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Figure 1. The correlation of atomic forces between NN predictions and DFT calculations. There are still a
few points in the area with an absolute value greater than 60eV/A. To make the picture clearer, they are not
shown. However, these points were included when calculating the MAE and RMSE values. Considering
such a large value range, the accuracy of the NN model is encouraging.
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Figure 2. Time dependences of the total energ
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during the MD simulation under NVE ensemble.
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main radicals created during the MD simulation.
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Figure 4. Time dependences of the potential energy of the system during the MD simulation.
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Figure 5. Real-time trajectory of the formation of cyclopropene.

Table 1. Energy prediction errors for the reference set. The mean absolute errors (MAES) and root mean
squared errors (RMSES) are in eV/atom.

Training Set / Test Set

Structure Number MAE RMSE

578,731/13,315 0.041/0.140 0.073/0.240




Table 2. Rate constants [(cm?*/mol)-s*] of several reactions detected in the reactive MD simulation with
neural network potential and comparison with that in the GRI-Mech 3.0 mechanism.

Reaction k(exp)? k(simulation)®

CH4+ -OH — -CH3 + H0 2.17x10%8 1.22x10%
.CH3+ H20 — CHg4 + -OH 4.56x101 1.49x10%
CHs+ -H — -CHs + H: 4.60x10% 4.34x10%
.CH3 + H2 > CH4 + -H 2.92x10%2 8.49x10™
.CH3 + HOO- — O, + CHg4 1.00x10% 9.39x10%
‘H+ H20 - -OH + H 7.17x10%? 6.57x10%?
CH4 + HOO- — -CH3 + HOOH 1.89x10% 4.79x10%?
.0+ CH4 — CHs3 + -OH 3.96x10%3 8.05x10%
02 + HOCO — -CHO + HOO- 1.22x10% 2.91x10%?
HOCO + -OH — -CHO + H,0 4.69x10%3 1.11x10%

_Ea
aThe rate constants were calculated by the Arrhenius equation k = AT?e’rr, parameters are taken from
Ref. 48, and T was set to 3000K.
bThe rate constants were calculated by the method developed in Ref. 50 and Ref. 51.



Supplementary Note

List of reactions found in the trajectory
[HH]+[HIC(HD[H]->[HIC(IHD(IHDIH]
[HH]+[H]O->[H]O[H]
[HH]+[H]C[H]->[H]IC([H])[H]

0=0->0+0

[HIC([H])=O->[HH]+[H]C=0
OO+[HH]->[H]OO

0+0->00
[HIOC(H(IHD[H]->[HH]+[H]OC([HDIH]
0O=0+[HH]->[H]OO

[HI[H]->[HH]+[HH]

0=C=0->C=0+0

[H]C=0->C=0+[HH]
[HIC(IHD(IHDIHI+[H]O->[H]C([HDIHI+[H]O[H]
[HH]+[H]CO->[H]C([H])=O
[HIC([HD[H]+[H]O->[H]OC(H])(HDIH]
[HIC([H])O->[HH]+[H]C=0
[H]CO->C=0+[HH]
[HH]+[HIC(HD(HDIH]I->[HIC(IHDH]+[H][H]
O+[HH]->[H]O
[HH]+[H]C(H)O->[H]IC(HI)([H]DO
O+[H]O[H]->[H]O+[H]O
[HIC(HD([H])O->[HH]+[H]C([H])=O
C=0+0->0=CO

[HJOO[H]->[H]O+[H]O
[HH]+[H]CO->[H]C([H])O
O=O+[H]C([H])(IHD[H]->[H]C([H])[H]+[H]OO
[HIC([HDI[H]+[H]OO->00+[H]C([HD(IHDH]
[H]O+[H][H]->[HH]+[H]O[H]
[H]O+[H]OO->0=0+[H]O[H]
[HIC(HD)[H]+[H]O->[H]C[H]+[H]O[H]
[HIC([HD(IHD[HI+[H]OO->[H]C([H])[H]+[H]OO[H]
OO0+[H]O[H]->[H]O+[H]OO
[HIOC([HI)(HD[H1->[HHI+[HIC(H) (HDO
[HIC([H])=0+[H]O->[H]C=O+[H]O[H]
OO0+[H]C([H])=0O->[H]C=0+[H]OO
[HH]+[H]OO->0+[H]O[H]
[H]JOO+[H]O[H]->[H]O+[H]OO[H]
O+[H]C([H])([HDIH]->[H]C([HD[H]+[H]O
[HH]+[H]OO->0=0+[H][H]
O=0+[H]C([H])=0->[H]C=0+[H]OO
[HIC([H])=0+[H]O->[H]CO+[H]O[H]
OO+[H][H]->[HH]+[H]OO
[HH]+[HIC(HDIH]->[HIC[H]+[H][H]



