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Abstract: Diaryl hydrazides prepared from the Pd(0)- or
Cu(I)-catalyzed coupling reactions of aryl hydrazides and
aryl halides underwent the acid-catalyzed rearrangements
to a series of previously unknown 2,2′-diaminobiaryls in good
overall yields. The mildness of the reaction conditions allows
the presence of various functional groups.

Axially chiral binaphthyl based diols, diamines, and
diphosphines are among the most remarkable classes of
asymmetric chiral ligands, proven to be effective in a wide
variety of important enantioselective transformations
including Diels-Alder, Mukaiyama aldol, and hydroge-
nation reactions.1 Various other C1 as well as C2-sym-
metrical biaryl ligands differ in the molecular shape and
electronic properties have also been developed for higher
asymmetric inductions. The biaryl cores are primarily
synthesized through the Cu(II), Fe(III), Mn(III), or V(IV)/
O2 mediated oxidative couplings of aryl alcohols.2 The
resulting biaryl diols serve as platforms for many other
analogues that include BINAP and BINAM. More re-
cently, arylamines were directly taken for Cu(II)-medi-
ated oxidative couplings to the C2-symmetric 2,2′-diamino-
1,1′-biaryls, under rather harsh reaction conditions.3
Alternatively, they can be prepared through the acid-
catalyzed rearrangements of diaryl hydrazines (Scheme
1). Despite their potential in the synthesis of the 2,2′-
diamino-1,1′-biaryls, however, the acid-catalyzed rear-
rangements of diaryl hydrazines have only scarcely been
used as the starting diaryl hydrazines cannot be readily
prepared, especially the ones with different aryl groups.4

As an extension of our research on the synthetic

applications of aryl hydrazides,5 we envisaged that the
diaryl hydrazide (3), easily prepared from the coupling
of 1a with aryl halide (2), could undergo an acid-catalyzed
rearrangement to the corresponding 2,2′-diamino-1,1′-
biaryl (4), analogous to diaryl hydrazine (Scheme 2). The
synthetic generality for 3 would allow the presence of
various functional groups, securing structural and func-
tional diversity in 4. The required starting diaryl hy-
drazides 3 were prepared according to the protocol we
reported earlier5b (Table 1). The coupling reaction of tert-
butyl hydrazate with 2-bromonaphthalene needed an
optimization as the reaction did not proceed as smoothly
as expected under the literature conditions,5 affording 1a
in less than 30% yield. A systematic screening of various
catalysts and ligands showed that the coupling would be
best conducted with Pd2dba3/xantphos (66% yield). The
Pd-catalyzed coupling reactions proceeded well with both
electron rich (entries 2, 3, 4, and 5) and electron poor aryl
halides (entries 7, 8, 9, 10, and 11) as shown in Table 1.

The resulting aryl hydrazides 3 underwent the acid-
catalyzed rearrangements within an hour to afford the
corresponding C1-symmetric 2,2′-amino-1,1′-biaryls 4,
mostly previously unknown, in good yields, along with
some carbazole byproducts 5,4a when heated with a
catalytic amount of HCl (aq) in EtOH at 80 °C (Table 2).
The much milder reaction conditions, compared to those
for oxidative coupling approaches,3 allowed the presence
of a variety of functionalities, except the NO2 group (entry
7). Use of other acids or solvents provided similar results.
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SCHEME 1. Acid-Catalyzed Rearrangement of
Diaryl Hydrazine

SCHEME 2. Acid-Catalyzed Rearrangement of
Diaryl Hydrazides
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The binaphthyl hydrazides 6a and 6b prepared from
the coupling reactions with 2-bromonaphthalene and
2-bromo-7-methylnaphthalene, respectively, also under-
went the acid-catalyzed rearrangement reactions to the
2,2′-diamino-1,1′-binaphthyl (BINAM) derivatives 7a and
7b, with carbazoles in 11% and 12% yield, respectively
(Scheme 3).

The C2-symmetric 2,2′-diamino-1,1′-binaphthyls can be
prepared more conveniently in two steps by using the
coupling reaction of di-tert-butyl hydrazodiformate with

2 equiv of 2-bromonaphthalene as exemplified in Scheme
4. The coupling products prepared from 8a, 8b, and 8c
were nicely rearranged into the diamines 7a, 10b, and
10c, with the corresponding carbazoles in 20%, 7%, and
18% yield, respectively. The low yield for 9b is due to
the double couplings. The bromine and/or methyl groups
in 9b and 9c can be further manipulated into other
functional groups, leading to various other 7,7′-disubsti-
tuted 2,2′-diamino-1,1′-binaphthalanes, worthy of further
study as the binaphthalene systems with substituents
at 7 and/or 7′ positions are rare in the literature.

