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Peptides and proteins play a central role in the control and modulation of virtually all biological 
processes regulating biological functions by acting as hormones, enzymes, receptors, and inhibitors. The 
explosive growth in the fields of molecular biology, peptide synthesis, structure elucidation (x-my and 
NMR), and molecular modeling has dramatically increased understanding of the relationship between 
protein and peptide structnre and their biological function. This and the recent progress in the synthesis 
and screening of huge peptide libraries has focused attention on small peptides as important lead 
structures for the development of potential therapeutic agents. Problems of metabolic instability and lack 
of oral bioavailability, however, severely restrict the use of peptides themselves as therapeutic candidates 
and emphasizes the importance of establishing general synthetic strategies for converting these potent 
peptides into peptidomimetics that may overcome the pharmacokinetic shortcomings of the peptides 
themselves. 

In the design of peptidomimetics one approach attempts to determine or, mom likely, hypothesize 
a biologically relevant conformation of the peptide of interest and then to construct a non-peptide 
scaffolding that places previously determined critical functional groups in theirproperthreedimensional 
orientation. This approach requires the design of a completely new scaffolding for every peptide of 
interest. 

It is known, however, from the growing number of three-dimensional structures of proteins that 
there are preferred structural elements that are involvedin packing and folding -these include beta sheets, 
helices, and turns or loops. A peptide ligand binding to a receptor site or an active site of a larger protein 
results in a larger, packed protein complex that should still obey the rules of protein packing. It would 
be expected that the bound peptide would adopt similar conformations as requiredof other local structure 
of typical proteins. Recent structural evidence suggests that this is indeed the case. 

A number of x-ray structures of proteases with their corresponding peptide inhibitors show that 
local regions of the peptides bound to the active sites adopt an extended conformation1 very similar to 
a protein beta sheet or beta strand. This same extended conformation has recently been shown to be 
important in recognition of viral peptides by MHC (Major Histocompatibility Complex) proteins as 
shown by x-ray analysis of the complex2. Alternatively, peptide-calmodulin complexes show a helix 
conformation imposed on the peptide on binding to the protein.3 Finally, antibody-antigen complexes4 
appear to frequently involve binding of the peptide antigens in a beta turn conformation. The implication 
of this for drug design is that the design of peptidomimetics may be based on a particular protein 
structural motif. Of the three types of structural motifs the beta turn offers the significant advantage that 
it is compact and of such a size that it can readily be mimicked by a small organic molecule. To 
successfully mimic even a small helix will require molecules significantly larger than steroids. In this 
paperwe wish toreportourworkon thedesign, synthesis,andconformationalvalidationof appropriately 
substituted benxodiaxepines as beta turn peptidomimetics that reproduce both the geometric constraints 
of a beta-turn as well as the positions of the functionality of the four side chains in their proper three- 
dimensional orientation. 
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An important structural feature of many biologically active peptides and proteins is the beta-turn 
motif. Beta turns in proteins am segments between secondary structural elements that reverse the 
direction of the chains. These turns are often situated on the protein surface and usually consist of polar 
residues that offer the opportunity of intermolecular interactions with other protein surfaces and hence 
provide sites for intermolecularrecognition~. Substantial evidence exists to suggest that smaller peptides 
also possess beta turns in their biologically active conformations and the resulting compact structures 
have clustered side chains available for interactions with receptor&. A popular approach towards more 
active peptides which recognizes this fact is one in which conformationally constrained analogs are 
synthesized to retain or improve the biological activity of the native, linear peptidesy. It has been 
suggested8 that backbone conformations of beta bends are not always critical for activity provided that 
optimal side chain conformations are preserved. This may explain why several types of beta turns, 
existing in known proteins, differ only in their backbone configurations with the overall geometry and 
clustering of side chains being relatively similar. In turn, this implies many different backbone 
conformations may be consistent with an active peptide pharmacophom and it is the spatial disposition 
of the side chains that determines activity. 

The importance of beta turns in peptides or proteins may well be crucial in receptor interactions 
that ultimately lead to biological activity. In recognition of this there have been several efforts to ‘lock’ 
peptides into beta turn configurations9 and to synthesize organic molecules that might mimic a beta 
turn10 in an otherwise ‘normal’ peptide. In the latter cases, except for a few exceptionsll, molecules 
were usually tailored for a specific problem with the general problem of converting peptide structure to 
smaller, less peptidic molecules being unsolved. 

Thepossibilityofsmall,organicmoleculesactingaspeptidemimicshasalreadybeendemonstrated 
although they were found by serendipity. Opiate analgesics and antagonists for the endogenous 
enkephalins/l%endorphinsl2, benzodiazepines as cholecystokinin (CCK) antagonistsl3, and substituted 
imidazoles as angiotensin II receptor antagonists14 are examples of small, organic molecules able to 
mimic peptides. Interestingly, in each case a beta turn is believed to be involved in the biologically active 
conformation of the natural peptides and there are reasons to suspect that the organic structures ate 
mimicking parts of these bendsl5. The general problem of converting many active peptides (or short 
segments from proteins) into small organic molecules may in fact be reduced to finding a general mimic 
of beta turns. While these examples show the feasibility of beta turn mimetics, the structures are so 
different that the relationship of the mimic to the peptide is not obvious. A systematic and rational 
approach to this problem is needed. 

of Pentrdomm 
In the design of beta turn peptidomimetics, it would be advantageous to have a rigid molecule 

that could mimic any beta turn structure and position the four side chains (for the i, i+l, i +2, i +3 residues) 
in their proper orientation as determined by x-ray crystallography of beta turn sequences in known 
proteins. With the few exceptions noted above, attempts to accomplish this have been either specific to 
a particular sequence or have ignored the side chains of the turn residues altogether. An ideal case would 
possess both the proper turn geometry and position the side chains in their proper orientations. An 
important consideration is the compounds also be synthetically accessible. 

