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1. Introduction

As a consequence of the versatile application ofzibares in
functional materidl*> and immunohistochemistryfor instance,
the  hole-transport material N,N-bis(3-methylphenyIN,N"
diphenylbenzidine (TPD) and N,N’-bis(1-naphthyl)N,N’-
diphenyl-1,1-biphenyl-4,4diamine (NPBY, and safe staining
reagents 3,3',5,5'-tetramethylbenzidine (TMB),numerous
strategies have been exploited to synthesize theszidines and
derivatives in the past decadés. Traditionally, the acid
catalyzed rearrangement of hydrazobenzenes hasti@eght to
be the main protocol for the synthesis of seveesizidines, but
inevitable byproducts in this reaction and the iraip synthetic
routes of hydrazobenzenes limit its scope of u§dgeorder to
obtain diversely functionalized benzidines effeelyy the direct
self-coupling of anilines employing Tigi cerium(1V)
ammonium nitrate (CANJ,CuBIr/H,0,,° Cu(CIQy),,*° anhydrous
FeCk,'' FeCk-6H,0"**and organic 1,8-bis(diphenylmethylium)-

naphthalenediyl dicatiohas oxidants have been developed, in

which self-coupling reactions involved either freglical cation
(Path A) or aryl-metal intermediate (Path B) (Fig. 1
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Fig. 1. Free radical (path A) and aryl-metal (Path B) ined
self-coupling of anilines
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iminium intermediate through €H (-CH;) hydrogen bonding as
in TS1 (Fig. 3). In the presence of crystal water or addl
water, Clis bonded by water as S2, and the former hydrogen
bond is broken. Therefore no iminium intermediatéormed and
give rise to only self-coupling product. When exi&t; was
added, either the hydrogen of methyl group is atti¢ by H-N
(NEt;) hydrogen bond as imS3’ or the Ci-H (H,O) hydrogen
bond is broken to release ClI, which is capableooinecting and
activating the methyl group, through interaction wditer and
NEt; as inTS3. On the basis of above principle, we have gotten
methylene-bridged product in yield of 68%. Here wehwis
obtain the methylene-bridged products in betteldyéad enlarge
the scope of substrate.
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Fig. 3. Self-coupling reaction and self-bridged assembling
activation model of methyl protected anilines

In FeCk-6H,O mediated free radical oxidative self-coupling 5 Reguits and discussion

of anilines, we found that the different substitgeat nitrogen
atom affected both reactivity and selectivity ldygéFig. 2)
For example, unprotected anilinei) ( coordinated with
FeCk-6H,0O exhibit no reactivity, and the increased basioity
N,N-dimethyl substituted anilinagi} providing desiredN,N,N,N"-
tetramethylbenzidines results in 88% yididN-dibenzylanilines
(iii) improves the selectivity without the loss of reatt.
However, the ortho-substituents inhibit the self-coupling
reactions due to steric repulsions with dibenzyl ssitition.
Monobenzyl substitutioniyf) overcomes the steric shielding,

The oxidative self-coupling reaction of-$ibstituted anilines
was utilized to test the substrate scope (Tabl@43ically,N,N-
dimethylaniline gave the coupling product in yield88%:* It is
noteworthy that the vyield was directly depended derics
hindrance. As a resultN,N2-trimethylaniline gave desired
coupling product?a in 44% yield, and no coupling benzidines
were obtained by employing 2-isopropyIN-dimethylaniline,
and 2-(tert-butylN,N-dimethylaniline as substrates. Similiarly,
the remote methyl group substituted aetaposition (b)

whereas, compared wiily the decreased basicity of nitrogen in resulted in the yield of 91%, the ethyl groupnaé¢taposition
iii as well asiv are disadvantage for the substitutions such aafforded self-coupling produdc in yield of 84%, and a further

fluoro, acetyl, ester and nitro, even no reactivitg a promising
expectation, different substituents at nitrogenmateould expand
the substrate scope of iron(lll)-promoted free cabioxidative
self-coupling reaction. Hence, we turn our attentionmethyl
substitution on nitrogen, a stronger electron-diogagiroup, and
wish to enlarge the substrate scope bearing th&@bedeficient
benzene ring.

H. H Mes Me Bn. .Bn
N
CR—» CR — Cr — c
iii
xlack of
reactivity x steric hindrance
' x distolerance of strong electron-withdrawing group

Fig. 2. Influence of substituents at nitrogen atom

In FeCk-mediated methylene-bridged assembiifig,the
basicity of Cl activates the methyl group directly to form

decreased yield of 65% was obtained employing digheth
substituted anilineld) as substrate.

ortho-Fluro  substituted N,N-dimethylaniline generated
product 2e in yield of 49%, whereas 2,3,5,6-tetrafluhd,N-
dimethylaniline gave no desired product, rematetafluoro
substituted aniline was effective for this couplimgocess
obtaining 2f in 84% isolated yield. Rationally, anilines beagrin
bulky halo (CI, Br and I)-substitutions presentéidhgly lower
reactivity giving corresponding coupling produats58%, 65%
and 69% vyields, respectively2d-2i). Interestingly, anilines
bearing a strong electron-withdrawing group are &téet under
present conditions. The ester group provided cpaeding
coupling product?j in 65% yield, and acetyl and nitro group
afforded correspondingk and2l in acceptable yields (36% and
15%). Abided by steric effectprtho-nitro substituted aniline
gave no coupling product, whilertho-cyano substituted aniline
proceeded readily to achieve coupling benzidimein 19% yield.
Naphthylamine was also suitable for this couplingctiea and
furnished the desired coupling produt in yield of 75%.
HeteroaromaticN,N-dimethylpyridin-2-amine was investigated
but no corresponding product was obtained.



