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Abstract—The total systhesis of mosocyclic f-lactam smtibiotics, nocardicies A (1a) sad D (14), is described.
3-Amincoocardicisic acid (3-ANA, ) was sythesized from p-hydroxyphesylglycine vis an acid chioride-imine
Mmmwdﬁmﬁnmuqnﬁmsmnpdma;-

and o -phthalimidobutyrolactone. Acylation of 3-ANA with 13 gave socardicia D, from which

hydroxyacetopbeooae
nocardicia A was obtained by oximatios.

In the iast decade B-lactam antibiotics have received
mmm&mmm
mtmveuummmmnedwhtbnnﬂmu
of various pS-lactam compounds by chemical
Mdmmﬂm«wamﬂy
systhetic approach.’ A variety of monocyclic S-lactams
havemobeummwzedﬁmamwmtdm
. Recently, we have found that nocardicin A
(1a), 3 monocyclic f-lactam antibiotic isolated from a
Nocardia species as a major product, shows relatively
mmwywwmm
incloding Prewdomonas and Proteus.* Less
theumeculumudlemdimhmﬂyolcompounds

“This seems to be due to dilferences in shiciding effects of the
pbeayl and ester groups o the 48- and 4a-protons.’*

reonn Y

B(1d), C(1c), D(14), E(le), A1) and G(lg), all rather
simply varied acyl derivatives of 3-aminonocardicinic
acid (3-ANA, 2) which coastitutes the basic nucleus of
this class of antibiotics.’

In the preceding paper we described the structure
dewmnouofthuem&wucsonthchcmofmﬂ
and chemical evidence.'* We now report the total
synthesis of nocardicin A. This was carried out for the
final confirnmtion of its structure and the establiah-
ment of a synthetic sequence for anslogous compounds.
A minor antibiotic, nocardicin D, is an intermediate in
this synthetic sequence and thus this work also coasti-
tutes the total synthesis of nocardicin D.

In approsching the synthetic problems presented by
nocardicin A (la), we first aimed at the synthesis of
3-ANA (2} in a rather straightforward manner. Up to
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date numerous methods have been devised for the pre-
paration of the patwral pS-lactams and related
compounds. One such route, the cycloaddition reactioa
of acid chlorides and imines, has proven a versatile
method for the synthesis of monocyclic and bicyclic
B-lactams.*

Ose important feature of the 3-ANA molecule
simplifies introduction of the proper configuration at C-3
with respect to C-5. With such goal in mind we examined
the acid chloride-imine method starting with p-hydroxy-
phenylglycine (3). For synthesis of 3-ANA, 3 was first
eonvertedtonethyﬂhwmne‘ufolom.TmMof
3 with beazyl bromide in the presence of the copper ion’
ave the p-benzyloxy derivative 4, which was suc-
cessively converted to methyl ester § by treatment with
MeOH-SOCY,. This ester § was then transformed to
methylthioimine 6 by thioformylation® and subsequeat

p-hmm synthesis with this mthynhmme ¢

sigaed by inspection of theirt NMR spectra. The 4-H signal
of the major product 7 appears as a doublet (J = 2.5 Hz,
trans coupling to 3-H) at § 4.71, whereas the minor
component 8 bas this corresponding doublet at & 5.30
(J =2.5Hz). In view of the fact that in nocardicin serics
the 48-protons always resonate at higher field than the
4a-protons,” the major and minor compounds were
assigned as structure 7 and 8, respectively. The signal for

*To be published.
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dimethylaminopropylamine.© This synthetic sample was
identical with 3-ANA derived from the natural nocardi-
cins in m.p., optical rotation, IR and NMR data.

Having succeeded in the synthesis of the optically
active 3-ANA, we next turmed our attention to the pre-
paration of the side-chain amino acid 12 in its optically
active form. Since nocardicin A (1a) is the oxime deriva-
tive of nocardicin D (1d), we considered that the former
can be derived from the latter by oximation and, accord-
ingly, focused our atteation to the dibasic keto amino
acid 13 as our initial synthetic objective.

