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Grinding
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1. Introduction Recently, Solvent-free organic reactions have drawn consi-

i derable attention due to their environmentally benign protocols,
Aminoadamantanes represent a valuable class of compoungdort reaction time, occasionally-enhanced selectivity and

with structural and functional motifs that are prevalent in many.;nvenient means of product purificatfbrinding technique, as
biologlically active natural products, pharmaceuticals and, yseful mechanochemistry approach, plays a pivotal role in
materials. For example, 1-aminoadamantane hydrochloridg,rios solvent-free reactioRsAs aprotic superelectrophiles

(amantadine) and 1-(1-adamanty)ethanamine (rimantadine) haygyhalomethane-Alx systems are able to generate carbocations
proved to be efficient medicines against influetiZ&Recently, effectively from saturated hydrocarbons under very mild

azolo-adamantanes were found to be new potent antiviral agentsndition, they are recognized as a unique possibility to the

against influenza displaying a broad spectrum of activity and 10y a1ogenation, dichlorophosphorylation, sul-furization, Ritter-type
toxicity. As.a. result qf steric environment of adamantane, th€asction and carbonylation with CO of cycloalkafesiowever,
ligands containing aminoadamantane fragment have becom@ he procedures employ conditions utilizing organic solvents.

important ones for the homodimerization reactions of terminall—0 the best of our knowledge, the solvent-free reaction for

. 2a'2b . . . . .
olefins; ethylene polymerizatioff, alkene isomerizatioff, aprotic superelectrophiles polyhalo-methane-ABystems has
not been disclosed.

enyne cyclizatioi® and suzuki cross-coupling reactidhglso,
1,2,4-triazole functionalized adamantanes are known to be useful

molecular engineers for the synthesis of metal organic framework In the continuation of our interest in the utilization of aprotic
(MOF) materials. superelectrophiles systems in mechanochemical reactions, herein
. ) we report a general, environmentally friendly, effective and
The traditional routes for the formation of C{sp bonds of chemoselective method for the direct Cfgp amination of

adamantanes at _tr%rvts-yfarbons position are the nucleophilic 5qamantanes by employing a mixture of polyhalomethang-AlX
substitution reactions;™ but these methods are usually notang amine by grinding under solvent-free conditions. It is worth
atom economic, thus generate substantial waste. Recently, tH%ntioning that, very common nitrogen sources, such as azole,

nitrene C-H .ins7ertioﬁ, metal-nitrenoid, and organo-nitrenoid  peteroarylamine and arylamine derivatives, are readily employed
direct aminations have been reported for the direct Cydp in this procedure.

amination of adamantanes. These methods often require special
nitrene sourcesN-tosylimino-s-iodane, sulfamoyl azided\- 2. Results and discussion
tosyloxycarbamates or aryl azides), directing groups, or strong

oxidants, so they are not very simple and general methods for !N our initial studies, adamantanga) and H-benzotriazole
C(sp)-N bond formation. (2b) were chosen as model substrates to find a green, chemo-

selective and effective condition for the grinding reaction. As

OCorresponding author. Tel.: +86-010-6891-8012; fax: +86-010-6891-8012; e-mail: shidaxin@bit.edu.cn (D. Shi), sunkn@bit.edu.cn (K. Sur



2 Tetrahedron
shown in Table 1, the activity of different Lewis acids, such ag able 2 The amination of adamantanes and norbornane

FeCl, CoCl, BiCl;, ZnBr, InBr;, AICI; and AIBgk, was scanned R,
(entries 1-9). Gratifyingly, we found that the AKBr, (X = Cl, AB
. . . r3. CBry
Br) was an efficient catalyst to activate the C-H bond of g, or Ab + amine/azole —
adamantane in grinding condition, and the reaction usingsAIBr grinding, rt
CBr, as the catalyst resulted in higher yields than those using R
AICl-CBr,. Without CBy in the system, the amination of 2
adamantane could not occur (entry 10). It proved that the
formation of polyhalomethane cation promoted by the strong R or
Lewis acid played the key role in the grinding reaction. The 0.5 ; amine/azole
. . i = /azol
eq AIBr;-CBr, was the best (entry 8). With the increasing of the Ri Rp = H, Me aminerazo’
amount of catalyst, the bromination of 1-adamanikienzo- Entry ~ Amine/azole Product Time (min)  Yield (%)
triazole would occur (entry 9). It is worth mentioning that the H N
mechanochemistry grinding is a considerable effective and 1 N NN 5 90
. - - N-N 22
environmentally friendly method compared with the solvent
condition (entries 11, 12). N @J‘”N y
Table 1 Opitimization Conditions 2 ©:N’N2b N@ > ot
3b
H N=N H @\ N
N AlBr3. CBr. N= - Ny d
@ + @ N 3- CBry @N 3 EJNZG N\:E 5 93
N rt 3c
i\/ HN X—NH2 @\ N _NH. d
1a 2b s 4 \_g/m MN\:R/ 2 5 79
) Amount of Amount of ) .
Lewis . : Time Yield
Entry ; Lewis acid CBr, . 5 @\ Ay 5 774
d . : t %
aci (equiv) (equiv) (minute) (%) (_N »
1 FeCh 0.5 0.5 5 ¢ @\ (:(
6 — %NH 10 78°
2 CoChb 0.5 0.5 5 o ’ N
3 BiCls 0.5 0.5 5 ¢
7 OZN@NHQ @NO 5 gre
4  ZnBp 0.5 0.5 5 ¢ 2 H oy
5 InBrs 0.5 0.5 5 o
6  ACI 05 05 5 15 8 Q:H @H - 5 90
7  ABrs 0.5 0.25 5 67° OaN
8  ABr 05 05 5 9 Ne
’ 9 @[ @ j@ 5 84°
9  AlBr 1 1 5 71%° NH, N,
10  ABr 1 0 5 0 = ~
: 10 @NH @NQ 5 gF°
11 ABr, 0.5 0.5 60 tracd NT, 2

#Reaction conditions: adamantane (1 mmol) adeb&nzotriazole (1 mmol).

12 ABr 2 1 60 76¢ ch\/j
_ : 11 5 9Fe
NHz 2K

PReaction conditions: adamantane (1 mmdf;Henzotriazole (1 mmol) and

CHBr; (5 ml).
¢ Isélatzesj yiel)d after purification by column chromatography. 12 HQN/H\/NJ\NHQ Ad\N/CNE\N‘Ad 5 64c
9 Isolated yield by filtration and recrystallisation. 2 H H
The possible amination mechanism of adamantanes by poly-
halomethane-AlX is shown in the Scheme 1. Firstly, the 13 2b \@\N‘N 5 ggd
superelectrophiles [AX;]'CX;5" | are produced by the GXand 2 N@
eq AlX; then trihalomethyl cations are capable of hydride
abstraction from AdH to generate Ad'he latter, in turn, can be @:‘Cj@ c
. L 14 2i 5 87
converted into amination product. The newly generategHCX N
3n
2AIX3 + CX4 NC

[ A'2X7 CXy' IAI2X7 csz ] _
15 2% m 5 92
N N
2AIX, N/N
16 2b @ 5 gg

Bﬁw@
@\ Q 17 2h o TN, 5 79"
m #Reaction conditions: cycloalkane (1 mmol), azole/ heteroarylamine/aromatic

. . - . _amine (1 mmol), AIBs (0.5 mmol) and CBr(0.5 mmol) " Reaction
Scheme 1. The possible amination mechanism of adaman conditions: adamantane (2 mmol), 2,6-diaminopyridine (1 mmol)ABr

tanes by polyhalomethane-AJX mmol) and CBr (1 mmol).¢Isolated yield after purification by column
chromatography’ Isolated yield by filtration and recrystallisation.

