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Different anilides derived from carboxylic acids and substi-
tuted anilines have been submitted to the photochemically
induced Fries rearrangement giving the corresponaing
amino phenones under conditions that are compatible with
the presence of acid-labile groups (such as N-Boc or
TBDMSO) on R and R. These compounds, not easily
obtained in other ways, are useful building blocks for the
preparation of benzocondensated heterocycles. After couplin
with N-Boc amino acids and TFA-mediated deprotection,
the products cyclized to the corresponding 3,5-disubstituted
1,4-benzodiazepin-2-ones, privileged structures predomi-

g

Benzodiazepines have been the first class of molecules
recognized as privileged structureshis term was in fact coined
by Evans as a single molecular framework able to provide
ligands for diverse receptors. This conclusion followed the
observation that 1,4-benzodiazepin-2-ones were able to bind to
cholecystokinin (CCK) and to several central nervous system
receptorS. The benzodiazepine ring is contained in molecules
that bind G-protein-coupled receptors &irdseveral drugs used
for central nervous system diseagesd it has found applica-
tions for the synthesis of peptidomimetfgseptide antagonists,
inhibitors of DNA interactions? antiviral or antimalarial
compoundg! and many other potentially active moleculés.
Despite the impressive diversity of benzodiazepines prepared
to date, a great deal of work has been directed toward the
synthesis of 1,4-benzodiazepin-2,5-diokepresumably as a
result of the relatively easy synthetic procedure available. The
corresponding 1,4-benzodiazepin-2-ones have not been widely
explored, and few examples deal with the 5- or 3-substituted
ring.14

The classical approach to this system is based on the acylation
of o-aminophenones witl-amino acids followed by ring

(3) Chen, G.; Zheng, S.; Luo, X.; Shen, J.; Zhu, W.; Liu, H.; Gui, C.;
Zhang, J.; Zheng, M.; Puah, C. M.; Chen, K.; Jiang,JHComb. Chem
2005 7, 398 and references therein. Rishton, G.DMug Discaery Today
2003 8, 86.

(4) Horton, D. A.; Bourne, G. T.; Smythe, M. IChem. Re. 2003 103

(5) Evans, B. E.; Rittle, K. E.; Bock, M. G.; DiPardo, R. M.; Freidinger,
R. M.; Whitter, W. L.; Lundell, G. F.; Veber, D. F.; Anderson, P. S.; Chang,
R. S. L.; Lotti, V. J.; Cerino, D. J.; Chen, T. B.; Kling, P. J.; Kunkel, K.
A.; Springer, J. P.; Hirshfield, J. Med. Chem1988 31, 2235.

(6) (a) Patchett, A. A.; Nargund, R. Annu. Rep. Med. Cher200Q
35, 289. (b) Abrous, L.; Hynes, J., Jr.; Friedrich, S. R.; Smith, A. B;
Hirschmann, ROrg. Lett.2001 3, 1089.

(7) Campiani, G.; Butini, S.; Fattorusso, C.; Catalanotti, B.; Gemma,

S.; Nacci, V.; Morelli, E.; Cagnotto, A.; Mereghetti, |.; Mennini, T.; Carli,

nantly active in the central nervous system. The same resultsv.; Minetti, P.; Di Cesare, M. A.; Mastroianni, D.; Scafetta, N.; Galletti,

were obtained by coupling with N-Cbz-protecteeamino
acids followed by microwave assisted hydrogenolysis. When

B.; Stasi, M. A.; Castorina, M.; Pacifici, L.; Vertechy, M.; Serio, S. D.;
Ghirardi, O.; Tinti, O.; Carminati, PJ. Med. Chem2004 47, 143 and
references therein.

the Fries rearrangement was carried out on the anilide derived (8) (a) Micale, N.; Vairagoundar, R.; Yakovlev, A. G.; Kozikowski, A.

from N-Boc—Ala—OH and the further coupling done with
N-Cbz—(OMe)Asp—OH, the formed benzodiazepines could
be inserted in a peptide chain for the preparation of
conformationally constrained peptidomimetics.

