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4,5,6,7-Tetrahydro-5-methylimidazo[4,5,1~~1[1,41benzodiazepin-2(~-ones (TIBO), 1, have been 
shown to significantly inhibit HIV-1 replication in vitro by interfering with the virus’s reverse 
transcriptase enzyme. They have also demonstrated potential clinical efficacy in combating 
HIV-1, on the basis of a preliminary study. Our prior publications have discussed the discovery 
of this series of compounds and reported some preliminary chemical and biological studies 
around N-6 substitutions and 5-membered ring variations of 1. This manuscript describes 
our synthetic endeavors around 4,5, and 7 mono- and disubstitutions of 1 and discusses related 
HIV-1 inhibitory structure-activity relationships. On the basis of inhibition of HIV-1’s 
cytopathic effects in MT-4 cells, we found that 5-mono-Me-substituted analogues, the original 
substitution in the early lead compounds, and 7-mono-Me-substituted analogues of 1 were 
comparable as being consistently the most active compounds. Although generally less active, 
the 4,5,7-unsubstituted, 4-mono-substituted, cis- and truns-5,7-di-Me-substituted, and cis-4,5- 
di-Me-substituted analogues of 1 also exhibited some significant desired activity. The remaining 
trans-4,5-di-Me-substituted, cis- and trans-4,7-di-Me-substituted, and all 4,5-, 5,6-, 6,7-, and 
7,8-fused disubstituted analogues of 1 possessed no noticeable desired activity. 

Introduction 
We have previously reported that a series of 4,5,6,7- 

tetrahydro-5-methylimidazo[4,5,l~~l[l,4lbenzodi~epin- 
2(W)-ones, 1, have been found to possess significant 
inhibitory activity against the human immunodeficiency 
virus type 1 (HIV-11.l To those following the progress 
of potential therapeutic agents to combat the HIV-1 
virus, the causative infection of acquired immune 
deficiency syndrome (AIDS), this series of compounds 
are readily identifiable by the acronym TIBO. 

7 ‘2 

1 

Our previous medicinal chemistry  publication^^,^ 
around the TIBO series have discussed, in addition to 
their discovery, preliminary synthetic endeavors and 
related structure-activity relationships (SAR).  Both 
the synthesis and SAR reported to date have dealt with 
varying substitution at the N-6 site, evaluating the pure 
enantiomers related to the 5-Me substituent, which was 
a racemic center in the initial leads, and exploring both 
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slight and major alterations of the 5-membered ring of 
1. In summary, from these preliminary studies we 
found that having a dimethylallyl group at the N-6 site 
and a thiourea as the 5-membered ring proved most 
promising for maximizing the blocking of HIV-1 virus’s 
cytopathic effects. Also, the 5-Me S enantiomer ana- 
logues proved consistently more potent as inhibitors of 
HIV-1 than either their corresponding R enantiomers 
or racemates. Combining these features led to com- 
pound lbt which, in vitro, proved more potent than the 
recently approved DDI and about one-tenth as potent 
as AZT. 

Since this original work, further pharmacological 
studies have shown that the TIBO series of compounds 
are hindering HIV-1 replication by inhibiting the HIV-1 
reverse transcriptase (RT) enzyme, a crucial enzyme in 
the virus’s life cycle, at an allosteric site.4 A phase I 
clinical study of lbt on 22 late stage AIDS patients 
run over a 50 week period has also recently been 
rep~r ted .~  This study demonstrated that compound lbt 
had no overt toxicities but did indicate its possible 
efficacy against HIV based on significant lowering of 
patients p24 antigen levels, a marker for the HIV virus 
levels. 

Our original findings that altering the stereochemis- 
try at the C-5 site of 1 led to variation of anti-HIV 
activity added credence to the obvious need for further 
exploration of alterations around the 7-membered ring 
portion of the TIBO series. This manuscript will 
describe our systematic variations around this 7-mem- 
bered ring addressing the topic of related HIV-1 inhibi- 
tion SAR as well as the various chemistry tied to  these 
modifications. 

0022-262319511838-0771$09.00/0 0 1995 American Chemical Society 
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Table 1. Inhibition of HIV-1 Replication in MT-4 Cells 
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Table 1 (Continued) 
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no. R X Y Z 1Clcn.a I I M  nb 

lca 5-Me S DMA 0.097 7 
lcb 5-Me (S) 0 DMA 3.32 8 
lcc 5-Me (SI S 2-MA 0.026 5 

- 
- 
- 

a Mean value of effective concentration of compound required to achieve 50% protection of MT-4 cells against the cytopathic effect of 
HIV-1. Where determinations did not give an absolute numerical value, they were not included in the mean IC50 values listed. Number 
of experiments run for a given compound. Three of five tests indicated an IC50 of >184 pM. Two of three tests indicated an IC50 of 
> 180 pM. e Two of four tests indicated an IC50 of >30 pM. f Two of three tests indicated an IC50 of 160 pM. 

Scheme 1. Methods A-1-A-5 
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Chemistry 
The number of varied substitutions explored in the 

7-membered ring, both in terms of position of substitu- 
tions as well as functionality alterations (Table l), 
resulted in the utilization of much diverse chemistry. 
This involved exploring 12 different synthetic routes 
(Schemes 1-9; methods A-L) in the generation of 67 
novel, final targets, whose respective methods of syn- 
theses are listed in Table 2. 

Chemistry encompassed in Scheme 1 (methods A-l- 
A-5) was used mainly to prepare varied C-5 site sub- 
stitution of 1. The chemistry utilized for these com- 
pounds is reminiscent of our before-mentioned  report^^,^ 
on the preparation of the 5-Me analogues of 1; therefore 
minimal commentary is necessary related to their 
preparation. With the exception of varying the ap- 
propriate starting material to place the different groups 
at C-5 of the final target 1, and variations of some 
noteworthy purification conditions recorded in the 
Experimental Section, no significant changes were made 
from the previously published material. One other 
noteworthy point for Scheme 1 is that attempts to react 
secondary amines with acids 2 toward final targets such 
as lbi,bj by the otherwise standard 1,3-dicyclohexyl- 
carbodiimide (DCC)-coupling reaction proved fruitless. 
The more reactive acid chlorides 3 were therefore 
employed which reacted cleanly with the secondary 
amines to generate their respective amide intermediates 
in high yield. 

The 5-keto final compound 1s (method B) was also 
prepared following, to  an extent, related chemistry of 

PdC, N H d + H q  
Method A-4 \ 

the previously reported method A-1. A standard DCC 
coupling of n-propylamine to 2a was used to generate 
4. Intermediate 4 was then treated with lithium 
aluminum hydride (LAH) to reduce both the nitro and 
amide functions in one pot. The resulting triamine was 
treated with 1 mol equiv of trichloromethyl chlorofor- 
mate (diphosgene) to  yield a carbamoyl chloride benz- 
imidazolone intermediate which, in the same pot, was 
treated with an aqueous dioxane solution to hydrolyze 
the carbamoyl chloride to give desired intermediate 
amine 6. This monoamine was reacted with chloro- 
acetyl chloride to place the carbonyl group at the C-5 
position of the desired final product. This acyclic 
benzimidazolone amide intermediate was treated with 
sodium hydride (NaH) to generate the reactive anion 
of the benzimidazolone. This anion readily cyclized to 
the 7-membered ring by a simple substitution of the 
alkyl chloride to give final product 1s. 

The secondary amines lx,aa,ad,t (method C), which 
contain racemic alkyl and aryl substitution in the C-4 
position of 1, were prepared by modifying the chemistry 
of the above-mentioned successful route for the C-5- 
substituted analogues. The main modification for the 
C-4-substituted analogues of 1 was that an amino 
ketone was used, rather than an amino acid, in the 
initial coupling reaction with acids 2 or acid chlorides 
3 to generate keto amides 6a-d. The R groups of these 
ketones correspond to  the C-4 substituent of final 
products 1 which becomes self-evident after the conver- 
sions of 6a-d to 7a-d. These transformations entailed 
reducing the nitro groups of 6a-d under a hydrogen 
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Scheme 2. Methods B and C 
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atmosphere in the presence of 10% PdC. The transient 
dianilino compounds were never isolated but rather 
readily cyclized in situ to yield intermediate compounds 
7a-d. These intermediates were treated with LAH 
which reduced both the imine and amide in one step. 
The resulting triamines were treated with diphosgene 
to yield the cyclic urea carbamoyl chlorides which, in 
the same pot, were treated with aqueous dioxane to 
hydrolyze the carbamoyl chlorides to yield the desired 
C-4-substituted secondary amines. These final second- 
ary amines were then treated following the previously 
reported alkylation conditions2 to yield the N-6-substi- 
tuted final products ly,z,ab,ac,ae,af,u. 

As previously mentioned, HIV-1 inhibitory stereose- 
lectivity for the C-5 site of 1 has been noted with the S 
enantiomer proving more favorable than the R enanti- 
omer. Once significant biological activity was noted for 
the racemic C-4-substituted series of 1, the question 
arose whether there was significant biological stereo- 
selectivity for either enantiomer in the C-4-substituted 
series. Rather than trying to resolve the racemic 
mixtures of C-4-substituted analogues generated by 
method C, an alternate stereospecific synthetic route 
was employed to prepare C-4 positional, pure enanti- 
omers of 1 (method D). To prepare intermediates 9a,b, 
the appropriate primary amine H2N-Z was coupled with 
its respective optically pure sample of BOC-Ala-OH 
following standard DCC amide-forming reaction condi- 
tions. The resulting amides were treated with trifluo- 
roacetic acid (TFA) at  0 "C to remove the BOC group 
and the resulting amidelamines treated with LAH to 
yield the desired diamine intermediates. These opti- 
cally pure diamines were combined with the n-Bu ester 
of Sa, which had been generated in situ, to yield 
respective intermediates 10a,b. Most probably, 10a,b 

6ad 
R= i-Pr 

b R= n-Pr 

dR=Me 
c RE Ph 

1 O%PdIC 
Hz, EtOH I 
v 0 NH 

7 0 1  

Ix,aa.rd,t 

are generated via a sequential reaction of nucleophilic 
aromatic substitution of 9 on the n-Bu ester of 8a 
followed by an amide coupling, ring-closing reaction of 
the secondary amine with the ester. Intermediates 10 
were then treated with LAH to reduce both the nitro 
and amide functions in one step. The resulting tri- 
amines were treated with thiocarbonyldiimidazole to 
yield their respective optically pure 4-substituted prod- 
ucts 1w,v. 

Analogous chemistry to that explored in method D 
was used to prepare 4,5-disubstituted fused and non- 
fused products of 1 (method E). For example, 1,2- 
phenylenediamine was reacted with ester Sb to generate 
the fused dibenzodiazepinone l l a .  Experimentation 
around selective reduction conditions of l l a  were 
investigated to add flexibility to subsequent chemistry 
culminating in diversity of the final products prepared. 
A selective Ra Nihydrazine reduction of the nitro group 
of l l a  generated the dianilino intermediate 12a. This 
made it possible to do chemistry around the aniline 
groups, with the amide acting as a protecting group for 
the eventual N-6 amine of 1. In our reported case, we 
chose simply to cyclize the dianiline with thiocarbonyl- 
diimidazole to  yield final target lax. A selective bo- 
rane-tetrahydrofuran complex (BHsoTHF) reduction of 
the amide group of l l a  left the nitro group unscathed, 
generating amine 13a. This method was chosen in lieu 
of the harsher LAH reduction conditions used in method 
D, which reduced the nitro and amide groups in one 
step, A selectively reduced intermediate such as 13a 
avoided possible problematic selective alkylations or 
acylations, which may have arisen in the subsequent 
step with a fully reduced triamine akin to general 
structure 14. Amine 13a was easily acylated with 
cyclopropanecarbonyl chloride whose resulting amide 
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Scheme 3. Methods D-F 
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was treated with LAH to reduce the nitro and amide 
groups both in one step. The resulting triamine was 
then treated with thiocarbonyldiimidazole to yield final 
target lay. 

The synthetic method E was also used to  prepare 
individually the cis- and trans-4,5-dimethyl-substituted 
final products of 1. The previously mentioned synthetic 
method C could also have been used to prepare these 
targets, but method E was favored for the synthesis of 
these particular products. Method E had the advantage 
of being a stereospecific route, while method C would 
have involved stereoselective reductions and/or possibly 
cumbersome separation of isomers. Intermediates llb,c 
were prepared by reacting 8c with meso-2,3-diaminobu- 
tane and ~,~-2,3-diaminobutane, respectively. Various 
reduction conditions were also explored for llb,c. 
Treatment of intermediate l l b  with LAH gave the 
expected triamine 14b, while treatment of l l c  with 
BH3.THF under refluxing THF conditions led to a 
mixture of nitrodiamine 13c and triamine 14c, both in 
modest yields. Some further notable chemistry pursued 
via this route was performed on triamine 14c. Inter- 
mediate 14c was treated with thiocarbonyldiimidazole 
to generate an intermediate secondary amine benzimi- 
dazathione. We found this intermediate could be suc- 
cessfully converted via reductive amination to the final 
N-6-substituted target thiourea lau. This sequence 

Liar R=CH:, (cis) Y=H Z=CH2CH=C(CH& 

complimented our previous work by adding another 
option to the methods available for preparing thioureas 
of final targeted thiones of 1. 

Related to final targeted thiones of 1, problematic 
double-bond isomerizations of allylic side chains on the 
N-6 site of 1 has been noted3 when preparing thioureas 
of 1 via an iminoyl chloride synthesis (method A-5). This 
isomerization occurred when phosphorus oxychloride 
(POC13) was used as a reagent in the iminoyl chloride- 
forming reaction. We therefore explored forming imi- 
noyl chlorides by an alternate method (method F). The 
sequential treatment of the dimethylallyl N-6-substi- 
tuted derivative las with triflic anhydride (TfiO), 2,6- 
lutidine, and HC1 led to iminoyl chloride 15b with no 
detectable isomerization. This material was then easily 
converted to  final product lat by treatment with 
thiourea. 

Synthesis of C-7-substituted analogues of 1 (method 
G )  entailed modifying the procedures of D and E, 
basically by substituting ketones 16a-f as starting 
materials for esters and acid chlorides 8. Ketones 16a- 
d,f and aldehyde 16e were prepared by following closely 
related published works cited in the Experimental 
Section. These carbonyl compounds were then treated 
with ethylenediamine and sodium cyanoborohydride 
(NaBH3CN) to generate benzodiazepines 17a-f which 
were then readily alkylated to generate their respective 
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Scheme 4. Method G 
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intern: diates of 24. The nitro group of most of the 
intermediates for 24 was easily reduced with LAH to 
give their respective intermediates 25. In some cases, 
where there was concern of potential dehalogenation of 
aromatic substituents by LAH, Ra Nikydrazine reduc- 
tion conditions were used just as effectively. Intermedi- 
ates 25 being converted to  ureas of 1 were efficiently 
transformed with either diphosgene or 1,l'-carbonyldi- 
imidazole. Intermediates 25 being converted to thio- 
ureas of l were also prepared by one of two methods. 
These two methods proved about equally effective and 
involved using either potassium ethylxanthate, which 
was generated in situ, or the commercially available 
1,l'-thiocarbonyldiimidazole. Where amenable, one of 
these two direct methods of preparation for thioureas 
of 1 was pursued versus the less direct and more 
restrictive methods A-5 and F. 

The remaining simple disubstituted final compounds 

of 1, Le., those containing 4,7 and 5,7 disubstitution, 
were also prepared following method G. The only 
alteration from the previously described method G was 
changing the coreactant of 16 from ethylenediamine to 
the nonsymmetrical 1,2-diaminopropane. The R sub- 
stituent on 16 was maintained as Me for these reactions 
and, not surprisingly, yielded a mixture of both the 3,5- 
and 2,5-disubstituted benzodiazepines 18 and 19. These 
intermediates were generated in a ratio of about 6:4, 
respectively, based on NMR, and fortunately were easily 
separable by simple chromatographic methods. Treat- 
ment of isolated products of 18 with NaBH3CN yielded 
a mixture of cis- and trans-3,5-benzodiazepines 20 and 
21, generally in a ratio of about 1:3.6 This ratio was 
based on isolated yields which were accomplished utiliz- 
ing preparative chromatography. Treatment of isolated 
19a with NaBH3CN yielded a mixture of cis- and trans- 
2,5-benzodiazepines 22a and 23a in a ratio of about 4:1, 
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Scheme 5. Method H 

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 5 777 

OEt 

2) Toluene CI 
H 

28 OEt HOBT 
CH, 36%Over 

CH3 

CI NH2 81% 

26 

2 Steps n-Pr-l 

30 

CH3 

S=C(CI)* 
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also based on isolated yields after chromatographic 
separation. As is obviously the case, pursuing identical 
chemistry starting with optically pure 1,2-diaminopro- 
panes yielded similar ratios of optically pure benzodi- 
azepines 18-21. Further chemistry pursued on amines 
20-23 was identical to that previously described for 
method G yielding final 4,7- and 5,7-disubstituted ureas 
and thioureas of 1. 

To prepare the 7-membered ring, disubstituted prod- 
ucts of 1 containing a keto group as one of the substitu- 
ents involved further chemical manipulation. Preparing 
the 4-keto 5-methyl-disubstituted analogue law in- 
volved a totally independent synthesis (method H). 
Alkylation of 26 with ethyl 2-bromopropionate gave 27. 
The nitro group of 27 was reduced under a hydrogen 
atmosphere in the presence of platinum oxide (PtOz) to 
yield an anilino intermediate which was subsequently 
cyclized to 28 in refluxing toluene with the aid of 
1-hydroxybenzotriazole as an activating ester catalyst. 
Intermediate 28 was readily alkylated with l-iodopro- 
pane to furnish 29 which was nitrated with fuming 
nitric acid (fuming HN03) to give 30. The nitro group 
of 30 was reduced under a hydrogen atmosphere in the 
presence of PtO2 to  yield 31 which was treated with 
thiophosgene to generate the final target law. 

Preparing the 5-methyl 7-keto analogue lbf involved 
exploiting selective reductive conditions different than 
those previously described (method I). It was found that 
treatment of C-2,C-5 diamides akin to 32a with LAH 
at 0 "C led to selective monoreductions of the C-2 amide. 
For the case of 32a, intermediate 33 was formed. 
Treatment of 33 with diphosgene readily gave desired 
target lbf. 

Preparation of the 5,6-, 6,7-, and 7,B-fused disubsti- 
tuted analogues of 1 entailed individualized syntheses. 
For the 5,6-fused ring olefinic compounds lbk,bl, this 
involved 6-step sequences (method J). Intermediate 34 
was prepared by condensing trans-4-hydroxy-~-proline 

Scheme 6. Method I 
NH2 H 

4 f - 3  LAH MF,  0% 

N, (from 320) 
Y 

w z  
i 

33 CH3 
32a,b 

a W=O,Y=H,Z=n-Pr,racemic 
b W=H~,YICI,Z=CH~~-P~, S enantiomer 

EteOys "\ Diphosgene 
EhN, CHzCl2 / (for 1 bf) 

(from 32b to lbu) \ 

lbf,bu 

with 5-chloroisatoic anhydride. Oxidation of the alcohol 
moiety of 34 with Jones reagent led to ketone 35. 
Treatment of 35 with fuming HN03 yielded 36 which 
was treated under Wittig reaction conditions with 
appropriate ylides to  generate intermediates 37a,b. 
Standard LAH reductions of these intermediates yielded 
triamines 38 which were converted to the final products 
lbk,bl with 1,l'-thiocarbonyldiimidazole. 

Various 6,7-fused ring-substituted analogues of 1 
were prepared via 5-step sequences (method K). Acids 
39 were nitrated with fuming HNO3 yielding acids 40 
which were esterified under standard acidic methanolic 
conditions to the esters 41. Treatment of these esters 
with ethylenediamine under reductive amination condi- 
tions resulted in a multistep one-pot reaction to yield 
the intermediate 42. Various reductions and thiourea 
ring-forming reactions run sequentially on 42, as previ- 
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Scheme 7. Method J 
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Scheme 8. Method K 
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Ethylene Diamine 
EtOH, NaCNBH3, A 

AcOH 

1 bm,bo 

H 

c%: 
1 bn 

ously described for a number of TIBO analogues, 
resulted in desired 6,7-fused products lbm,bo,bn. 

