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Synthesis of L-erythro-B-Hydroxyhistidine
from D-Glucosamine
Sir:

Bleomycin is the generic name for a family of structurally
related antitumor antibiotics elaborated by Streptomyces
verticillus; the compounds are of current interest because of
their clinically useful activity against squamous cell carcinomas
and malignant lymphomas, including Hodgkin’s disease.! As
part of an effort to effect the total synthesis of bleomycin B,
(1),2 we have investigated methods suitable for the preparation
of L-erythro-{3-hydroxyhistidine,? a novel amino acid con-
stituent of the glycopeptide-derived antibiotic.

B-Hydroxyhistidine has been prepared previously by Takita
et al.,* who obtained it in unspecified yield as a 2.5:1 mixture
of the racemic erythro and threo species by treatment of im-
idazole-4-carboxaldehyde’ with copper glycinate in sodium
carbonate solution.® We found that substitution of N-pyru-
vylideneglycinatoaquocopper(I1) dihydrate resulted in better
(70-80%) yields of DL-erythro-3-hydroxyhistidine,” which
could be resolved via the agency of D-amino acid oxidase. The
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product had [@]>’p +35° (¢ 1.34, H,0), lit.# [«]28p +40° (¢
1, H>0). Although this improved procedure provided a
workable route to L-erythro-S-hydroxyhistidine, a more effi-
cient, stereospecific synthesis was sought.
2-Acetamido-2-deoxy-D-mannono-1,4-lactone (2) is a
masked amino acid readily accessible from D-glucosamine.’
Although lactones of this type undergo facile solvolysis,!! it
was possible to effect selective oxidative cleavage of the C-
5-C-6 bond with aqueous NalO4 (1.0 equiv, 4 °C, 50 min) to
afford the desired C-5 aldehyde, convertible directly to 3 after

OR Q
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removal of NalOj or isolable in quantitative yield as a white
solid, mp 148-150 °C dec. In analogy with the work of
Schaffer and Isbell'2® and Inch!2b on the structure of the
species resulting from oxidation of 1,2-O-isopropylidene-
a-D-glucofuranose, this solid was assigned structure §b. Con-
sistent with its formulation as a (reversibly formed) hemiacetal
dimer, the mass spectrum of 5 included a fragment ion at m/e

S oo
o) HN
o OHNG NG §\H\n/
o o
o HO OHN
o

338 (M* — 2H,0); the IR spectrum (KBr) had only a weak
absorption at 2930 cm~! corresponding to an aldehyde group,
and the NMR (Me;SO-ds, MesSi) had a correspondingly
small signal at 6 9.52 (10% of the integration that would have
been expected for 5a), as well as two sets of doublets of unequal
intensity centered at 6 8.17 and 8.26 (NH, J = 9 Hz).10 As
anticipated, though, 5 could also be converted (65% yield) to
the respective 2,4-dinitrophenylhydrazone, which was char-
acterized fully.!?

Conceptually, the conversion 5§ — 3 involves simple solvol-
ysis of the 1,4-lactone and construction of an imidazole uti-
lizing C-4 and C-5 of the carbohydrate. In practice, however,
these transformations proved somewhat more difficult to effect,
since both are ordinarily carried out in the presence of strong
bases and imidazole formation proceeds only at elevated
temperature in the presence of Cu(II);!4 unfortunately both
3 and 5 decompose readily under these conditions. To maxi-
mize the production of 3, and minimize its subsequent de-
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struction, § was dissolved in 6.8 M NH4OAc, which was found
to be capable of effecting solvolysis of the 1,4-lactone at 25 °C,
and then heated (110 °C; 3 h) with 1.0 equiv of Cu(OAc), and
excess HCHO. These conditions were found to be optimal for
the desired transformation. Workup (desalting on Biorex-70,
crystallization from CH;OH-EtOAc) gave N@-acetyl-L-
erythro-3-hydroxyhistidine as a pale green solid (Cu(II)
complex of 3) routinely in about 25% yield, [«@]*’p +28° (¢
0.28, H>0). As 2-acetamido-2-deoxy-D-mannono-1,4-lactones
are known!%112 to epimerize readily at C-2 and to eliminate
water in the presence of amines, and since an authentic sample
of 3 decomposed slowly under the reaction conditions, careful
characterization of the product was deemed necessary. After
removal of Cu(I) (H,S; Dowex 50-X8 (H* form)), the
product was shown to be identical with authentic N*-acetyl-
DL-erythro-3-hydroxyhistidine as judged by paper chroma-
tography in several solvent systems and NMR ((D0, external
Me,Si) 6 2.00 (s, 3), 4.66 (d, 1,J = 6 Hz),528 (d, 1,/ =6
Hz), 7.41 (s, 1), and 8.66 (s, 1)), but not with an authentic
sample of the N-acetylated threo isomer. Comparison with
authentic samples after deacetylation in quantitative yield (1
M HCI, 3 h, 100 °C) demonstrated that the product had the
erythro configuration; [«]?> +36° (¢ 0.96, H2O).

Mechanistically, the formation of 4 must parallel the for-
mation of other imidazoles from the respective a-hydroxyal-
dehydes and ketones. This could involve the well-prece-
dented!>'® Cu(II) oxidation of the a-hydroxyaldehyde derived
from 5 to a dicarbonyl species, the latter of which could form
the respective diimine. Condensation of the diimine with
formaldehyde would then afford 3. Alternatively, after sol-
volysis of 5 in aqueous NH4OAc, the derived hydroxyaldehyde
could react with 2 equiv of NHj to form a vicinal enediamine.
Oxidation of this species before or after condensation with
HCHO could also lead to the formation of 3.1416 As Cu(II)
binds tightly to 3, it is also possible that the metal facilitates
the transformation in a nonoxidative fashion. One may note,
however, that formation of 3 using stoichiometric Cu(OAc);
in the absence of O, such that no Cu(II) was present at the end
of the reaction, had essentially no effect on the yield of 3.

Since the epimers of 4 were less easily accessible from im-
idazole-4-carboxaldehyde, it was also of interest to attempt
their preparation in analogy with the transformations 2 — 3
— 4. 2-Acetamido-2-deoxy-D-glucono-1,4-lactone was pre-
pared as described!!® and utilized for this purpose; its con-
version to D-threo-3-hydroxyhistidine!” was achieved in yields
comparable to those obtained for 4. On the basis of these ex-
periments, it is suggested that 2-acetamido-2-deoxy-1,4-lac-
tones may be of more general utility as convenient starting
materials for the synthetic elaboration of amino acids having
chirality at positions in addition to C=.
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A Facile Synthesis of Substituted
N-Hydroxy-2-azetidinones. A Biogenetic
Type 8-Lactam Synthesis

Sir:

Synthesis of 2-azetidinones 1, the basic structural unit of
the $8-lactam antibiotics, remains the object of considerable
interest, especially because of the recent discovery of unusual,

naturally occurring 8-lactams.! 8-Lactam ring synthesis has
been approached from nearly every conceivable way.?-# For-
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