The formation of new core structures for the preparation of
focalized libraries is becoming an important target in preparative
combinatorial chemistry The scaffolds required must be cyclic,

P.J. Med. Chem2004 47, 6455. (b) Nakayama, K.; Kawato, H. C.; Inagaki,
H.; Ohta, T.Org. Lett.2001, 3, 3447.

(9) (a) Evans, B.; Pipe, A.; Clark, L.; Banks, Mioorg. Med. Chem.
Lett. 2001 11, 1297. (b) Wyatt, P. G.; Allen, M. J.; Chilcott, J.; Hickin,
G.; Miller, N. D.; Woollard, P. M.Bioorg. Med. Chem. Let2001, 11,
1307.

(10) Stevens, S. Y.; Bunin, B. A.; Plunkett, M. J.; Swanson, P. C.; Ellman,
J. A.; Glick, G. D.J. Am. Chem. S0d.996 118 10650.

(11) (a) De Corte, B. LJ. Med. Chem2005 48, 1689. (b) Micale, N.;
Kozikowski, A. P.; Ettari, R.; Grasso, S.; Zappala, M.; Jeong, J.-J.; Kumar,
A.; Hanspal, M.; Chishti, A. HJ. Med. Chem2006 49, 3064.

(12) For some recent selected examples, see: (a) Hadac, E. M.; Dawson,

be present at a relatively low molecular weight, contain E. S.; Darrow, J. W.; Sugg, E. E.; Lybrand, T. P.; Miller, L.JJ.Med.

heteroatoms as H-bond acceptors, and possess two or mor
functionalizable positions for parallel decoratmruglike

€

em 2006 49, 850. (b) Primofiore, G.; Da Settimo, F.; Taliani, S.; Salerno,
Novellino, E.; Greco, G.; Cosimelli, B.; Besnard, F.; Costa, B.; Montali,
M.; Martini, C. J. Med. Chem2005 48, 2936. (c) Abrous, L.; Jokiel, P.

shapes are also particularly appreciated in scaffolds preparedA.; Friedrich, S. R.; Hynes, J., Jr.; Smith, A. B., Ill; Hirschmann, R.

for hit discovery?
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closure between N4 and G515 This method, developed and
exploited especially by EImann et al. in several combinatorial
syntheses on the solid phasés limited by the low availability
of o-aminophenones (a-nitrophenones) with diversity on the
aromatic ring and on the carbonyl. The preparation of these
intermediates can be carried out via Fried€rafts acylation
of anilines or multistep synthesis starting from nitrobenzéfes.
Following our interest in the synthesis of peptidomimetits,
we explored the possibility to use the Fries rearrangement of
amides derived from differently functionalized carboxylic acids
to prepareo-aminophenones with diversity at the alkyl sub-
stituent and the aromatic ring. Although largely used for the
preparation of substituted phenols starting from edfdrs Fries

reaction on amides has been scarcely explored and the few,

examples reported are limited to simple acetanili@ethe

reaction is generally carried out in the presence of corrosive
Lewis acids that are not compatible with the presence in the
molecule of several functional and protective groups. On the

TABLE 1. Compounds Prepared Following Scheme 1

aminophenones amidophenones and benzodiazepines

(yield, %) (yield, %)
R!= —Ph, R=OMe R!= —Ph, R=OMe, R =Me
5(56) 9(80),16(72)
Rl=—Ph,R=H Rl!= —Ph, R=H, R®= CH,Ph
6 (60) 10(74),17(57)

Rl= —Ph, R=H, R®= CHMe,
11(71),18(65)

R!= —Ph, R = OTBDMS, R = Me
12(75)

Rl=—Ph,R=0H, R®=Me
19(65)

Rl= *C11H23, R2 = H, R3 = CHMEZ
13(77),20(71)