The sole 7,8-fused ring-substituted analogue of 1, lbp, 
required a 5-step sequence (method L). Nitration of 45 
gave ketone 46 which was treated under reductive 
amination conditions with glycinamide to provide in- 
termediate 47. The amide group of 47 was reduced with 

LAH 
c- 

43a,b 42a.b 

Hydrazine 
MeOH 
RaNi 1 

4 45% S=C( Over Im)z 2 Steps cl%! 

44a 

BHyTHF to yield a primary amine which when warmed 
in refluxing n-BuOH cyclized to 48. Alkylation of 48 
furnished 49 which was sequentially treated with LAH 
and 1 ,l'-thiocarbonyldiimidazole to yield desired final 
product lbp. 

The chemistry on the remaining analogues listed in 
Table 2, with the exception of lbq, has been reported 
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in our previous publications. The chemistry utilized to 
prepare lbq will be described in our adjoining paper 
evaluating chemical and biological effects on 1 by 
varying aromatic substituents. These previously re- 
ported analogues of 1, as well as lbq, have been listed 
in Table 2 solely for biological comparison to the newly 
reported analogues described above. 

Results and Discussion 

As mentioned in the introduction, the TIBO series of 
compounds 1 has demonstrated anti-HIV activity in 
primary and secondary screens as well as shown pos- 
sible clinical efficacy against the HIV virus. However, 
for the series as a whole, including the compounds in 
this manuscript, the primary screen has supplied the 
initial results from which we have drawn our basic 
conclusions related to the series SAR.  This primary 
screen, which has been previously de~cribed,~ involved 
testing a compound's ability to  inhibit the cytopathic 
effects of HIV-1 in MT-4 cells. These cells were infected 
with HIV-1 and incubated in the presence of various 
concentrations of the test compounds. The number of 
viable cells was then determined 5 days after infection 
by staining with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphen- 
yltetrazolium bromide.8 The reported values shown in 
Table 1 are the concentrations of each compound 
required to protect 50% (IC50) of the MT-4 cells from 
cell death brought on by infection with HIV-1. The ICsos 
reported as greater than a specified value are the 
highest concentration tested for that particular com- 
pound which failed to protect 50% of the MT-4 cells from 
the cytopathic effect of HIV-1. The reported IC50 values 
are the mean of a varied number of assays (n)  for each 
analogue tested. The nature of the assay makes a 
determination of the standard deviations tenuous at 
best, although the values were usually quite consistent 
within the multiple determinations. 

We began our study of the anti-HIV SAR around the 
7-membered ring of 1 by evaluating variations solely 
at the C-5 site of 1, where a methyl group resided in 
our original lead compounds. The simplest cases, the 
C-5 desmethyl compounds, were found to exhibit con- 
siderable HIV-1 inhibitory activity. Specifically, la,b 
were quite active but significantly less than their 
corresponding 5-Me-substituted analogues, i.e., lbq,- 
bt, respectively. Interestingly, all other 5 positional, 

monoalkyl-substituted analogues of 1 proved less active, 
if not inactive, when directly compared to their respec- 
tive 5-Me-substituted analogue: Me (lbz) > Et (Id) and 
Me (lbs,bt) > i-Pr (lk,l). Unfortunately, based on the 
available comparative data for lp  ( lp  vs lbz), no 
definitive conclusions can be drawn about the 5 posi- 
tional, monoaryl-substituted analogues of 1. However, 
on the basis of the inactivity of the bulkier 5-i-Pr- 
substituted analogues of 1, one might expect the activity 
for the 5-monoaryl-substituted analogues of 1 to prove 
less than favorable. Compiling these results suggests 
a tight size constraint for the C-5 site of 1 if significant 
anti-HIV activity is to be maintained. Any group larger 
than Me at this site resulted in loss of the desired 
biological activity, although Me substitution proved 
favorable over H substitution. Unrelated to  size con- 
straints, it was also found that replacing the 5-Me group 
of lbx with a carbonyl group (Is) resulted in loss of 
significant desired activity. 

The C-4 position on the 7-membered ring of 1 was the 
next site explored with various monoalkyl and phenyl 
substitution changes. These C-4-substituted analogues 
proved to have significant HIV inhibitory activity and 
demonstrated a greater tolerance for larger substituents 
than for the above-mentioned C-5-substituted analogues 
of 1. In fact, when comparing strictly the C-4-substi- 
tuted compounds where X = 0, we found that a bit of 
bulk or lipophilicity was desirable, with the i-Pr com- 
pound proving most active where direct comparisons 
could be made: Me (lbz) < i-Pr (12) > n-Pr (lac) >> Ph 
(laf). A comparison of this same active set of C-4- 
substituted compounds of 1 to their directly related C-5 
Me-substituted analogue (lbz) showed the Cd-substi- 
tuted compounds had comparable, or for l z  possibly 
better, desired activity. Encouraged by these early 
findings, we prepared C-4 pure enantiomers of 1 t o  
determine if there was biological stereospecificity for the 
C-4 site of 1. We prepared the thioureas (X = S) of these 
pure enantiomers which, as previously mentioned, 
demonstrated early on in our studies to be better HIV 
inhibitors than the analogous ureas (X = 0). We found 
that both the S enantiomer l v  and the R enantiomer 
lw  possessed significant desired activity. However, 
when these compounds were compared to their closest 
prepared C-5-substituted analogues, they proved con- 
siderably less active ( lw << lbu and lw  << lcc). We 
unfortunately did not complete work on a matching set 
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Table 2. Product Purification and Characterization 
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compd synthesis" formulab purificationC yield, % mu, "C 
la  
lb 
IC 
Id 
l e  
If 
1g 
l h  
l i  
1.i 
lk 
11 
lm 
In 
lo  
1P 
1q 
lr 
1s 
It 
l u  
lv  
lw 
l x  
1Y 
12 
laa 
lab 
lac 
lad 
lae 
laf 
lag 
lah 
lai 
laj 
lak 
1 a1 
1 am 
lan 
lao 
lap 
laq 
lar 
las 
lat 
lau 
lav 
law 
lax 
lay 
laz 
lba 
lbb 
lbc 
lbd 
lbe 
lbf 
1bg 
lbh 
lbi 
lbj 
lbk 
lbl 
lbm 
lbn 
lbo 
1bP 
lbu 

G 
A-5 
A- 1 
A-3 
A- 1 
A-3 
A-4 
A- 3 
A-5 
A-2 
A-3 
A-5 
A- 1 
A-3 
A-1 
A-3 
A- 1 
A-3 
B 
C 
A-3 
D 
D 
C 
A-3 
A-3 
C 
A-3 
A-3 
C 
A-3 
A-3 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
A-3 
F 
E 
E 
H 
E 
E 
G 
G 
G 
G 
G 
G 
I 
G 
G 
A-1' 
A-1' 
J 
J 
K 
K 
K 
L 
I 

1% MeOWCH2Clp' 
25% EtOAclhexaned 
CH3CN 
CH3CN 
CH3CN 
CH3CN 
CH3CN 
CH3CN 

2% EtOWCH2Clz; CH3CNd 
2% EtOWCH2C12; CH3CNd 
2% EtOWCHzClzd 
CH3CN 
CHsCN 
MeOH 
CH3CN 
CH&N 
EtOH 
MeOH 
MeOH 

2% MeOWCH2C12; CH3CNd 

CH3CN 
1% EtOWCH2Clzd 
1% EtOWCHzC12; CH3CNd 
4% EtOWCH2C12; CH3CNd 
3% EtOWCHzClz; CH3CNd 
CH3CN 
4% EtOWCHzC12; CH3CNd 
4% EtOWCHzC12; CH3CNd 
CHRCN 
4% EtOWCH2C12; CH3CNd 
4% EtOWCHzC12; CH3CNd 
CHnCN 
1:8 MeOH:CH&12; CH&Nd 
1:15 MeOH:CH2Clz; CH3CNd 
7:3 Et0Ac:hexane; CH3CNd 
1.5% MeOWCH2C12(FB); HC1, Et20, i-PrOHd 
1:3 Et0Ac:hexane; CH3CNd 
CH3CN, then EtOH 
1:l EtOAc:hexaned 
CH2C12; MeOHd 
EtzOlhexaned 

EtOAchexane; CH3CNd 
25% EtOAclhexaned 
0.18 NH40H in 5% MeOWCHzC12; CH3CNd 
0.1% NH40H in 3% MeOWCHzClz; CH3CNd 
0.1% NH40H in 5% MeOWCH2C12; Et20d 
0.1% NH4OH in 5% MeOWCH2C12; EtOAcd 
1:30 MeOH:CH&lzd 
MeOH 
25% EtOAdhexane; CH3CNd 
1:20 MeOH:CH&12; EtOHd 

Et20/CHzClz; CHsCN 

1% MeOWCHzC12; EtOHd 
1% MeOWCH2C12; CH3CNd 
100% CH2Clz; CH3CNd 
2% MeOWCH2C12(FB); i-PrOH 
100% CHzCb(FB); i-PrOHd 
1:20 MeOH:CH2Clz; CH3CNd 
0.5% MeOWCH2C12; EtOHd 
1% MeOH:CHzC12; EtOHd 
CH3N02 
CH3N02 
1% MeOH:CH2C1zd 
3% Me0H:CHzClz; CH3CNd 
45:55 Et0Ac:hexane; CH3CNd 
rinsed with THF 
1:l Et0Ac:hexane; CH3CNd 
1:l Et0Ac:hexane; CH3CNd 
30:l CHpCl7:MeOH: CH&Nd 

18 
11 
30 
57 
45 
65 
50 
73 
11 
21 
30 
11 
24 
29 
13 
27 
48 
37 
11 
25 
62 
13 
8 

20 
43 
42 
35 
38 
54 
26 
26 
43 
13 
31 
8 

11 
43 
25 
14 
23 
59 
22 
44 
25 
11 
22 
18 
35 
18 
66 
24 
25 
33 
73 
24 
22 
16 
15 
27 
51 
45 
17 
31 

5 
27 
45 
12 
13 
19 

212-214 
214-215 
144-145.5 
116-118 
157.5-159.5 
137-143 
160-163 
126-129 
149-150 
180-182 
182-184 
143-145 
156.5-159 
116-119 
245-246 
168.5-170 
153.5-158.5 
159-164 
259-262 
210.5-215 
134.5-138 
170-172 
205-206 
162-165 
130.5-138 
138-142 
157-158 
115.5-117 
123.5-127 
240-242.5 
205-212 
193-196.5 
156-158 
121.5-123.5 
98-121 

249-250 
135-137 
175.5-177.5 
191-192.5 
178-179 
190-191.5 
133-135 
171-172 
144-145 
150-152 
159-161 
132-135 
149-155 
154-176 
385-387 
173-175 
135-137 
135-137 
81-86 

163-164 
2 1 6 - 2 1 7 
212-213 
236-237 
182.5-183.5 
178-180 
184.5-189 
205-208.5 
250 
214 
252-254 

>300 d 
263-265 
200-201 
171-174 - -  , -  

a Methoareagent used to synthesize the product. All products were analyzed for C, H, and N. e Products were crystallized and/or 
recrystallized from listed solvents. Crude material flash chromatographed on silica gel eluting with identified solvent system prior to 
crystallization with listed solvent. e lad, C: calcd, 72.43; found, 71.57. Exact mass MH+ calcd: 266.1293. Found: 266.1295. A: 0.6 
ppm. laf, C: calcd, 75.21; found, 74.61. Exact mass calcd: 319.1685. Found: 319.1674. A: 3.4 ppm. lan, C: calcd, 59.71; found, 
59.09. Exact mass MH+ calcd: 322.1145. Found: 322.1183. A: 11.8 ppm. lav, C: calcd, 67.74; found, 66.90. No sample remained for 
exact mass measurements. lax, C: calcd, 62.91; found, 62.46. Exact mass calcd: 267.0466. Found: 267.0519. A: 19.8 ppm. lbe, C: 
calcd, 54.84; found, 53.99. Exact mass MH+ calcd: 336.1301. Found: 336.1315. A: 4.1 ppm. lbl, C: calcd, 58.91; found, 58.47. Exact 
mass calcd: 305.0754. Found: 305.0780. A: 8.5 ppm. lbp, C: calcd, 61.16; found, 60.67. Exact mass calcd: 333.1066. Found: 333.1100. 
A: 10.2 ppm. fC,  H, N analysis not performed. Exact mass calcd: 287.1456. Found: 287.1449. A: 2.4 ppm. 
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less promise as HIV-1 inhibitors than the simpler 
5-mono-Me-substituted analogues. 

Proving no more promising was the 5,7-disubstituted 
analogue, lbf, created by adding a keto group at the 
C-7 site of lbx, which eliminated previously observed 
desired activity. Similarly, no desired activity was 
noted for the 4-keto 5-methyl-disubstituted analogue 
law. 

Most of the discussion section thus far has dealt with 
the HIV inhibitory activity of analogues of 1 where the 
basic A, B, C ring system has not been altered. In 
addition to these compounds we also explored somewhat 
more distant derivatives where additional rings were 
fused onto 1. This included a cursory look at hybrid- 
izing nevapirine: another reported RT inhibitor of HIV- 
1, within our basic TIBO structure of 1 generating 
analogues lax,ay. Neither of these compounds exhib- 
ited significant desired activity. We also examined 
various 5,6- (lbi,bj,bl,bk), 6,7- (lbm,bo,bn), and 7,8- 
(lbp) fused analogues of 1 with the hope of locking a 
favorable conformation of compounds which had previ- 
ously exhibited significant HIV-1 inhibitory activity. 
Unfortunately, these modifications yielded analogues 
where all significant desired activity was lost. 

In summary, we made systematic variations at the 
4, 5, and 7 positions of 1 to study the anti-HIV-1 S A R  
of these compounds relative to the original lead com- 
pounds of 1, which contained mono-Me substitution at 
the C-5 site. In addition to altering substituents at 
these sites, we also varied between mono- and disub- 
stitution of these substituents on 1. For the disubsti- 
tuted analogues of 1, both acyclic and ring-fused addi- 
tions onto 1 were made. Evaluation of the biological 
results for these changes showed that the C-5 Me- 
substituted analogues of 1 maintained the highest 
desired activity, with the C-7 mono-Me-substituted 
analogues being the only others showing comparable 
activity. Although generally less active, the 4,5,7- 
unsubstituted, 4-mono-substituted, cis- and trans-5,7- 
di-Me-substituted, and cis-4,5-di-Me-substituted ana- 
logues of l also exhibited some significant desired 
activity. The remaining trans-4,5-di-Me-substituted, 
cis- and truns-4,7-di-Me-substituted, and all fused ring 
analogues of 1 possessed no noticeable desired activity. 
On the basis of these findings, we chose to maintain the 
C-5 mono-Me substituent on 1 when evaluating the anti- 
HIV SAR related to aromatic substitutions of 1. These 
results are summarized in our adjoining and concluding 
paper on anti-HIV SAR related to 1. 

of C-4-substituted enantiomers, so a direct comparison 
of relative biological activities between the R and S 
enantiomers can not be made. 

The C-7 position on the 7-membered ring of 1 was also 
initially explored with various monoalkyl and phenyl 
substitution. We found that all the C-7 mono-Me- 
substituted urea and thiourea analogues of 1 prepared 
proved to be at least equally effective as inhibitors of 
HIV-1 as any other analogues of 1 synthesized. They 
proved more active than their associated desmethyl 
analogues when a direct comparison is made (lan > 
l a  and lao > lb) and about equally effective to their 
related C-5 Me-substituted urea (lak = lbs) and 
thioureas (lan = lbq; lao = lbt; lam = h a ;  la1 = 
lby). From the limited cases where larger groups 
occupied the C-7 position of 1, we found no significant 
desired biological activity. This was true when C-7 was 
substituted with either an isobutyl group (lap,aq) or a 
phenyl group (lar). 

As discussed above, the various monoalkyl substitu- 
tions at the C-4, (2-5, or C-7 sites of 1 resulted in 
improved desired activity relative to  their analogous 
unsubstituted compounds. We therefore chose to ex- 
plore disubstituted variations around 1, i.e., 43- ,  4,7-, 
and 5,7-disubstituted analogues of 1. We hoped this 
would enhance desired activity by combining substitu- 
tions in one molecule which had previously proven 
promising individually. Initially we prepared a com- 
plete series of 4,5-, 4,7-, and 5,7-dimethyl-substituted 
stereoisomers of 1. This restricted the variation of 1 to 
strictly the relative positions of the dimethyl groups; 
therefore direct comparison of relative activities could 
be made. Unfortunately, the synergistic biological effect 
desired by disubstituting on the 7-membered ring was 
not realized, although some interesting trends were 
noted. Our best disubstituted analogue, laz (5,7-di-Me- 
trans), proved, at best, slightly better than its respective 
5-mono-Me analogue, lca. For the series of racemic 
dimethyl-substituted stereoisomers as a whole, in com- 
parison to  their respective 5-mono-Me analogue lca, the 
following activity trends were noted, 5-mono-Me Oca) 
I 5,7-di-Me-trans (laz) > 5,7-di-Me-cis (lba) z 4,5-di- 
Me-cis (lat) > 4,7-di-Me-cis (lbh); 4,5-di-Me-trans 
(lau); 4,7-di-Me-trans (lbg). Inspired by the promising 
activity of the 5,7-di-Me-trans analogue laz, we pre- 
pared some additional 5,7-disubstituted analogues of 1. 
Preparation of two sets of 5,7-di-Me-trans, enantiomeri- 
cally pure analogues of 1 led to  a number of unexpected 
SAR observations. Interesting, the (R,R)-5,7-di-Me- 
trans-substituted enantiomers lbb,bc were found to be 
significantly more active than their respective S,S 
enantiomers lbd,be. This is in contrast to the 5-mOnO- 
Me analogues of 1 where the S enantiomer has always 
demonstrated better activity than the respective R 
enantiomer. Also in contrast t o  the simple Cd-monom- 
ethylated analogues of 1, the thiourea lbc with (R,R)- 
5,7-di-Me-trans-substitution seemed slightly less active 
than its respective urea analogue lbb (C-5 mono-Me: 
thiourea lbt > urea lbs]. Additionally, 9-C1 aromatic 
substitution on the 5,7-di-Me-substituted analogue of 
1 significantly reduced the desired activity (lbc < laz) 
in contrast to the 5-mono-Me-substituted analogues (lbt - ha) .  Unfortunately, these noted variances between 
the biological activities for the 5,7-di-Me-substituted 
versus their related 5-mono-Me-substituted analogues 
of 1 yielded 5,7-di-Me-substituted compounds showing 

Experimental Section 

All final products included in Table 2 were characterized 
by 360-MHz lH NMR (Bruker AM 360 WB), IR (Nicolet 60SX), 
mass spectra (Finnegan 33001, and elemental analyses. Un- 
less otherwise specified, reported 'H NMR's of intermediates 
were also run on the 360-MHz NMR. The elemental analyses 
were carried out by the internal Analytical Research Depart- 
ment of Janssen Research Foundation in Beerse, Belgium. Any 
final products which varied from the calculated percent values 
for C, H, or N by more than 0.4 were examined by exact mass 
measurements. These exact mass measurements were carried 
out by either the internal Spectroscopy Group of the R.W. 
Johnson Pharmaceutical Research Institute, Spring House, on 
a VG 7070 E high-resolution mass spectrometer or M-Scan, 
Inc., of West Chester, PA, on a VG Analytical ZAl3 2-SE high- 
field mass spectrometer. All final products were also assayed 
for homogeneity by thin-layer chromatography on Whatman 
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MK6F (1 in. x 3 in. x 250 pm) silica gel plates. Melting points 
were determined on a Thomas-Hoover Unimelt capillary 
melting point apparatus and are uncorrected. All reagents 
were commercially available unless specified. Table 2 also 
identifies the typical procedure followed to prepare each 
respective final product. Variance from these typical proce- 
dures is outlined below for all compounds where modifications 
were required. 
Procedure Sequences for Method A-1-A-5. Procedure 

reaction conditions for methods A-1-A-5 have been previously 
reported in our earlier work related to the TIBO series of 
 compound^.^,^ Besides the obvious changes to appropriate 
starting materials, the procedures were not substantially 
altered. Notable vairations and/or additions to these proce- 
dures for compounds reported in this manuscript are listed 
below. 
5-Ethyl-4,5,6,7-tetrahydroimidazo[4,5,1-jkl[1,4lbenzo- 

diazepind(1H)-one (IC). A minor variation in the 6-step 
sequence for IC was the purification of its respective 9-amino- 
1,4-benzodiazepine-2,5-dione intermediate. This material was 
purified by trituration in MeOH. 
4,5,6,7-Tetrahydro-5-(l-methylethyl~imidazo~4,5,1-jkl- 