Mono-protected anilines were likewise investigated &me
decreased basicity of nitrogen lowered the reagtwftanilines.
ortho-Alkoxy aniline performed a good reactivity affordirthe
coupling product2o in 60% vyield, N-ethylaniline bearing an
ortho-methyl group underwent the coupling reaction tovjute
corresponding produ@p in 28% vyield, and\-methyl anilines
bearing halo-substituents such as chlorine andnédivere
tolerated and generated corresponding benzi2Zinend2r in 36%
and 32% vyields, respectively. Bearing ester groupe
correspondingly self-coupling produ2s was obtained in 11%
yield. N-methyl tetrahydroquinoline was also suitable fois th
coupling procedure and correspondi2tgwas obtained in 59%
yield.

Table 1. Self-coupling reactions of functionalized anilihes

R3
"‘?‘3 R2 toluene, 85°C,2h R2? Il?s R
1a-t 2a-t
Et
\ / \ / \ /
Et
2a, 44% 2b, 91% 2¢, 84%
F F
\ / \ / \ /
F F
2d, 65% 2e, 49% 2f, 84%
Cl Br |
\ / \ / \ /
cl B |
29, 58% 2h, 65% 2i, 69%
COOMe Ac . NO, )
AN / \ /
MeOOC Aé O5N
2, 65% 2k, 36% 20, 15%
NC N , MeO MeO
\ / N N H
WO MR OO
CN OMe OMe
2m, 199% 2n, 75% 20, 60%
{ o O Ho o I H
cl |
2p, 28% 29, 36% 2r, 32%
__goome )
MeOOC
25, 11% 2t, 59%

@ Reaction conditions: anilines (0.4 mmol), Fe6H,0 (1.0 mmol), toluene
(2.0 mL), 85°C, 2 h; isolated yields.

P Reaction time 12 h.

Diarylalkane fragments exhibit in pharmacologicadigtive
compounds and act as key subunits of functionakrizds. The
self-bridged assembling reactions of anilines wetathér
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presence of 1.0 equiv of additional triethylamimeler standard
conditions for 3.5 h, assembling diphenylmeth&aein 88%
yield (Table 2)®° Under the same conditions, monomethyl
protected aniline was a suitable substrate to fordesired self-
bridged assembling produgb in 50% isolated yieldN-ethyl-N-
methylaniline exhibited a moderate reactivity gginthe
diphenylmethane product3c with 31% vyield. N,N
dimethylanilines bearing halo-substitutions at thetaposition
on benzene ring afforded methylene-bridged prod8dtsf in
yields of 42%, 30% and 35%, respectively. Howeveg, sklf-
bridged assembling reaction did not proceed witthttagpamine
and N-benzylN-methylaniline, only corresponding self-coupling
product 2n and 2u were obtained in 67% and 24% yields,
respectively.

Table 2. Self-bridged assembling reaction of functionalized

methyl protected anilins
R? R?
o0,
1 R1

R FeCly6H,0, Et;N

(N
\
R2

toluene, 85°C, 3.5 h N
R
1g'i! n, u-x 3a-h
Joo, LWJOQ ooy
\ \ H H \ \
3a, 88% 3b, 50% 3c, 31%
Cl Cl Br Br | |
3d, 42% 3e, 30% 3f, 35%

°N N~ | Bn

| |
3g, 0% @n, 67%§ 3h, 0% Qu, 24%}

#Reaction conditions: anilines (0.4 mmol), Fe6H,0 (1.0 mmol), BN (0.4
mmol), toluene (2.0 mL), 88C, 3.5 h; isolated yields.

P |solated yields of coupling producsn parentheses.

To demonstrate the potential application of our tisgsized
benzidines in functional materials, 2,2’-diacety@nhidine 2k was
considered to construct larger conjugated systesra Aonsequence,
polysubstituted 9,10-dimethyl-2,7-bisdimethaminapdrgthrene 4
was assembled through a Clemmensen reduction iprésence of
amalgamated zint, and gratifyingly, an acceptable yield of 26%

was afforded.
o oow

Ac
\ . ’ / Hg-Zn
N N————
/ O O Y HCI, reflux, 2 h
Ac
4, 26% yield

2k
Scheme 1 Synthesis of 9,10-dimethyl-2,7-

bisdimethaminophenanthrede
3. Conclusion

In conclusion, we have further developed the -eféecti
FeCk-6H,0O-promoted free radical oxidation of anilines for
preparing benzidine derivatives and diaminodiarylraees with
wider substrate scope. The substrate scope of theosgling
reaction was largely expanded to anilines bearingngt
electronic withdrawing groups. The role of extra oigabase
triethylamine orientated the coupling reaction asdf-bridged
assembling reaction to some extent.

4, Experimental section

examined? and the reaction provided the best results in thg11 General Information
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The 'H and **C NMR spectra were recorded in CRCI
solution at a Bruker Avance 500/125 MHz spectromate20-

25 °C.'™H NMR chemical shifts were reported in ppm using
tetramethylsilane (TMS§ = 0.00 ppm) as the internal standard.

The data ofH NMR was reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplegj = quartet, m =
multiplet), coupling constantl ¢/alues) in Hz and integratio’'C
NMR spectra were reported in parts per million ussodvent

CDCl; (6 = 77.2 ppm) as an internal standard. All the retsgen

used were of analytical grade, purchased locallyusad without
any purification unless otherwise specified.
chromatographys were performed using silica gel, amalytical
thin-layer chromatography (TLC) which was used to itworthe
reactions was performed on silica gel plates. IRcspewere
recorded on a Nicolet 55011 spectrophotometer. HRNESIY
data were measured on a Agilent
spectrometer.

