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Synthesis of 4,8,9,10-Tetrafunctionalized 2-Azaadamantanes and
Their 2-Azaprotoadamantane Skeleton Isomers

Cai, Rongbin' Li, Bing' Zhou, Qi Zhu, Longyi* Luo, Jun*
(School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094)

Abstract The multi-step synthesis of rigid and multifunctionalized azaadamantane skeletons from small molecules has al-
ways been a challenge in the field of adamantane chemistry. In this work, the bisepoxidized intermediate was obtained via
ketalization, bromination, elimination, and Prilezhaev oxidation using bicyclo[3.3.1]nonane-2,6-dione as the raw material,
which was then ammonolyzed and cyclized to generate 9,10-dihydroxy-2-azaadamantane-4,8-dione bis(ethylene ketal) with
ammonia at 120 ‘C. After that, 9,10-dinitroyloxy-2-nitro-2-azaadamantane-4,8-dione bis(ethylene ketal) was synthesized by
N,O-nitration with the overall yield of 10% over six steps. Furthermore, when the bisepoxidized intermediate was ammono-
lyzed at 135 °C, a skeleton isomer 4,10-dihydroxy-2-azaprotoadamantane-5,9-dione bis(ethylene ketal) was formed, which
was then transformed to the corresponding O-nitrated and N,O-dinitrated derivatives through N-acetylation, deketalization and
nitration, respectively. These provide a reliable method for the subsequent derivation of multifunctional 2-azaadamantane and
its skeleton isomer 2-azaprotoadamantane, which might be used as basic scaffolds for high energy density cage-like com-
pounds.
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Figure 1 Representative compounds bearing azaadamantane skeleton
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Figure 2  Synthetic strategy of 4,8,9,10-tetrafunctional-2-azaadamantane
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Scheme 2 Construction of 9,10-dihydroxy-2-azaadamantane-4,8-dione bis(ethylene ketal) and its skeleton isomer

1 B ERAFFRIAL «
Table 1 Optimization of ring closing reaction conditions for
ammonolysis

Ho, Q7Y OK\O "o o
HN 79 Ny o_ NHs PV e
O MeOH, heat MeOH, heat O
Q/o1 9 C

) OH  6-exo-tet . o] 5-exo-tet o » OH
Entry Temp./’C Time/h Recovery’/% of 9 Yield®/% of 12/14
1 100 24 86 <5/0
2 105 24 81 8/0
3 110 24 73 12/0
4 115 24 64 21/0
5 120 24 53 30/0
6 125 24 50 26/7
7 130 24 46 19/18
8 135 24 40 14/26
9 140 24 39 12/24
10 120 36 36 37/0
11 120 48 30 42/0
12 120 60 25 40/0
13 135 36 36 18/33
14 135 48 27 17/39
15 135 60 18 11/36
16¢ 120 48 34 38/0
17¢ 135 48 28 13/36
187 135 48 — 96/0

4 Reaction condition: bisepoxide 9 (194 mg, 0.72 mmol), saturated methanol
solution of ammonia (5 mL). ? Isolated yield. ¢ Recovered 9 as the substrate.
4Compound 12 as the substrate.

T A B0 25 18] BEL T 3R 00 H B PR A s oL 1%
S SONRE(100~120 °C), JRH9 H[mlic A B & T B
1M EARF=4) 12 PN B 2 42 =i (Entries 1~5), R
FEN 120 °C, 724 12 W ERIA B8 7KV (Entry 5); 4%
SR N FE(120~140 °C), B} T Hin™ 4 12 4t
A A2 R 4,10- —FR5E-2- A R & NI kE-5,9-
i 0L (2 — T 4 TR ) (14) 43 23 25 H K (Entries 6~9). %
MR TR 135 CHE, BAZY 112 IR 2R E =)
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12 J2 14, B SCE 40%, AHRERHEICRTTA 40%
(Entry 8). ZE S B [H] %At 26 25 BT 7 i (Entries 10~
12, 12~15), 37 120 C T =M 48 h b, 2-Z % E Nk
FEYD 12 RIS B B IR 42%, 60% brsm (based on
recovered starting material)] H AR 73 25453 274 14 (Entry
11); H7E 135 C NV 48 h i, 2- R4 JE & Wkt =4 14
FICRIE BB = (IR 39%, 53% brsm), [H]EF 4355 H
17%WZ 1 2-8 4 & WIE ™) 12 (Entry 14). [EISIL
R 9 Thae ARBI SRS 2072 12 K 14, Xt
— 3B AE W EL R 5 R B 22 M (Entries 16, 17). b4k, HAhZ
AR, K=y 12 BHRXCAAN 9, 75135 CHKMAET
JBE 48 h, AT55E P 96% U2 IS =4 12, T A 43 B Hh
Rtk P4y 14, RAEEIRA35 TFMETF, 7125 14
T AR H Ak
1.3 9,10-ZRE-2-ARENIkT-4,8-Z AN (Z —E2 4
)& BB RS0 2-A 2R SN ZR M H I & B