[1,4lbenzodiazepin-2(lH)-one (le). A minor variation in 
the 6-step sequence for le was the purification of its respective 
9-amino-1,4-benzodiazepine-2,5-dione intermediate. This ma- 
terial was purified by trituration in 905  Et0Ac:EtOH. 
4,5,6,7-Tetrahydro-5-propylimidazo[4,5,l~kl[1,4lbenzo- 

diazepin-2(1H)-one (lm). A minor variation in the 6-step 
sequence for 1m was that its respective 9-amino-l,4-benzodi- 
azepine-2,5-dione intermediate was used without purifica- 
tion. 
4,5,6,7-Tetrahydro-5-phenylimidazo[4,5,l~kl[1,4lbenzo- 

diazepin-2(1H)-one (lo). A minor variation in the 6-step 
sequence for lo was the purification of its respective 9-amino- 
1,4-benzodiazepine-2,5-dione intermediate. This material was 
purified by flash chromatography on a silica gel column eluting 
with 10: 1 CH2C12:MeOH. The desired fractions were combined 
and concentrated under reduced pressure after which the 
residue was triturated in acetone. 
2-Amino-3-nitrobenzoyl Chloride (3a). Under Ar, 2a'O 

(9.90 g, 0.054 mol) was added to thionyl chloride (20 mL, 0.274 
mol) at  room temperature and immediately brought to  reflux. 
After 15 h the excess thionyl chloride was removed under 
reduced pressure, and the resulting yellow solid 3a (100%) was 
used without further purification. 
Procedure Sequence for Method B. 2-Amino-3-nitro- 

N-propylbenzamide (4). Under Ar at 0 "C 1,3-dicyclohexyl- 
carbodiimide (DCC) (8.24 g, 0.04 mol) was added neat to a 
stirring solution of 2a (7.08 g, 0.04 mol), n-PrNHz (3.29 mL, 
0.04 mol), and 1-hydroxybenzotriazole hydrate (HOBT) (10.80 
g, 0.08 mol) in THF (200 mL). After 1 h the reaction mixture 
was warmed t o  room temperature and stirred for an additional 
16 h. The reaction mixture was then filtered and concentrated 
under reduced pressure. The concentrated residue was dis- 
solved in CHzClz (200 mL) and extracted twice with saturated 
aqueous NaHC03 (200 and 100 mL, respectively). The organic 
phase was then dried over MgS04, filtered, and concentrated 
under reduced pressure to yield 8.26 g (93%) of 4 as a yellow 
solid (TLC: 20:l CH2ClZ:MeOH, Rf = 0.8). 4: lH NMR (CDC13) 
d 1.0 (s, 3H), 1.55-1.75 (m, 2H), 3.3-3.5 (9, 2H), 6.1 (bs, lH), 
6.6-6.7 (t, lH), 7.6 (d, lH), 8.1 (bs, lH), 8.25 (d, 1H). 
1,3-Dihydro-4-[(propylamino)methyll-W-benzimida- 

zol-2-one (5). Under Ar a t  0 "C 4 (3.35 g, 0.015 moL) was 
added neat over 10 min to  a suspension of LAH (3.41 g, 0.90 
moL) in THF (50 mL). After 1.5 h the reaction mixture was 
warmed to  room temperature and stirred for 16 h. Then 1,4- 
dioxane (200 mL) was added to the reaction mixture after 
which the temperature was elevated to distill off the THF. The 
resulting mixture in dioxane was then maintained at  reflux. 
After 48 h the reaction mixture was cooled to  room tempera- 
ture and the reaction quenched with HzO (3.41 mL) followed 
by 15% NaOH (3.41 mL) and then H20 (10.23 mL). The 
mixture was stirred for 1 h and then filtered. The resulting 
salts were digested in refluxing THF and then refiltered. The 
filtrates were combined, dried over MgS04, filtered, and 
concentrated under reduced pressure. The resulting oil was 
immediately combined with 4-methylmorpholine (NMM) (4.94 

mL, 0.045 mol) in CHzClz (30 mL) and added over 10 min to 
a 0 "C solution of trichloromethyl chloroformate (1.80 mL, 
0.015 mol) in CHZC12 (40 mL). After stirring for an additional 
10 min, the mixture was concentrated under reduced pressure. 
A solution of 85:15 dioxane:HzO (100 mL) was added to  the 
resulting solid under Ar at room temperature and the resulting 
mixture warmed on a steam bath for 10 min. The resulting 
mixture was filtered through Dicalite. The filtrate was then 
basified with concentrated NH4OH to  give a brownish pre- 
cipitate which was filtered and triturated with MeOH to give 
1.32 g (43%) of 5 which was used for the subsequent reaction 
without further purification. However, an analytical sample 
of 5 was prepared by recrystallizing a 0.27-g sample of 
semipure 5 from MeOH (15 mL) to yield 0.13 g (21%) of pure 
5 as a white solid, mp 219-222 "C, (TLC: 65:25:4 CHC13: 
MeOH:HzO, R f =  0.15). 5: 'H NMR (DMSO-ds) 6 0.85 (t, 3H), 
1.4-1.5 (m, 2H), 2.4 (t, 2H), 3.75 (6, 2H), 6.7-7.0 (m, 3H). Anal. 
(CiiHi5N30) C, H, N. 
6,7-Dihydro-6-propylimidazo[4,5,l~kl[1,4lbenzodiaze- 

pine-2,5(1H,4H)-dione (IS). Under Ar, chloroacetyl chloride 
(0.32 mL, 0.040 mol) in CHZC12 (10 mL) was added over 1 min 
to a 0 "C mixture of 5 (0.82 g, 0.040 mol) and Et3N (0.56 mL, 
0.040 mol) in CHzClz (10 mL). The mixture was stirred for 
30 min at  0 "C and then brought to reflux for an additional 30 
min. The reaction mixture was then cooled to room tempera- 
ture and extracted with 1 N HC1, saturated aqueous NaHC03, 
and then brine. The organic phase was dried over MgS04, 
filtered, and concentrated under reduced pressure to yield 0.72 
g of an oil. A 0.65-g sample of this oil was dissolved in THF 
(3.5 mL) after which 50% NaH (0.122 g, 0.025 mol) was added 
neat at once at  room temperature. After 1 h the reaction 
mixture was partitioned between CHzClz (10 mL) and H20 (10 
mL). The resulting solid was filtered from this biphasic system 
to yield 0.32 g (36%) of semipure 1s. This material was hrther 
purified through trituration as described in Table 2 (TLC: 20:l 
CHClS:MeOH, Rf = 0.25). IS: 'H NMR (DMSO-ds) 6 0.65- 
0.75 (t, 3H), 1.4-1.6 (m, 2H), 3.3-3.4 (t, 2H), 4.7-4.75 ( s ,  2H), 
4.75-4.8 (s, 2H), 6.9-7.0 (s, 3H), 11.0 (s, 1H). 
Typical Procedure Sequences for Method C. 2-Amino- 

N-(3-methyl-2-oxobutyl)-3-nitrobenzamide (6a). Under 
Nz, Et3N (9.50 mL, 0.068 mol) in CHzClz (15 mL) was added 
dropwise to a room temperature suspension of 3a (6.85 g, 0.034 
mol) and 1-amino-3-methylbutanone monohydrochloride"(4.7 
g, 0.034 mol) in CHzClz (85 mL). After stirring for 21 h the 
reaction mixture was washed with HzO. The aqueous phase 
was rewashed with a second portion of CHzClz. The organic 
phases were combined and rewashed with HzO, saturated 
aqueous NaHC03, and then brine, dried over MgSO4, filtered, 
and concentrated under reduced pressure to give 7.8 g of yellow 
solid. This material was warmed in refluxing EtOH (150 mL) 
and the undissolved solid filtered from the solution. The 
filtrate was concentrated to  give 6 g (67%) of 6a as a gummy 
solid which was used without further purification (TLC: 5% 
EtOH:CHzClz, Rf= 0.75; 1:l EtOAc:hexane, R f =  0.5). 6a: 'H 
NMR (90 MHz, CDC13) d 1.2 (d ,  6H), 2.6-2.9 (m, lH), 4.4 (d, 

8.4 (bs, 3H). 
2-Amino-3-nitro-N-(2-oxopentyl)benzamide (6b). The 

desired product was prepared by following the procedure used 
for 6a after substituting 1-amino-2-pentanone monohydro- 
chloride" in place of 1-amino-a-methylbutanone monohydro- 
chloride. Also the Et3N solution was added to a 0 "C 
suspension of 3a and amino ketone rather than a room 
temperature solution. Treatment of the semipure material 
also varied in that after the aqueous extractions the residue 
was warmed in refluxing EtOAc rather than refluxing EtOH 
to return a 89% yield of 6b which was used without further 
purification. 
N-(2-Amino-3-nitrobenzoyl)benzeneacetamide (6c). The 

desired product was prepared by following the procedure used 
for 6a after substituting 2-amino-1-phenylethanone in place 
of 1-amino-3-methylbutanone monohydrochloride. Also the 
Et3N solution was added to a 0 "C suspension of 3a and 
ketoamine rather than a room temperature solution. Also 
when the reaction mixture was partitioned between CHzClz 
and HzO, some solid precipitated which was filtered to give 
4.2 g of solid. Upon completion of the extractions, an ad- 

2H), 6.5-6.8 (t, lH),  6.8-7.0 (bs, lH), 7.65-7.8 (d, lH), 8.0- 
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of THF), 3 N NaOH (5  mL), and H2O (15 mL) after which the 
mixture was stirred at 0 "C for an additional 2 h. The mixture 
was then treated with MgS04, and filtered, and the resulting 
salts were rinsed with warm CH2Clz (200 mL). The filtrate 
was concentrated under reduced pressure to give 4.7 g of dark 
oil. This material was immediately combined with NMM (7.6 
mL, 0.069 mol) in CHzClz (50 mL) and added dropwise over 
30 min to a 0 "C solution oftrichloromethyl chloroformate (2.75 
mL, 0.023 mol) in CHzClz (100 mL) under Ar. After stirring 
for an additional 2.5 h the mixture was concentrated under 
reduced pressure. A solution of 8515 dioxane:HzO (100 mL) 
was added to the concentrated residue and the mixture 
warmed on a steam bath for 5 h. This mixture was washed 
twice with CHzClz, basified with concentrated NHIOH, and 
then reextracted three times more with CH2C12. The latter 
three CHzClz extracts were combined, washed with brine, dried 
over MgS04, filtered, and concentrated under reduced pressure 
to give 3.2 g (63%) of crude lx as a foam which was further 
purified as described in Table 2. lx: lH NMR (CDC13) 6 0.9 
(d, 3H), 1.05 (d, 3H), 1.8-2.0 (bs, lH), 2.3-2.45 (m, lH), 3.0- 
3.1 (d, lH), 3.6-3.7 (d, lH), 4.05-4.15 (d, lH), 4.2-4.25 (d, 
lH), 4.25-4.35 (d, lH), 6.7-6.8 (bs, lH), 6.9-7.0 (bs, 2H), 10.0 
(bs, 1H). 
4,5,6,7-Tetrahydro-4-propylimidazo[4,5,l-jk] [ 1,4] benzo- 

diazepin-2(lH)-one (laa). The desired product was pre- 
pared by following the procedure used for lx except the LAH 
mixture was heated for 40 h instead of 6 days. Also the 
hydrolysis reaction concentrations were inverted from 85: 15 
dioxane:HzO to 85:15 H2O:dioxane. 
4,5,6,7-Tetrahydro-4-phenylimidazo[4,5,l~kl[1,4lbenzo- 

diazepin-2(lH)-one (lad). The desired product was pre- 
pared by following the procedure used for lx except the LAH 
mixture was heated for 3 days instead of 6 days. Also the 
hydrolysis reaction concentrations were inverted from 85: 15 
dioxane:HzO to 85:15 H2O:dioxane. 
4,5,6,7-Tetrahydro-4-methylimidazo[4,5,1+] [ 1,4]benzo- 

diazepin-2(1H)-one (It). The desired product was prepared 
by following the procedure used for lx except that 7d (5.5 g, 
0.029 mol) was added as a warm suspension in dioxane (200 
mL) to a room temperature suspension of LAH (6 g, 0.16 mol) 
in dioxane (200 mL). This variation was not necessarily out 
of necessity but rather because of exploratory experimentation. 
Also, the LAH mixture was heated for 2 days instead of 6 days. 
In addition, the hydrolysis reaction concentrations were 
inverted from 85:15 dioxane:HzO to  85: 15 H2O:dioxane. 
Typical Procedure Sequences for Method D. 2,5- 

Dichloro-3-nitrobenzoyl Chloride (8a). Under Ar, 2,5- 
dichloro-3-nitrobenzoic acid (5.0 g, 0.021 mol) was added to 
thionyl chloride (10 mL, 0.13 mol) and the mixture was 
immediately warmed to reflux. After 24 h the excess thionyl 
chloride was removed under reduced pressure to give 4.74 g 
(89%) of residue solid Sa which was used without further 
purification. 
(R)-W-(Cyclopropylmethyl)-l,2-propanediamine (9a). 

Under Ar, DCC (26.9 g, 0.13 mol) was added neat to a 0 "C 
mixture of N-(tert-butoxycarbony1)-D-alanine (25 g, 0.13 mol), 
(aminomethy1)cyclopropane (11.3 mL, 0.13 mol), and HOBT 
(35.1 g, 0.26 mol) in THF (300 mL). The reaction mixture was 
gradually warmed to  room temperature and stirred for 16 h. 
The reaction mixture was then filtered and the solid rinsed 
with a small amount of THF. The filtrate was then dissolved 
in CH3CN and cooled to 0 "C for 14 h. The resulting solid 
was filtered and the organic phase extracted with saturated 
aqueous NaHC03 and then brine. The organic phase was then 
dried over NaZS04, filtered, and concentrated under reduced 
pressure to  yield 25.5 g (81%) of residue solid. This material 
was then added neat to 0 "C trifluoroacetic acid (TFA) (105 
mL), and after 3 h at  0 "C, the excess TFA was removed under 
reduced pressure. The residual oil was dissolved into satu- 
rated aqueous NaHC03 which was then continuously extracted 
with CHzClz for 16 h. The organic phase was then dried over 
NaZS04, filtered, and concentrated under reduced pressure to 
give 14.9 g (100%) of tan oil. This oil was dissolved in THF 
(100 mL) and slowly added to a room temperature suspension 
of LAH (11.4 g, 0.30 mol) in THF (100 mL). The reaction 
mixture was then warmed to  reflux. After 16 h the reaction 
mixture was cooled to  0 "C and the reaction quenched 

ditional 14.9 g of yellow solid was isolated. These two solid 
samples were combined and recrystallized from 1,2-dichloro- 
ethane to give 8.3 g (48%) of 6c which was used without W h e r  
purification. 
2-Amino-3-nitro-N-(2-oxopropyl)benzamide (6d). The 

preparation of ketone 6d varied from the standard procedure 
for 6a in that a peptide-coupling procedure was utilized 
starting from 2a rather than coupling with the acid chloride 
3a. This variation was not out of necessity but rather as an 
experimental comparison. Under Ar a t  room temperature 
DCC (11.32 g, 0.055 mol) in THF (50 mL) was added to 2a (10 
g, 0.055 mol) and HOBT (7.42 g, 0.055 mol) in THF (200 mL) 
followed by a solution of NMM (9.07 mL, 0.083 mol) in THF 
(50 mL). To the resulting solid mass was added a solution of 
1-amino-2-propanone monohydrochloride (6.00 g, 0.055 mol) 
in DMF (300 mL) which led to a more fluid reaction mixture. 
Two additional portions of 1-amino-2-propanone monohydro- 
chloride (1.5 g, 0.014 mol) and NMM (1.52 mL, 0.014 mol) were 
added in 24-h intervals. Then after stirring for an additional 
24 h the reaction mixture was filtered and the filtrate 
concentrated under reduced pressure. The concentrated resi- 
due was dissolved in CHzCl2 and washed sequentially with 
HzO twice, saturated aqueous NaHC03, and brine. The 
organic phase was then dried over MgS04, filtered, and 
concentrated under reduced pressure to give 12 g of yellow 
solid. This material was recrystallized from EtOH to yield 8.34 
g (64%) of 6d which was used without further purification. 
9-Amino-3,4-dihydro-2-( l-methylethyl)-SH-l,4-benzo- 

diazepin-5-one (7a). At room temperature a mixture of 6a 
(5.9 g, 0.022 mol) and 10% Pd/C (1.6 g) in EtOH (150 mL) was 
placed under a H2 atmosphere at  50 psi for 26 h. Then an 
additional portion of 10% Pd/C (0.77 g) was added, and the 
reaction was continued. After an additional 24 h at room 
temperature, the reaction mixture was filtered through Di- 
calite and the filtered solid rinsed well with EtOH and CHz- 
Clz. The filtrate was concentrated under reduced pressure to 
give 4.64 g (97%) of yellow solid 7a which was used without 
further purification (TLC: 5% EtOH:CHzC12, Rf = 0.5). 
9-Amino-3,4-dihydro-2-propyl-5H-1,4-benzodiazepin-5- 

one (7b). At room temperature a mixture of 6b (12 g, 0.045 
mol) and 10% Pd/C (3.4 g) in EtOH (400 mL) was placed under 
a Hz atmosphere at  50 psi for 24 h. The reaction mixture was 
then filtered through Dicalite and the filtered solid rinsed well 
with CHzClz (300 mL). The filtrate was concentrated under 
reduced pressure to  give 9 g (92%) of orange solid 7b which 
was used without further purification. 
9-Amino-3,4-dihydro-2-phenyl-5H-1,4-benzodiazepin- 

5-one (7c). At room temperature a mixture of 6c (3.9 g, 0.013 
mol) and 10% Pd/C (1.84 g) in EtOH (150 mL) was placed 
under a H2 atmosphere at  50 psi for 15 h. Then an additional 
portion of 10% Pd/C (0.34 g) was added, and the reaction was 
continued. After another 24 h the mixture was filtered 
through Dicalite and the filtered solid rinsed well with CHz- 
Clz. This filtrate was combined with a filtrate from another 
run which had started with 4.6 g of 6c. The combined filtrates 
were concentrated under reduced pressure to  give 6.6 g (92%) 
of dark foam 7c which was used without further purifica- 
tion. 
9-Amino-3,4-dihydro-2-methyl-5H- 1,4benzodiazepin-5- 

one (7d). At room temperature a mixture of 6d (7.2 g, 0.030 
mol) and 10% Pd/C (1.00 g) in EtOH was placed under a H2 
atmosphere at  50 psi for 7 h. Then an additional portion of 
10% Pd/C (0.2 g) was added, and the reaction was continued. 
After another 24 h a third portion of 10% PdK was added, 
and the reaction was continued. After an additional 24 h at  
room temperature, the reaction mixture was heated to 40 "C 
for 24 h. The mixture was then filtered through Dicalite and 
the filtered solid rinsed well with CHZC12. The filtrate was 
concentrated under reduced pressure to give 5.5 g (96%) of 
yellow gummy solid 7d which was used without further 
purification. 
4,5,6,7-Tetrahydro-4-(l-methylethyl)imidazo[4,5,1~~]- 

[1,4lbenzodiazepin-2(1N)-one (lx). Under Ar powdered 
LAH (5.0 g, 0.13 mol) was added at  room temperature to  a 
suspension of 7a (4.75 g, 0.022 mol) in dioxane (150 mL) and 
then heated to  reflux for 6 days. After cooling to 0 "C, the 
reaction was quenched sequentially with HzO (5 mL in 25 mL 
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sequentially with HzO (11.4 mL), 3 N NaOH (34.2 mL), and 
HzO (11.4 mL). The resulting solid was filtered and rinsed 
with THF (25 mL). The combined filtrates were dried over 
NazS04, filtered, and concentrated under reduced pressure to 
give 11.8 g (92%) of Sa which was used without further 
purification. 
(S)-W-(2-Methyl-2-propenyl)-1,2-propanediamine (Sb). 

