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Summary: A one step synthesis of 1,4-benzodiazepines from o-haloanilines and
amino acids was achieved by use of palladium catalyzed carbonylation, by
which application a synthesis of the model compounds(23a and 23b) of
Neothramycin (A and B) was described. An efficient chemoselective reduction
of the amide was provided.

We have demonstrated the synthesis of 1,4-benzodiazepines by use of a
palladium-catalyzed carbonylation.1 In this method, the starting material
was prepared from an o-haloaniline derivative and an amino acid. We have
developed a one step synthesis of 1,4-benzodiazepines 3 by use of a
palladium-catalyzed carbonylation from aryl halides 1 and amino acids 2. In
this reaction, if the condensation of o-haloaniline and amino acid proceeds
in preference to the Heck reaction,2 the intermediate should be compound
4(route a). However, if the Heck reaction proceeds first, compound 5 should
be the intermediate of this reaction (route b). We have already obtained
hydantoin derivative 6 from compound 4 by use of palladium catalyzed
carbcmylation.‘Ic In order to make a one-step synthesis of 1,4-
benzodiazepines by use of the palladium-catalyzed carbonylation, the Heck

reaction (route b) should proceed in prior to the condensatlon reaction.
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Thus, a solution of o—bromoaniline(lg), methyl sarcosinate(2a), n—Bu3N and
a catalytic amount of Pd(OAc)z-PPh3 in HMPA was allowed to react under carbon

monoxide(3 atm) at 110° for 3 days to afford a hydantoin derivative 6a in
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27 % yield in addition to a small amount of 1,4-benzodiazepine 3a(Table 1,
Run 1). The desired compound 3a predominanted over the hydantoiHNderivative
6a, when K2CO3 was used as a base instead of n—Bu3N(Run 3 and 4). Methyl N-
methyl-l-phenylalanate(2b) was wused as an amino acid to afford 1l-cyclo-
peptine(3b) in one step, which is the metabolite of P. Cyclopium Westling,3
but the yield was rather low. The reaction of methyl l-prolinate(2c) with o-

iodoaniline(1b) and 2-bromo-4-methoxy~5-tosyloxyaniline(lc) gave pyrrolo-1,4-

benzodiazepines 3¢ and 3d in moderate yields, respectively. Methyl
plpecollnate(3d) afforded compound 3e in a similar manner. These results
indicate that the one step synthesis of 1,4-benzodiazepines was achieved by
use of the palladium catalyzed carbonylation from o-haloaniline and an amino
acid.
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Table 1 Palladium catalyzed carbonylation of o-haloaniline and 2a
Run X Solvent Base 3a 6a
1 Br HMPA n-—Bu3N 11 % 27 %
2 I Xylene n-Bu3N 17 10
3 I Xylene K2C03 33 -
4 I HMPA KZCO3 28 -
H O 0]
co N ~ )\["\Ph
1b + MeQ” N Ph > Ph +
c-NMe P (0Ac),-Ph.P NMe \(NME‘
Hz HMPA 0 .
2b 1-Cyclopeptine (3b) 6b 15%
-~ 16%
TSO:[::]:NHZ
MeO Br
1c
3c 79% 413 3e 18%

Neothramycin(7a and 7b)  was 1solated from a culture filtrate of
Streptomyces No. MC916-C4 and exhibits a marked therapeutic effect on mouse
leukemia L-1210 and Yoshida rat sarcoma.4 For the total synthesis of
neothramycin by our method, i1t was considered that compound 3§’was a useful
intermediate, though there were two problems. One of them was the reduction
method of the amide group to an imino group5 and the other was the
introduction of the hydroxy group at the C-3 position. The former problem
was solved by introduction of a methoxymethyl group to amide nitrogen.
Compound 7 whose amide nitrogen was protected with the methoxymethyl group,
was reduced with NaBH4 in MeOH at 0°, followed by silica gel chromatography to
give compound 10 in high yield(80 %), presumably, through the intermediacy of

compound 11. This reducing technique might be recommended for selective
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Neothramycin A; R,=0H, R,=H (7a)
HO N Neothramycin B; Ry=H, R,=OH(7b)
Methyl neothramyc}n A; R1=0Me, R2=H (8a)
MeO Methyl neothramycin B; Ry=H, R2=0Me(§13)
0]
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OMe 14 R=H 18 R=H
NaBH4-H 15 R=CH20CH3 19 R=Me
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20 20% 21 8% OH
conversion of the amide to imine in this series. In order to introduce the

hydroxy group at C-3 position, methyl pyroglutamate(%g) was chosen for the
synthesis of the 1,4-benzodiazepine skeleton. However, a solution of o-iodo-
aniline(1b) and g§ was treated in the same manner to afford quinazoline
derivative 12 instead of compound 1£: The carbomethoxy group of compound 1%
was converted to the hydroxymethyl group with NaBH4 in the presence of acid.
The structure of this compound was confirmed by 13C—NMR spectra. Thus, an
attempts was made to introduce the hydroxy group by oxidation of C-3
position. Oxidation of methyl N-benzoyl prolinate 16 with RuO —NaIO46

2
afforded methyl N-benzoyl pyroglutamate 17 in 45 % yield along with the

starting material(16, 36 %). The same treatment of compound 9 with RuOZ—
NaIO, afforded compound 15 in addition to a small amount of 18. However, the
selective reduction of imide 15 with NaBH4 in the presence of acid7 was

unsuccessful affording compounds %guand glvin low yields.

We have already published that the anodic oxidation of N-alkyl-lactams in
aq.CH3CN or MeOH occurs regioselectively at the endocyclic carbon atom a to
nitrogen in five and six-membered rings, and at the exocyclic a-carbon atom
in seven-membered rings to provide hydroxy or alkoxy lactams.8 Thus, the
anodic oxidation of compound 9 using platinum plates as anode and cathode in

an undivided cell in the presence of Et4NBF4 in 10 % MeOH—CH3CN afforded the
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desired compounds 22a and 22b in 30 % and 19 % yields, respectively, in
addition to 19(16 % yield). The former compound 22a was reduced with NaBH4
in MeOH at 0° followed by silica gel chromatography by the above method to

afford 23a in 33 % yield along with the starting material (22a, 28 %). The
latter compound 22b also gave compound 23b(36 % yield) and the starting
material(22b, 58 %). The structure of these compounds were fully supproted by
the spectral data(NMR, IR, MASS and High Resolution MASS). Comparson of the
NMR spectra of compounds 23a and 23b with those of methyl neothramycins A
and B(8a and QQ),4 suggested that 23a should possess the B-alkoxy group.
Neothramycins A and B(Zé and 7b), which are interconvertible in a agqueous
solution, are readily converte5~to methylneothramycin A and B(8a and 8b) in
MeOH. Methylneothramycin A and B were easily converted to neotﬁ;amyci;~A and
B by mild hydrolysis with 0.01N HCl—dioxane4. These results mean that the
compounds %{q and 23b possess the basic skeleton of Neothramycin A and B(7a
and 7b). o

Further studies on the total synthesis of neothramycin are in progress.
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