Appendix B

'H-RMN Data for 5-Ethoxy-1-phenyl-1H-tetrazole (5EPT)

F2 - Acquisition Parameters ======== CHANNEL 1 ========
Date_ 20060209 NUC1 1H

Time 5.59 P1 10.40 usec
INSTRUM spect PL1 -3.00 dB
PROBHD 5 mm QNP 1H/13 SFO1 400.1325018 MHz
PULPROG zg

TD 32768 F2 - Processing parameters
SOLVENT CDCI3 Si 32768

NS 16 SF 400.1300083 MHz
DS 2 WDW EM

SWH 6218.905 Hz SSB 0
FIDRES 0.189786 Hz LB 0.10 Hz
AQ 2.6345973 sec GB 0

RG 181 PC 1.00

Dw 80.400 usec

DE 6.00 usec

TE 302.7 K

D1 1.00000000 sec

TDO 1
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Expansion 7.18 ppm — 7.88 ppm

— 1000
~ N ~N NN ~N NN ~
3 glRlg| 3xl3 B
(2} (=2} o |© © o |0 |© N
(©) ' (d) -
|
— 500
—0
[}
- T
T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T
7.80 7.70 7.60 7.50 7.40 7.30 7.20
ppm (t1)
Expansion 4.18 ppm — 4.88 ppm
> > [
~ o
g 8 I
— 1500
(b) -
— 1000
— 500
—0
o
B .
T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T
4.80 4.70 4.60 4.50 4.40 4.30 4.20

ppm (t1)

-S2(B)-



Expansion 1.02 ppm — 1.74 ppm
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Table S1. Optimized [B3LYP/6-31G(d,p) and B3LYP/6-311++G(d,p)] geometries for 5-methoxy-1-
phenyl-1H-tetrazole. See Figure 1 (Chapter 3 — Part I) for atom numbering.

B3LYP/ B3LYP/ B3LYP/ B3LYP/

Parameter 6-31G(d,p) 6-311++G(d,p) Parameter 6-31G(d,p)  6-311++G(d,p)
Bond length/ pm Dihedral angles/ °
N;-N, 136.4 137.3 Cs-Ny-N;-N, 0.0 0.0
No=N3 128.5 128.0 N;-Cs5-Ny-Nj 0.1 0.1
N4-N; 136.4 136.3 Co-N1-Cs-Ny -178.2 -177.9
Cs-Ny 131.6 131.3 C7-C-Ni-Cs 154.4 151.3
N;-Cs 135.8 135.7 Cs-C7-C¢-N; 179.3 179.1
Ce-Ny 142.4 142.6 Cy-Cs-C7-Cs 0.5 0.5
C-Cs 139.9 139.6 C9-Co-Cs-C, -0.4 -0.4
Cs-C, 139.3 139.1 C11-Cyg-Co-Cq -0.2 -0.2
Cy-Cq 139.6 139.4 H;,-C7-C¢-N; -0.2 -0.4
Ci0-Cy 139.5 139.3 H3-Cg-C7-Cq -179.8 -179.9
C11-Cyo 139.5 139.3 Hy4-Co-Cs-C5 179.6 179.7
H-C, 108.3 108.2 H;5-C1-Co-Cy -179.7 -179.7
Hi5-Cg 108.6 108.4 Hy6-C11-C19-Co -179.4 -179.5
Hy4-Cy 108.5 108.4 017-C5-Ny-N3 -179.4 -179.5
Hy5-Cio 108.6 108.4 C15-0,7-C5-N, -177.8 -177.0
Hy6-Cyy 108.2 108.1 H,o-Cyg- O17-Cs -61.0 -60.9
0,7-Cs 132.9 132.4 H,-Cs- 017-Cs 59.8 60.1
0,7-Cyg 144.4 144.7 H,-Cys- 017-Cs 179.3 179.5
Cig-Hyg 109.2 109.0
Ci5-Hyp 109.2 109.0
Cig-Hyy 108.9 108.7
Bond angles/ °
N4-N;-N, 111.7 111.7
Cs-Ng-N; 105.2 105.3
N;-Cs-Ny 109.9 109.8
C6-N;-Cs 132.2 132.1
C7-C6-N; 118.5 118.7
Cs-C7-Co 119.2 119.2
Cy-Cs-C4 120.5 120.5
Cy9-Cy-Cg 119.6 119.7
C11-Cyo-Co 120.6 120.6
H»-C7-C 119.5 119.6
Hy3-Cs-C, 119.3 119.3
Hy4-Co-Cy 120.2 120.2
Hi5-Cyp-Co 120.2 120.2
H,6-C11-C1o 120.6 120.5
0,7-Cs-N; 122.4 122.4
Ci5-047-Cs 114.8 115.4
Hio-Ci15-O47 110.3 110.1
H,-C15-O17 110.3 110.1
H,,-C53-047 105.2 105.0
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Table S2. Definition of internal coordinates used in the normal coordinate analysis of 5-methoxy-1-

phenyl-1H-tetrazole.”

Definition Approximate
description

S, (Cs-0y) vC-0

S, v(0,7-Crg) vO-C

Sy v(N,-Cy) WN-C

S, v(Ny=Ny) vN=N

Sy v(Ny-Ny) WN-N

S¢  v(N4=Cs) vN=C

S; v(Cs-Ny) vC-N

Ss V(N;-Ny) VN-N'

So V(Cs=C7)+V(Cr-Cy)+v(Cs-Co)+v(Co-C ) +v(C10-Cy ) +v(C11-Co) v(C-C P-ring 1)

Sio =V(Ce-C7)H2v(C7-Cy)—v(Cy-Co)—v(Co-C10)+2V(C1g-C11)—v(C11-Co) v(C-C P-ring 2)

St V(Ce-C7)—v(C7-Cy)+v(Cs-Co)—v(Cy-C ) +v(C1-C11)~V(C11-Co) v(C-C P-ring 3)

Siz - V(Ce-C7)—v(Cs-Co)+v(Co-C 0)—V(C11-Cy) v(C-C P-ring 4)

Siz V(Ce-C7)—v(Cs-Co)—V(Co-C1)+Vv(C;1-Cy) v(C-C P-ring 5)

Sis v(Cs-Cg)—v(Cp-C1y) v(C-C P-ring 6)

Sis V(Cy-Hp)+v(Cy-Hy3)+v(Co-H 4)+v(C1o-Hy5)+v(C11-Hye) v(C-H P-ring 1)

S V(C-Hpp)+v(Cs-Hy3)~v(Cio-Hy5)~v(C11-Hie) v(C-H P-ring 2)

Si17 v(Cs-H}5)-2v(Co-H 4)*+v(Cy1-Hg) v(C-H P-ring 3)

Sig V(Cy-Hyp)=v(Cs-Hi3)+v(Cio-H5)~v(C11-Hie) v(C-H P-ring 4)

Sty 2v(Cy-H)—3v(Cs-Hy3)+2v(Co-Hy)—3v(C1o-Hy ) +2v(Cy-Hiye) V(C-H P-ring 5)

Sa0 V(Cig-Hy)+v(Cig-Hig)+v(Cig-Hyp) vCH; s

Sar 2v(Cyg-Ha1)=v(Ci5-H19)—v(C\5-Hao) vCHj as'

Sz W(Cis-Hi9)~v(Ci5-Hyp) vCHj; as"

Saz - 8(Ci5047Cs) 6C-O-CH;

Sz 8(017CsN4)—6(017,CsNy) 3CO

Sas 8(H 9C1sHz)+0(Hz1CisHa0)+6(H 9C1sH20)~8(H 9C15017)~0(H31 C150,7)~6(H20C15017) 8CH; s

Sas 26(H;9C5H20)—8(Hy C gHa)—8(H 9Ci5Ha1) 8CH; as'

Sa7 8(Hy CisHz0)—8(H 9CigHay) dCHj as"

Sas 26(H,iC153017)—8(H2C150,7)—8(H 9C15017) yCH;'

Sz 8(HzC15017)—8(H;9C15017) yCH;"

Ss S(N4CsN,)-0.8098(N3N,Cs)—0.8095(CsN N,)+0.3095(N,NN4)+0.3095(N N,Ns) 8(T-ring 1)

Sy —1.1185(NsN,Cs)+1.1185(Cs NyNy)+1.8098(N,N5N,)-1.8095(N N,N) 3(T-ring 2)

Sz T(CiCeNCs)+T(C7CeN Cs)+1(C1CoN | N2)+1(C,CNNy) tC-N

S;; Csout of plane O17;N,CsN; yCO

Sy T(NGN3N,N,)-0.8097(CsN;NsN,)-0.809(N;NoN, Cs)+0.309t(N, CsNyN3)+0.309t(NoN, CsNy)  o(T-ring 1)

Sy 1.1187(CsN,N3Ny)-1.1187(N3sN,N, Cs)—1.8097(N, CsN,N3)+1.8097(N,N, CsN,) (T-ring 2)