The desired product was prepared by following the procedure 
used for Sa except N-(tert-butoxycarbony1)-L-alanine was used 
in place of N-(tert-butoxycarbony1)-D-alanine, (aminomethyl)- 
cyclopropane was replaced with 2-methylallylamine hydro- 
chloride, and NMM was used as a base scavenger. Another 
variation from the procedure for Sa was the workup for the 
intermediate BOC-Ala-NH-CHzC(CH3)=CHz. This reaction 
mixture was filtered, concentrated, and dissolved in CHzClz 
prior to the aqueous extractions to give an 85% yield of BOC- 
Ala-NH-CHzC(CH3)=CHz. The TFA BOC removal yielded 
49% of HzN-A~~-NH-CHZC(CH~)=CHZ. The LAH reduction of 
this material yielded 49% of Sb as a clear oil. 
(-)-(R)-7-Chloro-4-(cyclopropylmethyl)-l,2,3,4tetrahy- 

dro-2-methyl-Q-nitro-5H-1,4-benzodiazepin-5-one (loa). 
Under Ar, Sa (5.0 g, 0.020 mol) was added to  a room 
temperature suspension of NazC03 (7.0 g, 0.066 mol) in 
n-BuOH (30 mL) and then warmed to  reflux for 3 h. Sa (2.6 
g, 0.020 mol) was then added neat to the reaction mixture, 
and reflux was maintained for an additional 1 h. The mixture 
was then cooled to  room temperature and filtered. The 
resulting solid was rinsed with a small amount of EtOH. The 
combined filtrates were concentrated under reduced pressure. 
The residual oil was flash chromatographed on a silica gel 
column eluting with 1% MeOWCHzC12. The desired fractions 
were combined, concentrated, and crystallized from CH3CN 
to give 2.93 g (47%) of 10a as an orange solid, mp 78-80 "C. 
loa: lH NMR (CDC13) 6 0.3-0.4 (m, 2H), 0.5-0.65 (m, 2H), 
1.0-1.5 (m, lH), 1.35 (d, 3H), 3.15-3.25 (dd, lH), 3.4-3.6 (m, 
2H), 3.7-3.85 (dd, lH), 4.0-4.15 (m, lH), 8.1 (s, lH), 8.3 (s, 
lH), 8.3-8.4 (bs, 1H). Anal. (C14H&lN303) C, H, N. 
(+)-(S)-7-Chloro-1,2,3,4-tetrahydro-2-methyl~-(2-meth- 

yl-2-propenyl)-S-nitro-SH- 1,4-benzodiazepin-5-one (lob). 
The desired product was prepared by following the procedure 
used for loa, except 10b did not require recrystallization after 
purification by column chromatography, and isolated as an 
orange solid, mp 64-67 "C. Anal. (C14H16C1N303) C, H, N. 
(-)-(R)-S-Chloro-6-(cyclopropylmethyl)-4,5,6,7-tetrahy- 

dr0-4-methylimidazo[4,5,1$~][ 1,4lbenzodiazepine-2(1W). 
thione (lw). Under Ar, 10a (2.73 g, 8.83 mmol) in a small 
amount of l,2-dimethoxyethane was added to a room tem- 
perature suspension of LAH (2.0 g, 52.70 mmol) in 1,2- 
dimethoxyethane (80 mL) and then warmed to reflux. After 
14 h the mixture was cooled to  0 "C and the reaction quenched 
sequentially with HzO (2.0 mL), 3 N NaOH (6 mL), and HzO 
(2 mL). The resulting salts were filtered and rinsed with CH2- 
Clz. The combined filtrates were dried over NazS04, filtered, 
and concentrated under reduced pressure. The concentrated 
residue was dissolved in THF (50 mL), combined with 1,l'- 
thiocarbonyldiimidazole (1.73 g, 9.71 mmol) at  room tempera- 
ture, and then warmed to reflux for 1 h. The mixture was 
then added to EtOAc (10 mL) and washed thrice with HzO 
(25 mL each). The organic phase was dried over NazS04, 
filtered, and concentrated under reduced pressure. The 
resulting crude product was purified as described in Table 2. 
lw: lH NMR (CDC13) 6 0.2 (m, 2H), 0.6 (m, 2H), 0.9-1.0 (m, 
lH), 1.5-1.6 (d, 3H), 2.45-2.55 (dd, lH), 2.65-2.75 (dd, lH), 
2.9-3.0 (d, lH), 3.3-3.4 (d, lH), 3.8-3.9 (d, lH), 4.2-4.3 (d, 
lH), 5.0-5.1 (m, lH), 6.9 (s, lH), 7.1 (s, lH), 10.0 (bs, 1H). 
(+)-(S)-S-Chloro-4,5,6,7-tetrahydro-4-methyl-6-(2-meth- 

yl-2-propenyl)imidazo[4,5,l~kl[1,4lbenzodiazepine-2(~- 
thione (lv). The desired product was prepared by following 
the procedure used for lw, except the 1,l'-thiocarbonyldiimi- 
dazole thiourea ring-forming reaction for lv was heated for 3 
h rather than 1 h. 
Typical Procedure Sequences for Method E. 5,lO-Di- 

hydro-4-nitro-l~-dibenzo[bcl[ 1,4ldiazepin-ll-one (lla). 
Under Nz, 8b2 (2.61 g, 0.010 mol), 1,2-phenylenediamine (1.08 
g, 0.010 mol), and NazC03 (1.06 g, 0.010 mol) in n-BuOH (10 
mL) were warmed to reflux. After 2 days the reaction mixture 
was cooled to 0 "C for about 0.5 h and then filtered after which 

the solid was rinsed with a small amount of n-BuOH and then 
MeOH. The filtered solid was then triturated in HzO (30 mL), 
refiltered, and rinsed with an additional portion of HzO (30 
mL) and then EtzO. After air-drying, there remained 1.94 g 
(76%) of copper-colored solid lla, mp 303-306 "C, which was 
used without further purification (TLC: 20: 1 CHZClz:MeOH, 
Rf = 0.4). 
cis-1,2,3,4-Tetrahydro-2,3-dimethyl-S-nitro-SEZ-1,4-ben- 

zodiazepin-5-one (llb). The desired product was prepared 
in a similar manner as lla after substituting meso-2,3-di- 
aminobutane dihydrochloride in place of 1,2-phenylenediamine 
and 8c2 in place of 8b. Also 3 mol excess of NazC03 was used, 
instead of 1 mol equiv as for lla, and the reaction mixture 
was heated for 1 day rather than 2 days. The reaction mixture 
was worked up by filtering off the resulting solid and concen- 
trating the filtrate under reduced pressure. The concentrated 
residue was taken up in CHzClZ, filtered, and reconcentrated 
under reduced pressure, and triturated with Et20 to  yield 58% 
of llb which was used without further purification. 

trans- 1,2,3,4-Tetrahydro-2,3-dimethyl-S-nitro-5H- 1,4- 
benzodiazepin-&one (llc). The desired product was pre- 
pared in a similar manner as lla after substituting ~ , ~ - 2 , 3 -  
diaminobutane dihydrochloride in place of 1,2-phenylenediamine 
and 8c in place of 8b. Also 3 mol excess of NazC03 was used, 
instead of 1 mol equiv as for lla, and the reaction mixture 
was heated for 1 day rather than 2 days. The reaction mixture 
was worked up by concentrating the reaction mixture under 
reduced pressure and partitioning the residue between water 
and CHZC12. The organic phase was dried over MgS04, 
filtered, and concentrated under reduced pressure to give an 
orange solid. This material was recrystallized from EtOAc to 
yield 43% of llc as an orange solid, mp 166-167 "C. Anal. 
(CiiHi3N303) C, H, N. 
4-Amino-5,lO-dihydro-1 lH-dibenzo[ b,e] [ 1,4ldiazepin- 

11-one (12a). Under Nz, NHzNHz.Hz0 (0.45 mL, 9.2 mmol) 
was added over 15 min to a refluxing suspension of lla (0.38 
g, 1.5 mmol) and RaNi (0.22 g) in MeOH (20 mL). The reaction 
mixture was refluxed for an additional 1 h and 40 min, cooled, 
and then filtered through Dicalite. The filtrate was concen- 
trated under reduced pressure and triturated in Et20 (5 mL) 
to give 0.27 g (80%) of 12a as a pea green solid, mp 218-219 
"C (TLC: 20:l CHZClz:MeOH, Rf = 0.35). 12a: lH NMR 
(DMSO-&) 6 5.2 (s, 2H), 6.6-6.8 (m, 3H), 6.85-7.0 (m, 4H), 
7.1 (d, lH), 9.8 (s, 1H). 
1,2-Dihydro-2-thioxobenzimidazo[7,l-cdl[ 1,5]benzodi- 

azepin-S(SN)-one (lax). Under Nz, a mixture of 12a (0.45 
g, 2.0 mmol) and 1,l'-thiocarbonyldiimidazole (0.36 g, 2.0 
mmol) in THF (20 mL) was warmed to reflux for 3 h. After 
cooling, the resulting solid was filtered off, rinsed with a small 
amount of THF, and then triturated in MeOH (10 mL) to  give 
lax as a yellow green solid. lax: 'H NMR (DMSO-&) 6 7.15- 
7.25 (m, lH), 7.3-7.45 (m, 4H), 7.7-7.8 (m, lH), 8.7-8.8 (d, 

10,l l-Dihydr0-4-nitro-5H-dibenzo[bc] [ 1,4]diazepine 
(13a). Under Ar, BHyTHF in THF (22 mL, 0.022 mol) was 
added over 5 min to a 0 "C semisuspension of lla (2.81 g, 0.011 
mol) in THF (66 mL). After 2.5 h the reaction mixture was 
warmed to room temperature and stirred for an additional 18 
h. The reaction mixture was then recooled to 0 "C and the 
reaction slowly quenched with 3 N HCl(22 mL) over 5 min. 
The resulting acidic mixture was then warmed to reflux on a 
steam bath for 1 h. The mixture was then again cooled to  0 
"C, basified with 3 N NaOH, and extracted with CHzClZ. The 
organic phase was then dried over MgS04, filtered, and 
concentrated under reduced pressure to  give 2.42 g of crude 
product. This material was flash chromatographed on a silica 
gel column eluting with 30:l CHzC1z:MeOH. The desired 
fractions were combined and concentrated to give 1.04 g (40%) 
of 13a as a dark, deep purple solid, mp 135-138 "C (TLC: 20:l 
CHZClz:MeOH, Rf = 0.8). 13a: 'H NMR (CDC13) 6 4.25 (s, 
lH), 4.35 (s, 2H), 6.6-6.8 (m, 2H), 6.8-6.95 (m, 2H), 7.0 (d, 
lH), 7.15 (d, lH), 8.2 (d, 1H). Anal. (C13HllN302) C, H, N. 
2,3-trans-2,3,4,5-Tetrahydro-2,3-dimethyl-S-nitro- 1H- 

1,4-benzodiazepine (13c). The desired product was pre- 
pared in a similar manner as 13a after substituting llc in 
place of lla. Also 3.5 mol excess of BH3.THF was used, instead 
of 2 mol equiv as for 13a, and the reaction mixture was heated 

lH), 9.6 (s, lH), 13.5-13.6 (bs, 1H). 
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at reflux for 4 days. The reaction mixture was worked up by 
quenching the reaction with water followed by 3 N NaOH. The 
resulting mixture was warmed to  reflux for 3 h. The organic 
layer was then separated, washed with brine, dried over Naz- 
SO4, filtered, and concentrated under reduced pressure to  give 
a yellow oil. This material was flash chromatographed on a 
silica gel column eluting with 7% MeOWCHzClz containing 
0.1% of NH4OH. The desired fractions were combined and 
concentrated under reduced pressure to yield 5% of 13c as an 
orange glass which was used without further purification. 
7-(Cyclopropylmethyl~-6,7-dihydro-benz[blimidazo- 

[4,5,1+kl[1,4lbenzodiazepine-l(2H)-thione (lay). Under 
Ar, cyclopropanecarbonyl chloride (0.18 mL, 2 mmol) in CHZ- 
Clz (2 mL) was added over 2 min to a 0 "C solution of 13a 
(0.48 g, 2 mmol) in CHzClz (15 mL). After 2 h, the reaction 
mixture was warmed to room temperature and stirred for an 
additional 16 h. The reaction mixture was then extracted with 
HzO, dried over MgS04, filtered, and concentrated under 
reduced pressure to yield 0.62 g (100%) of orange solid, mp 
158-160 "C (TLC: 20:l CHZClz:MeOH, R f =  0.85). A sample 
of this material (0.56 g, 1.8 mmol) was added neat over 2 min 
to a 0 "C suspension of LAH (0.41 g, 10.8 mmol) in 1,2-di- 
methoxyethane (15 mL). After stirring for 25 min at room 
temperature, the mixture was warmed to  room temperature 
for 0.5 h and then warmed to reflux. After 3 h the mixture 
was cooled to 0 "C and the reaction quenched sequentially with 
HzO (0.41 mL), 3 N NaOH (0.41 mL), and HzO (1.2 mL). After 
15 min the reaction mixture was filtered and rinsed with a 
small amount of THF. The salts were digested in refluxing 
THF (20 mL) for 5 min and then refiltered. The combined 
filtrates were dried over MgS04, filtered, and concentrated 
under reduced pressure to yield a purplish oil. This material 
was combined with 1,l'-thiocarbonyldiimidazole (0.32 g, 1.8 
mmol) in THF (10 mL) at  room temperature and immediately 
brought to reflux. After 2 h the mixture was concentrated 
under reduced pressure and the residue partitioned between 
EtOAc and HzO. The organic phase was dried over MgS04, 
filtered, and then adsorbed on silica gel. This material was 
flash chromatographed and further purified as described in 
Table 2 (TLC: 25% EtOAc:hexane, Rf = 0.4). lay: lH NMR 
(CDC13) 6 0.05-0.15 (bd, 2H), 0.4-0.5 (bd, 2H), 0.8-0.9 (m, 

6.9-7.0 (d, lH),  7.1-7.35 (m, 5H), 8.6-8.7 (d, lH), 10.1-10.2 
(bs, 1H). 
4,5-truns-4,5,6,7-Tetrahydro-4,5-dimethyl-6-(3-methyl- 

2-butenyl)imidazo[4,5,l+k] [1,4lbenzodiazepine-2(lH)- 
thione (lav). A mixture of 13c (0.34 g, 1.54 mmol), l-bromo- 
3-methyl-2-butene (0.23 g, 1.54 mmol), Na~C03 (0.33 g, 3.08 
mmol), and KI (0.26 g, 1.54 mmol) in DMF (10 mL) was stirred 
for 16 h at room temperature and then partitioned between 
EtOAc and HzO. The organic phase was then washed with 
HzO and brine, dried over KzC03, filtered, and concentrated 
under reduced pressure to give 0.34 g of orange oil. This 
material was flash chromatographed on a silica gel column 
eluting with 7% MeOWCHzClz containing 0.1% O f  NH40H. The 
desired fractions were combined and concentrated under 
reduced pressure to yield 0.18 g (40%) of an orange oil which 
crystallized upon standilig. This material was dissolved in 
THF (10 mL), cooled to  0 "C, and treated with LAH (0.095 g, 
2.49 mmol). The reaction mixture was then warmed gradually 
to reflux. After refluxing for 45 min the reaction mixture was 
cooled and the reaction quenched sequentially with HzO (100 
pL), 3 N NaOH (300 pL), and then HzO (100 pL). After stirring 
for 30 min the mixture was filtered. The filtrate was dried 
over Na~S04, filtered, and concentrated under reduced pres- 
sure to give 0.17 g (theoretical weight, TW, 0.16 g) of orange 
oil. This material was combined with 1,l'-thiocarbonyldiimi- 
dazole (0.144 g, 0.810 mmol) in THF (5 mL) and warmed to 
reflux for 1 h. The reaction mixture was then partitioned 
between EtOAc and HzO. The organic phase was then washed 
twice with HzO and once with brine, dried over NazS04, 
filtered, and concentrated under reduced pressure to give 0.21 
g of dark brown oil. This material was purified as described 
in Table 2. lav: lH NMR (CDC13) 6 1.05-1.15 (d, 3H), 1.4- 
1.5 (d, 3H), 1.7 (s, 3H), 1.8 (s, 3H), 3.1-3.3 (m, 3H), 4.1 (9, 
2H), 4.9-5.0 (m, lH), 5.3-5.4 (t, lH), 6.8-6.9 (t, lH), 7.0- 
7.15 (m, 2H), 9.8-9.9 (bs, 1H). 

lH), 2.7-2.95 (bs, lH),  2.95-3.2 (bs, lH), 4.2-4.5 (bd, 2H), 
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2,3-cis-2,3,4,5-Tetrahydr0-2,3-dimethyl-lH- 1,4-benzodi- 
azepin-9-amine (14b). Under Ar a solution of llb (2.10 g, 
8.93 mmol) in 1,cdioxane (35 mL) was added to a 0 "C 
suspension of LAH (2.0 g, 53.6 mmol) in 1,4-dioxane (50 mL). 
The reaction mixture was then warmed to reflux. After 16 h 
heating was discontinued, and at  room temperature the 
reaction was quenched sequentially with HzO (2 mL), 3 N 
NaOH (6 mL), and HzO (2 mL). The reaction mixture was 
then filtered and the filtrate concentrated under reduced 
pressure to  yield 1.67 g (98%) of 14b as a brown oil which was 
used without further purification. 14b (crude): lH NMR 
(CDC13) 6 1.0-1.1 (d, 3H), 1.1-1.2 (d, 3H), 3.1-3.2 (m, lH), 
3.2-3.4 (bs, 2H), 3.6-3.7 (m, lH),  3.8-3.9 (d, lH), 4.1-4.2 (d, 
lH), 6.5-6.6 (m, lH), 6.6-6.7 (m, 2H). 
2,3-truns-2,3,4,5-Tetrahydro-2,3-dimethyl-lH-1,4-ben- 

zodiazepin-9-amine (14~). The desired product was gener- 
ated in the same reaction as for the preparation of 13c. 
Intermediate 14c was purified by flash chromatography as 
described in the experimental for 13c. The desired fract.ions 
were combined and concentrated under reduced pressure to 
yield 8% of 14c which was used without further purification. 
4,5-trans-6-(Cyclopropylmethyl)-4,5,6,7-tetr~y~o-4,5- 

dimethylimidazo[4,5,1-jkl[1,4lbenzodiazepine-2(1H)-thi- 
one (lau). Under Ar, 14c (0.51 g, 2.67 mmol) and 1,l'- 
thiocarbonyldiimidazole (0.52 g, 2.94 mmol) in THF (20 mL) 
was warmed to reflux for 4 h. The reaction mixture was then 
partitioned between EtOAc and HzO. The organic phase was 
then washed twice with HzO and once with brine, dried over 
Na~S04, filtered, and concentrated under reduced pressure to 
give 0.38 g (61%) of orange solid. A 0.216-g sample (0.921 
mmol) of this material was combined with cyclopropanecar- 
boxaldehyde (76 pL, 1.02 mmol), sodium cyanoborohydride 
(0.116 g, 1.85 mmol), and AcOH (53pL, 0.921 mmol) in MeOH 
(10 mL) and THF (5 mL) and stirred for 2 days. The mixture 
was then neutralized with 3 N NaOH and filtered and the 
filtrate concentrated under reduced pressure. The concen- 
trated residue was partitioned between 1 N NaOH and CHz- 
Clz. The organic phase was dried over Na~S04, filtered, and 
concentrated under reduced pressure to give a brown oil. This 
material was purified as described in Table 2. lau: lH NMR 
(CDC13) 6 0.15-0.25 (d, 2H), 0.5-0.7 (m, 2H), 0.9-1.0 (m, lH), 
1.1-1.2 (d, 3H), 1.5-1.6 (d, 3H), 2.5-2.7 (m, 2H), 3.4-3.5 (m, 
lH), 4.1-4.2 (dd, 2H), 4.9-5.0 (m, lH), 6.9-7.0 (d, lH), 7.0- 
7.2 (m, 2H), 9.8-9.9 (bs, 1H). 
Procedure Sequence for Method F. cis-4,5,6,7-Tet- 

rahydro-4,5-dimethylimidazo[4,5, l-jk] [ 1,4lbenzodiazepin- 
2(1H)-one (lcd). lcd was prepared by reacting 14b with 
trichloromethyl chloroformate in a similar manner as outlined 
for the preparation of 5. The crude lcd was purified by flash 
chromatography on a silica gel column eluting with 7% MeOW 
CHZC12 containing 0.1% of NH4OH. The desired fractions were 
combined and concentrated under reduced pressure to yield 
44% of lcd as a tan solid which was used without further 
purification. 
4,5-cis-4,5,6,7-Tetrahydro-4,5-dimethyl-6-(3-methyl-2- 

butenyl)imidazo[4,5,l+k1[1,4] benzodiazepin-2(1H)-one 
(las). Alkylation of lcd following method A-3 yielded desired 
las which was purified as described in Table 2. 
4,5-cis-2-Chloro-4,5,6,7-tetrahydro-4,5-dimethyl-6-(3- 

methyl-2-butenyl)imidazo[4,5,l+kl[ 1,4lbenzodiazepine 
(15b). Under Ar, trifluoromethanesulfonic anhydride (0.36 
mL, 2.14 mmol) was added neat to a -78 "C solution of las 
(0.41 g, 1.43 mmol) in CHzClz (25 mL). Upon completion of 
addition the reaction mixture was stirred for 10 min and then 
treated with 2,6-dimethylpyridine (0.33 mL, 2.86 mmol). After 
stirring for an additional 15 min at  -78 "C, the reaction 
mixture was treated with HCl in Et20 (0.26 g, 7.14 mmol in 9 
mL) and then stirred for 15 min more. The reaction mixture 
was then poured into a saturated aqueous NaHC03 solution. 
The aqueous phase was separated and washed twice with CHz- 
Clz. The organic phases were combined, dried over Na~S04, 
and concentrated under reduced pressure to give a brown oil. 
This material was purified by flash chromatography on a silica 
gel column eluting with 5% MeOWCHzClz containing 0.1% of 
NH40H. The desired fractions were combined and concen- 
trated under reduced pressure to yield 0.22 g (51%) of 15b 
which was used without further purification. 
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4,5-cis-4,5,6,7-Tetrahydro-4,5-dimethyl-6-(3-methyl-2- 
butenyl)imidazo[4,5,l-jk] [ 1,4]benzodiazepine-2(1W)-thi- 
one (lat). Compound 15b was treated with thiourea in EtOH 
following the reaction conditions employed in method A-5. 
Desired product lat was purified as described in Table 2. 
lat: lH NMR (CDC13) 6 1.3-1.4 (d, 3H), 1.5-1.6 (d, 3H), 1.65 
(s, 3H), 1.7 (s, 3H), 3.1-3.4 (m, 3H), 3.8-3.9 (d, lH), 4.4-4.5 
(d, lH), 5.0-5.1 (9, lH), 5.2-5.3 (t, lH), 6.8-6.9 (d, lH), 7.0- 
7.2 (d, 2H), 9.4-9.5 (bs, 1H). 
Typical Procedure Sequences for Method G. 142- 

