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@-Fission and hydrogen-atom abstraction, both inter- and in- 
tramolecular, are important characteristic reactions of alkoxy 
radicals.'.2 Such processes play a key role in various synthetically 
important transformations including, inter the Barton 
r e a ~ t i o n , ~  the ring opening of cyclic compounds by regioselective 
C-C bond f i ~ s i o n , ~  and the formation of cyclic Also, 
by such reactions alkoxy radicals act as initiators for vinyl po- 
lymerization and other radical chain processes. 

There are relatively few reliable absolute kinetic data available 
for alkoxy radical reactions. In principle they could be determined 
by a competitive method similar to those used for intramolecular 
reactions of alkyl radicals, e.g., the interaction of alkyl halides 
and tributylstannane.s Unfortunately, the usual precursors for 
alkoxy radicals, viz peroxides, peresters, hyponitrites, nitrites, 
nitrates, and hypohalites,2 do not interact with tributylstannane 
by clean chain processes involving alkoxy radical intermediate~.~J~ 
Our aim, therefore, was to devise procedures for the generation 
of alkoxy radicals which utilize readily prepared and relatively 
stable precursors, which are suitable for kinetic experiments in- 
volving tributylstannane and which can be effectively employed 
in synthesis. We now describe methods based on Barton chem- 
istry" which meet these criteria. 

Unlike carbamates of the general type 1 which are suitable 
precursors of alkylamino radicals, RR'N*,l2 via generation and 
decarboxylation of RR'NC02', the carbonates 2 do not afford 
alkoxy radicals, RO'. Thus, 2 (R = cyclopentyl), prepared in the 
usual way,ll112 gave cyclopentanol as the only product (GC) when 
heated in benzene with tributylstannane 0.030 M and AIBN. 
Since the experiments described below show that cyclopentyloxy 
radicals under these conditions undergo ring opening, they cannot 
be intermediates in this reaction. 

Whilst the N-0 bond strength in N-alkoxypyridine-2-thiones 
(e.g., 3) would be expected to be stronger than those in the thi- 
ohydroxamates 1 or 2, the formation of the strong Sn-S bond1-' 
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1.  X=R,N 3.  R = lCH,!,CH=CH, 

2.  X = R O  4 .  R = cyclopenryl 

5.  R = cyclohexyl 

6. R = teit -buy1 

and the restoration of pyridine aromaticity should provide sufficient 
driving force to effect generation of alkoxy radicals by attack of 
tributyltin radicals on 3-6. The latter compounds were prepared 
by treatment of the sodium salt of 2-mercaptopyridine-N-oxide 
with 1 molar equiv of a suitable alkyl halide in DMF at 80 OC. 
Although they decompose slowly in light, the yellow N-alkoxy 
compounds are stable in the dark at room temperature and are 
not sensitive to oxygen or moisture. When heated in dilute solution 
(0.030 M) in benzene at 80 OC under argon in the dark for periods 
up to 1 h, they underwent no observable reaction. However, when 
tributylstannane (0.030 M) and AIBN (0.003 M) were present 
the yellow color rapidly faded, and the reaction was complete 
within 20 min. The products were as follows: 2-methyltetra- 
hydrofuran (80%) from 3; cyclopentanol (23%) and pentanal 
(63%) from 4; cyclohexanol (73%) and hexanal (8%) from 5; and 
tert-butyl alcohol (86%) and acetone (2%) from 6.15 

These products are consistent with the intermediacy of alkoxy 
radicals in a chain mechanism (Scheme I). Thus, the formation 
of 2-methyltetrahydrofuran from the N-alkoxy compound 3 ac- 
cords with known propensity of 4-pentenyloxy radical to undergo 
rapid endo cy~1izat ion. l~ '~ Similarly, the formation of cyclo- 
pentanol and pentanal from precursor 4 indicates that under these 
conditions tne characteristic @-fission of the cyclopentyloxy rad- 
ical" competes with hydrogen atom transfer from stannane 
(Scheme I). The cyclohexyloxy and tert-butoxy radicals generated 
from 5 and 6,  respectively; behave in much the same way.'* It 
is noteworthy that the formation of such products cannot rea- 
sonably be reconciled with any polar mechanism or with the 
formation of ionic intermediates. 

When the cyclopentyloxy compound 4 was heated with bro- 
motrichloromethane and AIBN in benzene, the sole product 
(295%) was 5-bromopentanal. Its formation is consistent with 
a mechanism involving (i) generation of the cyclopentyloxy radical, 
(ii) @-fission to give 'CH2(CH2)3CH0, (iii) SH2 attack on bromine 
to give 5-bromopentanal and CCI,', and (iv) chain propagation 
by attack of CC1,' on 4. 

Since they can be readily prepared, are relatively stable, and 
undergo clean chain decomposition under suitable conditions, the 
N-alkoxypyridine-2-thiones should be useful additions to the list 
of alkoxy radical precursors. In particular, they are very suitable 
for kinetic work. For example, the failure of the reaction of 3 
to afford 4-pentenol in detectable yield (51%) indicates that the 
4-pentenyloxy radical has kc/kH I 1.5 M, where kc is the rate 
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constant for cyclization and kH that for hydrogen atom transfer 
from tributylstannane. As the value of kH for 4-pentenyloxy 
radicals should be very similar to that for tert-butoxy radicals 
(estimated to be 4 X los M-I s-' at  80 0C)'9320 it follows that kc 
2 6 X IO8 s-I at  80 "C. 