4.2. General
reactions

Procedure for the oxidative self-coupling

To a stirred mixture of Feg6H,0 (270.3 mg, 1.0 mmol) and
2.0 mL toluene was added anilint (0.4 mmol) at room
temperature. The reaction was stirred at 85 °C foh 2n
atmosphere. After it was cooled to room temperatheereaction

mixture was quenched by aqueous ammonia solutiorsgma

fraction: 25%-28%, 10 mL) and extracted with dicbloethane
(10 mL per time) until no product was observed ia #xtract,
monitored by TLC. The organic layer was dried ovehnyalrous
MgSQ,, filtered and concentrated under reduced pregsugée/e
crude product, which was chromatographed on silitagemn
using 1:100 to 1:70v(v) EtOAc-petroleum ether solutions as
eluent to afford isolated produ2t

4.2.1. NN N*N* 3,3-hexamethyl-[1,1"-biphenyl]-4,4"-diamine
(2a)

White solid; 23.6 mg, 44% yield; mp: 73.2-74@; '"H NMR
(500 MHz, CDCJ) 5 7.40 (s, 2H), 7.39 (dl = 8.5 Hz, 2H), 7.11
(d, J = 8.0 Hz, 2H), 2.77 (s, 12H), 2.42 (s, 6FC NMR (125

6510 Q-TOF mas

Tetrahedron

4.2.4. N N*N* N*.2,2',6,6'-octamethyl-[1,1'-biphenyl]-4,4'-
diamine pd)*

White solid; 38.5 mg, 65% yield; mp: 170.5-17f6; 'H
NMR (500 MHz, CDCY) & 6.52 (s, 4H), 2.95 (s, 12H), 1.88 (s,
12H); °C NMR (125 MHz, CDCJ) § 149.3, 137.2, 129.4, 111.9,
40.9, 20.7; IR (KBr): 2974, 2851, 1608, 1562, 149442, 1375,
826 cm; HRMS (ESI) calcd. for GHygN, (M+H)*: 297.2325;
found: 297.2318.

4.2.5. 5,5 -difluoro-KIN* N* N* 2,2'-hexamethyl-[1,1"-biphenyl]-

Column4,4'-diamine 2e)

Yellow solid; 29.8 mg, 49% vyield; mp: 150.4-151°Q; 'H
NMR (500 MHz, CDC})  6.76 (d,J = 4.5 Hz, 2H), 6.74 (s, 2H),
2.86 (s, 12H), 2.01 (s, 6HYC NMR (125 MHz, CDG)) § 152.9

,J =242.3), 139.3 (d] = 8.8 Hz), 133.2 (d] = 7.5 Hz), 131.8
d,J=3.1Hz), 119.4 (d) = 3.5 Hz), 117.1 (d] = 20.5 Hz), 42.9
(d, J = 4.0 Hz), 19.4; IR (KBr): 2948, 2877, 1618, 153503,
1457, 1388, 1222, 879 ¢MHRMS (ESI) calcd. for ¢gH.oFN,
(M+H)": 305.1824; found: 305.1822.

4.2.6. 2,2"-difluoro-KIN*,N* N*-tetramethyl-[1,1'-biphenyl]-4,4'-
diamine gf)

White solid; 46.4 mg, 84% yield; mp: 198.5-1996; 'H
NMR (500 MHz, CDC}) $ 7.23-7.20 (m, 2H), 6.53 (dd; = 8.5
Hz, J, = 2.0 Hz, 2H), 6.49-6.47 (m, 2H), 2.97 (s, 12HE; NMR
(125 MHz, CDC}) 4 161.0 (d,J = 243.8 Hz), 151.4 () = 5.6
Hz), 131.9 (tJ = 4.0 Hz), 111.6 (d) = 14.6 Hz), 108.2, 99.7 (dt,
J, = 27.3 Hz,J, = 7.5 Hz), 40.6; IR (KBr): 3047, 2894, 1627,
1548, 1512, 1442, 1364, 1139, 798 GHIRMS (ESI) calcd. for
CyeH1gFoN; (M+H)™: 277.1511; found: 277.1507.

4.2.7.  2,2-dichloro-KN* N* N*-tetramethyl-[1,1"-biphenyl]-
4,4'-diamine 29g)

White solid; 35.9 mg, 58% vyield; mp: 147.7-148@,; H
NMR (500 MHz, CDC}) 8 7.12 (d,J = 8.5 Hz, 2H), 6.78 (d] =
2.5 Hz, 2H), 6.64 (ddJ, = 8.5 Hz,J, = 2.5 Hz, 2H), 2.97 (s,
12H);130 NMR (125 MHz, CDGJ) 6 150.7, 134.9, 132.3, 126.3,
112.6, 110.6, 40.5; IR (KBr): 3036, 2988, 1609, 450443,

MHz, CDCL) & 151.8, 135.5, 132.3, 129.9, 124.9, 118.7, 44.51358, 835, 801 cih HRMS (ESI) calcd. for GHiCLN,

18.8; IR (KBr): 3003, 2938, 2856, 1606, 1580, 14450, 1370,
819 cm; HRMS (ESI) calcd. for GH,aN, (M+H)*: 269.2012;
found: 269.2010.

4.2.2. NN N* N* 2,2'-hexamethyl-[1,1'-biphenyl]-4,4"-diamine
(2b)

White solid; 48.8 mg, 91% yield; mp: 79.7-80(; 'H NMR
(500 MHz, CDC}) 6 6.99 (d,J = 7.0 Hz, 2H), 6.64 (s, 2H), 6.62
(dd,J; = 8.5 Hz,J, = 2.0 Hz, 2H), 2.96 (s, 12H), 2.06 (s, 6HC
NMR (125 MHz, CDC)) § 149.7, 137.3, 130.9, 130.6, 114.0,
110.1, 40.9, 20.7; IR (KBr): 3036, 2921, 2853, 160851, 1501,
1442, 1351, 834, 817 ¢ HRMS (ESI) calcd. for GH,N,
(M+H)": 269.2012; found: 269.2000.

4.2.3. 2,2-diethyl-§N* N* N*-tetramethyl-[1,1'-biphenyl]-4,4'-
diamine @c)

White solid; 49.8 mg, 84% yield; mp: 78.3-80@; 'H NMR
(500 MHz, CDC}) 5 6.99 (d,J = 8.5 Hz, 2H), 6.67 (d] = 2.5 Hz,
2H), 6.61 (ddJ; = 8.5 Hz,J, = 2.5 Hz, 2H), 2.97 (s, 12H), 2.48-
2.32 (m, 4H), 1.05 (t) = 7.5 Hz, 6H);"*C NMR (125 MHz,
CDCly) 6 149.8, 143.4, 131.3, 129.8, 112.4, 110.0, 40.90,27
15.6; IR (KBr): 3033, 2963, 2932, 2868, 1608, 155897, 810
cm’; HRMS (ESI) calcd. for H,gN, (M+H)": 297.2325; found:
297.2327.

