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Figure 1. The ultraviolet absorption spectra of 3a in three solvents.

Table I

Solvent af B3e a—f E K
tert-Butyl alcohol 0.44 0095 —0.51 353 0.021
Isopropy! alcohol 0.68 0.92 —0.24 435  0.026
n-Buty! alcohol 0.71 0.85 -0.14 704 0.043
Ethyl alcohol 0.85 0.77 0.08 948  0.059
Methyl alcohol 0.99 0.62 0.37 2600 0.18
Ethylene glycol 0.79 0.51 0.28 3580 0.27
Water 1.02 0.14 0.88 15300 9.0

a Reference 5.

to appear in the 'H NMR spectrum; in 0.2 M CF3CD,OH-
CDCl; (10:1) solution only absorption characteristic of the
cyclohexa-2,4-dienone 4 could be detected in the 'TH NMR
spectrum: two broadened singlets at 5.12 and 4.74 ppm, with
a methylene singlet superimposed on the broad multiplet of the
pyrrolidine rings. In the 13C spectrum, a carbonyl appeared
at 183.1 ppm, with four olefinic carbons (164.3, 157.9, 90.7,
and 84.7), and a methylene carbon (38.3) among the pyrrol-
idine signals (48.6, 2C, 48.0 (2C), and 25.1 (4C)). The ultra-
violet absorption (A (max) 370 nm, ¢ 16 000 L mol~! cm™!)
and infrared spectrum (1600 cm™!) in this solvent mixture are
well suited to 4.

Recent studies by Taft and Kamlett®> have provided pa-
rameters characterizing the ability of a solvent to donate hy-
drogen bonds (the hydrogen bond donor (HBD) acidity, «) and
to accept hydrogen bonds (the hydrogen bond acceptor (HBA)
basicity, 3), of an extensive series of solvents. It seems here that
each of these two abilities stabilizes one of the two forms,
producing competitive effects. We were therefore interested
in seven solvents for which both « and 8 values have been re-
ported. These values and their differences are listed in Table
I with the extinction coefficients observed for 3a, and the
corresponding equilibrium constants.® Evidently, for 3a =

InK = —'[(Gp - Gc) - (Ga - Gﬁ)]/RT

where G and G represent the free energies of the phenolic and
carbonyl forms, respectively, in the absence of hydrogen
bonding, and G, and Gg represent the energies lost in the
formation of hydrogen bonds in which the hydrogen is donated
and received by the solvent, respectively. Although both the
extinction coefficient of 4 and the quantity G, ~ G must vary

3539

somewhat in this series of solvents,” the correlation coefficient
between In K and o — 3 is 0.95.8

Previous studies have shown the importance of intermo-
lecular hydrogen bonding in stabilizing phenols,® but a quan-
titative estimate of the competitive effect observed here has
apparently not been reported.!0-12
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We are indebted to a referee for the observation that the correlation con-

firms that hydrogen bonding in the dienone is primarily by solvent to oxygen.

The competitive hydrogen bonding to the amine nitrogen, which would

destabilize the dienone by lessening >NC=CC==0 resonance, is evidently

not significant.
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Pathways from Nitrosooxazolidones to Vinyl Azides
Sir:

Reactions of 3,5-dialkyl-N-nitrosooxazolidones (1) with
base and a variety of nucleophiles have been studied.!-> The
formation of vinyl iodides, azides, isothiocyanates, phospho-
nates, and ethers was explained by assuming that the vinyl
cation (5) reacts with nucleophiles.? Qur interest in azo cou-
pling by aliphatic diazonium ions® induced us to reinvestigate
the reaction of 1 with azide. We report here on the dissection
of various mechanistic pathways from 1 to vinyl azides.

