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Abstract:

A novel approach to 2,3,4,5-tetrahydrd-1,4-benzodiazepines starting frdfrBoc-protected 2-aminobenzyl alcohols akdosyl-
protected 2-aminoacetaldehyde dimethyl acetaldsqmted here. After connection of both buildingkéounder Mitsunobu
conditions, a one-pot cyclization is accomplishéthriethylsilane and trifluoroacetic acid. Thisrersion involves Boc
deprotection and an intramolecular reductive N-alkgn. A consecutive methylation at N-1 can beoaaglished by adding 1,3,5-
trioxane to the reaction mixture. The resulting iddnoprotected 1,4-benzodiazepines are versatildibgiblocks for the synthesis
of variously substituted drug candidates.

1. Introduction

Lysine acetylation is a post-translational modiiiza of DNA-binding proteins, which is involved in
the regulation of chromatin structure. TRecetylated lysines are docking sites for so-called
bromodomains (epigenetic readers), which are dmtallaction modules found on diverse proteins.
Inhibition of bromodomains has been investigatethepast few years intensively, since highly
specific low-molecular inhibitors have the potehtta opening new options for treatment of cancers,
viral infections, inflammation and other diseds&gimerous bromodomain inhibitors from different
chemotypes (benzimidazoles, triazolothienodiazeypinenzodiazepines, benzotriazepines, isoxazoles,
quinazolones, triazolophthalazines) have been ghitdi in the last decadéVery recently, the
benzoxazepine I-CBP112]) has been introduced as a novel inhibitor of CRERB00
bromodomaing? A structure of I-CBP112 bound to CREBBP/p300 hesrbpublished (DOI:
10.2210/pdb4nr6/pdb) and reveals a number of istiaginteractions with the-acetyllysine binding
pocket of the bromodomain. Tepropionyl moiety acts ashacetyllysine mimic forming a

network of hydrogen bonds, further interactionshaf aryl group at C-7 were detected. However, the
role of the ring oxygen of the oxazepine ring fording remains unexplored.

This prompted us to develop analogues of I-CBPE)2r{ which this ring oxygen is replaced by a
nitrogen atom, ending up with 2,3,4,5-tetrahydkb-1,4-benzodiazepines of tyjge
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Figure 1. Structures of I-CBP112\) and the targeted 1,4-benzodiazepiris (
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The 1,4-benzodiazepine scaffold has intensely beasstigated over a number of decades, and has
been assigned a "privileged scaffold" in drug depelent*® Depending on the degree of unsaturation
of the diazepine ring and the substitution at bisths, compounds with a broad spectrum of
pharmacological activities have been develop&dnsequently, a large number of approaches towards
the 1,4-benzodiazepine ring system have been warlienh academia and pharmaceutical industry,

for a comprehensive review, see ref. 5 & 6. Moghete approaches start from 2-
aminobenzophenones (for 5-aryl-1,4-benzodiazepioreahthranilic acid derivatives (for 5-
unsubstituted 1,4-benzodiazepines).

For a short and flexible synthesis of 1,4-benzcepazes of typd the following requirements had to
be met: a) there has to be an option to obtain &acondary or a tertiary amino function at N-1
(aromatic amine), b) there must be an option fopduction of various acyl groups at N-4 (aliphatic
amino group), c) both C-2, C-3, and C-5 must besgible as methylene units, and d) any steps in
construction of the 1,4-benzodiazepine core hdsktoompatible with a broad spectrum of
substituents (e.g. bromine at C-7 for introductidthe aryl residue by a Suzuki cross-coupling
reaction) on the benzene ring.

A considerable number of sophisticated approaahd®t2,3,4,5-tetrahydra-it1,4-benzodiazepine
ring system, including aziridine ring opening réas’, aminoalkylstannane-based rodtézd-
catalyzed cyclizatioismetal-catalyzed hydrogen-transfer reactiyrehlorosilane-promoted
cyclizations ofN,0-acetal8 was not applicable here, since these protocolessecily included
undesired introduction of alkyl or aryl residuesglher N-1, N-4, C-2 or C-3. Approaches starting
from anthranilic or isatoic acid***through 1,4-benzodiazepine-2,5-diones or from @&hinzoic
acids through 1,4-benzodiazepin-3,4-didhegically require reduction of the dilactam mogstiwith
lithium aluminum hydride or diborane under drastinditions, and are poorly compatible with
reducible residues at the benzene ring. An alteapproach starting from 2-nitrobenzaldehyde,
requiring only mild reducing agents (potassium bgdide, zinc}®, is hampered by the limited
availability of substituted 2-nitrobenzaldehydes.

This prompted us to work out a novel approach 3p4%-tetrahydro-i-1,4-benzodiazepines of type
B. In order to preserve flexibility concerning asubstituents at N-4, we decided to introduce a
readily removable protective group at N-4 firstisTéhould enable us to introduce substituents at N-
after completion of the ring system first (if nes&y), and then remove the protective group at N-4,
and introduce the acyl moiety here. Due to the dnigtucleophilicity of N-4 (secondary aliphatic
amine) compared to N-1 (secondary aromatic amged@ctive functionalization of N-4 in presence of
unsubstitited N-1 was not expected to be a chadiéng

We selected 2-aminobenzyl alcohols &k(®,2-dimethoxyethyl)-2-nitrobenzenesulfonamfig)
(Figure 2), all readily available, as starting miails. We selected the nosyl (2-nitrobenzenesuljony
protective group, since it is easier to remove thaosyl group. The NH-acidic sulfonamide moiety of
nosylamidel should allow construction of the prospective N-&6Gond of the 1,4-benzodiazepine
via Mitsunobu reaction with the alcohol moiety b&t2-aminobenzyl alcohd) and the acetal moiety
of 1 was suitable for C-2/N-1 connection upon reductir@nation with the primary aromatic amino
group of the 2-aminobenzyl alcohol. For this finahversion the acetal group could either be
hydrolized by aqueous acid to the correspondingtside in a first stéfy or incorporated directly.

A couple of methods have been published for diregttictive amination of anilines with acetals,
mostly using organosilanes in the preséheé’or absenc® of trifluoroacetic acid.
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Figure 2: Strategy for construction and further functionatian of the 1,4-benzodiazepine ring
system.