B X 9,10- —Rk-2- %4 & NI bi-4,8- —FiIX(Z, —
R 4R B ) (12) AT Sk, 75 R JER R - — 38 L BRI 4k &
AT DUG USRS R EAT A AL, DL S8% = A5 5|
T E A A A R B S NI T 17, Fdid X
SRATHTE— D R S50, 2- B AR NI b 2=
14 7] DURZ I N- IS W 18, SR )5 F R IS R - —
SOTRBTACEE, AERAE, 5H SRS 2 5 A,
JR & WIGEATAED) 18 TEM RIS Ak 2541 238 1 9-C 1
YAl ) R R R B, PR 5-C AL4RfRgE i, 73 nis 3]
O-THAL =4 19 J N,O-TisA =4 20, oA B f 87 1]
P[RR FE =R O-W =), FEF N L3I
(TR A 7E 12 S NEAR 2R R R AR N-RiS AL SO R PR, T
9-C r kA 246 Witk T B8 5 W8A (1) 31 7K 7745 5%(Scheme
3).
1.4 B REERS T

BUE RN 2-B A ERW5e=2 17 i TE0i+h, HE,
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3.2 XIN[3.3.1]F4R-3,7-Z)%-2,6-—F(4) 0 & %

Z R[S T 130T, K i 13 (1.52 g, 0.01
mol). ZEPHEFER K (3.44 g, 0.022 mol). S AbLHN(1.46 g,
0.06 mol). VUEMEME(20 mL)IKKIMAZR] 50 mL AR
L, ER TR, HBERR(v=4%)% K, I pH
N 3~4, BESOEFR. K 15 mL, KIREH LR
CPRFEE, WA ERK GRS, oK T 1%, ik,
TR R SR 5.5 g BEJE NN H ZE(Q25 mL)FI
BRER4M(5.3 g, 0.05 mol), [FIR AL 10 min. #EHZ =R
IRt uE, FHZRQ0 mL)BEGIED, W2, RAEZE
M, A B RV D V=6 DEEREIEA3.3.1]F
BE-3,7-)5-2,6- —Hi(4) 1.21 g, WK 81%. ¥ Hi taff 14,
m.p. 102~104 C (Lit.57 105 C); '"H NMR (500 MHz,
Chloroform-d) ¢: 6.99 (dd, /=10.0, 6.8 Hz, 2H), 5.87 (d,
J=10.0 Hz, 2H), 3.33 (dt, J=6.8, 2.9 Hz, 2H), 2.76 (t, J=
2.9 Hz, 2H); “C NMR (126 MHz, Chloroform-d) o:
193.67, 146.55, 126.25, 45.87, 34.55.

3.3 WIF[3.3.1]FH-3,7-Z)-2,6- —E2(5) & K

S R[5S A 14T . LKA =&AL (301
mg, 0.81 mmol)i& T /K HEE(S mL)H, MKIIMA )
fiil 4 (120 mg, 0.81 mmol). —& H %¢(5 mL), —20 CF
PHE R B 20 min J5IIABIEAEN(46 mg), dRBFE R
B 1 h, ZBIHEZE 25 C. RNEHRE, HIAUKKQR0
mL) PR, i, WEAVLAE. EH 48R 28RS
mL X 5)ZHUKA, MAE K15 mL)PkEk, LK
BN R, k) ZETRAS B . REIRAE R, AliE &
B OBE(V 2 V=1 I 2)BE i3 WA [3.3.1]F K -3,7- — M-
2,6- FE(5) 90 mg, WE 88%. MM, mp. 129~
133 °C; 'H NMR (500 MHz, DMSO-ds) J: 5.65 (ddd, J=
10.2, 5.3, 2.1 Hz, 2H), 5.50 (dd, J=9.9, 1.6 Hz, 2H), 4.60
(s, 2H), 4.35~4.24 (m, 2H), 2.38~2.28 (m, 2H), 1.65 (t,
J=3.3 Hz, 2H); 3C NMR (126 MHz, DMSO-ds) o:
131.83, 128.04, 70.87, 34.63, 28.90.