One important synthetic operation we had in order to
construct the framework of this acid 13 was the conden-
sation of p-hydroxyglyoxylic acid and D-homoserine.
The most attractive route seemed to be the condensation
reaction of a properly para substituted phesol with a
protected a-aminobutyrolactone. Thus, we examined the
reaction of the sodium salt of p-hydroxyacetophenone

(14) with a-phthalimidobutyrolactone (15) and, after
several attempts, secured 85% yield of the coadensation
product 16.

With the assurance afforded by this favorable finding,
the synthetic problem was imevitably reduced to the
resolution of the racemic product and the oxidation of
the Me group of its acetyl function to the carboxyl
group. After conversion of the phthaloyl protective
group to the more easily removable t-butoxycarboayl
group by hydrolysis, foliowed by treatment with 24-
butoxycarbonyloxyimino-2-phenylacetonitrile  (BOC-
ON)" in 679% overall yield, the resniting acid 18 was

“This is a modification of the method described in Ref. 11.

resolved into d-acid 19 (als + 8.1°) and /-acid 28 ({a), -
&l?bynmmcbonﬂne(m:ndsmyﬂd.m
tively).

The identification of the stereostructures, d-acid 19
was cosverted to d-keto acid 13 by a four-step process:
wbyhnonoll‘lpvemthylwﬂmmw.

oxidation of 21 yielded the protected keto acid 22 in
mmyﬂd. hydrolysis of 22 with 0.15 N NaOH aad
subsequent 1| N HCI hydrolysis gave keto acid 13. This

prodoct n.: shown to be idwial with the natural
Mmgcdu.mnnnedwthewoblemofm

ANA obtained by trestment with bis(trimethyl
silyDacetamide, resulting in 61% yield of the conden-
sation product 23 as a crude oll. Without purification, 23
was thea subjocted to hydrolysis with a limited amount
N‘ NaOH, followed by treatment  with

fmal step i
(1a) was the xmnouoltheCOminmﬁchD.
In view of the fact that pocardicins are relatively stabie

under alkaline conditions in comparison with other
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bicyclic S-lactams, the direct oximation of mocandicin D
with hydroxylamine was examined, eventually resulting
in 60% yield of nocardicin A. This synthetic sample was
shown to be identical with the natural nocardicin A in
m.p., optical rotation, IR and NMR data,

The use of this synthesis for the preparation of analo-
gous compounds will be reported in the near future.

. Optical
medoaalASCOD!P\Qme For
columa chromatography sitica gel 60 (Merck) was used. Tk was
carried out om silica gel 60 F-254 precosted plates (Merck):
vissalization was with UV light or iodine vapor.

2 N NoOH (150 ml) was added 3 soln of CuSO,SHLO (3753,
0.15 mole) in H:0 (600 mi) with vigorous stivieg. The mixtore

coloriess inc solid, which was fitered off and washed with
H0 to give 40.0 g (52.6%) of 4: m.p. 225-8°. An analytical sample
wa from AcOH: m.p. 158" (dec):

prepared by recrystallization :mp.
(a]., -55%c =03, 01N NoOHl (and' C 69.95; H. 578 N,
.8

—

cb-!m‘(c-ll.mm (Fotnd C. 1102 R,
9C.Jan;Nm C. 70.83; H, 632; N, 5.16%).
a-

R}
llatyl D - a - (methylthiclmino) - p

Wm
6. Toas soh of $ (59, 2l.lmnok) m CHChL (120 mi) was

over 100 g of silica gel with CHCI, to give 382 (55.4%) of the
thioformyl derivative of §: m.p. 98°: [aJp — 283* (¢ = 1.1, MeOH);
NMR (CDCl,) 8 3.66 (s, 3H, COOCH,), 5.00 (s, 2H, CH,Ar), 6.05
(d, 1H, 1 =7Hz, CHCOOMe), 8.50 (broad t, 1H, J = 6-THz,
NH), 9.50 (d, 1H, J = 6 Hz, CHS). (Found: C, 64.62; H, 539 N,
4.34. C,HH7O,NS roquires: C, 64.75: H. 5.43; N, 4.44%).

man; N.!nnole)mﬁnohedinm

mgf or 20 be, tienixmmﬂmu!mdmmtodve

oll, which was dissolved in CH,Cl,, washed with H,0, dried
(lcso.)udekuadtoyiddl“; (94.0%) of 6 (0d): NMR
(CDCly) 8 2.40 (s, 3H, SCH,), 3.65 (s, 3H, COOCH,), 5.01 (s, IH,
CHCOOMe or CHSMe), 5.06 (s, 1H, CHSMe or CHCOOMe);
mje 329 (M*).

