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An Unexpected Reaction in the Lactamisation of 13-Azido-13-deoxy-
(95)-9-dihydroerythronolide A seco-Acid Derivatives
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Abstract: By reduction of the title compounds (azido acid derivatives 2) and cyclisation in situ,
either the desired lactam 3 or unexpected acyl triazene 4 can be predominantly obtained, depending
on the reaction conditions.

Yonemitsu et al.! have very recently shown that lactonisation of some 9-dihydroerythronolide A seco-acid
derivatives (see e.g. 1), which had posed so many difficulties in the total synthesis of erythromycin A,2 can be
readily accomplished at rt, in surprisingly high yields, by the Yamaguchi activation method (Z = 2,4,6-tri-
chlorobenzoyloxy, see 1)3 if excess DMAP is added; the efficiency of this procedure has been confirmed in our
lab on similar substrates.# We report here on a closely related subject: the lactamisation of the azido seco-acid
derivatives 2 (obtained from erythromycin A according to Scheme I, sce overleaf), by reduction of the azide
group and cyclisation in situ of the resulting amino thivesters or mixed anhydrides.3

Addition of azido thioester 2b (0.10 mmol, in 2 ml of CH3CN) to a mixture of SnCla/2-thiopyridone/EtsN
(1/4/4 mmol, in 10 ml of CH3CN) and stirring at rt, until all the azide had been reduced,® allowed us 1o isolate
the desired lactam 3,7 as well as a related product of higher R¢ and unusual structure whose more significant
spectral features, as obtained by 'H-, 13C-, HETCOR 2D-NMR, IR, and UV spectroscopy, were:$ (i) a NH
proton at § 9.65; (ii) the C13 signal at 3 76.1 (21 ppm at lower field than that of C13 of 3); (iii) a Voo band at
1720 cm-!, too high for an amide group; and (iv) 2 strong absorption band at 244 nm that was shifted to 276
nm by addition of 0.1 M KOH. After ruling out other possibilities, the acyl triazene structure 4 was attributed
to that compound, which was then corroborated by microanalysis and, indirectly, CIMS(NH3).

2a,Z=0H
1 2b, Z = §-2-Pyridyl 3

2e¢, Z = OCOCgH,Cly

2d, Z = 050, Mes
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Apparently, an intramolecular coupling between the azide and COSPy groups has taken place, as if the
thivester group had trapped the ‘reduction intermediate’ (C13-N=N-N-8nX3). 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), especially 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 80°C.

Table. Cyclisation of Azido-seco-erythronotides 2 in CH3CN, under Different Conditions

] ” ” 3 vicld 4
2b $nClz (10), Py-2-SH (40), Et3N (40}, it, 12 h 35%4 20%°
2b $nCly (10), Py-2-SH (40), DMAP (60), rt, 12 h 10% 55%
2b PhSeH (20), E3N (20), i, 24 h 5% 55%
2¢ SnCl3 (5), 0-C6H4(CH2SH); (10), Et3N (10), 7t, 6 h trace 50%b
2d SnCly (5), 0-CgH4(CH2SH); (10), EtaN (10), 1t, 6 h trace 55%b
2b SnCly (3), Py-2-SH (12), EtaN (12), 80 °C, 3 h 0% trace
2b SnClp (3), Py-2-SH (12), Et3N (12), 80 °C, addn during 6h  65% trace

AThe yields of lactam and acyl triazene were similar starting from Mes (mesityl) instead of Ph. In CH2CD both
the yields of 3 and 4 were slightly lower than in CH3CN. bOverall yield for COOH activation and cyclisation,

Lactam 3, which is stable under the above reaction conditions, could be deprotected to afford the desired
aza analogue of (9S5)-9-dihydroerythronolide A (mp 185-187 °C, v 1650 cm-!, expected NMR spectra, CIMS,
and microanalysis) by treatment at rt with several drops of CISO3H in 9:1 MeOH/H0O, for a few days so as to
cleave the more 'reluctant’ 9,11-0-benzylidene group.

