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(6) Rl= xz) . R2=2-E-indclylethylamino
2 (7) Rl=-CHO, R2=2-B-indolylethylamino

R” COzEt
1) R=H, X=-O(CH2)2O-, Y=H2
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(8) Ry=Et, Ry=CO,Et, Ry=H, X=0 (14) R=CO,Et, %=0
(9) R1=C02Et, RE'Et, R3=H, X=0 (13) R=CH20H, X=H2
(10) RliEt, R2=CH20H, R3=", X=H2 (16) R'COEH, X=0
1 R1=CH20H, szEt, RJ'H' X=H2 (17) R=CH20H, X=0

(

(
(12) RlicozEt, R2=Et, R3=SPh, X=0 18) R‘CHEOSi (Me)3, X=H2
(

13) Ry=CO,Et, R,=Et, R3=S5(0)Ph, X=0

2

na N ]
J15
. QWO
R COxMe
(19) 14,13-dihydro (21) R=H, 14,15-dihydro (23)
(20) 14,15~dehydro (22) R=CN, l4,15-dehydro

sponding amino alcohol 11 (mp 219-221°, ir (Nujol) 3320
em~1; NMR (CDCl; + MexSO-dg) (6) 0.83 (3 H,t,J =7.0
Hz)) in 98% yield. The a-ethyl amino alcohol 10 was converted
(CH3S0,Cl-pyridine, 0°, 3 h) to the mesylate which was re-
fluxed in chloroform for 3 h to give the amorphous quaternary
salt 19,0 NMR (D»O) (8) 0.71 (3 H, t,J = 6.5 Hz), 2.93 (3
H, s), almost quantitatively. Similarly the 3-ethyl isomer 11
afforded the isomeric quaternary salt 19, mp 206-208° dec,
NMR (D;0O) (8) 1.04 (3 H, t, J = 6.8 Hz), 2.90 (3 H, s),
quantitatively. Reduction of both isomeric salts with sodium
in liquid ammonia!® provided dI-quebrachamine (21) in about
80% yield, respectively (total yield 22.3% from 2).
Tabersonine precursor 22 was obtained from S-ethyllactam
9 via ten steps in 13.7% total yield (3.4% from 2). The §-eth-
yllactam 9 was converted (LDA-PhSSPh)!! into the sulfide
12in 91%: mp 166-167°; NMR (CDCls) (6) 6.00 (1 H,d, J
= 8.3 Hz). Oxidation and pyrolysis ((1) MCPBA; (2) toluene,
reflux, 30 min)!? transformed 12 into the a,8-unsaturated
lactam 14 (mp 167-168°; ir (Nujol) 3260, 1720, 1648, 1598
ecm~!; NMR (CDCls) (8) 6.08 (1 H,d,J = 12.0 Hz},6.28 (1
H,dd, J = 12.0,2.0 Hz)) in 95% yield from the sulfide 12 via
the sulfoxide 13. Since LiAlH,4 reduction failed to afford the
desired unsaturated amino alcohol 15 as a major product
(~5%), an alternative five-step method was developed. The
unsaturated lactam 14 was hydrolyzed with potassium hy-
droxide to give the carboxylic acid 16 (mp 179.5-180°; ir
(Nujol) 3400, 3050-2300, 1690, 1620, 1563 cm™!; NMR
(CDCl3) () 6.00(1 H,d,J =12.5Hz),6.48 (1H,d,J =12.5
Hz)) in 95% yield and the latter was converted to the unsatu-
rated lactam alcohol 17 (mp 233-234°; ir (Nujol) 3350, 3240,
1630, 1579 cm™!; NMR (CDCls+ Me>SO-ds) (6) 5.88 (1 H,
d,J=10.5Hz),6.15(1 H,d, J = 10.5 Hz)) by treating with
ethyl chloroformate and triethylamine at room temperature,
followed by NaBHjy in aqueous tetrahydrofuran.!3 The un-
saturated lactam alcohol 17 was silylated (Me3SiCl-Et;N,
20°) to give the silylether 18 which on reduction (LiAlH4,
THF, 0°) yielded the desired unsaturated amino alcohol 15
(mp 201-203.5°; ir (Nujol) 3400-3100 cm™!; NMR (CDCls)
(6)0.92(3H,t,J =7.0Hz),2.00(2H,d,J =9.0Hz), 3.48
(1H,d,J=11.0Hz),3.74 (1H,d,J = 11.0 Hz), 4.55 (1 H,
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t,J =9.0Hz),5.50 (1 H,dd,J =11.0,J = 2.8 Hz), 5.96 (1
H, ddd, J = 11.0, 6.0, J = 3.0 Hz)) in 58% yield from 14.