In summary, we have found that the diaryl hydrazides
prepared from the Pd(0)-catalyzed coupling reactions of
aryl hydrazides with aryl halides undergo facile acid-
catalyzed rearrangement reactions into the functional-
ized 2,2′-diamino-1,1′-biaryls, mostly previously un-
known, in good overall yields. This new protocol would
be a powerful alternative to the present methods, further
enabling the development of C1- and C2-symmetric biaryl
chiral ligands for higher efficiency in asymmetric induc-
tion. We are currently exploring the effect of substituents
at the 7 and/or 7′ position on the geometry around the
chiral pocket.

Experimental Section

N-Naphthalen-2-yl-hydrazine Carboxylic Acid tert-
Butyl Ester (1a). A mixture of 3 (50 mg, 0.24 mmol), Boc-
NHNH2 (96 mg, 0.72 mmol), Pd2dba3 (5 mol %), xantphos (15
mol %), Cs2CO3 (111 mg, 0.34 mmol), and 0.5 mL of toluene was
heated to 80 °C under Ar. After 48 h, the reaction mixture was
concentrated and chromatographed (hexanes:EtOAc 7:1) to
afford 41 mg of 1a (solid, 66% yield). 1H NMR (400 MHz, CDCl3)
δ 7.86 (s, 1H), 7.76-7.73 (m, 3H), 7.43-7.36 (m, 2H), 4.52 (br s,
2H), 1.50 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 154.9, 140.4,
133.1, 130.6, 127.5, 127.4, 127.2, 125.9, 125.0, 122.9, 120.4, 81.8,
28.3; FT-IR (CHCl3) 3347, 3026, 2976, 1691, 1632, 1598, 1509
cm-1; HRMS (FAB) m/z (M + 1)+ calcd for C15H19N2O2 259.1447,
found 259.1441.

General Procedure for the Preparation of N-Naphtha-
len-2-yl-N′-phenyhydrazinecarboxylic Acid tert-Butyl Es-
ter (3a). A mixture of 1a (100 mg, 0.39 mmol), iodobenzene (66
mg, 0.32 mmol), Pd(OAc)2 (5 mol %), P(t-Bu)3 (5 mol %), Cs2CO3

(156 mg, 0.48 mmol), and 3 mL of anhydrous toluene was heated
at 110 °C for 1.5 h. The reaction mixture was cooled, concen-
trated, and chromatographed (hexanes/EtOAc 30/1) to afford 74
mg of 3a in 68% yield. 1H NMR (400 MHz, CDCl3) δ 8.02 (s,
1H), 7.79-7.74 (m, 4H), 7.43-7.35 (m, 2H), 7.23-7.18 (m, 2H),
6.90-6.81 (m, 3H), 6.44 (s, 1H), 1.38 (s, 9H); 13C NMR (100 MHz,
CDCl3) δ 153.8, 148.1, 140.2, 133.3, 130.6, 129.0, 127.9, 127.6,

TABLE 1. Syntheses of Diaryl Hydrazides

entry R X time, h 3 yield, %

1 H I 2 3a 68
2 p-Me I 1.5 3b 83
3 p-oMe I 1.5 3c 63
4 o-oMe I 1.5 3d 94
5 p-t-Bu Br 1.5 3e 66
6 p-Ph Br 1.5 3f 81
7 p-NO2 I 1.5 3g 96
8 p-CO2Me I 1.5 3h 93
9 p-COMe Br 1.5 2i 81

10 p-CN Br 1.5 3j 88
11 p-COPh Br 1.5 3k 88

TABLE 2. Acid-Catalyzed Rearrangements of Diaryl
Hydrazides

entry 3 time, h 4 (yield, %) 5 (yield, %)

1 3a (R ) H) 1 4a (77) 5a (22)
2 3b (R ) p-Me) 1 4b (76) 5b (23)
3 3c (R ) p-oMe 1 4c (75) 5c (22)
4 3d (R ) o-OMe) 1 4d (80) 5d (19)
5 3e (R ) p-t-Bu) 1 4e (80) 5e (18)
6 3f (R ) p-Ph) 1 4f (69) 5f (24)
7 3g (R ) p-NO2) 1 4g (trace) 5g (15)
8 3h (R ) p-CO2Me) 1 4h (79) 5h (19)
9 3i (R ) p-COMe) 1 4i (81) 5i (9)

10 3j (R ) p-CN) 1 4j (80) 5j (13)
11 3k (R ) p-COPh) 1 4k (86) 5k (11)
a Conditions: cat. HCl(aq)/EtOH/80 °C.

SCHEME 3. Synthesis of
2,2′-Diamino-1,1′-binaphthylsa

a Reagents and conditions: (a) 1a, Pd(OAc)2/P(t-Bu)3/Cs2CO3/
tol/reflux; (b) HCl/EtOH/reflux.

SCHEME 4. Pd-Catalyzed Couplings of
BocNHNHBoc with Aryl Halides and
Rearrangementsa

a Reagents and conditions: (a) BocNHNHBoc/Pd2(dba)3/xant-
phos/Cs2CO3/48 h; (b) cat. HCl(aq)/EtOH/80 °C/1 h.
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127.2, 126.0, 125.0, 121.0, 118.4, 113.0, 82.4, 28.2; FT-IR (CHCl3)
3336, 3057, 2977, 1699, 1602, 1496 cm-1; HRMS (FAB) m/z
(M + 1)+ calcd for C21H23N2O2 335.1760, found 335.1760.