In spite of the possible uses of acyltriazene-containing macrolide antibiotics in chemotherapy, we evaluate
humbly the results of the Table, as our lactamisation procedures, which ar present are among the most
efficient,5 fail or give only moderate yiclds 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 wransformed. 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 CONHj-
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 C¢Hg, even in the
presence of Et3N, as well as in NaOH(aq)/CH3CN at 1t 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 equiv. of Sn2+/Py-2-SH/Et3N in
refluxing CH3CN for 3 h, it disappears completely to afford a complex mixturc of polar products very similar
1o that just mentioned (but not 3).10

There seems that the azide and COSPy groups are relatively closell and that, after the attack of Sn(II)
species, there 1s a competition between the loss of N; from the triazene intermediate and its direct cyclisation
towards 4. Even though at t the formation of 4 often predominates, at 80 °C 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 mactrolactarnisation of conformationally free substrates —reduc-
tion of azido thioesters with [R3NH][Sn(SR)3] and cyclisation in situ— has two paradoxical disadvantages
when applied to the rigid, cyclisation-prone substrates reported here: (a) reduction of the azide group becomes
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Scheme 1
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(i) NaBH,, MeOH, rt, 48h; (ii) HCI, MeOH, rt, 72h; (iii) 2 M HCI, CHCl3, 60°C, 72h;'2 (iv) PhCH(OMe), (5 equiv.),
CISOH, CHzCly, 0°C, Sh, 100%; (v) KBU'O (2.2 equiv.), DMSO, 1, 24h, 84%; (vi) NaNy, DMSO, 120°C, 72h, 90%;
(vii) PySCOCL™ EsN, CHzCly, 5°C, 1h, 80%; (viii) CgH,CCOCL,? BN, THF, 1t; (ix) MesSO5CL % EuN, THF, rt.

