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Abstract. The synthesis of novel pyrrolo annulated 1,4-bcnzodiazepincs is 
described. These pyrrolo[l,2-d]-(1,4)-benzodiazepines have been found to have 
antiviral activity against HIV-l. Like other non nucleoside HIV-l RT 
inhibitors, these compounds appear to be specific for HIV-l. 

Therapeutics for the treatment of HIV infection are currently limited to 
AZT, ddC, and dd1, the only approved drugs for AIDS. These are nucleoside 
analogs which inhibit the reverse transcriptases (RT) of HIV-l’ and other 
retroviruses. Unfortunately, these compounds suffer from a number of 
limitations including toxic side effects and the emergence of resistant strains2. 
Recently there have been several reports of non-nucleoside HIV-l RT 
inhibitors. Janssen3 has disclosed the discovery of the benzodiazepine TIBO 
compounds such as RSLlSO and Boehringer-Ingelheim Pharmaceuticals4 has 
disclosed a series of dipyridodiazepinones such as BI-RG-587 both of which 
have potent antiviral activity for HIV-l but are inactive against HIV-2. 

Boehringer-Ingelheim 

BI-RG-587 

ICju = 0.040 UMc@. 4, 

Janssen Research 

R82150 

ICsu = 0.028 utiR”’ 3, 

4 
I&, = 0.8 uM 

From a previous program involving the design and synthesis of 
peptidomimetics we had on hand several novel benzodiazepine containing 
compounds. The report by the Janssen group prompted us to evaluate some of 
these for antiviral properties. Based on this screening process we have 
identified a series of novel5 pyrrolo-benzodiazepines (such as 4) that have 
antiviral activity against HIV-l. In this communication we report the 
synthesis and the biological activity of this class of compounds. 
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The synthesis of this class of compounds is outlined in SCHEMES 1 and 2. 
The reaction of an excess of the Grignard reagent derived from 2-(2-bromo- 

ethyl)- 1,3-dioxaneo with anthranilonitrile gives ketone 1. This is then 

coupled7 with the suitably protected aspartic acid derivative to provide amide 
2. The protecting group is removed by treating an ether solution of 2 with 
HCI(,) to give the HCI salt. Dissolving the salt in McOH and ncutralixmg with 

1N NaOH to give the benzodiazcpine 38. Treatment of 3 with an aqueous 

solution of oxalic acid at reflux eives the desired pyrrolo-bcnzodiazepine 
Catalytic hydrogenation gives the-free acid. 

49. 

SCHEME 1 

MgBr 
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n 
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a. THF/reflux/l h. b. N-Boc-Asp-P-benzyl ester, NMM. isobutylchloro- 
formatePHF/rt 24h. c. 1. HCl&ether/O”C/l h. 2. McOH/lN NaOH/rt 1 h. d. 

oxalic acld/H2O/reflux 1 h. e. H2/1 O%Pd-C 

The amide nitrogen of the BZD ring can be substituted using standard 

alkylation conditions’0 as shown in Scheme 2. Starting with the ketone 
amine 1 and the appropriate tyrosine derivative, the pyrrolo-bcnzodiazepine 5 
is prepared using the reaction sequence outlined in Scheme 1. Treatment of 5 
with NaH in DMF gives the sodium salt which can be alkylatcd with a variety of 
electrophiles, such as p(O-benzyl)phenethyl bromide, to give the substituted 
pyrrolo-benzodiazepine 6. The benzyl protecting groups can be removed by 
treatment with trimethylsilyliodide in refluxing chloroform to give the free 
phenol analog 7. 



SCHEME 2 
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OH 
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a. N-BOGOBn-Tyr, NMM, isobutylcbloroformate/THF/rt 24h. 

b. 1. HCl(,+ther/O”C/l h. 2. MeOH/lN NaOH/rt 1 h. 

c. Oxalic acid/H20/reflux 1 h. 

d. 1. NaH/DhIF/rt 2. BrCH2CH2CtjH40Bn/50”C/2 h. 

e. CHClg/TMSI/reflux/2 b. 

The pyrrole ring can be further elaborated using standard pyrrole 
chemistry. For example the treatment of pyrrolo-benzodiazepines under the 
usual Vilsmeier-Haack reaction conditions gives good yields of the formyl 
derivatives1 l. 

POCls/DMF 

The antiviral activity of various pyrrolo-benzodiazepines were determined 
using cell protection and yield reduction assays according to the protocols 
described previously12. The results are summarized in TABLE 1 and 2. The 
most potent pyrrolo-benzodiazepine that we found from our screening work is 
4 with an IC90 of 0.29 ug/mL. The mechanism of action of 4 may be the same 
as the other benzodiazepine type of non-nucleoside RT inhibitors that have 
been reported recently.3p4 Specifically 4 is an HIV-1 RT inhibitor UC50 = 0.04 
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ug/ml). It is more active against HIV-l than HIV-2, and it does not inhibit 
HIV-l protease. Thus, 4 seems to have a similar profile and compares favorably 
with TIBO type compounds when tested under the same assay conditions. 

In conclusion, we have described the synthesis of novel pyrrolo-(1,2-d)- 
(1,4)-benzodiazepin-ones such as 4 which have been found to possess antiviral 
activity against the HIV-l virus. This novel ring system furthers the scope of 
compounds containing a benzodiazepine nucleus having anti-HIV-l activity. 
The compounds disclosed in this communication may have the same 
mechanism of action as other non nucleoside RT inhibitors recently described 
in the literature. 