Rl= —CjjHz3, RZ=H,R¥=H
14(80),21 (75)

Rl= —C11Ho3, R2 = H, R3 = (CH2)4NHCbZ
15(73),22(59)

Rl = —Ph; R = OTBDMS
7 (55)

Rl = *C11H23, R2 =H
8(61)

Using amidel (R! = Ph, R = OMe, see Table 1) as the
model compound, we explored different conditions for carrying
out this reaction. First attempts were carried out using a medium-
pressure Hg lamp in cyclohexane as the solvent. Although
irradiated for long periods of time, compouBdvas formed in
very little amounts. Thus, we tried to change the solvent, but
using CHCI, or CHCE, we observed degradation of the starting
material. Better results were obtained with MeCN, although the
reaction did not go to completion and some starting material
was recovered. An additional improvement in the yields was
obtained using a low-pressure Hg lamp at 254 nm working in
quartz tubes. The best yields §(56% of isolated product)
were finally obtained using deoxygenated MeCN and irradiating
for 24 h at room temperature. Following the same procedure,
anilides2—4 were transformed int@-aminophenoneé—8 in
acceptable yield¥

other hand, the photochemical version of the Fries rearrangement k. the exploration of the transformation into benzodiazepine,

seemed to be a milder practicable route for the synthesis of
differently functionalized phenones as compours8 in
Scheme 1.

(14) For an alternative approach, see: Bell, S. C.; McCaully, R. J.;
Gochman, C.; Childress, S. J.; Gluckman, MJ.IMed. Chem1968 11,
457.

(15) Boojamara, C. G.; Burow, K. M.; Thompson, L. A.; Ellman, J. A.
J. Org. Chem1997, 62, 1240. Boojamara, C. G.; Burow, K. M.; Ellman,
J. A.J. Org. Chem1995 60, 5742. Bunin, B. A.; Ellman, J. AJ. Am.
Chem. Soc1992 114, 10997.

(16) For the synthesis of 1,4-benzodiazepin-2-ones, see: (a) Im, |.; Webb,
T. R.; Gong, Y.-D.; Kim, J.-I.; Kim, Y.-C.J. Comb. Chem2004 6, 207.

(b) Carlier, P. R.; Zhao, H.; DeGuzman, J.; Lam, P. CJHAm. Chem.
Soc. 2003 125 11482. (c) Hone, N. D.; Wilson, W.; Reader, J. C.
Tetrahedron Lett2003 46, 8493. (d) Herrero, M. T.; Tellitu, I.; Domguez,

E.; Moreno, |.; SanMam, R. Tetrahedron Lett.2002 43, 8273. (e)
Kupczyk-Subotkowska, L.; Siahaan, T. J.; Basile, A. S.; Friedman, H. S.;
Higgins, P. E.; Song, D.; Gallo, J. M. Med. Chem1997, 40, 1726. (f)
Semple, G.; Ryder, H.; Rooker, D. P.; Batt, A. R.; Kendrick, D. A.; Szelke,
M.; Ohta, M.; Satoh, M.; Nishida, A.; Akuzawa, S.; Miyata, K. Med.
Chem.1997, 40, 331. (g) Ning, R. Y.; Fryer, R. I.; Sluboski, B. G. Org.
Chem 1977, 42, 3301. (h) Ogata, M.; Matsumoto, H.; Hirose, H.Med.
Chem.1977, 20, 776.

(17) Lampariello, M. R.; Piras, D.; Rodriquez, M.; Taddei, 81.0rg.
Chem.2003 68, 7893.

(18) Bellus, D.; Hrdlovic, P.Chem. Re. 1967 67, 599. See also:
Sandner, M. R.; Hadaya, E.; Trecker, D.JJ.Am. Chem. Sod 968 90,
7249.

(19) Balkus, K. J., Jr.; Khanmamedova, A. K.; Woo, RMol. Catal.

