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An Unexpected Reaction in the Lmtamiation of 13-Azido-13=deoxy- 
(9S)-9-dihydroerythronolide A seco-Acid Derivatives 

Abstracf: By reduction of the title compounds (mid0 acid derivatives 2) and cyclisation in situ, 
either the desired lactam 3 or uneqwcted acyl triazene 4 can be preoimukantly obtained, depending 
on the reacdon cotifiom. 

Yonemitsu et aI.’ have very recently shown that lactonisation of some 9-dihydmeqthmnolide A seceacid 
derivatives (see e.g. l), which had posed so many difficulties in the total synthesis of erythmmycin A? can be 
readily accomplished at rt, in surprisingly high yields, by the Yamaguchi activation method (2 = 2,4,&ri- 
chlombenzoyloxy, see 1)3 if excess DMAP is added; the efficiency of this procedure has been confirmed in our 
lab on similar substrates.4 We report here on a closely related subject: the lactMlismon of the uzido seco-acid 
derivatives 2 (obtained from erythmmycin A according to Scheme 1, see ovcrleafh fy reduction of the uzide 
group and cyclkation in situ of the resulting amino thioestem or mixed anhyakidks.~ 

Addition of azido thioester 2b (0.10 mmol, in 2 ml of CH$!N) to a mixture of SnClfl-thiopyridoneJEqN 
(11414 mmol, in 10 ml of CH3CN) and stirring at rt, until all the azide had been reduced? allowed us to isolate 
the desired lactam 3,7 as well as a related product of higher Rf and unusual structure whose more significant 
spectral features, as obtained by lH-, *3C!-, HJTCOR 2D-NMR, IR, and UV spectroscopy, were:* (i) a NH 
proton at 6 9.65; (ii) the Cl3 signal at 8 76.1 (21 ppm at lower field than that of Cl3 of 3); (iii) a %-J-J band at 
1720 cm-l, too high for an amide group; and (iv) a strong absorption band at 244 nm that was shifted to 276 
nm by addition of 0.1 M KOH. Aftep ruling out other possibilities, the acyl triazene structure 4 was attributed 
to that compound, which was then cormbomted by microanalysis and, indirectly, CIMS(NH$. 

2b:Z= S-2-PyricIyl 2c,z=occqH~c13 
2d, z = osq~es 
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Apparently, an inmunolecular coupling between the azlde and COSPy groups has taken place, as if the 
thioester group had trapped the ‘reduction intermediate’ (CM-N=N-P;I-SnX3). Although acyl triazenes are 
well-known compounds? there is no precedent, to the best of our knowledge, of such a sort of reaction 
between azides and activated carboxyl groups. In fact, acyl triazene 4 was the major product in many cases 
(see the following Table for a summary of the most relevant experiments), especidy in those ones in which the 
reactivity of COZ groups could be higher, However, the relative yields of 3 and 4 changed clearly in favour 
of the first one when the cyclisation of 2b was performed at 804c. 

Table. Cyclisation of Azido-sesc~erythronolidcs 2 in tX&N, under Different Conditions 

2b SnClz (lo), Py-2-W (40), Bt3N (40), I& 12 h 35w 20%” 

;: 
SnCl2 (10). Py-2-W (40), DMAP (60). tt, 12 h 10% 55% 
PhSeH (20). Et3N (20). rt, 2A h 5% 55% 

tc SnC12 (5). oQH4(CH2SH)2 (lo), Et3N (10). rt, 6 h tlaw 5O%b 

2d SnCl2 (5), o-C6H4(CH2SHh (10). Et3N (10). rt, 6 h trace J5W 

2b SnCl2 (3). Py-ZSH (12). Et3N (12). 80 T. 3 h 60% trace 
2b SnC12 (3). Py-2-SH (12). Et3N (12). 80 “c. addn dtuing 6h 65% ttaix 

DThe yields of lactam and acyl hiazene went similar starting fium Mea (mesityl) instead of Ph. In CH2Cl2 both 
the yields of 3 and 4 were slightly lower than in CH3CN. beraIl yield for COOH activation and cycli,wion. 