Bromo-3-nitropheny1)ethanone (16a). The desired product 
was prepared following a literature procedure for the closely 
related 2-chloro-3-nitroacetophenone.12 16a was isolated in 
71% crude yield and used without further purification (TLC: 
1:l EtOAc:hexane, Rf = 0.7). 16a (crude): IH NMR (90 MHz, 
CDCl3) 6 2.7 (s, 3H), 7.3-7.8 (m, 3H). 
l-(2,5-Dichloro-3-nitrophenyl)ethanone (16c). This in- 

termediate was prepared following the literature procedure 
cited for 16a after substituting 8a in place of 8c. The crude 
reaction mixture was purified by HPLC on a silica gel column 
eluting with EtOAhexane. The desired fractions were com- 
bined and concentrated under reduced pressure to yield 40% 
of 16c which was used without further purification. 
l-(2,5-Dichloro-3-nitrophenyl)-3-methyl-l-butanone 

(16d). Under Ar, a solution of freshly prepared isopropyl- 
magnesium bromide13 in THF (164 mL containing 0.135 mol 
of reagent) was added slowly to a maintained 10 "C solution 
of monoethyl ester of isopropylmalonic acid (11.4 g, 65 mmol)14 
in THF (30 mL). Upon completion of addition the reaction 
mixture was cooled to 0 "C and treated over 30 min with a 
solution of 8a (9.3 g, 36.5 mmol) in THF (20 mL). After stirring 
at 0 "C for 50 min, the reaction mixture was warmed to 30 "C 
and stirred for an additional 2 h. The mixture was then 
maintained at  0 "C overnight, treated with water (1.5 mL), 
and stirred for an additional 40 min. The reaction mixture 
was then concentrated under reduced pressure and the residue 
partitioned between Et20 and saturated aqueous NH4C1. The 
ether layer was then washed sequentially with H20, saturated 
aqueous NaHC03, and H2O. The organic phase was dried over 
MgS04, filtered, and concentrated under reduced pressure to 
give 10.2 g of a viscous oil. This oil was combined with a 
solution of H2SO4 (1.8 mL, 32 mmol) and AcOH (34 mL) in 
H2O (14.3 mL) and warmed to  reflux for 12 h. Then an 
additional portion of AcOH (5 mL) was added, and heating 
was continued for an additional 4 h. The mixture was then 
concentrated under reduced pressure, treated with H20, and 
neutralized with NaHC03. The resulting aqueous solution was 
extracted with CHzC12. The organic phase was then washed 
sequentially with H20, saturated aqueous NaHC03, H20, and 
brine, dried over Na2S04, filtered, and concentrated under 
reduced pressure to give 7.6 g (75%) of 16d as a dark viscous 
oil which was used without further purification. 
1-(2,6-Dichloro-3-nitrophenyl)ethanone (160. Under 

Ar, 2,6-dichloroacetophenone (99.0 g, 0.524 mol) was added 
to  a -40 "C solution of concentrated HN03 (500 mL) in 
concentrated H2S04 (500 mL). Upon completion of addition 
the reaction mixture was warmed to -4 "C and stirred for 1 
h. The reaction mixture was poured onto ice and then 
extracted three times with CH2C12. The organic phases were 
combined, extracted with saturated aqueous NaHC03, dried 
over K2CO3, filtered, and concentrated under reduced pressure 
to give 123.97 g (TW, 122.64 g) of 16f which was used without 
further purification. 
2,3,4,5-Tetrahydro-5-methyl-9-nitro-~-l,4-benzodiaz- 

epine (17a). Under Ar, ethylenediamine (0.67 mL, 10 mmol) 
was added neat to  a room temperature mixture of 16a (1.99 
g, 10 mmol) and NaHC03 (0.84 g, 10 mmol) in MeOH (50 mL). 
The mixture was immediately brought to  reflux where it was 
maintained for 23 h. The reaction mixture was recooled to  
room temperature, and NaBH3CN (1.26 g, 20 mmol) was added 
neat. After stirring for 7 h the mixture was acidified to pH 7 
with methanolic HC1. After stirring for an additional 15 h at  
room temperature, the reaction mixture was acidified further 
to pH < 2 with 3 N HC1, stirred for 0.5 h, and then 
concentrated under reduced pressure. The residue was then 
partitioned between 3 N NaOH and CHzC12. The organic 
phase was dried over MgS04, filtered, and concentrated under 
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reduced pressure to give 1.85 g (89%) of 17a as a yellow oil 
which was used without further purification (TLC: 1 O : l  CH2- 
C12:MeOH, Rf = 0.25). 17a: lH NMR (90 MHz, CDC13) 6 1.5 
(d, 3H), 3.0-3.5 (m, 4H), 4.0-4.4 (m, lH), 6.5-6.8 (t, lH), 7.2- 
7.4 (d, lH), 7.7-7.9 (bs, lH), 7.9-8.1 (d, 1H). 
2,3,4,5-Tetrahydro-9-nitro-5-phenyl-lH-l,4-benzodiaz- 

epine (1%). Under Ar, a mixture of ethylenediamine (3.3 
mL, 49 mmol), 16b16 (15 g, 49 mmol), and NaHC03 (4.2 g, 49 
mmol) in EtOH (200 mL) was warmed and then maintained 
at  reflux for 24 h. The mixture was then concentrated under 
reduced pressure and the residue partitioned between CH2- 
C12 and water. The organic phase was dried over MgS04, 
filtered, and concentrated under reduced pressure to give 15.11 
g (TW, 13.10 g) of an orange solid. A 12.0-g sample of this 
material was redissolved in EtOH (500 mL), cooled to  0 "C, 
and treated portionwise slowly with NaBH4 (5.0 g, 0.132 mol). 
Upon completion of addition the mixture was gradually 
warmed to room temperature and then stirred for an ad- 
ditional 3 h. The mixture was then concentrated under 
reduced pressure and partitioned between CHzClz and water. 
The organic phase was dried over MgS04, filtered, and 
concentrated under reduced pressure to give 9.6 g (92%) of 
1% as a red oil which was used without further purification. 
7-Chloro-2,3,4,5-tetrahydro-5-methyl-9-nitro-l~-1,4- 

benzodiazepine (17c). 17c was prepared in a similar 
manner as 17a after substituting 16c in place of 16a. 17c 
was isolated in 96% yield from the reaction mixture and used 
without further purification. 
7-Chloro-2,3,4,5-tetrahydro-5-(2-methylpropyl)-g-nitro- 

lH-l,4-benzodiazepine (17d). The imine for 17d was 
prepared in a similar manner as 17a after substituting 16d 
in place of 16a and n-BuOH in place of MeOH as the solvent. 
After heating the required 18 h to form the imine, the n-BuOH 
was removed under reduced pressure. The residue was diluted 
with MeOH and then treated with NaBH3CN in a similar 
manner as for 17a to yield 17d in 88% crude yield as a red 
solid which was used without further purification. 
6-Chloro-2,3,4,5-tetrahydro-9-nitro- lH-1,4-benzodiaz- 

epine (17e). Under Ar 16e16 (5.0 g, 22.7 mmol) and ethyl- 
enediamine (1.52 g, 22.7 mmol) were combined in MeOH at 
room temperature. After 20 min NaBH3CN (1.72 g, 27.3 
mmol) was added to the stirring mixture. After 16 h the 
reaction mixture was treated with 3 N HCl (20 mL), stirred 
for 1 h, and then treated with 3 N NaOH (40 mL). The 
resulting solution was extracted with CH2Cl2 after which the 
organic phase was dried over K2C03, filtered, and concentrated 
under reduced pressure to  give 4.95 g of acyclic intermediate. 
This material was combined with Na2C03 (2.09 g, 19.7 mmol) 
in n-BuOH (100 mL) and warmed to  reflux. After 12 h the 
mixture was concentrated under reduced pressure. This 
material was purified by flash chromatography on a silica gel 
column eluting with 2% MeOWCH2C12. The desired fractions 
were combined and concentrated under reduced pressure to 
yield 0.80 g (16%) of 17e which was used without further 
purification. 
6-Chloro-2,3,4,5-tetrahydro-5-methyl-9-nitro-lH-l,4- 

benzodiazepine (170. The imine for 17f was prepared in a 
similar manner as 17d after substituting 16f in place of 16d. 
After heating the required 6 h to form the imine, the n-BuOH 
was removed under reduced pressure. The residue was parti- 
tioned between H2O and CH2C12; the organic phase was dried 
over &Cos, filtered, and concentrated. This residue was dis- 
solved in MeOH and treated with NaBH3CN in a similar man- 
ner as for 17a to yield crude 17f. This material was purified 
by flash chromatography on a silica gel column eluting with 
2% and 5% MeOWCHzC12. The desired fractions were com- 
bined and concentrated under reduced pressure to yield 14.17 
g (70%) of 17f which was used without further purification. 
2,3-Dihydro-3,5-dimethyl-9-nitro-lH-1,4-benzodiaze- 

pine (Ma). Under Ar, 1,2-diaminopropane (9.0 g, 0.121 mol) 
was added neat to  a warm homogeneous solution of 16a (29.6 
g, 0.121 mol) and Na2C03 (12.9 g, 0.121 mol) in n-BuOH (600 
mL). The reaction mixture was then warmed to reflux for 4 h 
and concentrated under reduced pressure. The residue was 
partitioned between HzO and CH2C12; the organic phase was 
dried over K2C03, filtered, and concentrated to give 27.3 g. 
On the basis of 'H NMR, there appeared to be a ratio isomer 
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of 6:4 18a:19a. This crude mixture of isomers was purified 
by preparative HPLC on a silica gel column eluting with 20% 
acetone:hexane. Isomer 18a eluted in the front running 
fractions which were combined and concentrated under re- 
duced pressure to yield 11.41 g (43%) of 18a which was used 
without further purification (TLC: 1:l acetone:hexane, Rf = 
0.5). 18a: IH NMR (CDC13) 6 1.4-1.5 (d, 3H), 2.4 (s, 3H), 
3.55-3.65 (dd, lH), 3.65-3.75 (dd, lH), 3.85-3.95 (m, lH), 

(bs, 1H). Further elution with 30% acetone:hexane yielded 
isomer 19a in the latter running fractions. These fractions 
were combined and concentrated under reduced pressure to 
yield 6.0 g (23%) of 19a which was used without further 
purification (TLC: 1:l acetone:hexane, Rf = 0.35). 19a: 'H 
NMR (CDC13) 6 1.3-1.4 (d, 3H), 2.4 (s, 3H), 3.5-3.6 (m, lH), 
3.85-3.95 (d, lH), 4.1-4.2 (m, lH), 6.7-6.8 (t, lH), 7.55-7.65 

(R)-7-Chloro-2,3-dihydro-3,5-dimethyl-9-nitro-1H-1,4- 
benzodiazepine (18b). Under Ar, NaOAc (39.54 g, 0.482 
mol) was added to a room temperature mixture of (R)-1,2- 
diaminopropane dihydr~chloride'~ (23.55 g, 0.160 mol) in 
n-BuOH (1.5 L). After stirring for 0.5 h, 16c (36.40 g, 0.156 
mol) in n-BuOH (0.5 L) was added, and the mixture was stirred 
for an additional 1 h at room temperature. The mixture was 
then warmed to reflux for 5 h after which it was concentrated 
under reduced pressure. The residue was suspended in CHz- 
Clz which was sequentially washed with HzO, 3 N NaOH, and 
brine. The organic phase was dried over KzC03, filtered, and 
concentrated under reduced pressure to  give 38.86 g of red 
oil. This crude mixture of isomers was purified by preparative 
HPLC on a silica gel column eluting with 10% acetone:hexane. 
Isomer 18b eluted in the front running fractions which were 
combined and concentrated under reduced pressure to yield 
17.07 g (43%) of 18b as a red oil which was used without 
further purification. Further elution with 15% acetone:hexane 
yielded isomer 19b in the latter running fractions. These 
fractions were combined and concentrated under reduced 
pressure to yield 12.43 g (31%) of 19b. 
(S)-7-Chloro-2,3-dihydro-3,5-dimethyl-9-nitro-1H-1,4- 

benzodiazepine (1812). This desired product was prepared 
following the procedure for 18b after substituting (S)-1,2-di- 
aminopropane dihydro~hloridel~ in place of (R)-l,2-diaminopro- 
pane dihydrochloride. Also using a similar method of purifi- 
cation as for 18b gave a 39% return of 18c, which was used 
without further purification, as well as a 33% return of 19c. 
cis-2,3,4,5-Tetrahydro-3,5-dimethyl-9-nitro-lH- 1,4-ben- 

zodiazepine (20a). Under Ar at  room temperature, NaBH3- 
CN (3.9 g, 62.2 mmol) was added neat to  a solution of 18a 
(11.35 g, 51.8 mmol) in MeOH (100 mL). After 16 h an 
additional portion of NaBH3CN (0.2 g, 3.18 mmol) was added 
to the reaction mixture along with some methanolic HC1. 
When TLC indicated the disappearance of Ma, the reaction 
mixture was acidified to  pH 1 with 3 N HC1. From this 
reaction mixture, 8.35 g of solid precipitate was collected which 
proved to  be the crude HC1 salt of 21a. This material was 
recrystallized twice from MeOH to yield 4.05 g (30%) of pure 
21a as the HC1 salt, mp 285-289 "C. Anal. (CIIHI~N~OZ*HC~) 
C, H, N. All of the above filtrates were combined and 
concentrated under reduced pressure. The residue was par- 
titioned between CHzClz and aqueous 10% KzC03. The organic 
phase was dried over MgSOd, filtered, and concentrated under 
reduced pressure to give 7.65 g of residue. This crude mixture 
of isomers was purified by preparative HPLC on a silica gel 
column eluting with 1:l  acetone:hexane. Isomer 20a eluted 
in the front running fractions which were combined and 
concentrated under reduced pressure to yield 2.3 g (20%) of 
20a as an  orange solid, mp 59-60 "C (TLC: 1:l acetone: 
hexane, Rf = 0.25). 20a: lH NMR (400 MHz, DMSO-ds) 6 0.98 
(d, 3H), 1.42 (d, 3H), 2.07 (b, lH), 2.53 (dd, lH), 3.07 (m, lH),  
3.61 (dd, lH), 3.90 (q, lH), 6.84 (t, lH), 7.45 (d, lH), 7.56 (d, 
lH),  7.87 (d, 1H). Anal. (CllH15N302) C, H, N. Residual 21a 
eluted in the latter running fractions which were combined 
and concentrated under reduced pressure to yield an additional 
3.36 g (29%) of free base 21a as a viscous red oil (TLC: 1:l 
acetone:hexane, Rf = 0.18). 21a: IH NMR (400 MHz, DMSO- 
de) 6 0.98 (d, 3H), 1.36 (d, 3H), 2.33 (b, lH),  3.23 (m, 2H), 3.42 
(dd, lH),  4.37 (q, lH),  6.72 (t, lH), 7.36 (d, lH), 7.87 (d, lH), 

6.65-6.75 (t, lH), 7.5-7.6 (d, lH), 8.2-8.3 (d, lH), 8.5-8.6 

(d, lH),  8.2-8.3 (d, lH), 8.3-8.4 (bs, 1H). 
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7.96 (d, 1H). The combined total yield of 21a as the HCl salt 
and the free base was 59%. 
truns-2,3,4,5-Tetrahydro-3,5-dimethyl-9-nitro-lH-1,4- 

benzodiazepine (21a). The preparation of the desired 
product is described in the experimental for 20a. 
(3R)-truns-7-Chloro-2,3,4,5-tetrahydro-3,5-dimethyl-9- 

nitro-lH-l,4-benzodiazepine (21b). The desired product 
was prepared in a similar manner as 21c after substituting 
18b in place of 18c. The workup varied in that in an  attempt 
to prepare the free base sample of the reaction mixture by 
partitioning between 3N NaOH and CHzClz some red solid 
precipitate was filtered from the biphasic mixture. This 
proved to be the HC1 salt of 21b. Continued basic extractions 
of this solid salt yielded 4.2 g (25%) of 21b as a red oil in 96% 
purity (GLC) which was used without further purification. The 
original CHzClz extract was concentrated under reduced 
pressure to  give 12.4 g of oil, which consisted of a 2:l mixture 
of 21b:20b, and was not further purified. 
(3S)-trans-7-Chloro-2,3,4,5-tetrahydro-3,5-dimethyl-9- 

nitro-lH-l,4-benzodiazepine (2112). Under Ar at room tem- 
perature, NaBH3CN (4.70 g, 75.7 mmol) was added neat to a 
solution of 18c (16.0 g, 63.1 mmol) in MeOH (160 mL). After 
3 days, 3 N HC1 (50 mL) was added to the mixture and the 
mixture stirred for an additional 1 h. The mixture was then 
concentrated under reduced pressure. The residue was par- 
titioned between CHZClz and aqueous 3 N NaOH. The organic 
phase was dried over KzCO3, filtered, and concentrated under 
reduced pressure to give 16.9 g of residue. This crude mixture 
of isomers was purified by preparative HPLC on a silica gel 
column eluting with 15% acetone:hexane. Isomer 20c eluted 
in the front running fractions which were combined and con- 
centrated under reduced pressure to yield 3.95 g (25%) of 20c. 
Further elution with 25% acetone:hexane yielded isomer 21c 
in the latter running fractions. These fractions were combined 
and concentrated under reduced pressure to  yield 10.43 g 
(65%) of 21c which was used without further purification. 
cis-2,3,4,5-Tetrahydro-2,5-dimethyl-9-nitro-lH- 1,4-ben- 

zodiazepine (22a). Under Ar a t  room temperature, NaBH3- 
CN (2.0 g, 32.9 mmol) was added neat to  a solution of 19a 
(6.00 g, 27.4 mmol) in MeOH (50 mL). After 16 h the reaction 
mixture was acidified to  pH 1 with 3 N HC1 and, after stirring 
for a short time, was concentrated under reduced pressure. 
The residue was partitioned between CHzClz and aqueous 10% 
KzCOs. The organic phase was dried over KzCO3, filtered, and 
concentrated under reduced pressure to give 6.01 g of residue. 
This crude mixture of isomers was purified by preparative 
HPLC on a silica gel column eluting with 1:l acetone:hexane. 
Isomer 23a eluted in the front running fractions which were 
combined and concentrated under reduced pressure to  yield 
0.84 g (14%) of 23a which was used without further purifica- 
tion (TLC: 1:l acetone:hexane, Rf = 0.17). 23a: IH NMR (400 