A: Chem.1998 134, 137. Abdel-Malik, M. M.; de Mayo, PCan. J. Chem
1984 62, 1275. Bradshaw, J. S.; Knudsen, J. S.; Elwood, LJLOrg.
Chem.197Q 35, 1219. Bellus, D.; Schaffner, K.; Higne, Blelv. Chim.
Acta 1968 51, 1980.
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compound was coupled with N-Boe Ala—OH. This reaction
was not very easy, as the MHs relatively hindered and
deactivated by thertho-carbonyl group. Exclusively the use
of DCC and DMAP as the coupling agents allowed the
formation of amide9 (R! = Ph, R = OMe, R = Me, see
Table 1) in 72% vyield after isolation by column chromatogra-
phy 2! Using this procedure, compoun®is 8 were coupled with
different amino acids to give the corresponding produ€ts
15in 70—80% vyield. Deprotection of the Boc group with TFA/
Et;SiH gave directly 2,5-disubstituted 1,4-benzodiazepin-4-ones
16—22in yields ranging from 55 to 75%. During cyclization,
the TBDMS protection was removed giving the phenolic
benzodiazepind9.

As our goal was to introduce functional groups around the
benzodiazepine ring for additional decoration, we decided to
try the Fries rearrangement on aniliéd8 derived from Cbz
Val—OH (Scheme 2). The Cbz group was chosen as orthogonal
with Boc, as it should be maintained during the process of
deprotection/cyclization. Unfortunately, the presence of the
benzylic carbamate in the substrate prevented the photochemical

(20) Different amounts of the starting material were always observed at
the end of the photo-Fries rearrangement. An increase of the reaction times
gave degradation of the starting material without increasing the formation
of the acetophenone. The yields reported (averages@36) are calculated
without considering the recovery of the starting material that would push
yields to an average of 690%.

(21) Use of other coupling agents such as EDC, PyBOP, or DMTMM
gave poor conversion into the required amides.
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aminophenones amidophenones and benzodiazepines
(vield, %) (vield, %) a7 2~
=N NH
Ri=—Me, RR=H  R!=-Me, R=H, R*=H bl [ ¢ \—O
27 (56) 30(71),39(74) H oo “NHBoc 49
R!=—-Me, RR=H, R®= —Me HO N
31(75),40(70)
Rl=—Me, R =H, R®= —CHMe, _
32(74),41 (65) N, CoOMe
Rl=—Me, RR=H, R®= —CH,Ph AL
33(80),42 (68) N"Rr
R!=—CHMe, RR=H R!=—CHMe, R2=H,R®=H 50 R = CgHs
28(61) 34(77),43(70)
Rl= —CHMe,, R2=H, R®=Me a(a) PhCHNH>, AlMes in toluene, reflux, 36 h. (b) (i) TFA/ESIH,
35(70), 44 (66) DCM, t, 2 h; (ii) PhCOCI, CHG, Py, t, 12 h.
Rl= —CHMe, R =H, R® = —CHMe,
g?@gi)gfsh(ﬁ%) B H. R = —CHPh Val—OH was submitted to the rearrangement. The correspond-
P S = RT= 2 ing racemic compoundR,9-35 was reacted with R)-1-
37(69),46 (71) . -
Rl=—Me R= Rl = —Me, R2 = OTBDMS, Ré = CH,COOMe naphtylethylisocyanate to give produ&,g,R-48 (Scheme 3).
OTBDMS 38(73),47(73) The 'H NMR spectrum (400 MHz) ofR,S,R-48 showed an
29(52) appreciable difference in the resonance of the methyl groups

derived from Valine. When compoun®,R-48 was prepared
starting from35 (derived fromL-Val), only one set of methyls
appeared in the spectrum showing that racemization occurred
at least in less than 5%.

Moreover, in the case of compound6—42 and44—47, a
single diastereoisomer was obtained showing that no racem-
ization occurred even during the cyclization step.