+ AbX7 |+ CHXs or CHyX,




3
can still react with AlX to product superelectrophiles (X" = 4-C substituted compoun& (Scheme 3). The molecular
CX,H" I whichalso can generate Adtom AdH* structure of5 had been confirmed by MSH and *C NMR
;fectra. Thé®C NMR spectra data (31.27 ppm or 31.17 ppm) of

W'tt.h tkt;ese t:_esn:_lts n h?”d' ]yve siurvey:ed Fhe sc(;)ﬁetof th e connected carbon of 5 indicated the formation of C-C bond,
reaction by subjecting a series of azole, arylamine and heteroar hile the chemical shift of the same carbon would be about

amine compound®a-l to react with adamantands and the 0~60 ppm if the C-N one was connected. F&IMR chemical

results were presented in Table 2. As summarized in Table ¢, .c " ¢ hydrogen on both 3- and 5-positions were equal, it

various azoles such as tetrazole, triazole and imidazole, Were firmed that the structure dBa was symmetric and the

?gr?]d ;?egntgﬁ_rgﬁ( tlgfic:r?{ﬁ‘tltzrt]rz\:g:eagg dsgflfzt'c\;terilgz(oelgt?nesl_1;’)60nnection between adamantane and pyrazole should be 1-
P Y position of adamantane and 4-position of pyrazole.

2-position’® the direct sp C-H amination catalyzed by the

superelectrophilepolyhalomethane-AlX was highly selective R R4
N-alkylation in 1-position, and 1-adamantanylazoRes and 3b H AlB

. . . . . N r3. CBr4
were synthesized. Adamantylation of 3-amino-1,2,4-triazole in R . N - R, J 'T'H
the 1-position promoted by the superelectophiles polyhalo- "2 / =N

o . o7 grinding, rt
methane-AlX was similar to the nucleophilic substitution

reaction™ 1 2m 5a,b
5a: Ry=R,=H, yeild=83%

Encouraged by these exciting results, subsequently we 5b: Ry=R,=Me. yeild=79%

investigated the reaction of adamantate with a range of
arylamine (entries 6-9). Generally, electron-deficient arylamingcheme 3. Forming C-C bondatalyzed by AlB#CBr,under
showed better results than electron-rich ones. The result W‘E}?inding

different from the conventional nucleophilic substitution

reaction' Heteroarylamines also provided good to excellents conclusions

yields (entries 10-12). Bialkylation product ofN?N°®

di(adamantanyl)-pyridine-2,6-diamin8l was obtained in the In summary, we have developed an efficient, chemoselectivity
presence of 2 eq adamtance and leq AlBr, Additionally, and environmentally benign method for the amination of
dimethyladaman-tan&b, norbornanelc also could react with adamantanes in a substoichiometric amount of JAIX
azoles, arylamines and heteroarylamines to give theolyhalomethane by grinding under solvent-free condition. The
corresponding amines ( entries 13-17). purification of amination products is very simple. In the
meanwhile, this method make it possible for the bifunctional
reaction by direct C(§pH amination in one step, and offers
ignificant advantage of time efficiency, ease of manipulation
nd atom economy.

When the reaction of adamantari@eand 1,2,4-triazol@c in
2 eq. AIBk-CBr,, the expected 1-(1-adamantanyl)-1,2,4-triazole
3c was obtained as minor product (11%), while an bifunctionag
product 1,3-di(H-1,2,4-triazolyl)-adamantané was the major
one (81%) (Scheme 2). Perhaps the main reason is that, whem Z=xperimental section
eg. AlBr-CBr, was used, the mono-substituted intermedgate
could react with excess of GXo give the di-substituted product 4.1 General information
4, The structure oft has been undoubtedly confirmed by X-ray

. oo All the reactions were carried out at room temperature that is
crystallographic analysis (Fig. .

15-20 [J. Unless otherwise noted, all reagents were purchased

H N N from commercial suppliers and used without purification. All
N, AlBra. CBry N0 Ny fi ducted by grinding i tar and pestl
PN —5 Nt L\N,N N_ || reactions were conducted by grinding in a mortar and pestle.
N—/ grinding, rt = Melting points were determined using XT4 microscope melting
1a ) 3 11% 4 819% point apparatus (uncorrected). Infrared (IR) spectra were
Cc (J o

. . . recorded on a Perkin Elmer FT-IR spectrophotometer with KBr
Scheme 2. The formation of the bifunctional produet  hgjiets 'H and®*C NMR spectra were recorded at a Bruker 400
catalyzed by AlB§CBr,under grinding in one step (400 MHz) spectrometer with TMS as the internal standard. Mass
spectra were recorded on a ZAB-HS mass spectrometer using
ESI ionization. Elemental analyses were performed on an
Elementar Vario EL.

4.2 General Procedurefor synthesis of compounds3 and 5

A mixture of the appropriate adamanthm@bornane (1
mmol), amine (1 mmol), AlIBr(0.5 mmol) and CBr(0.5 mmol)
was ground in a mortar and pestle at room temperature till the
completion of reaction as indicated by TLC (5-10 min). The
product of azole derivatives were purified by recrystallisation
from ethyl alcohol, and the other amine derivatives were purified
by column chromatography using ethyl acetate and petroleum

Fig. 1. ORTEP diagram ot ether mixtures as the mobile phase.