Reaction of 6 with phthelimidoscetyl chioride. To a stirred
sohol‘(!.”g.l”mk)ucm(?l,(wrﬂ)mnﬁed:wh
of phthimidoscetyl chloride (243g 109mmole) s CHLCh
(10 o) over 10 min at 5°. After 15 mim of stiring, a 20l of EtyN
(§.10g, 10.9 mmole) in CHCl; (10 ;) was added over 40 min st
the same tomp. After the stirving was costiomed for aa ad-
M&lﬁ.hﬁﬂcmwm'ﬁup,
5% HCl aq, H,0, % NaHCO, aq and H,0, dried (MgSo and
Wmmaa&du&hmw
130g of silica gel (CHCh) 1o yicid & pure ol 3.57g, 6¢%). A
NMR (CDCly) spectrum indicated the presence of Tand $in a
ratio of 3:2: for 7, 8 2.14 (s, 3H, SCHy), 3.79 (s, 3H, COOCH)),
471 (d, H, I=25Hz, 4H), 5.0¢ (s, 3H, CHCOOMe, and
CH,Ar). 5.33(d, 1H, J = 25 Hz, 3-H): for 8. 3 1.87 (s, 3H. SCH,).
3.81 (s, 3H, COOCH,), 5.05 (s, 2H, CH,Ar), 530 (s, 2H, 3-H and
4-H). This ofl was used as such in subsequent reactions.

Methyl 3-phthalimidonocardicinate (9). To s soln of the 3:2
mixture of 7 and 8§ (3.00g) in dioxane (100 mi) was added Raney
Ni (20 of) and the mixture was stirred for 3 he at 45-50°. After
removal of the catalyst by fiitration, the Sitrate was concestrated
woder vacumm, 0d the residue was dissolved in AcOEL, washed
with HO, dried (MgSOJ aad evaporsied 0 give a crede ol -
(18g).

This ol was dissolved in a mixtore of MeOH (20 mi) and
AcOH (20 mi) and 10% P4-C (1.0 g) was added. The miixture was
shakes with H; wnder its atmospheric pressure umtil the ab-
sorption of H, was ceased. After removal of the catalyst by
fiitration, the filtrate was concentrated wnder vacuum. The resi-
due was then dissolved ia AcOEL washed with H,0, dried
(MgSO,). evaporsted and chromatographed over 40 g of silica ge!
(CHCly and MeOH (99:1)) to give 0.82 5 (¥7%) of 9 and 10 (3:2).
Recrystallization from EtOH gave 0.225 of % m.p. 203-4°; [a)p
~236° (¢ = 0.025, MeOH); NMR (CDCly) & 3.47 (dd, I1H, J= 25,
6 Hz, 48-H), 3.90 (s, 3H, COOCH,), 3.95 (1, 1H, } = 6 Hz, 4a-H),
499 (dd, 1H, J = 2.5, 6 Hz, 3a-H), 5.7 (s, 1H, $-H). (Found: C,
63.00; H, 4.21; N, 7.31. CyH,(O¢N; requires: C, 63.15; H, 4.2¢;
N, 7.37%). For 19, NMR (CDCly) 8 3.63 (1, 1H, J = 6 Hz, 48-H),
182 (s, JH, COOCH,), 4.10 (d, 1H, I =25, 6 Hz, 4e-H), 537
(dd, tH, I = 2.5, 6 Hz, 38-H), 5.64 (s, IH, 5-H).