2. Resultsand Discussion

In a first approach we intended to perform a Mitstun coupling® of nosylamidel with unprotected
2-aminobenzyl alcohok), but an inseparable mixture of products was akthi So the amino
function of2a was protected with the Boc group in almost quatitié yield** With this new
building block3a (Scheme 1) and after some experimentation arsolirad-assistédMitsunobu
reaction proceeded smoothly to give the desiredymrla in 50% vyield.
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Scheme 1: Synthesis of the 1,4-benzodiazepines. (agdibutyl dicarbonate, THF, 40 °C; (b) Ph
DIAD, N-(2,2-dimethoxyethyl)-2-nitrobenzenesulfonamide FTIRT; (c) TFA, E4SiH, DCM, RT;
(d) thiophenol, KCOs, MeCN, 50 °C.

The crucial step of this approach was the ringwi®seaction. This required the removal of fhBoc
group and a reductive amination step. A three gtefocol (deprotection with TFA, acetal hydrolysis
with aqueous acid and spontaneous formation ofyhkc imine, reduction of the imine) has been
reported for the construction of an annulated ae&hiRemoval of the Boc protective group frdia
under standard conditions (TFA/dichloromethaneegae corresponding primary amine in
disappointing isolated yield (<50%), so we decitiedork out a one-pot procedure for deprotection
and ring closureia reductive amination. Since Boc deprotection irsy required strong acid, we
selected a reduction protocol which also proceedguacidic conditions. This brought us to the
organosilane-trifluoroacetic acid couple, whiclsustable for direct reductive amination of
acetal§”?>*! In fact, treatment of intermediada with 2.5 equiv. of triethylsilane in a trifluoroaiic
acid-dichloromethane mixture at ambient temperagare the desired-nosyl 1,4-benzodiazepirta

in 93% yield (overall yield over 3 steps: 46%). §hiean conversion of the acetal to the 1,4-
benzodiazepine was very pleasing, and we did negrob any evidence for a competing Pomeranz-
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Fritsch-type cyclizatiofi?’ by acid-triggered electrophilic attack at C-3hé @niline, which would
eventually give 8-aminoisoquinoline.

Starting from ring-substituted 2-aminobenzyl| aldslh-e, the corresponding 1,4-benzodiazepines
5b-e bearing methyl, methoxy, chlorine, and brominesphethoxy residues were obtained in the
same manner. These monoprotected 1,4-benzodiagépitecare versatile building blocks for further
modification. Removal of the nosyl protective grdugm N-4 of5a was performed under standard
conditiong” with thiophenol and potassium carbonate to gieeuthsubstituted 1,4-benzodiazepte
(isolated as the hydrochloride). Rgmmethylation at N-1 of the monoprotected 1,4-bemenepines
we worked out an extended one-pot protocol, utigzinhe TTT system (triethylsilane, 1,3,5-trioxane,
trifluoroacetic acid) we developed recently for theemoselectivél-methylation of aromatic

amine$®. Performing the deprotection/cyclization with trigsilane in a trifluoroacetic acid-
dichloromethane mixture for 24 hours as descrillm/e, followed by addition of 1,3,5-trioxane and
additional triethylsilane gave the 1-methyl-4-ne$yl-benzodiazepingin 79% yield. We further
intended to introduce benzyl residues at N-1 adrimediateba in a similar one-pot procedure. The
benzyl moiety was to be introduced using benzaldehgince relate-benzylations with 4-
formylimidazole and triethylsilane-trifluoroaceticid have been reported in literatdte.
Unfortunately, reductive cyclization d#, followed by addition of benzaldehyde (and sevpaations
of triethylsilane over considerable time) gave ahlys of the desired 1-benzyl-4-nosyl-1,4-
benzodiazeping, but 68% of non-benzylated prod&et were isolated (Scheme 2). So the extended
one-pot procedure seems not suitable for introdnaif larger residues at N-1.
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Scheme 2: Functionalization of 4-nosyl-1,4-benzodiazepine¥ (i) TFA, EtSiH, DCM, RT,; (ii)
1,3,5-trioxane, TFA, ESiH, DCM, RT, 79 %; (b) (i) TFA, BESiH, DCM, RT,; (ii) benzaldehyde,
TFA, ESiH, DCM, RT, 11 % oB and68 % of5a.

Having this new approach to substituted 1,4-berazmgiines in hands, we prepared a 1,4-
benzodiazepine analogue of the benzoxazepine-tiREEBBP/p300 inhibitor I-CBP112X) (Figure

1). Introduction of the aryl residue at C-7 wadéoperformed with a Suzuki cross-coupling reaction,
consequently the central intermedi&éeof this synthesis contained a bromine substitaeqt-7
(Scheme 3).
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Scheme 3: Synthesis of the 1,4-benzodiazepine-type CREBBRdhibitor1l. (a) ditert-butyl
dicarbonate, THF, 40 °C, 40 %; (b) RPRIAD, N-(2,2-dimethoxyethyl)-2-nitrobenzenesulfonamide,
THF, RT, 36 %; (c) TFA, ESIH, DCM, RT, 86 %; (d) 3,5-dimethoxyphenylboroaitid,

Pd(dppf)C} * DCM, DIPEA, H0,1,4-dioxane, 95 °C, 68 %; (ey®Os, thiophenol, MeCN, 50 °C, 75
%; (f) propionyl chloride, DIPEA, DCM, 0 °C - RT6%%.

The appropriately substituted 2-aminobenzyl alc@ealas prepared in two steps (bromination,
reductionj° from commercial 2-amino-3-methoxybenzoic acid. Boatection, subsequent Mitsunobu
coupling with nosylamidé&, and cyclization with triethylsilane-trifluoroaeetcid following the
aforementioned protocol, gave 4-nosyl-1,4-benzagam5Se in 12% yield over three steps. Suzuki
cross-coupling with 3,5-dimethoxybenzoic acid,daled by removal of thBl-nosyl group with
thiophenol gave the 7-aryl-1,4-benzodiazepine imdggield. Regioselective introduction of the
propionyl residue at N-4 (and not at the aromatiina group N-1}**?to give amidell was easily
accomplished with propionyl chloride.