From x-ray structures of a number of proteins several types of turns have been identified16. A 
number of these have different backbone conformations but position substituents in similar areas of 
space. In our initial molecular modeling search for an appropriate mimetic of a type I bend (1 in Figure 
1) the hydrogen bond unit between residues i and i + 3 was replaced first with one methylene then two 
and the amide bonds with two trans and one cis double bond (2). In a second case one amide bond was 
retained (3). An initial fit of these structures to the original peptide turn (1) looked satisfactory. Distance 
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geometry17 was used to generate several confonnational possibilities for each of these macmcyclic 
cases and molecular mechanics was used to find the low energy wnfolmations.whensuperhqo&on 
1, low energy conformations of 2b and 3b gave reasonable fits but the expected synthetic difficulties for 
these macmcycles caused us to look for other simplifications. 

A second analysis led to the bicyclic ring system 4. Potential stability and synthetic problems 
with 4 suggested expanding one ring to give 5, 6 and 7 as shown in Figure 1. Interestingly, 
benzodiazepines 5,6 and 7 show a remarkable fit to each one of the beta turn examples from the basis 
setl6, not just the type I tums. Importantly, side chains (Rl to R4) in 5 and 6 can be positioned in close 
proximity to those present in the peptide. One of the peptide units (between residue 3 and4) is preserved 
in 6 and the stereochemistry of R3, which is expected to be @ortam, can easily be incoqomted by the 
use of the appropriate amino acid The side chain R2can be on one of two 

r 

itions (5 or6) and still reach 
similar positions in space. Note this substituent is also attached to an s center which agrees with the 
finding that D-residues as well as prolines are often found at this position. Since proline is found almost 
30% of the time in position 2 of beta nuns, this suggests that in most cases either no substituent or a 

R’ 

=a 
R' 

2an=1 
2bn-2 

3an=1 
I 3bn-2 

R' 

Figure 1. Design of beta turn peptidomimetics 

hydrophobic group (e.g. phenyl) might be acceptable at this position. The benzodiazepine structures also 
closely maintain the overall geometric requirements of the beta turn and project residues 1 and 4 in 
directions that correspond with the requirements of the actual beta turns I-VI. When a least squares fit 
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is made of the starred atoms of 5 to the corresponding atoms in each of the turn types as shown in Figure 
2,therootmeansquare(RMS)fitswerelessthanlA.TheRMSfitsfor6and7tothebetaarmsI-VI 

TYPEOF 
BETATURN BMS (A) 

TYPE1 0.56 
TYPE I' 0.65 
TYPEII 0.59 
TYF'E II' 0.47 
TYPEIII 0.79 
TYPEIV 0.54 
TYPEVI 0.26 

Figure 2. BZD comparison to beta turns 

are comparable to those shown in 
Figure 2. This clearly establishes the 
hemxxiiazepine (BZD) nucleus as an 
excellent potential mimic of each of 
the beta turn types. 

Although derived from an 
independent analysis of the 
requirements of a peptide beta turn, 
the ideaofthe benzodiaqine nucleus 
mimickingthesemrnsmightexplaina 
number of reports in the literature 
umceming several different biological 
activities for these compounds (see 
below). Importantly it suggests a 
general approach to reduced peptides, 
and peptide fragments from proteins, 
into rigid organic structures. 
Etenzxkepine analogs have been 
implicated, in addition to anxiolytic 
activitylg. in analgesialg. 
phospholipase A2 inhibition20, 
cholecystokinin antagonism, PAF 
antagonist21, cholesterol lowering 
activity22, anti-fungalianti-tumor/ 
antibiotic activity23. anti- 
hypertension=, anti-HIV activity25, 
etc. This appears to support a more 
general role for this structural class; 

this role may be as a general beta turn mimic as described above. 

While computer models and molecular mechanics calculations suggested that the BZD nucleus 
would be an excellent mimic of various beta turns we felt it was important to verify this with experimental 
results that would directly assess the ability of the benxodiazepine nucleus to substitute for a known 
peptide beta turn. Two possible options were available to validate this hypothesis: a biological model 
and a physical model. The first would involve the synthesis of a mimetic of a known biologically active 
peptide that is believed to exist in a beta turn conformation and to test the biological activity of the mimic 
via appropriate in vivo or in vitro assays. This is Clearly important since our ultimate purpose was to 
design mimetics for biologically active peptides which retain or enhance their activity while improving 
their pharmacokinetic properties. The uncertainty in this approach is that the role of the beta turn in 
biologically active linear peptides has only been surmised and not proven. A second option would be to 
incorporate the beta turn mimetic into a model in which the effectiveness of the peptidomimetic could 
be determined by physical methods (x-ray, NMR). We chose to do both concurrently and in this paper 
we wish to report our findings. 

Model cvclic nentides have been used to identify the rules governing stability and turn structure 
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preferences of various amino acids26. Considerable work has been reported for model cyclic penta-. 