3.4 IEF[3.3.11FHe-2,6-—EI(Z —E2 4 HR)(15) 0 &
19

Z22 R[SV T V23T, H i 13 (19.2 g, 126.0
mmol). £ —F#(17 mL, 332 mmol). X F KGR — KA
(0.3 g)iE T H 25(150 mL) ", HEREFHFINHE [ Oh s
122 °C), [FIBTH 737K 8Bk 2B Rk, = 24 h )5, H
LR I NIV, VAN IR SN BN Sk BRI
BHUH, 45 DR 280043 XA [3.3.1] F F6-2,6- — B XX
(L ZBE4RIR)(15) 22.82 g, WaZ 89%. H A, m.p.
66~68 C (Lit[* 68~73 ‘C); 'H NMR (500 MHz,
Chloroform-d) ¢: 4.02~3.84 (m, 8H), 1.96~1.86 (m, 6H),
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1.77 (dt, J=6.0, 3.2 Hz, 2H), 1.74~1.62 (m, 4H); 13C
NMR (126 MHz, Chloroform-d) d: 110.77, 64.48, 64.33,
36.10, 31.62, 29.56, 23.80.
3.5 3,7-ZRMIA[3.3.1Fk-2,6- BN (Z —E$ 47
Bil)(16)60 & BX

S CHR[SOVI T LAY, 17 46 15 (22.6 g, 94
mmol) {J VY ZFK (200 mL)A R I = IR AL e $5 25
(65.8 g, 206 mmol), T-—78 ‘C F4k&:d+E 1 h, SR)5%%
BIHEE=REHRE 2 h, HIAVKK600 mL)H I F Z1 45
P 30 min 15 A AYTE. IIE, AR KRS, DL
fi B A5 S 3,7- IRXOA[3.3.1] T kE-2,6- - BHXU( 2 - fE
5W)(16) 33.2 g, WK 89%. A MIEIA, mp. 200~
201 C (Lit. 202 C); '"H NMR (500 MHz, Chloro-
form-d) : 4.44 (dd, J=13.2, 6.7 Hz, 2H), 4.26~4.18 (m,
4H), 4.01~3.92 (m, 4H), 2.52 (dd, J=13.9, 6.6 Hz, 2H),
2.13 (td, J=13.7, 5.3 Hz, 2H), 2.07~1.99 (m, 4H); 13C
NMR (126 MHz, Chloroform-d) d: 108.79, 66.66, 65.94,
54.44, 41.60, 35.65, 28.04.
3.6 WIF[3.3.1]FE%-3,7-"4-2,6- — B W (Z —EE 45
i) (6)HY & AL

2 RSOV T VAT, ¥ IR 16 (19.6 g,
49.2 mmol). FEE44(16.0 g, 296 mmol)F1 — FF ZE AR (100
mL)KUOMAZ] 250 mL B, #HE 120 CH-HH:
K16 h. N EERJEAEIE =, KSR R TK K
(150 mL)"H, 2 Z. k(80 mL X 3)AKHL, AL INIE R
(50 mL)¥E¥, ToKBREREA TR, WUEZEM, TR
FEEMT, Al 2R R0V D V=15 DM, BRI
R[3.3.1]FH8-3,7- —)-2,6- X 2. —BE i ) (6) 8.91
g, WE 77%. AMEE, mp. 74~75 C (Lit5) 76~
78 C); '"H NMR (500 MHz, Chloroform-d) 6: 6.02 (dd,
J=10.1, 5.7 Hz, 2H), 5.50 (d, J=10.1 Hz, 2H), 4.12~
3.95 (m, 6H), 3.96~3.86 (m, 2H), 2.49~2.38 (m, 2H),
222 (t, J=3.1 Hz, 2H); 3C NMR (126 MHz, Chloro-
form-d) J: 132.76, 126.98, 107.48, 65.16, 64.53, 38.15,
28.61.
3.7 3.8-"—&EFWIR[[1,3] — & IKEF-2,5-=3F[4.4.
1.024.079+—4:-10',2"-[1,3| — & X FF](9) B & B