Since testing of compourid on CREBBP/p300 bromodomains indicated that thispaund is
significantly less potent than its benzoxazepira@gue, no further effort was made to prepare
additional 4-acyl-7-aryl-1,4-benzodiazepines faesaing.

3. Conclusion

In conclusion, we have worked out a short and fillexapproach to 2,3,4,5-tetrahydrd-1,4-
benzodiazepines starting from readily availabléding blocks,N-Boc-protected 2-aminobenzyl
alcohols andN-nosyl-protected 2-aminoacetaldehyde dimethyl &cBtze to the mild reaction
conditions for both ring construction and depratath broad variety of substituents are toleratdu:
resulting N4-monoprotected 1,4-benzodiazepinedearonverted to advanced molecules via
chemoselective functionalization at N-1 before Nptection, and to 4-substituted products after
N4-deprotection. Thus, this new approach providgeaaess to variously substituted drug candidates.



4. Experimental Section

General Procedures. Melting points were determined with a Bichi MeltiRgint B-540 and are uncorrected. IR
spectra were recorded either with a Perkin EImer EBpectrometer Paragon 1000 (oils as thin film dte€l plate
or solids as KBr discs) or a JASCO FT-IR-4100 with AFRO450S unit'H and**C NMR spectra were recorded
either with Avance Il HD 400 MHz Bruker BioSpin or Awvam Il HD 500 MHz Bruker BioSpin spectrometers.
Chemical shiftsq) are given in ppm relative to TMS or residual wneeated solvent, and coupling constadjsate
given in hertz (Hz). Splitting patterns are abbrmdaas follows: s = singlet; d = doublet; t = teiplq = quartet; dd =
doublet of doublet; m = multiplet, br s = broadgdat. EI-Mass spectra were recorded at an ionizaimrgy of 70eV
either with a JMS GCmate Il Jeol or a JEOL JMS-700 &fi&h. ESI-Mass spectra were recorded on a Thermo
Finnigan LTQ FT at 4 kV. Purification by flash colunchromatography (FCC) was performed using Silica &&el
from Merck KGaA.

tert-Butyl [2-({[N-(2,2-dimethoxyethyl)-2-nitr ophenyl]sulfonamide}methyl)phenyl]car bamate (4a)

To a vigorously stirred solution of 0.68 g (2.6 mjnwiphenylphosphine in 2.0 mL anhydrous THF undr
atmosphere, 0.48 mL (2.5 mmol) DIAD was added. Whioraogenous white precipitate formed, 0.72 g (2.5m
N-(2,2-dimethoxyethyl)-2-nitrobenzenesulfonanifdeas added and the reaction mixture was treated inlteasonic
bath. After 10 min a solution of 0.50 g (2.2 mmudyt-butyl [2-(hydroxymethyl)phenyl]carbam&té® in 0.5 mL
anhydrous THF was added and the suspension was tohigatil a clear solution was obtained. The solweas
evaporated under reduced pressure and FCC with Et@dhexanes (1:3, Rf 0.3) followed by a second FC® wit
pure CHCI, gave 0.65 g (1.3 mmol, 50 %) d& as a colorless oil. IR (film): 3355, 3095, 297838, 1726, 1545,
1368, 1236, 1067, 1160 cm'H NMR (500 MHz, CDCl,) & =7.93 (dd,J = 7.9, 1.4 Hz, 1H), 7.80 — 7.64 (m, 4H),
7.57 (br s, 1H), 7.28 (ddd,= 8.5, 7.3, 1.7 Hz, 1H), 7.10 (ddl= 7.7, 1.7 Hz, 1H), 7.03 — 6.98 (m, 1H), 4.57 (s,
2H), 4.30 (t,J = 5.2 Hz, 1H), 3.31 (s, 6H), 3.27 @z 5.2 Hz, 2H), 1.49 (s, 9H):C NMR (126 MHz, CDCl,) &
= 153.6, 148.4, 138.3, 134.3, 133.7, 132.3, 13129,5, 124.9, 124.7, 124.1, 122.8, 104.3, 80.5,58.4, 48.4, 28.5.
MS (El+): m/z calcd for (gH2gN3sOgS) 495.1675, found 495.1669.

4-[(2-Nitrophenyl)sulfonyl]-2,3,4,5-tetrahydro-1H-1,4-benzodiazepine (5a)

To a solution of 0.50 g (1.0 mmata in 2.0 mL CHCI, under N atmosphere, 1.0 mL trifluoroacetic acid and 0.40
mL (2.5 mmol) triethylsilane were added in rapid cession. After 24 h of stirring 2 M NaOH was added tred
mixture extracted three times with @E,. The combined organic layers were dried over Mg&t@ concentrated in
vacuo. FCC with EtOAc and hexanes (1:2, Rf 0.3) ga82 g (0.93 mmol, 93 %) &a as a yellow solid. mp: 126 °C.
IR (KBr): 3378, 3367, 3088, 3020, 2929, 1604, 154872, 1334, 1163, 766 cm'H NMR (500 MHz, CDQCl,) & =
791 -7.85 (m, 1H)7.70 — 7.62 (m, 1H), 7.65 — 7.55 (m, 2H), 7.20 @d,7.4, 1.5 Hz, 1H), 7.12 (td,= 7.6, 1.5
Hz, 1H), 6.87 (tdJ = 7.4, 1.2 Hz, 1H), 6.73 (dd,= 7.9, 1.2 Hz, 1H), 4.44 (s, 2H), 3.99 (br s, 1H)43-63.58 (m,
2H), 3.25 — 3.19 (m, 2H)°C NMR (126 MHz, CDCl,) 5 = 150.0, 148.5, 133.9, 133.5, 132.0, 130.8, 13128,1,
128.0, 124.3, 121.3, 119.5, 52.8, 51.9, 48.8. MS$)(En/z calcd for (GH1sNs0,S) 333.0783, found 333.0782.