Conversion of the unsaturated alcohol 15 to the known
quaternary salt 20'4 (mp 261° dec,'> NMR (D;0) (3) 0.67 (3
H,t,J =70Hz),141(2H,q,J =7.0Hz),2.46 (3H,s),5.95
(1H,d,J =100 Hz)) was carried out as its saturated one 11
in quantitative yield. To confirm its formation, according to
Ziegler and co-worker,!4 the salt 20 was transformed into
14,15,16,17-tetrahydroquebrachamine (58.2%) by LiAlH4
and into 16-cyano-14,15-didehydroquebrachamine (22),
(27.4%)'6 by potassium cyanide. Since the latter (22) has been
converted to dl-tabersonine (23),!4 this constitutes an alter-
native synthesis of 23.

The relatively simple sequence described here provides an
efficient route to the non-tryptamine moiety of the Aspidos-
perma type and related indole alkaloids.
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Nocardicin A and B, Novel Monocyclic 8-Lactam
Antibiotics from a Nocardia Species
Sir:

In view of their outstanding antimicrobial activity, the 3-
lactam antibiotics have attracted great interest in recent years.!
In the present communication we report the structure of two
unique monocyclic 8-lactam antibiotics, nocardicin A (1) and
B (2), which are structurally and biologically related to the
penicillins and cephalosporins.

Nocardicin A (1)2 (Cy3H»409Ny, mp 214-216° dec, [a]D
—135.0° (H»0),? pK, 3.2, 4.5, 10.0, 11.6, and 12.7 (poten-
tiometry), positive ninhydrin test) was isolated as a major
component from a strain of Nocardia.* Acetylation of 1 with
Ac0 in MeOH (0°) and subsequent methylation with CH,N
gave the monoacetyl-tetramethyl derivative 3, while acety-
lation of 1 with Ac2O in H>O (pH ca. 9, room temperature),
followed by methylation with CH,N, gave the triacetyl-
dimethyl derivative 4. Hence one amino, two carboxyl, and two
weakly acidic hydroxyl groups are present in 1,

The 'H NMR analysis of 1 (Na salt in D,O) revealed all
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13 14

partial structures. Moiety a is derived on the following grounds:
an AMX5 system is present at 3.14, 3.97, and 5.01 ppm (Jam
=6 Hz, Jax = 2 Hz, Jmx = 5 Hz); proton X is further coupled
to the amide proton when measured in Me>SO-d¢ (N-H, 9.12
ppm, d,J = 8 Hz); and a 8-lactam ir band /KBr) is present at
1730 em™! in 1-Na salt. A 2 H quintet (J = 6 Hz) at 2.39 ppm
coupled to a 2 H triplet (J = 6 Hz) at 4.22 ppmanda 1 H
triplet (J = 6 Hz) at 3.81 ppm5 suggests the presence of the
homoserine unit. Two sets of AB systems centered at 7.07 (4
H,J =9 Hz)and 7.22 ppm (4 H, J = 9 Hz), respectively, in-
dicate the presence of two para substituted aromatic groups,
which are further characterized as being a para alkylated
phenol(p-hydroxyphenylglycine) and a conjugated alkoxy-
phenyl derivative (e.g., partial structure b) from uv data:
AmaxEOH-H20 230 nm (¢, 21000) and 272 (16 000),
AmaxEtOH-0-1 NNaOH 245 nm (¢, 23 500) and 285 (11 300). A
1 H singlet at 5.33 ppm is assigned to the benzylic proton.
These partial structures were further corroborated by the
13C NMR spectrum’ which indicates 3 methylene (30.63 (t),
47.02 (t), and 66.01 ppm (t)), 3 methine (54.17 (d), 54.90 (d),
and 61.58 ppm (d)), and 12 aromatic carbon signals (115.88
(d, two C), 116.54 (d, two C), 123.95 (s), 127.46 (s), 128.68
(d, two C), 131.04 (d, two C), 156.41 (s), 160.53 (s)). The
spectrum shows five additional signals in the downfield region:
four of them, 166.84 (s), 168.54 (s), 174.73 (s), and 176.61
ppm (s), are assigned to carboxyl (two), amide, and 8-lactam

carbonyl groups. The remaining signal at 153.74 ppm (s) is
assignable to the oxime group (partial structure b), which
constitutes one of two weakly acidic hydroxyl functions in 1
(the other being the phenolic hydroxyl).

Hydrogenation of 1 over 10% Pd-C gave an isomeric mix-
ture of amines 5, which supports the presence of an oxime
group in 1. This was further clarified as follows. Treatment of
1 with NaHSO; (80°, 3 h) afforded the keto derivative 6:
AmaxE'PH 300 nm (e, 15 400). On treatment with 1 N HCl
(room temperature), 6 was converted to 7 which was also de-
rived by direct hydrolysis of 1 with 3 N HCI (room tempera-
ture). Reaction of 7 with NH>OH (H,0, 80°) yielded 8, which
was also obtained from 1 by treatment with | N NaOH. This
sequence of reactions establishes the presence of the oxime
group in 1.