N-Naphthalen-2-yl-N′-p-tolylhydrazinecarboxylic Acid
tert-Butyl Ester (3b, solid). 1H NMR (400 MHz, CDCl3) δ 8.02
(s, 1H), 7.79-7.74 (m, 4H), 7.43-7.35 (m, 2H), 7.02 (d, J ) 8.0
Hz, 2H), 6.70 (d, J ) 8.4 Hz, 2H), 6.40 (s, 1H), 2.26 (s, 3H), 1.38
(s, 9H); 13C NMR (100 MHz, CDCl3) δ 153.9, 145.7, 140.3, 133.4,
130.6, 130.3, 129.6, 127.9, 127.7, 127.2, 126.0, 125.0, 121.3, 118.4,
113.1, 82.3, 28.2, 20.7; FT-IR (CHCl3) 3337, 2975, 1713, 1513
cm-1; HRMS (FAB) m/z (M + 1)+ calcd for C22H25N2O2 339.1916,
found 349.1903.

N′-(4-Methoxyphenyl)-N-naphthalen-2-ylhydrazinecar-
boxylic Acid tert-Butyl Ester (3c, solid). The same method
as for 3a was used. 1H NMR (400 MHz, CDCl3) δ 8.02 (s, 1H),
7.78-7.74 (m, 4H), 7.43-7.35 (m, 2H), 6.78 (s, 4H), 6.35 (s, 1H),
3.73 (s, 3H), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 154.2,
153.9, 145.7, 141.8, 140.3, 133.3, 130.6, 127.9, 127.6, 127.2, 126.0,
125.0, 121.3, 118.5, 114.5, 82.3, 55.6, 28.2; FT-IR (CHCl3) 3327,
2978, 1711, 1510, 1312, 1239, 1153 cm-1; HRMS (FAB) m/z (M
+ 1)+ calcd for C22H25N2O3 365.1865, found 365.1873.

N′-(2-Methoxyphenyl)-N-naphthalen-2-ylhydrazinecar-
boxylic Acid tert-Butyl Ester (3d, solid). 1H NMR (400 MHz,
CDCl3) δ 8.06 (d, J ) 1.6 Hz, 1H), 7.82 (dd, J ) 2.0, 2.4 Hz, 1H),
7.77-7.75 (m, 3H), 7.04 (s, 1H), 6.86-6.80 (m, 4H), 3.89 (s, 3H),
1.36 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 153.5, 146.8, 140.4,
137.6, 133.4, 130.5, 127.9, 127.6, 127.2, 126.0, 124.9, 121.2, 120.9,
120.5, 118.2, 112.1, 109.9, 82.0, 55.5, 28.1; FT-IR (CHCl3) 3356,
3056, 2976, 1714, 1600, 1504, 1368, 1310, 1249, 1153 cm-1;
HRMS (FAB) m/z (M + 1)+ calcd for C22H25N2O3 365.1865, found
365.1873.

N′-(4-tert-Butylphenyl)-N-naphthalen-2-ylhydrazinecar-
boxylic Acid tert-Butyl Ester (3e, solid). 1H NMR (400 MHz,
CDCl3) δ 8.02 (s, 1H), 7.78-7.23 (m, 4H), 7.42-7.34 (m, 2H),
7.23-7.18 (m, 2H), 6.78-6.74 (m, 2H), 6.43 (s, 1H), 1.39 (s, 9H),
1.26 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 153.9, 145.6, 143.7,
140.3, 133.3, 130.6, 127.8, 127.6, 127.2, 126.0, 125.8, 125.0, 121.4,
118.6, 112.8, 82.3, 34.1, 31.6, 28.2; FT-IR (CHCl3) 3341, 1964,
1714, 1515 cm-1; HRMS (FAB) m/z (M + 1)+ calcd for C25H31N2O2
391.2386, found 391.2373.

N′-Biphenyl-4-yl-N-naphthalen-2-ylhydrazinecarboxy-
lic Acid tert-Butyl Ester (3f, solid). 1H NMR (400 MHz,
CDCl3) δ 8.04 (s, 1H), 7.80-7.74 (m, 4H), 7.52-7.34 (m, 8H),
7.24 (t, J ) 7.6 Hz, 1H), 6.88 (d, J ) 8.4 Hz, 2H), 6.52 (s, 1H),
1.41 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 153.8, 147.5, 140.7,
140.1, 133.9, 133.3, 130.6, 128.5, 128.0, 127.8, 127.6, 127.3, 126.4,
126.1, 125.1, 121.2, 118.5, 113.3, 82.5, 28.2; FT-IR (CHCl3) 3344,
2978, 1713, 1612, 1488, 1308, 1152 cm-1; HRMS (FAB) m/z (M
+ 1)+ calcd for C27H27N2O2 411.2073, found 411.2074.