ICgo = Concentration required to protect 90% of the cells (MT-2) from HIV-I 

(3b) induced cell death. 
TC50 = Concentration required to inhibit cell number/viability by 5OD/c 

TABLE 2. COMPARISON OF COMPOUND 4 WITH TIBO ANALOG 

. l2QNU&U w/ml 1 

Yield Reduction in MT-2 cells: HIV-l (rf) IC - 0.29 

HIV-Z (rod) ‘ICI: : 3.0 

Cell Protection in MT-2 cells: HIV-l (3b) IC90 =0.3 IC90 = 1 5 

Cell Toxicity in MT-2 Cells TCsO = 10 TC50 = 55 

a.(+)-s-4,5,6,7-Tetrahydro-9-chIoro-5-methy~-6-(3-methyl-2-butenyl)- 
imidazo(4.5, I-jk] 1,4-benzodiazepine-2-thione _ obtained frbm Pharmatech 
International, Inc. West Orange, NJ. 



Pyrrolo-[1,2-6]-(1,4)-benzodiazepin-6-ones 
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Eigyo, M. U.S. Patenr4,923,984, 1990. 
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For similar reaction conditions see method B in: Evans, B.E.; Rittle, K.E.; 
Bock, M.G.; DiPardo, R.M.; Freidinger, R.M.; Whitter, W.L.; Gould, N.P.; 
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Physical properties: mp 141-142 “C, lH NMR (CDC13) 6 3.1 (1 H, bm), 3.4 (1 
H, bm), 5.05 (1 H, bm), 5.1 (2 H, s), 6.34 (1 H, m), 6.49 (1 H, dd, 3.6 and 1.5 
Hz), 6.79 (1 H, dd, 2.6 and 1.8 Hz), 6.79 (1 H, m), 7.12 (1 H, dd, 1.2 and 7.4 Hz), 
7.2 (2 H. m). 7.6 (1 H. dd, 1.8 and 7.3 Hz), 9.5 (1 H, bs), ms (NH3, CI) (M+H)+ = 
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For an example of alkylation conditions see Method D reference 8. 

For examples of typical reaction conditions see: Org. Syntheses Co11 Vol. 3, 
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1963, p 831. (also pp. 331 and 539). 

12. Smallheer, J.M.; Otto, M.J., Amaral-Ly, C.A., Earl, R.A., Myers, M.J , Pennev, 
P., Monteiiori, D.C., Wuonola, M.A.; Antiviral Chemistry and 
Chemotherapy, 1992. in press. A short description of the assays is given 
below: 

CELL PROTECTION ASSAY. Test compounds were dissolved in DMSO IO 5 mg/ml and 
serially diluted into RPMI medium to ten times the desired fmal concentratron. MT-2 cells 
(5 x lOE4/0.lml) were added to each well of a 96 well culture plate and 0.02ml of the 
appropriate test compound solution was added to the cells such that each compound 
concentration was present in two wells. The cells and compounds were allowed to srt for 30 
minutes at room temperature. HIV(3b) or HIV(Rf) (5 x lOE5 plaque formmg units/ml) was 
diluted in medium and added to the cells and compound mixtures to give a multiplrcity of 
infection of 0.1 plaque forming unit/cell. The mixtures were mcubated for 3 days at 36 “C, 
during which time the virus replicated and caused the death of unprotected cells. The 
percentage of cells protected from virus induced cell death was determmed by the degree 
of metabolism of the tetrazolium dye, X’IT. In living cells XIT was metabolized to a colored 
formazan product which was quantuated spectrophotometrically at 450nm The amount of 
colored formazan was proportional to the number of cells protected from vrrus by the test 
compound. The concentration of compound protecting either 50% (IC50) or 90% (IC90) 

with respect to uninfected cell culture was determined. 
YIELD REDUCTION ASSAY. Test compounds were dissolved in DMSO to 5 mgiml and 
serially drluted into RPM1 medium to ten times the desired fmal concentratmn MT-2 cells 
(5 x lOE4/ml) m 2.3 ml were mixed with 0.3 ml of the appropriate test compound solution 
and allowed to sit for 30 minutes at room temperature. HIV(3b) or HIV(Rf) (5 x lOE5 
plaque formmg units/ml) in 0.375 ml was added to the cells and compound mrxturcs and 
incubated for 1 hour at 36 “C. The mixtures were centrifuged at 1000 rpm for IO minutes 
and the supernatants containing unattached virus were discarded. The cell pellets were 
suspended in fresh RPM1 containmg the appropriate concentratrons of test compound and 
placed in a 36 “C, 4% CO2 mcubator. Virus was allowed to replicate for 3 days. Cultures 
were centrifuged for 10 mmutes at 1000 rpm and the supernatants contammg cell free 
progeny virus was removed for plaque assay. The virus titers of the progeny vnus 
produced in the presence or absence of test compounds was determrned by plaque assay. 
Progeny virus suspensions were serially diluted in RPM1 and 1 0 mL of each drlutron was 
added to 9 mL of MT-2 cells in RPMI. Cells and virus were mcubatcd for 3 hours at 36°C to 
allow for efficient attachment of the virus to the cells. Each virus and cell mrxture was 
ahquoted equally to two wells of a SIX well poly-L-lysme coated culture plate and 
Incubated overnight at 36°C. 4% CO,. Liquid and unattached cells were removed prror to 

addition of 1.5 mL of RPM1 with 0.75% (w/v) Seaplaque agarose (FMC Corp) and 5% FCS. 
Plates were incubated for 3 days and a second RPMI/agarose overlay was added. After an 
additional 3 days at 36°C. 4% CO,, a final overlays of phosphate-buffered salrne wrth 

0.75% Seaplaque agarose and 1 mg MTf’/mL was added. The plates were mcubatcd 
overnight at 36°C. Clear plaques on a purple background were counted and the number of 
plaque forming units of virus was calculated for each sample. The antrvrral actrvny of test 
compounds was determined by the percent reductron in the virus toters wrth respect to 
virus grown m the absence of any inhibitors. 