Cyclic-octapeptide Peptidomimetic Cyclic peptide 
c-(Gly-Pro-D-Phe-D-Ala)2 c-(Gly-Pro-D-Phe-D-Ala-BZD) 

Figure 3. Model System 

iexa-, ompeptide; and for the 
naturally occurring cyclic 
decapeptide antibiotic 
Gramicidin s (~~)27. The 
concept was to replace the four 
ambo acid9 that makes up one 
of the beta turns in these cyclic 
pepptides with ihe BZD 
peptidomimetic as shown in 
Figure 3. If the mimic was a 
good one then it should stabilize 
the resulting BW containing 
cyclic peptide in a similar 
co~ormation as the all peptide 
model. While tkre have been 
examples of turn mimics 
incorporated into cyclic 
peptides28, most notably the 
BTD mimetic of Nagai and 
Satolhd , the end points of 
biological activity for assessing 

the degree of mimickry has been primarily biological activity with only a few examples studied 
rigorously by physical means29. The cyclic pentapeptides and cyclic hexapeptides did not seem 
appropriate to study a four residue mimic since that would leave too few amino acids, and thus observable 
NMR parameters, to understand the effects of the peptidomimetic substitution. Larger cyclic ptides 
are more suitable and we were especially interested in the cyclic octapeptide work of Kopple gand in 
the work done with Gramicidin S (GS), a cyclic decapeptide. In both cyclic peptide systems direct 
structural studies (both x-ray and Nh4R) and studies looking at the effects of substitution with other 
amino acid sequences have been reported. Kopple2ga has shown by NMR and X-ray analysis that the 
cyclicoctapeptide(Gly-Pro-D-Phe-D-Ala)2existinaC2symmetric,stable,doublebeta-~conformation. 
Substitution of one of the beta tnrns with a random four amino acid sequence destabilizes the structure 
of the resulting cyclic octapeptide (Gly-Pro-D-Phe-D-Ala-Asn-Ala-W&r). For the cyclic 
octa ptide (Gly-Pro-D-Phe-D-Ala)2 we have substituted one of the type II beta turn sequences (Glyl- 
PIJe -D-Phe3-D-Ala4) with the BZD peptidomimetic 15 as shown in Figure 3. Incorporation of the Gly 1 
(R1 = H) and Phe3 (R3 = CH2C&) residues into the BZD nucleus is synthetically straightforward. 
Although Pro2 can not be directly accommodated by the BZD pe$idomimetic the use of a hydrophobic 
group at this position (R2 = C 

6HB 
) appeared to be a reasonable compromise. Substitution of D-Ala4 

residue with a Gly equivalent (R = H) was done for synthetic simplification. Thus, the target BZD 
containing cyclic octapeptide (with G-P-F-G equivalents incorporated in the peptidomimetic) is shown 
in Figure 3. 

The synthesis of the desired benzodiazepine containing cyclic octapeptide analogs is outlined in 
Scheme 1 and 2. The key intermediate for the benzodiazepine containing cyclic octapeptide model 
peptides is the benzodiazepine amino ester 15. This is obtained in 9 steps from the commercially 
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Scheme 1 

15a 14a 
15% 14b 
15c 14C 

a: R3 = CH&& R= CH3 

b:R3=H,R=CH3 

c:R3=H,R=CzHs 

AA-Boc = N-RoeAmino Acid 

a. (CF3CO)&H&!12/Oo C. b. NBS/CCl&eflux. c. NaN$DMF/RT 

d. K$O$Aq. dioxanel reflux/ 2 hrs. 

e. N-methylmorpholine/isobutylchlomfomateIBoc-amino acid/ rt/18 hrs. 

f. 1. HC!l,~C/30 min. 2. MeOH/lN NaOH/rt. g. 1. NaH/DMF/rt. 2. BrC!H&QR h. lm Pd/C&OH 
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available aminobenzophenone 7 as shown in Scheme 1. The synthetic details am given in the 
Experimental Section. 

The synthesis of the desired cyclic analog is outlined in Scheme 2. The linear peptide sequence 
is first constructed from amino ester 15 by sequential coupling of the suitably blocked amino acids using 
solution phase mixedanhydride coupling methods. The linear peptide is then cyclired using the azide 
cyclization procedure. The benzodiazepine methyl ester 17 containing the protected linear peptide is 
converted to the hydrazide 18 by treatment with excess hydrazine in methanol at room temperatute over 
a period of 2 days. After removal of the Boc protecting group hydraziie 19 is converted to the azide using 
nitrous acid and subsequently cyclized under dilute conditions to give the BZD containing cyclic analog 
20 in 50% yield. The fact that the cyclization proceeds readily suggests that the peptidomimetic does 
stabilize turn conformations. 

3599 

vsrs of c(G P dF dA __ _ _ BZDl 
The assignments of the model cyclic octapeptide were done in both DMSO and CDC13 (Table 

1) by the use of 1D and 2D NMR techniques. In CDC13 only one conformation is observed. In DMSO 
two conformations were apparent with the major conformation about 85% populated. Since the 
conformational analysis of the all peptide cyclic octapeptide was reported in DMSO. the analysis of the 
peptidomimetic containing model cyclic “octapeptide” 20 is also determined in DMSO to make direct 
comparison possible. All amino acid residues of the major conformation in DMSO were identified in the 
DQF-COSY spectrum according to their characteristic pattern of chemical shifts (Table 1). 

Conformation al analysis of cyclic peptides using NMB techniques are well established. Important 
parameters for conformational analysis include scalar coupling constants of vi&al protons from which 
dihedral angles can be derived. Distances between protons can be derived from dipolar proton-proton 
coupling using 2D NOE techniques. Besides these parameters, temperature dependencies of amide 
proton chemical shifts indicate the solvent accessibility of these protons. 