N-Naphthalen-2-yl-N′-(4-nitrophenyl)hydrazinecarbox-
ylic Acid tert-Butyl Ester (3g, solid). 1H NMR (400 MHz,
CDCl3) δ 8.16-8.12 (m, 2H), 7.93 (d, J ) 2.4 Hz, 1H), 7.81-
7.75 (m, 3H), 7.66 (dd, J ) 2.4, 2.0 Hz, 1H), 7.48-7.40 (m, 2H),
6.89-6.86 (m, 2H), 1.44 (s, 9H); 13C NMR (100 MHz, CDCl3) δ
153.4, 153.3, 140.8, 139.1, 133.2, 130.9, 128.3, 127.6, 127.3, 126.4,
125.8, 125.5, 121.0, 118.9, 111.6, 83.2, 28.1; FT-IR (CHCl3) 3323,
3062, 2978, 1716, 1598 cm-1; HRMS (FAB) m/z (M + 1)+ calcd
for C21H22N3O4 380.1610, found 380.1607.

4-(N′-tert-Butoxycarbonyl-N′-naphthalen-2-ylhydrazino)-
benzoic Acid Methyl Ester (3h, solid). 1H NMR (400 MHz,
CDCl3) δ 7.99-7.72 (m, 4H), 7.47-7.40 (m, 2H), 6.88-6.85 (m,
2H), 6.70 (s, 1H), 3.87 (s, 3H), 1.40 (s, 9H); 13C NMR (100 MHz,
CDCl3) δ 166.7, 153.4, 152.0, 139.6, 133.3, 131.3, 130.7, 128.2,
127.6, 127.3, 126.2, 125.3, 122.5, 121.0, 118.6, 112.0, 82.8, 51.9,
28.2; FT-IR (CHCl3) 3323, 2979, 1715, 1608 cm-1; HRMS (FAB)
m/z (M + 1)+ calcd for C23H25N2O4 393.1814, found 393.1809.

N-(4-Acetylphenyl)-N-naphthalen-2-ylhydrazinecarbox-
ylic Acid tert-Butyl Ester (3i, solid). 1H NMR (400 MHz,
CDCl3) δ 7.95 (d, J ) 1.6 Hz, 1H), 7.85-7.83 (m, 4H), 7.77-
7.67 (m, 4H), 7.44-7.37 (m, 2H), 6.87 (s, 1H), 6.84-6.81 (m, 2H),
2.50 (1s, 3H), 1.40 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 196.3,
153.4, 152.1, 139.5, 133.2, 130.7, 130.3, 130.1, 128.1, 127.6, 127.3,
126.2, 125.3, 121.0, 118.6, 111.8, 82.8, 28.1, 26.3; FT-IR (CHCl3)

3314, 3057, 2979, 1716, 1600, 1367, 1311, 1153 cm-1; HRMS
(FAB) m/z (M + 1)+ calcd for C23H25N2O3 377.1865, found
377.1865.

N-(4-Cyanophenyl)-N-naphthalen-2-ylhydrazinecarbox-
ylic Acid tert-Butyl Ester (3j, solid). 1H NMR (400 MHz,
CDCl3) δ 7.95 (d, J ) 1.6 Hz, 1H), 7.82-7.77 (m, 4H), 7.69 (dd,
J ) 2.0, 2.4 Hz, 1H), 7.55-7.52 (m, 2H), 7.49-7.42 (m, 2H),
6.92-6.88 (m, 2H), 1.43 (s, 9H); 13C NMR (100 MHz, CDCl3) δ
153.3, 151.5, 139.3, 133.5, 133.2, 130.8, 128.2, 127.6, 127.3, 126.3,
125.4, 121.0, 119.4, 118.8, 112.6, 103.1, 84.0, 28.1; FT-IR (CHCl3)
3316, 3065, 2978, 2220, 1718, 1608 cm-1; HRMS decomposition.

N′-(4-Benzoylphenyl)-N-naphthalen-2-ylhydrazinecar-
boxylic Acid tert-Butyl Ester (3k, solid). 1H NMR (400 MHz,
CDCl3) δ 8.00 (s, 1H), 7.85-7.72 (m, 8H), 7.56-7.52 (m, 1H),
7.48-7.37 (m, 4H), 6.90 (d, J ) 8.4 Hz, 2H), 6.85 (s, 1H), 1.45
(s, 9H); 13C NMR (100 MHz, CDCl3) δ 195.1, 153.5, 151.9, 139.6,
138.2, 133.2, 132.4, 131.5, 130.7, 129.8, 128.1, 128.0, 127.6, 127.3,
126.2, 125.3, 121.2, 118.7, 111.7, 82.8, 28.2; FT-IR (CHCl3) 3313,
3058, 2979, 2932, 1716, 1650, 1598, 1368, 1315, 1150 cm-1;
HRMS (FAB) m/z (M + 1)+ calcd for C28H27N2O3 439.2022, found
439.2021.

