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Abstract: The limitations and factors affecting the hydride reduction of pyrrolo[l,4]benzo- 

diazepine-5,10-diones to anthramycin-type analogs have been explored. 

Anthramycin, sibiromycin, tomaymycin and the neot;ramycins belong to the pyrrolo[l,4] 

benzodiazepine(P[1,4]B)group of antitumor antibiotics. Previous Jnvestigations have provided 

information on the precise manner in ;hich these drugs biid to DNA and on the probable features 

responsible for their cardiotoxicity. We have suggested4 a rational approach to the development of 

clinically useful drugs in this series, and have embarked upon investigations designed to provide 

versatile synthetic methodologies which should allow us to5test our SAR predictions. 

Two synthetically useful methods have been published, that lead to compounds possessing a 

carbinolamine moiety 
i 
or its chemical equivalent) contained within a P[1,4]B ring system. Catalytic 

reductive cycliza;iyn of a nitro aldehyde has provided a total synthesis of tomaymycin and we have 

also investigated ’ the applicability of this approach to other analogs. The second method which 

is the subject of ;his paper, involves hydride reduction of a P[1,4]B-5,10-dione (dilactam), a 

technique utilized by Leimgruber and co-workers for the total synthesis of anthramycin. The 

results presented here provide insights into the limitations of this approach. 

The final step of the synthesis of anthramycin methyl ether (AME)(3) involves reduction of the 

dilactam (1) with sodium borohydride (SBH) in methanol at 5'C (or lithium aluminium hydride in THF 

at -6O'C) to afford the intermediate carbinolamine (Z), which is then treated with methanolic HCl to 

hydrolyze the phenyloxazoline ring and form the carbinolamine methyl e;hf; (3). 

To investigate the generality of this procedure we first prepared ’ dilactams 4a and 4b which 

failed to reduce with SBH under similar conditions. This was attributed to initial reaction of the 

hydride reducing agent with the amidic N-10 proton (and the C-g hydroxyl proton in the case of 4b) 

followed by precipitation of an insoluble complex that is not further reduced. 
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In order to remove the acidic N-10 proton to facilitate reduction and to observe the effects of 

increasin 
B 

steric bulk at the N-10 position, a series of N-substituted dilactams 4c-4h was 

prepared. 
910 

In each case a mixture of starting material and the corresponding acyclic amino 

alcohol (5c-5h) resulted from addition of SBH to a methanolic solution of each dilactam at 5'C. 

These reactions were carefully followed by TLC-MS and although transient fluorescent materials were 

sometimes observed, carbinolamine species could not be isolated. 
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It seems likely that overreduction of the dilactam is due 

carbinolamine complex (6) to the amino aldehyde species (9) wh 

amino alcohol (5). Since dissociation of the carbinolamine to 
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step that commits the reaction to proceed to overreduction, we considered factors that may favor 

this process. First, transient protonation of the nitrogen by methanol may occur, when the nitrogen 

has sufficient basicity, thus facilitating dissociation to the amino aldehyde (6+7 +9). Secondly, 

if dissociation results in the negatively charged species 8 then the process 6'8'9 will be favored 

if resonance stabilization can occur thrpygh the aromatic ring. 

Hubert and co-workers have examined an analogous system in which they have reduced 

para-substituted-N-phenylsuccinimides with SBH in methanol. Based upon the products obtained, and 

whether the p-substituents are electron withdrawing or donating, these workers favor the 

stabilization of a charged nitrogen as the most reasonable explanation. 
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Similarly, according to Gaylord, 
12 

the prerequisite for hydride overreduction of certain disubsti- 

tuted amides and some lactams to acyclic alcohols is the presence of strongly electron withdrawing 
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13 
substituents on the amide nitrogen and Weygand has commented that the aromatic component of 

N-methylanilides furnishes the required mesomeric resonance to stabilize a nitrogen anion. 