Pilar and his companions reported that, reaction of NH4.2.1. 1-((3s,5s,7s)-adamantan-1-yl)-1H-tetrazole (3a). White
pyrazoles with 1-bromoadamantane in a high pressure gawgystal; m.p. 135-136C; IR (KBr, v, cm'l): 3348, 3148, 3121,
regioselectively 1-(1-adamantyl)- or 4-(1-adamantyl)-pyrazole9913, 2855, 1626, 1556, 1453 NMR (400MHz, CDCY)) (s,
depending on the reaction temperaflifa/e found that the direct ppm): 1.83 (6H, s, Ad-H), 2.27 (6H, s, Ad-H), 2.31 (3H, s, Ad-
C(sp)-H amination catalyzed by the superelectrophilesH), 8.63 (1H, s, tetrazole-H}’C NMR (100 MHz, CDG)) (4,
polyhalomethane-AlXwas the highly selective synthesis of the ppm): 29.2 (3C), 35.6 (3C), 42.5 (3C), 59.7, 139.3; ESI-M&)(
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= 205.2 ([M+H]). (3H, s, Ad-H); 4.38 (1H, s, N-H), 6.61-6.65 (1H, m, phenyl-H),
4.2.2. 1-((3s5s,75)-adamantan-1-yl)-1H-benzo[ d] [ 1,2,3] triazole 701 (1H, d, J z 9.6 Hz, phenyl:z), 7.28-7.32 (1H, m, phenyl-H),
) : ] 1 7.36 (1H, d, J = 8.0 Hz, phenyl-HJC NMR (100 MHz, CDG))
(3b). White crystal; m.p. 164-16%; IR (KBr, v, cm~): 3051, !
. (6, ppm): 29.6 (3C), 36.3 (3C), 42.6 (3C), 52.7, 97.7, 114.7,
2918, 2849, 1671, 1620, 1454, 748;NMR (400MHz, CDC)) 116.4, 118.3, 133.2, 133.4, 149.1; ESI-M8VZ = 253.2
(6, ppm): 1.91 (6H, s, Ad-H), 2.38 (3H, s, Ad-H), 2.56 (6H, s, [IVI+.H’]+) 3, 2, A4, a; .
Ad-H), 7.36 (1 H, td, J = 7.6, 1.6 Hz, benzotriazole-H), 7.45 (1 I-‘ )
td, J = 7.2, 0.8 Hz, benzotriazole-H), 7.85 (1 H, d, J = 8.0 Hz4.2.10.  N-((3s,5s,75)-adamantan-1-yl)pyridin-2-amine  (3j).
benzotriazole-H), 8.11 (1 H, d, J = 9.2 Hz, benzotriazoles¥d);  White crystal; m.p. 171-17Z; IR (KBr, v, cm’): 3372, 3011,
NMR (100 MHz, CDC})) (4, ppm): 29.3 (3C), 35.7 (3C), 42.8 2904, 2847, 1602, 1507, 148% NMR (400MHz, CDC}) (4,
(3C), 61.6, 112.5, 120.4, 123.4, 126.3, 131.7, 147.0; ESI-M$pm): 1.70 (6H, s, Ad-H), 2.04 (6H, s, Ad-H), 2.12 (3H, s, Ad-
2= . +H]). , 4. , S, N-H), 6.48-6. , m, pyridine-H), 7.32-7.
(mV2) = 254.2 ((M+H]) H), 4.48 (1H, s, N-H), 6.48-6.53 (2H pyridine-H), 7.32-7.37
423.  1-((3s5s75)-adamantan-1-yl)-1H-1,2,4-triazole  (3c). (1H, m, pyridine-H), 8.03 (1H, d J=3.6 Hz, pyridine-HjC
: : ) b NMR (100 MHz, CDC}) (5, ppm): 29.1 (3C), 35.6 (3C), 41.7
White crystal; m.p. 87-88C; IR (KBr, v, cm’): 3119, 2909, (3C), 56.4, 112.3, 114.5, 138.4, 147.8, 156.9; ESI-MB&)(=
2861, 1742, 1498, 12784 NMR (400MHz, CDC}) (5, ppm): 229,2([I\)I+,H]*) S AOR o T
1.78 (6H, s, Ad-H), 2.17 (6H, s, Ad-H), 2.24 (3H, s, Ad-H), 7.937 " '
(1H, s, triazole-H), 8.12 (1H, s, triazole-HIC NMR (100 MHz,  4.2.11. 2-((3s,5s,75)-adamantan-1-ylamino)nicotinonitrile (3k).
CDCL) (6, ppm): 29.3 (3C), 36.0 (3C), 42.6 (3C), 58.6, 139.4,White crystal; m.p. 169-17CC; IR (KBr, v, cm’): 3359, 3003,
151.3; ESI-MS 1fV2) = 204.2 ([M+H]). 2902, 2849, 2219, 1591, 1576, 1506, 1461, 14tb;NMR
424.  1-((3s5s79)-adamantan-1-yl)-1H-1,2,4-triazol-3-amine (400MHz, CDCY) (9, ppm): 1.73 (BH, s, Ad-H), 2.13 (3H, s, Ad-

(3d).White crystal; m.p. 223-225C; IR (KBr, v, cm): 3349, H), 216 (6H, s, Ad-H), 4.93 (IH, s, N-H), 6.51-6.54 (1H, m,

3183, 2909, 2855, 1646, 1557 NMR (400MHz, DMSOdy) (o,  PYrdine-H), 7.58-7.60 (1H, m, pyridine-t), 8.22-8.24 (1M, m,
opm): 1.68 (6H. s, Ad-H), 2.01 (6H, s, Ad-H), 2.13 (3H, s, Ad-PYTdine-H); "C NMR (100 MHz, CDG) (9, ppm): 29.7 (3C),

H), 5.15 (2H, s, N-H), 7.94 (1H, s, azole-HJC NMR (100 fgéSSGECg,’_,\jé'%z()g 92’55;32'2(’[,\,%'49]5 1tz 178, 1413, 1524,
MHz, DMSO-d,) (3, ppm): 28.7 (3C), 35.5 (3C), 41.8 (3C), 56.4, > ' :
138.7, 162.2; ESI-MS{/2) = 219.2 ([M+H]). 4.2.12. N° N°-di((3s,5s,7s)-adamantan-1-yl)pyridine-2,6-diamine

. _ . -1y,
4.25. 1-((3s,5s,7s)-adamantan-1-yl)-1H-imidazole (3€). White %2362(;%% czrglztglllgngg jj;Bliﬁjéﬂlﬁl\SI};B(rél(;/m\jmz)nggl:;’
crystal; m.p. 110-112C; IR (KBr, v, cm?): 3052, 2914, 2832, X ’ ’ ] ' y ;

1432, 9331 NMR (400MHz, CDCJ) (3, ppm): 1.77 (6H, s, (6, ppm): 1.67 (12H, s, Ad-H), 2.05 (12H,_s, Ad-H), 2.0_9_(6H, S,
Ad-H), 4.13 (2H, s, N-H), 5.73 (2H, d, J = 7.6 Hz, pyridine-H),

Ad-H), 2.08 (6H, s, Ad-H), 2.24 (3H, s, Ad-H), 7.06 (1H, S: 7 07 (H, t 3 = 7.6 Hz, pyridine-HFC NMR (100 MHz

imidazole-H), 7.08 (1H, s, imidazole-H), 7.64 (1H, s, imidazole-~ CY : ) ’ )

CDCL) (5, ppm): 29.7 (6C), 36.5 (6C), 42.6 (6C), 49.3, 51.3,
H); °C NMR (100 MHz, CDG) (4, ppm): 29.5 (3C), 36.0 (3C), g7 - ?)2c(:) 5’2729 157 0( (2)C)- ES,_(MB]),@ . 37(8 5)([M+HT)'
43.8 (3C), 55.0, 115.3, 128.8, 133.6; ESI-M&7 = 203.2 . P 1309, 157 ’ : ’

+ Anal. Calcd for GsHgsNs: C, 79.53; H, 9.34; N, 11.13; Found: C,
([M+H] )' Q5 35/N3

79.31: H, 9.27; N, 11.08,
4.2.6. (3s5s,79)-N-(p-tolyl)adamantan-1-amine  (3f). White ) A B 1.
crystal: m.p. 95-96C: IR (KB, v, cmi’): 3408, 2909, 2848, 1609, “-2:13: 1-((1r3R.557r)-3,5-dimethyladamantan-1-yi)-1H-benzo

1,2,3] triazole (3m). White crystal; m.p. 104-10%; IR (KBr,
1517, 1449, 803H NMR (400MHz, CDCJ) (9, ppm): 1.66 (6H, E/(,j]c[ml): ]3103, 29(15,)2848, 1611, 1454 7HA:NMR (4OOIE/IHZ,
s, Ad-H), 1.82 (6H, s, Ad-H), 2.09 (3H, s, Ad-H), 2.26 (IH. S, o015 hom): 0.98 (6H, s, Me-H), 1.35 (2H, s, Ad-H), 1.46-
Me-H), 6.74-6.77 (2H, m, phenyl-H), 6.97-7.00 (2H, m, phenyl-y 5g" 414" 1y "Ad-H), 2.10-2.20 (4H, m, Ad-H), 2.35 (2H, s, Ad-
H); “C NMR (100 MHz, CDG) (5, ppm): 206, 29.7 (3C), 36.5 7o o e T A & O

§3r:$z))':4§2162 (3384342]*;1 120.9 (2C), 129.2 (3C), 143.2; ESI-M§ 0 oriazole-H), 7.41 (1 H, td, J = 7.4, 1.2 Hz, benzotriazole-H),