3-Phthalimidonocardiciaic acid (11). (a) To a sola of 9 (380 mg,
| mmole) in pyridine (3 mi) was added Lil (400 mg, 3 mmole) and
the mixture was refwxed for 2.5 br. The mixtwre was poared into
ico-water, adjusted to pH 2 with 10% HCl aq and extracted with
AcOBL The extract was washed with H;0, dired (MgS0,), and
evaporated to give a crystalline solid, which was filered and
washed with AcOE!, yielding 0315 (80%) of 11: m.p. 202-3°
(dec); [alp - 301° (¢ = 0.6, MeOH); NMR (DMSO-d) 8 3.47 (dd,
1H, I =2, SHz 48-H), 3.06 (1, 1H, J = S Hz, 4a-H), $.39 (dd, IH,
J=2, SHz, Ja-H), 539 (s, IH, 5-H), 7.07 (ABq, 4H, J =3 Hz,
sromatic Hs), 7.57 (droad s, 4H, sromatic Hs). (Fouad: C, 62.40;
H, 3.88; N, 7.43. C,yH,/ON, requires: C, 62.29; H, 3.85; N,
7.65%).

(b) 3-ANA (236 mg, | mmnole), derived from nocardicis A, was
dissolved in HO (10mi) costaining NaHCO; (250 mg,
2.98 mmole) and acetone (10ml) was added. To this solo was
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added a wolstion of N-othoxycarbomylphthalimide (265 mg,
1.2 mmole) in acetoae (5 mi) at 5°, and the mixture was stirred for
1 e ot the same temp. and thes for 1.5 br at room temp. Acetoae
was evaporaiod under vacumm and the resulting aqueows sols
was washed with AcOEL The agueous layer was then acidified to
pnzm:ogmqummawmmm

crystalfine solid, which was washed with AcOE!, giving 520 mg
of 11: mp. 202-3° (dec); [alp - 296" (¢ = 0.6, MeOH). Jdentifhed
with the synthetic sample by comparisos of the IR and NMR
spectra.

3-Aminonocenrdicinic scid (2). To a suspension of 11 (366 mg.
1 mmole) in MeOH (6 mi) was added Et;N (202 mg, 2 mesole) and
N, N-dimcthylamisopropylamine (240 mg, 2.2 menole} &t §° and
the resulting soln was stirred for 24 be at room temp. The mizture
was evaporsted under vacuum and the residue was dissolved in
50% aqueous MoOHR (20 mi). To this solution was added Am-
bertite IRC-50 resia (H* form) at $° in order 1o adjest the pH to
6.0. After removal of the resin, the solvent was evaporsted to
give & crystaliine solid, which was Sitered off and washed with
EtOH, yielding 140 mg (60%) of 2: m.p. 194-9" (dec). An asaly-
tical sampic was prepared by washing with MeOH: m.p. 207-9°
(dec); [a)p - 241° (¢ = 0.9, 0.1 N NaHCO,). (Foumd: C, 55.69; H,
‘.“; N, 1158 Cu“noth mi C, 5593, H, S N,
11.36%). The IR and NMR spectra were idestical with thoee of
3ANA (mp. 19200 (dec), [alo ~252° (c=11, 0.1 N
NaHCO,)) derived from the satural socardicins.

d - 4 - (4 - Acetylphenoxy) - 2 - phihalimidobutyric ecid
(16). p-Hydroxyactophenone (21.2g, 0.156 mole) was dissolved
in diglyme (600 l) and treated with 0% NaH (oil dispersion,
6.25 g, 0.13 mole) for 30 mén at room temp. Then a-phihalicrido-
butyrolactose (30.0g, 0.13 mole) was added in ose portion and
the mixtore was refuxed for 6 be. After cooling, the solveat was
evaporated uader vacunm sad the residue was dissolved in H,0,
washed with AcOEt, acidified with 10% HC! aq and extracte
with AcOEL The orgamic hayer was then extracted with sal
NaHCO, aq and the aqueous layer was acidified with 10% HCl
aq and extracted with AcOEL The extract was dried (MgSO,)
and evaporsted to give 40.5 g (85.0%) of 16 as a crystalline sobid;
m.p. 164-6° (dec); IR (Nujol) 1780 and 1745 (phtbalimido CO),
1720 (COOH), 1650 {scetyl CO) cm™'; NMR (DMSO-dy) 8 2.50
(s. 3H, COCH,), 267 (m, 2H. 3-CH,), 417 (¢, 2H, J=6Hz,
4CH,), 507 (1, IH, J=7Hz, 2-CH), 133 (ABq, 4H, J=9Hz,
aromatic Hs), 7.73 (s, 4H, aromatic Hs). (Found: C, 65.18; H,
4.74; N, 384, CogH ;ON requires: C, 65.39; H, 4.66; N, 1.81%).