There are several indications that the major conformation of the model cyclic octapeptide is 
adopting a well defined structure in DMSO. The large spread of the various amide protons (- 1 ppm) 
as well as the large chemical shift difference of the geminal IIrr of the Gly (and pseudo “Gly”s in BZD) 
residue is an indication that they are in different environments. 

In a beta turn there is a hydrogen bond between the carbonyl of the ith residue and the amide 
proton of the i+3 residue. This proton would be sequestered from solvent and show a chemical shift that 
has a small dependency on temperature (0 to -3 ppb) or solvent (CDC13 vs. DMSO). The D-Ala HN 
(Table2)showsthetypicallysmalltemperaturedependencyforaminoacidsinpositioni+3ofbetaturns. 
The small difference in the chemical shift of the D-Ala HN in DMSO and CDCl 

r3 
( A6 = 0.24) is also 

indicative of a sequestered proton. The results (Table 2) indicate that the BZD H , D-Phe HN, and the 
Gly HN amide protons are all exposed to bulk solvent. In a type II beta turn the Hai+ to HNi+2 proton- 
proton distance is short (about 2.1 A). In the NOESY spectra of the BZD containing octapeptide an 
intense cross-peak is observed between the D-Phe HN and the Pro Ha. This is consistent with the major 
conformation in DMSO adopting a type II beta turn with Gly in position i of the turn. 

The sizeof the coupling constant between the Cuproton and the amide proton (JNa) is a function 
of the dihedral angle $ in the peptide residue. Based on the JNa measured (Table 2) one can derive 
possible+angleconsistent with thedata. Thesepossible+valuesarelistedinTable 3 withthemostliiely 
values underlined based on the similarity with the all peptide cyclic octapeptide. Also included in the 
table are the corresponding values for the solution conformation of c(G-P-dFdA)2 in DMSO and the 
average values of @ obtained from the x-ray structure of c(G-P-dF-dA)2 for comparison. Based on this 
data the backbone conformation of the beta turn mimic cyclic octapeptide and the all peptide analog are 
similar 
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Scheme 2 

)/$qL$gffp$f!p> 
NH, NH NH 

cogv.le D-d CO,Me Lla co$ble 

15a 
‘t3oc 

16 TlY_BoC 

D-Phe PK, 

Ji!.p,_g$*4p 
NH NH 

La CON,“, 
T” 
D-Ala CON,“, Lua 0 

I I 

W 
s;ly-Boc y’y-“Cl / 

D-Phe Pro D-Phe Pro D-Phe Pro 

18 19 20 

i. isobutylchlorofornlate/N-lnethylmorpholine/Boc-D-Ala/13IF/00C 

j. 1. TFA/CH,CI,, rt, 1 hr. 2. N-methylmorpholineflHF 3. couple with next amino acid 4. repeat steps 

k. NzH&leOH/rt/2 days. 

1. HCl,{O“C!/60 min. 

m. 1. DMF/-20” C/HONO 2. Dilute with DMF/DIEA 
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3-Phe Ifa 3.76 3.87 

W 3.25 3.59 

&tZD-CH,CO- Ha 5.025. 4.310 5.190. 4.120 
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The data presented here demonstrate that a four amino acid sequence, which is known to adopt 
a beta turn conformation, can be substituted by the benzodiazcpine beta turn peptidomimetic 6 in the 
model cyclic octapeptide ( c(G-P-dF-dA)2) and still retain the double beta turn conformation in the 
resulting “cyclic octapeptide” ( c(G-P-dFdA-BZD)) 20. Given that the peptide portion of 20 maintains 
a similar beta turn conformation as present in the all amino acid cyclic peptide the benzodiazepine 
peptidomimetic 6 is presumably effectively mimicking the beta turn opposite in the ring. A complete 
structure from NMR was not possible because of the lack of sufficient NOES . 

Experimental section 

AllNMRexperimentsforconfoxmational analysis wereperf~at499.8MHzonaVarianVXR-500s 
spectrometer. NMR samples were prepared under dry nitrogen gas in 0.8 ml of DMSO-m6 or CDCl3 
(Merck). TMS was used as an internal reference. A 1.5 second relaxation delay was used in all 
experiments. 

One dimensional FT experiments were collected with 16384 complex points. For variable 
temperature experiments, the sample was allowed to equilibrate in the probe for 30 minutes before data 
collection. 

DQF-COSY 31~32, TOCSY 33, NOESY 34 and ROESY 359 36 two-dimensional spectra were 
recorded. TOCSY data sets were recorded using the MLEV-17 sequence to generate spin locking times 
of 35 to 70 ms with 1 ms trim pulses. NOESY and ROESY spectra were recorded at 100 and 200 ms. 
ROESY spectra were recorded with a 4.0 KHz spin locking field using the method of Kessler 37 

All two-dimensional experiments were obtained with spectral widths of at least 6500 Hz in both 

dimensions. 2048 complex points were collected in r2 and 256 complex FIDs were collected in tl. 32 
or 64 transients were co-added for each FID. All spectra were acquired in the phase-sensitive absorption 
mode with quadrature detection in both dimensions 389 39. 

Two-dimensional data sets were processed using the FI’NMR pmgram (Hare Research Inc.). 
Submatrix files were 1024 by 1024 points in size. All Q time domain transforms were weighted with 
a sine bell, shifted 45 degrees, apodization function. NOESY, ROESY and TOCSY fl interferograms 
were apodized with a sine bell, shifted 60 degrees, function and then zero-f&d to 1024 points. DQF- 
COSY tl interfemgrams were weighted by a sine bell function before zero-filling to 1024 points. After 
the t2 Fourier transform, the first point in each tl transform was multiplied by 0.5 to eliminate rl ridge 
artifacts 40. 

