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Abstract.- I-Phcnyl-1-( I-benzyl-I H-tetrazol-5-yl)hydrazine has been synthesised from N’benzyloxycar- 
bonyl-N2-phenylhydrazide and benzyl isothiocyanate. Coupling with N-(benzyloxycarbonyl~L-serine 
3,4-dihydro-4-oxo-l,2,3-knzotriazin-3-yI ester and cyclisation of the product, using triphenyl phosphine 
and dimethyl azodicarbxylate. gave a fully protected p-lactam. Hydrogenolytic deprotection and 
acylation gave the title compounds. which are related to Nocardicin A. Fast atom bombardment mass 
spectra showed (M + H)’ peaks for all the /?-lactams studied. 

Our interest in the synthesis of the title compounds to rule out the possible selective reaction of IV with 
(I) arose from investigations of the properties of a a 5-bromotetrazole as a route to 1. However, IV could 
new class of antibacterial agents, the phosphono- be cyclised to /I-lactam V in 50% yield in a modified 
peptides.’ Mitsunobu reaction using triphenyl phosphine and 

(II) Nocardicin A 

One compound, alafosfalin, L-alanyl-t- 1 -amino- 
ethylphosphonic acid, exhibited antibacterial syn- 
ergy, in vitro and in cil;o when used in combination 
with ampicillin, meciltinam and cephalexin2 Another 
phosphonopeptide, t_-norvalyk- I-aminoethylphos- 
phonic acid, showed different antibacterial synergy in 
combination with Nocardicin A.t Total synthesis of 
simplified variants of Nocardicin A (II) was therefore 
initiated and our work in the tetrazole series (I) is 
reported herein. 

Although N-benzyloxycarbonyk-serine (III) 
reacted with phenylhydrazine in the presence 
of N-ethoxycarbonyl-2-ethoxy- I .2-dihydroquinoline 
(EEDQ) to give IV in 85% yield, further reaction with 
ethyl chloroformate was not selective. This appeared 
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dimethyl azodicarboxylate.J (The dimethyl ester was 
used so that the dimethyl hydrazodicarboxylate by- 
product could be washed out by water-solvent par- 
tition.) Unfortunately neither ethyl chloroformate 

NCOOMe 

(IV) + Ph3P + 11 
NCOOMe 
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p 
N 

0 'NHPh 

(v> 

nor cyanogen bromide reacted with V to substitute 
the nitrogen atom. Similarly, the anisyl analogue of 
V also failed to react with ethyl chloroformate. 

In an alternative approach, I-benzyl-S-bromotet- 
razole (VI) was synthesised by a literature method. 
Compound VI reacted with benzylamine to give 
I-benzyl-5benzylaminotetrazole (VII) in 83% yield, 
but with aniline only 9% of VIII was obtained. There 
was no reaction between benzaldehyde phenyl- 
hydrazone and VI to give desired intermediate IX. 
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Construction of the required I-benzyl-$-phenyl- 
hydrazino tetrazole (X) from the 5-anilino-l- 
benzyltetrazole (VIII) was attempted as follows. 
Firstly, synthesis of VIII from aniline was accom- 
plished in 77% overall yield from XI. 

ArNH2 + PhCH2NCS --9 ArNHCSNHCHJ’h 
(XI) 

B ArN=y-NHCH2Ph 
- ArN=rmCH2Ph 

SMe -2 

_ FhCH2NH~-II-~-Ph 

N N 

A , 
(VIII) 

--yp 

(XII > 

Analogous synthesis from Qanisidine gave 5-(4- 
methoxyphenylj-amino-l-benzyl tetrazole (XIII) in 
72% overall yield. 

Attempted nitrosations of VIII gave only com- 
pounds nitrated in the aromatic ring, i.e. 5-(S-nitro- 
phenyl)amino- 1 -benzyl tetrazole and 5-(2-nitro- 
phenyl)amino- 1 -benzyl tetrazole. Nitrosation of XIII 
gave only 5-(4-methoxy-2ktrophenyl)amino- l- 
knzyl tetrazoIe. 

Modification of the above improved route to VIII 
finally led to the desired X as shown in Fig. 1. 

He0 (XIII) 

N’-Benzyloxycarbonyl-N2-phenylhydrazide was 
reacted with benzyl isothiocyanate to give a near 
quantitative yield of XIV. Conversion to the methi- 
cdide XV (98%) and subsequent one-pot reactions 
XV-+XVI+XXVII+XVIII gave 72% of XVIII over- 
all. Deprotection of XVIII with HBr/AcOH gave 
81% of X as the hydrobromide. The product X was 
further character&d with Ctolualdehyde to give 
XIX. 

Yh 
CH=N4V1(TJ-CH2Ph MIX) 

N /N 
'N' 

Ph 

PhCHZOCONH-NH + PhCH2NCS 

f”” 
PhCH20CONH-N-CS-NHCH2Ph 

Ph 

PhCH,OCONH-t+NCH2Ph 

SMe.HI 

(XIV3 

mv1~ 

OVII 1 

1 
Ph 

PhCH20CON&- N-CH2Ph 

ii A 

(XVIII) 

NN// 

& 

Yh 
H2N-N-E - y3p (X) 

N 
\,+ 

N 

Fig. I. Synthesis of 1 -phenyl- 1-I 1 -bemyl- 1 H-tctrazol-5-y& 
hydrazine (X). 