% 6 (250 mg, 1.1 mmol, 1 equiv.)i& T & H ke
(20 mL)H, HEIIA TS E0 85% 1) &l ok H
F2(950 mg, 5.5 mmol), 25 C FHHE M 48 h, SRJFIIA
JRE ST HCN 10% 1) VAR B AN (10 mL) ¥R K S,
Oy, U MLAH, IR B R ANV (10 mL) ¥
B, ZEMEE(15 mLX3)ARUKA. & IFA NI
AR5 mL)Pewk, STKBRERIN T, HhiE, Wk
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U, BRVEERAEENT, AME/ R OBV V=
50 DBEML, B3] 3.8 - T AARAAER[1,3] = AURFR-2,5'-
= [4.4.1.0%4.07]+ —%£-10',2"-[1,3] K IF)(9) 222
mg, B 72%. AMEAE, mp. 176~177 C; 'H NMR
(500 MHz, Chloroform-d) J: 4.19~4.07 (m, 6H), 4.01~
3.94 (m, 2H), 3.43 (dd, J=3.7, 2.1 Hz, 2H), 3.01 (dd, J=
3.7, 1.5 Hz, 2H), 2.26~2.17 (m, 2H), 1.59 (t, J=3.1 Hz,
2H); 3C NMR (126 MHz, Chloroform-d) : 104.15, 65.66,
64.56, 54.60, 52.23, 36.09, 13.20; IR (thin film) v: 2981,
2898, 1424, 1312, 1256, 1218, 1102, 1056, 973 cm
HRMS (ESI) caled for Ci3H;6NaOs [M+Na]™ 291.0839,
found 291.0846.

3.8 9,10-ZRE-2-BH#E&NIK-4,8-ZHXN(Z —Ez4E
Bil)(12)H0 & BX

£ 35 mL JEEET HE A AR IO AR A AL 9 (194
mg, 0.72 mmol). (S mL)F 5 mL FIH AT S H LS
WOREC: £ 0 °CF M4 HE B Jo K H EE h 248 08 N\ T )%
/S 1 h), FEETHRZE 120 C, RN 48 h.
IR, WEI R, R AR . AR
FEEMT, A OB ARV D V=1 DB, Bk 91
mg FIERL 9, [RIE 47%. gk 2./ 2 Bs/FEE(V -
V=9 DAk, 5 9,10- 52 IE-2-FH A & W ki-4,8-
TR T EEAERR)(12) 87 mg, WUE 42%. A,
m.p. 191~193 °C; 'H NMR (500 MHz, Methanol-ds) J:
4.15 (t, J=3.5 Hz, 2H), 4.06~3.95 (m, 8H), 2.72 (dt, J=
3.5, 1.5 Hz, 2H), 2.08 (t, J=3.0 Hz, 2H), 1.91~1.86 (m,
2H); 3C NMR (126 MHz, Methanol-ds) J: 109.71, 72.68,
66.06, 65.12, 53.98, 43.38, 20.72; IR (thin film) v: 3499,
3408, 2962, 2887, 1451, 1420, 1269, 1193, 1123, 1091
cm !'; HRMS (ESI) caled for C;3HyNOs [M+H] "
286.1285, found 286.1282.
3.9 410-ZHEE-2-BFFEE&NIKR-59-ZHN(Z =8
HRER)(14) B9 & AR