(M+H)": 309.0920; found: 309.0923.

4.2.8.  2,2-dibromo-fN*,N* N*-tetramethyl-[1,1"-biphenyl]-
4,4'-diamine 2h)

White solid; 51.8 mg, 65% yield; mp: 174.4-175@; 'H
NMR (500 MHz, CDC})) § 7.09 (d,J = 8.5 Hz, 2H), 6.96 (d] =
2.5 Hz, 2H), 6.68 (ddJ, = 8.5 Hz,J, = 2.5 Hz, 2H), 2.97 (s,
12H); *C NMR (125 MHz, CDCJ) § 150.7, 132.0, 130.1, 125.5,
115.5, 111.0, 40.5; IR (KBr): 3034, 2896, 1605, 449441,
1350, 832, 602 cih HRMS (ESI) calcd. for GH;gBrN,
(M+H)": 396.9910; found: 396.9894.

4.2.9. 2,2-diiodo-KN*N* N*-tetramethyl-[1,1"-biphenyl]-4,4'-
diamine @i)

White solid; 67.9 mg, 69% yield; mp: 201.1-2030; H
NMR (500 MHz, CDC}) 4 7.22 (d,J = 2.5 Hz, 2H), 7.03 (d] =
8.5 Hz, 2H), 6.73 (ddJ, = 8.5 Hz,J, = 2.5 Hz, 2H), 2.97 (s,
12H);130 NMR (125 MHz, CDGJ) 6 150.5, 137.4, 130.7, 121.7,
111.8, 102.7, 40.5; IR (KBr): 3033, 2962, 1596, 1,49441,
1357, 804, 538 cih HRMS (ESI) calcd. for GH1gl,N, (M+H)*:
492.9632; found: 492.9633.

4.2.10. dimethyl 4,4-bis(dimethylamino)-[1,1'-biphig2y2'-
dicarboxylate 2j)

Green solid; 46.3 mg, 65% yield; mp: 144.2-14%0'H NMR
(500 MHz, CDC}) 4 7.27 (d,J = 3.0 Hz, 2H), 7.07 (d] = 8.5 Hz,



2H), 6.86 (dd,J; = 8.5 Hz,J, = 3.0 Hz, 2H), 3.62 (s, 6H), 3.01 (s,
12H); ®C NMR (125 MHz, CDCJ) 5 168.9, 149.2, 131.8, 131.2,
130.7, 115.4, 113.5, 52.0, 40.7; IR (KBr): 29462371608,
1557, 1500, 1446, 1363,1230, 859 trHiRMS (ESI) calcd. for
CodH2aN,0, (M+H)™: 357.1809; found: 357.1806.

4.2.11. 1,1'-(4,4'-bis(dimethylamino)-[1,1"-biphenrgIp'-
diyl)bis(ethan-1-one)2k)

White solid; 23.4 mg, 36% yield; mp: 130.9-1370; H
NMR (500 MHz, CDC}) § 7.03 (d,J = 9.0 Hz, 2H), 6.92 (d] =
2.5 Hz, 2H), 6.80 (ddJ, = 8.5 Hz,J, = 3.0 Hz, 2H), 3.01 (s,
12H), 2.10 (s, 6H)**C NMR (125 MHz, CDGJ) & 204.6, 149.7,
141.2, 132.2, 127.6, 114.8, 111.8, 40.6, 30.1; KBr(: 2856,
1680, 1605, 1541, 1497, 1445, 1360, 8161;CIHRMS (ESI)
calcd. for GgH,4N,0, (M+H)": 325.1911; found: 325.1912.

4.2.12. NN* N* N*-tetramethyl-2,2"-dinitro-[1,1'-biphenyl]-4,4'-
diamine @l)

White solid; 10.0 mg, 15% yield; mp: 238.5-239@; 'H
NMR (500 MHz, CDC)) § 7.36 (d,J = 3.0 Hz, 2H), 7.09 (d] =
8.5 Hz, 2H), 6.89 (dd), = 8.5 Hz,J, = 2.5 Hz, 2H), 3.06 (s,
12H); °C NMR (125 MHz, CDCJ) § 150.2, 149.1, 132.3, 120.9,
116.2, 107.3, 40.5; IR (KBr): 2853, 1625, 1522, 344360,
1340, 819 cit; HRMS (ESI) calcd. for GHiN,O, (M+H)™:
331.1401; found: 331.1406.

4.2.13. 4,4'-bis(dimethylamino)-[1,1'-biphenyl]-3,3'-
dicarbonitrile 2m)

White solid; 11.1 mg, 19% yield; mp: 157.6-158@,; H
NMR (500 MHz, CDC)) é 7.63 (d,J = 2.0 Hz, 2H), 7.54 (dd],

5
809 cm'; HRMS (ESI) calcd. for GH,N, (M+H)": 269.2012;
found: 269.2017.

4.2.17. 2,2"-dichloro-{N*-dimethyl-[1,1'-biphenyl]-4,4'-
diamine @q)

White solid; 20.2 mg, 36% yield; mp: 103.4-104@; 'H
NMR (500 MHz, CDC))  7.06 (d,J = 8.0 Hz, 2H), 6.69 (d] =
2.5 Hz, 2H), 6.53 (ddJ}, = 8.5 Hz,J, = 2.5 Hz, 2H), 3.83 (brs,
2H), 2.86 (s, 6H)}°C NMR (125 MHz, CDG)) & 149.5, 134.8,
132.3, 127.1, 112.1, 110.8, 30.6; IR (KBr): 343867, 1613,
1560, 1505, 1430, 1312, 810, 611 5rRiRMS (ESI) calcd. for
C1H1CILN, (M+H)": 281.0607; found: 281.0608.