2.56 (dd, lH), 2.98 (dd, lH), 3.12-3.22 (m, lH), 3.87 (q, lH), 
6.90 (t, lH), 7.15 (b, lH), 7.69 (d, lH), 7.90 (d, 1H). Isomer 
22a eluted in the latter running fractions which were combined 
and concentrated under reduced pressure to yield 3.86 g (64%) 
of 22a which was used without further purification (TLC: 1:l 
acetone:hexane, Rf = 0.08). 22a: IH NMR (400 MHz, DMSO- 
de) 6 1.15 (d, 3H), 1.33 (d, 3H), 2.51 (b, lH), 2.79-2.87 (m, 
2H), 3.60-3.69 (m, lH), 4.30 (q, lH), 6.81 (t, lH), 7.42 (d, lH), 
7.47 (s, lH), 7.91 (d, 1H). 
truns-2,3,4,5-Tetrahydro-2,5-dimethyl-9-nitro-lH-1,4- 

benzodiazepine (23a). The preparation of the desired 
product is described in the experimental for 22a. 
2,3,4,5-Tetrahydro-5-methyl-9-nitro-4-propyl- 1H-1,4- 

benzodiazepine (24a). Under Ar, n-PrI (1.00 mL, 10 mmol) 
was added neat to a stirring room temperature mixture of 17a 
(2.10 g, 10 mmol) and NazC03 (1.60 g, 15 mmol) in DMF (20 
mL). The mixture was then warmed in an oil bath between 
83 and 89 "C for 3 h. The reaction mixture was then 
concentrated under reduced pressure and the residue parti- 
tioned between Et20 and HzO. The organic phase was dried 
over MgS04, filtered, and concentrated under reduced pressure 
to give 2.49 g (100%) of 24a as a yellow-orange oil which was 
used without further purification (TLC: 1O:l CHzCIz:MeOH, 

MHz, DMSO-d6) 6 1.18 (d, 3H), 1.45 (d, 3H), 2.41-2.49 (b, lH), 

Rf = 0.4). 
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2,3,4,5-Tetrahydro-5-methyl-4-(3-methyl-2-butenyl)-9- 
nitro- W-l,4-benzodiazepine (24b). Under N2, l-bromo-3- 
methyl-2-butene (2.69 g, 18 mmol) was added neat over 20 s 
to a stirring room temperature mixture of 17a (3.75 g, 15 
mmol), Na2C03 (2.39 g, 23 mmol), and KI (2.50 g, 15 mmol) in 
DMF (40 mL). After stirring for 22 h the reaction mixture 
was concentrated under reduced pressure. The residue was 
partitioned between CHzClz and H2O. The organic phase was 
then dried over MgS04, filtered, and concentrated under 
reduced pressure to give 5.19 g (TW, 4.13 g) of yellowish- 
orange oil which was used without further purification. 
trans-2,3,4,5-Tetrahydro-3,5-dimethyl-4-(3-methyl-2- 

butenyl)-9-nitro-lH-l,4-benzodiazepine (E)-a-Butenedio- 
ate (21) (24~). The desired product was prepared in a similar 
manner as 24b after substituting 21a in place of 17a and was 
used after reaction workup without further purification. A 
0.25-g sample of 24c was combined with fumaric acid (0.10 g, 
0.86 mmol) in i-PrOH to yield a 0.25-g sample (72%) of 24c as 
its 0.5 fumarate, mp 117-119 "C. Anal. ( C I ~ H ~ ~ N ~ O ~ C Z H ~ O ~ )  
C, H, N. 
cis-2,3,4,5-Tetrahydo-3,5-dimethyl-4-(3-methyl-2-bute- 

ny1)-9-nitro-lH-l,4-benzodiazepine (24d). The desired 
product was prepared in a similar manner as 24b in -100% 
yield, after substituting 20a in place of 17a, and was used after 
reaction workup without further purification. 
trans-2,3,4,5-Tetrahydro-2,5-dimethyl-4- (3-methyl-2- 

buteny1)-9-nitro-lH-l,4-benzodiazepine (24e). The de- 
sired product was prepared in a similar manner as 24b in 
-100% yield, after substituting 23a in place of 17a, and was 
used after reaction workup without further purification. 
cis-2,3,4,5-Tetrahydro-2,5-dimethyl-4-( 3-methyl-2-bute- 

nyl)-9-nitro-lH-l,4-benzodiazepine (240. The desired prod- 
uct was prepared in a similar manner as 24b after substituting 
22a in place of 17a. After the typical reaction workup, the 
crude residue was further purified by flash chromatography 
eluting with 1% MeOH:CHzCl2. The desired fractions were 
combined and concentrated under reduced pressure to give 
70% of 24f which was used without further purification. 
2,3,4,5-Tetrahydro-4-(3-methyl-2-butenyl)-9-nitro-5- 

phenyl-lH-l,4-benzodiazepine (24g). The desired product 
was prepared in a similar manner as 24b after substituting 
17b in place of 17a. After the typical reaction workup, the 
crude residue was further purified by flash chromatography 
on a silica gel column eluting with 3% EtOH:CH2C12. The 
desired fractions were combined and concentrated under 
reduced pressure to give 65% of 24g which was used without 
further purification. A 0.69-g sample of 24g was combined 
with fumaric acid (0.29 g, 2.48 mmol) in EtOH to  yield a 0.66-g 
sample of 24g as its fumarate salt, mp 101-102 "C. Anal. 
( C Z O H Z ~ N ~ O ~ * C ~ H ~ O ~ )  C, H, N. 
7-Chloro-2,3,4,5-tetrahydro-5-methyl-4-(3-methyl-2-bute- 

ny1)-9-nitro-lH-l,4-benzodiazepine (24h). The desired 
product was prepared in a similar manner as 24b after 
substituting 17c in place of 17a. After the typical reaction 
workup, the crude residue was further purified by HPLC on a 
silica gel column eluting with 2% EtOAc:CH2Clz. The desired 
fractions were combined and concentrated under reduced 
pressure to  give 47% of 24h which was used without further 
purification. 
(3R)-trune-7-Chloro-2,3,4,5-tetrahydro-3,5-dimethyl-4- 

(3-methyl-2-butenyl)-9-nitro- W-l,4-benzodiazepine (24i). 
The desired product was prepared in a similar manner as 24b 
after substituting 21b in place of 17a. After the typical 
reaction workup, the crude residue was further purified by 
flash column chromatography on a silica gel column eluting 
with 1% MeOH:CHzC12. The desired fractions were combined 
and concentrated under reduced pressure to  give 93% of 24i 
as a red oil which was used without further purification. 
(3S)-trans-?-Chloro-2,3,4,5-tetrahydro-3,5-dimethyl-4- 

(3-methyl-2-butenyl)-9-nitro-l.H-l,4-benzodiazepine (24). 
The desired product was prepared in a similar manner as 24b 
in 95% yield, after substituting 21c in place of 17a, and was 
used after reaction workup without further purification. 
7-Chloro-2,3,4,5-tetrahydro-4-(3-methyl-2-butenyl)-5- 

(2-methylpropy1)-9-nitro-lH-l,4-benzodiazepine (24k). 
The desired product was prepared in a similar manner as 24b 
after substituting 17d in place of 17a. After the typical 
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reaction workup, the crude residue was further purified by 
flash column chromatography on a silica gel column eluting 
with a 3:97 Et0Ac:hexane system. The desired fractions were 
combined and concentrated under reduced pressure to give 
43% of 24k as a red oil which was used without further 
purification. 
6-Chloro-2,3,4,5-tetrahydro-4-(3-methyl-2-butenyl)-9- 

nitro-lH-1,4-benzodiazepine (241). The desired product 
was prepared in a similar manner as 24b after substituting 
17e in place of 17a. After the typical reaction workup, the 
crude residue was further purified by flash column chroma- 
tography on a silica gel column eluting with CH2C12. The 
desired fractions were combined and concentrated under 
reduced pressure to give 40% of 241 which was used without 
further purification. 
6-Chloro-2,3,4,5-tetrahydro-5-methyl-4-(3-methyl-2-bute- 

nyl)-9-nitro-lH-l,4-benzodiazepine (24m). The desired 
product was prepared in a similar manner as 24b in 96% yield, 
after substituting 17f in place of 17a, and was used after 
reaction workup without further purification. 
2,3,4,5-Tetrahydro-S-methy1-4-propyl- lH-1,4-benzodi- 

azepin-9-amine (25a). Under N2, 24a (2.49 g, 10 mmol) in 
THF (40 mL) was added over 12 min to  a 0 "C suspension of 
LAH (1.52 g, 40 mmol) in THF (50 mL). The mixture was 
gradually warmed to room temperature and then warmed to 
reflux, After refluxing for 1.5 h the reaction mixture was 
cooled to  0 "C and the reaction quenched sequentially with 
H2O (1.52 mL), 3 N NaOH (1.52 mL), and HzO (4.56 mL). The 
reaction mixture was then warmed to  room temperature, 
stirred for an  additional 2 h, and then filtered. The filtered 
salts were digested in THF (75 mL) and then refiltered. The 
combined filtrates were concentrated under reduced pressure. 
The residue was dissolved in CHzClz (60 mL), dried over 
MgS04, filtered, and reconcentrated under reduced pressure 
to  yield 1.86 g (85%) of 25a as a brownish-red oil which was 
used without further purification (TLC: 5:l CHC13:MeOH, Rf 
= 0.2). 
Intermediates 25b-gj,l,m. The desired products were 

prepared in yields ranging from 91 to 100% following the 
procedure of 25a, after substituting the appropriate starting 
material for 24a, and were used after reaction workups 
without further purification. 
7-Chloro-2,3,4,5-tetrahyb5-methyl-4-(3-methyl-2-bute- 

nyl)-lH-1,4-benzodiazepin-9-amine (25h). Under Ar, hy- 
drazine monohydrate (1.0 g, 21.8 mmol) in MeOH (3 mL) was 
added over 20 min to a refluxing suspension of 24h (1.34 g, 
4.3 mmol) and Ra Ni (0.49 g) in MeOH (22 mL). After an 
additional 1.5 h of refluxing, the reaction mixture was filtered 
cautiously through Dicalite. The filtrate was concentrated 
under reduced pressure to yield 1.39 g (100%) of 25h as a 
reddish oil which was used without further purification. 
(3R)-trans-9-Amino-7-chloro-2,3,4,5-tetrahy~-3,5-di- 

methyl-4-(3-methyl-2-butenyl)- 1H- 1,4-benzodiazepine 
(25i). The desired product was prepared in 97% yield follow- 
ing the procedure of 25h, after substituting 24i for 24h, and 
was used after reaction workup without further purification. 
9-Amino-7-chloro-2,3,4,5-tetrahydro-4-(3-methyl-2-bute- 

nyl)-5-(2-methylpropyl)-llZ-l,4-benzodiazepine (25k). The 
desired product was prepared in 99% yield following the 
procedure of 25h, afier substituting 24k for 24h, and was used 
after reaction workup without further purification. 
4,5,6,7-Tetrahydro-7-methylimidazo[4,5,ljkl[l,4lbenzo- 

diazepin-2(lH)-one (lag). The desired product was pre- 
pared in a similar manner as 5, after substituting 17a in place 
of 4, and was purified as described in Table 2. 
4,5,6,7-Tetrahydro-7-methyl-6-propylimidazo~4,5,1~kl- 

[ 1,4]benzodiazepin-2(1H)-one (lah). Under Ar, trichlo- 
romethyl chloroformate (0.26 mL, 2.12 mmol) in CHzCl2 (15 
mL) was added over 4 min to  a 0 "C solution of 25a (0.93 g, 
4.25 mmol) and NMM (0.93 mL, 8.5 mmol) in CHzClz (30 mL). 
After 0.5 h the mixture was extracted with saturated aqueous 
NaHC03. The organic phase was then dried over MgS04, 
filtered, and concentrated under reduced pressure to yield 0.90 
g of crude product which was purified as described in Table 2 
(TLC: 5:l CHC13:MeOH, Rf= 0.75). lah: lH NMR (CDC13) 6 
0.9-1.0 (t, 3H), 1.4-1.5 (d, 3H), 1.5-1.65 (m, 2H), 2.6-2.75 
(m, 2H), 3.05-3.15 (d, lH), 3.5-3.6 (t, lH), 3.8-3.9 (t, lH), 



Anti-HN-1 Activity of TIBO Derivatives. 3 

4.1-4.2 (d, lH), 4.25-4.35 (9, lH), 6.6-6.7 (d, lH), 6.8-6.9 
(d, lH), 6.9-7.0 (m, lH), 9.0-9.1 (bs, 1H). 
4,5,6,7-Tetrahydro-7-methyl-6-(3-methyl-2-butenyl)- 

imidazo[4,5,1-jkl[1,4lbenzodiazepin-2(lH)-one (lai). The 
desired product was prepared following the procedure for lah, 
after substituting 25b in place of 25a, and was purified as 
described in Table 2. 
9-Chloro4,5,6,7-tetrahydro-7-methyl-6-(3-methyl-2-bute- 

nyl)imidazo[4,5,1 -jk I [ 1,4]benzodiazepin-2 (lH)-one (1 ak) . 
Under Ar, 25h (0.71 g, 2.5 mmol) and 1,l'-carbonyldiimidazole 
(0.45 g, 2.8 mmol) in THF (25 mL) was stirred overnight at  
room temperature. The reaction mixture was then concen- 
trated under reduced pressure and the residue combined with 
EtOAc and sequentially washed with H2O twice, dilute aque- 
ous AcOH, H2O twice, and brine. The organic phase was then 
dried over Na2S04, filtered, and concentrated under reduced 
pressure to  give 0.72 g of crude product which was further 
purified as described in Table 2. 
(5R)-truns-9-Chloro-4,5,6,7-tetrahydro-5,7-dimethyl-6- 

(3-methyl-2-butenyl)imidazo[4,5,l-jkl[ 1,4lbenzodiazepin- 
2(lH)-one (lbb). The desired product was prepared following 
the procedure for lah after substituting 25i in place of 25a 
and reversing the addition order, Le., the amine solution was 
added to the phosgene equivalent. The final product was 
purified as described in Table 2. 
(+)-(5S)-trans-9-Chloro4,5,6,7-tetrahydro-5,7-dimethyl- 

6-(3-methyl-2-butenyl)imidazo[4,5,l~kl[l,4lbenzodiazepin- 
2(lH)-one Monohydrochloride (lbd). The desired product 
was prepared following the procedure for lah after substitut- 
ing 25j in place of 25a and reversing the addition order, i.e., 
the amine solution was added to the phosgene equivalent. The 
final product was purified as described in Table 2. 
9-Chloro-4,5,6,7-tetrahydro-6-(3-methyl-2-butenyl)-7- 

(2-methylpropyl)imidazo[4,5,1-jkl[1,4lbenzodiazepin-2- 
(lH)-one (lap). The desired product was prepared in a 
similar manner as lak after substituting 25k in place of 25h. 
Also the reaction mixture was warmed a t  reflux for 3 h before 
concentrating the reaction under reduced pressure. The 
concentrated residue was combined with EtOAc and sequen- 
tially washed with dilute aqueous AcOH, dilute aqueous 
NaHC03, H20, and brine. The organic phase was then dried 
over Na2S04, filtered, and concentrated under reduced pres- 
sure to  give crude lap which was further purified as described 
in Table 2. 
8-Chloro-4,5,6,7-tetrahydro-7-methyl-6-(3-methyl-2-bute- 

nyl)imidazo[4,5,1-jkl[1,4lbenzodiazepin-2(lH)-one (14). 
The desired product was prepared following the procedure for 
lah after substituting 25m in place of 25a and reversing the 
addition order, Le., the amine solution was added to the 
phosgene equivalent. The final product was purified as 
described in Table 2. 
4,5,6,7-Tetrahydro-7-methyl-6-propylimidazo[4,5, l-jkl- 

[1,4]benzodiazepine-2(lH)-thione (lal). KOH (0.32 g) was 
added to a room temperature solution of 25a (0.93 g, 4.25 
mmol) in EtOH (5 mL) and HzO (1 mL). CSZ (0.34 mL, 5.65 
mmol) was added to the resulting solution. After stirring for 
10 min the reaction mixture was warmed to 90 "C for 1 h under 
Ar. After cooling to room temperature the reaction mixture 
was diluted with H2O (5.6 mL) and then AcOH (0.47 mL). The 
reaction mixture was then filtered. The filtered solid was 
partitioned between dilute NH40H and CH2C12. The organic 
phase was dried over MgS04, filtered, and concentrated under 
reduced pressure to yield 500 mg of crude product which was 
further purified as described in Table 2 (TLC: 1 O : l  CH2C12: 
MeOH, R,f = 0.5). lal: lH NMR (CDC13) 6 0.85 (t, 3H), 1.4- 
1.5 (d, 3H), 1.5-1.65 (m, 2H), 2.55-2.75 (m, 2H), 3.1-3.2 (d, 

4.75 (d, lH), 6.85-7.15 (m, 3H), 10.4 (bs, 1H). 
4,5,6,7-Tetrahydro-'I-methyl-6-(3-methyl-2-butenyl)- 

imidazo[4,5,1-jkl[1,4lbenzodiazepine-2(~-thione (lam). 
The desired product was prepared following the procedure for 
lal, after substituting 25b in place of 25a, and was purified 
as described in Table 2. 
truns-4,5,6,7-Tetrahydro-5,7-dimethyl-6-(3-methyl-2- 

butenyl)imidazo[4,5,1-jk] [ 1,4lbenzodiazepine-2(l.H)-thi- 
one (laz). Under Ar, 25c (4.8 g, 14.5 mmol) and 1,l'- 
thiocarbonyldiimidazole (3.9 g, 22.4 mmol) in THF (100 mL) 

lH), 3.6-3.7 (t, lH),  4.0-4.1 (t, lH), 4.3-4.4 (9, lH), 4.65- 
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were warmed to reflux for 0.5 h. The reaction mixture was 
then concentrated under reduced pressure and the residue 
partitioned between EtOAc and HzO. The organic phase was 
then washed twice with HzO and once with brine, dried over 
MgS04, filtered, and concentrated under reduced pressure. The 
crude product was further purified as described in Table 2. 
laz: lH NMR (400 MHz, CD30D) 6 1.29 (d, 3H), 1.35 (s, 3H), 

3.92 (m, 2H), 4.49 (9, lH), 4.66-4.74 (m, lH), 5.14-5.22 (m, 
lH),  6.91 (d, lH), 7.07 (d, lH),  7.12 (t, 1H). 
Final Products lba,bg,bh,ar,ao,bc,be,a,an. The desired 

products were prepared following the procedure for laz, after 
substituting the respective diamines 25d-j,l,m in place of 25c, 
and were purified as described in Table 2. lba: 'H NMR (400 

3.15 (m, 2H), 3.31-3.36 (m, lH), 4.09 (dd, lH), 4.19 (9, lH), 
4.80 (dd, lH), 5.18 (t, lH), 6.94 (d, lH), 7.09-7.15 (m, 2H). 
9-Chloro-4,5,6,7-tetrahydro-6-(3-methyl-2-butenyl)-7- 

(2-methylpropyl)imidaz0[4,5,1 -jk] [ 1,4] benzodiazepine- 
P(lH)-thione (laq). The desired product was prepared 
following the procedure for laz, after substituting 25k in place 
of 25c and varying the solvent from THF to benzene. The final 
product was purified as described in Table 2. 
Procedure Sequence for Method H. Ethyl N-[(5- 

Chloro-2-nitropheny1)methyllalanine (27). Under Ar, 2618 
(44.27 g, 0.238 mol), ethyl 2-bromopropionate (33.92 mL, 0.261 
mol), and Na2C03 (14.1 g, 0.133 mol) were combined in DMF 
(600 mL) at  room temperature and immediately placed in a 
bath whose temperature was raised to 80 "C over 20 min. M e r  
1 h at  80 "C, heating was discontinued, and the mixture was 
concentrated under reduced pressure. The residue was sus- 
pended in Et20 which was washed three times with H20 and 
then with brine. The organic phase was dried over MgS04, 
filtered, and concentrated under reduced pressure to yield 
59.91 g of crude product. This material was swirled in EtOH 
(130 mL) and filtered. The filtrate was concentrated under 
reduced pressure to yield 55.03 g (81%) of 27 which was used 
without further purification (TLC: 20:l CH2C12:MeOH, Rf = 
0.85). 27: lH NMR (90 MHz, CDC13) 6 1.1-1.5 (m, 6H), 2.1- 
2.5 (bs, lH), 3.2-3.6 (m, lH), 4.0-4.4 (m, 4H), 7.2-8.0 (m, 
3H). 
7-Chloro-1,3,4,5-tetrahydro-3-methyl-~-l,4-benzodi- 

azepin-2-one (28). At room temperature a mixture of 27 (22 
g, 0.077 mol) and PtOz (2 g) in EtOH (120 mL) was placed 
under a H2 atmosphere at 43 psi for 3 h. The reaction mixture 
was filtered through Dicalite and the filtrate concentrated 
under reduced pressure to give 20.87 g (TW, 19.69 g) of oil 
(TLC: 20:l CH2C12:MeOH, Rf = 0.45). This oil was combined 
with HOBT (5.71 g, 42.3 mmol) in toluene (300 mL) and 
warmed to reflux for 3 days. After cooling, the resulting solid 
was filtered and rinsed with a small amount of toluene to yield 
11.18 g of tannish solid. An attempt to flash chromatograph 
this material on a silica gel column eluting with 1:4 MeOH: 
CHzClz proved less than promising in separating desired 28 
from residual HOBT. Therefore a 6.06-g sample was stirred 
in saturated aqueous NaHC03 (70 mL). After 0.75 h the 
suspension was filtered and rinsed with a small amount of 
ice cold H2O to yield 3.31 g (38%) of 28 (TLC > 95%) which 
was used without further purification. A small sample was 
further purified by trituration in CH2Cl2 to yield pure 28 as a 
white solid, mp 186-188 "C (TLC: 5:l CHC13:MeOH, Rf= 0.7). 