dl - 4- (4 - Acaylphenozy) - 2 - aminobutyric acid (17). To a
suspension of 16 (40.0g) in AcOH (130 ml) was added 6 N HCI
(600 mi), and the mixture was refluxed for 2.5 hr. After cooling,
the ppt was removed by Ritration and the filrate was evaporated
to dryness. The residue was dissolved in H O, treated with active
charcosd and filiered. The Sitrate was newtralized 1o pH 4 with
30% NHOH aq and the resuiting crystailive solid was filtered
and washed with H,O to give 209g (81%) of 17: mp. 1934
{dec); IR (Nujol) 1660 (acetyl CO), 1600 (COO”) cm™'; NMR
{D;0-NoOD) & 114 (m, 2H, 3-CHy), 355 (dd, IH, I =6, 8Hz,
2CH), 417 (¢, 2H, I =6 Hz, 4CHy). 733 (ABq, 4H, } =9 H2,
aromatic Hs). (Fouad: C, 60.59; H, 6.43; N, 5.79. C,H\;ON
requires: C, 60.75; H, 6.37; N, 5.90%).

dl - 4 - (4 - Acetylphenoxy) - 2 - (1 - butoxycarbonyiaming)
butyric acid (18). To a mixture of 17 (20.2 g, 85 mmole) and Et,N
(1293, 128 mmole) in 50% aqueous dioxane (200 mi) was added
2-t-butoxycarbonylox yimino-2-phenytacetoaitrile (BOC-ON,
23.0g, 93.5 mmole), and the mixture was stirred for 2 hr at room
temp. The mixture, after removal of dioxane under vacunm, was
washed with AcOEt, acidified (pH 2) with 10% HCl aq and
extracted with AcOEL The extract was washed with H,0, dried
(MgSO,) and evaporated to give 23.8 g (83.0%) of 18 as & crystal-
MMMMMM"M”W
from ether ether: m.p. 100-1* (dec); IR (Nujol} 1730
(COOH), 1690 (NHCOOBu-t), 1640 (acetyl CO) cm™'; NMR
(CDCY,) & 1.43 (s, SH, COOC(CH;h), 2.37 (m, 2H, 3.CHy, 2.52
(s, 3JH, COCHy), 4.15 (t, 2H, J=6Hz, 4CHy), 452 (m, IH,
1-CH), 7.40 (ABq, 4H, ] » 9 Hz, aromatic Hs). (Fowod: C, 60.49;
?.S;& N, 4.18. C,HyON requires: C, 60.52; H, 687; N,
.15%).

k7o)

Repolution of 18. d-Acid 18 (2566g 007 mole) and
(22405, 0.07% molo) wers dissotved in bot aceso-
ﬁwmumunm»uwm
resulting crystals were filtered and further recrystaflized four
mmm»mm;w&n;ouwa
cinchomidine sali: mp. 1447 (dec); [alp ~64.1° (c =22,
MeOH). The mother liquor was conceatrated 1o abowt 300 o aad
allowed (0 stand overaight. The crystals were fhiered off and
WWMMMw&mmnlg
(46.7%) of D-acid 19 cinchomidine salt: m.p. 130-3° (dec); [alo
~T1.5° {c = 2.0, MoOH).

p-Acid 19 cinchonidine salt (10.0 g) was dissolved in CHCly and
washed twice with 5% HCl aq. The organic layer was dried
(MgS0, aad cvaporated 10 sa oil, which was crystaltized from
ether-isopropy! ether to give 4.60g (3% from #-acid 18) of
pacid 19: mp. 90-2*; [a)y + 18.3° (c = 2.0, McOH). (Fousd: C,
60.30; H, 6.97; N, 4.14. CyHpyON requires: C, 60.52: H,687: N,
4.15%).

L-Acid 28 cischoaidine salt (11.0g) was treated as for D-acid 19
to give 5705 (51% from dl-acid 18) of L-acid 2 mp. 90-2*; [ako
~81° (¢ =20, MeOH). (Found: C, 60.59; H, 7.03; N, 419

Ci/HpON requires: C, 60.52; H, 6.87; N, 4.15%).