b & 12 A ROTEE, 78 35 mL JEEE £
UM IR ALY 9 (194 mg, 0.72 mmol) FIEE(5 mL)
S mL MBS FRER, %HEHRE 135 Tk
i 48 h. NG JE, W0k 2R bR £V S B A,
SR E T, AEE OB ABR(V - V=51 1)
VEML, 1B 39 mg (FJEEL 9, [BICE 20%. H 4R . FE/
REE(V - V=9 I DARSEBEL, 9 A ARk 9,10- Kk
2-B A e W bi-4,8- BIX(Z R4 )(12) 56 mg, UX
R 17%. HHOROE/FEV - V=T 4R, 45
A 4,10- 5 3E-2-50 44 5 4 NIlHE-5,9- B X (2. —
FE4EM)(14) 80 mg, WFE 39%. m.p. 185~187 C; 'H
NMR (500 MHz, Methanol-ds) 0: 4.14~4.10 (m, 1H),
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4.10~3.90 (m, 8H), 3.83 (td, J=7.6, 6.3 Hz, 1H), 3.54 (d,
J=5.0 Hz, 2H), 2.86 (dd, J=4.2, 1.5 Hz, 1H), 2.18 (dd,
J=13.7, 4.4 Hz, 1H), 2.09~2.04 (m, 1H), 2.01 (ddt, J=
13.7, 5.7, 1.9 Hz, 1H), 1.85 (dd, J=4.1, 1.9 Hz, 1H); 3C
NMR (126 MHz, Methanol-ds) d: 109.69, 108.70, 75.16,
72.65, 66.81, 66.07, 65.13, 64.57, 59.35, 53.98, 46.10,
38.20, 20.71; IR (thin film) v: 3500, 3400, 2963, 2888,
1452, 1421, 1275, 1261, 1120, 1097, 1048 cm '; HRMS
(ESI) caled for C;3HNOs [M+H]" 286.1285, found
286.1281.
310 9,10-=FEEtEE-2- T E-2-A & NkT-4,8-—
B Z Bz 4aHRE)(17)89 & B

B R IRAEER (0.42 )N E =% £ BT (0.84 mL)H,
REF 0 CHkLRBHE 10 min, Kb &4 12 (87 mg, 0.30
mmol) I & R RAFI, WG AR SiPE N, 4 h 5
BNV, B A E R duE, ADoK,
T SR RER KL ZE AT, Al 2R LB V=10 ¥k
it 73 9,10-fif Bk 4 2 -2- g 3-2- 24 & Wl e -4, 8- — i
WL ZFESERA)(17) 73 mg, YR 58%. FELREAE, m.p.
196 C (dec.); '"H NMR (500 MHz, Chloroform-d) &: 5.40
(t, J=3.2 Hz, 2H), 5.16 (d, J=3.6 Hz, 2H), 4.14~4.08
(m, 2H), 4.07~4.01 (m, 4H), 4.00~3.94 (m, 2H), 2.23~
2.16 (m, 4H); '3C NMR (126 MHz, Chloroform-d) o:
104.98, 76.01, 66.32, 64.84, 54.01, 37.68, 20.35; IR (thin
film) v: 2963, 2900, 1628, 1524, 1302, 1280, 1226, 1115,
1015, 950, 856 cm ..

311 2-ZERE-4,10-ZHE-2-A R E £ RK-5,9-— 7
W Z Bz 4&HRH)(18) B & B

FALA Y 14 (186 mg, 0.65 mmol). = Z.J1%(0.14 mL,
0.98 mmol). & FHE(10 mL)IK K IIAZ] 50 mL . 1
0 CRHERESIS], [k R I8 N 2 BREF (65 pL,
0.69 mmol), FMFEESE, FREIRHF 16 h. RBLER
JEIREZENE, A ENT, LR LB, 15 2- 2 -
4,10- = F2 5= -2- 5 2% T 4 NI e -5,9- W (4 =T 4
fii)(18) 177 mg, W% 83%. [ [E &, m.p. 189~
190 C; '"H NMR (500 MHz, Methanol-ds) 6: 4.32~4.26
(m, 2H), 4.09~3.94 (m, 8H), 3.85~3.79 (m, 2H), 2.30
(td, J=5.5, 2.8 Hz, 1H), 2.28~2.23 (m, 1H), 2.15 (ddt,
J=13.9, 5.6, 1.9 Hz, 1H), 2.02 (s, 3H), 1.96~1.91 (m,
1H); *C NMR (126 MHz, Methanol-ds) 0: 171.23, 112.95,
108.45, 71.92, 70.02, 67.07, 65.96, 65.03, 64.86, 61.74,
56.55, 46.12, 38.93, 21.82, 20.59; IR (thin film) v: 3492,
2962, 2881, 1633, 1424, 1403, 1274, 1231, 1116, 1076,
1027 cm™!; HRMS (ESI) caled for CisHyNNaO; [M—+
Na]" 350.1210, found 350.1207.
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312 2-ZBrE-4,10-—fEEt EE-2-R AR ENIKT-5,9-
ZHR-5-2 —E2 B 4EER(19) & 4,10- ZFHEL F A -2-fH E-
2-A R & NIkE-5,9-—ffi-5-2 — 2 5 45 (20)F & AL