General Procedure for the Preparation of 1-(2-Amino-
phenyl)naphthalen-2-ylamine (4a). A mixture of 3a (50 mg,
0.15 mmol), 3 mL of ethanol, and three drops of concentrated
HCl (35%) was heated under reflux for 1 h. Upon being cooledg
and neutralized with NaHCO3, the reaction mixture was filtered,
concentrated, and chromatographed (2:1 hexanes:CH2Cl2 to 9:1
EtOAc:MeOH) to afford 27 mg (77% yield) of 4a as a solid. 1H
NMR (400 MHz, CDCl3) δ 7.72-7.67 (m, 2H), 7.27-7.19 (m, 4H),
7.10 (dd, J ) 1.6, 1.2 Hz, 1H), 7.03 (d, J ) 8.8 Hz, 1H), 6.90-
6.84 (m, 2H), 3.64 (br s, 4H); 13C NMR (100 MHz, CDCl3) δ 144.8,
141.7, 133.3, 131.7, 130.7, 129.0, 128.9, 128.0, 127.9, 126.5, 123.8,
122.2, 121.2, 118.9, 118.1, 115.6, 115.3; FT-IR (CHCl3) 3381,
3052, 1620, 1497, 1392, 1291, 1150 cm-1; HRMS (FAB) m/z
(M + 1)+ calcd for C16H15N2 235.1235, found 235.1227.

1-(2-Amino-5-methylphenyl)naphthalen-2-ylamine (4b,
solid). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J ) 7.6 Hz, 1H),
7.66 (d, J ) 8.88 Hz, 1H), 7.29-7.17 (m, 3H), 7.04 (dd, J ) 2.0,
2.4 Hz, 1H), 7.00 (d, J ) 8.4 Hz, 1H), 6.91 (d, J ) 2.0 Hz, 1H),
6.76 (d, J ) 8.0 Hz, 1H), 3.57 (br s, 4H); 13C NMR (100 MHz,
CDCl3) δ 142.3, 141.7, 133.3, 132.0, 129.5, 128.8, 128.1, 128.0,
127.8, 126.4, 123.8, 122.1, 121.3, 118.1, 115.8, 115.5, 20.6; FT-
IR (CHCl3) 3453, 3361, 3050, 2861, 1621, 1504, 1351, 1281, 1147
cm-1; HRMS (FAB) m/z (M + 1)+ calcd for C17H17N2 249.1392,
found 249.1397.

1-(2-Amino-5-methoxyphenyl)naphthalen-2-ylamine (4c,
solid). 1H NMR (400 MHz, CDCl3) δ 7.73-7.68 (m, 2H), 7.31-
7.28 (m, 2H), 7.24-7.20 (m, 1H), 7.04 (d, J ) 8.4 Hz, 1H), 6.88-
6.82 (m, 2H), 6.71 (d, J ) 2.4 Hz, 1H), 3.81-3.76 (br s, 2H),
3.74 (s, 3H), 3.28 (br s, 2H); 13C NMR (100 MHz, CDCl3) δ 152.8,
141.6, 138.5, 133.2, 129.1, 128.0, 127.9, 126.6, 123.8, 122.4, 122.2,
118.1, 117.1, 116.2, 115.3, 55.7; FT-IR (CHCl3) 3444, 3360, 3208,
3049, 1620, 1501, 1420, 1278, 1204, 1038 cm-1; HRMS (FAB)
m/z (M + 1)+ calcd for C17H17N2O 265.1241, found 265.1347.

1-(2-Amino-3-methoxyphenyl)naphthalen-2-ylamine (4d,
solid). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J ) 8.0 Hz, 1H),
7.70 (d, J ) 8.8 Hz, 1H), 7.32-7.28 (m, 1H), 7.26-7.20 (m, 2H),
7.05 (d, J ) 8.8 Hz, 1H), 6.91-6.84 (m, 2H), 6.77 (dd, J ) 2.4,
1.6 Hz, 1H), 3.93 (s, 3H), 3.80 (br s, 2H), 3.70 (br s, 2H); 13C
NMR (100 MHz, CDCl3) δ 147.4, 141.7, 134.8, 133.2, 128.9, 128.0,
127.8,126.4, 123.9, 123.5, 122.1, 121.2, 118.1, 118.0, 115.2, 109.4,
55.6; FT-IR (CHCl3) 3465, 3372, 3053, 2934, 2836, 1602, 1473,
1279, 1198, 1052 cm-1; HRMS (FAB) m/z (M + 1)+ calcd for
C17H17N2O 265.1241, found 265.1321.