Compound47 was particularly interesting as it has three
different functional groups that can be selectively functionalized,
as reported in Scheme 4. The carboxymethyl group in position

reaction from taking place with formation of several byproducts.
Thus, we decided to carry out the rearrangement on ariide
derived from N-Boe-Ala—OH (R! = Me, R2 = H, see Table
2) that gave27 in acceptable yields under our standard
conditions. This compound was then coupled with €&ty —
OH with DCC/DMAP giving compound0 (R! = Me, R =
R® = H, see Table 2) in 70% vyield.

Benzodiazepine89 were then obtained in 70% yield after
Egat)?gn(tz%?/?)vmh_ S:?)Tg;:]ur;rg;%%z:;;tg%ﬁgﬁgggecggif 3 of compoundt7 could be directly transformed into the amide

(open vesseB? Following this general synthetic protocol, 1,4- 49in the presence of benzyl amine and AlMe )
benzodiazepines carrying different substituents in positions 3 ©On the other hand, treatment4f with TFA/Et;SiH removed

and 5 and on the aromatic rin§9—47) were obtained in good e OTBDMS and the Boc group, and the primary amine was
yields as reported in Table 2. selectively acylated with benzoyl chloride to give compound

To verify that racemization did not occur on the photo-Fries 20-In conclusion, we have developed a simple and rapid method

rearrangement product, the anilide derived from racemic:Boc [©F the synthesis of 3,5-substituted 1,4-benzodiazepin-2-ones.
The method allows the regiocontrolled formation of the diaz-

(22) Daga, M. C.; Taddei, M.; Varchi, G.etrahedron Lett2001, 42,
5091. (24) When aminophenon&? (as an oil), kept in a glass flask at room

(23) This reaction was carried out inside a Discover monomode MW temperature for a long time (1 month), was used in the coupling with alanine
system from CEM. During the preparation of produ8$ and 43, the to give amidophenond&1, we noticed the formation of a mixture of
formation of 10% of the corresponding 1,4-benzodiazepan-2-one was diastereoisomers (approximately 3:1), suggesting #¥atacemizes on
observed. standing.
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epine ring with respect to a substituent on the aromatic ring
and the formation of enantiomerically pure benzodiazepine
starting from a naturally occurring amino acid. Moreover,

compounds such a7 in Scheme 4 can be considered as a
conformationally constrained cyclic dipeptide in a form suitable
for insertion in a peptidic strand and for the preparation of new
peptidomimetics.

Experimental Section

(S)-2-(tert-Butoxycarboylamino)-1-(2-aminophenyl)-propan-
1-one, 27. General ProcedureA solution of compound®4 (0.40
g, 1.51 mmol) in MeCN (150 mL degassed with two cycles of
freezing-vacuum treatment) was irradiated under magnetic stirring
with a Hg lamp at 254 nm (distance of the sample from the lamp
is 1 cm) for 48 h with care to maintain the internal temperature of
the solution below 25°C. After removal of the solvent under
reduced pressure, the residue was purified by flash chromatography
eluting with 9:1 petroleum ether/EtOAc to give 0.224 g (56%) of
compoundl as an oil*H NMR (200 MHz, 27°C, CDCk): 6 1.34
(d,J= 6.9 Hz, 3H), 1.41 (s, 9H), 5.225.30 (m, 1H), 5.635.66
(m, 1H), 6.31 (bs, 2H), 6.546.63(m, 2H), 7.20 (tJ) = 8.2 Hz,
1H), 7.65 (d,J = 8.2 Hz, 1H).13C NMR (200 MHz, 27°C,
CDCly): ¢ 20.31, 28.13, 50.39, 79.21, 114.49, 115.62, 117.26,
130.56, 134.61, 151.16, 154.69, 200.53. ESI-MS: 287{Ma).
Anal. Calcd for G4H,0N>O3: C, 63.62; H, 7.63; N, 10.60. Found:
C, 63.46; H, 7.53; N, 10.72.

