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Computational Studies on the Nitration of Adamantane with NO,
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Abstract The density functional theory (DFT) and semi-empirical MO-PM3 methods were employed to
study the reaction mechanism of the nitration of adamantane with NO,. The calculated results showed that
the H atom in adamantane can not be directly substituted with NO,. By comparing the potential barriers E,
of the three possible reaction mechanisms at the B3LY P/6-311-+ + G(3df,2pd)//B3LY P/6-31G* level, it was
found that the process of N to attack H competed with that of O to attack H during the crucia step, and
1-nitroadamantane was considered to be the main product. In addition, the changes of molecular geometry,
atomic natural charge and IR spectra of the reaction system during the crucial step of O to attack H showed
that the rupture of C—H bond and the formation of O—H bond were concerted stepwise. Obvious changes
of atomic natural charge happened to atoms C(1), H(11), O(28), O(29) and N(27). The bond lengths and
bond angles related to these atoms were aso varied greatly. The dipole moment changes predicted that polar
solvent could decrease reaction potential barrier E;to facilitate the reaction.
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Figure 1 Three possible mechanisms of the nitration of ada-
mantane with NO, at the first position
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Table1l Energies (E) of reactant, transition state, and the potential barrier (E,) of each possible reaction paths of the nitration of ada-

mantane with NO, by the PM 3 method

, E/(kJmol 2 E Reaction E/(kJ»mol 2 E
Rezction path ( )Tg (kJ-maérl) path R ( )Ts (kJ-maérl)
B 501.08 620.24 119.16 2 500.98 627.60 126.62
- @ 500.94 640.84 139.90 2- @ 500.90 672.32 17142
) 501.20 824.69 323.49 3 50113 807.20 306.07

£ 2 B3LYP/6-311++G(3df, 2pd)//B3LY P/6-31G* J7 it NO, At £ Wi 5% I S 45 S M4 o 25 BE B (B) I 2 v 322 (E)
Table2 Energies (E) of reactant, transition state, and the potential barrier (E;) of each possible reaction path of the nitration of adaman-
tane with NO, at the B3LY P/6-311-+ + G(3df,2pd)//B3LY P/6-31G* level

E/(kJemol %)
Reaction path B3LYP/6-31G* B3LY P/6-311++G(3df,2pd)
(1) (2 ©) (1) (2 ©)

R —1563628.50 —1563631.46 —1563628.95 —1564162.35 —1564166.94 —1564167.56
1- TS —1563531.23 —1563548.31 —1563294.67 —1564082.28 —1564089.88 —1563838.09

E, 97.27 83.15 334.28 80.07 77.06 329.47

R —1563629.02 —1563629.29 —1563628.91 —1564165.04 —1564166.68 —1564167.12
2 TS —1563523.70 —1563515.75 —1563289.90 —1564070.41 —1564058.23 —1563833.06

E. 105.32 113.54 339.01 94.63 108.45 334.06
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Table3 Main geometric changes during the crucial step of O in NO, to attack 1-H

R TS, IM,
C(1)—C(2) 1.544 1518 1.508
C(1)—C(8) 1.543 1519 1.509
C(1)—C(9) 1.544 1518 1.509
C(1)—H(11) 1.098 (0.3534)° 1.417 (0.1791)° 1.967 (0.0843)°
H(11)—O(28) 2.691 (0.010344)° 1.187 (0.0153)° 1.013 (0.1007)°
N(27)—0(28) 1.203 1.319 1.366
N(27)—0(29) 1.203 1.207 1.198
C(2—C(1)—C(8) 109.358 112.243 113.132
C(2—C(1)—C(9) 109.307 112.294 113.06
C(8)—C(1)—C(9) 109.358 112.233 113.079
C(2—C(1)—H(12) 109.519 107.3 103.6
C(1)—C(2—C(3) 109.731 106.615 105.875
C(1)—C(8)—C(7) 109.731 106.692 105.786
C(1)—C(9)—C(5) 109.731 106.611 105.858
C(1)—N(27)—0(28)—0(29) —0.3 0.0 1.2
H(11)—N(27)—0(28)—0(29) —11 0.0 —0.3

2pond lengths/(10~* nm), bond angles/(°), and dihedral angles/(°); ® 355 HL & Mulliken 4 i 4L
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Figure2 Potentia profile during the crucial step of O in NO, to
attack 1-H
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Figure 3 Transition state structure of the capture of 1-H by O
and the corresponding atomic numbering
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Table4 Aomic natural charge changes during the crucial step of O of NO, attacking 1-H

