 was dieeolved in 1:l acetone-DMP (0.5 ml) and kept 

for 40 min at+20°C with (f)-10 camphoroeulfonic acid (1 mg). The reaction 

mixture was then neutralyzed with Et3N and concentrated in vacua. Chromato- 

graphic purification (hexane-EtOAc Q5:5) yielded 42 (0.029 g, 88%), syrup, 

cai28+4.10 (c 1.0); 

(3HD d, Me-2), 

'H-NMR: 6 0.99 (3H, d, Me-a), 1.01 (3H, d. Me-lo), 1.05 

1.08 (3H, d, Me-4), 1.29, 1.3, 1.39, 1.44, 1.47 (18H, five e, 

Me-12, Me-8; Me-groups of the iaopropylidene moieties), 1.77 (lH, m, H-4). 

1.92 (lH, m, H-8); 2.02 

Hz, H-S), 3.49 (lH, dd: 

3.74 (3H, a, MeOPhCH<), - 
4.58 and 4.88 d (W, AB 

m, CH2=C&), 5.78 (U-I, 

MeOaCH<). 

(lH, m, H-lo), 2.33 (lH, H-2), 3.17 (lH, dd: 7, 4.5 

2, 10 Hz, H-3), 3.54 (1H. dd: 4.5, 8.5 Hz, H-13), 

3.89 (lH, d: 2 Hz, H-5), 3.97 (lH, d: 4.5 Hz, H-11). 

spectrum, PhCZ_120-), 5.08 (W, m, CI&,=CH-, 5.85 (lH, 

a, MeOPhC5&), 8.82, 7.28, 7.4 (GH, m, phcH20-. 
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Compounda- 

in CH2C12:Py 1OC:l 

synthetic. A solution of compound a (0.04 g, 0.075 mmol) 

(60 ml) wa8 ozonized at-78OC in the presence of Sudan IV 

dye until diecolouration occured. Exoese of dimethylsulfide wae added and the 

reaction mixture wae slowly warmed to ambient temperature in 1 h. Then the 

eolvent wae removed in vacua. The residue wae flash chromatographed on eilica 

(hexane-EtOAc 4:l). The thus prepared aldehyde 49 (Rf=0.45, hexane-EtOAc 2:l) 

was diaeolved in THF-phoephate buffer pH 7.0 1O:l (10 ml) and treated with 

n@ZPBA (0.05 g). After 30 min at +20°C the reaction mixture wae diluted with 

CHC13 and washed with NaHC03. The usual extractivework-up afforded acid x 

(0.029 g, 77%). Unfortunately, compound a cannot be purified by usual chro- 

matographic meane. Hence crude B wae directly subjected to lactonization. 

Thie wae dissolved in toluene (60 ml) and treated with PPh3 (0.077 g, 0.3 

mmol) and 2,2'-dithio- bis(4-tert-butyl-l-isopropylimidazole) (0.118 g, 0.3 

mmol) for 10 hre at reflux temperature. Then the half as much amounts of rea- 

gents were added and refluxing was continued for additional 10 hre. Finally, 

the eolvent was removed in vacua and the residue wae chromatographed (hexane- 

EtOAc 4:l) to give 2 (0.019 g, 68%). 
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