) : 7.78 (1 H, d, J = 8.0 Hz, benzotriazole-H), 8.07 (1 H, d, J = 8.4
427. (3s5s79-N-(4-nitrophenyl)adamantan-1-amine  (3g).  Hz, benzotriazole-H);*C NMR (100 MHz, CDG) (5, ppm):
Yellow crystal; m.p. 169-17(C; IR (KBr, v, cmi®): 3371, 2919, 30.1 (2C), 32.9, 40.6 (2C), 42.4 (3C), 48.0 (2C), 50.4, 63.1, 112.3,
2850, 1595, 1535, 1450, 1276t NMR (400MHz, DMSOsd) (0, 120.3, 123.3, 126. 2, 131.6, 146.8; ESI-M&/z} = 282.1
ppm): 1.64-1.69 (6H, m, Ad-H), 1.96 (6H, s, Ad-H), 2.09 (3H, s,(IM+H]"); Anal. Calcd for GeH,aNa: C, 76.83; H, 8.24; N, 14.93;
Ad-H), 6.84 (21H3, d, J = 9.2 Hz, phenyl-H), 7.92 (2H, d, J = 9.2Found: C, 76.65; H, 8.12; N, 14.81.
riz, phenylt);"C NMR (100 MHz, DMSOd) (. ppm): 296 4214, 2((1r,3R557r)-35-cimethyladamantan-L-yl)amino)-
(3C), 36.5 (3C), 41.7 (3C), 53.3, 112.5 (2C), 126.1 (2C), 137"’sr)enzonitrile (3n). White crystal; m.p. 75-76C; IR (KBr, v, cm
150.0; ESI-MS iv2) = 273.0 ([M+H]). 1. ' S ’ o

): 3403, 2945, 2893, 2205, 1605, 1576, 1514, 1463NMR

4.2.8. (3s5s,79)-N-(3-nitrophenyl)adamantan-1-amine ~ (3h). (400MHz, CDC}) (9, ppm): 0.90 (6H, s, Me-H), 1.20 (2H, s, Ad-
Yellow crystal; m.p. 125-126C; IR (KBr, v, cmi'): 3413, 2906, H), 1.33-1.42 (4H, m, Ad-H), 1.57-1.68 (4H, m, Ad-H), 1.85 (2H,
2849, 1621, 1577, 1529, 1338 NMR (400MHz, CDC)) (9, s, Ad-H), 2.21-2.23 (1H, m, Ad-H), 4.45 (1H, s, N-H), 6.64-6.68
ppm): 1.63 (6H, s, Ad-H), 1.86 (6H, s, Ad-H), 2.08 (3H, s, Ad-(1H, m, phenyl-H), 7.00 (1H, d, J = 8.8 Hz, phenyl-H), 7.30-7.34
H), 6.89-6.92 (1H, m, phenyl-H), 7.13-7.19 (1H, m, phenyl-H),(1H, m, phenyl-H), 7.38 (1H, d, J = 8.0 Hz, phenyl-H; NMR
7.43-7.45 (1H, m, phenyl-H), 7.48-7.49 (1H, m, phenyl&; (100 MHz, CDCJ) (5, ppm): 30.3 (2C), 32.7, 41.0 (2C), 42.6
NMR (100 MHz, CDC)) (5, ppm): 29.6 (3C), 36.3 (3C), 42.9 (3C), 48.7 (2C), 50.6, 54.5, 95.3, 114.9, 116.6, 120.9, 133.2,

(3C), 53.0, 110.4, 112.2, 122.5, 129.4, 149.2, 150.5; ESI-M$33.4, 152.0; ESI-MSn§z) = 281.1 ([M+H]); Anal. Calcd for
(M) = 273.3 ([M+H]). CiHaaNy: C, 81.38; H, 8.63; N, 9.99; Found: C, 81.25; H, 8.52;

429. 2-((3s5s,79)-adamantan-1-ylamino)benzonitrile  (3i). N.9.91.

White crystal; m.p. 153-15Z; IR (KBr, v, cm'): 3395, 2917, 4.215.  2-(((1r,3R5S7r)-3,5-dimethyladamantan-1-yl)amino)-
2846, 2209, 1603, 1579, 1519, 1465, 741;NMR (400MHz,  nicotinonitrile (30). White crystal; m.p. 70-7L; IR (KBr, v, cm
CDCL) (5, ppm): 1.70 (6H, s, Ad-H), 1.99 (6H, s, Ad-H), 2.15 ): 3398, 2941, 2843, 2215, 1591, 1575, 1418, NMR
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(400MHz, CDC}) (9, ppm): 0.88 (6H, s, Me-H), 1.18-1.20 (2H, (2C), 139.4, 151.6; ESI-MS (m/z) = 271.2 ([M+M]Anal.
m, Ad-H), 1.30-1.44 (4H, m, Ad-H), 1.73-1.84 (4H, m, Ad-H), Calcd for G,HsNs: C, 62.20; H, 6.71; N, 31.09; Found: C, 62.18;
2.00 (2H, s, Ad-H), 2.17-2.19 (1H, m, Ad-H), 4.93 (1H, s, N-H),H, 6.64; N, 31.15.
6.51-6.54 (1H, m, pyridine-H), 7.57-7.59 (1H, m, pyridine-H),
8.22-8.24 (1H, m , pyridine-H)?*C NMR (100 MHz, CDCJ) (4, Acknowledgments
ppm): 30.2 (2C), 32.5, 40.1 (2C), 42.7 (3C), 47.7 (2C), 50.6, 54.7,
100.7, 111.2, 117.2, 141.1, 152.2, 160.5; ESI-Mfx)(= 282.3
(IM+H]™); Anal. Calcd for GgH,gN4: C, 76.83; H, 8.24; N, 14.93;
Found: C, 76.65; H, 8.32; N, 14.91.

4.2.16. 1-((1R49-bicyclo[2.2.1] heptan-2-yl)-1H-benzo[d] [1,2,3]
triazole (3p). White crystal; m.p. 75-76C; IR (KBr, v, cm’):

This work was supported by the grant of Beijing Institute of
Technology. We are grateful for analytical help of Institute of
Chemistry, Chinese Academy of Sciences. Financials supports
from special programs graduate innovative activities in BIT and
International Cooperation in Science and Technology

3062, 2960, 2867, 1613, 1453, 748; NMR (400MHz, CDC})

(0, ppm): 1.31-1.47 (4H, m, norbornane-H), 1.61-1.77 (2H, m
norbornane-H), 1.96-2.03 (2H, m, norbornane-H), 2.55-2.70 (2H,
m, norbornane-H), 4.56-4.59 (1H, m, norbornane-H), 7.35 (1 H,