CO+0->0=C=0

[HIOC([HD[H]->[HH]+[H]C([H])=O
[HIC([H])=O+[H]C([HD[H]->[HIC([HD([HD[H]+[H]C=0
[HIC(HD(HDIHI+[HIC[HI->[HIC(IHD[HI+[HIC(HDIH]
[HIC([H])=O+[H]C([HD[H]->[HIC([HD(HD[H]+[H]CO
[H]OO+[H][H]->[HH]+[H]OO[H]
0=0+[H]C([H])=0->[H]CO+[H]OO
[H]C=0+[H]OO->00+[H]C([H])O

OO+[HH]->[H]O=0

[H]CO+[H]OO->00+[H]C([H])=0
[H]OO+[H]OO->00+[H]OO[H]
[HIOC([HD[H]->[HH]+[H]C([H])O
[H]O+[H]OC([HD)/(HDIH]->[HIC([H]D([H])O+[H]O[H]
[H]CO+[H]OO[H]->[H]C([H])=0+[H]OO
[HH]+[H]OO[H]->[H]O+[H]O[H]
[HIOC(HD([HD[H]->[H]C[H]+[H]O[H]
OO+[H]OC([HD[H]->[H]C([H])=O+[H]OO
[HIO+[H]OC([H])([HD[H]->[H]OC([H])[H]+[H]O[H]
[HIC(HDH]+[HIOC([H)([HDIH]->[HIC(HD([HD O+ [HIC([HD(HD[H]
[HIC([H])C=0->C=0+[H]C[H]
[HH]+[H]OC([HD)/([HD[H]->[H]OC([HD[H]+[H][H]
[H]OO+[H]OO->0=0+[H]OO[H]
O+[H][H]->[HH]+[H]O
[HH]+[H]C([H])=O->[H]CO+[H][H]
O+[H]C([HI)([H])O->[H]C([H])O+[H]O
[HH]+[H]C([H])O->[H]C=0+[H][H]
[H]IC([H])=O+[H]OO->[H]C=0+[H]OO[H]
OO+[H]C=0->C=0+[H]OO
[HIC[H]+[H]O[H]->[HH]+[H]OC([H][H]
O+[H]O0O->00+[H]O
[HIC([H])O+[H]O->[H]C=0+[H]O[H]
[HIC([HI)([H])O+[H]O->[H]C([H])=O+[H]O[H]
[H]O+[H]OC([H][H]->[H]C([H])=O+[H]O[H]
[HH]+[H]C([H])=0->[H]C=0O+[H][H]
[HIC(=0)C([HD[H]->[HH]+[H]C([H])C=0
C=0+[H]C[H]->[H]C([H])=C=0
[HIC([HD[H]+[HIOC(IHD)(HD[H]->[HIC([HD(HD[H]+[HIOC(HD[H]
[HIC([HD)O+[HIC(HDH]->[HIC(HD(HDI[HI+[H]ICO
OO0+[H]C([H])O->[H]CO+[H]OO
[H]CO+[H]OO->0=0+[H]C([H])O
[H]C([H])O+[H]O->[H]CO+[H]O[H]
O+[H]OC([HD([H)[H]->[H]O+[H]OC([H])[H]
[HIC([HD)O+[H]C(HDH]->[HIC(HD([HD[H]+[H]C=0
O=0+[H]OC([H])[H]->[H]C([H])O+[H]OO
OO0+[H]CO->C=0+[H]O0
[H]C=0+[H]OO->0=0+[H]C([H])O