6-tert-Butyl-[1,1′]binaphthalenyl-2,2′-diamine (4e, solid).
1H NMR (400 MHz, CDCl3) δ 7.71 (d, J ) 7.6 Hz, 1H), 7.69 (d,
J ) 8.8 Hz, 1H), 7.30-7.19 (m, 4H), 6.81 (d, J ) 8.4 Hz, 1H),
3.62 (br s, 4H); 13C NMR (100 MHz, CDCl3) δ 142.1, 141.8, 141.7,
133.4, 128.9, 128.5, 128.0, 127.9, 126.4, 125.7, 124.0, 122.1, 120.9,
118.1, 116.0, 115.4, 34.2, 31.7; FT-IR (CHCl3) 3489, 3369, 3203,
3052, 2961, 2868, 1620, 1501, 1285, 1258, 1210 cm-1; HRMS
(FAB) m/z (M + 1)+ calcd for C20H23N2 291.1861, found 291.1857.

6-Phenyl-[1,1′]binaphthalenyl-2,2′-diamine (4f, solid). 1H
NMR (400 MHz, CDCl3) δ 7.74-7.70 (m, 2H), 7.56-7.52 (m, 3H),
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7.41 (d, J ) 2.4 Hz, 1H), 7.37-7.33 (m, 3H), 7.31-7.26 (m, 1H),
7.25-7.20 (m, 2H), 7.05 (d, J ) 8.8 Hz, 1H), 6.93 (d, J ) 8.0 Hz,
1H), 3.83 (br s, 2H), 3.60 (br s, 2H); 13C NMR (100 MHz, CDCl3)
δ 114.3, 141.8, 140.6, 133.3, 131.6, 130.2, 129.1, 128.5, 128.0,
127.9, 127.5, 126.6, 126.14, 126.10, 123.8, 122.2, 121.6, 118.1,
116.0, 115.1; FT-IR (CHCl3) 3465, 3374, 3201, 3053, 1615, 1512,
1484, 1303, 1263, 1147 cm-1; HRMS (FAB) m/z (M + 1)+ calcd
for C22H19N2 311.1548, found 311.1546.

2,2′-Diamino-[1,1′]binaphthalenyl-6-carboxylic Acid
Methyl Ester (4h, solid). 1H NMR (400 MHz, CDCl3) δ 7.94
(dd, J ) 2.0, 2.0 Hz, 1H), 7.84 (d, J ) 2.0 Hz, 1H), 7.73-7.70
(m, 2H), 7.30-7.20 (m, 3H), 7.03 (d, J ) 8.8 Hz, 1H), 6.83 (d, J
) 8.4 Hz, 1H), 3.96 (br s, 2H), 3.82 (br s, 2H); 13C NMR (100
MHz, CDCl3) δ 166.9, 149.3, 141.9, 134.0, 133.1, 131.2, 129.5,
128.00, 127.97, 126.7, 123.5, 122.3, 120.14, 120.12, 118.1, 114.4,
113.8, 51.7; FT-IR (CHCl3) 3472, 3368, 3213, 3054, 1703, 1617,
1304, 1254, 1147 cm-1; HRMS (FAB) m/z (M + 1)+ calcd for
C18H17N2O2 293.1290, found 293.1299.

1-(2,2′-Diamino-[1,1′]binaphthalenyl-6-yl)ethanone (4i,
solid). 1H NMR (400 MHz, CDCl3) δ 7.93 (dd, J ) 2.0, 2.0 Hz,
1H), 7.78-7.72 (m, 3H), 7.32-7.22 (m, 3H), 7.05 (d, J ) 8.8 Hz,
1H), 6.85 (d, J ) 8.8 Hz, 1H), 4.04 (br s, 2H), 3.79 (br s, 2H); 13C
NMR (100 MHz, CDCl3) δ 196.2, 149.6, 141.9, 133.5, 133.2, 130.1,
129.6, 128.3, 128.0, 126.8, 123.4, 122.4, 119.9, 118.1, 114.5, 113.7,
26.3; FT-IR (CHCl3) 3471, 3351, 3213, 2928, 1620, 1510, 1298,
1261 cm-1; HRMS (FAB) m/z (M + 1)+ calcd for C18H17N2O
277.1341, found 277.1354.

2,2′-Diamino-[1,1′]binaphthalenyl-6-carbonitrile (4j,
solid). 1H NMR (400 MHz, CDCl3) δ 7.73-7.70 (m, 2H), 7.49
(dd, J ) 2.0, 2.0 Hz, 1H), 7.39 (d, J ) 6.0 Hz, 1H), 7.31-7.20
(m, 2H), 7.13 (d, J ) 8.4 Hz, 1H), 7.01 (d, J ) 8.8 Hz, 1H), 6.81
(d, J ) 8.4 Hz, 1H), 4.05 (br s, 2H), 3.75 (br s, 2H); 13C NMR
(100 MHz, CDCl3) δ 149.0, 141.9, 136.2, 133.2, 132.8, 129.9,
128.1, 127.9, 126.9, 123.0, 122.5, 121.2, 119.8, 118.0, 115.0, 112.1,
100.6; FT-IR (CHCl3) 3471, 3366, 3206, 3055, 2215, 1620, 1503
cm-1; HRMS (FAB) m/z (M + 1)+ calcd for C17H14N3 260.1188,
found 260.1191.