Szs T(Hz1C15017Cs)+1(H;oC15017C5)+1(HpC1501,Cs) ©CH;

S37 1(C13017,CsNy)+1(C150,,CsNy) tC-0

S;s N, out of plane C4N,N;Cs YCN

Sy 8(CeNyN;)=3(CeN,Cs) SNC

Ss0 8(C11C6C7)~0(CsC7C3)+(C7C5Co)—8(CsCoC19)+6(CoC19C11)—0(C19C11Co) 8(P-ring 1)

Sai (CeCrCy)—0(C7CsCo)+8(CoC1gC11)—8(C1oC11Co) 3(P-ring 2)

Sz 28(C11C6C7)—8(C4C7Cs)—8(C7C5Co)+25(CsCoC10)~(CoC14C11)—0(C16C11Co) 8(P-ring 3)
T(C11C6CrCs)H1(C1CoCrH )TN CoCrCo) (N CeCrH 12)—1(CoC7CsCo)—1(CoC7CsHi3)
—1(H2C7C5Co)—t(H 2C7CsH 13)+1(C7CsCoC10)+T(C7CsCoH 14) +T(H13C5CoChp)

Sz FT(H3CsCoH 1 4)~1(CsCoC10C11)~T(CsCoCioH 5)~T(H14CoC 10C11)=T(H 14CoC1oH,5) T(P-ring 1)
F1(CoC10C11Co)HT(CoC1oCi1Hi6)HT(H 5C10C11Co)HT(H 5sC10C1iH16)—T(C10C11CCr)
—1(C10C11CeN)—t(H;6C1CsCr)—T(H;6C11CeNy)

T(C11CCrCo)HT(C 11 CeCrH )T (N; CoCrC) (N CsCrH i) —t(C7C5CoC10)—1(C7CsCoH 14)
Sas —t(H3CCoC10)~1(H 3C3CoH 4)+1(CsCoC1Coy)+1(C3CoCooHy5)+T(H 14CoC10Cry) T(P-ring 2)

FT(H4CoC1oH 5)=1(C4C1C6Cr)—T1(C1oC1 1 CNy )—t(H}6C1, CoCq)—1(H 6C 1 CeN))
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—T(C11CCrCs)—1(C11CsCrH12)—T(N; C6CrCs) (N, CoCrH 1) +27(CCCy Co) +21(C6C-Cs Hyz)
F27(H ,C7C4Co)+21(H 2C7CsH 13)—1(C7CyCoC10)—1(C7CsCoH 14)—T(H13CsCoC10)—T(H 3CsCoH 1)

Sss —T(CsCoC1oCi1)—1(CsCoC1oH 15)—~T(H 4CoC16C11)—T(H14CoC1oH 5)+21(CoC19C11 Co) T(P-ring 3)
F27(CoC1oC11Hi6)+2T(H}5C10C11Co)+2T(H 5C10C 11 H16)—T(C10C11CoCr)—T(C1oC11CeNy)
—t(H;6C11C6Cr)—t(H6C11CeNy)

Sss 8(C7CeN=8(C1CeNy) 3CN
S47 C() out of plane N1C11C6C7 ’YNC
Sus S(H,C7Ce)—8(H ,C5Cy)+6(H 3C5C7)—0(H 3C5Co)+0(H 4CoCs)—d(H 4CoC 1) +0(H,5CoCo) 8(C-H P-ring 1)

=0(H;5C16C11)+8(H;6C11C10)—0(H;6C11Cy)
S(H,,C7Ce)—8(H ,C5Cy)+6(H 3C5C7)—0(H;3C5Co)—0(H,5C1¢Co)+6(H,5C¢C11)—-06(H,6C,,C1)

S49 18(H,C1,Co) 6(C-H P-ring 2)

Sso 8(H2C7C6)~0(H 2C7Cy)~28(H 4CoCs)+26(H 4CoC10)+6(H;6C,11C19)~0(H16C11Co) 8(C-H P-ring 3)

S, S(H12,C7C6)—8(H ,C7Cy)~8(H 3C5C7)+6(H 3C5Co)+0(H;5C19Co)—d(H 5C16C11)—-8(H16C11Cro) 8(C-H P-ring 4)
+6(H;6C11Cs)

S, 28(H;,C7C6)~28(H 1,C7Cs)—38(H 3C5C7)+36(H 3C5Co)+28(H 14CoCs)—26(H 4CoC o) 8(C-H P-ring 5)
—36(H;5C10Co)+38(H;5C19C11)+28(H;6C11C10)—28(H 6C11C)

Ss3 Y(H2CeCrCy)Ty(H 3C7C5Co)Hy(H 14C5CoC o) +y(H sCoCioCry)+y(H16C10C11Co) ¥(C-H P-ring 1)

Ssa Y(H12C6CrCe)+y(H 3C7CsCo)~y(H 5sCoC19Ci1) —y(H16C10C11Co) ¥(C-H P-ring 2)

Sss Y(H12CeCrCy)—=2y(H 4C3CoC10)+y(H 6C10C11Cs) ¥(C-H P-ring 3)

Sss Y(H12C6C7Ce)~y(H 1 C7CsCo)+y(H 5CoC10C11)—y(H16C10C11Co) y(C-H P-ring 4)

Ss7 2y(H2C6C7C3)~37(H 3C7C5Co)+2y(H 4C5CoC10)—3y(H5CoC1oC11)+2y(H 6C10C11Co) ¥(C-H P-ring 5)

* v, bond stretching, 8, bending, y rocking, T torsion, s, symmetric, as, antisymmetric; P-ring, phenyl
ring; T-ring, tetrazole ring. Normalizing factors (N) are not provided; they can be calculated as Nj=

fz%z , where j refer to the vibrational coordinate and c; are the coefficients associated with each
i 1

coordinate in which the vibrational coordinate expands.
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Table S3. DFT(B3LYP)/6-311++G(d,p) calculated frequencies and intensities, and normal coordinate
analysis for 5-methoxy-1-phenyl-1H-tetrazole.”