Scheme II

the slow step, a fact we were not used to, and (b) the intermediate triazenides, before losing N, may give rise
to acyl triazenes. Thus, in spite of the much higher nucleophilicity 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 antibiotics the azido acid may be converted to amino acid and this one may be submitted to 2
more standard lactamisation procedure, but it is not exempt from problems, as we plan to report in due course.
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Compound 3: dec. 215 °C; Ry 0.28 (98:2 CHaCly/MeOH); 1H NMR (500 MHz, CDCl3) § 0.89 (1, J=7.5, 3 H, CH3CH3),
1.07 (s, 3 H, 12-Me), 1.12 (d, J=6.5, 3 H, 4-Me), 1.28 (d, J=6.5, 3 H, 2-Me), 1.29 (d, J=6.5. 3 H, 8-Me), 1.33 (s, 3 H, 6-
Me), 1.36 (dd, J=14.5, J=11.0, 1 H, H7), 1.40 (d, J=6.5, 3 H, 10-Me), 1.52 (x d, J=14.5, 1 H, HT), 1.53 (ddg, J=14.5,
J1=11.0, J=7.5, 1 H, CHH'CH3), 1.82 (br q, J=5.0, 1 H, H4 or H10), 1.88 (br q, J=6.0, 1 H, H10 or H4), 2.03 (dqd, J=14.5,
J=1.5, }=2.5, 1 H, CHH'CH3), 2.54 (dg, J=11.0, J=6.5, | H, H2), 2.54 (1q, J=11.0, J=6.5, 1 H, H8), 334 (d, J=11.0, 1 H,
H9), 3.83 (s, H11), 4.05 (4, J=11.0, 1 H, H3), 4.11 (s, 1 H, HS), 4.14 (ddd, J=11.0, J=9.8, J=2.5, 1 H, H13), 5.24 (br 4,
J=9.8, 1 H, NH), 5.71 (s, 1 H), 5.92 (s, 1 H}, 7.4-7.6 (m, 10 H); 13C NMR (50.3 MHz, CDCl3) § 8.0 (4-M¢), 10.8
(CH3CH»), 13.5 (8-Me or 2-Me), 14.7 (10-Me), 14.9 (12-Me), 17.0 (2-Me or 8-Me), 20.5 (CH;CH3j), 26.8 (6-Me), 26.9
(C8), 28.5 (C10), 31.1 (C4), 39.8 (C7), 43.5 (C2), 55.1 (C13), 74.6 (C11), 74.6 & 75.1 (C6 & C12), 84.7 (C3), 86.4
(C9), 87.0 (C5), 95.5 & 1035 (2 x O-CH-0), 126.3, 126.4, 128.3, 128.4, 128.9, 129.0, 138.3, 138.6 (C arom), 174,2
(C1); IR (CHCl3) 3600, 1670 cm-1; CIMS(NH3) m/z 596 (M+1+), 613 (M+18+); [0]25 -9.2° (¢ 0.9, CHCls).
Compound 4: mp 108-110 °C; Ry 0.39 (98:2 CH3Cl2/MeOH); 1H NMR (500 MHz, CDCl3) § 0.74 (¢, J=7.5,3 H,
CH3CH)), 1.17 (d, J=6.5, 3 H, 4-Me), 1.19 (s, 3 H, 12-Me), 1.25 (d, }=6.0, 3 H, 8-Me), 1.32(m, 1 H, H7), 1.34 (s, 3 H,
6-Me), 1.40 (d, J=6.5, 3 H, 2-Me), 1,41 (d, J=7.0, 3 H, 10-Me), 1.52 (br 4, J=14.5, 1 H, HT), 175 (br q, J=6.5, 1 H, H4),
1.81 (m, 1 H, CHH'CH3), 1.85 (br q, J=7.0, | H, H10}, 2.09 (dqd, J=14.5, J=1.5, J=2.5, 1 H, CHH'CH3), 2.40 (m, 1 H,
HB8), 2.71 (dq, J=10.5, J=6.5, 1 H, H2), 3.31 (d, J=2.0,'1 H, H11), 3.34 (d, J=10.0, 1 H, HI), 3.80 (dd, J=11.0, J=2.0,
H13), 3.97 (br d, 1=10.5, 1 H, H3), 4.12 (4, J=1.5, 1 H, HS), 5.67 (s, 1 H), 5.70 (s, 1H), 7.4-7.6 (m, 10 H), 9.65 (br s, 1
H, NH); 13C NMR (50.3 MHz, CDCl3) & 8.4 (4-Mg), 11,1 (CH3CH2), 12.3 & 15.3 (2-Me & 10-Me), 15.5 (12-Me), 17.3
(8-Me), 19.5 (CH2CH3), 27.3 (C8), 27.5 (6-Me), 28.2 (C10), 32.0 (C4), 39.1 (C7),41.6 (C2), T3.2 (C11), 145 & 148
(C6 & C12), 76.1 (C13), 84.8 (C3), 85.5 (C5), 87.9 (C9), 95.5 &£ 103.2 (2 x O-CH-0), 125.9, 1263, 126.5, 1284, 128.5,
129.1, 129.3, 1380, 138.5 (C ar), 170.7 (C1); IR (CHCl3) 1720 cm-!; UV (EtOH) 244 nm (log £ = 3.9); CIMS(NH3)
m/z 596 [(M+1)+-28], 613 [(M+18)+-28]; [a]25 -3.0° (¢ 1, CHCl3). Anal. Caled for C35H49N307: C, 67.38; H, 7.93;
N, 6.74. Found: C, 67.03; H, 7.91; N, 6.39.

Acyl riazenes are often prepared by reaction of amides with Ar-N*EN. See, ¢.g.: Trappendahl, S.; Jakobsen, P.;
Wieczorkowski, 1. Acta Chem. Scand. Ser. B, 1983, 37, 155. Other methods include the reaction of ATCONHNH; with
ArN=0 and that of RCON3 with ArMgX.

In independent experiments aimed at evaluating the stability of acy! triazenes under our reaction conditions, we have obser-
ved that MeCgH4-N=N-NH-COPh is relatively stable at rt (provided that small amounts of reagent are used) but gives 80%
of PhCONH3, ca. 15% of MeCgH4NH-COPh, and several coloured byproducts in refluxing CH3CN for 3 h.

The 3Ty values in 2a are identical with those of dibenzylidene-protecied 1 and, except for J7.g, with those of the
corresponding lactam (3) and lactone (see ref. 1 for a discussion on this question).
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