(2,2′-Diamino-[1,1′]binaphthalenyl-6-yl)phenylmetha-
none (4k, solid). 1H NMR (400 MHz, CDCl3) δ 7.87 (dd, J )
2.0, 2.0 Hz, 1H), 7.75-7.68 (m, 5H), 7.50-7.45 (m, 1H), 7.42-
7.38 (m, 2H), 7.34-7.22 (m, 4H), 7.04 (d, J ) 8.8 Hz, 1H), 6.89
(d, J ) 8.4 Hz, 1H), 4.05 (br s, 2H), 3.80 (br s, 2H); 13C NMR
(100 MHz, CDCl3) δ 194.9, 149.5, 141.9, 138.5, 135.4, 133.1,
132.3, 131.2, 129.4, 129.4, 129.3, 128.0, 127.9, 127.6, 126.7, 123.4,
122.3, 120.0, 118.0, 114.3, 113.5; FT-IR (CHCl3) 3471, 3361,
3210, 3054, 2655, 1639, 1511, 1320, 1144 cm-1; HRMS (FAB)
m/z (M + 1)+ calcd for C23H19N2O 339.1497, found 339.1493.

N,N′-Dinaphthalen-2-ylhydrazinecarboxylic Acid tert-
Butyl Ester (6a, solid). The procedure for 3a was used. 1H
NMR (400 MHz, CDCl3) δ 8.07 (d, J ) 1.6 Hz, 1H), 7.83-7.70
(m, 7H), 7.60 (d, J ) 4.0 Hz, 1H), 7.44-7.34 (m, 4H), 7.29-7.74
(m, 1H), 7.12 (d, J ) 2.0 Hz, 1H), 7.06 (dd, J ) 2.4, 2.4 Hz, 1H),
6.63 (s, 1H), 1.37 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 153.8,
145.7, 140.1, 134.3, 133.4, 130.7, 129.3, 129.1, 126.0, 127.7, 127.5,
127.3, 126.5, 126.3, 126.1, 125.1, 123.3, 121.1, 118.4, 115.5, 107.2,
82.5, 28.2; FT-IR (CHCl3) 3330, 3052, 2978, 1713, 1637, 1365,
1315, 1154 cm-1; HRMS (FAB) m/z (M + 1)+ calcd for C25H25N2O2
385.1916, found 385.1916.

N′-(7-Methylnaphthalen-2-yl)-N-naphthalen-2-ylhydra-
zinecarboxylic Acid tert-Butyl Ester (6b, solid). A similar
procedure as that for 3a was used. 1H NMR (400 MHz, CDCl3)
δ 8.07 (s, 1H), 7.82-7.73 (m, 4H), 7.62 (dd, J ) 8.8, 8.4 Hz, 2H),
7.41-7.34 (m, 3H), 7.09-6.95 (m, 3H), 5.59 (s, 1H), 2.41 (s, 3H),
1.35 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 153.8, 145.7, 140.2,
135.9, 134.5, 133.4, 130.6, 128.8, 128.0, 127.7, 127.5, 127.3, 127.2,
126.1, 125.6, 125.5, 125.0, 121.1, 118.3, 114.5, 106.7, 82.4, 28.2,
21.8; FT-IR (CHCl3) 3338, 2978, 1713, 1636, 1510, 1309, 1153
cm-1; HRMS (FAB in NBA + Na with PEG 400) m/z (M + 23)+

calcd for C26H26N2NaO2 421.1892, found 421.1896.
General Procedure for the Preparation of N,N′-Dinaph-

thalenyldi-tert-butylhydrazodiformate (9a). A mixture of
100 mg of 8a, 51 mg of BocNHNHBoc, 11 mg (5 mol %) of Pd2-

(dba)3, 19 mg (15 mol %) of xantphos, 205 mg of Cs2CO3, and
0.5 mL of toluene was heated to 80 °C under Ar for 48 h. The
reaction mixture was chromatographed (hexanes:EtOAc 15:1)
to give 190 mg of 9a as a solid in 81% yield. 1H NMR (400 MHz,
CDCl3) δ 7.87 (dd, J ) 2.0, 2.0 Hz, 1H), 7.75-7.68 (m, 5H), 7.50-
7.45 (m, 1H), 7.42-7.38 (m, 2H), 7.34-7.22 (m, 4H), 7.04 (d, J
) 8.8 Hz, 1H), 6.89 (d, J ) 8.4 Hz, 1H), 4.05 (br s, 2H), 3.80 (br
s, 2H); 13C NMR (100 MHz, CDCl3) δ 194.9, 149.5, 141.9, 138.5,
135.4, 133.1, 132.3, 131.2, 129.4, 129.4, 129.3, 128.0, 127.9, 127.6,
126.7, 123.4, 122.3, 120.0, 118.0, 114.3, 113.5; FT-IR (CHCl3)
3471, 3361, 3210, 3054, 2655, 1639, 1511, 1320, 1144 cm-1;
HRMS (FAB in NBA + Na with PEG 400) m/z (M + 23)+ m/z
(M + 23)+ calcd for C30H32N2NaO4 507.2260, found 507.2268.