[HIC([HD(HDO+[H]O->[H]C([H])O+[H]O[H]
0O=0+[H]C=0->C=0+[H]OO
[H]C([H])CO->C=0+[H]C[H]
[HH]+[H]C=0->C=0+[H][H]
[H]O+[H]OC([HD[H]->[HIC([H])O+[H]O[H]
O+[H]C([H])=0->[H]C=0+[H]O
0=0+[H]O->0O+[H]OO
O=0O+[H]C([H])([H])O->[H]C([H])O+[H]OO
[HH]+[H]OC([HD[H]->[H]C([H])=O+[H][H]
O+[H]C[H]->[HH]+[H]CO
O+[H]C([HI([H])O->[H]C([H])=O+[H]O
O+[H]C([HD[H]->[HH]+[HIC([H])O
OO+[H]C([HD([H])O->[H]C([H])O+[H]OO
OO+[H]C([H])=0O->[H]CO+[H]O=0
[H]CO+[H]O=0->00+[H]C([H])O
[HIC(IHDIHI+[HIC(HDIHI->[HIC(HD(HD C(HD(HDIH]
[HH]+[H]C(HD([H)O->[H]C([H])O+[H][H]
C=0+[H]C([H][H]->[HH]+[H]C([H])C=0
O+[H]C([H])=O->[H]CO+[H]O
O=O+[H]C([H])([H])O->[H]C([H])=O+[H]OO
C=O+[H]C([HD(HDIH]->[H]IC([HD[H]+[H]C=0
O+[H]O->0=0+[HH]
OO+[H]OC([H]D[H]->[H]C([H])O+[H]OO
[HH]+[H]C=0->0+[H]C[H]
[HH]+[H]C([H])=C=0->[H]C(=0)C([H])[H]
[HIC(=O)C([HD[H]->[HH]+[H]C([H]))CO
[HIC([H])([H])=O->[HH]+[H]C([H])=O
[HIC([HD([H)=O->[HH]+[H]C([H])O
CO+0->0=CO
C=0+[H]C([HD([HD[H]->[H]C([HD[H]+[H]CO
C=0+[H]C[H]->[H]C([H])#CO
C=0+[H]O->0=CO+[HH]

OCO->C=0+0
[HH]+[H]CC(HDH]->[HIC(HDC(HDIH]
[HIC([HD[H]+[H]O->[H]O=C([H])([HD[H]
[H]C=C=0+[H][H]->[HH]+[H]C([H])=C=0
C=0+[H]C->[H]CCO

[H]C=C=0->C=0+[H]C
C=0+[H]O[H]->[H]C=0+[H]O
C=0+[H]OO->0=0+[H]CO
[HIC([HDIH]+[H]O->[HH]+[H]OC([H]D[H]
[H]OO->0+[H]O
[HIC(IHD(HDIH]->[HH]+[HH]+[H]C[H]
C=0->C+0

[HH]+[H]O[H]->[H]O([H][H]
[HH]+[H]OO->[H]OO[H]



[H]CC([H])C=0->C=0+[H]CC[H]
[HIC([HD([HDOO->[HH]+[H]C([H])OO
C=0O+[H]CC[H]->[H]CC([H])=C=0
[HH]+[H]C([H])=C=0->[H]C([H])([H])CO
[HH]+[H]C([H])CO->[H]C([H])([HDCO
[HIOC([HD[H]->[HH]+[H]CO[H]
C=0+C=0->0=CCO
[H]IC([H])=C=0O->[HH]+[H]C=C=0
[HIOC([HDIH]->[H]IC[H]+[H]O
C=0+[H]O->[H]OC=0
C=O+[H]C([HDH]->[HIC(H])([HDC=0
O+[HH]+[HH]->[H]O[H]
OO+[H]C([HDIH]->[HIC([HD(H])OO
[HH]+[H]C=C=0->[H]C([H])CO
[H]CC([H])CO->C=0+[H]CC[H]
0O=C=0+[HH]->[H]OCO
0=0+0=0->0000

0000->0=0+00
[H]OO[H]->0+[H]O[H]
[HIC([HD([HDCO->[HH]+[H]C([H])C=0
[HH]+[H]CCO->[H]C([H])CO
[HIC([HD(IHDC=0O->[HH]+[H]C([H])=C=0
000->0+00
[HIC([H])([H])C=O->[HH]+[H]C([H])CO
C=0+[H]O->[H]OCO

000->0+0=0
O+[H]C[H]->[H]C([H])=O
[H]IC([H])C=0O->[HH]+[H]C=C=0
[H]OC=0->0=C=0+[HH]
[H]C([H])=C=0->[HH]+[H]CCO
[HH]+[H]C([H])C=0O->[H]C([H])([HDC=0
C=0+0=0->0=C00
0=C=0+00->0=C(0)00
[H]OCO->0=CO+[HH]
C=0+00->0=C00
[HIC[H]->[HH]+[H]C
[HH]+[H]CC=0->[H]C([H])C=0
O=O+[H]C([HDI[H]->[HIC(H)([H])OO
C=0+00->0C00
0=C=0+0=0->0=C(0)00
[H]O+[H]O[H]->[H]O[H]O[H]
[HIC(HI)([H])CO->C=0+[H]C([H])[H]
C=0+[H]C#C[H]->[H]CC([H])C=0
[HIO[H]C(IHD(HDIH]I->[HIC([HD[H]+[H]O[H]
[H]OC=0->0=CO+[HH]
[HH]+[H]CCO->[H]C([H])C=0