NOE distances from NOESY spectra were estimated by comparing the number of contour levels 
displayed for crosspeaks to those observed in the crosspeaks between the Pro Hs protons. These 
methylene protons are separated by a distance of 1.8 A. Intensities were ranked as strong, medium, or 
weak using this comparison. For distance geometry calculations upper bounds were assigned as follows: 
strong- 2.5 A, medium- 3.0 A, weak- 4 A. Lower bounds were set to van der Waals radii. 

General Methods. 
All reactions were conducted under a dry nitrogen atmosphere except when noted otherwise. 

Commercial dry Tetrahydrofuran (THF), dimethylsulfoxide (DMSO), and dimethylformanu ‘de (DMFl 
wereobtainedfrom AldrichinSureSeal bottles.Allreactionswerefollowedbythinlayerchromatography 
(TLC)usingsilicage160/F254glass-backedplates(E.Merck).Unlessotherwisenoted,allchromatography 
refers to medium pressure liquid chromatography (MPLC) using columns packed with EM Reagents 
silica gel 60 (0.040-0.063 mm particle size, 230400 mesh). Melting points (Thomas Hoover apparatus, 
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open capillary) are uncormcted. All lH NMR spectra were demnnined at 300 MHz in CDC13 and 
chemical shifts are mported in parts per million down field from Meqsi. Significant lH NMR data are 
tabulated in order: chemical shift, multiplicity (s, singlet; d, double t, trlple~ b, bmad), number of 
protons,andcouplingconstant(s).IRspectrawere~onaPerkin-~1600FIZRspectrometer. 

3-(S)-benzyl-8-adomethyl- ,4-Benwdiazepine-2-one (Ha). A solution of 100 g (0.0473 mol) 
of 2-amino-4methylbenzophenone (7) and 39.3 g (0.497 mol) of pyridine in 400 mL of methylene 
chloride is cooled in an ice bath under nitrogen. To this solution is added 104.4g (0.497 mol) of 
trifluoracetic anhydride slowly from an addition funnel over a @xl of 40 min. while cooling at O” C. 
The mixture is stirred an additional hour and then washed with water (3 x 200 mL), sat’d aq. sodium 
bicarbonate (100 ml), and brine (100 mL), and then dried, filtered and the solvent removed on a rotary 
evaporator to give 145 g (0.47 mol) of the trifluoracetamide 8 as an off-white solid NMR (CDC13) 8 
12.30 (bs, 1 H), 8.51 (s, 1 H), 7.75-7.41 (m, 7 H), 7.00 (d, 1 H, 11 Hz), 2.45 (s, 3 H). 

A solution of 8 (145 g, 0.47 mol), N-bromosuccinimide (104 g, 0.59 mol) and benzoyl peroxide 
(5.2 g) in CC14 (400 mL) is heated to reflux for 3 hr.. After cooling to room temperature the solid was 
filtered off and the filtrate is washed with 600 mL of 0.1 N NaOH, water (24Kt mL). and brine (2 x 200 
mL). After drying, the solution is evaporated to give a dark orange oil. This was titurated with 500 mL 
of ether, cooled to -60” C and filtered. The solid is washed with cold ether (-60” C) to give 85 g (0.22 
mol) of 9 as an off-white solid: mp 120 ‘C, NMR (CDC13) 8 12.15 (bs, 1 H), 8.7 1 (s, 1 H), 7.75-7.65(m, 
4 H). 7.52 (t, 2 H, 7 Hz), 7.28 (d, 1 H, 9 Hz), 4.51 (s, 2 H); MS @CI CHq) (M+H)+ 386.0 (100 96). 388.0 
(95.5%), , HRMS talc. for Cl6HllF3BrNO2 384.9925; found (M+) 384.9935. 

A solution of the benzyl bromide 9 (69.7 g , 0.180 mol.) and sodium azide (69.7%. 0.189 mol) in 
DMF ( 180 mL) is stirred at room temperature for 4 hours. The solution was diluted with water ( 1 L) and 
extracted into ethyl acetate (3 X 200 mL). The organic extract is washed with water (3 X 100 mL), brine 
(2 X 100 mL) and then dried. Evaporation of solvent under vacuum gives 62.7 g (0.18 mol) of the azide 
10 as a yellow oil. A small amount was chromatography by HPLC on silica gel (20% ethyl acetate/ 
hexane) togivea white solid: mp47-48 “C, IR (CDC13 cm-l) 3286,2105,1733,1639,1616.1580,1537, 
1265,1154; NMR (CDC13) 8 12.15 (bs, 1 H), 8.63 (s, 1 H), 7.75-7.62 (m,4H),7.52 (t, 2H,7 Hz).7.25 
(d, 1 H, 9 Hz), 4.50 (s, 2 H); MS (DC1 CH4) (M+H)+ = 349, (M+H-N2)+ 321, (M+HHN3)+ 306. 