Yield over three steps: 46 %.
1-Benzyl-4-[(2-nitrophenyl)sulfonyl]-2,3,4,5-tetr ahydr o-1H-1,4-benzodiazepine (8)

To a solution of 0.15 g (0.30 mmata in 0.6 mL CHCI,, 0.30 mLtrifluoroacetic acid and 0.17 mL (1.1 mmol)
triethylsilane were added in rapid succession aedréisulting solution was stirred for 20 h at RT. Mie061 mL
(0.61 mmol) benzaldehyde were added. After 1 d anattpeivalent of each benzaldehyde, TFA and TES weded
The reaction mixture was stirred for 2 d, then @dutwith CHCI, and washed with NaHGOThe phases were
separated and the aqueous layer was extracted witBICHhe combined organic phases were washed with hiine (
30 mL), dried over Ng&O, and concentrated in vacuo. FCC with EtOAc and hexéinds Rf 0.2) gave 0.068 g (0.21
mmol, 68 %) ofsa and 14 mg (33 umol, 11 %) 8fas a yellow oil. IR (KBr): 3028, 2920, 1599, 154395, 1371,
1357, 1163, 762H NMR (400 MHz, CQCl,) 8 = 7.75 (ddJ = 8.1, 1.5 Hz, 1H), 7.62 — 7.47 (m, 3H), 7.30 — {rhl
7H), 6.90 — 6.81 (m, 2H), 4.49 (s, 2H), 4.23 (s, 2H313- 3.31 (m, 2H), 3.05 — 2.97 (m, 2H)C NMR (101 MHz,
CD,Cl,) & = 150.9, 147.3, 138.0, 132.7, 132.2, 130.8, 1282P.3, 128.3, 128.1, 127.7, 127.4, 126.4, 1230,7,
117.0, 56.9, 53.2, 52.9, 52.7, 52.4, 52.2, 52.12,548.9. MS (El+): m/z calcd for ¢gH,,N;0,S) 423.1253, found
423.1252.

tert-Butyl [2-(hydr oxymethyl)-6-methylphenyl]carbamate (3b)

To a solution of 1.7 g (7.7 mmol) di-tert-butyl dibonate in 16 mL anhydrous THF underdtimosphere, 0.96 g
(7.0 mmol) commercial (2-amino-3-methylphenyl)metblawas added and the resulting solution was stiatetD °C
for 2 d. The solvent was evaporated under reducesspre and FCC with EtOAc and hexanes (1:5, Rf 0\8 g g
(4.2 mmol, 55 %) oB8b as a white solid. mp: 123 °C. IR (KBr): 3406, 328980, 1688, 1516, 1279, 1176, 1056, 773
cm ™. 'H NMR (400 MHz, DMSOdg) & = 8.29 (br s, 1H), 7.32 — 7.27 (m, 1H), 7.18 — {1@72H), 5.04 (t) = 5.6 Hz,
1H), 4.45 (d,J = 5.6 Hz, 2H), 2.16 (s, 3H), 1.45 (s, 9H)C NMR (101 MHz, DMSQOd) & = 153.6, 139.7, 135.1,
133.0,128.2, 126.1, 124.0, 78.3, 59.4, 28.1, T (El+): m/z calcd for (GH1sNOs) 237.1365, found 237.1356.

tert-Butyl [2-({[N-(2,2-dimethoxyethyl)-2-nitr ophenyl]sulfonamide}methyl)-6-methylphenyl]car bamate (4b)



To a vigorously stirred solution of 0.55 g (2.1 nijnwiphenylphosphine in 2.0 mL anhydrous THF undgr
atmosphere, 0.41 mL (2.1 mmol) DIAD was added. Whaoraogenous white precipitate formed, 0.60 g (2.1ofhim
N-(2,2-dimethoxyethyl)-2-nitrobenzenesulfonanifdeas added and the reaction mixture was treated irlteasonic
bath. After 10 min 0.44 g (1.9 mmaBb was added and the suspension was sonicated uriélaa solution was
obtained. The solvent was evaporated under reduesdyre and FCC with EtOAc and hexanes (1:1, Rf 6lwed
by a second FCC with pure @El,gave 0.61 g (1.2 mmol, 63 %) &b as a colorless oil. IR (ATR): 3330, 3019, 2936,
1710, 1543, 1158 cth 'H NMR (400 MHz, CDCl,) 8 = 7.92 (ddJ = 7.9, 1.4 Hz, 1H), 7.73 — 7.56 (m, 3H), 7.18 —
7.10 (m, 1H), 7.12 — 6.99 (m, 2H), 6.69 (br s, 1H§14(s, 2H), 4.31 () = 5.2 Hz, 1H), 3.33 — 3.24 (m, 8H), 2.21 (s,
3H), 1.49 (s, 9H)C NMR (101 MHz, CDCl,) & = 154.0, 148.2, 137.0, 135.2, 134.1, 133.8, 13232,1, 131.2,
130.7, 127.3, 127.2, 124.5, 104.3, 80.2, 55.3,,48944, 28.4, 18.4. MS (ESI-): m/z calcd for {{8;)N;0gS)]
508.1759, found 508.1764.

9-M ethyl-4-[(2-nitrophenyl)sulfonyl]-2,3,4,5-tetr ahydr o-1H-1,4-benzodiazepine (5b)

To a solution of 0.42 g (0.82 mmalp in 1.6 mL CHCI, under N atmosphere, 0.80 mL trifluoroacetic acid and
0.33 mL (2.1 mmol) triethylsilane were added in dapiiccession. After 48 h 2 M NaOH was added and theuraixt
extracted three times with GEl,. The combined organic layers were dried over Mg&t@ concentrated in vacuo.
FCC with EtOAc and hexanes (1:3, Rf 0.4) gave 0.18.43(mmol, 53 %) obb as a yellow solid. mp: 149 °C. IR
(KBr): 3406, 3087, 2905, 1732, 1535, 1371, 116@6&1®38 crm'. 'H NMR (500 MHz, CDCJ) § = 7.77 (ddJ = 7.9,
1.4 Hz, 1H), 7.58 — 7.50 (m, 1H), 7.50 — 7.39 (m, 2ZH)2 (dd,J = 7.4, 1.6 Hz, 1H), 6.94 (dd,= 7.7, 1.6 Hz, 1H),
6.70 (dd,J = 7.7, 7.4 Hz, 1H), 4.43 (s, 2H), 3.81 (br s, 1H)13-63.56 (m, 2H), 3.25 — 3.18 (m, 2H), 2.05 (s, 3fQ.
NMR (126 MHz, CDC}) & = 148.2, 147.6, 133.4, 133.3, 131.4, 130.8, 13118,6, 126.8, 125.5, 123.8, 120.6, 52.4,
51.4, 47.7, 17.7. MS (ESI+): m/z calcd for [{8,N:0,S)’] 348.1013, found 348.1015.