td, J = 7.6, 0.0 Hz, benzotriazole-H), 7.45 (1 H, td, J = 7.2, 0.8 > gagl;?ggg;ug-’ssh“;g;ﬁ; T e e e, Bor.
Hz, benzotriazole-H), 7.53 (1 H, d, J = 9.2 Hz, benzotriazole-H), 595. () Karbakhsh, R.; Sabet, FResearch in Pharmaceutical
8.04 (1 H, d, J = 8.0 Hz, benzotriazole-H{£ NMR (100 MHz, Sciences 2011, 6, 23-33.(d) Zarubaev, V. V.; Golod, E. L.;
CDCly) (6, ppm): 27.1, 28.7, 35.9, 36.0, 37.3, 42.9, 61.9, 109.7, /L\nfin)ov, PA '\<|/ ?(htrOI’ A'OA';I SafaeV:MVeaV(-:?hGaV%Ol\g /i\s S
. — ogvinov, A. V.; Kiselev, . L.bloorg. B em. A y
119.9, 123.8, 126.8, 133.0, 146.2; ESI-MBVZ] = 214.1 838_848' & Gonzales, M. E: Aﬁarcon’ B Cabildo, P.
([M+H]). Claramunt, R. M.; Sanz, D.; Elguero,ElL. J. Med. Chem. 1985,
- ; . 20, 359-362.
4.2.17. (1R,4S)-N-(§-n|trophenyl)b@ycl0[2.2.1] heptar_1£2.-am|ne 2. (a) Lauren, E. R.; Myles, B. H.; Vanessa, M. M.; Benjamin, K. K.;
(3g). Yellow crystal; m.p. 65-66C; IR (KBr, v, cm”): 3413, Robert, H. G.J. Am Chem Soc. 2013, 135, 1276-1279.(b)
2960, 2867, 1621, 1571, 1534, 1382;NMR (400MHz, CDC}) Benjamin, K. K.; Koji, E.; Paresma, R. P.; Myles, B. H.; Robert, H.
(0, ppm):; 1.18-1.23 (4H, m, norbornane-H), 1.43-1.56 (3H, m, G. J. Am. Chem. Soc. 2012, 134, 693-699.(c) Colin, M.; Paul, O.
norbornane-H), 1.77-1.82 (1H, m, norbornane-H), 2.19-2.25 (2H, g-:g?tggr:r?hgmé(?oggr:ﬁri}érZOXO,_?},DZQ?(?-ZJO(F))(Q)I:)%\&Z?“)Q ..
m, norbornane-H), 3.19 (1H, m, norbornane-H), 3.87 (1H, s, NH), Daniél, K. S'Cmt’ | R.: Allén, Mbrgano?netallic’s 2012, él, '
6.72'6.75 (1H, m, phenyl'H), 7.15'7.19 (1H, m, phenyl'H), 7.39' 7359'7367(8) HW|m|n, S, Benjamin, P R, Khahl, A A,
7.41 (1H, m, phenyl-H), 7.46-7.47 (1H, m, phenyl-HE NMR Kenneth, M. M.; Sukwon, HOrg. Lett. 2010, 12, 4860-4863(f)
(100 MHz, CDC)) (5, ppm): 26.4, 28.4, 35.5, 35.7, 41.0, 41.2, Niloufar, H.; Eric, A. B. K.; Christopher, J. O.; Michael G. @rg.
56.5, 106.7, 111.5, 119.0, 129.7, 148.3, 149.6; ESI-MS) (= Lett. 2005, 7, 1991-1994.
233.2 (M) ' () Som, A 5; Ardey, 8. L; ltuan, 8, Edueid, B. =
4.2.18. 4-((3s,5s,79)-adamantan-1-yl)-1H-pyrazole (5a). White 2012, 41, 8675-8689(b) Ganna, A. S.; Andrey, B. L.; Eduard, B.
crystal; m.p. 208-210C; IR (KBr, v, cni’): 3155, 2902, 2846, R Alexanden W . Haraid, X, <onstantin. V. Dorganica
1449, 958;'H NMR (400MHz, CDCJ) (5, ppm): 1.76 (6H, s, 4. (a) Kazimierczuk, Z.: Gorska, A.; Switaj, T.; Lasek, Bloorg.
Ad-H), 1.86 (6H, s, Ad-H), 2.04 (3H, s, Ad-H), 4.73 (1H, s, N-H), Med. Chem. Lett. 2001, 11, 1197-1200(b) Saraev, V. V.; Golod,
7.44 (2H, s, pyrazole-H);C NMR (100 MHz, CDCJ) (d, ppm): E. L. Russ. J. Org. Chem. 1997, 33, 571-574.(c) Cabildo, P.;
28.7 (3C), 31.2, 36.8 (3C), 44.2 (3C), 130.1, 130.2, 133.2; ESI- Claramunt, R. M.; Forfar, I.; Foces, C.; Llamas, A. L.; Elguero, J.
VS s = 209.2 (M4, Hasoqls 90,7, 1623163019 eV v_ e,
4.2.19. 4—((1r,3R,5$,7r)-3,5-dimethyladarr‘tantan-l—yl)-lH-pyrfl- . C(Q?E'ng{vo%c"sc.og’féﬁggﬁ' 3F23 %ZE%V?)?J? \L R Renfrow. W
zole (Sb). White crystal; m.p. 114-117; IR (KBr, v, cm): " B.J. Am Chem Soc. 1969, 91, 2573-2279?6) Breslow, D. S.;
3143, 2941, 2843, 1443, 95%7' NMR (400MHz, CDCY) (9, Edwards, E. I.; Leone, R.; Schleyer, P.JRAmM. Chem. Soc. 1968,
ppm): 0.90 (6H, s, Me-H), 1.21 (2H, s, Ad-H), 1.37-1.45 (4H, m, 90, 7097-7102.
Ad-H), 1.67-1.82 (4H, m, Ad-H), 2.05 (2H, s, Ad-H), 2.27-2.29 6. (a) Liu, Y. G.; Che, C. MChem. Eur. J. 2010, 16, 10494-10501.
(1H, m, Ad-H), 4.68 (1H, s, N-H), 7.43 (2H, s, pyrazole-HE () Yu, X. Q. Huang, J. S.; Zhou, X. G.; Che, C. Gkg. Let.
NMR (100 MHz, CDCJ) (5, ppm): 30.0 (2C), 31.1, 32.9, 40.6 fﬂogr?'suzy' 2038 2236.(0) Maly, J. Picoo ‘fd)' pamont, P
(2C), 42.4 (3C), 48.0 (2C), 50.4, 130.0, 130.1, 133.2; ESI-MS Lebel, H. Chem. Eur. J. '2008, ’14, 6222—6236.(e) Lebel,' H
(m/z) = 231.3 ([IM+HJ); Anal. Calcd for GsH,Ny: C, 78.21; H, Huard, K.Org. Lett. 2007, 9, 639-642(f) Au, S. M.; Huang, J. S.:
9.63; N, 12.16; Found: C, 78.18; H, 9.54; N, 12.21. Che, C. M.; Yu, W. Y.J. Org. Chem. 2000, 65, 7858-7864(q)
Kalita, B.; Lamar, A. A.; Nicholas, K. MChem. Commun. 2008,
4.3 General Procedurefor synthesis of compounds 4 36, 4291-4293(h) Kristin, W. F.; Christine, G. E.; Benjamin, H.
A mixture of the appropriate adamantane (I MMOLIZA- 7. (s voshimura, A, Nemykin, v. N Zhdankin, V. \Chem. Eur.
triazole (2 mmol), AIBf (2 mmol) and CBy (2 mmol) was J. 2011, 17, 10538-10541(b) Lamar, A. A.; Nicholas, K. MJ.
ground in a mortar and pestle at room temperature for 10 Org. Chem. 2010, 75, 7644-7650(c) Ochiai, M.; Miyamoto, K;
minutes. The product of azole derivatives were purified by ﬁ?eak'v T.; Hayashi, S.; Nakanishi, \Btience 2011, 332, 448-
cqlumn chromatography using ethyl acetate and petroleum ether 8. (a) Belen, R.: Angelika, B.: Toni, R.: Carsten, Bdv. Synth.
mixtures as the mobile phase. Catal. 2007, 349, 2213-2233.(b) Bruckmann, A.; Krebs, A.;
431 (15355579)-13-di(1H-1,2,4-triazol-1-yl)adamantine (4). Bonba T Loonnardt S B 92 Onthuseh ket ot Ret.
White crystal; m.p. 174-17&; IR (KBr, v, cm-1): 3131, 2936, 2011, 40, 2317-2329(d) Wang, G. W.; Gao J5reen Chem. 2012,
2860, 1501, 1279'H NMR (400MHz, CDCJ) (5, ppm): 1.84 14, 1125-1131.
(2H, s, Ad-H), 2.21-2.32 (8H, m, Ad-H), 2.61 (4H, s, Ad-H), 9. (@) Lee, B.; Kang, P.; Lee, K. H.; Cho, J.; Nam, W.; Lee, W. K,;