Approximate Calculated . PED®
L Intensity
Description frequency
v(C-H P-ring 1) 3148.5 0.7  Si5(32.8) + S16(31.1) + S13(15.4) + S17(13.7) + S19(6.7)
V(C—H P—ring 2) 3144.9 0.3 516(365) + 515(302) + 518(167) + 517(1 11) + S]g(s.l)
v(C-H P-ring 3) 3123.0 14.8  S17(52.2) + S15(35.7) + S19(11.5)
v(C-H P-ring 4) 3111.7 10.9  Si3(67.7) + S16(31.9)
Vv(C-H P-ring 5) 3101.5 0.0 S19(76.5) + S17(22.7)
vCH; as' 3096.5 9.3 82(97.7)
vCHj; as" 3064.8 12.2  Sx»(100)
vCHs s 2988.1 36.1  S20(97.8)
v(C-C P-ring 2) 1605.4 244 S10(65.2) + S51(20.3) + S42(9.7)
v(C-C P-ring 4) 1598.7 38.8  Si2(64.5) + Ss50(9.2) + S41(7.9)
vN=C 1562.4 259.5  Se(21.3) + S1(35.5) + S7(10.8) + S»5(9.4) + S30(8.0) + S12(5.5)
S(C-H ring 2) 1499.6 121.5  S49(48.6) + S15(28.5) + S5(11.0)
8CH; as' 1466.8 19.4  Sx6(75.3) + S»5(10.1)
S(C-H P-ring 3) 1458.0 7.5  Ss50(29.9) + S14(33.6) + S43(9.9) + Ss2(6.9) + S35(6.7) + S46(4.5)
S3CH; as" 1450.0 10.9  S27(92.6) + S29(7.5)
vC-N 1442.1 108.4  S7(24.9) + Se(15.6) + S49(9.3) + S26(7.4) + S24(6.9)
OCHs s 14243 70.9  Sys(77.7) + S26(4.3)
vN=N 1342.4 324 S4(67.9)
S(C-H P-ring 1) 1326.1 3.4 Sus(56.6) + S14(8.7) + S4(8.3) + S1(6.3)
v(C-C P-ring 3) 1299.7 5.8 S11(69.4) + S4(12.2) + S43(9.4)
vN-C 1289.2 234  S3(25.4) + S6(26.0) + S49(7.4) + S30(7.0)
yCH;' 1187.2 13.1  S2(75.9) + S5(9.5)
5(C-H P-ring 4) 1177.2 1.2 Ss51(75.2) + S9(23.4)
S(C-H P-ring 5) 1158.7 0.2 Ss2(67.6) + Ss0(12.3) + S11(12.2) + S12(7.8)
yCH;" 1148.6 0.7  S29(92.1) + S/(7.5)
vN-N 1111.3 413 Ss5(27.2) + So(17.4) + S4(8.6) + Sso(7.7) + S1(6.7) + S12(6.2)
S(T—ring 2) 1091.5 16.1  S31(21.0) + S5(31.9) + S14(19.1) + S50(15.9) + S12(3.2)
v(C-C P-ring 6) 1065.7 84.0 S14(23.6) + S31(30.4) + S50(10.4)
v(C-C P-ring 5) 1041.6 10.0  Sy3(41.6) + S49(21.0) + Sg(18.3) + S30(5.5)
v(C-C P-ring 1) 1015.6 18.5  S9(24.5) + S40(25.6) + S13(14.6) + S49(5.7)
vO-C 1001.5 421 Sx(43.1) + S41(19.6) + S5(12.6) + So(10.4) + S7(7.3)
S(P-ring 1) 994.8 0.3 S40(55.0) + So(43.0)
Y(C—H P—I‘il’lg 5) 979.3 0.1 S57(623) + S43(286) + S44(5.7) + S55(52)
t(P-ring 3) 965.0 2.4 S4s5(41.5) + Ss6(37.0) + S30(6.5) + Sx(4.2)
VN-N' 963.1 14.6  Ss(16.0) + S5(22.0) + S30(18.2) + S31(13.0) + S45(9.9) + Ss56(9.9) + S+(5.7)
v(C-H P-ring 3) 909.5 4.4 Sss(71.6) + S44(11.0) + Ss7(6.8)
y(C-H P-ring 2) 830.3 0.1 S54(99.8)
¥(C-H P-ring 1) 753.4 57.8  Ss3(63.6) + S47(20.9) + Ss5(7.1)
vC-O 736.2 4.1 Si(20.5) + Sux(13.7) + Sa(7.7) + S23(7.2)
t(T-ring 2) 717.7 5.1 S35(46.5) + S33(36.7) + S34(14.0)
©(T—ring 1) 689.3 12.4  S34(44.4) + S43(28.0) + Ss7(12.7)
t(P-ring 1) 679.4 14.8  S43(20.8) + S34(38.2) + Ss3(14.0) + S47(7.3)
S(T-ring 1) 670.4 17.9  S30(22.8) + S32(40.9) + S1(10.4) + S5(5.3)
8(P-ring 2) 616.5 0.2 S41(85.4) + S12(7.9)
ONC 576.2 3.9  S39(15.6) + S24(20.3) + S»3(12.4) + Sg(10.6) + S5(6.1) + S46(5.2)
yYNC 499.6 12.2  S47(43.1) + S44(15.6) + S43(6.8) + S33(6.0) + Ss3(5.5)
y(C-H P-ring 4) 405.5 0.2 Ss6(51.0) + S45(47.3)
yCO 378.6 3.3 S33(13.0) + S33(7.8) + S35(7.5) + S23(6.9)
S(P-ring 3) 342.7 3.1 Sa(21.7) + S3(21.3) + S33(9.5) + S35(8.8) + Ss(7.5) + S30(5.9) + S44(5.8)
5C-O-CH; 313.0 4.1 Sp(21.2) + S35(13.6) + S33(13.1) + S7(8.5) + S46(7.6) + S39(6.7) + S42(5.6)
’C(P—I‘il’lg 2) 268.5 2.6 S44(188) + S35(143) + 523(139) + S46(1 19) + S39(94) + 533(68) + S33(64)
5CO 217.0 3.7 S24(30.1) + S23(20.8) + S4a(16.3) + S46(7.2) + S33(6.5)
©CH; 153.3 0.2 S36(88.5) + S3x(7.1) + S34(2.1)
6CN 125.3 2.1 S46(13.5) + S57(25.3) + S33(26.5) + S39(17.4) + S24(5.3) + S32(4.9)
1C-0 109.9 2.4 S37(39.4) + S39(24.1) + Su6(7.4) + S4a(7.4) + S24(6.4)
yCN 82.8 0.2 S33(42.4) + S37(28.3) + S44(8.1)
tC-N 33.1 1.7 S32(92.8)

a Frequencies in cm’, calculated intensities in km mol™”. v, bond stretching, 8, bending, y rocking, t torsion, s, symmetric, a,
antisymmetric. See Table S2 for definition of internal coordinates.

Only PED values greater than 10 % are given.
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Table S4. Calculated IR spectrum of methylcyanate at the DFT(B3LYP)/6-311++G(d,p) level.

Symmetry Frequency Intensity
(cm™) (km mol™)

Al 3107.4 5.5

A" 3069.1 13.4

Al 2987.2 25.2

A 2300.9 208.6 > ]
A’ 1461.4 16.4

A" 1455.1 12.2

A’ 1439.6 0.9

A' 1200.1 62.1

A" 1137.7 0.6

A' 1110.9 104.2

Al 864.1 393

A’ 600.4 3.8

A" 512.9 9.2

A’ 2239 7.8

A" 134.9 <0.1

Frequencies were scaled by 0.978. The compound belongs to the C, symmetry point group. Sum of
electronic and zero-point energies: -545988.9026 kJ mol™'. Dipole moment: 4.72 Debye.
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Table S5. Calculated IR bands of phenylazide at the DFT(B3LYP)/6-311++G(d,p) level.

Symmetry Frequency Intensity
(cm™) (km mol ™"
A' 3128.8 4.8
A' 3122.0 13.4
A' 3111.9 11.1
A' 3103.8 2.2
A' 3096.4 2.4
A' 2191.4 843.5
A' 1600.5 59.2
A' 1585.3 6.4
A' 1487.7 86.3
A' 1450.9 1.1
A' 1336.4 151.2
A' 1325.0 29.8
A' 1296.8 18.2
A' 1174.6 2.4
A' 1156.3 0.1
A' 1128.9 18.3
A' 1080.2 9.7
A' 1022.0 4.4
A' 991.4 0.4
A" 961.2 0.1
A" 949.1 0.1
A" 887.7 52
A" 819.7 0.1
A’ 805.5 5.3
A" 744.9 68.7
A" 675.2 232
A' 666.9 25.1
Al 616.7 0.1
A" 517.7 11.3
A" 488.7 4.9
A' 461.1 0.4
A" 407.1 0.0
A' 374.7 2.4
A" 227.2 <0.1
A' 138.1 0.6
A" 70.1 <0.1

Frequencies were scaled by 0.978. The compound belongs to the C; symmetry point group. Sum of
electronic and zero-point energies: -1039278.444 kJ mol™'. Dipole moment: 1.95 Debye.
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Table S6. Calculated IR bands of 3-methoxy-1-phenyl-1H-diazirene at the DFT(B3LYP)/6-311++G(d,p)

level.
Frequency Intensity
(cm™) (km mol ™)
31294 5.8
3122.1 10.9
3115.1 134
3105.5 6.6 2
3097.0 9.1
3096.4 0.7
3051.3 15.5
2979.2 28.7
1768.7 431.3
1593.9 1.2
1578.1 0.6
1479.2 9.9
1465.7 17.7
1454.8 14.1
1449.0 7.8
1436.1 2.6
1354.8 111.8
1321.4 4.9
1297.0 6.8
1194.3 72.5
1187.4 13.7
1159.4 18.3
1154.0 7.6
11443 0.6
1079.1 5.1
1028.5 133.4
1018.3 47.2
992.4 0.2
972.1 0.1
958.4 0.3
908.1 2.8
867.6 18.0
820.8 0.8
804.6 9.4
763.6 36.1
714.5 10.4
675.0 36.5
621.4 1.4
587.4 7.7
556.1 4.5
484.8 8.8
406.5 0.9
3553 59.8
322.9 6.9
257.7 67.6
217.4 9.6
178.0 1.6
126.6 1.1
93.2 0.6
72.5 33
41.8 2.1

Frequencies were scaled by 0.978. The compound belongs to the C; symmetry point group. Sum of
electronic and zero-point energies: -1297696.022 kJ mol™'. Dipole moment: 3.00 Debye.
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Table S7. Calculated IR bands of 1-aza-1,2,4,6-cycloheptatetraene at the DFT(B3LYP)/6-311++G(d,p)
level.

Frequency Intensity
(cm™) (km mol ™)
3138.2 1.1
31154 16.9
3089.8 14.6
3079.2 14.1
3063.3 5.5
1913.1 202.2
1578.8 2.8
1534.6 0.9
1397.2 0.5
1339.8 19.8
1301.5 3.0
1201.8 3.9
1183.6 1.6
1110.9 15.2
1008.1 2.1
979.7 25.6
9514 3.0
945.7 4.5
894.1 1.7
850.6 4.7
823.2 2.6
754.3 62.3
685.0 45.5
663.8 28.2
595.5 10.9
517.1 7.3
450.0 1.2
376.7 14.3
310.0 0.5
296.2 93

Frequencies were scaled by 0.978. The compound belongs to the C; symmetry point group. Sum of
electronic and zero-point energies: -751604.5681 kJ mol™'. Dipole moment: 2.08 Debye.
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Table S8. Optimized [B3LYP/6-311++G(d,p)] geometries for 5-ethoxy-1-phenyl-1H-tetrazole. See
Figure 6 (Chapter 3 — Part I) for atom numbering.