Yield over three steps: 18 %.
tert-Butyl [2-(hydr oxymethyl)-6-methoxyphenyl]car bamate (3c)

To a solution of 1.3 g (5.9 mmol) di-tert-butyl dibonate in 12 mL anhydrous THF underdtimosphere, 0.83 g
(5.4 mmol) (2-amino-3-methoxyphenyl)methafiatas added and the resulting solution was stirret&C for 20 h.
The solvent was evaporated under reduced pressdre@@ with EtOAc and hexanes (1:3, Rf 0.6) gave @.18.1
mmol, 58 %) of3c as a white solid. mp: 112 °C. IR (ATR): 3463, 338274, 3016, 2924, 1686, 1531, 1158 tiH
NMR (500 MHz, CDC}) 6 = 7.18 — 7.12 (m, 1H), 7.04 (dd~ 7.8, 1.3 Hz, 1H), 6.79 (dd,= 8.3, 1.3 Hz, 1H), 6.52
(brs, 1H), 4.50 (d] = 5.8 Hz, 2H), 4.14 (br. s, 1H), 3.77 (s, 3H), 1.499H)."*C NMR (126 MHz, CDCJ) 5 = 155.8,
153.1, 137.9, 126.8, 124.0, 122.3, 110.0, 80.8,85.6, 28.1. MS (EI+): m/z calcd for {£l,JNO,) 253.1314, found
253.1327.

tert-Butyl [2-({[N-(2,2-dimethoxyethyl)-2-nitr ophenyl]sulfonamide}methyl)-6-methoxyphenyl]car bamate (4c)

To a vigorously stirred solution of 0.66 g (2.5 mnwiphenylphosphine in 2.0 mL anhydrous THF undgr
atmosphere, 0.51 mL (2.5 mmol) DIAD was added. Whloraogenous white precipitate formed, 0.73 g (2.5m
N-(2,2-dimethoxyethyl)-2-nitrobenzenesulfonanifdeas added and the reaction mixture was treated inlteasonic
bath. After 10 min a solution of 0.50 g (2.0 mm8¢)in 1.0 mL anhydrous THF was added and the suspengs
sonicated until a clear solution was obtained. Toleenit was evaporated under reduced pressure andvR@BC
EtOAc and hexanes (1:2, Rf 0.2) followed by a secd@@ with pure CHCI, gave 0.39 g (0.74 mmol, 37 %) 4¢ as
a colorless oil. IR (ATR): 3011, 2936, 1718, 154366, 1160, 1068 cth 'H NMR (400 MHz, CDCl,) 6 = 7.97 —
7.91 (m, 1H), 7.71 — 7.57 (m, 3H), 7.11J% 8.1 Hz, 1H), 6.88 (dd] = 8.1, 1.2 Hz, 1H), 6.81 (dd,= 8.1, 1.2 Hz,
1H), 6.31 (br s, 1H), 4.64 (s, 2H), 4.32Jt 5.3 Hz, 1H), 3.81 (s, 3H), 3.32 @@= 5.3 Hz, 2H), 3.22 (s, 6H), 1.48 (s,
9H). *C NMR (101 MHz, CDCl,) & = 154.4, 154.3, 148.2, 134.1, 133.9, 133.8, 13P31,2, 127.2, 125.3, 124.4,
120.5, 110.4, 103.7, 80.6, 56.2, 55.0, 49.6, 48814. MS (ESI-): m/z calcd for [(gHs, "CIN;OsS)] 524.1708, found
524.1707.

9-M ethoxy-4-[(2-nitrophenyl)sulfonyl]-2,3,4,5-tetr ahydr o-1H-1,4-benzodiazepine (5c¢)

To a solution of 0.11 g (0.21 mmak in 0.5 mL CHCI, under N atmosphere, 0.25 mL trifluoroacetic acid and
0.084 mL (0.53 mmol) triethylsilane were added ipidasuccession. After 24 h 2 M NaOH was added and tkieira
extracted three times with GEI,. The combined organic layers were dried over Mg&®@ concentrated in vacuo.
FCC with EtOAc and hexanes (1:3, Rf 0.3) gave 0.0656.18 mmol, 86 %) obc as a yellow solid. mp: 132 °C. IR
(ATR): 3361, 3013, 2920, 1532, 1158, 1074 trtH NMR (500 MHz, CDCl,) § = 7.85 (dd,J = 8.2, 1.5 Hz, 1H),
7.69 — 7.54 (m, 3H), 6.91 — 6.68 (m, 3H), 4.74 (ktH), 4.45 (s, 2H), 3.80 (s, 3H), 3.65 — 3.59 (m, 324 — 3.19
(m, 2H)."°C NMR (126 MHz, CDQCI2) 5 149.6, 148.5, 139.6, 133.8, 133.5, 131.9, 13®8,0, 124.2, 122.2, 120.4,
110.3, 56.2, 52.6, 52.0, 48.3. MS (ESI+): m/z cdtad(C,¢H;dN3;05S)"] 364.0962, found 364.0959.