10



[HIC([H])CO->[HH]+[H]CC=0

OCOO0->C=0+0=0

0=C(0)O->0+0=C=0

[H]O[H]OO->0=0+[H]O[H]
[H]C([H])=C=0O->[HH]+[H]CC=0

0O000->00+00
[HIC(HD)([H)OO->O+[H]C([H](H])O
C=0+C=0->0CCO

[H]CO[H]->[HH]+[H]OC

OO0+[H]O[H]->[H]O[H]OO

OO0+[H]O->[H]O00

0=CC=0->C=0+C=0

[H]OC(=0)O->0=CO+[H]O
C=0+[H]C#C[H]->[H]CC([H])=C=0
[HH]+[H]CC(H)C(HDIH]->[H]IC(IHDC(H)C(HDIHI
[HH]+[HH]+[H]C->[H]C([HD[H]
[H]C(=0)O->0=CO+[HH]
[HIC([HD(IHD[H]I+[H]O->[H]O[HIC(H])([HDIH]
[HIC(H]D)[H]+[H]OO->[H]OOC([H])([HD[H]
[HIOC(HI)([H])O[H]->[H]O+[H]OC([H])[H]
O=O+[H]C([H)([HD[H]->[H]IC(HD)(HDIH]OO
[HIC([H])O->O+[H]C[H]

0=C(0)00->0=C0O+00
[H]C([H])=C=0O->[HH]+[H]C#CO
C=0+[H]C=C[H]->[H]CC([H])C=0
[H]O+[H]OC([H])[H]->[H]CO[H]+[H]O[H]
O=0+[H]C([H])[H]->[H]C[H]+[H]OO
0=C(0)O->0+0=CO

[H]IOOO->0=0+[H]O
[H]OC([H])=0O->[HH]+[H]OC=0
[HIC(HD)(HDIH]->[HH]+[HH]+[HH]+[H]C
[HIOOC([HN)([HDIH]->[HIC(HD([H])O+[H]O
[HIOC([H])([HD[H]+[H]OO->[H]OC([H])[H]+[H]OO[H]
[HH]+[H]O[H]->[H][H]O[H]
O=0+[H]OC([H])[H]->[H]CO[H]+[H]OO
[HJOC(=0)0O->0=C=0+[H]O
C=O+[H]C(H)C(HDIH]->[HIC(HDC(H)([H])C=0
[H]C=C([H])C=0->C=0+[H]CC[H]
C=0+0=C=0->0=C0CO
[HIC(H)C(HDC(IHDH]->[HH]+[H]C(H])CC(HDIH]
[HICIC([HD(HI)C1([HD)[H]->[HH]+[H]CC(H])C(HDIH]
[HIC(HD)([HDIHIOO->00+[H]C([H](IHDIH]
O=CO+[HH]->[H]C(O)O

01001->0+00

[H]IC[H]+[HI[H]->[H]IC([HD)(HDIH]
[HICI([HDIHI[H]1->[HH]+[H]IC([HD[H]

11



0=C0O+0=0->0=C(0)00

[H]C(=0)O->0=C=0+[HH]

OO[H]OO->0=0+[H]O0O
[HIC([H)C(=O)C([H)(IHDIH]->[H]IC([H])C=O+[H]C([HD[H]
0=C(0)OCO->0=C=0+0=C=0
[HJOC([H]([H])O->[HH]+[H]OC([H)O
[HJOC(HI)([HDO->[HH]+[H]OC([H])=0
[HIC(HD[HI+{HIO[H]->[HH]+[HIOCHD (HD[H]
C=0+[HH]->[H]OC

[H]CC([H])CO->C=0+[H]C#C[H]
[HICC([HI)([H])C=O->[HH]+[H]CC([H])CO
[HH]+[H]C1C([H])C1([HD[H]->[H]ICIC(H])(H])C1([HD[H]
0O=C=C(C=0)C=0+[H]O->[H]OC(=0)C(=C=0)C=0
[HIC([H])OO->O+[H]C([H])=0
[HIC(H])(O)O->[HH]+[H]C(=0)O