7.96 (2H, s, triazole-H), 8.16 (2H, s, triazole-F{Z NMR (100
MHz, CDCE) (3, ppm): 29.6 (2C), 34.5, 41.2 (4C), 47.2, 59.4

(2012DFR40240) are gratefully acknowledged.
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General Information

All the reactions were carried out at room temperature that is 15-20 1. Unless otherwise noted,
all reagents were purchased from commercial suppliers and used without purification. All reactions
were conducted by grinding in a mortar and pestle. Melting points were determined using XT4
microscope melting point apparatus (uncorrected). Infrared (IR) spectra were recorded on a Perkin
Elmer FT-IR spectrophotometer with KBr pellets. *H and *C NMR spectra were recorded at a
Bruker 400 (400 MHz) spectrometer with TMS as the internal standard. M ass spectra were recorded
on a ZAB-HS mass spectrometer using ESI ionization. Elemental analyses were performed on an
Elementar Vario EL.

General Procedurefor synthesis

General Procedurefor synthesis of compounds3 and 5

A mixture of the appropriate adamantane/norbornane (1 mmol), azole/heteroarylamine/arylamine
(2 mmol), AIBrz (0.5 mmol) and CBr4 (0.5 mmol) was ground in a mortar and pestle at room
temperature till the completion of reaction as indicated by TLC (5-10 min). The product of azole
derivatives were purified by recrystallisation from ethyl alcohol, and the heteroaryl/ arylamine
derivatives were purified by column chromatography using ethyl acetate and petroleum ether
mixtures as the mobile phase.

General Procedurefor synthesisof compound 4

A mixture of the appropriate adamantane (1 mmol), 1H-1,2,4-triazole (2 mmol), AlBr3; (2 mmol)
and CBr,4 (2 mmol) was ground in a mortar and pestle at room temperature for 10 minutes. The
product of azole derivatives were purified by column chromatography using ethyl acetate and
petroleum ether mixtures as the mobile phase.

Spectra Data for the Products

1-((3s,5s,7s)-adamantan-1-yl)-1H-tetr azole (3a)

White crystal; m.p. 135-136 °C; IR (KBr, v, cm®): 3348, 3148, 3121, 2913, 2855, 1626, 1556, 1453; ‘H NMR
(400MHz, CDCl3) (d, ppm): 1.83 (6H, s, Ad-H), 2.27 (6H, s, Ad-H), 2.31 (3H, s, Ad-H), 8.63 (1H, s, tetrazole-H);
13C NMR (100 MHz, CDCl3) (5, ppm): 29.23 (3C), 35.61 (3C), 42.59 (3C), 59.72, 139.30; ESI-MS (m/z) = 205.2
(M+H]").

1-((3s,5s,7s)-adamantan-1-yl)-1H-benzo[d][1,2,3]triazole (3b)

S2



White crystal; m.p. 164-165 ‘C; IR (KBr, v, cm™): 3051, 2918, 2849, 1671, 1620, 1454, 740; 'H NMR
(400MHz, CDClI3) (6, ppm): 1.91 (6H, s, Ad-H), 2.38 (3H, s, Ad-H), 2.56 (6H, s, Ad-H), 7.36 (1LH, td, J=7.6, 1.6
Hz, benzotriazole-H), 7.45 (1 H, td, J= 7.2, 0.8 Hz, benzotriazole-H), 7.85 (1 H, d, J = 8.0 Hz, benzotriazole-H),
8.11 (1 H, d, J= 9.2 Hz, benzotriazole-H); *C NMR (100 MHz, CDCl5) (6, ppm): 29.31 (3C), 35.70 (3C), 42.84
(3C), 61.67, 112.50, 120.43, 123.43, 126.31, 131.74, 147.06; ESI-MS (m/2) = 254.2 ([M+H]").

1-((3s,5s,7s)-adamantan-1-yl)-1H-1,2 4-triazole (3c)

N
(BIN
\=N

3c

White crystal; m.p. 87-88 °C; IR (KBr, v, cm): 3119, 2909, 2861, 1742, 1498, 1276; ‘H NMR (400MHz,
CDCls) (6, ppm): 1.78 (6H, s, Ad-H), 2.17 (6H, s, Ad-H), 2.24 (3H, s, Ad-H), 7.93 (1H, s, triazole-H), 8.12 (1H, s,
triazole-H); *C NMR (100 MHz, CDCls) (5, ppm): 29.39 (3C), 36.04 (3C), 42.68 (3C), 58.63, 139.49, 151.31;
ESI-MS (m/2) = 204.2 ((M+H] ).

1-((3s,5s,75)-adamantan-1-yl)-1H-1,2,4-triazol-3-amine (3d)

N<__NH,
N N
@ =g

3d

White crystal; m.p. 223-225 °C; IR (KBr, v, cm™): 3349, 3183, 2909, 2855, 1646, 1557; *H NMR (400MHz,
DMSO-ds) (5, ppm): 1.68 (6H, s, Ad-H), 2.01 (6H, s, Ad-H), 2.13 (3H, s, Ad-H), 5.15 (2H, s, N-H), 7.94 (1H, s,
azole-H); *C NMR (100 MHz, DMSO-dg) (5, ppm): 28.71 (3C), 35.57 (3C), 41.83 (3C), 56.41, 138.74, 162.26;
ESI-MS (m/2) = 219.2 ([M+H]").

1-((3s,5s,75)-adamantan-1-yl)-1H-imidazole (3e)

White crystal; m.p. 110-112 °C; IR (KBr, v, cm™): 3052, 2914, 2832, 1432, 933; 'H NMR (400MHz, CDCl5) (d,
ppm): 1.77 (6H, s, Ad-H), 2.08 (6H, s, Ad-H), 2.24 (3H, s, Ad-H), 7.06 (1H, s, imidazole-H), 7.08 (1H, s,
imidazole-H), 7.64 (1H, s, imidazole-H); *C NMR (100 MHz, CDCl3) (6, ppm): 29.51 (3C), 36.07 (3C), 43.87
(3C), 55.02, 115.34, 128.81, 133.63; ESI-MS (m/z) = 203.2 ([M+H]").

(3s,55,75)-N-(p-tolyl)adamantan-1-amine (3f)
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st

3f

White crystal; m.p. 95-96 ‘C; IR (KBr, v, cm™): 3408, 2909, 2848, 1609, 1517, 1449, 803; *H NMR (400MHz,
CDCls) (d, ppm): 1.66 (6H, s, Ad-H), 1.82 (6H, s, Ad-H), 2.09 (3H, s, Ad-H), 2.26 (1H, s, Me-H), 6.74-6.77 (2H,
m, phenyl-H), 6.97-7.00 (2H, m, phenyl-H); *C NMR (100 MHz, CDCl3) (5, ppm): 20.64, 29.76 (3C), 36.51 (3C),
43.65 (3C), 52.47, 120.96 (2C), 129.28 (3C), 143.20; ESI-MS (m/2) = 242.3 ((M+H]").