The propensity of the ring-opened radicals to undergo ring 
closure and other rearrangementsz2 complicates the estimation 
of the rate constants for &fission of the cycloalkoxy radicals 
generated from 4 and 5. Nevertheless, it is clear that the relative 
ease of @-fission is in the order cyclopentyloxy >> cyclohexyloxy 
>> tert-butoxy. 

N-Alkoxypyridine-2-thiones should also be useful precursors 
of alkoxy radicals for synthetic work. Details of such applications 
and of kinetic studies now in progress will be reported shortly. 

(19) Scaiano, J .  C .  J .  Am. Chem. SOC. 1980, 102, 5399. 
(20) On the basis of the reasonable assumption that H' abstraction from 

tributylstannane by alkoxy radicals has a pre-exponential factor of log A N 

it follows from the value of the rate constant for tert-butoxy radical at  
25" (kH = 2 X lo8 M-' s-l ) that E,  N 2.3 kcal/mol. These Arrhenius 
parameters allow the estimation of kH = 4 X IO8 M-l s-I at SO "C. 

(21) Other reactive radicals abstract H' from tributylstannane with similar 
pre-exponential factors, e&, benzoyloxy (log A = 10.0 f 0.2) and 
(CH,),C=CH' (log A = 9.7 f 0.3): Johnston, L. J.; Lusztyk, J.; Wayner, 
D. D. M.; Abeywickrema, A. N.; Beckwith, A. L. J.; Scaiano, J .  C.; Ingold, 
K. U. J .  Am. Chem. SOC. 1985, 107, 4594 (Due to the slow rate of decar- 
boxylation. the data reported in this reference for the phenyl radical actually 
pertain to the benzoyloxy radical.) 

(22) Beckwith, A. L. J.; Hay, B. P., unpublished results. 

The Structure of Liposidomycin B, an Inhibitor of 
Bacterial Peptidoglycan Synthesis 

Makoto Ubukata and Kiyoshi Isono* 

Antibiotics Laboratory, RIKEN (The institute of 
Physical and Chemical Research) 

Wako-shi, Saitama 351 -01, Japan 

Ken-ichi Kimura 

Research Institute of Life Science 
Snow Brand Milk Products Co., Ltd. 

Ishibashi-machi, Shimotsuga-gun, Tochigi 329-05, Japan 

Chad C. Nelson and James A. McCloskey 

Departments of Medicinal Chemistry and Biochemistry 
University of Utah, Sal t  Lake City, Utah 841 12 

Received December 4, 1987 

The liposidomycins are a family of nucleoside antibiotics, re- 
cently isolated from Streptomyces griseosporeus,' which strongly 
inhibit bacterial peptidoglycan synthesis. Liposidomycins inhibit 
formation of the lipid intermediate in peptidoglycan synthesis 

~~ 
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(unpublished data), as does tunicamyciq2 but with three orders 
of magnitude greater activity (ID,o 0.03 bg/mL) and extremely 
high specificity. For liposidomycin B, one of the principal con- 
stituents, we propose structure 1, a novel lipid-containing nu-  
cleoside of unusual complexity. Compound l resembles the re- 
action intermediate between UDP-N-acetylmuramylpentapeptide 
and undecaprenyl phosphate in the lipid cycle of peptidoglycan 
synthe~is .~  
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Liposidomycin B (mol wt 1009, C42H6,N50,,S)4 contains nine 
active hydrogen atoms,, is amphoteric, and gives a positive nin- 
hydrin test. Uracil, 3-methylglutaric acid, and 3-hydroxy- 12- 
methyltridecanoic acid were identified in an acid hydrolyzate of 
1 (e.g., 3 M HC1, 100 OC, 3 h) by N M R  spectroscopy and by 
GC/MS8 of the trimethylsilylated hydrolyzate, including coni- 
parison with authentic uracil and 3-methylglutaric a ~ i d . ~ . ' ~  The 
methyl ester derivative of isolated 3-hydroxy- 12-methyltridecanoic 
acid (M', m/z 258) showed ions characteristic of @-hydroxylation 
[(M-C3H502)+, m / z  185; C4H,03+, m / z  103]." 

Acid hydrolysis of 1 also gave nucleoside 2 (mol wt 426, 
C,7H,zN409)4 and a small amount of 3 (mol wt 444). The 
complete structure of 3 is undetermined but was shown by E1 mass 
spectrometry to differ from 2 by 18 mass units in the seven- 
membered heterocycle, from which it was concluded that 2 is a 
dehydrated form of 3. The structure of 2 was determined by 'H 
NMR and in comparison with the anhydrodeacylliposidomycin 
4 (see below). High voltage paper electrophoresis of 2 showed 
presence of acidic (-COOH) and basic (-N<) groups. Presence 
of a sulfate group in 1 was established from IR spectroscopy (KBr, 
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= 8.5 Hz, J = 15.7 Hz), 2.69 (1 H,  dd, J = 4.4 Hz, J = 15.7 Hz),  l', 5.64 
( I  H , d ,  J =  1.5 Hz), 2', 4.14 (1 H,  overlapping), 5', 4.42 (1 H, brd, J =  10.7 
Hz). 6'. 3.79 (1 H. d. J = 10.7 Hz). I". 5.45 (1 H. s). 2". 4.67 (1 H. d. J = I ,, I 

4.8'Hz), 3", 4.30, ( l ' H ,  overlapping), @, 4.16 (1 H ,  overlapping), 5",'3.43 
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