In order to investigate whether the "ortho-amidophenyl" N-10 substituents of dilactams 4c-4h al- 

lowed extension of resonance from N-10 in a similar manner, the ring substituted dilactams 4i and 4j 

were prepared, anticipating that the increased electron density of the aromatic rings might prevent 

stabilization of intermediates of type 8. However, these dilactams failed to reduce under similar 

conditions. Since steric factors could be excluded, based on the reactivity of 4h, the lack of 

reactivity was attributed to the ring substituents which tend to maintain electron density on the 

nitrogen by reducing resonance into the ring. This would facilitate interaction of the nitrogen 

lone pair with the adjacent carbonyl, hence decreasing its electrophilicity towards approaching 

hydride ion. 

These results suggested that the success8 of Leimgruber in obtaining the carbinolamine was 

dependent upon the presence of the phenyloxazoline ring system. We felt that it was important to 

model this reaction to determine its general applicability to the synthesis of compounds containing 

a 9-phenolic group. The hydroxy lactam 4b was therefore treated with benzaldehyde dimethyl acetal 

to afford the phenyloxazoline 10. 

10 11 12 

Treatment of 10 in methanol with 4.2 equivalents of SBH gave one product quantitatively as 

visualized by TLC, the reaction usually being complete within 4 hours. The product was isolated by 

quenching with water and extraction into ethyl acetate which was dried and evaporated to ~ocolorless 

glue. Trituration with ether afforded a white solid (mp 155-158'C, dec.). This material gave an 

m/e of 336, corresponding to a mixture of the epimeric carbinolamines (11). Treatment of a 

methanolic solution of 11 with 0.01 N HCl at room temperature caused immediate reaction as 

visualized by TLC to afford, after workup, a yellow solid (mp 75-78'C). Mass spectroscopy gave an 

m/e of 230 and in DMSO-d6, PMR demonstrated the presence of i4methoxyl signal at 3.38 ppm, and a non 

DpO-exchangeable doublet at 4.4 (J=9.45 Hz), thus confirming the structure as the methyl ether 12. 

It is noteworthy that the8determined stereochemist;y at C-11, as show; in structure 12 is opposite 

to that reported for AME, tomaymycin methyl ether and the thioether prepared by Kaneko and 

co-workers. A detailed discussion of the C-11 stereochemistry of both ;ynthetic and naturally 

occuring P[1,41B compounds will form the basis of a future publication. 

Our success in obtaining the carbinolamine methyl ether (12) by SBH reduction of 10, provides 

evidence for the critical role of the phenyloxazoline ring system in limiting the reduction to the 

carbinolamine stage, which may be rationalized by considering nitrogen protonation rather than the 

alternative mechanism involving resonance extension from the nitrogen. The inclusion of N-10 into a 

phenyloxazoline ring, presumably lowers the electron density on the nitrogen (t;se weakening) via 

indu;:ive transmission throu h the benzal carbon (e. 
?5 i? 

pkb's: piperidine (2.8 ) vs. morpholine 

(5.6 ) and pyrrolidine (2.7 ) vs. oxazolidine (5.7 )) and reduction in the resonance effect of 
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the C-9 oxygen in 10 vs. 4i. The nitrogen is thus less readily protonated, reducing the possibility 

of a dissociation mechanism of t 
17-I$ 

pe 7'9. It is also noteworthy that various 11-oxo-derivatives of 

P[1,4]B's have been prepared but could not be converted to the corresponding carbinolamines by 

direct reduction with simple hydride reducing agents. 

We therefore conclude that SBH reduction of a dilactam is only useful for the preparation of 

analogs possessing C-9 hydroxyl substituents, formed via hydride reduction of their phenyloxazoline 

derivatives. Preliminary attempts to use both known and novel techniques for the removal of C-9 

hydroxyl , amino or thiol substituents in similar model compounds have not been encouraging due to 

the sensitivity of the carbinolamine methyl ether. 
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