Asolutionof500mLofdioxane,5OOmLofsat’dK2C~andazide10(62.7g,O.18mol)isstirred 
and heated to mflux for 3 hr.. The solution is cooled to mom temperature, diluted with 600 mL of water 
and extracted into ethyl acetate. The organic extract is washed with water (2 x 100 mL), brine (2 x 100 
mL) and dried. The solvent is evaporated to give 49 g of a yellow/orange oil. This was chmmatographed 
(eluted with 10% ethyl acetate/hexane) to give 35.7 g (0.15 mol) of the azide-aminobenzophenone 11 
as an yellow oil. IR (neat film cm-l) 3462,3345,2099.1622.1584,1541,1319,1247; NMR (CDC13) 
67.64-7.43(m,6H),6.69(s,lH),6.52(d,1H,8Hz),6.18(bs,2H),4.29(~,2H),MS(DCICHq)(M+H)~ 
253.1 

A solution of N-Boc-Phe (19.1 g ,0.072 mol) in THF is cooled in a salt-ice bath to - 15’ C and 
treated with 7.3 g (0.073 mol) of N-Methylmorpholine. Isobutyl chloroformate (9.7 g. 0.072 mol) is then 
slowly added to the mixture. The solution is stirred for 5 min. and then 15.13g (0.060 mol) of the azide- 
aminobenzophenone 11 is added. The mixture is allowed to warm to room temperature and stirred 
overnight. The solution is diluted with water and extracted into metbylene chloride. The organic extract 
is washed with water, 0.1 N NaOH, brine, and dried over MgS04. The solvent is evaporated to give 36 
g of 12 as thick yellow oil. The oil is dissolved in ethyl acetate (500 mL) and cooled to 0” C andHCl(g) 
is bubbled into the solution for a period of 1 hour. The solvent is evaporated under vacuum at room 
temperature to give a solid. The solid is dissolved in MeOH (100 mL) and made slightly basic (pH 8) 
by the addition of 1 N NaOH and stirred overnight at room temperature. Most of the solvent is evaporated 
and the residue is extracted into methylene chloride. The extract is washed with brine and dried. The 
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solvent is evaporated and the residue is chmmatographed (30% ethyl acetat&exaneelution) to give 22.0 
g(0.058mol)ofthebenzodiazepine13aasasolid:mp84-8~oC,[u]~D=+82.22o(c=0.6(n,MeOH), 
NMR (CDC13) 6 8.97 (s, 1 H), 7.48-7.20 (m, 11 H), 7.08 (M, 2 H), 4.45 (s ,2 H), 3.80 (m, 1 H), 3.61 
(m,2H). MS (DCIcHq) (M+I-I)+=382.2,HRMScalcfor~~lgN50381.1589, found381.1589 

SynhaisofWb: AsolutionofN-Boc-Gly(41.7g,0.24mol)inTHFiscooledinasalt-icebath 
to -15” C and tzated with 24.0 g (0.24 mol) of N-Methylmorpholine, Isobutyl chlomf~te (32.3 g, 
0.24 mol) is then slowly added to the mixture. The solution is stirred for 5 min. and then 30.0 g (0.118 
mol) of the azideaminobenzophenone 11 is added. The mixture is allowed to warm to mom temperature 
and stirred overnight, diluted with water and extracted into methylene chloride. The organic extract is 
washed with water, 0.1 N NaOH, brine, and dried over MgSO4. The solvent is eqomted to give 50 g 
of a thick yellow oily residue. The residue is chmmatogmphed (30% ethyl acctate&exane ) to give 44.0 
g (0.108 mol) of yellow solid. This is dissolved in chlorofotm (500 mLJ and cooled to 0’ C and treated 
wlth HCl(g) for a period of 1.5 hours. The solvent is eve under vacuuo~ at room temperature to 
give a solid. The solid is dissolved in MeGH (100 mL) and made slightly basic (pH 8) by the addition 
of 1 N NaOH and stirred overnight at mom temperature. Most of the solvent is evaporated and the msidue 
is extracted into methylene &xi&. The extract is washed with brine and drled. The solvent is 
evaporated and the residue is chromatographed (30% ethyl acetatefhexane elution) to give 30.0 g (0.103 
mol) of the benzodiazepine 13b as a solid: mp 173-174 O C, NMR (CDCl3) 8 8.92 (s, 1 H), 7.53-7.33 
(m.6H).7.12(m,2H),4.46(~,2H),4.35(bs,2H),MS@CI-CHq)(M+H)+292.1(65%),(M+H-N2)+ 
264.1 (lOO%), HRMS talc forC1~13N501291.1120, found(M)+ 5: 291.1119 

Methyr-[3-(S)-beruyl-8-~~~ridomerhyl-l,4-Benzodiazcpinc-2-oncl_acerare(14p).Underablanket 
of nitrogen, sodium hydride (0.42 g, 0.01 mol of a 60% dispersion in oil) ls washed several thnes with 
hexane and decanted. To a slurry of the washed NaH ln dry DMF (25 mL) is added ln small pOmons 3.8 
g (0.01 mol) of BZD I3a and stirred at room temperature for 30 min.. Then 1.6 g (0.011 mol) of methyl 
bromoacetate is added drop-wise and allowed to stir at mom temperature for 1 hour. The solution is 
diluted with 200 mL of water and extracted into methylene chloride. The organic extract is washed with 
water,andlxineandthendried.Thesolventwasevaporatedatmomtempandthereslduechromatographed 
(eluting with 50% ethyl acetate/hexane) to give 3.0 g (0.007 mol) of azido-methyl ester 14a as a white 
foam: mp 62-65’ C, [a]25D = +44.85 o (c = 0.602, MeOH), NMR (CDC13) 6 7.56 (d, 2 H, 6.6 Hz), 
7.48-7.11(m,11H),4.61(s,2H).4.45(s,2H),3.88(t,1H,6.8Hz), 3.68(s,3H),3.59(mV2H),MS 
(DCI - NH3) (M+H)+454.5. HRMS talc for C26H23N5G3 453.1801, found: (M+) 453.1811. 