4.2.18. 2,2'-diiodo-§N*-dimethyl-[1,1"-biphenyl]-4,4'-diamine
(2r)

White solid; 30.3 mg, 32% yield; mp: 114.5-115G; H
NMR (500 MHz, CDC})) 6 7.14 (d,J = 2.5 Hz, 2H), 6.98 (d] =
8.5 Hz, 2H), 6.62 (ddJ), = 8.5 Hz,J, = 2.5 Hz, 2H), 3.82 (brs,
2H), 2.85 (s, 6H)*C NMR (125 MHz, CDGJ) § 149.2, 138.2,
130.7, 121.4, 112.2, 102.2, 30.6; IR (KBr): 340833, 2873,
1599, 1557, 1493, 1425, 1317, 830, 4791ph1lRMS (ESI) calcd.
for CygH14l,N, (M+H)™: 464.9319; found: 464.9333.

4.2.19. dimethyl 4,4-bis(methylamino)-[1,1'-bipherR'-
dicarboxylate 2s)

White solid; 7.2 mg, 11% yield; mp: 117.6-117@ 'H NMR
(500 MHz, CDC}) § 7.15 (d,J = 3.0 Hz, 2H), 7.02 (d] = 8.5 Hz,
2H), 6.74 (ddJ), = 8.5 Hz,J, = 2.5 Hz, 2H), 3.82 (brs, 2H), 3.62
(s, 6H), 2.89 (s, 6H);°C NMR (125 MHz, CDCJ) § 168.3, 147.5,
132.2, 131.7, 130.6, 115.6, 113.4, 51.8, 30.9; KBr): 3428,

=9.0 Hz,J, = 2.5 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 3.10 (s, 12H)2986, 2887, 1723, 1608, 1557, 1500, 1446, 1363),12%9 cnf;

¥*C NMR (125 MHz, CDGJ) § 154.0, 132.4, 131.2, 129.7, 119.6,
117.2, 101.0, 43.0; IR (KBr): 3052, 2853, 2212, 061506,
1460, 1350, 812 cih HRMS (ESI) calcd. for GH;gN, (M+H)*:
291.1604; found: 291.1614.

4.2.14. N,N*N* N*-tetramethyl-[1,1"-binaphthalene]-4,4'-
diamine gn)’

White solid; 50.8 mg, 75% yield; mp: 132.3-133@; 'H
NMR (500 MHz, CDCJ) 5 8.33 (d,J = 8.0 Hz, 2H), 7.46 (1 =
8.5 Hz, 2H), 7.41 (dJ = 8.5 Hz, 2H), 7.38 (d] = 7.5 Hz, 2H),
7.25 (t,J = 8.5 Hz, 2H), 7.16 (d] = 8.0 Hz, 2H), 2.98 (s, 12H);
¥C NMR (125 MHz, CDGJ) 6 150.6, 134.5, 133.6, 128.9, 128.1,
127.4, 125.8, 125.1, 124.4, 113.7, 45.5; IR (KE)36, 2865,
1611, 1579, 1507, 1476, 1454, 1378, 845'cHRMS (ESI)
calcd. for GH, N, (M+H)™: 341.2012; found: 341.2017.

4.2.15. 2,2',55'-tetramethoxytN"-dimethyl-[1,1"-biphenyl]-
4,4'-diamine 20)

White solid; 39.9 mg, 60% yield; mp: 149.8-152C 'H NMR
(500 MHz, CDCJ) & 6.73 (s, 2H), 6.32 (s, 2H), 4.26 (brs, 2H),
3.79 (s, 6H), 3.75 (s, 6H), 2.90 (s, 6HJC NMR (125 MHz,
CDCl) 5 152.0, 140.9, 139.2, 114.9, 113.6, 96.1, 56.9,,58.5;
IR (KBr): 3439, 3016, 2879, 1616, 1520, 1483, 146510, 1040
cm’; HRMS (ESI) caled. for GH,N,0, (M+H)": 333.1809;
found: 333.1797.

4.2.16. N N*-diethyl-3,3"-dimethyl-[1,1"-biphenyl]-4,4'-diamine
(2p)

White solid; 15.0 mg, 28% yield; mp: 94.5-95(; 'H NMR
(500 MHz, CDCJ) 6 7.32 (d,J = 8.0 Hz, 2H), 7.26 (s, 2H), 6.66
(d, J = 8.5 Hz, 2H), 3.49 (brs, 2H), 3.23 (&= 7.0 Hz, 4H), 2.19
(s, 6H), 1.32 (tJ = 7.0 Hz, 2H);*C NMR (125 MHz, CDG)) &
145.1, 130.6, 128.5, 125.1, 122.2, 110.2, 38.83,175.2; IR
(KBr): 3448, 3027, 2969, 2925, 2854, 1610, 150657141369,

HRMS (ESI) calcd. for GH,N,0, (M+H)*: 329.1496; found:
329.1485.

4.2.20. 1,1'-dimethyl-1,1',2,2',3,3',4,4"-octahyd,6--biquinoline
(2

Yellow solid; 34.5 mg, 59% vyield; mp: 114.2-114@; *H
NMR (500 MHz, CDCJ) & 7.25 (dd,J; = 8.5 Hz,J, = 2.5 Hz,
2H), 7.14 (dJ = 2.0 Hz, 2H), 6.63 (d] = 8.5 Hz, 2H), 3.22 (1J
= 6.0 Hz, 4H), 2.90 (s, 6H), 2.82 {t= 6.5 Hz, 4H), 2.03-1.98 (m,
4H); ®C NMR (125 MHz, CDG)) & 145.3, 129.8, 126.9, 124.9,
123.0, 111.4, 51.4, 39.3, 28.0, 22.6; IR (KBr): 802936, 2862,
1611, 1502, 1461, 1320, 809 ¢m HRMS (ESI) calcd. for
CooHaaN, (M+H)™: 293.2012; found: 293.2014.