Atom R TS, 1M, Atom R TS, 1M,

Cc(1) —0.2576 —0.1053 —0.0036 H(16) 0.2328 0.2403 0.2398
C(2) —0.4603 —0.4818 —0.5046 H(17) 0.2467 0.2556 0.2536
C(3) —0.2571 —0.2475 —0.2462 H(18) 0.2330 0.2387 0.2380
C(4) —0.4595 —0.4648 —0.4659 H(19) 0.2329 0.2407 0.2402
C(5) —0.2571 —0.2475 —0.2459 H(20) 0.2468 0.2552 0.2533
C(6) —0.4594 —0.4648 —0.4658 H(21) 0.2331 0.2467 0.2444
C(7) —0.2569 —0.2464 —0.2458 H(22) 0.2331 0.2468 0.2446
C(8) —0.4592 —0.4807 —0.5021 H(23) 0.23211 0.2446 0.2431
C(9) —0.4603 —0.4817 —0.5039 H(24) 0.2346 0.2550 0.2499
C(10) —0.4595 —0.4648 —0.4658 H(25) 0.2330 0.2387 0.2381
H(11) 0.2435 0.3940 0.4617 H(26) 0.2329 0.2407 0.240
H(12) 0.2345 0.2550 0.2522 N(27) 0.5217 0.3929 0.384
H(13) 0.2321 0.2447 0.2430 0(28) —0.2573 —0.4427 —0.5305
H(14) 0.2467 0.25567 0.2537 0(29) —0.2588 —0.3578 —0.3394

H(15) 0.2337 0.24067 0.2397




No. 4 VIR NO, AR AL NI (1 TSR ST 311

£5 NO,H OF 1-fn H [ Wi 72 4R sl i 114 4k
Table5 Vibrational frequency changes during the reaction of the capture of 1-H by O of NO,
Parameter R TS P Parameter R TS P
v 22(0) 1296i (165) 27(0) Vap 1199(0) 1108(10) 1143(0)
Vo 33(0) 32(0) 39(2) Va3 1199(2) 1143(0) 1144(0)
v 40(0) 65(1) 49(1) Vag 1272(0) 1157(6) 1233(0)
Va 46(0) 65(1) 77(0) Vas 1274(0) 1235(0) 1233(0)
Vs 57(0) 134(2) 135(4) Vag 1274(0) 1241(3) 1237(20)
Ve 74(1) 237(0) 176(2) Va7 1298(1) 1251(3) 1256(2)
vy 304(0) 285(0) 305(0) Vag 1299(0) 1256(108) 1257(2)
Ve 305(0) 293(0) 315(0) Vag 1301(1) 1258(0) 1264(0)
Ve 311(0) 319(0) 318(0) Vo 1312(0) 1261(0) 1297(1)
V1o 391(0) 320(0) 384(0) Ve1 1312(0) 1296(1) 1297(1)
Vi 391(0) 385(0) 385(0) Va2 1313(0) 1297(2) 1309(0)
Vi2 424(0) 387(0) 430(0) Vi3 1344(0) 1310(0) 1323(2)
Vi3 426(0) 428(0) 433(0) o 1350(0) 1328(1) 1331(0)
Via 431(0) 431(0) 435(0) Ves 1351(1) 1331(0) 1332(0)
Vis 625(0) 446(1) 618(1) Ves 1352(1) 1333(0) 1353(0)
Ve 625(0) 617(1) 618(1) Ve 1363(0) 1352(1) 1355(1)
V17 626(0) 619(1) 627(10) Vg 1364(0) 1356(0) 1359(17)
Vis 719(6) 669(1) 664(11) Vso 1447(0) 1357(0) 1448(1)
Vi 727(0) 732(0) 729(0) Veo 1451(1) 1448(0) 1450(1)
Va0 771(0) 747(4) 757(3) Vet 1458(7) 1449(0) 1460(7)
Vo 773(0) 771(2) 770(2) Ve2 1463(6) 1460(8) 1461(7)
Va2 777(0) 771(2) 773(0) Ves 1465(7) 1460(8) 1464(12)
Vo3 867(0) 792(4) 860(10) Ves 1483(0) 1465(13) 1484(1)
Vo4 869(0) 864(0) 865(1) V65 1653(275) 1485(1) 1624(145)
Vos, 874(0) 865(0) 871(40) Veo 2898(3) 1560(253) 2858(655)
Vg 879(0) 874(0) 883(0) Ve7 2899(13) 2908(12) 2906(6)
Vo7 880(0) 885(0) 885(1) Ves 2899(16) 2908(12) 2907(11)
Vg 940(1) 887(0) 886(5) Vo 2899(15) 2909(9) 2907(9)
Vag 941(1) 913(17) 892(1) V70 2800(5) 2919(4) 2914(3)
Va0 945(1) 947(2) 931(215) v 2900(6) 2921(4) 2916(6)
var  1011(0) 949(1) 953(2) Vs72 2919(147) 2925(52) 2920(98)
vz 1012(0) 996(3) 954(0) V73 2919(147) 2930(96) 2926(120)
ves  1013(0) 999(2) 1000(1) V74 2919(161) 2931(115) 2928(134)
vaa  1020(0) 1010(0) 1002(0) Vrs 2931(1) 2938(29) 2936(2)
ves  1081(3) 1011(33) 1003(0) V76 2933(1) 2943(26) 2942(18)
ves  1082(2) 1069(100) 1013(0) Vo7 2933(1) 2945(26) 2943(18)
vy 1084(3) 1072(5) 1067(7) Vg 2934(1) 2949(58) 2948(76)
vsg  1089(0) 1080(11) 1084(4) V79 2940(103) 2964(32) 2958(26)
vag  1094(0) 1083(1) 1084(4) Veo 2941(97) 2974(11) 2964(34)
vep  1095(0) 1086(1) 1085(0) Va1 2941(96) 2977(39) 2969(41)
vgg  1097(0) 1098(0) 1094(0)