The ease of hydrolysis of 1 and 6 described above also shows
the presence of the 8-lactam moiety in 1.

Acid degradation of 1 with 6 N HCI (reflux, 1 h) resulted
in the formation of 9, 10, and 11, which were fully character-
ized by further degradation reactions, Oxime acid 9 was again
hydrolyzed with 6 N HCl (reflux, 1 h) to give 10, which, on
treatment with NH>OH, reverted to 9. Further acid hydrolysis
(6 N HCI, reflux 3 h) of fragment 11 gave, in addition to re-
covered 11, the epimer 12, a8-diaminopropionic acid (HCI
salt) 13, and p-hydroxyphenylglycine (HCI salt) 14. The
geneses of 13 and 14 can be rationalized by the arrows shown
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in structure 11. These chemical data are in full agreement with
structure 1 for nocardicin A.

The absolute configuration of the acylamino group on the
B-lactam ring and the carboxy! group of the p-hydroxyphen-
ylglycine moiety were established to be L and D, respectively,
from optical data of 13, [a]D +20.3° (1 N HCI),8 and 14, [a]D
~80.0° (0.1 N HCl) (54% optical purity).? With regard to the
stereochemistry of the remaining homoserine unit, the benzoic
acid derivative 15, obtained by treatment of 10 with H,O», was
hydrogenated over Pt in 3 N HCI to generate D-a-amino-
butyrolactone (HCl salt), [a] D +29.0 (0.1 N HCI);!° the
absolute configuration of the homoserine part is thus D.

The oxime configuration was established to be syn to the
acylamino group on the following grounds. Nocardicin B (2),
C3H 409Ny, mp 262-264° dec, [a]D —162.0°(H,0),? iso-
lated as a minor product from the same culture, was shown to
be a stereoisomer of 1 at the oxime function; on treatment with
NaHSO;, 2 was also converted to the keto derivative 6. The
TH NMR spectrum of 1 (Me»SO-d¢) shows the amide proton
at 9.12 ppm (as described above), while in 2 it is at 8.81 ppm
(d, J = 8 Hz). This difference in the chemical shift of the amide
protons suggests the presence of an internal hydrogen bonding
between the oxime O and amide H in 1. This is possible only
when the oxime OH is syn to the amide group.!1.12

The structures of nocardicin A and B are hence established
as being 1 and 2, respectively. Nocardicin A is active against
a variety of gram-negative bacteria and shows an especially
high antimicrobial activity against Pseudomonas, while the
activity of nocardicin B is weaker.!3 These antibiotics are
unique in several respects: (1) they are the first examples of
monocyclic B-lactam antibiotics!4 possessing relatively high
potency; (2) they have an oxime function!® whose syn relation
to the acylamino group is favored for antimicrobial activity;
(3) they contain p-hydroxyphenylglycine (two such units)
which is found rarely in nature;'6 (4) their structures are
stereochemically related to the penicillin molecule (carboxyl,
«; acylamino, 8); and (5) similarly to penicillins and ce-
phalosporins, they are enzyme inhibitors in the cell wall bio-
synthesis of bacteria.!l”

Chemical modification of nocardicins and preparation of
new 3-acyl derivatives of 3-aminonocardicinic acid (3-ANA)
16'8 are in progress.
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Spectinomycin Biosynthesis Studied by Carbon Magnetic
Resonance Spectroscopy!
Sir:

We have recently reported? that the biosynthesis of deox-
ystreptamine, the aminocyclitol moiety of neomycin, pro-
ceeds from glucose by a pathway in which [6-13C]D-glucose
labels C-2 of deoxystreptamine and [1-13C]D-glucosamine’
labels C-1 of deoxystreptamine (Figure 1, path b).* More
recently we showed that [6-13C]D-glucose labels C-6 of
streptidine, the substituted aminocyclitol moiety of strep-
tomycin,!® which would agree with earlier reports that {1-
14C]D-glucose labels C-5 of streptidine.’

Thus, the two aminocyclitols deoxystreptamine and
streptidine are biosynthesized by different pathways. A
third aminocyclitol antibiotic, spectinomycin (Figure 2),7-8
which is used clinically in the treatment of gonorrhea, con-
tains a different aminocyclitol unit, actinamine, with simi-
larities to both deoxystreptamine and streptidine. Actinam-
ine does not contain the highly basic guanido groups of
streptidine, but, unlike deoxystreptamine, it contains a hy-
droxyl group at C-2. A priori, then, either (or neither) of
the two biosynthetic pathways might be followed.

No report exists of the precise location of label in the am-

Communications to the Editor