B R AIRREERQ mL)INE =/ LREFQ mL)+, 0 C
FHEEE 10 min J&, K4 59718 (100 mg, 0.54 mmol) &
IR, 0 CTR4REHRERPL 10 h EFEIAVKK
o b AR g, A ERTOKREK, TS
RERCEEEMT, Al OB OBV - v=8 © )i/, 53
4,10- B AR 2 -2- A 2k - 2- SR AR S e W e -5,9- — Bid-5- 2.
TREERAEEE(20) 13 mg, WFE 11%. H O FE A, mp.
182 ‘C (dec.); '"H NMR (500 MHz, Chloroform-d) 6: 5.94
(dt, J=4.5,2.2 Hz, 1H), 5.56 (d, J=4.0 Hz, 1H), 5.08 (dd,
J=6.7, 4.1 Hz, 1H), 5.02 (dd, J=4.5, 1.9 Hz, 1H), 4.27
(ddd, J=8.4, 6.0, 2.5 Hz, 1H), 4.05 (td, J=9.0, 6.1 Hz,
1H), 3.98 (ddd, J=8.3, 6.1, 2.5 Hz, 1H), 3.83 (ddd, J=
9.6, 7.8, 6.0 Hz, 1H), 3.15 (t, J=6.5 Hz, 1H), 2.59 (ddt,
J=15.1, 6.3, 2.2 Hz, 1H), 2.37 (d, J=4.1 Hz, 1H), 2.26
(dd, J=15.0, 4.2 Hz, 1H); 3C NMR (126 MHz, Chloro-
form-d) &: 197.46, 104.93, 81.09, 74.87, 66.45, 65.47,
61.15, 55.24, 44.96, 42.64, 26.99; IR (thin film) v: 2965,
2900, 1726, 1633, 1411, 1307, 1726, 1144, 1017 cm™ ..

A MEE 2R BV - V=1 D4kS:seh, 15 2-
LT HE-4,10-fiF Tk AE s -2- 2 R 4 NI e -5,9- — i -5- &
TREFRAEEN(19) 103 mg, E 81%. HOE K, mp.
193 C (dec.); '"H NMR (500 MHz, Chloroform-d) d:
5.76~5.67 (m, 1H), 5.55 (d, J=4.1 Hz, 1H), 4.74 (dd, J=
6.7, 42 Hz, 1H), 4.24 (d, J=4.3 Hz, 1H), 4.23~4.19 (m,
1H), 4.05 (td, J=9.0, 6.1 Hz, 1H), 3.98~3.89 (m, 1H),
3.82~3.72 (m, 1H), 2.95 (t, J=6.5 Hz, 1H), 2.53 (dd, J=
15.0, 6.1 Hz, 1H), 2.29 (d, J=4.1 Hz, 1H), 2.22 (dd, J=
14.7, 44 Hz, 1H), 2.17 (s, 3H); 3C NMR (126 MHz,
Chloroform-d) 6: 201.25, 168.42, 105.34, 82.76, 75.70,
66.33, 65.25, 60.41, 50.72, 42.40, 42.36, 27.24, 22.14; IR
(thin film) v: 2902, 2887, 1650, 1636, 1606, 1469, 1314,
1276, 1195, 1105 cm'; HRMS (ESI) caled for Ci3H;sNs-
NaO;o [M+Na]" 396.0650, found 396.0654.

B A #L(Supporting Information) X &%) 17 (CCDC
2175831), 19eH,0 (CCDC 2207661)IF) . s 5, tL&4)
4~6,9, 12, 14~20 ff] '"H NMR 1 3C NMR i [q. ixsk
FEEFAT PL 50 9% AT X 3 (http://sioc-journal.cn/) b F %%,
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