Parameter B3LYP/6-311++G(d,p)

Bond length/ pm

Ni-N, 137.3 137.3 137.3
N;-Cs 135.8 135.8 135.8
N;-Cs 142.5 142.5 142.5
Ny=N; 128.0 128.0 128.0
N3-Ny 136.2 136.2 136.2
N,=Cs 131.4 131.5 131.5
Cs5-0yy 132.3 132.3 132.3
Ce-C; 139.6 139.6 139.6
Ce-C1y 139.5 139.5 139.5
Cs-Cy 139.1 139.1 139.1
C;-H), 108.2 108.2 108.2
Cy-Cy 139.4 139.4 139.4
Cs-H; 108.4 108.4 108.4
Co-Cyy 139.3 139.3 139.3
Co-Hy4 108.4 108.4 108.4
Ci0-Cyy 139.3 139.3 139.3
Cio-His 108.4 108.4 108.4
Cii-His 108.1 108.1 108.1
0,7-Cyg 146.0 146.3 146.3
Ci5-Cyg 151.2 151.7 151.7
Cis-Hapo 109.2 109.1 109.0
Cis-Hyy 109.2 109.0 109.1
Cio-Hap 109.3 109.4 109.4
Cio-Has 109.2 109.2 109.1
Cio-Hapy 109.2 109.1 109.3
Bond angles/ degrees

N,-N;-Cs 106.4 106.4 106.4
N,-N;-Cs 121.5 121.5 121.5
Cs-N;-Cg 132.1 132.0 132.1
N;-N,=N; 106.9 106.9 106.9
No=N3-Ny 111.7 111.7 111.7
N;-N=Cs 105.4 105.4 105.4
N;-Cs=Ny 109.6 109.6 109.6
N;-C5-Oy7 122.4 122.2 122.2
N,~=Cs-0Oy; 128.0 128.3 128.3
N;-C¢-C; 118.7 118.7 118.6
N;-Cs-Cy 120.5 120.5 120.5
C-Cs-Cyy 120.8 120.8 120.8
Ce-C7-Cy 119.3 119.3 119.3
Cs-Cs-Hyp 119.5 119.5 119.5
Cs-C7-Hp, 121.2 121.2 121.2
C7-C-Cy 120.5 120.5 120.5
C;-Cs-Hy3 119.3 119.3 119.3
Co-Cs-Hy3 120.2 120.2 120.2
Cgs-Co-Cy 119.7 119.7 119.6
Cs-Co-Hyy 120.2 120.2 120.2
Ci9-Co-Hy4 120.2 120.2 120.2
Co-Cyo-Cyy 120.6 120.6 120.6
Cy-Cyo-His 120.2 120.1 120.2
C11-Cio-His 119.3 119.3 119.3
Cs-C11-Cyo 119.2 119.2 119.2
Cs-Ci1-Hig 120.3 120.3 120.3
C10-Ci1-Hyg 120.5 120.5 120.5
Cs-01,-Cig 115.7 116.5 116.5
0,7-C15-Cyo 107.3 111.7 111.7
0,7-C;5-Hag 108.1 108.3 103.2
0,7-Ci5-Hy, 108.2 103.2 108.3
C19-C1s-Hpg 112.4 111.9 111.8
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Hyo-Cs-Hyy 108.3 109.6 109.5
Ci5-Cio-Hny 109.3 109.1 109.1
Ci5-Cio-Hos 111.2 110.9 111.1
C15-Cro-Hoy 111.1 111.1 111.0
Hy»-Cyo-Hys 108.2 108.2 108.1
Hyp-Cro-Hpy 108.3 108.0 108.2
Hy3-Cio-Hpy 108.7 109.3 109.3
Dihedral angles/ degrees
C5-N1-N2:N3 0.0 0.0 -0.1
Ce-Ni-N=N; -178.1 -178.3 -178.1
Nz-Nl-C5=N4 0.0 -0.1 0.2
N,-N;-Cs5-Oy7 -179.5 179.9 -179.0
C6‘N1‘C5=N4 177.8 177.9 177.9
C¢-N;-Cs5-Oy7 -1.8 -2.1 -1.2
N,-N;-Co-C4 26.9 27.3 26.1
Np-N;-Cg-Cyy -152.1 -151.7 -152.9
C5-N,-Cs-C; -150.5 -150.4 -151.3
Cs5-N,-C4-Cy, 30.4 30.5 29.7
NI-N2=N3-N4 0.0 0.1 0.0
N2:N3-N4=C5 0.0 -0.1 0.2
N3-N4:C5-N1 0.0 0.1 -0.2
N3-N4=C5-017 179.5 -179.8 178.9
N;-C5-0,7-Cy5 176.6 176.0 177.6
N4:C5-Ol7-clg -2.8 -4.1 -1.4
N;-C6-C7-Cs -179.1 -179.1 -178.9
N,-C4-C5-H, 0.5 0.4 0.6
C1-C¢-C5-Cy 0.0 0.0 0.0
C-C¢-Cs-Hy, 179.5 179.4 179.5
N;-Co-Cy1-Cy 179.6 179.6 179.4
N;-C6-Cy1-Hyg -0.6 -0.6 -0.8
C7-C6-C11-Cyo 0.5 0.6 0.5
C7-C6-Cy1-Hye -179.6 -179.6 -179.7
Ce-C7-Cs-Cy -0.5 -0.4 -0.4
Ce-C7-Cs-Hy3 179.8 179.9 179.9
H;»-C5-C5-Cy -180.0 -179.9 -179.9
H,,-C7-Cs-Hy3 0.3 0.4 0.4
C7-Cs-Co-Cyy 0.4 0.4 0.3
C7-Cs-Co-Hy4 -179.7 -179.7 -179.7
H,5-Cs-Co-Cyg -179.9 -179.9 -180.0
H3-Cs-Co-Hy4 0.0 0.0 0.0
Cs-Co-Cy9-Cyy 0.2 0.2 0.2
Cy-Co-Cio-His 179.7 179.7 179.7
H4-Co-Cy-Cy -179.7 -179.75 -179.7
H4-Co-Cyo-Hys -0.2 -0.2 -0.2
Cy-C9-C1-Cs -0.6 -0.6 -0.6
Co-Co-C11-Hys 179.6 179.5 179.6
H5-C,0-C11-Cs 179.9 179.8 179.9
H15-C10-C11-H16 0.1 0.0 0.1
Cs5-047-Cy5-Cyg -179.4 -80.7 82.6
C5-0,7-Cg-Hag -56.0 43.0 -157.0
C5-0,7-Cg-Ha, 59.0 159.1 -40.9
0,7-C15-C19-Hpy 179.6 -175.8 176.0
0,7-C5-C19-Hps3 -61.0 -56.6 -65.0
0,7-C15-C19-Hp4 60.2 65.2 56.9
Hyp-C5-Ci9-Hpp 60.9 62.7 60.8
Hyp-Ci5-C1o-Hps -179.7 -178.2 179.8
Hzo-clg-clg-H24 -58.5 -56.3 -58.3
Hy;-Ci5-Cio-Hypp -61.6 -60.6 -62.5
Hy-C5-Co-Hys 57.8 58.5 56.5
Hy1-Ci5-Ciro-Hoy 179.0 -179.6 178.4
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Table S9. Definition of internal coordinates used in the normal coordinate analysis of 5-ethoxy-1-
phenyl-1H-tetrazole.”