4.3. General Procedure for the oxidative self-bridged
assembling reactions

To a stirred mixture of anilind (0.4 mmol) and 2.0 mL
toluene was added triethylamine (5@, 0.4 mmol) and
FeCk-6H,O (270.3 mg, 1.0 mmol) successively at room
temperature. The reaction was stirred at 85 °C fér I8 in
atmosphere. After it was cooled to room temperatheereaction
mixture was quenched by aqueous ammonia solutiorsgyma
fraction: 25%-28%, 10 mL) and extracted with dicbloethane
(10 mL per time) until no product was observed ia #xtract,
monitored by TLC. The organic layer was dried ovehnyalrous
MgSQ,, filtered and concentrated under reduced pregsugée/e
crude product, which was chromatographed on silitagemn
using 1:100 to 1:70v(v) EtOAc-petroleum ether solution as
eluent to afford isolated produgt

4.3.1. 4,4'-methylenebis(N,N-dimethylanilin@){***

White solid; 29.8 mg, 88% yield; mp: 90.0-92@; '*H NMR
(500 MHz, CDC}) & 7.05 (d,J = 9.0 Hz, 4H), 6.68 (d] = 8.5 Hz,
4H), 3.80 (s, 2H), 2.89 (s, 12HJIC NMR (125 MHz, CDG)) 5
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149.3, 130.5, 129.6, 113.2, 41.1, 40.1; IR (KB)03, 2888,
1614, 1522, 1444, 1343, 795 ¢mHRMS (ESI) calcd. for
CiH2N, (M+H)™: 255.1856; found: 255.1863.

4.3.2. 4,4'-methylenebis(N-methylanilingp)

Slightly yellow solid; 15.1 mg, 50% vyield; mp: 555.2°C;
'"H NMR (500 MHz, CDCJ) & 6.98 (d,J =8.0 Hz, 4H), 6.50 (cJ
= 8.5 Hz, 4H), 3.76 (s, 2H), 3.49 (brs, 2H), 2.74 (d);6°C

Tetrahedron

10 min, the solution was decanted, and amalgamatedwas
obtained.

4.4.2 Clemmensen reduction2f®

To freshly prepared amalgamated zinc was added
diacetyldiphenyPk (65 mg , 0.2 mmol)H,0O (280 pL, 15.6 mmol)
and con. hydrochloric acid (72QL, 23.3 mmo) successively. The
resulting mixture was boiled under reflux for 2 The reaction

NMR (125 MHz, CDC)) 6 147.6, 130.9, 129.6, 112.6, 40.2, 31.0;mixture was washed by diethyl ether (5 mL) and sbkd residue

IR (KBr): 3439, 2926, 2856, 1614, 1521, 1444, 13829 cni’;
HRMS (ESI) calcd. for GHN, (M+H)": 227.1543; found:
227.1536.

4.3.3. 4,4'-methylenebis(N-ethyl-N-methylanilir8) (

Slightly yellow solid; 11.7 mg, 31% yield; mp: 8994.4°C;
"H NMR (500 MHz, CDC}) 6 7.04 (d,J = 8.5 Hz, 4H), 6.65 (d]
=9.0 Hz, 4H), 3.79 (s, 2H), 3.35 @= 7.0 Hz, 4H), 2.86 (s, 6H),
1.09 (t,J = 7.5 Hz, 6H);"*C NMR (125 MHz, CDCJ) 5 147.6,
130.0, 129.7, 112.9, 47.2, 40.0, 37.8, 11.4; IR)KB918, 2884,
1614, 1522, 1444, 1343, 830 ¢mHRMS (ESI) calcd. for
CioHeN, (M+H)™: 283.2169; found: 283.2162.

4.3.4. 4,4-methylenebis(3-chloro-N,N-dimethylan)li¢gel)'*®

Slightly yellow solid; 18.1 mg, 42% vyield; mp: 99181.1°C;
'H NMR (500 MHz, CDC}) 5 6.88 (d,J = 8.5 Hz, 2H), 6.74 (d]
= 2.5 Hz, 2H), 6.53 (dd}; = 9.0 Hz,J, = 3.0 Hz, 2H), 3.99 (s,
2H), 2.90 (s, 12H)*C NMR (125 MHz, CDGCJ) § 150.1, 134.9,
131.1, 125.5, 113.2, 111.4, 40.7, 34.9; IR (KBry88, 2853,
1612, 1510, 1445, 1358, 823, 792 crRMS (ESI) calcd. for
Ci17H2ClLN, (M+H)*: 323.1077; found: 323.1080.

4.3.5. 4,4'-methylenebis(3-bromo-N,N-dimethylanili{3e)

Slightly yellow solid; 16.5 mg, 30% yield; mp: 9798.7 °C;
'"H NMR (500 MHz, CDC}) & 6.94 (s, 2H), 6.85 (d] = 8.5 Hz,
2H), 6.58 (d,J = 8.5 Hz, 2H), 4.00 (s, 2H), 2.91 (s, 12¢c
NMR (125 MHz, CDCJ) & 150.2, 130.9, 127.3, 125.8, 116.4,
112.0, 40.7, 40.0; IR (KBr): 2920, 2853, 1608, 150942, 1360,
805, 500 crif; HRMS (ESI) calcd. for GH,0Br.N, (M+H)™:
411.0066; found: 411.0072.

4.3.6. 4,4'-methylenebis(3-iodo-N,N-dimethylanili¢gf)

Slightly yellow solid; 23.6 mg, 35% yield; mp: 120121.5°C;
'"H NMR (500 MHz, CDC}) & 6.94 (s, 2H), 6.84 (d] = 8.5 Hz,
2H), 6.58 (d,J = 8.5 Hz, 2H), 4.00 (s, 2H), 2.91 (s, 12K}
NMR (125 MHz, CDCJ) & 150.2, 130.9, 127.3, 125.8, 116.4,
112.0, 40.7, 40.0; IR (KBr): 2918, 2897, 2853, 160609, 1442,
1359, 824, 443 cth HRMS (ESI) calcd. for GHyol N, (M+H)*:
485.9994; found: 485.99817, ).