(3s,5s,75)-N-(4-nitr ophenyl)adamantan-1-amine (3g)

39
Yellow crystal; m.p. 169-170 C; IR (KBr, v, cm™): 3371, 2919, 2850, 1595, 1535, 1450, 1275; 'H NMR
(400MHz, DM SO-dg) (6, ppm): 1.64-1.69 (6H, m, Ad-H), 1.96 (6H, s, Ad-H), 2.09 (3H, s, Ad-H), 6.84 (2H, d, J =
9.2 Hz, phenyl-H), 7.92 (2H, d, J = 9.2 Hz, phenyl-H); *C NMR (100 MHz, DMSO-dq) (5, ppm): 29.63 (3C),
36.58 (3C), 41.71 (3C), 53.38, 112.55 (2C), 126.11 (2C), 137.34, 150.03; ESI-MS (m/2) = 273.0 ((M+H]").

(3s,5s,75)-N-(3-nitr ophenyl)adamantan-1-amine (3h)

0.2,

3h

Yellow crystal; mp. 125-126 C; IR (KBr, v, cm™): 3413, 2906, 2849, 1621, 1577, 1529, 1338; 'H NMR
(400MHz, CDCl3) (4, ppm): 1.63 (6H, s, Ad-H), 1.86 (6H, s, Ad-H), 2.08 (3H, s, Ad-H), 6.89-6.92 (1H, m,
phenyl-H), 7.13-7.19 (1H, m, phenyl-H), 7.43-7.45 (1H, m, phenyl-H), 7.48-7.49 (1H, m, phenyl-H); *C NMR
(100 MHz, CDCly) (6, ppm): 29.67 (3C), 36.39 (3C), 42.92 (3C), 53.08, 110.43, 112.26, 122.52, 129.43, 149.23,
150.59; ESI-MS (mV2) = 273.3 ((M+H]").

2-((3s,5s,79)-adamantan-1-ylamino)benzonitrile (3i)

oS

White crystal; m.p. 153-154 °C; IR (KBr, v, cm™): 3395, 2917, 2846, 2209, 1603, 1579, 1519, 1465, 741; *H
NMR (400MHz, CDCls) (J, ppm): 1.70 (6H, s, Ad-H), 1.99 (6H, s, Ad-H), 2.15 (3H, s, Ad-H), 4.38 (1H, s, N-H),
6.61-6.65 (1H, m, phenyl-H), 7.01 (1H, d, J = 9.6 Hz, phenyl-H), 7.28-7.32 (1H, m, phenyl-H), 7.36 (1H, d, J =
8.0 Hz, phenyl-H); *C NMR (100 MHz, CDCl3) (5, ppm): 29.66 (3C), 36.36 (3C), 42.61 (3C), 52.76, 97.79,
114.73, 116.44, 118.31, 133.20, 133.45, 149.18; ESI-MS (/) = 253.2 ((M+H]").

N-((3s,5s,7s)-adamantan-1-yl)pyridin-2-amine (3j)
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White crystal; m.p. 171-172 °C; IR (KBr, v, cm™): 3372, 3011, 2904, 2847, 1602, 1507, 1485; ‘H NMR
(400MHz, CDCl3) (6, ppm): 1.70 (6H, s, Ad-H), 2.04 (6H, s, Ad-H), 2.12 (3H, s, Ad-H), 4.48 (1H, s, N-H),
6.48-6.53 (2H, m, pyridine-H), 7.32-7.37 (1H, m, pyridine-H), 8.03 (1H, d, J=3.6 Hz, pyridine-H); *C NMR (100
MHz, CDCl3) (5, ppm): 29.10 (3C), 35.63 (3C), 41.77 (3C), 56.43, 112.31, 114.54, 138.40, 147.82, 156.97,
ESI-MS (m/2) = 229.2 ([M+H]").

2-((3s,5s,7s)-adamantan-1-ylamino)nicotinonitrile (3k)

@ij
o
N~ 'N
H

3k

White crystal; m.p. 169-170 ‘C; IR (KBr, v, cm™): 3359, 3003, 2902, 2849, 2219, 1591, 1576, 1506, 1461,
1415; *H NMR (400MHz, CDCl5) (d, ppm): 1.73 (6H, s, Ad-H), 2.13 (3H, s, Ad-H), 2.16 (6H, s, Ad-H), 4.93 (1H,
s, N-H), 6.51-6.54 (1H, m, pyridine-H), 7.58-7.60 (1H, m, pyridine-H), 8.22-8.24 (1H, m, pyridine-H); *C NMR
(100 MHz, CDCl3) (6, ppm): 29.73 (3C), 36.56 (3C), 41.81 (3C), 53.28, 91.93, 111.29, 117.87, 141.30, 152.10,
158.54; ESI-MS (m/2) = 254.2 ([M+H] ™).

N? N°-di((3s,5s,7s)-adamantan-1-yl)pyridine-2,6-diamine (31)

3l

Green crystal; m.p. 144-145 C; IR (KBr, v, cm™): 3393, 3323, 2905, 2849, 1591, 1498, 1452; 'H NMR
(400MHz, CDCl3) (6, ppm): 1.67 (12H, s, Ad-H), 2.05 (12H, s, Ad-H), 2.09 (6H, s, Ad-H), 4.13 (2H, s, N-H),
5.73 (2H, d, J = 7.6 Hz, pyridine-H), 7.07 (1H, t, J = 7.6 Hz, pyridine-H); *C NMR (100 MHz, CDCls) (5, ppm):
29.73 (6C), 36.58 (6C), 42.60 (6C), 49.37, 51.30, 97.29 (2C), 137.94, 157.01 (2C); ESI-MS (m/z) = 3785
(IM+H]"); Anal. Calcd for CosHasN3: C, 79.53; H, 9.34; N, 11.13; Found: C, 79.31; H, 9.27; N, 11.08.

1-((1r,3R,5S,7r)-3,5-dimethyladamantan-1-yl)-1H-benzo[d][ 1,2,3]triazole (3m)

White crystal; m.p. 104-105 °C; IR (KBr, v, cm™): 3103, 2915, 2848, 1611, 1454, 750; '"H NMR (400MHz,
CDCl5) (6, ppm): 0.98 (6H, s, Me-H), 1.35 (2H, s, Ad-H), 1.46-1.58 (4H, m, Ad-H), 2.10-2.20 (4H, m, Ad-H),
2.35(2H, s, Ad-H), 2.37-2.39 (1H, m, Ad-H), 7.32 (1 H, td, J= 7.2, 0 Hz, benzotriazole-H), 7.41 (1 H, td, J= 7.4,
1.2 Hz, benzotriazole-H), 7.78 (1 H, d, J = 8.0 Hz, benzotriazole-H), 8.07 (1 H, d, J = 8.4 Hz, benzotriazole-H);

S5



Bc NMR (100 MHz, CDClI3) (o, ppm): 30.10 (2C), 32.90, 40.67 (2C), 42.49 (3C), 48.02 (2C), 50.43, 63.11,
112.36, 120.33, 123.34, 126. 25, 131.66, 146.89; ESI-MS (m/2) = 282.1 ([M+H]"); Anal. Calcd for CigHxsN3: C,
76.83; H, 8.24; N, 14.93; Found: C, 76.65; H, 8.12; N, 14.81.