TR C—H BEFIWT R O—H ST L R

AL ET NO AL R U S AL
M b, K2 A AR WO R AT, BTG5 58
VAR, WA T LR T NO, Y O S 1-H

IR S R0 S 2 (TSp) AT T AR (IM) B AR K, AT
435149 0.4952, 4.1463 F1 3.7759 Debye, X i T N4
AR AR D, B2 LLA/N, (B TS, A1 IM, 4%
ALK, KR, U RNVAER IR AT, TS, Ml
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IMz W] e &t oA AR A BRI, FRRRE A,
M FRAIR B 342, AT R T W (KT EA T

3 it

A0z 7%, K PM3-MO 1 B3LY P/
6-311G+ +(3pd,2pd)//B3LY PI6-31G*, *F NO, fii1t, 4N
Bt SO () &N T RENLEREAT T UH 6, A3 &

(1) PM3 J7vEAE vt 525 A fig S M LR 5 S 0 3 42
5 B3LYP/6-311G+ +(3pd,2pd)//B3LY P/6- 31G* 445
A3, HEBR T NO, AR H AT REVE; 2-47 Js p 3
2KT AL, R NO, M 4RI 1-47 H 2
BN 1= J SEATLERL(2) 1) e 3442 Ex A EEATLEE (1)1IK 3.01
kJemol %, 1 BIHLEE () F1(Q) T BEJE T35 420 8. Y34k,
Wk P 1-FE SRS 1- VAR 4 NI e R 1) e i
Wi = DL 1-AE3E S ek 2.

(2) NO, ' O HEX4NIbE 1-H wod e it fE v, 43
FIUFRTAR 7 AR B, U 2 500 BT s A T H
WrEd J51- C(1), H(11), O(28), O(29)F1 N(27) ) J5i 1 H 4k
A A5 A OGS . B A I R At HedilE
FEAH I (1 57 AR A A DR 1) 43 7 LA A — 5 1)
Ay T e B S PO BRI 1) 43 1 L AR AR AR LA,
VAR T4 NIBE IR B S A . RN 44 R i
g7 R ARARIL T C—H SEIBTRF1 O—H BT %
AR HX = AR A B ] C—H BRI IR R
O—H MY BE—MI RIS RE, BN AT A7 7E [

(3) S Wik B rh R AR KR (R AR A U Y, A8 0 1%
SIS SR ), AR A AT DA S 9 A 0 v [ A A 3
—E A EALRE, M FRAC S N 322, AR T I B gk
17.
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