Amide 31. General ProcedureTo a solution of compoun@?7
(0.40 mg, 1.5 mmol) in dry CHGIwas added CbzAlaOH (0.370
mg, 1.65 mmol), DMAP (0.05 g, 0.4 mmol), and DCC (0.370 mg,
1.8 mmol). The mixture was stirred overnight at room temperature.
After filtration and removal of solvent under reduced pressure, the
residue was purified by flash chromatography, eluting with
petroleum ether/EtOAc from 9:1 to 5:1 to afford compo3id0.50
mg, 70%) as an oil*H NMR (200 MHz, 27°C, CDCk): ¢ 1.31
(d,J =6 Hz, 3H), 1.43 (s, 9H), 1.47 (d, = 7.3 Hz, 3H), 4.36-
4.50 (m, 1H), 5.12 (s, 2H), 5.266.35 (m, 1H), 5.46-5.52 (m,
1H), 5.12-5.32 (m, 1H), 7.11 (1) = 7.9 Hz, 1H), 7.23-7.43 (m,
5H), 7.49 (t,J = 7.0 Hz, 1H), 7.87 (dJ = 7.7 Hz, 1H), 8.66 (d,

9220 J. Org. Chem.Vol. 71, No. 24, 2006

J = 8.3 Hz, 1H), 11.72 (bs, 1H}3C NMR (200 MHz, 27°C,
CDCly): 0 18.52, 19.75, 28.22, 51.40, 52.08, 66.94, 79.87, 119.89,
122.94, 124.12, 127.80, 128.32, 128.67, 130.42, 135.19, 136.00,
140.60, 155.02, 155.81, 171.75, 203.45. ESI-MS: 492fMa).
Anal. Calcd for GsH3iN3Og: C, 63.95; H, 6.65; N, 8.95. Found:
C, 64.34; H, 6.70; N, 8.94.
5-(1+tert-Butoxycarbonylamino-1-ethyl)-3-methyl-2,3-dihydro-
1H-benzof]!“diazepin-2-one, 40 General Procedure. To a
solution of compoun@1 (0. 240 g, 0.5 mmol) in-PrOH was added
HCOONH, (130 mg, 2 mmol) and Pd(OHIC (20%) (0.06 g). The
mixture was irradiated under microwaves (MW) in the cavity of a
CEM Discover system (open vessel, power 100 W, max internal
temp 150°C). The reaction was monitored by TLC until disap-
pearance of compoun8l (approximately four cycles of 3 min
each). After filtration of the catalyst on Celit&¥@arning, Pd on
Carbon may be pyroforic after exposure to hydrogehe residue
was concentrated and purified by flash chromatography, eluting
with 3:1 petroleum ether/EtOAc to give compou#d (0.093 g,
70%) as an oil!H NMR (200 MHz, 27°C, CDCk): ¢ 1.04 (d,J
= 6.7 Hz, 3H), 1.45 (s, 9H), 1.60 (d,= 6.5 Hz, 3H), 3.59 (q/
= 6.5 Hz, 1H), 4.91 (tJ = 6.7 Hz, 1H), 6.06-6.08 (m, 1H), 7.13
(d,J= 8.0 Hz, 1H), 7.20 (t) = 7.6 Hz, 1H), 7.46 (tJ = 7.1 Hz,
1H), 7.67 (dJ = 7.6 Hz, 1H), 9.33 (bs, 1H}3C NMR (200 MHz,
27°C, CDCE): 6 16.53, 20.41, 28.39, 50.64, 57.47, 79.21, 121.07,
124.16, 126.24, 127.74, 131.61, 137.63, 155.34, 170.04, 172.96.
ESI-MS: 356 (M+ K), 340 (M + Na), 318 (M+ H). Anal. Calcd
for C17H23N303: C, 64.33; H, 7.30; N, 13.24. Found: C, 64.86;
H, 7.19; N, 13.29.
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