Definition Apprqximate
description
S; v(Cs-0yy) vC-O
Sy v(0y7-Cyy) vO-C
S;  v(N}-Cy) vN-C
Ss v(N,=N3) vN=N
S5 v(N3-Ny) vN-N
S¢  v(N=Cs) vN=C
S; v(Cs-Ny) vC-N
Ss V(N|-Ny) VvN-N'
So V(Ce-C)+v(Cr-Cy)+v(Cs-Co)+Vv(Co-C )+ V(C10-Cy1)+Vv(Cy1-Co) v(C-C P-ring 1)
S0 —V(Ce-C7)F2v(C7-Cg)—v(Cs-Co)—v(Co-C0)+2v(C1-C;1)—Vv(C,-Cg) v(C-C P-ring 2)
Sit V(Cg-C7)—v(C7-Cy)+v(Cs-Co)—v(Co-C ) +v(Cp-Cy1)~V(C11-Co) v(C-C P-ring 3)
Sz V(Cg-C7)—v(Cg-Co)+v(Co-Ci)—Vv(C,;-Cs) Vv(C-C P-ring 4)
S35 V(Ce-Cy)—Vv(Cg-Co)—v(Cy-C1)+v(Cy-Cy) v(C-C P-ring 5)
Sis V(C-Cg)—v(C1p-Cyy) v(C-C P-ring 6)
Sis W(Cy-Hip)+v(Cs-Hy3)+v(Co-Hi)+v(C1o-Hi5)+v(Cy1-Hie) v(C-H P-ring 1)
Sis V(C7-H;p)+v(Cg-H3)—v(Cio-H;5)—v(C;-Hyg) v(C-H P-ring 2)
S17 V(C-H}5)-2v(Co-Hi4)+v(C-Hyg) v(C-H P-ring 3)
Sis V(C-H;)—v(Cg-Hy3)+v(Cio-H;5)—v(C,1-Hyg) v(C-H P-ring 4)
Sio 2v(Cy-H2)—3v(Cs-Hy3)+2v(Co-H14)-3v(C1o-H,5)+2v(C1-Hi) v(C-H P-ring 5)
Sy V(Cis-Hyp)+v(Cis-Hyy) vCH; s
Sa1 V(Cis-Ha)-v(Cis-Hay) vCH; as
Sy V(Cio-Hp)+v(Cio-Hps)+v(Cio-Has) vCHj s
Sa3 2V(Cio-Hp)—V(Cio-Haz)—v(Cio-Hag) vCH; as'
Sos V(Cio-Ha3)—v(Ci9-Hos) vCH; as"
Sys 8(Ci5017Cs) 6C-0O-CH;
S 8(017CsN4)—-6(0,,CsNy) 3CO
Sa7 8(HpsCroHa)+0(H2oCroHa4)+8(HpsCroHa4)~8(H23C16017)~6(H22C16017)—8(H24C19017) 8CH; s
Sag 28(H3C 19H24)—8(HpC1oHa4)—8(Ha3CoHa) 8CH; as'
Sz9 S(HpCioHag)—8(Ha3CoHa) 3CH; as"
Sz0 28(H2C19017)—-8(H24C19017)—8(H13C19017) yCH;'
Sa1 8(Hp4C19047)-8(H,3C19047) yCH;"
S32 58(H;CigHy )—-8(H0C150,7)-8(H,  C30,7)-8(Hp0C15C19)—-8(H;, C15C19)—0(C19C15047) SCH,
Ss3 —0(Hz0C15017)-0(H31C15017)-0(H20C15C 19)—0(Hz  C15C19)+43(C1oC 150,7) 30CC
Sass 8(Hz0Cy50,7)+8(H;, C15047)-6(H;C15C19)—0(H,C15C1o) ®CH,
S35 8(HzC15017)-0(Hy C150,17)-6(H20C15C19)+6(H21 C15C o) twCH,
Si6 6(H20C18017)~0(Hz1C13017)+8(Hz0C15C10)-0(H21 C15Cio) yCH,
S37 8(N4CsN;)—0.8098(N;3N,C5)-0.8095(CsNN,)+0.3095(N,N3N,)+0.3095(NN,N3) S(T-ring 1)
Sy —1.1185(NsNCs)+1.1185(Cs N Ny)+1.8095(NoN3N,)—1.8098(N;N,Ns) 8(T-ring 2)
Szo T(C11CeN Cs)F1(CCN Cs)+1(C11CeN Ny +1(CCeN Ny) ©C-N
S4  Csout of plane O;N,N; yCO
Ss T(N4N3N,N;)-0.8091(CsN4N3N,)-0.809t(N3N,N; Cs)+0.309t(N;CsN,N;3)+0.309t(N,N;CsN,) t(T-ring 1)
Se 1.118t(CsN,N;Ny)—1.118t(NsN,N, Cs)—1.809t(N, CsNyN3)+1.8097(NoN, CsN,) o(T-ring 2)
Siz (HyC1oC15017)+1(HpsCr9C15017)+1(HpeC19Ci5017) TCH;
Ss V(Cis-Cyo) vC-C
Sss 1(C19C150417Cs) 10-C
Sss 1(C158017,CsNy)+1(C130,7CsNy) tC-0
S;; Nj out of plane C4N,Cs yCN
Sus S(CN Ny)—5(CeN,Cs) SNC
Sso 8(C11C6C7)=0(CsCrCs)+8(C7C5Co)~5(CsCoC10)+6(CoC1oC11)—(C19C11Co) d(P-ring 1)
S50 8(CeCrCs)—8(CoCsCo)+8(CoC1oC11)—8(C1oCriCe) 8(P-ring 2)
Ssi 26(C11C6C7)—8(C6CrCs)—0(C7CsCo)+28(C5CoC10)—0(CoC1oC11)—(C19C11Cs) 3(P-ring 3)
T(C11C6CrCy)+1(C1 C6CrH )TN CoCrCo)+T(N CsCrH 15)—1(CoC7CsCo)—1(Co C-CsHy13)

S5y —t(H2C7CsCo)~1(H 2C7CsH 13)+1(C7CsCoC10)+T(C7CsCoH 14)+1(H 3C5CoC ) T(P-ring 1)

FT(H3C3CoH 14)—T(CsCoC1oCy1)—T(CsCoCyoH 5)—T(H14CoC1oCy ) —T(H 14CoC oH, 5)
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F1(CoC14C1Co)+1(CoCoCi 1 H 6)+T(H 5C10Co 1 Co)+Ht(H 5C10C1 1 Hy6)—T(C10C11 C6Cr)
—1(C9C1CeN})—1(H;6C,1CsCr)—1(H6C1C6Ny)

T(C11C6CrCo)+(C 1 CsCrH i) +T(N; CoCrCa) (N C6CrH 1) —1(C7C3CoC10)—t(CCsCoH 14)

Ss3 —t(H13CCoC10)—1(H 3C5CoH 1) +1(CsCoC19Ci1)+T(CsCoCioHy5)+1(H14CoC10Cry) T(P-ring 2)
FT(H14CoC1oH15)~T(C10C11C6C7)~1(C1oC11CeN1)~T(H16C11CoCr)—1(H16C11C6N1 )

—1(C11C6CC)—(C11C6CrH 12)—T(N; C6C7Cs)—T(N, C6CrH 2)+27(CC7CsCo) +27(CsC7CsH, 3)
+21(H;,C7C5Co)+21(H 1,C7CsH13)—1(C7C5CoC10)—T(C7C5CoH 1) —1(H 3C3CoC 10)—T(H13C5CoH 1)

Sss —1(CsCoC10C11)~1(CsCoCioH,5)~T(H4CoC10C11)~T(H14CoC1H 5)+21(CoC10C11 Co) 7(P-ring 3)
F27(CoC1oC11H16)T27(H}5C10C11 Co)H2T(H 5C10C1iH16)—T(C10C11CoCr)—T(C1oC11C6Ny)
—1(H;6C11C6Cr)—t(H;6C11CeNy)

Sss 8(C7CeN;)—8(CCeNy) 3CN

Sss  Cg out of plane N,C;,C; yYNC

S(H 2C7C)~8(H 2C7Cy)+6(H 3C5C7)—0(H 3C5Co)+0(H 14CoC)—S(H14CoC10)+8(H15C10Co)

37 8 (HiCloCi)8(H16CiCrol-3(HiCr Co) HCH g b

S S(H,C7C4)~0(H ,C7Cs)+6(H 3C5C7)~0(H,3C5Co)—d(H,5C1oCo)+0(H,5C1¢Cy1)—-0(H,6C1,C1) 8(C-H P-ring 2)
+8(H;6C11Cs)

Sso 8(H2C7Ce)~0(H ,C7C3)~28(H 14CoCs)+28(H 4CoC10)+8(H 6C11C10)-(H;6C,1Cy) 3(C-H P-ring 3)

S0 S(H,C7C)—8(H ,C7Cy)—0(H 3C5C7)+0(H 3C5Co)+0(H,5C1¢Co)—0(H,5C1oCy1)—-0(H 6C11C i) 8(C-H P-ring 4)
+6(H,6C11Cs)

Se, 28(H;2C7C6)-28(H 2C7C)—-38(H,3C5C7)+38(H 3C5Co) +20(H 14CoCs)—28(H 4CoC ) 8(C-H P-ring 5)

7 =38(H;5C0Co)+38(H 5C19C11)+28(H;6C11C10)—28(H 6C11Co)

Sez  Y(H12C6CrCo)+y(H13CCsCo)+y(H 14CsCoC10)+(H sCoC1oC o)+ (Hi6C10C 11 Co) ¥(C-H P-ring 1)

Ses Y(H12C6CrCe)+y(H 3C;CsCo)—y(H 5CoC oCr1) —v(H16C10C11Cs) ¥(C-H P-ring 2)

Ses Y(H12CeCrCy)~2y(H 4C3CoC 1) +y(H;6C10C11Co) ¥(C-H P-ring 3)

Ses Y(H12C6C7Cs)~y(H11,C7CsCo)+y(H;5CoC1oC11)~y(H 6C10C11Co) ¥(C-H P-ring 4)

Ses  2y(H2CeCrCy)=37(H 3C;C5Co)+2y(H 4CsCoC)—37(H 5CoC1oCi1)+2y(H 6C19C11 Co) ¥(C-H P-ring 5)

* v, bond stretching, 3, bending, y rocking, t torsion, s, symmetric, as, antisymmetric; P-ring, phenyl
ring; T-ring, tetrazole ring. Normalizing factors (N) are not provided; they can be calculated as Nj=

f E /C_z , where | refer to the vibrational coordinate and c; are the coefficients associated with each
- 1
1

coordinate in which the vibrational coordinate expands.
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Table S10. DFT(B3LYP)/6-311++G(d,p) calculated frequencies and intensities, and normal coordinate
analysis for conformer T of 5-ethoxy-1-phenyl-1H-tetrazole.?