Synthesis of 14b: Under a blanket of nitrogen, sodium hydride (2.2 g. 0.055 mol of a 60% 
dispersion ln oil) was washed several times with hexane and decanted. To a shuq of the washed NaIi 
in dry DMF (80 mL) is added in small portions 16 g (0.055 mol) of BZD 13b and stirred at room 
temperature for 30 min.. Then 8.4 g (0.055 mol) of methyl mte is added dropwise and allowed 
to stir at room temperature for 1 hour. The solution is then diluted with 500 mL of water and extracted 
intoethylacetate.Theorganicextractis washedwithwater, andbrineanddriedThesolventisevaporated 
at room temp and the residue chromatographed (50% ethyl acetatelhexane) to give 17.0 g (0.046 mol) 
of azido-methyl ester 14b as a thick oil: NMR (CDC13) 6 7.61 (d, 2 H. 7 Hz), 7.5-7.29 (m, 4 H), 7.26 
(s, lH),7.15(d, lH,8.1Hz).4.84(d, lH, 10.6Hz),4.62(d, lH, 17.2Hx),4.45(~,2H),4.51 (d, 1H. 
17.2 Hz), 3.88 (d, 1 H, 10.6 Hz), 3.71 (s, 3 H) MS (DCI-CH4) (M+H)+ 364.2 (86%), (M+H-N2)+ 336 
(100%) 

Synthesis of MC: Under a blanket of nitmgen, sodium hydride (2.0 g, 0.05 mol of a 60% 
dispersion in oil) was washed several times with hexane and, decanted. To a shmy of the washed NaH 
in dry DMF (120 mL) is added in small portions 14.6 g (0.05 mol) of BZD 13b and stirred at mom 
temperature for 30 min.. Then 8.35 g (0.05 mol) of ethyl bmmoacetate is added dmpwise and allowed 
to stir at room temperature for 1 hour. The solution is then diluted with 500 mL of water and extracted 
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intoethylacetate. Theorganicextractis washedwithwater, andbtineanddriedThesolventisevaporated 
at room temp and the residue chromatographed (50% ethyl acetatiexane) to give 13.0 g (0.034 mol) 
of azidoethyl ester 14e as a thick oil: NMR (CDC13) 6 7.61 (d, 2 H, 7 Hz), 7.5-7.29 (m, 4 H), 7.26 (s, 
1 H),7.16(d. 1 H, 8.1 Hz), 4.84(d, 1 H, 10.6Hz), 4.63 (d, lH, 17.2Hz),4.47 (s.2HJ.4.47 (d, 1 H, 17.2 
Hz), 4.21 (m, 2 H), 3.88 (d, 1 H, 10.6 Hz), 1.23 (t, 3 H. 7.1 Hz) MS (DCI-CIQ) @W-I)+ 378.2 (86%). 
(M+H-N2)+ 350 (100%). HRMS talc for C2OHlgN503 377.1488, found M+ = 377.1490 

Methyl -[3-(S)-benzyl-8-mninomethyl-l,4-Benzodiazepiine-2-one]-accrate (Ma). A solution of 
azido-BZD 14a (2.6 g, 0.0057 mol) in ethyl acetate (150 mL) is hydrogenated at 45 psi in a Parr 
Hydrogenator for 1 hr with 1 g of 10% Pd/C. The solution is filtered through Celite and the filtrate is 
extracted with 1 N aq HCl(2 X 200 mL). The acid extract is cooled in an ice bath and made basic with 
the drop-wise addition of 50% aq. NaOH. The resulting solid is extracted into ethyl acetate (2 X 200 mL) 
and washed with water and brine. After drying the solvent is evaporated to give 1.4 g (0.0033 mol) of 
the aminoester 15a asawhitefoam. mp76-80 “C, [u]25D=+42.95’ (c=O.610, MeOH), NMR(CDC13) 
6 7.57 (d, 1 H, 7 Hz). 7.48-7.15 (m, 11 H), 4.62 (AB q. 2 H), 3.95 ( s, 3 H), 3.89 (t, i H, 7 Hz), 3.59 
(~,~H,~Hz),~.~(~~,~H),MS@CI-NH~) (M+H)+=428.5,HRMS calcforC26H25N303 427.1896, 
found (M+) 427.1895 

Synthesis ofl5b: A solution of azide 14b in ethanol is treated with 10% Pd/C and hydrogenated 
in a Parr Hydrogenator at 50 psi for 1 hour. The solution is filtered through Celite and evaporated to give 
the amine as a white solid. This is used without furtherpurification. mp 85-90 OC, NMR (CDC13) 6 7.61 
(d,2H,7Hz), 7.5-7.2O(m, 5H),7.15 (d, 1 H, 8.Hz),4.84(d, 1 H, 10.6Hz),4.62(d, lH, 17.2Hz),4.56 
(d, lH.17.2Hz). 3.96(s,2H),3.88(d,1H,10.6Hz),3.71(s,3H).1.5(bs.2H)MS@CI-~)(M+H)+ 
338.2 HRMS talc for Cl9HlgN303 337.1427 found (M)+ 337.1428 