[3-15N]-1 was prepared as shown in Scheme 1.7 Reaction

Scheme
R
H— I
I, RZ(IJCHZC—”’NHz
O0—~
0 OH
R R
P(0OAc) R O; \ HNO, R
BNH — O BN
b Y o
0
[3-%N]-1a,R = CH,
b,R.R = (CH,);
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Table I. Labeled Products from Nitrosooxazolidones (1)

[LiNs] 05 10 20 36 6.3 2.0
[LiOCH3] 0o 0 0 0 0 0.25
[3-15N]-1 + CH;OH

% 5N in 4a 88.9 822 714 452 138

% 5N in 4b 524 438 318 202 7.1 0.8
[I5NO]-1 + CH;0H

% 5N in 4a 820 737 630 421 150 1.1
% I5N in b 504 413 308 17.6 5.7

1+ CH;0D

%D in4a 488 533 58.4 551 684 908
% D in 4b 488 574 647 698 818  90.2

Table IL. Double Labeling Experiments with [3-13N}-1 in CH;0D,
1 M LiN;2

4 [I’N]-4 [D]-4 [D,'N]-4 6 [D]-6
la 32 424 176 368 56 944
la+ I MLICIO, 170 316 234 280 Not det.
1b 28 366 411 194 25 975
1b+ 1 M LiCIO; 20.1 141  50.6 152 19.1 80.9

@ Relative product distribution (%). Absolute yields were 32.0%
4a and 30.3% 6a from 1a, 27% 4b and 34% 6b from 1b.

Scheme 11
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of the nitrosooxazolidones with lithium azide in methanol
proceeded smoothly without additional base. Vinyl azides (4)
and vinyl ethers (6) were the major products.® The vinyl azides
obtained from [3-!5N]-1 retained substantial fractions of the
ISN label (Table 1), indicating that they arise in part by azo
coupling. The coupling reaction of arenediazonium ions with
azide is known to proceed by pentazene and pentazole inter-
mediates.® Starting with [3-15N]-1, the label will be retained
regardless of whether a pentazene (3A) or a pentazole (3B)
intervenes. When the nitroso nitrogen is labeled, however, 50%
of the label will be lost by intervention of the pentazole 3B
(Scheme 11). A comparison of data obtained with [3->N]-1
and ['SNO]-1 (Table 1) indicates a rather modest (<20%)
contribution of 3B. Pentazoles are more prominent in the
coupling of arenediazonium ions (35% at 0 °C)? and cyclo-
propanediazonium ions (40% at 20 °C)'® with azide.

The fraction of labeled vinyl azide decreases with increasing
concentration of lithium azide, and vanishes almost entirely
upon addition of 0.25 M lithium methoxide (Table I). What
is the source of unlabeled azide? Data obtained from the re-
action of [3-1°N]-1 with lithium azide in CH;0D were helpful
in answering this question (Scheme [II and Table 11).1! All
products which do not contain deuterium originate from
[13N]-2. The high proportion of [!5N]-4 among the undeu-

Table III. Labeled Products from 4,5,5-Trimethyl-V-
nitrosooxazolidone (11)

[LiN3] [LiClO4] [LiOCH3] % >N in 13
0.3 0 0 20.1
1.0 0 0 17.2
2.0 0 0 11.8
1.0 0.007 0 18.2
1.0 0.027 0 16.8
1.0 0.066 0 14.7
1.0 0.20 0 10.0
1.0 0.33 0 ca. 6
1.0 0 0.2 17.5
1.0 0 1.0 20.2
1.0 0 2 23.6

Scheme I
[3-NJ-1

/

RC=CH—"N=N > R.C=CHN,

[5N}2 o 3
R,C=CH* > R,C=CHY,
5 4
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R,C=CHOCH,
6
R,C=C=N, —% RC=C: —22 R,C=CDOCH,

7 8 s [D]-6
+D+u /\‘

RC=CD—N=N % RC=CD* %> RC=CDN,
[D,*N}-2 [D}-5 [D}4

\ N .
R,C=CDN, —> RC=CD—"NN=N
[D]-3 D, "N]-4

terated products indicates that azo coupling is the major re-
action of 2;very little vinyl azide is formed via vinyl cation 5.
The contribution of § may be increased, however, by addition
of lithium perchlorate (salt effect). The substantial amount
of [D, 1N]-4 shows that deuterated diazonium ions [D, *N]-2
are produced from [13N]-2 by H-D exchange, presumably via
diazoalkene 7.!2 Neglecting secondary isotope effects, we ex-
pect that [D, 'N]-2 partitions to give [D, '>N]-4 and [D]-4
in the same ratio as ['°N]-2 gives [!"N]-4 and 4. However, the
observed amount of [D]-4 exceeds by far that expected from
[D,'*N]-2. There must be another source of [D]-4, most
probably the carbene 8.13