?alculated Intensity PEDP
requency
3149.9 0.7 S15(31.5) + S16(31.6) + S15(16.5) + S17(13.5)
3144.6 0.3 S16(35.7) + S15(31.4) + S15(16.0) + S17(11.2)
3123.2 15.1 S17(53.0) + S;5(35.6) + S15(10.7)
3111.6 11.1 S15(67.4) + S16(31.9)
3101.7 0.0 S16(77.1) + S17(21.8)
3052.8 30.4 S24(59.6) + S,1(40.2)
3039.4 21.5 $23(97.9)
3028.3 0.1 S21(59.1) + S,4(40.6)
2992.1 14.3 S20(98.2)
2973.0 12.1 S,,(100.0)
1605.5 24.0 S10(65.4) + S¢0(20.3) + S51(9.7)
1598.0 33.0 S12(66.0) + S56(9.7) + Ss50(8.0)
1555.5 284.9  Si(36.7) + S4(22.6) + S7(12.8) + S37(8.4)
14992 1152  Sss(49.6)+ S13(29.1) + S5(10.7)
1484.2 26.0 S32(77.8) + S»5(17.3)
1466.6 3.4 S$15(77.9) + S3,(17.6)
1456.0 29.2 S14(34.9) + S56(30.5) + S57(11.2) + S1(7.3)
1452.8 9.0 S10(82.4) + S3,(17.0)
1441.8 102.0  S7(26.4) + S¢(13.5) + S55(9.9) + S5(8.8) + Sp6(7.4) + S33(6.6) + S44(6.3)
1392.6 69.9 S27(70.2) + S34(18.3)
1363.1 52.4 S34(64.9) + S,7(25.4)
1342.2 35.9 S4(68.1) + S57(18.0) + S37(4.5)
1326.1 3.9 S57(56.0) + S11(15.1) + S14(8.8) + S4(8.2) + S61(6.4)
1299.6 5.6 S11(68.9) + S4(12.0) + S57(9.5)
1287.3 374 S6(26.8) + S3(23.6) + Ss5(7.1) + 5,(6.3)
1271.8 1.2 S35(85.6) + S31(10.7)
1176.9 1.8 Se0(75.5) + S10(23.5)
1158.9 0.3 S61(67.3) + Sso(12.5) + S11(12.2) + S12(7.9)
1150.0 3.6 S36(52.2) + S31(22.6) + S10(9.8) + S43(9.3)
1119.4 14.2 S5(30.5) + Sg(9.9) + S¢(9.4) + S30(8.8) + S33(8.2) + S1(7.9) + S44(6.0)
1103.0 39.1 S30(22.5) + S44(10.1) + S33(13.8) + S(8.7) + Ss0(8.6) + S14(7.9) + S5(6.4)
1089.5 5.5 Sso(14.0) + S5(26.5) + S14(17.7) + S35(14.8) + Sso(14.0) + S3(8.2)
1064.4 85.8 S33(33.9) + S14(21.4) + S5o(9.1)
1041.8 9.7 S13(40.4) + S55(20.5) + S5(18.9)
1017.5 95.8 S44(24.6) + S5(27.8) + S32(17.6) + S5(7.8) + S15(6.6) + S35(6.3)
1014.0 11.2 S9(25.2) + S49(24.0) + S4s(13.3) + S»(8.6) + S15(8.2)
994.9 0.1 S10(52.2) + So(46.5)
982.9 0.1 Se6(62.8) + S5,(28.6)
974.1 5.0 Ss(11.7) + S35(29.0) + S5(16.6) + S7(14.8) + S3+(8.6)
966.1 0.1 S54(50.7) + Ses(47.8)
909.9 4.7 S64(71.0) + Ss3(10.7) +Se6(7.3)
889.6 32.8 SH(31.1) + S4a(18.7) + S30(20.4) + S37(17.6)
830.5 0.1 S63(99.8)
798.5 0.6 S31(41.5) + S36(47.6) + S35(9.1)
767.2 1.5 S$17(9.0) + S1(18.3) + S30(13.9) + S»5(10.8) + S1(8.1)
754.1 59.2 S2(63.4) + S56(20.9) + Se4(7.0)
717.9 44 S12(45.9) + S40(36.5) + S41(14.5)
690.0 13.5 S52(30.0) + S41(39.3) + See(13.4)
681.5 15.0 S51(30.1) + S55(10.6) + S37(9.9) + S41(9.4)
679.1 15.7 S41(34.7) + S51(19.0) + Ss52(8.5) + S2(8.0)
616.3 0.2 S50(86.0) + S15(7.9)
563.4 4.2 S16(19.0) + S45(17.7) + S(10.2) + Sx(7.7) + S15(6.9)
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498.0 112 Sss(40.7) + Ss3(15.1) + Sg(6.3) + S52(6.0) + S4(5.9)

405.3 0.2 Ses(51.1) + Ss4(47.3)

385.2 2.3 S33(18.6) + S35(18.8) + Ss1(8.8) + S14(8.5) + S3(7.2)

3535 42 Su0(18.3) + S33(12.5) + S4p(14.3) + S53(10.0) + S47(6.1)

325.0 5.6 S$53(23.9) + S3(13.8) + S;(12.8) + S3:(9.1)

298.5 2.3 S55(16.2) + S4x(16.7) + Su(13.8) + S»5(10.8) + S4(8.9)

2582 0.7 S53(27.2) + Sag(13.1) + S42(9.6) + S47(9.1) + S»5(8.7) +S3(7.8)
2425 0.1 S.3(77.3)

176.1 1.8 S55(23.4) + Ss5(18.7)+ Sus(11.1) + S56(10.9) + Ss3(8.8)

114.2 2.0 S,7(34.4) + S44(36.4) + S53(6.7)

88.0 0.9 S46(36.7) + Sus(16.2) + Sp(12.1) + S55(10.2) + S47(10.1) + Ss5(6.7)
76.2 0.4 S4s(13.4) + S47(19.9) + S4(15.2) + Ss¢(10.1) + S39(7.8) + Ss53(7.2)
58.1 0.9 S45(84.1)

29.1 0.8 S30(85.4)

* Frequencies in cm™, calculated intensities in km mol™'. See Table S10 for definition of internal
coordinates. ° Only PED values greater than 5.0 % are given.
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Table S11. DFT(B3LYP)/6-311++G(d,p) calculated frequencies and intensities, and normal coordinate
analysis for conformer G of 5-ethoxy-1-phenyl-1H-tetrazole.”