2-(((1r,3R,55,7r)-3,5-dimethyladamantan-1-yl)amino)benzonitrile (3n)

)

N
H3n

White crystal; m.p. 75-76 ‘C; IR (KBr, v, cm): 3403, 2945, 2893, 2205, 1605, 1576, 1514, 1463; 'H NMR
(400MHz, CDCl5) (d, ppm): 0.90 (6H, s, Me-H), 1.20 (2H, s, Ad-H), 1.33-1.42 (4H, m, Ad-H), 1.57-1.68 (4H, m,
Ad-H), 1.85 (2H, s, Ad-H), 2.21-2.23 (1H, m, Ad-H), 4.45 (1H, s, N-H), 6.64-6.68 (1H, m, phenyl-H), 7.00 (1H,
d, J = 8.8 Hz, phenyl-H), 7.30-7.34 (1H, m, phenyl-H), 7.38 (1H, d, J = 8.0 Hz, phenyl-H); *C NMR (100 MHz,
CDCl5) (6, ppm): 30.31 (2C), 32.79, 41.08 (2C), 42.65 (3C), 48.73 (2C), 50.62, 54.56, 95.35, 114.92, 116.67,
120.94, 133.20, 133.47, 152.02; ESI-MS (m/2) = 281.1 ([M+H]"); Anal. Calcd for C1gH,4N,: C, 81.38; H, 8.63; N,
9.99; Found: C, 81.25; H, 8.52; N, 9.91.

2-(((1r,3R,55,7r)-3,5-dimethyladamantan-1-yl)amino)nicotinonitrile (30)

B
|
N N
H3o

White crystal; m.p. 70-71 °C; IR (KBr, v, cmY): 3398, 2941, 2843, 2215, 1591, 1575, 1416; ‘H NMR
(400MHz, CDCl3) (6, ppm): 0.88 (6H, s, Me-H), 1.18-1.20 (2H, m, Ad-H), 1.30-1.44 (4H, m, Ad-H), 1.73-1.84
(4H, m, Ad-H), 2.00 (2H, s, Ad-H), 2.17-2.19 (1H, m, Ad-H), 4.93 (1H, s, N-H), 6.51-6.54 (1H, m, pyridine-H),
7.57-7.59 (1H, m, pyridine-H), 8.22-8.24 (1H, m , pyridine-H); *C NMR (100 MHz, CDCl3) (6, ppm): 30.23 (2C),
32.59, 40.16 (2C), 42.75 (3C), 47.73 (2C), 50.69, 54.77, 100.71, 111.23, 117.29, 141. 19, 152.24, 160.53; ESI-MS
(m2) = 282.3 ((M+H]"); Anal. Calcd for CigHasNs: C, 76.83; H, 8.24; N, 14.93; Found: C, 76.65; H, 8.32; N,
14.91.

1-((1R,49)-bicyclo[2.2.1]heptan-2-yl)-1H-benzo[d][ 1,2,3] triazole (3p)

White crystal; m.p. 75-76 ‘C; IR (KBr, v, cm™): 3062, 2960, 2867, 1613, 1453, 741; 'H NMR (400MHz,
CDCl3) (6, ppm): 1.31-1.47 (4H, m, norbornane-H), 1.61-1.77 (2H, m, norbornane-H), 1.96-2.03 (2H, m,

norbornane-H), 2.55-2.70 (2H, m, norbornane-H), 4.56-4.59 (1H, m, norbornane-H), 7.35 (1 H, td, J= 7.6, 0.0 Hz,
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benzotriazole-H), 7.45 (1 H, td, J= 7.2, 0.8 Hz, benzotriazole-H), 7.53 (1 H, d, J = 9.2 Hz, benzotriazole-H), 8.04
(1 H, d, J = 8.0 Hz, benzotriazole-H); **C NMR (100 MHz, CDCls) (6, ppm): 27.11, 28.76, 35.95, 36.00, 37.36,
42.96, 61.93, 109.76, 119.91, 123.88, 126.81, 133.02, 146.26; ESI-MS (mV/2) = 214.1 ((M+H]").

(1R,4S)-N-(3-nitrophenyl)bicyclo[2.2.1]heptan-2-amine (3q)

H
E 3q NO,

Yellow crystal; mp. 65-66 ‘C; IR (KBr, v, cm™): 3413, 2960, 2867, 1621, 1571, 1534, 1332; 'H NMR
(400MHz, CDCl3) (4, ppm): 1.18-1.23 (4H, m, norbornane-H), 1.43-1.56 (3H, m, norbornane-H), 1.77-1.82 (1H,
m, norbornane-H), 2.19-2.25 (2H, m, norbornane-H), 3.19 (1H, m, norbornane-H), 3.87 (1H, s, NH), 6.72-6.75
(1H, m, phenyl-H), 7.15-7.19 (1H, m, phenyl-H), 7.39-7.41 (1H, m, phenyl-H), 7.46-7.47 (1H, m, phenyl-H); **C
NMR (100 MHz, CDCly) (4, ppm): 26.42, 28.45, 35.56, 35.75, 41.02, 41.24, 56.59, 106.70, 111.52, 119.05,
129.73, 148.30, 149.68; ESI-MS (m/2) = 233.2 ([M+H]").

(1s,3s,5s,79)-1,3-di(1H-1,2,4-triazol-1-yl)adamantine (4)

N
-
U N

White crystal; m.p. 174-176 °C; IR (KBr, v, cm-1): 3131, 2936, 2860, 1501, 1279; 'H NMR (400MHz, CDCl5)
(8, ppm): 1.84 (2H, s, Ad-H), 2.21-2.32 (8H, m, Ad-H), 2.61 (4H, s, Ad-H), 7.96 (2H, s, triazole-H), 8.16 (2H, s,
triazole-H); **C NMR (100 MHz, CDCl3) (5, ppm): 29.69 (2C), 34.59, 41.22 (4C), 47.23, 59.48 (2C), 139.45,
151.67; ESI-MS (m/z) = 271.2 ([M+H]"); Anal. Calcd for CisH1gNg: C, 62.20; H, 6.71; N, 31.09; Found: C, 62.18;
H, 6.64; N, 31.15.

4-((3s,5s,75)-adamantan-1-yl)-1H-pyrazole (5a)

5a
White crystal; m.p. 208-210 °C; IR (KBr, v, cm'™"): 3155, 2902, 2846, 1449, 958; 'H NMR (400MHz, CDCl5) (4,
ppm): 1.76 (6H, s, Ad-H), 1.86 (6H, s, Ad-H), 2.04 (3H, s, Ad-H), 4.73 (1H, s, N-H), 7.44 (2H, s, pyrazole-H);
13C NMR (100 MHz, CDCl3) (6, ppm): 28.78 (3C), 31.27, 36.84 (3C), 44.28 (3C), 130.14, 130.25, 133.29;
ESI-MS (m/2) = 203.2 ([M+H]").
4-((1r,3R,5S,7r)-3,5-dimethyladamantan-1-yl)-1H-pyrazole (5b)
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White crystal; m.p. 114-117 °C; IR (KBr, v, cm™): 3143, 2941, 2843, 1443, 954; '"H NMR (400MHz, CDCl3) (5,
ppm): 0.90 (6H, s, Me-H), 1.21 (2H, s, Ad-H), 1.37-1.45 (4H, m, Ad-H), 1.67-1.82 (4H, m, Ad-H), 2.05 (2H, s,
Ad-H), 2.27-2.29 (1H, m, Ad-H), 4.68 (1H, s, N-H), 7.43 (2H, s, pyrazole-H); *C NMR (100 MHz, CDCls) (4,
ppm): 30.08 (2C), 31.17, 32.92, 40.69 (2C), 42.43 (3C), 48.00 (2C), 50.41, 130.09, 130.15, 133.27; ESI-MS (m/2)
=231.3 ((M+H]"); Anal. Calcd for CisH,,Ny: C, 78.21; H, 9.63; N, 12.16; Found: C, 78.18; H, 9.54; N, 12.21.
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