3.3-3.4 (m, lH), 3.7-3.85 (m, 2H), 7.0 (d, lH), 7.25-7.35 (m, 
2H), 9.8 (s, 1H). Anal. (CloH11ClN20) C, H, N. 
7-Chloro- 1,3,4,5-tetrahydr0-3-methyl-l-propyl-W- 1,4- 

benzodiazepin-2-one (29). Under At-, n-PrI (2.23 mL, 23 
mmol) was added neat to a stirring room temperature mixture 
of 28 (4.00 g, 19 mmol) and Na~C03 (2.02 g, 19 mmol) in DMF 
(30 mL). The mixture was then warmed in an oil bath between 
83 and 89 "C for 24 h. The reaction mixture was then 
concentrated under reduced pressure and the residue parti- 
tioned between CH2C12 and HzO. The organic phase was then 
washed with brine, dried over MgS04, filtered, and concen- 
trated under reduced pressure to give an off-white solid. This 
solid was triturated in Et20 (20 mL), filtered, and rinsed with 
Et20 (10 mL) to yield 3.07 g (64%) of 29 (TLC > 95%) which 
was used without further purification. A small sample was 

1.47 (d, 3H), 1.70 (8, 3H), 3.03 (dd, lH), 3.18 (dd, lH), 3.86- 

MHz, CD30D) 6 1.30 (d, 3H), 1.47 (s, 3H), 1.65 (d, 6H), 3.03- 

28: 'H NMR (DMSO-&) 6 1.05-1.15 (d, 3H), 2.9-3.0 (bs, lH), 
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further purified by an additional trituration in Et20 to yield 
pure 29 as a white solid, mp 137-139 "C (TLC: 5:l CHCl3: 
MeOH, Rf= 0.85; 20:l CHZClz:MeOH, Rr= 0.4). 29: 'H NMR 
(CDC13) 6 0.85-0.95 (t, 3H), 1.3-1.4(d, 3H), 1.4-1.6 (m, 2H), 
2.35-2.45 (m, lH), 2.5-2.6 (m, lH), 3.5-3.6 (m, lH), 3.8-4.0 
(dd, 2H), 6.8-6.9 (d, lH), 7.2-7.3 (m, 2H), 7.8-7.9 (s, 1H). 
Anal. (C13H17C1Nz0) C, H, N. 
7-Chloro-1,3,4,5-tetrahydro-3-methyl-9-nitm4-propyl- 

W-l,4-benzodiazepin-2-one (30). Over 10 min, 29 (2.77 g) 
was added neat to fuming HN03 which was stirring at 0 "C. 
After an additional 0.5 h at 0 "C, the reaction mixture was 
warmed to room temperature and stirred for an additional 16 
h. The reaction mixture was then slowly added to ice (100 g) 
with stirring. The resulting ice cold mixture was basified with 
3 N NaOH and extracted with three portions of CHzClz (100 
mL each). The organic extracts were combined, dried over 
MgS04, filtered, and concentrated under reduced pressure to  
yield 2.74 g of yellowish solid. This crude residue was 
adsorbed on silica gel and further purified by flash column 
chromatography on a silica gel column eluting with 25% 
EtOAdhexane. The desired fractions were combined and 
concentrated under reduced pressure to give 1.43 g (44%) of 
30 as a yellow solid, mp 161-164 "C (TLC: 5:l CHCb:MeOH, 
Rf = 0.85; 20:l CHZClz:MeOH, Rf = 0.45). 30: 'H NMR 
(CDC13) 6 0.9-1.0 (t, 3H), 1.2-1.3 (d, 3H), 1.45-1.65 (m, 2H), 
2.3-2.4 (m, lH), 2.55-2.65 (m, lH), 3.3-3.4 (m, lH), 3.7- 
3.95 (dd, 2H), 7.5 (s, lH), 8.1 (6, lH), 9.2 (s, 1H). And. (C13H16- 
C1N303) C, H, N. 
9-Amino-7-chloro- 1,3,4,5-tetrahydro-3-methyl4-propyl- 

W-l,4-benzodiazepin-2-one (31). At room temperature a 
mixture of 30 (0.53 g, 1.78 mmol) and PtOz (0.06 g) in EtOH 
(12 mL) was placed under a Hz atmosphere at 38 psi for 5.5 h. 
The reaction mixture was then filtered through Dicalite and 
the filtrate concentrated under reduced pressure to  give 0.47 
g (98%) of 31 (TLC > 95%) which was used without further 
purification. A small sample was further purified by tritura- 
tion in EtOH to yield pure 31 as an off-white solid, mp 197.5- 
198.5 "C (TLC: 5:l CHCla:MeOH, Rf= 0.7; 20:l CHzC12:MeOH, 

(d, 3H), 1.45-1.6 (m, 2H), 2.3-2.4 (m, lH), 2.5-2.6 (m, lH), 
3.3-3.4 (m, lH), 3.7 (s, 2H), 3.9 (s, 2H), 6.65 (s, lH), 6.75 (s, 
lH), 7.5 (bs, 1H). Anal. (C13H18ClN30) C, H, N. 
9-Chloro-2,5,6,7-tetrahydro-5-methyl-6-p~pyl-2-t~ox- 

oimidazo[4,5,l-jkl[l,4lbenzodiazepin-4~lH)-one (law). Un- 
der Nz, a solution of thiophosgene (0.13 mL, 1.76 mmol) in 
CHzClz (7 mL) was added over 5 min to a stirring 0 "C mixture 
of 31 (0.47 g, 1.76 mmol) and Et3N (0.49 mL, 3.52 mmol) in 
CHzClz (80 mL). The final reaction mixture was stirred an 
additional 10 min at 0 "C and then extracted with saturated 
aqueous NaHC03. The organic phase was then dried over 
MgSOa, filtered, and concentrated under reduced pressure to 
give 0.70 g of crude product which was purified as described 
in Table 2 (TLC: 20:l CHzClz:MeOH, Rf= 0.4). law: 'H NMR 
(CDC13) 6 0.8-0.9 (t, 3H), 1.4-1.5 (m, 5H), 2.35-2.6 (m, 2H), 

Rf = 0.25). 31: 'H NMR (CDC13) 6 0.9-1.0 (t, 3H), 1.2-1.3 

3.9-4.0 (9, lH), 4.1-4.35 (dd, 2H), 7.0 (s, lH), 7.15 (s, IH), 
10.9-11.1 (bs, 1H). 
Procedure Sequence for Method I. 9-Amino-3-methyl- 

4-propyl-lH-1,4-benzodiazepine-2,5(3H,4H)-dione (32a). 
At room temperature a solution of ethyl 2-bromopropionate 
(12.98 mL, 0.1 mol) and n-PrNH2 (16.44 mL, 0.2 mol) in Et20 
(70 mL) was stirred for 72 h. The mixture was then filtered, 
and the resulting salts were rinsed with a small amount of 
EtzO. The combined filtrates were concentrated under reduced 
pressure to give 15.91 g (100%) of a clear liquid. An 8.65-g 
sample of this liquid, along with Et3N (7.56 mL, 54 mmol), in 
CHzClz (40 mL) at 0 "C was treated with a semisuspension of 
3a (10.83 g, 54 mmol) in CHzClz (90 mL) over 10 min. After 
5 additional min the reaction mixture was warmed to room 
temperature and stirred for an additional 1 h. The reaction 
mixture was then extracted sequentially with HzO, saturated 
aqueous NaHC03,2 N citric acid, and then saturated aqueous 
NaHC03 once again. The organic phase was then dried over 
MgS04, filtered, and concentrated under reduced pressure to  
give 19.14 g of yellow solid. This material and 10% Pd/C (2.0 
g) in EtOH (100 mL) were placed under a Hz atmosphere at 
46 psi. After 2 h, the reaction mixture was filtered through 
Dicalite, an additional portion of 10% P d C  (2.0 g) was 

combined with the filtrate, and the reaction mixture was again 
placed under a H2 atmosphere at 51 psi. After 17 h the 
reaction mixture was again filtered through Dicalite and 
concentrated under reduced pressure. The resulting oil was 
placed under vacuum (25 mmHg) and warmed to 205 "C for 2 
h. After cooling, the residue was purified by flash chroma- 
tography on a silica gel column eluting with 20:l CHzClz: 
MeOH. The desired fractions were combined and concentrated 
under reduced pressure to give 4.60 g (34%) of 32a which was 
used without further purification (TLC: 20:l CHZClz:MeOH, 
Rr = 0.25). 
(S)-9-Amino-7-chloro-4-(cyclopropylmethyl)-2,3,4,5-~t- 

rahydro-3-methyl-ltll,4-benzodiazepine (32b). The de- 
sired product was prepared following our previously reported 
work3 after substituting the appropriate enantiospecific start- 
ing material alanine methyl ester hydrochloride for the race- 
mic mixture used in our previous report. 
9-Amino-2,3-dihydro-3-methyl-4-propyl-lH-l,4-benzo- 

diazepin-5(4H)-one (33). Under Ar, 32a (1.24 g, 5 mmol) 
was added neat to a 0 "C suspension of L4H (1.15 g, 30 mmol) 
in THF (35 mL). After the mixture had stirred at 0 "C for 4.5 
h, the reaction was quenched sequentially with HzO (1.15 mL), 
3 N NaOH (1.15 mL), and HzO (3.45 mL). After stirring for 
an additional 45 min the salts were filtered. The salts were 
digested in warm THF (60 mL) and then refiltered. The 
combined filtrates were dried over MgS04, filtered, and 
concentrated under reduced pressure to give 33 as an oil which 
was used without further purification (TLC: 20:l CHZC12: 
MeOH, Rf = 0.4). 
4,5-Dthydro-S-methyl-6propy~~o~4,S,l~kl~l,4lben- 

zodiazepine-2,7(lH,,6-dione (lbf). The above residual oil 
33 was combined with Et3N (0.695 mL, 5 mmol) in CHzC12 
(30 mL), cooled to 0 "C, and treated with a solution of 
trichloromethyl chloroformate (0.30 mL, 2.5 mmol) in CHzClz 
(20 mL) over 15 min. Five minutes after completion of addition 
the reaction mixture was washed sequentially with HzO, 3 N 
HCl, and saturated aqueous NaHC03. The organic phase was 
then dried over MgSOa, filtered, and concentrated under 
reduced pressure to give 0.98 g of crude lbf which was further 
purified as described in Table 2 (TLC: 20:l CHZClz:MeOH, Rf 

3H), 1.65-1.85 (m, 2H), 3.4-3.6 (m, lH), 3.7-3.9 (m, 2H), 4.0- 
4.1 (m, lH), 4.4-4.65 (dd, lH), 7.1-7.2 (t, lH), 7.2-7.3 (d, lH), 

(+)-(S)-9-Chloro-6-(cycloprpylmethyl)-4,5,6,7-tetrah~ 
dro-5-methylimidazo[4,5,l-jk] [ 1,4lbenzodiazepine-2( lH)- 
thione (lbu). The desired product was prepared following 
the procedure for lal, after substituting 32b in place of 25a, 
and was purified as described in Table 2. 
Procedure Sequence for Method J. (2R)-cio-7-Chloro- 

2,3-dihydro-2-hydro~y-lH-pyrrolo[2,l-c1[1,4lbenzodiaze- 
pine-5,11(lOH,llaH)-dione (34). A mixture of trans-4- 
hydroxy-L-proline (20.42 g, 0.16 mol) and 5-chloroisatoic 
anhydride (28.0 g, 0.16 mol) in DMSO (300 mL) was warmed 
at 120 "C for 5 h. After cooling, the mixture was poured into 
HzO (1400 mL). The resulting mixture was cooled in an ice 
bath to  yield white crystals which were filtered and dried to 
give 37.05 g of crude product. This material was recrystallized 
from HzO (600 mL) to yield 25.04 g (58%) of 34 as a white 
solid, mp 137-138 "C (TLC: 5% (10% NH40H/MeOH)/CH2- 
Clz, Rf = 0.26). 34: 'H NMR (DMSO-&) 6 1.9-2.0 (m, lH), 
2.55-2.65 (m, lH), 3.45-3.55 (dd, lH), 3.6-3.7 (d, lH), 4.25- 
4.35 (m, 2H), 5.2 (d, lH), 7.15-7.2 (d, lH), 7.6 (d, lH), 7.75 (s, 
lH), 10.7 (s, 1H). 
(+I41 laS)-7-Chloro-1,3,10,1 la-tetrahydropyrrolo[2,1- 

cl[l,4lbenzodiazepine-2,5,1l-trione (35). Jones reagentlg 
(35 mL) was added portionwise over 1 h to a 0 "C solution of 
34 (22.15 g, 84 mmol) in acetone (800 mL). The mixture was 
then warmed to room temperature and stirred for an ad- 
ditional 16 h. i-PrOH (10 mL) was then added after which 
the reaction mixture was concentrated under reduced pressure. 
The residue was treated with HzO and then filtered. The solid 
was rinsed with H20 which after drying gave 13.0 g of white 
solid 35 which was used without firther purification. A small 
sample was further purified by recrystallization from i-PrOW 
CHCl3 to yield pure 35 as a white solid, mp 268-270 "C 
(TLC: 5% (10% NH40H/MeOH)/CHzC12, Rr = 0.57). 35: lH 

= 0.3). lbf: 'H NMR (CDC13) 6 0.95-1.05 (t, 3H), 1.1-1.2 (d, 

7.9-8.0 (d, lH), 10.2-10.3 (s, 1H). 
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NMR (DMSO-de) 6 2.85-2.95 (dd, lH), 3.15-3.25 (d, lH), 
3.85-3.95 (d, lH), 4.1-4.2 (d, lH), 4.65-4.75 (dd, lH), 7.15- 
7.25 (d, lH), 7.65-7.7 (d, lH), 7.8 (5, lH), 10.8 (s, 1H). Anal. 
(CizHgCINz03) C, H, N. 

(+)-( 1 laS)-7-Chloro-9-nitro-lH-pyrrolo[2,l-c1[1,41ben- 
zodiazepine-2,5,11(3H,lOH,l la-trione (36). Under Ar, 
35 (11.50 g, 43 mmol) was added neat over 30 min to 0 "C 
fuming nitric acid. After stirring for an additional 5 h at  0 
"C, the reaction mixture was added slowly to ice (600 g). The 
resulting solid was filtered and rinsed with a small amount of 
HzO. After drying the resulting solid under high vacuum at 
50 "C for 16 h, there remained 11.04 g (82%) of 36 which was 
used without further purification (TLC: 5% (10% N&OW 
MeOH)/CH2C12, Rf = 0.76). 36: 'H NMR (DMSO-ds) 6 2.85- 
2.95 (dd, lH),  3.1-3.2 (d, lH), 3.9-4.15 (dd, lH), 4.1-4.2 (d, 
lH), 4.8-4.9 (d, lH), 8.1 (s, lH),  8.4 (9, lH), 10.5 (9, 1H). 

(+)-( 1 laS)-7-Chloro-2,3-dihydro-2-methylene-9-nitro- 
lH-pyrrolo[2, le] [ 1,4]benzodiazepine-5, 11( 1OH,1 la-di- 
one (37a). Under Ar, 80% NaH (1.88 g, 65 mmol) was added 
to a room temperature suspension of methyltriphenylphos- 
phonium bromide (23.0 g, 65 mmol) in THF (600 mL). After 
warming and maintaining the mixture at  reflux for 3 h, 36 
(5.0 g, 16 mmol) in THF (800 mL) was added slowly to the hot 
mixture. After an additional 1.5 h at reflux the reaction 
mixture was cooled and filtered. The filtrate was concentrated 
under reduced pressure and the residue partitioned between 
EtOAc (600 mL) and H2O (500 mL). The organic phase was 
dried over Na2S04, filtered, and concentrated under reduced 
pressure to give 27 g of dark brown oil. This crude residue 
was purified by flash column chromatography on a silica gel 
column eluting with MeOH:CHzC12 solutions starting with 0% 
MeOH and increasing incrementally by 0.5% up to 1%. The 
desired fractions were combined and concentrated under 
reduced pressure to give 2.50 g (51%) of 37a, mp 165-167 "C 
(TLC: 2% MeOWCH2C12, Rf = 0.73). 37a: 'H NMR (DMSO- 
d6) 6 2.75-2.85 (m, lH), 3.15-3.25 (d, lH), 4.1-4.3 (dd, 2H), 
4.5-4.6 (d, lH),  5.1-5.2 (d, 2H), 8.15 (5, lH), 8.4 (s, lH), 10.4 
(s, 1H). Anal. (C13H10ClN304) C, H, N. 