Mehyl D - 4 - (4 - ) - 2 - (t - butoxycarbonyl-
amino) butyrate (21). A sola of 19 (2.10) g) in AcOE! (45 ml) was
uwdw&wmnS‘utﬂl’mde
on te. After removal of the solvent, the residue was
from ¢ ether to give 2.02g of 21 mp. 81-2°; [a)o+ 182
{c = 1.9, MeOH); IR (Nxjol) 3390 (NH), 1740 (COOMe), 1710
(NHCOOBu-t), 1680 {acetyl CO) cm™'; NMR (CDCly) & 1.43 (s,
9H, COOC(CHy)y), 2.30 (m, 2H, 3-CHy), 2.53 (s, 3H. COCH,),
3.73 (s, 3H, COOCH,), 4.12 (t, 2H, J = § Hz, 4-H), 4.50 (m, IH,
2-H), 532 (d, 1H, J=8Hz, NH), 740 (ABq, 4H, J=9Hz,
aromatic Hs). (Found: C, 61.33; H, 7.22; N, 1.97. C,H:ON
requires: C, 61.52: H. 7.17; N, 1.99%).
p-{D-3-1- Butoxycarbonylaming - 3 - methoxycarbonyipropoxy)

acid (12). To s sols of 21 (0. g) in pyridine
(10 ) was added SeO, (0.50 g) and the mixture was stired for
Sbr at 80°. After removad of pyridine, the residue was dissolved
in 5% NaHCO, aq and filtered. The filtrate was washed witk
AcOEt, acidiflied (pH 2) with 5% HC! aq and extracted with
AcOEL The extract was dried (MgSO,) and evaporaied to give 22
as an oil: NMR (CDCl) 8 1.46 (s, 9H, COOC(CH;)y), 2.36 (m,
2H, 2CH,), 380 (s, 3H, COOCH,), 4.18 (t, 2H, I=6Hy,
1-CH,), 4.52 (m, 2H, 3-H), 5.46 (d, 1H, ] = 8 Hz, NH), 7.58 (ABq,
4H, J = 9Hz, arommatic Hs); s/e 336 (M* -4S5).
p<{D-3-Amino-3-carboxypropoxy) phesyigivoxylic acd (13). To
a stirred sola of 22 (0.40¢) in MeOH (5 mi) was added 0.15N
NaOH (S mi) and the stirring was continued for 30 min al room
temp. The mixture was acidified (pH 2) with 5% HCl aq and
extracted wtih AcOEL The extract was dried (MgSOJ and
evaporated to give an od (0.40 g), which was dissolved in McOH
{Sml) and | N HCI (5 i) was added. The mixture was stirred for
2 at room temp. and further refluxed for 20 min. After cooling,
the mixture was adjusted to pH 2.5 with | N NaOH (Sml) 0
separaie & crystaliine sobid, which was filtered off and washed
with HyO to give 0.18g of 13: m.p. 185-T° (dec); [a}p ~15.3*
(¢ = 27, t N NaOH); IR (Nujol) 1740 (COOH), 1633 (CO), 1600
(COO') co'. (Fouad: C, 53.83; H, 4.96; N, 5.20, C;H ,ON
requires: C, 53.93; H, 4.90; N, 5.24%). The m.p., IR and optical
rotation were identical with those of the sampie derived from the
natwral nocardicin A.“

Acylation of 3-ANA (2) with 3. To » suspeasion of 22 (1.15 g,
Bnmok)lnCH;Cl,(IOd)maddedBl,N(Olh.}mmoie)md
N, N-dimethylbeazylamine (two drops). The resulting soin was
cooled to ~60°, and a soln of ethyl chioroformate (0.33g,
3 mmscle) in CH,Ch, (3 ml) was added dropwise. After stirring {or
1 br at - 40, the mixture was again cooled %0 - 70" and » soln of
3-ANA silyl ester, pupuudfmn}-ANA (0.71 g, 3 mmole) and
bis(trimethyhsilyDacetamide (1.83 g) in CHCl {15 mi) comtaining
DMF (0.5 mi) by stirring for 2hr at room temp., was added all &t
m‘l)emmmm:dfa!ﬂmnthemzwm
thea for 2be' st - 30". The mixture was poursd iato ice-water and
the aqueous layer was brought to pH 8 with 5% NaHCO, s
After removal of the orgamic layer, the aqueous layer was
acidified to pH 2 with $% HCl aq aad extracted with AcOEL The
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extract was washed with H,0, dried (MgSO,) and evaporased 1o
give an o, which was powderod with isopropyl ether, yiciding
l.lO.dp(MmemmMyMb&
mext reactios.