N,N′-Di-(7-bromonaphthalenyl)di-tert-butylhydrazodi-
formate (9b, solid). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J )
2.0 Hz, 2H), 7.72 (d, J ) 8.8 Hz, 4H), 7.62 (d, J ) 8.4 Hz, 4H),
7.46 (dd, J ) 2.0, 1.6 Hz, 2H), 1.54(s, 18H); 13C NMR (100 MHz,
CDCl3) δ 152.7, 139.6, 134.4, 129.7, 129.5, 128.97, 128.88, 128.3,
121.7, 120.3, 118.4, 83.0, 28.3; FT-IR (CHCl3) 3059, 2978, 2931,
1731, 1627, 1503 cm-1; HRMS (FAB in NBA + Na with PEG
400) m/z (M + 23)+ calcd for C30H30Br2N2NaO4 535.2573, found
535.2568.

N,N′-Di-(7-methylnaphthalenyl)di-tert-butylhydrazodi-
formate (9c, solid). 1H NMR (400 MHz, CDCl3) δ 7.78 (br s,
1H), 7.71 (d, J ) 8.8 Hz, 2H), 7.66 (d, J ) 8.4 Hz, 2H), 7.56 (br
s, 2H), 7.50 (s, 2H), 7.23 (d, J ) 9.6 Hz, 2H), 2.45 (s, 6H), 1.55
(s, 18H); 13C NMR (100 MHz, CDCl3) δ 153.1, 138.8, 135.7, 133.4,
129.5, 127.8, 127.1, 126.8, 120.7, 118.9, 82.4, 28.3, 21.8; FT-IR
(CHCl3) 2978, 1928, 1724, 1637, 1513 cm-1; HRMS (FAB in NBA
+ Na with PEG 400) m/z (M + 23)+ calcd for C32H36N2NaO4
535.2573, found 535.2568.

7-Methyl-[1,1′]binaphthalenyl-2,2′-diamine (7b, solid). A
similar procedure as that for 4a was used. 1H NMR (400 MHz,
CD3OD) δ 7.80-7.73 (m, 3H), 7.65 (d, J ) 8.0 Hz, 1H), 7.22 (d,
J ) 8.4 Hz, 1H), 7.18-7.09 (m, 3H), 7.02 (d, J ) 8.0 Hz, 1H),
6.93 (d, J ) 8.4 Hz, 1H), 6.73 (s, 1H), 2.14 (s, 3H); 13C NMR
(100 MHz, CD3OD) δ 143.6, 143.4, 137.1, 135.0, 134.8, 130.1,
129.9, 128.92, 128.88, 128.2, 119.6, 118.7, 114.5, 114.2; FT-IR
(CHCl3) 3468, 3376, 3200, 2921, 2532, 1908, 1731, 1513 cm-1;
HRMS (FAB in NBA + Na with PEG 400) m/z (M + 23)+ calcd
for C21H18N2Na 321.1368, found 321.1369.

7,7′-Dibromo-[1,1′]binaphthalenyl-2,2′-diamine (10b,
solid). A similar procedure as that for 4a was used. 1H NMR
(400 MHz, CD3OD) δ 7.71 (d, J ) 8.8 Hz, 2H), 7.61 (d, J ) 8.4
Hz, 2H), 7.28 (dd, J ) 2.0, 2.0 Hz, 2H), 7.14 (d, J ) 1.6 Hz, 2H),
7.70 (d, J ) 8.8 Ha, 2H), 3.75 (br s, 4H); 13C NMR (100 MHz,
CD3OD) δ 146.3, 136.5, 131.3, 130.7, 128.1, 126.5, 126.2, 122.2,
120.1, 111.5; FT-IR (CHCl3) 3470, 3376, 3206, 3048, 2928, 1731,
1617, 1498 cm-1; HRMS (FAB in NBA + Na with PEG 400) m/z
(M + 23)+ calcd for C20H14Br2N2Na 462.9402, found 462.9430.

7,7′-Dimethyl-[1,1′]binaphthalenyl-2,2′-diamine (10c,
solid). A similar procedure as that for 4a was used. 1H NMR
(400 MHz, CDCl3) δ 7.73 (d, J ) 8.8 Hz, 2H), 7.67 (d, J ) 8.4
Hz, 2H), 7.07-7.03 (m, 4H), 6.84 (d, J ) 0.8 Hz, 2H), 3.54 (br s,
4H), 2.24 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 142.6, 136.3,
133.7, 129.0, 127.8, 126.6, 124.5, 122.8, 117.3, 112.3, 22.1; FT-
IR (CHCl3) 3465, 3371, 3209, 3049, 2921, 1612, 1519, 1452 cm-1;
HRMS (FAB in NBA + Na with PEG 400) m/z (M + 23)+ calcd
for C22H20N2Na 335.1524, found 335.1520.
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