[ 1 laS(E + 2)]-7-Chlor0-2-ethylidene-2,3-dihydro-9-ni- 
tro-1H-pyrrolo[2,1-c] [ 1,4]benzodiazepine-5,11( 1OH,1 la- 
dione (37b). The desired product was prepared in a similar 
manner as 37a after substituting ethyltriphenylphosphonium 
bromide in place of methyltriphenylphosphonium bromide. The 
crude residue was purified by flash column chromatography 
on a silica gel column eluting with MeOH:CH2C12 solutions 
starting with 0% MeOH and increasing incrementally by 0.5% 
up to  2%. The desired fractions were combined and concen- 
trated under reduced pressure to give a 39% yield of 3% as a 
6:l Z:E mixture of isomers, mp 178-184 "c. Anal. (C14H12- 
C1N304) C, H, N. 37b, major isomer: 'H NMR (400 MHz, 
CDC13) 6 1.68 (d, 3H), 2.80-2.87 (m, lH), 3.42 (d, lH), 4.20 
(d, lH), 4.31 (s, 2H), 5.59-5.63 (m, lH), 8.26 (d, lH), 8.30 (d, 
lH), 9.76 (s, 1H). 
(1 laS)-7-Chloro-2,3,5,10,11,1 la-hexahydro-2-methylene- 

lH-pyrrol0[2,1-c] [ 1,4]benzodiazepin-9-amine (38a). Un- 
der Ar, 37a (2.0 g, 65 mmol) was added neat to  a 0 "C 
suspension of LAH (2.50 g, 65.8 mmol) in THF (200 mL). After 
stirring for 0.5 h at 0 "C, the mixture was gradually warmed 
to reflux. After 5 h the mixture was recooled to 0 "C and the 
reaction quenched sequentially with EtOAc, MeOH, HzO, 3 N 
NaOH, and HzO. After stirring for an additional 30 min, the 
salts were filtered. The salts were digested in warm THF (60 
mL) and then refiltered. The combined filtrates were concen- 
trated under reduced pressure, and the residue was partitioned 
between CHC13 and H2O. The organic phase was dried over 
NazS04, filtered, and concentrated under reduced pressure to 
give 1.80 g (TW, 1.62 g) of 38a as a reddish-brown semisolid 
which was used without further purification (TLC: 10% 
MeOWCHC13, Rf = 0.56). 
[llaS(E + Z)]-7-Chloro-2-ethylidene-2,3,5,lO,ll,lla- 

hexahydro-1H-pyrrolo[2,1-c] [ 1,4lbenzodiazepin-9-am- 
ine (38b). The desired product was prepared by following the 
procedure for 38a after substituting 37b in place of 37a to 
give 38b in -100% yield as a reddish semisolid. 
(10aS)-4-Chloro-6,8,9,lO,lOa,ll-hexahydro-9-methyl- 

eneimidazo[4,5,1-jklpyrrolo[2,1-c1[1,4lbenzodiazepine- 
l(m-thione (lbk). The desired product was prepared fol- 
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lowing the procedure for la1 after substituting 38a in place of 
25a. The other variations were that the reaction was run at  
room temperature and the mixture was stirred for 18 h prior 
to simply filtering off the crude product and rinsing it with 
Et2O. The crude product was purified as described in Table 
2. lbk lH NMR (DMSO-ds) 6 2.3-2.4 (m, 2H), 2.9-3.0 (dd, 
lH), 3.1-3.2 (m, lH), 3.2-3.4 (d, IH), 3.7-3.8 (m, 2H), 4.2- 

(bs, 1H). 
(+)-[ 10aS(E + Z)]-4-Chloro-9-ethylidene-6,8,9,lO,lOa,- 

1 l-hexahydroimidazo[4,5,1-jk]pyrrolo[2,1-c] [1,4lbenzo- 
diazepine-l(2H)-thione (lbl). The desired product was 
prepared following the procedure for lal after substituting 38b 
in place of 25a. The other variations were that the reaction 
was run at room temperature and the mixture was stirred for 
18 h prior to simply filtering off the crude product and rinsing 
it with Et20. The crude product was purified as described in 
Table 2. 
Procedure Sequence for Method K. 5-Chloro-2-meth- 

oxy-y-oxobenzenebutanoic Acid (39a). The desired prod- 
uct was prepared following a previously published procedure.20 
However a minor variation was pursued in the workup. After 
the aqueous HCl quench of the initial reaction, the resulting 
biphasic mixture was extracted with CH2C12. The organic 
phase was separated and washed with an aqueous NaHC03 
solution. This aqueous solution was treated slowly with 3 N 
HCl until acidic. The resulting solid was filtered, rinsed with 
H20, and air-dried to give 39a in 41% yield. 
5-Chloro-2methoxy-a-oxobenzenepene~ntanoic Acid (39b). 

The desired product was prepared following the literature 
procedure used for 39a after substituting glutaric anhydride 
for succinic anhydride. The above noted variations in the 
workup for 39a were also pursued in this workup to give 39b 
as a white solid in 29% yield. 
5-Chloro-2-methoxy-3-nitro-~-oxobenzenebutanoic Acid 

(40a). Under Ar, 39a (14.0 g, 57.85 mmol) was added neat 
over 2 min to 0 "C fuming HN03 (140 mL). After 0.75 h the 
solution was poured into ice (660 g) with stirring. The 
resulting solid was filtered, rinsed with a small amount of ice 
cold HzO, and air-dried to yield 11.36 g (68%) of 40a as a 
brown-tinted solid which was used without further purification 
(TLC: 5:l CH2C12:MeOH, Rf = 0.65; 1:l EtOAc:hexane, Rf = 
0.05). 40a: lH NMR (DMSO-de) 6 2.6 (t, 2H), 3.2 (t, 2H), 3.8 
(s, 3H), 8.0 (s, lH), 8.3 (s, 1H). 
5-Chloro-2-methoxy-3-nitro-a-oxobenzenepentanoic 

Acid (40b). Under Ar, 39b (18.36 g, 71.7 mmol) was added 
neat over 20 min to 0 " c  fuming HN03 (184 mL). After an 
additional 1.25 h at  0 "C, the reaction solution was poured 
into ice (865 g) with stirring. The resulting mixture was 
extracted with CHzClz. The organic phase was separated, 
dried over MgS04, filtered, and concentrated under reduced 
pressure to  yield 20.28 g (94%) of 40b as a yellow oil which 
was used without further purification. 
Methyl 5-Chloro-2-methoxy-3-nitro-y-oxobenzenebu- 

tanoate (41a). A mixture of 40a (10 g, 34.84 mmol) and 
concentrated HzSQ4 (0.5 mL) in MeOH (400 mL) was warmed 
to reflux. After 16 h the solution was concentrated under 
reduced pressure and partitioned between CHZC12 and HzO. 
The organic phase was further washed with saturated NaH- 
COS and then brine, dried over MgS04, filtered, and concen- 
trated under reduced pressure to  yield 7.13 g (68%) of 41a as 
a brown oil which crystallized upon standing. This material 
was used without further purification (TLC: 5:l CHzC12: 
MeOH, Rf = 0.99; 1:l EtOAc:hexane, Rf = 0.8). 41a: 'H NMR 
(CDC13) 6 2.7-2.8 (m, 2H), 3.2-3.3 (m, 2H), 3.75 ( 5 ,  3H), 3.95 
(s, 3H), 7.7 (s, lH), 7.9 (s, 1H). 
Methyl 5-Chloro-2-methoxy-3-nitro-a-oxobenzenepen- 

tanoate (41b). The desired product was prepared in a similar 
manner as 41a after substituting 40b in place of 40a as a 
starting material. Also the crude product was further purified 
by flash column chromatography on a silica gel column eluting 
with 20% EtOAchexane to give 34% of 41b as a yellow oil 
which was used without further purification. 
lO-Chloro-1,6,7,1 lb-tetrahydro-8-nitro-3H-pyrrolo[1,2- 

d][1,4lbenzodiazepin-3(2H)-one (42a). Under Ar, NaBH3- 
CN (2.98 g, 47.38 mmol) was added to a room temperature 
solution of 41a (7.13 g, 23.69 mmol), ethylenediamine (1.42 g, 

4.3 (d, lH), 4.7-4.8 (d, lH), 4.9-5.0 (d, 2H), 7.1 (s, 2H), 13.0 
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23.69 mmol), and AcOH (2.84 g, 47.38 mmol) in EtOH (240 
mL) after which the reaction mixture was warmed to reflux. 
After 21 h the reaction mixture was cooled to  room tempera- 
ture and treated with methanolic HC1 to pH <3. After stirring 
for 6 h the mixture was concentrated under reduced pressure, 
and the residue was partitioned between CH2C12 and saturated 
aqueous NaHC03. The organic phase was dried over MgS04, 
filtered, and concentrated under reduced pressure to give 5.75 
g of dark brownish oil. This material was crystallized from 
EtOH (50 mL) to yield 2.27 g (35%) of 42a as an orange-copper- 
colored solid, mp 166-168 "C (TLC: 5:l CH2C12:MeOH, R f =  
0.75; 80:20:5 CHCl3:MeOH:HCOOH, Rf = 0.8). 42a: 'H NMR 
(CDC13) 6 2.35-2.5 (m, 4H), 3.4-3.5 (m, lH),  3.65-3.75 (m, 
lH), 3.75-3.95 (m, 2H), 5.1-5.2 (m, lH), 7.4 (s, lH), 8.1 (s, 
lH), 8.25-8.35 (bs, 1H). Anal. (C1zH12ClN303) C, H, N. 
2-chloro-6,7,10,11,12,12a-hexahydro-4-nitropyrido[1,2- a[ 1,4]benzodiazepin-9(5Z3l-one (42b). The desired product 

was prepared in a similar manner as 42a after substituting 
41b in place of 41a. Also the procedure varied in that the 
reaction mixture was warmed at reflux for 4 days before 
cooling and treating with methanolic HC1 to pH <3. The 
purification varied from 42a in that the crude material was 
flash chromatographed on a silica gel column eluting with 1:25 
MeOH:CH2C12. The desired fractions were combined and 
concentrated under reduced pressure to give 23% of 42b as a 
copper-colored oil which was used without further purification. 
8-Amino-1O-chloro-1,2,3,6,7,1 lb-hexahydro-5H-pyrrolo- 

[1,2-d][1,4]benzodiazepine (43a). Under N2,42a (0.56 g, 2 
mmol) was added neat to a 0 "C suspension of LAH (0.46 g, 
12 mmol) in THF (20 mL). After stirring for 0.5 h at 0 "C, the 
mixture was gradually warmed to reflux. After 5 h the 
mixture was recooled to 0 "C and the reaction quenched 
sequentially with HzO (0.46 mL), 3 N NaOH (0.46 mL), and 
HzO (1.38 mL). After stirring for an additional 30 min, the 
salts were filtered. The salts were digested in warm THF and 
then refiltered. The filtrates were combined, and the resulting 
solution containing 43a was used in the subsequent step 
without further manipulation (TLC: 5:l CH2Clz:MeOH, Rf = 
0.1). 
2-Chloro-5,6,7,9,10,11,12,12a-octahydropyrido[l,2-d]- 

[ 1,4]benzodiazepin-4-amine (43b). The desired product 
was prepared in a similar manner as 43a after substituting 
42b as the starting material in place of 42a. 
2-~hloro-7,8,10,11,12,12a-hexahydroimidazo[4,5,1~k]- 

pyrrolo[1,2-d][l,4]benzodiazepine-5(4H)-thione (lbm). 
Under N2, 1,l'-thiocarbonyldiimidazole (0.36 g, 2 mmol) was 
added to  the resulting solution of 43a and warmed to reflux 
for 3 h. The reaction mixture was then concentrated under 
reduced pressure and the crude product purified as described 
in Table 2 (TLC: 5:l CH&12:MeOH, Rf= 0.7). lbm: 'H NMR 
(DMSO-&) 6 1.7-1.9 (m, 3H), 2.55-2.65 (m, 2H), 2.75-2.85 
(t, IH), 3.15-3.25(t, lH), 3.35-3.45(m, lH), 3.55-3.7 (m, 2H), 

2-Chlor0-7,8,11,12,13,13a-hexahydro- lOH-imidaz0[4,S,l- 
jk]pyrido[ 1,24 [1,4]benzodiazepine-5(4H)-thione (lbo). 
The desired product was prepared in a similar manner as lbm, 
after substituting 43b as the starting matehal in place of 43a, 
and was purified as described in Table 2. 
8-Amino-lO-chloro-l,6,7,1 Ib-tetrahydro-3H-pyrrolo- 

[ 1,2-& [ 1,4]benzodiazepin-3(2H)-one (44a). The desired 
product was prepared in 100% yield following the procedure 
of 25h, after substituting 42a for 24h, and was used after 
reaction workup without further purification (TLC: 80:20:5 
CHCla:MeOH:HCOOH, Rf = 0.65). 

2-Chloro-4,5,7,8,12,12a-hexahydro-5-thioxo~h[4,5,1- 
jk]pyrrolo[l,2-d1[1,4]benzodiazepin-l0(1 lm-one (lbn). 
Under Ar, 1,l'-thiocarbonyldiimidazole (0.27 g, 1.5 mmol) was 
added to 44a (0.38 g, 1.5 mmol) in THF (20 mL) and warmed 
in an oil bath at 80 "C for 2 h. After cooling the resulting 
solid was filtered and rinsed with MeOH to yield 0.20 g (45%) 
of lbn as a tan solid (TLC: 80:20:5 CHC13:MeOH:HCOOH, 
Rf = 0.7). lbn: lH NMR (DMSO-ds) 6 1.9-2.1 (m, lH),  2.3- 
2.45 (m, 2H), 2.7-2.8 (m, lH), 3.45-3.55 (t, lH), 3.7-3.8 (t, 
lH), 4.15-4.25 (d, lH), 4.6-4.7 (d, lH), 5.15-5.25 (t, lH), 7.1 
(s, lH), 7.15 (s, lH), 13.0-13.1 (bs, 1H). 
Procedure Sequence for Method L. 4,7-Dichloro-2,3- 

dihydro-IH-inden-1-one (45). The desired product was 

4.5-4.6 (d, lH), 6.95 (5, lH), 7.1 (9, lH), 13.0 (s, 1H). 

prepared as previously described21 after substituting 3-chlo- 
ropropionic acid as the starting material for /3-propiolactone 
to yield 45 in 57% yield. 
4,7-Dichloro-2,3-dihydro-6-nitro-IH-inden-l-one (46). 

Over 0.33 h under Ar, 45 (41.89 g, 0.209 mol) was added neat 
to 0 "C fuming HN03 (420 mL). After 0.5 h the solution was 
added to ice (1.5 kg). The precipitated solid was filtered and 
rinsed with four portions of H2O (100 mL each). After air- 
drying the resulting 39.98 g (80%) of off-white 46 was used 
without further purification (TLC: 1:l EtOAc:hexane, Rf = 
0.8). 46 lH NMR (90 MHz, CDC13) 6 2.8-3.0 (m, 2H), 3.0- 
3.3 (m, 2H), 8.0-8.1 (s, 1H). 
24 (4,7-Dichloro-2,3-dihydro-6-nitro-~-inden-l-yl)ami- 

nolacetamide (47). Under Ar, NaBH3CN (11.31 g, 0.18 mol) 
was added to a room temperature solution of 46 (22.05 g, 0.09 
mol), glycinamide hydrochloride (9.90 g, 0.09 mol), and NaOAc 
(14.77 g, 0.18 mol) in MeOH (500 mL) after which the reaction 
mixture was warmed to reflux. After 2 days the reaction 
mixture was cooled to  room temperature and treated over 20 
min with 3 N HCl(l20 mL). After stirring for 4 h the mixture 
was basified with 3 N NaOH and extracted with CH2C12. The 
organic phase was dried over MgSO4, filtered, and concen- 
trated under reduced pressure to yield 15.44 g of brownish 
oil. This material was triturated with 1:l acetonehexane to 
yield 4.80 g (18%) of 47 as a solid which was used without 
further purification (TLC: 1:l EtOAc:hexane, Rf = 0.3; 90: 
1 O : l  CH2C12:MeOH:NH40H, Rf= 0.45). 47: 'H NMR (DMSO- 
d6) 6 2.05-2.15 (m, lH), 2.2-2.3 (m, lH), 2.6-2.7 (bd, lH), 
2.9-3.0 (m, lH), 3.1 (d, 2H), 3.15-3.25 (m, lH), 4.4-4.5 (bs, 
lH), 7.05-7.15 (bs, lH), 7.2-7.3 (bs, lH), 8.2 (9, 1H). 
7-Chloro-2,3,4,4a,S,6-hexahyh-9-nitro-W-indeno[ 1,7- 

efl[l,4]diazepine (48). Over 15 min, BH3eTHF in THF (37.42 
mL, 37.42 mmol) was added to a room temperature suspension 
of 47 (3.78 g, 12.48 mmol) in 1,2-dimethoxyethane (110 mL) 
under Ar. After 3 days at room temperature, the reaction 
mixture was warmed to 60 "C for an additional 1 day. The 
reaction mixture was then cooled to 0 "C and treated with 
MeOH (55 mL) followed by 3 N HCl(55 mL). After 5 h, the 
reaction was basified with 3N NaOH (60 mL) and the mixture 
slightly concentrated under reduced pressure. The resulting 
concentrated aqueous solution was extracted with CH2C12. The 
organic phase was dried over MgSO4, filtered, and concen- 
trated under reduced pressure to  yield 4.96 g of oil (TLC: 90: 
1 O : l  CH2C12:MeOH:NHkOH, Rf = 0.25). This material was 
combined with NaOAc (1.13 g, 13.73 mmol) in n-BuOH (50 
mL) and warmed to  reflux. After 16 h the mixture was 
concentrated under reduced pressure and partitioned between 
CH2Clz and saturated aqueous NaHC03. The organic phase 
was then washed with brine, dried over MgS04, filtered, and 
concentrated under reduced pressure to yield 2.72 g (86%) of 
48 as a brown-orange solid which was used without further 
purification (TLC: 9O:lO:l CH2C12:MeOH:NH40H, Rf = 0.5; 
20:l CH2Clz:MeOH, Rf= 0.3). 48: lH NMR (DMs0-d~) 6 1.6- 
1.75 (m, lH), 2.35-2.45 (m, lH), 2.6-2.9 (m, 4H), 3.1-3.25 
(m, 2H), 3.8-3.9 (m, lH), 4.45-4.55 (bs, lH), 7.9 (s, lH), 8.2 
(bs, 1H). 
7-Chloro-2,3,4,4a,5,6-hexahydro-4-(3-methyl-2-butenyl)- 

9-nitro-IH-indeno[l,7-efl[ 1,4ldiazepine (49). Under N2, 
l-bromo-3-methyl-2-butene (0.96 g, 6.45 mmol) was added neat 
to a stirring, room temperature mixture of 48 (1.36 g, 5.38 
mmol), NaHC03 (0.45 g, 5.38 mmol), and KI (0.89 g, 5.38 
mmol) in DMF (25 mL). After stirring for 16 h the reaction 
mixture was partitioned between Et20 and H2O. The aqueous 
phase was reextracted with a second portion of Et2O. The 
organic phases were combined and washed with HzO and then 
brine, dried over MgSO4, filtered, and concentrated under 
reduced pressure to give 1.2 g of black oil. This crude material 
was flash chromatographed on a silica gel column eluting with 
1:35 MeOH:CHzC12. The desired fractions were combined and 
concentrated under reduced pressure to give 0.52 g (30%) of 
49 as an orange oil which was used without further purifica- 
tion (TLC: 20:l CH2C12:MeOH, Rf = 0.4; 5:l CH2C12:MeOH, 

9-Chloro-4,5,6,6a,7,8-hexahydro-6-(3-methyl-2-buten- 
y1)cyclopent [eflimidazo[4,5,1-jkl[1,4lbenzodiazepine-2- 
(lH)-thione (lbp). The nitro group of 49 was reduced to the 
amine following the procedure for 43a after substituting 49 

Rf = 0.8). 
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for 42a. The resulting amine THF solution (TLC: 5:l CHz- 
C12:MeOH, Rf = 0.5) was treated with 1 mol equiv of 1,l'- 
thiocarbonyldiimidazole and warmed to reflux for 3 h. The 
reaction mixture was then concentrated under reduced pres- 
sure and partitioned between EtOAc and HzO. The organic 
phase was dried over MgSOd, filtered, and concentrated under 
reduced pressure to  yield crude product which was further 
purified as described in Table 2 (TLC: 25% EtOAc:hexane, Rf 

2.05 (m, lH),  2.45-2.55 (m, lH), 2.7-2.8 (t, lH), 2.8-2.95 (m, 
lH), 3.0-3.1 (m, lH), 3.1-3.2 (m, lH), 3.35-3.5 (t, 2H), 3.65- 
3.75(t, lH),4.0-4.1 (m, lH), 4.7-4.8(d, lH), 5.3-5.4(bs, lH), 
7.0 (s, lH), 9.8-9.9 (bs, 1H). 

= 0.4). lbp: 'H NMR (CDC13) 6 1.7 (s, 3H), 1.8 (s, 3H), 1.95- 
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