Attempts to acylate X with N-benzyloxycarbonyl- 
L-serine (III) and N-ethoxycarbonyl-2-ethoxy-1, 
2dihydroquinoline (EEDQ) or dicyclohexylcarbodi- 
imide and hydroxybenztriazole failed due to poor 
reactivity of the amino group, and the amino acid 
derivative was lost in side reactions. The conventional 
aDDroach to solve rtoor reactivitv moMems is to use 
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OH-protected serine to avoid side-reactions be- 
coming predominant. The t-butyl ether was therefore 
prepared by the route III+XX+XXI+XXII. 
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Condensation of XXII with X in the presence of 
carbonyl di-imidazole was slow at room temperature 
but more satisfactory at elevated temperatures. Thus 
XXIII was obtained in yields of 48% (7 days at 43”) 

CH o-t-Bu I 2 P” 
PhCH20CONHCHCONH- N-i- I;I-CH2Ph (XXISI) 

and 65% (63 hr at 82”). The mixed anhydride of XXII 
with diethyl phosphate was formed by reaction of a 
salt with diethyl phosphorobromidate. This was more 
reactive and gave 51% of XXIII after 2 days at room 
temperature. Deprotection of XXIII with 
trifluoroacetic acid proceeded poorly, and only 25% 
of XXIV was obtained pXII+XXIV only 16% 
overall]. 
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Literature searches revealed that active esters of 
type XXV had been prepared4 during studies on 
additives as racemisation inhibitors in dicyclohexyl- 
carbodi-imide (DCC) condensation of CO and NH, 

groups. They exhibited high m frequencies at 
1810-1815cm-’ and were said to be stable to OH 
groups. In fact, the serine derivative XXVI was 
described, though not examined in detail. The re- 

(XXVI) 

quired heterocycle was readily prepared by the lit 
route4 and was reacted with III and DCC to give 
XXVI in 89% yield, which had the previously re- 
ported properties.4 Reaction of XXVI with X then 
gave XXIV in 60-70x yield after 24 hr at 42”. 

Cyclisation of XXIV in the previously described 
adaptation (IV+V) of the Mitsunobu reaction3 gave 
the fully protected /?-lactam (XXVII). On catalytic 

(XXIV) + Ph3P + NCOOMe 

&Me 

1 

hydrogenolysis, XXVII was rapidly 0-debenzylated 
to XXVIII as expected. However, significant N- 
debenzylation to XXIX had also taken place before 

H2No&;,N _o 
I 
E -N-CH2Ph (XXVIII) 

N 
\*// 

A 

all the XXVII had reacted. Coupling of this mixture 
with N-benzyloxycarbonyl+norvaline gave (mainly) 
a difficult to purify, fully protected, j?-lactam. 
Acidification to pH 3 of the bicarbonate extract of 
this material gave, as a white solid, substantially pure 
XXX (Fig. 2). Overnight catalytic hydrogenation of 
XXVII in methanol, with fresh catalyst after 6 hr, 
gave fully deprotected fl-lactam XXIX as the sole 
product. This material was then coupled with amino 
acid side chains by the free acid and active ester 
routes as shown in Fig. 2. 

Attachment of a 2-aminothiazolyl side chain such 
as that found in cefotaxime and ceftriaxon to XXIX 
was achieved by the thiol ester routes as shown in Fig. 
3. fi-lactams (XXIX-XXXIII) and XXXV were all 
solids which could not be crystallised. The IR spectra 
showed characteristic fl-lactam CO absorptions in 
the range 1770-1800 cm-‘. The ‘H NMR spectra also 
showed characteristic /I-lactam resonances. In order 
to confirm the molecular formula, in some cases, 
mass spectral data was sought. Electron impact mass 
spectra were largely uninformative and no mole ions 
were seen. However, fast atom bombardment mass 
spectrometfl gave (M + H) + ions for all these 
/I-lactams along with recognisable fragmentation 
patterns in most cases (e.g. Fig. 4). Accurate mass 
determinations of these ions led to confirmation of 
molecular compositions where needed. 
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washed with water and dried to give 0.16g (Crop 1) of 
XXXV, m-p. cu 225-235” (dec); v_ (KBr disc) 1786 cm - ‘; 
[u# - 10.9” (c =0.2x, MeOH). Concentration of the 
filtrate gave a further 0.09Og of XXXV, m.p. 217-235” 
(dec). Attempts to further purify XXXV by recrystallisation, 
preparation of dicyclohexylamine salt, or a Na salt, all 
failed. A sample of XXXV (50mg) was slur&d overnight 
with a mixture of water (5 ml) and EtOH (0.05 ml). EtOH 
(0.2 ml) was added and the mixture was stirred for a further 
3 hr and filtered to give 0.030 g of XXXV, m.p. cu 235” 
(dec). (Found: C, 45.5; H, 4.2; N, 30.7. C,,H,,N,,O$ 
requires: C, 44.9; H, 3.8; N, 32.7”/,.) m/e (FAB) 429 
(M+H)+,m~e429.1179,(C,,H,,N,,,O,S=429.1206.640/,), 
m/e (FAB) 126 (C,H,N,S), mle 126.0130, 
(C,H,N$ = 126.0126, looo/,). v,, (KBr disc) 1782cm- 
(j3-lactam); [a@ - 12.5” (c = 0.2x, MeOH). b ‘H NMR 
{CD,OD) co 3.95 (IH, m, H-4) 3.98 (3H, s, OCH,), 4.12 
(IH. t (dd), J = 5.5 Hz, I&4), 5.08 (IH. dd, J = 3.0, 5.6Hz, 
F&3), 6.88 (IH, s, thiazolyl ring), 7.2s7.70 (SH, m, Ph). 
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