Yield over three steps: 18 %.
tert-Butyl [4-chlor o-2-(hydr oxymethyl)phenyl]car bamate (3d)

To a solution of 1.5 g (6.9 mmol) di-tert-butyl dibonate in 5 mL anhydrous THF under &imosphere, 1.0 g (6.3
mmol) commercial (2-amino-5-chlorophenyl)methanobwaded and the resulting solution was stirred &CAfor 20
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h. The solvent was evaporated under reduced preasdrECC with EtOAc and hexanes (1:8, Rf 0.1) ga8é §.(3.3
mmol, 52 %) of3d as a white solid. mp: 89 °C. IR (ATR): 3423, 333006, 2984, 1694, 1515, 1163 ¢nH NMR

(400 MHz, CDC}) 6 =7.85 (d,J = 8.8 Hz, 1H), 7.62 (br s, 1H), 7.25 (dd= 8.8, 2.5 Hz, 1H), 7.14 (d,= 2.5

Hz, 1H), 4.63 (d,J = 5.7 Hz, 2H), 2.31 () = 5.7 Hz, 1H), 1.51 (s, 9H}’*C NMR (101 MHz, CDG)) 5 = 153.4,
136.7, 130.6, 129.0, 128.8, 128.1, 122.5, 81.(9,688.5. MS (EI+): m/z calcd for ¢gH,s "CINO;) 257.0819, found
257.0812.

tert-Butyl [4-chlor o-2-({[N-(2,2-dimethoxyethyl)-2-nitr ophenyl]sulfonamide}methyl)phenyl]car bamate (4d)

To a vigorously stirred solution of 0.66 g (2.5 mnwiphenylphosphine in 2.0 mL anhydrous THF undgr
atmosphere, 0.51 mL (2.5 mmol) DIAD was added. Whaoraogenous white precipitate formed, 0.73 g (2.5hm
N-(2,2-dimethoxyethyl)-2-nitrobenzenesulfonanifdeas added and the reaction mixture was treated inlteasonic
bath. After 10 min a solution of 0.55 g (2.1 mmad) in 1.0 mL anhydrous THF was added and the suspengis
sonicated until a clear solution was obtained. Toleent was evaporated under reduced pressure andvRtBC
EtOAc and hexanes (1:2, Rf 0.4) gave 0.46 g (0.86 Inio%) of4d as a colorless oil. IR (film): 3333, 2978, 1725,
1544, 1368, 1159 cth *H NMR (500 MHz, CDCl,) § = 7.96 (ddJ = 7.9, 1.4 Hz, 1H), 7.77 — 7.63 (m, 4H), 7.61 (br
s, 1H), 7.21 (ddJ = 8.8, 2.5 Hz, 1H), 6.97 (d,= 2.5 Hz, 1H), 4.55 (s, 2H), 4.40 {t= 5.1 Hz, 1H), 3.38 (s, 6H), 3.32
(d, J = 5.1 Hz, 2H), 1.50 (s, 9HJ*C NMR (126 MHz, CCl,) & = 153.2, 147.8, 136.3, 133.9, 133.4, 131.8, 131.1,
130.5, 129.2, 128.7, 126.1, 124.4, 123.8, 104.3,7,885.3, 48.6, 48.1, 28.3. MS (ESI-): m/z calcd fo
(CoH27CIN;OgS) 528.1213, found 528.1218.

7-Chlor 0-4-[(2-nitrophenyl)sulfonyl]-2,3,4,5-tetrahydro-1H-1,4-benzodiazepine (5d)

To a solution of 0.15 g (0.28 mmetyl in 0.50 mL CHCI, under N atmosphere, 0.25 mL trifluoroacetic acid and
0.11 mL (0.71 mmol) triethylsilane were added inideguccession. After 24 h 2 M NaOH was added and theursix
extracted three times with GEI,. The combined organic layers were dried over Mg&®@ concentrated in vacuo.
FCC with EtOAc and hexanes (1:1, Rf 0.3) followed Iseaond FCC with pure GBI, gave 0.099 g (0.27 mmol, 96
%) of 5d as a yellow solid. mp: 141 °C. IR (ATR): 3408, 302830, 1531, 1495, 1352, 1126 ¢nfH NMR (500
MHz, CDCk) 8 = 7.96 (ddJ = 7.8, 1.5 Hz, 1H), 7.72 — 7.56 (m, 3H), 7.21Jd; 2.4 Hz, 1H), 7.06 (dd] = 8.4, 2.4
Hz, 1H), 6.65 (dJ = 8.4 Hz, 1H), 4.39 (s, 2H), 3.91 (br s, 1H), 3.68.58 (m, 2H), 3.26 — 3.20 (m, 2HJC NMR
(126 MHz, CDC}) 8 = 148.0, 148.0, 133.5, 133.2, 131.5, 130.8, 12m29,2, 128.5, 125.9, 124.0, 120.5, 52.0, 51.3,
48.5. MS (ESI+): m/z calcd for [(€H1s CIN;O,S)'] 368.0466, found 368.0475.

Yield over three steps: 20 %.
2,3,4,5-Tetrahydro-1H-1,4-benzodiazepin-4-ium chloride (6)

To a solution of 0.20 g (0.60 mmdx in 1.5 mL acetonitrile were added 0.33 g (2.4 mngIPO; and 0.18 mL (1.8
mmol) thiophenol. The mixture was stirred at 50 8 24 h. Then 2 M NaOH was added. The mixture was ertla
with CH,Cl, and the combined organic layers were dried oveSNa The solvent was evaporated, and the residue
dissolved in methanol. A 4 M solution of HCI in 1,/bxbhne was added and the mixture cooled to -18 “€@mght.
The obtained precipitate was washed with diethyl ethajive 67 mg (0.36 mmol, 61 %) 6fas a white solid. mp:
233 °C. IR (KBr): 3433, 3057, 2926, 2617, 2074, 197416, 778 ci. "H NMR (500 MHz, DMSOdg) & = 9.58 (s,
2H), 7.37 (ddJ = 7.7, 1.5 Hz, 1H), 7.27 (td,= 7.7, 1.5 Hz, 1H), 7.18 (d,= 7.7 Hz, 1H), 7.03 — 6.97 (m, 1H),
4.28 — 4.20 (m, 2H), 3.35 — 3.26 (M, 4HC NMR (126 MHz, DMSOd,) & = 147.6, 131.8, 129.6, 123.6, 122.3,
120.1, 49.1, 47.5, 44.04S (ESI+): m/z calcd for [(§H,5N,)'] 149.1073, found 149.1073.