Alkylidenecarbenes (8) are known to intervene in the
base-catalyzed decomposition of nitrosooxazolidones (1), and
have been trapped by addition to alkenes.'-'# Although addition
of carbenes to anions has not received much attention, the re-
versible reaction of dihalocarbenes with halide ions'> may be
cited as an example. The high deuterium content of vinyl ether
6 (Table 11, cf. ref 1 and 2) suggests that 6 derives largely from
the carbene 8. In the formation of vinyl azide 4, the carbene
reaction increases with increasing concentration of base at the
expense of azo coupling.

The intermediacy of 8 is supported by the reaction of 2-
methyl-1-propenyl triflate (9) with potassium tert-butoxide
and lithium azide in dimethyl sulfoxide which produced vinyl
azide 4a and vinyl ether 10 in a 1:1 ratio, albeit in low yield
(Scheme 1V). Stang has shown that treatment of 9 with po-
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tassium fert-butoxide generates carbene 8 which may be
trapped by addition to alkenes.'®

Additional support comes from a comparison of 1 with
4,5,5-trimethyl-/V-nitrosooxazolidone (11) (Scheme V). Al-
though the yields of vinyl derivatives from trisubstituted ni-
trosooxazolidones are notoriously low,> recovery of a 5N label
from ['SNO]-11 in vinyl azide 13 is informative (Table I11).
The greater stability of vinyl cation 14 (as compared to §)
promotes loss of nitrogen from diazonium ions 12 and de-
creases the amount of azo coupling. The fraction of [I1°N]-13
is further diminished by addition of lithium perchlorate and,
less strongly, by increasing the concentration of lithium azide
(salt effect). Addition of lithium methoxide, however, does not
affect the retention of 15N (even a slight increase is found) as
12 cannot form a carbene.

We conclude that vinyl azides can arise from vinyldiazonium
ions via pentazenes (azo coupling), vinyl cations, and alkyli-
dene carbenes. The relative contributions of these mechanistic
pathways may be influenced in a predictable manner by the
choice of reaction conditions and by structural variations.

Acknowledgment. We are grateful to Dr. Dietrich Miiller
for mass spectrometric analyses of the vinyl azides.
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Biosynthetic Origin of the C, Units of Geldanamycin
and Distribution of Label from D-{6-'3C]Glucose!-?
Sir:

Considerable interest has been evidenced recently in the
biosynthesis of the ansamycin antibiotics, which are both active
antibacterial agents and potent inhibitors of reverse trascrip-
tase.? The aliphatic ansa ring carbons of rifamycin S,* strep-
tovaricin D, and geldanamycin? have been shown to be derived
mainly from propionate (Figure 1),* while the biogenetic C,
units in the ansa chains of streptovaricin D*-® and rifamycin
S#:b have been shown to be derived from acetate or malonate.
Recently, White and co-workers** showed that part of the
naphthoquinone ring of rifamycin S is derived from acetate
(or malonate) and propionate (as is part of the naphthoquinone
methide ring of streptovaricin D3.0-7), while the remaining
C5N unit (see Figure 1) is derived from glucose or glycerate
by a shikimate-type pathway (Figure 2).4¢d In the present
communication we present evidence from D-[6-'3C]glucose
administration which provides remarkable insight into the
intermediary metabolism of Streptomyces hygroscopicus,
demonstrating that 21 of the 29 carbons of geldanamycin arise
from C-6 of glucose and, in particular, that the aromatic
(benzoquinone) C7N unit of geldanamycin, like that of ri-
famycin S (and presumably that of streptovaricin D), arises

uc N

‘j .__\ —
: —
'Czr:,O ‘" 0 e Cte CH,— COOH ~ HoCH;~CooM

o cn,o COOH ~"CH—COOH
J/\ ‘ OH
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"C N" "C,N"
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Figure 1. Ansamycin antibiotics and the origin of their carbon skele-
tons.
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