Synthesis of 15~: A solution of azide 14c in ethanol is treated with 10% Pd/C and hydrogenated 
in a Parr Hydrogenator at 50 psi for 1 hour. The solution is filtered through Celite and evaporated to give 
the amine as a white solid: mp 76-80°C, NMR (CDC13) 6 7.61 (d. 2 H, 7 Hz), 7.5-7.29 (m, 4 H), 7.26 
(s, 1 H), 7.16 (d, 1 H, 8.1 Hz), 4.82 (d, 1 H, 10.6 Hz), 4.63 (d, 1H. 17.2 Hz), 4.47 (d. 1 H, 17.2 Hz). 4.21 
(m,2H),3.97(s,2H),3.86(d,1H,10.6Hz),1.21(t,3H.7.1Hz)MS@CI-CHq)(M+H)~352.2,HRMS 
talc for C20H21N3O3 351.1583, found M+= 351.1583 

Cycle-[D-Ala-D-Phe-Pro-Gly-BZD] 20: A solution of N-Boc-D-Ala (1.15 g ,0.0061 mol) in 
THP is cooled in a salt-ice bath to - 15’ C and treated with 0.62 g (0.0062 mol) of N-Methylmorpholine. 
Isobutyl chloroformate (0.83 g, 0.0061 mol) is slowly added to the mixtnre. The solution is stirred for 
5 min. before 1.3 g (0.003.5 mol) of the amino-BZD 15a is added. The solution is stirred at -15O C for 
20 min., diluted with 100 mL of cold water and extracted into methylene chloride (2 X 100 mL). The 
extracts are washed with water, 0.1 N NaOH, brine, and finally dried. The solvent is evaporated to give 
a white solid which is dissolved in a minimum amount of CH2Cl2 and chromatographed (ethyl acetate 
elution) to give 1.6 g (0.0027 mol) of Boc-D-Ala-BZD 16 as a white foam: mp 108-l 14 ‘C, [o125D = 
+13.79 ’ (c = 0.602, MeOH), MS (DC1 - NH3) (M+NH4-H20)+598. (DC! CH4) (M+H)+ 599, HRMS 
talc for C34H38N406 598.2791, found (M+) 598.2798, FAB MS (M+H)+ 599.37. 

The Boc-D-Ala-BZD 16 obtained above (1.44 g, 0.0024 mol) was dissolved in 5 mL of 
methylene chloride and treated with 20 mL of aifluoroacetic acid at room temperature for 1 hour. The 
solvents were evaporated under reduced pressure at room temperature and the residue tihuated with ether 
to give a solid. The solid was dissolved in THP and made slightly basic with N-methylmorpholine. This 
solution was then added to a solution of activated Boc-D-Phe (1.27 g, 0.0049 mol). The activation and 
work-up procedure is the same as that described above for 16. The crude product is chromatogmphed 
(ethyl acetate elution) to give 1.5 g (0.0020 mol) of Boc-D-Phe-D-Ala-BZD as a white foam: mp 115- 
119 ‘C, [a]25D = +6.00 ’ (c = 0.600, MeOH), MS (DC1 - NH3) (M+H)+ 746. HRMS talc for 
C43H47N507 745.3476, found (M+) 745.3483, FAB MS (M+H)+ 746.44. 
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Starting with 1.30 g (0.0017 mol) of Boc-D-Phe-D-Ala-BZD and 0.75 g (0.0035 mol) of Boc- 
Prothesamedeprotection,coupling,andwork-upprocedumdescribedahoveisfollowed.Chmmatography 
(ethyl acetate elution) gives 1.1 g (0.0013 mol) of Boc-Pro-D-Phe-D-Ala-BZD as a white foam: mp 160- 
161 OC, [a]25D = -5.74’ (C = 0.610, MeOH). MS (DCI - NH3) (M+H)+ 843. HBMS talc for 
C4gH54N608 842.4003. found (M+) = 842.4012 FAB MS (M+H)+ = 843.40. 

Starting with 1.00 g (0.00118 mol) of Boc-Pro-D-Phe-D-Ala-BZD and 0.42 g (0.0023 mol) of 
Boc-Gly the same deprotection, coupling, and work-up procedure described above is repeated. 
Purification by chromatography (ethyl acetate) gives 0.83 g (0.0092 mol) of Boc-Gly-ProD-Phe-D-Ala- 
BZDl7asawhitefoam:mp126-1320C,[~]25D=-8.800(c=0.602,MeOH),MS@CI-NH3) (M+H)+ 
900, HRMS talc for C45IQgN707 799.3693, found (M-C5H802)+ = 799.3735, FAB-MS (M+H)+ 
900.57. 

A solution of 17 in 20 mL of MeOH is treated with 0.64g of anhydrous hydrazine and stirred at 
room temperature for 30 hr.. The solvent is removed under vacuum to give a white solid. The solid is 
dissolved in ethyl acetate (75 mL), cooled to 0“ C and treated with HCl(g) for 1 hr. Evaporation at room 
temperature under vacuum gives a white solid which is dissolved in 12 mL of DMF, transferred to a 1 
L flask and cooled to - 20 o C. To this solution is added 0.3 mL of cont. aq. HCl and 2 mL of 1 M aq 
NaN02. The solution is stirred at - 20 OC for 20 min. and then diluted with 500 mL of cold DMF (- 20 
“C) and made basic with diisopropylethylamine (3 mL). The solution is allowed to warm to room 
temperature and is stirred overnight. The solvent is removed under vacuum (pump) on arotary evaporator 
while warming at 50 “C. The residue is dissolved in chloroform and chromatographed (5% MeOH/ 
CHC13)togive0.30g(0.00039mol)of20asawhitefo~:mp2l~22OoC(~comp.),[~]25D=+101.48 
’ (c = 0.608, MeOH), MS (DC1 - NH3) (M+H)+ = 768, HRMS talc for C44H45N706 767.3431, 
found(M+) 767.3486, FAB-MS (M+H)+ 768.33. 
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