7-Chlor o-1-methyl-4-[(2-nitr ophenyl)sulfonyl]-2,3,4,5-tetrahydr o-1H-1,4-benzodiazepine (7)

To a solution of 0.15 g (0.28 mmall in 0.50 mL CHCI, under N atmosphere, 0.25 mL trifluoroacetic acid and
0.11 mL (0.71 mmol) triethylsilane were added inidapuccession. After 24 h further 0.33 mL (2.1 mmol
triethylsilane and 0.076 g trioxane (0.84 mmol) wadeled and stirred for further 24 h. 2 M NaOH was aduhebithe
mixture extracted three times with g@E,. The combined organic layers were dried over Mg&t@ concentrated in
vacuo. FCC with EtOAc and hexanes (1:1, Rf 0.6) ga0810g (0.21 mmol, 79 %) df as a yellow oil. IR (ATR):
3009, 2860, 1737, 1546, 1494, 1355, 1165, 1084.c¢ht NMR (400 MHz, CDCl,) 6 = 7.80 — 7.74 (m, 1H), 7.62 —
7.56 (m, 1H), 7.54 — 7.48 (m, 2H), 7.14 — 7.06 (m,, 28489 (d,J = 8.4 Hz, 1H), 4.34 (s, 2H), 3.54 — 3.47 (m, 2H),
3.07 — 2.99 (m, 2H), 2.74 (s, 3HJC NMR (101 MHz, CDCl,) § = 151.2, 148.6, 134.2, 133.3, 132.1, 131.0, 130.2,
130.2, 128.9, 125.9, 124.4, 118.1, 56.7, 52.0,,54R08. MS (ESI+): m/z calcd for [¢gH,, CIN;O,S)] 382.0623,
found 382.0630.

tert-Butyl [4-bromo-2-(hydr oxymethyl)-6-methoxyphenyl]carbamate (3e)

To a solution of 2.3 g (11 mmol) di-tert-butyl dibanate in 20 mL anhydrous THF undey &mosphere, 2.3 g
(9.9 mmol) (2-amino-5-bromo-3-methoxyphenyl)methdhwas added and the resulting solution was stirret &C
for 2 d. The solvent was evaporated under reducesspre and FCC with EtOAc and hexanes (1:5, Rf 0\ §& g
(4.8 mmol, 48 %) oBe as a white solid. mp: 136 °C. IR (KBr): 3462, 333009, 2981, 2944, 1695, 1509, 1275,
1164, 1043 cit. 'H NMR (500 MHz, CDCJ) & = 7.20 (d,J = 2.1 Hz, 1H), 6.89 (d] = 2.1 Hz, 1H), 6.19 (br s, 1H),
4.42 (s, 2H), 3.77 (s, 3H), 1.44 (s, 9HC NMR (RT, 126 MHz, CDG) 6 = 155.8, 153.6, 139.3, 125.8, 123.5, 119.9,
113.7, 81.6, 61.8, 56.2, 28.3. MS (El+): m/z cdlwd(Cy3Hs " BrNO,) 331.0419, found 331.0431.



tert-Butyl [4-bromo-2-({[N-(2,2-dimethoxyethyl)-2-nitr ophenyl]sulfonamide} methyl)-6-
methoxyphenyl]car bamate (4€)

To a vigorously stirred solution of 0.55 g (2.1 nijnwiphenylphosphine in 2.0 mL anhydrous THF undgr
atmosphere, 0.33 mL (1.7 mmol) DIAD was added. Whloraogenous white precipitate formed, 0.48 g (1.70fhm
N-(2,2-dimethoxyethyl)-2-nitrobenzenesulfonanifdeas added and the reaction mixture was treated inlteasonic
bath. After 10 min 0.50 g (1.5 mmaBe was added and the suspension was sonicated urlglaa solution was
obtained. The solvent was evaporated under reduesdyre and FCC with EtOAc and hexanes (1:2, Rf 6liwed
by a second FCC with pure GEl, gave 0.46 g (0.76 mmol, 36 %) &€ as a colorless oil. IR (film): 3095, 2936,
2837, 1720, 1544, 1368, 1161, 1070, 779'cthl NMR (500 MHz, CDCl,) & = 7.93 (ddJ = 7.9, 1.3 Hz, 1H), 7.76 —
7.57 (m, 3H), 7.02 — 6.95 (m, 1H), 6.92 Jc5 2.1 Hz, 1H), 6.26 (br s, 1H), 4.62 (s, 2H), 4.35 &,5.2 Hz, 1H), 3.80
(s, 3H), 3.35 (dJ = 5.2 Hz, 2H), 3.27 (s, 6H), 1.47 (s, 9H)C NMR (126 MHz, CDG)) & = 154.9, 154.3, 148.3,
135.7, 134.3, 134.0, 132.2, 131.3, 124.7, 124.3,.4,2120.3, 114.1, 104.2, 81.1, 56.7, 55.3, 50%41,428.5. MS
(El+): m/z calcd for (GHso *BrN;O,S) 603.0886, found 603.0881.

7-Bromo-9-methoxy-4-[(2-nitr ophenyl)sulfonyl]-2,3,4,5-tetr ahydr o-1H-1,4-benzodiazepine (5€)

To a solution of 0.85 g (1.4 mmale in 3.4 mL CHCI,under N atmosphere, 1.7 mL trifluoroacetic acid and 0.56
mL (3.5 mmol) triethylsilane were added in rapid cassion. After 48 h 2 M NaOH was added and the mixture
extracted three times with GEI,. The combined organic layers were dried over Mg&®@ concentrated in vacuo.
FCC with EtOAc and hexanes (1:1, Rf 0.4) gave 0.51.8 (nmol, 86 %) obe as a yellow solid. mp: 68 °C. IR
(KBr): 3420, 3092, 2936, 1629, 1542, 1488, 1372113162, 1029 crh ‘H NMR (500 MHz, CDCl,) & = 7.89 (dd,
J=7.8,15Hz, 1H), 7.71 — 7.57 (m, 3H), 6.97J¢; 2.1 Hz, 1H), 6.88 (d] = 2.1 Hz, 1H), 4.70 (br s), 4.39 (s, 2H),
3.80 (s, 3H), 3.64 — 3.59 (m, 2H), 3.25 — 3.20 (m,.2/) NMR (126 MHz, CQCl,) & = 150.2, 148.4, 138.9, 134.0,
133.3, 132.0, 130.9, 129.1, 124.7, 124.3, 113.51.71156.5, 52.0, 51.9, 48.2. MS (El+): m/z calcd fo
(CiH16 "BrN;0sS) 440.9994, found 440.9998.