4.37. N, N*-dibenzyl-N,N*-dimethyl-[1,1'-biphenyl]-4,4'-
diamine Qu)**?

White solid; 12.6 mg, 24% yield; mp: 146.0-1470; 'H
NMR (500 MHz, CDCJ) & 7.41 (d,J = 8.5 Hz, 4H), 7.32-7.30
(m, 4H), 7.26 (m, 6H), 6.78 (d} = 8.5 Hz, 4H), 4.54 (s, 4H),
3.03 (s, 6H);°C NMR (125 MHz, CDG)) § 148.5, 139.3, 129.8,
128.7, 127.2, 127.04, 126.95, 112.9, 56.9, 38R.(KBr): 3026,
2926, 2891, 1610, 1511, 1450, 1369, 808'cHRMS (ESI)
calcd. for GgHpoN, (M+H)*393.2326, found 393.2331.

4.4, General Procedurefor the synthesis of 4

4.4.1 Preparation odmalgamated zinc

To a round-bottom flask was added zinc powder (480h8)
mmol) and mercuric chloride (48 mg, 0.2 mmol), daled by
H,O (800 uL, 44.4 mmol) and con. hydrochloric acid (24 0.8
mmol). The reaction mixture was stirred at room terafure for

was removed. The solution was alkalized by satdril@HCQ and
extracted by diethyl ether (5 mLx3). The organigels were
combined, dried over anhydrous p&g;, filtered and concentrated
under reduced pressure to give crude product, wlhies
chromatographed on silica gel column using EtOAcgbetm
ether (1: 60y/v) solutions as eluent to afford white sofid15.2
mg, 26% yield; mp: 195.5-196%;'H NMR (500 MHz, DMSO)
6 8.44 (d,J = 8.5 Hz, 2H), 7.16 (d] = 5.0 Hz, 2H), 7.08 (s, 2H),
3.03 (s, 12H), 2.61 (s, 6HIC NMR (125 MHz, DMSOY 148.1,
131.1, 128.4, 122.8, 120.7, 113.9, 105.1, 40.9;15R (KBr):
2960, 2924, 1609, 1500, 1430, 1385, 829"'cHRMS (ESI)
calcd. for GgH,4N, (M+H)*293.2012, found 293.2005.
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1. Experimental Section

1.1. General Information

The 'H and *C NMR spectra were recorded in CRGolution at 500/125 MHz
spectrometer at 20-25 °CH NMR chemical shifts were reported in ppm using
tetramethylsilane (TMS) = 0.00 ppm) as the internal standard. The dataldiMR
was reported as follows: chemical shift, multiglic{s = singlet, d = doublet, t =
triplet, g = quartet;n = multiplet), coupling constand yalues) in Hz and integration.
3C NMR spectra were reported in parts per milliomgssolvent CDGJ (5 = 77.2
ppm) as an internal standard. All the reagents usece of analytical grade,
purchased locally and used without any purificatimmless otherwise specified.
Column chromatographys were performed using sdiela and analytical thin-layer
chromatography (TLC) which was used to monitor thactions was performed on

silica gel plates.
1.2. General Procedure for the oxidative self-couplg reactions

To a stirred mixture of Fegl6H,O (270.3 mg, 1.0 mmol) and 2.0 mL toluene was
added anilinel (0.4 mmol) at room temperature. The reaction wia®d at 85 °C for

2 h in atmosphere. After it was cooled to room terafure, the reaction mixture was
guenched by aqueous ammonia solution (mass frac#6f0-28%, 10 mL) and
extracted with dichloromethane (10 mL per time)lurd product was observed in the
extract, monitored by TLC. The organic layer wagdirover anhydrous MgSQ
filtered and concentrated under reduced pressugvi crude product, which was
chromatographed on silica gel column using 1:10Q:%0 (/v) EtOAc-petroleum
ether solution as eluent to afford isolated pro@uct

1.3. General Procedure for the oxidative self-bridgd assembling reactions

To a stirred mixture of anilinel (0.4 mmol) and 2.0 mL toluene was added

triethylamine (56uL, 0.4 mmol) and FeGI6HO (270.3 mg, 1.0 mmol) successively

S2



at room temperature. The reaction was stirred &3tor 3.5 h in atmosphere. After
it was cooled to room temperature, the reactiontunéxwas quenched by aqueous
ammonia solution (mass fraction: 25%-28%, 10 mL)d aextracted with
dichloromethane (10 mL per time) until no produchswobserved in the extract,
monitored by TLC. The organic layer was dried oxehydrous MgS@) filtered and
concentrated under reduced pressure to give crudsdugt, which was
chromatographed on silica gel column using 1:10Q:#%0 (/v) EtOAc-petroleum

ether solution as eluent to afford isolated pro@uct

2. Optimization of reaction conditions

Table S1. Optimization conditions for the self-bridged asbéng reaction of
N,N-dimethylaniliné

QN/ Fe (Ill) salts, Additives
' N N
3a

Toluene

1s
Entry Oxidant (eq.) Additives (eq.) T (°C)  t(h) Yield (%Y
1 FeCt(2.5) EgN (1.0) 85 4.5 41
2 Fe(SOy)3(2.5) EtN (1.0) 85 4.5 0
3 Fe(NQ)s (2.5) EtN (1.0) 85 4.5 <
4 FeC}-6H,0 (2.5) EsN (1.0) 85 4.5 77
5 FeC}-6H,0 (2.5) KCOs(1.0) 85 4.5 49
6 FeC}-6H,0 (2.5) DIEA (1.0) 85 4.5 76
7 FeC}-6H,0 (2.5) NaOH (1.0) 85 4.5 13
8 FeC}-6H,0 (2.5) Phen (1.0) 85 4.5 35
9 FeC}-6H,0 (1.0) EsN (1.0) 85 4.5 31
10 FeCi- 6H,0 (2.0) EiN (1.0) 85 4.5 53
11 FeC4-6H0 (3.0) EsN (1.0) 85 4.5 76
12 FeCi-6H,0 (2.5) EtN (0.5) 85 4.5 62
13 FeC4-6H0 (2.5) EsN (1.5) 85 4.5 64
14 FeC}-6H0 (2.5) EstN (1.0) 85 2.5 77
15 FeC4-6H0 (2.5) EsN (1.0) 85 3.0 83
16 FeCi-6H,0 (2.5) EstN (1.0) 85 3.5 88
17 FeC4-6H0 (2.5) EsN (1.0) 85 4.0 80
18 FeCi-6H,0 (2.5) EiN (1.0) 100 3.5 87
19 FeC4-6H0 (2.5) EsN (1.0) 120 3.5 52

% Reaction conditionsN,N-dimethylaniline (0.4 mmol), iron sources, and &dds (specified
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amounts) in 2.0 mL of toluenBlsolated yields® Complex mixture.