(];:alculated Intensity PED"
requency
3148.7 0.7 S15(32.1) + S16(31.3) + S15(15.8) + S17(13.6) + S15(6.7)
3143.9 0.3 S16(36.1) + S15(30.9) + S15(16.3) + Si7(11.1) + S16(5.2)
3122.5 15.3 S17(52.8) + S15(35.6) + S16(10.9)
3110.9 11.1 S15(67.6) + S16(32.0)
3100.9 0.0 S16(77.0) + S17(22.1)
3069.6 17.1 $21(67.9) + 8,4(30.2)
3047.0 2.1 S24(53.6) + S51(29.8) + S53(15.3)
3033.8 27.6 S23(75.9) + S54(15.5)
3008.3 19.3 $20(92.3)
2971.3 13.5 $22(97.9)
1605.6 24.1 S10(65.4) + Se(20.3) + S5,(9.7)
1598.2 31.8 S12(66.2) + S50(9.7) + Ss0(8.1)
1555.9 2919  Si(36.4) +S6(22.4) + S7(10.9) + S37(8.5) + S35(5.2)
1499.8 1134 Ss5(49.8) +515(29.3) + S5(10.8)
1472.6 6.5 S75(76.9) + S32(9.0) + S19(6.8)
1460.8 4.8 S32(48.9) + S14(13.7) + Sso(12.5) + S25(6.3)
1456.5 1.0 S20(49.8) + S31(10.3) + S14(6.9)
1451.9 33.4 S1a(14.1) + 555(30.1) + Sp9(17.2) + Sso(11.8)
1437.8 132.5  S7(28.9) + S4(10.8) + S3(9.9) + Ss55(9.3) + Sy6(7.3) + S33(7.2)
1387.6 43.8 S27(71.6) + 844(22.7)
1363.3 23.1 S34(63.5) + 5,7(25.2)
1342.3 482 S4(65.5) + Ss,(14.8)
1325.9 3.3 S57(57.8) + S11(14.6) + S14(8.8) + S4(7.2) + S¢1(6.1)
1300.3 2.7 S11(57.1) + S35(17.6) + Ss7(8.4)
1298.4 6.1 S35(65.1) + 81,(13.0) + S4(9.9)
1286.9 29.0 S3(25.2) + S¢(24.0) + S3:(8.0) + Ss5(7.4)
1176.8 2.1 Se0(75.5) + S10(23.4)
1169.0 8.9 S36(45.5) + S31(21.7) + S43(10.3) + S»4(10.1)
1158.5 0.1 S61(67.5) + Sso(12.3) + S;1(12.1) + S15(7.8)
1110.9 414 S5(32.5) + S5(16.9) + S1(7.5) + S«(7.5) + Sso(6.6)
1091.7 17.0 Sso(17.8) + S5(25.8) + S14(21.2) + S35(19.8)
1087.3 294 S30(43.8) + S44(20.2) + S33(25.0)
1064.1 87.4 S35(32.2) + S14(22.1) + S50(9.6)
1042.2 9.2 S13(41.4) + Ssg(21.1) + Sg(17.6)
1015.8 26.1 So(24.8) + S49(26.1) + S15(14.0) + Sg(8.5)
1006.0 64.0 S5(31.5) + S35(17.2) + S44(30.8) + S35(10.2) + So(7.2)
994.9 0.1 S49(53.0) + So(45.6)
981.5 0.2 S6(62.9) + S5,(28.4)
974.5 8.8 Ss(13.6) + S35(24.8) + S+(12.6) + S5(12.4) + S37(12.3) + S4(10.7)
964.8 0.2 S54(50.5) + S¢s(48.4)
909.2 4.6 Sea(71.3) + Ss3(10.7) + Se(7.2)
873.3 222 S4u(25.4) + S30(24.1) + S5(28.7) + S3,(13.1)
829.2 0.1 S63(99.9)
805.4 1.0 S51(43.4) + S36(34.1) + S35(9.5)
753.8 57.4 S62(62.2) + Ss6(21.7) + Seu(7.1)
726.0 3.0 S51(17.3) + S1(13.3) + S35(10.4) + S5(9.3) + Sa4(7.5)
718.2 43 S42(44.8) + S40(36.5) + S41(13.6)
689.9 14.4 Ss52(31.0) + S41(40.0) + Se4(13.8)
679.7 14.3 S41(44.2) + Ss5(17.9) + S2(13.9) + See(7.5) + Ss6(6.1)
665.4 17.7 S37(21.8) + S51(36.5) + Sy(11.7)
616.7 0.2 Ss0(85.5) + S15(7.9)
576.7 4.6 Sx6(17.3) + Sus(14.4) + S»5(10.6) + S5(7.3)
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500.2 115 Ss(42.6) + S53(16.0) + Se(6.9)

439.1 48 S33(43.0) + S30(12.3) + S55(9.7) + S40(6.6) + Sa5(6.3)

405.8 0.2 Ses(51.0) + Ss4(47.5)

354.2 3.9 $5(20.8) + S51(21.8) + Ss5(12.5) + S(8.4) + S37(7.7)

325.6 0.9 S$40(20.3) +S53(19.6) + Si(12.5) + S35(12.4) + S4(9.7) + S45(6.6)
312.8 38 Ss5(12.8) + Sy5(19.4) + S33(6.6) + S7(8.6) + Su3(8.4) + Sux(7.5)
264.6 2.3 S43(26.8) + Sun(13.8) + Sag(11.1) + S4o(10.6) + S»5(10.3) + Ss55(10.2)
234.6 0.4 S53(19.4) + S43(21.7) + Sux(8.3) + Su7(6.1)

196.5 2.9 $55(25.3) + S43(32.9) + Sxs(14.9) + Ss5(6.9) + Ss3(6.3)

118.0 1.0 S47(34.3) + S45(24.2) + S55(16.5) + Sx4(8.1)

103.1 1.2 Sus(14.5) + S47(20.6) + Ss56(13.6) + Su5(13.5) + S53(13.5) + Sye(12.4)
85.9 0.5 S45(67.5) + Sue(17.5)

48.8 0.3 S46(49.0) + S47(13.7) + Sso(13.4) + Su5(11.9)

30.4 1.3 S30(81.0) + Sue(11.8)

* Frequencies in cm™, calculated intensities in km mol™'. See Table S10 for definition of internal
coordinates. ” Only PED values greater than 5.0 % are given.
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Table S12. DFT(B3LYP)/6-311++G(d,p) calculated frequencies and intensities, and normal coordinate
analysis for conformer G’ of 5-ethoxy-1-phenyl-1H-tetrazole.”

(];:alculated Intensity PEDP
requency
3149.9 0.8 S15(31.4) + S16(31.7) +S15(16.1) + S17(13.6) + S14(6.8)
3145.0 0.3 S16(35.3) + S15(30.8) + S15(16.4) + S17(11.5)
3123.1 15.3 S17(53.1) + S15(36.2) + S16(10.1)
3111.2 112 S15(67.2) + S16(32.4)
3101.4 0.0 S19(77.6) + S14(21.4)
3069.7 16.7 S71(68.2) + 8,4(29.5)
3047.4 23 S24(51.3) + S,1(29.2) + S,3(18.0)
3032.5 28.4 S73(72.7) + S54(18.3) + Sy0(7.4)
3008.1 18.6 S20(91.0) + S»3(7.1)
2970.7 14.2 S22(97.8)
1605.7 24.2 S10(65.3) + Se0(20.3) + S5,(9.7)
1598.4 33.2 S12(66.0) + Ss0(9.7) + Ss0(8.1)
1556.4 2912 Si(36.5) +S6(22.3) + S7(10.8) + S37(8.4) + S55(5.2)
1499.7 113.7  Ss5(50.1) + 513(29.4) + S5(10.6)
1472.6 6.1 S75(76.3) + S32(9.5) + S19(6.6)
1460.4 3.1 S;32(43.6) + S14(15.8) + Sso(14.3) + S55(7.5)
1456.3 1.7 S20(51.8) + S31(10.7) + S35(7.5)
1451.9 35.7 S1a(13.4) + 555(32.6) + S29(16.2) + Sso(11.3)
1437.2 1344 S7(28.9) + S¢(11.0) + S3(10.0) + Ssg(9.1) + Sy6(7.3) + S35(7.2)
1388.0 47.9 S27(72.2) + $34(22.2)
1363.1 242 S54(64.0) + S,,(24.6)
1343.0 47.1 S4(65.2) + Ss:(15.5)
1326.2 3.3 S57(57.3) + S11(14.7) + S14(8.7) + S4(7.7)
1300.3 3.0 S11(58.5) + S35(15.2) + Ss/(8.8)
1298.3 6.1 S35(67.2) + S11(11.5) + 84(9.2)
1286.3 30.2 S6(23.6) + S5(25.1) + S37(8.0) + Ss5(7.3)
1177.1 2.3 Se0(75.4) + S10(23.4)
1169.0 9.2 S36(45.5) + S31(21.8) + S43(10.3) + S»4(10.2)
1158.7 0.2 S61(67.5) + Sso(12.2) + S11(12.1) + S15(7.7)
1111.0 40.7 S5(32.8) + Sg(16.8) + S1(7.4) + S«(7.3)
1092.2 12.8 Sso(18.0) + S5(23.8) + S14(21.3) + S35(18.7)
1086.8 30.4 S44(19.5) + S30(42.9) +S33(24.2)
1063.9 91.0 S35(32.8) + S14(21.6) + S50(9.2)
1042.2 9.1 S13(41.5) + Ssg(21.1) + Sg(17.4)
1015.8 26.8 So(25.1) + S49(25.4)+ S15(13.9) + Sg(8.5)
1006.0 63.2 S2(31.6) + S44(30.8) + S35(9.9) + So(6.6)
994.9 0.0 S49(52.8) + So(45.9)
982.7 0.1 Se6(62.6) + S5,(28.5)
974.7 8.8 Ss(13.6) + S35(24.9) + S7(12.7) + S5(12.5) + S3,(12.2)
965.6 0.2 S54(50.8) + S¢s(47.7)
909.6 42 Sea(71.1) + Ss3(10.7) + Se4(7.4)
873.5 222 S30(23.7) + S34(42.4) + S»(28.7) +S44(25.5)+ S37(13.3)
829.9 0.1 S63(99.8)
805.2 0.8 S51(43.4) + S36(34.0) + S35(9.6)
754.1 57.7 S62(63.3) + Ss6(21.3) + S4(6.9)
726.5 2.1 Ss51(17.0) + Sus(14.6) + S1(12.6) + S36(9.3) + S3(8.9) + Sa(7.0)
717.3 5.7 S42(43.3) + S40(35.5) + S4(11.5)
690.0 13.3 S52(30.6) + S41(40.9) + Se(13.7)
680.3 13.8 S41(43.0) + Ss5(18.7) + Se2(13.6) + See(7.8) + Ss6(6.4)
665.5 17.8 S37(21.4) + S51(37.0) + S;(11.4)
616.9 0.2 S50(85.5) + S15(7.9)
576.7 3.9 Sx6(17.5) + Sus(14.3) + S»5(10.7) + Sg(9.7) + Sx(7.4)
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503.3 13.8 S54(42.0) + S53(15.0) + Ss5(7.0) + Sgs(7.0)