Yield over three steps: 15.%
7-(3,5-Dimethoxyphenyl)-9-methoxy-4-[ (2-nitr ophenyl)sulfonyl]-2,3,4,5-tetr ahydr o-1H-1,4-benzodiazepine (9)

To a solution of 0.30 g (0.68 mmdig, 0.18 g (1.0 mmol) 3,5-dimethoxyphenylboronic a@dd 0.051 g (0.070
mmol) [1.1-bis(diphenylphosphino)ferrocene]dichloropalladitiin{n a mixture of 1.0 mL HO and 4.0 mL 1,4-
dioxane, were added 0.47 mL (2.8 mmol) DIPEA. Thetonexwas heated to 95 °C for 3.5 h. After coolingeratas
added and the mixture was extracted with,Clslthree times. The combined organic layers wereddvieer MgSQ
and concentrated in vacuo. FCC with with EtOAc and hegg1:1, Rf 0.3) gave 0.22 g (0.44 mmol, 65 %) ek a
yellow oil. IR (ATR): 3380, 3004, 2934, 1589, 1544163, 1342, 1158 cth 'H NMR (500 MHz, CDC}) & = 7.93
(dd,J=7.9, 1.5 Hz, 1H), 7.67 — 7.50 (m, 3H), 7.07J¢ 1.9 Hz, 1H), 6.94 (d] = 1.9 Hz, 1H), 6.68 (d] = 2.2 Hz,
2H), 6.44 (t, J = 2.2 Hz, 1H), 4.75 (br s, 1H), 4.5423), 3.89 — 3.83 (m, 9H), 3.73 — 3.65 (m, 2H), 33224 (m,
2H). °C NMR (126 MHz, CDGJ)) & = 161.0, 149.1, 148.1, 143.2, 138.7, 133.3, 13833,2, 131.3, 130.8, 127.3,
123.9, 120.8, 108.7, 105.2, 98.6, 55.9, 55.5, 3145, 47.9. MS (ESI+): m/z calcd for [{fEl,6Ns0;S)] 500.1486,
found 500.1489.

7-(3,5-Dimethoxyphenyl)-9-methoxy-2,3,4,5-tetr ahydr o-1H-1,4-benzodiazepine (10)

To a solution of 0.32 g (0.64 mmadd) in 1.6 mL MeCN, 0.36 g (2.9 mmol),R0; and 0.20 mL (1.9 mmol)
thiophenol were added and the mixture was warmed uNgetmosphere to 50 °C for 12 h. The solvent was
evaporated, and the residue dissolved in a mixitiIEtOAc and 2 M NaOH. This mixture was extracted with A¢O
five times and the combined organic layers were eotmated in vacuo. FCC on a short column with,Clk with
1210 % MeOH (Rf 0.1) gave 0.15 g (0.48 mmol, 75 %)1@fas a colorless oil. IR (ATR): 3377, 2936, 2837,8,58
1461, 1153 cit. *H NMR (500 MHz, CRCL,) § = 6.99 — 6.95 (m, 2H), 6.68 (d,= 2.2 Hz, 2H), 6.40 () = 2.2
Hz, 1H), 4.84 (br s, 1H), 3.93 (s, 2H), 3.89 (s)38182 (s, 6H), 3.15 — 3.09 (m, 2H), 3.09 — 3.0 2H) **C
NMR (126 MHz, CDQCl,) 6 = 161.5, 149.7, 143.7, 139.9, 132.8, 131.5, 12108.4, 105.2, 98.8, 56.4, 55.8, 54.2,
51.8, 50.0. MS (ESI+): m/z calcd for [{$E1,3N,05)"] 315.1703, found 315.1705.

1-[7-(3,5-Dimethoxyphenyl)-9-methoxy-1,2,3,5-tetr ahydr o-4H-1,4-benzodiazepin-4-yl]pr opan-1-one (11)

To a solution of 0.050 g (0.16 mmdlp in 1.0 mL CHCI, under N atmosphere was added 0.080 mL (0.47 mmol)
DIPEA and the mixture was cooled to -78 °C. Then 4.61L (0.16 mmol) propionyl chloride were added. After
warming to RT, 10 mL 2 M NaOH was added and the mixivaie extracted three times with @H,. The combined
organic layers were dried over Mg$sénd concentrated in vacuo. FCC with EtOAc and hexéhids Rf 0.1) gave
0.030 g (0.09 mmol, 56 %) dfl as a yellow oil. IR (ATR): 3384, 3000, 2937, 163885, 1461, 1154, 751 cm'H
NMR (RT, mixture of rotamers, 500 MHz, CDLb =7.20 (d,J = 1.9 Hz, 0.3H), 6.99 — 6.93 (m, 1.7H), 6.701d,
= 2.2 Hz, 0.7H), 6.68 (dl = 2.2 Hz, 1.3H), 6.44 (1 = 2.2 Hz, 0.7H), 6.41 (1 = 2.2 Hz, 0.3H), 4.90 — 4.77 (m,
1H), 4.64 (s, 0.7H), 4.51 (s, 1.3H), 3.92 — 3.82 1, 3H), 3.76 — 3.69 (m, 0.7H), 3.29 — 3.19 (m),2446 (g.J
= 7.4 Hz, 1.3H), 2.33 (q] = 7.4 Hz, 0.7H), 1.16 — 1.07 (m, 3HJC NMR (RT, 126 MHz, CDG) & = 173.2,
172.4, 161.1, 160.9, 149.4, 149.0, 143.4, 143.8,8,3138.2, 133.1, 132.7, 128.8, 127.7, 121.5,2,2108.6, 108.2,
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105.3, 105.1, 98.8, 98.3, 56.0, 55.9, 55.5, 5525,51.1, 49.3, 48.5, 48.1, 47.2, 27.0, 26.7, MS.(ESI+): m/z calcd
for [(C21H»/N,0,)] 371.1965, found 371.1969.
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