Lactam 3, which is stable under the above reaction conditions, could be deprotected to afford the desired 
aza analogue of (9s)-9dihydroerythronolide A (mp 185-187 “C, G 1650 cm-l. expected NMR spectra, CIMS, 
and microanalysis) by treatment at rt with several drops of CISOJH in 9: 1 MeOH&O. for a few days so as to 
cleave the more ‘reluctant’ 9,11-O-bcnzylldene group. 

In spite of the possible uses of acyltriazene-containlng macmllde antibiotics in chemotherapy, we evaluate 
humbly the results of the Table, as our lactamlsation procedures, which at present are among the most 
efficient,5 fail or give only moderate yields when applied on these willing substrates. Nevertheless, that the 
overall yields (of 3 plus 4) were only around 60% worried us much more than anything else, since we stopped 
the reaction after all the starting material had been transformed. For this reason we looked for the ‘lost’ 
material: in addition to 3 and 4, a series of more polar spots were observed on TLC, from the NMR and IR 
analyses of the byproducts mixture (20-25% w/w, overall) we supposed that they were mainly CONH2- 
containing open products which could arise from the decomposition of 4 in the reaction medium. 

In this connection, it is worth noting that 4 is stable under refluxing CH3CN or t&Hb. even in the 
presence of EtsN, as well as in NaOH(aqKH3CN at rt for 3 days. However, 4 is sensitive to the excess of 
the reagents indicated in the Table; for instance, when 4 is treated with 5 6quiv. of SrG+/Py-2-SH/Et3N in 
refluxing CH3CN for 3 h, it disappears completely to afford a complex mixture of polar products very similar 
to that just mentioned (but not 3).l” 

There seems that the azide and COSPy groups are relatively closelt and that, after the attack of Sn@) 
species, there 1s a competition between the loss of N2 from the triazene intermediate and its direct cyclisation 
towards 4. Even though at rt the formation of 4 often predominates, ar 8OTT nitrogen is extruded more rapidly 
and 4 (which is now produced in a lower percentage) is decomposed more quickly than at rt by the reagent 
excess. This explains the better yields of 3 and the lack of 4 in the last experiments shown in the Table. A 
plausible series of events is represented in Scheme II, 

In summary, the method of choice for the macrolactamisation of conformationally free substrates -reduc- 
tion of azido thioesters with [R#JH][Sn(SR)3] and cyclisation in situ- has two paradoxical disadvantages 
when applied to the rigid, cyclisation-prone substrates repotted here: (a) reduction of the azlde group becomes 
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Scheme I 

@‘+‘%Dihydmydmolide A 

(iv) PhCH(Ok&~ 
(v) KBU’O 

2b 2c 2d 

0) NaBH4. MeOH. rt, 48h; (ii) HCl, M&H. rt, 7Ur: (iii) 2 M HCI. CHQ, 6tl”C, 72h;” (iv) PhCH(OMe)2 (5 equiv.), 
ClSqH. CH$+ O=‘C, 5h, 100%; (v) K&O (2.2 eqaiv.), DMSO. tt$4h. 84%; (vi) NaN3, DMSO, 12ooc. 72h. 90%; 
(vii) F’ySCOCl. Et& CH$&, 5”c, lh. 8096; (viii) C&@~i. EtsN. THF, rt; (ix) Me&&Cl.‘” Et& THF. rt. 

Scheme II 

the Slow Step, a fact we were not used to, and (b) the intermediate triazenides, before losing N2, may give rise 

to acyl lriazenes. Thus, in spite of the much higher nuckophilicity of aliphatic amines with regard to alcohols, 
it is easier to obtain lactones than lactams, at least in these cases. Obviously, for the preparation of lactam ana- 
logs of macrolide antibiotic8 the azido acid may be converted to amino acid and this one may be submitted to a 

more standard lactamisation procedure, but it is not exempt fkom problems, as we plan to report in due course. 
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