421.0 2.3 $33(49.8) + S30(12.9) + Sux(7.8)

406.2 0.2 Ses(51.0) + Ss4(47.3)

3747 49 S40(16.5) + Ss5(18.2) + S4(10.8) + S4r(8.1)

342.8 32 S5(24.8) + S51(24.9) + Sg(6.9) + S5,(6.2)

284.9 35 S43(20.1) + S55(23.6) + Ss3(13.1) + S33(10.9) + Su5(8.5)
266.0 0.2 S55(19.4) + S42(24.7) + S4(20.8) + S35(15.4)

236.4 0.1 Ss53(18.8) + S43(34.5) + S$55(9.9) + S47(6.4)

194.7 3.3 $,5(26.6) + S43(32.6) + Sys(14.1) + S35(6.6)

124.1 1.1 S4s(21.6) + S47(30.0) + Sss(15.1) + S45(8.4) + Sx(6.9)
96.2 1.0 S47(24.3) + Sus(16.5) + Sse(14.1) + Ss3(13.0) + Su6(10.5) + S45(7.9)
82.5 0.6 Su5(64.4) + S6(10.1) + S3(6.2)

483 0.4 S46(59.4) + Sus(15.4) + Su(11.6)

30.7 1.2 S30(87.4) + S44(7.0)

? Frequencies in cm™', calculated intensities in km mol™'. See Table S10 for definition of internal
coordinates. ” Only PED values greater than 5.0 % are given.
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Table S13. Calculated IR spectrum of ethylcyanate at the DFT(B3LYP)/6-311++G(d,p) level.
(Conformer T).

Symmetry  Frequency Intensity

(cm™) (km mol™)
A" 3059.0 26.7
A' 3042.9 15.8
A" 3032.8 2.3
A' 2988.5 15.7
A" 2976.5 7.7 ,
A' 2297.1 237.9
A" 1482.4 6.8 ;a/‘y
Al 1467.4 2.8 L )
A' 1450.2 8.6 '
A' 1395.7 32.1 Y
A' 1369.0 8.0
A" 1268.7 0.8
A" 1143.2 4.6
A' 1138.3 152.6
A' 1096.6 49.9
A" 986.0 415
A' 803.8 30.2
A' 801.1 1.3
A' 579.2 5.9
A' 514.7 8.4
A' 369.7 6.6
A" 2435 0.1
A’ 1713 5.0
A" 58.0 1.6

Frequencies were scaled by 0.978. The compound belongs to the Cg symmetry point group. Sum of
electronic and zero-point energies: —247.33801134 a.u. Dipole moment: 5.2 Debye.
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Table S14. Calculated IR spectrum of ethylcyanate at the DFT(B3LYP)/6-311++G(d,p) level. (conformer
G).

Symmetry Frequency Intensity
(cm™)  (kmmol™)

A 3076.2 16.2

A 3044.7 9.5

A 3035.2 13.0

A 3001.9 18.8 ‘*
A 2971.1 5.8

A 2294.6 213.0

A 1477.1 6.2 -
A 1463.7 0.9 .
A 1453.4 8.7 8
A 1390.9 18.5

A 1364.5 22

A 1286.8 15.9

A 1174.4 514

A 1102.2 1242

A 1081.0 11.5

A 961.9 26.7

A 808.9 11.6

A 778.3 25.9

A 603.6 46

A 518.7 10.7

A 386.6 1.0

A 265.6 18

A 183.5 5.5

A 772 0.8

Frequencies were scaled by 0.978. The compound belongs to the C; symmetry point group. Sum of
electronic and zero-point energies: —247.33765649 a.u. Dipole moment: 5.0 Debye.
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Table S15. Calculated IR bands of 3-ethoxy-1-phenyl-1H-diazirene at the DFT(B3LYP)/6-311++G(d,p)
level. (conformer T).

Frequency Intensity
(cm™) (km mol™)
3128.8 6.4
3121.8 11.2
3115.0 14.1
3105.0 6.8
3096.0 0.9
3050.9 26.7
3039.4 19.7
3017.7 5.0
2978.3 13.4
2973.7 14.5
1770.4 468.2
1594.1 0.5
1579.0 0.5
1486.0 10.9
1479.7 11.6
1467.2 4.9
1451.9 8.2
1448.6 7.8
1401.9 8.5
1377.1 10.8
1338.0 163.6
1321.7 7.7
1296.9 12.2
1273.3 1.8
1192.0 54.2
1160.2 23.4
1154.1 6.8
1150.6 3.2
1110.2 9.5
1079.0 4.6
1028.3 203.2
1019.1 58.1
992.8 0.7
976.5 14.6
976.0 11.1
960.1 0.5
906.9 2.5
835.9 5.7
822.1 1.1
806.0 4.8
800.5 0.7
763.8 37.7
712.2 11.5
677.7 35.2
619.8 1.0
578.4 9.6
559.0 4.4
485.0 8.1
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395.8 13.4
3393 58.6
307.2 2.2
2493 11.0
244.4 49.4
178.5 1.6
152.6 0.4
107.1 0.9
68.6 24
40.6 1.3
30.8 0.4

Frequencies were scaled by 0.978. The compound belongs to the C; symmetry point group. Sum of
electronic and zero-point energies: —533.74244438 a.u.. Dipole moment: 3.3 Debye.
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Table S16. Calculated IR bands of 3-ethoxy-1-phenyl-1H-diazirene at the DFT(B3LYP)/6-311++G(d,p)
level. (conformer G).

Frequency Intensity
(cm™) (km mol™)
3128.8 6.3
3122.0 10.9
3115.1 14.1
3105.1 7.2
3096.0 0.8
3064.5 24.7
3040.7 34
30354 20.6
2994.6 15.6
2971.1 13.4
1768.4 470.3
1594.4 0.4
1579.2 0.6
1480.0 11.2
1476.1 10.0
1464.1 <0.1
1454.4 10.4
1448.9 7.4
1390.0 13.4
1371.1 12.2
1340.9 136.1
1321.6 7.0
1297.9 2.6
1296.6 16.6
1191.1 48.4
1172.9 26.1
1159.6 19.2
1153.8 7.3
1087.4 21.0
1079.0 6.9
1023.7 77.8
1016.8 153.2
992.8 0.2
975.4 <0.1
959.0 0.3
943.2 27.8
906.9 2.6
829.5 4.2
821.2 1.2
808.4 2.2
778.8 15.8
762.9 31.7
711.2 10.0
677.7 36.1
620.7 1.1
585.5 7.9
558.5 4.9
487.1 8.8
424.2 2.1
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407.7 0.7
305.0 15.0
273.3 30.2
239.3 332
184.3 13
152.8 0.7
104.5 13
55.8 1.9
42.6 <0.1
38.8 2.3

Frequencies were scaled by 0.978. The compound belongs to the C; symmetry point group. Sum of
electronic and zero-point energies: —533.74165279 a.u. Dipole moment: 3.0 Debye.
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Table S17. Calculated IR bands of 3-ethoxy-1-phenyl-1H-diazirene at the DFT(B3LYP)/6-311++G(d,p)
level. (conformer G”).

Frequency Intensity
(cm™) (km mol™)
3129.1 6.1
3122.4 10.0
3115.4 14.4
3105.3 7.4
3096.0 0.6
3062.8 25.8
3037.6 2.5
3032.9 27.6
2993.8 18.5
2969.2 10.4
1767.0 451.6
1594.2 0.6
1579.0 0.4
1479.6 12.7
1475.3 7.2
1463.0 1.5
1455.9 10.6
1448.9 8.2
1390.3 8.9
1372.5 14.2
1343.3 131.6
13214 54
1299.5 3.9
1296.8 13.5
1191.7 52.6
1173.0 22.5
1159.4 18.8
1153.9 7.3
1086.8 29.5
1078.8 4.1
1024.7 115.1
1017.9 91.8
992.8 0.3
975.5 0.0
959.4 0.4
945.7 30.5
906.6 2.4
829.0 4.9
821.3 1.5
806.6 2.0
780.2 12.5
763.6 34.6
710.8 11.0
677.5 35.2
620.9 1.7
588.9 6.7
558.1 4.8
489.9 10.6
406.6 1.0

_S28(B)-



353.5 50.6
311.8 5.8
277.8 353
238.1 36.2
194.1 1.7
158.0 1.1
104.8 1.6
63.3 1.3
46.8 1.8
334 0.6

Frequencies were scaled by 0.978. The compound belongs to the C; symmetry point group. Sum of
electronic and zero-point energies: —533.74151629 a.u. Dipole moment: 3.2 Debye.

-S29(B)-