3. General Procedure for the synthesis of 4

3.1. Preparation of amalgamated zinc

To a round-bottom flask was added zinc powder @#®0) 7.3 mmol) and mercuric
chloride (48 mg, 0.2 mmol), followed by.8 (800 pL, 44.4 mmol) and con.
hydrochloric acid (24 pL, 0.8 mmol). The reactionxture was stirred at room
temperature for 10 min, the solution was decanted amalgamated zinc was
obtained.

3.2. Clemmensen reduction of 2k

To freshly prepared amalgamated zinc was addecttgidgphenyl2k (65 mg , 0.2
mmol), HO (280 pL, 15.6 mmol) and con. hydrochloric aci@qfuL, 23.3 mmol)
successively. The resulting mixture was boiled ur@éélux for 2 h. The reaction
mixture was washed by diethyl ether (5 mL) andgbkd residue was removed. The
solution was alkalized by saturated NaHCG(Dd extracted by diethyl ether (5 mLx3).
The organic layers were combined, dried over arduy&lrMgSQ,, filtered and
concentrated under reduced pressure to give crudsdugt, which was
chromatographed on silica gel column using EtOAtgleum ether (1: 60, v/v)

solutions as eluent to afford white sodid
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4. Copies of ofH- and *C-NMR
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N* N* N* N* 2,2'-hexamethyl-[1,1'-biphenyl]-4,4'-diamine (2b)
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N* N* N* N* 2,2' 6,6'-octamethyl-[1,1'-biphenyl]-4,4"-diamine(2d)
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5,5"-difluoro-N* N* N* N* 2 2'-hexamethyl-[1,1"-biphenyl]-4,4'-diamine (2¢e)
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2,2"-difluoro- N* N* N* N*-tetramethyl-[1,1"-biphenyl]-4,4'-diamine (2f)
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2,2"-dichloro-N* N* N* N*-tetramethyl-[1,1'-biphenyl]-4,4'-diamine (29)
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2,2"-dibromo-N* N* N* N*-tetramethyl-[1,1'-biphenyl]-4,4'-diamine (2h)
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2,2"-diiodo-N* N* N* N*-tetramethyl-[1,1"-biphenyl]-4,4'-diamine (2i)

|
N~
|
\4

o~
]
]
~ o~

—2.974

o
=)
=)
o

——7.018

n
=
~

\7:217

"=
f%

[=2]
(3]
-

0.814\
1.969 =
1.931
2.020/
12.000 — @ -

. W
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S13



dimethyl 4,4'-bis(dimethylamino)-[1,1'-biphenyl]-2,2'-dicarboxylate (2j)
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1,1'-(4,4'-bis(dimethylamino)-[1,1'-biphenyl]-2,2'diyl)bis(ethan-1-one) (2k)
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N* N* N* N*-tetramethyl-2,2'-dinitro-[1,1"-biphenyl]-4,4'-diam ine (2I)

NO,

\ /

N~
O,N

3

3
—7.097
—7.080

6.899
6.894
6.882
6.877

-
~

T T
7.0 6.9 ppm

W

2.044

mmmmmmmmmm

mmmmmmmm

@
0
o
™

_

16 15 14 13 12 11 10 9 8 ; 6 5 4 é 2 0 -3 ppm
o o
(/A R \
\/ I |
T T T T
150 140 130 120 ppm
| { !‘ ‘ 5 J
T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

S16



4,4'-bis(dimethylamino)-[1,1'-biphenyl]-3,3'-dicarbonitrile (2m)
NC 3 z

EE
17
I 1
¥
el I
- 3
T L T T T T T T | 1
7.8 7.7 7.6 75 7.4 7.3 72 7.1 7.0 6.9 Wl il |
fT (ppm)
i T | 1
=y 0§ g
s =
T T T T e e e A m T T T 1 T
16 15 14 13 12 L1 10 9 8 7 6 5 1 3 2 1 0 1
1 (ppm)
1l
|
1 |
J M L
T T T ¥ T o4 T : T T T T b T Y T A T ¥ T T 4 T b T v T % T T T T ¥ T ¥ T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 10 30 20 10 O 10

1 (ppm)

S17



N* N* N* N*-tetramethyl-[1,1'-binaphthalene]-4,4'-diamine (2n)
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7t
9t

2,2' 5,5 -tetramethoxyN* N*-dimethyl-[1,1'-biphenyl]-4,4'-diamine (20)
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2,2"-dichloro-N*,N*-dimethyl-[1,1'-biphenyl]-4,4'-diamine (2q)
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2,2"-diiodo-N*N*-dimethyl-[1,1'-biphenyl]-4,4'-diamine (2r)
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dimethyl 4,4'-bis(methylamino)-[1,1'-biphenyl]-2,2"dicarboxylate (2s)
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1,1'-dimethyl-1,1',2,2',3,3',4,4'-octahydro-6,6'-bquinoline (2t)
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N* N*-dibenzyl-N* N*-dimethyl-[1,1"-biphenyl]-4,4"-diamine (2u)
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4,4'-methylenebis{,N-dimethylaniline) (3a)
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4,4'-methylenebis(N-methylaniline) (3b)
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4,4'-methylenebis\-ethyl-N-methylaniline) (3c)
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4,4'-methylenebis(3-chloroN,N-dimethylaniline) (3d)
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4,4'-methylenebis(3-bromoN,N-dimethylaniline) (3e
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4,4'-methylenebis(3-iodoN,N-dimethylaniline) (3f)
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9,10-dimethyl-2,7-bisdimethaminophenanthrene (4)
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