Nocenrdicin 0 (14). To a soln of 23 (1.00¢) in MeOH (10 mi)
was added dropwise | N NaOH (7 mi) at 07, during which time
the pH was kopt at 9.5-10. The time required was S hr usti 23
was disappeared on tic. The mixtwre was scutralized to pH 8
with | N HCl and washed with ACOEL The aqgueous layer was
thea acidified to pH 2 with | N HQl aad extracted with AcOEL
The extract was washed with H,0, dried (MgSO) aad
evaporated to give 1.00 g of a crode od. This od was i
benzene (15 mi) and anisole (1 mi) was added. To this mixture
was added triflsoroacetic acid (Smi) ot 5° and the wae
stirred for 2br at the same tomp. Ether was added aad the
resultiog ppt was collected 10 give a crude powder, which was
dissolved in H,0 (20 ml) and adjusted to pH 3 with 5% NaHCO,
8q t0 separate a crystallime solid. This solid was
washed with H;O to give 0.62g of 1d. An amalytical sacple
prepared as foBows. To a suspession of the crude solid in H,0
was added 1 N NaOH aad the pH was brought to 8. The
sola was treated with active charcoal and fitered. The Sltrate
was acidiied to pH 3 with 1| N HCl to separate a crystalline solid,
which was filtered off and washed with H;0: m.p. 232-6° (dec);
el - 192° (c = 1.1, 1% NaHCO,). (Fowod: C, 55.60; H, 4.70; N,
8.46. CyHyOWN;: 1/2H,0 requires: C, 55.87; H. 4.90; N, 8.50%).
The m.p., optical rotation, IR and NMR spectra were identical
with those of the oatwral nocardicia D.*

Nocardicia A (1a). To a suspeasion of socasdicia D (0.50g) in
H;0 (10 ml) was added hydroxylamine bydrochioride (0.15 g) and
adjested to pH 7.0 by adding NaHCO,. The resniting soln was
stirred for 1 hr at 50°. The mixture was adjssted to pH 1.5 with
$% HCl aq and treated with active charcoal. After filtratioo, the
fiitrate was conceatrated 0 about S ml. On standing a crystaliine
H;O to give 0.31 g of 1a: m.p. 215-7° (dec); [alp —150° (¢ = 1.0,
196 NaHCO,). (Fownd: C, 53.03; H, 4.86; N, 10.51. CpHOuN,.
H,0 requires: C, 53.28; H, 5.05; N, 10.81%). The m.p., optical
rotation, IR and NMR spectra were ideotical with those of the
aatural nocardicia A (falp - 146° (c = 1.0, 1% NaHCOy).*

i

'For recest reviews oa the structore-activity relatioaships in
A-lactam antibiotics, see ¢g “E. T. Goada and J. Cs. Joaz-
berenyi, Prog. Med Chem. 14, 181 (1977), *M. L. Sassiver and
A. Lewis, Stracture-Activity Relationships Amonrg the
Semisynthetic Antiblotics (Bdited by D. Periman) pp. §7-160.
Academic Press, New York (1977), ‘). A. Webber and J. L. Ott.
Did pp. 161-237.

For recent reviews oa the chemistry of S-lactam astibiotics,
sce, e.g. “P. G. Sammes, Tetrahedron %, 113 (1976); *B. G.
Christensen and R. W. Rascliffe, Ama. Reports Med Chem. 11,
271 (1976); ‘M. Hashimono and T. Kamiya, Japanese J. Anti-
’::t.(h English), 3, S-218 (1977).
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(1973); and refs. therein.
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A, K. Bose, M. S. Manbas, J. C. Kapur, S. D. Sharma and S. G.
Amin, J. Med. Chem. 17, 541 (1974); and refs. therein.
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