0+0=0->01001

[H]OO[H]->O+[HH]+[H]O
[HIC[H]+[H]O->[H]C([H])([H])O

OCOO0->0+0=C=0
[HIHIC(HD)(HD[H]->[HH]+[HIC(HD(HDIH]
OO+[H]OO->[H]OO00

[HJOOOO0->0=0+[H]00
[H]C[H]+[H]OO->00+[H]C([H])[H]
[HIOOC([HD(IHDIH]->[HH]+[H]OOC([H])[H]
[H]1[H]O1->[HH]+[H]O

O+0+[HH]->[H]OO

0+0=CO->0=C00

0O+0=CO->0C(0)0O

0=C=0+0=0->00C(0)0
[HIC([H])CO+[HIC([HDIH]->[HIC([HD)(HD)C(HD(IHDCO
0=C=0+0=C0O->0=C(0)0CO
[HIC([H)C(O)C(IHD(IHDIH]->[H]IC([H])C=O+[H]C([HDIH]
[H]OOC(=0)0->0=CO+[H]OO

C=0+0=C0O->0C0OCO
[H]CO[H]+[H]OO->00+[H]OC([H])[H]
[H]O[H]O->[H]O+[H]O
[HIC(HD)([HDIHI+[H]O->[HH]+[H]OC([H])([HDIH]
[H]O[H]O->0+[H]O[H]
[HIOC([H])([H])CO->[HH]+[H]OC([H])=C=0
OCOCO->C=0+0=C=0
[HIC([H])CO+[H]O->[H]OC([H])([H])CO
[HH]+[H]C#CO->[H]C([H])C=0
[HIOC([H])([H])CO->[H]C([H])=C=0+[H]O
C=O+[H]C([H])C(HDI[H]->[H]IC(HDC(H)([H])CO
[HIC(HD)C([HD([H)CO->[HH]+[H]C([H])C([H])CO
[HIC1([H])C(=O)CL(HDIH]->C=0O+[H]C([H)C(IHDH]

12



[HIC1([H])C(=O)CL([HD[H]->[HH]+[H]C1C(=O)C1([H])[H]
O=CO+[H][H]->[HH]+[H]C(=0)O
[H]CC([H])=C=0->C=0+[H]C=C[H]
C=0+[H]CC([HD[H]->[HICC([HI)([H])C=O
[HH]+[H]CC([H])CO->C=0+[H]CC([H])[H]
C=0+[H]CC([H][H]->[H]C(=C=0)C([H])[H]
[HIC(HDC(HD)C(HD[H]->[HH]+[H]C1C([H])C1([HD[H]
[H]JCCC([H])[H]->[HH]+[H]CCC[H]
[H]OC(=0)C(C=0)CO->0=CC(C=0)CO+[H]O
[HIOC(HD([HDO[H]->[HH]+[H]OC([H])O[H]
0=C0O0->0+0=C=0

OO+[H]CO[H]->[H]CO+[H]OO
[HIC([H])=0O->C=0+[HH]+[HH]
[HIC(IHD(IHDIHI+[HIOO->O+[H]C([H])[H]+[H]O[H]
0=C0O=0->C=0+00
[HIOC([HD([HD[H]->O+[H]C([H])([HD[H]
O+[H]C([HD([HD[H]->[HH]+[H]IC([H])([H]O
[HIC(IHDIHI+[HIOC(HD[H]->[H]C(HD([HD[H]+[H]CO[H]
00C1(0)001->0=C1001+0=0
0=C1001+00->00C1(0)001
OO+[H]OC([H]D(HDIHI->[H]IC(HD([H])O+[H]OO
OO+[H]C([HDIHI->[HIC([H])([H))O=0
[HH]+[H]OOC([HD)[H]->[H]C([H])([H])O+[H]O
[HIC(IHD(HDIHI+[H]O->[HH]+[H]C[H]+[H]O[H]
O+[H]O->[H]1001

0=CO+00->0C000
[HIC([HD[H]+[H]OO[H]->[H]O+[H]OC([H])([HD[H]
[H]C=0->0+[H]C
[HIC([H])=C=0+[H]C([HD[H]->[H]C([H))C(=0)C([HI)([HDI[H]
[HIC(IHD(HDC(HD([H)CO->[H]C([H])C=O~+[H]C([H])[H]
[HIC(HDC(=O)C(HD(HDIH]->[HH]+[H]C([H))C(=0)C([HD[H]
0O=0+[H]C(=0)0->0=CO+[H]OO

O+[H]O->[H]O=0

O=0+[H]O([H])[H]->[H]OO+[H]O[H]
O=CO+[H]C([HD[H]->[HIC([H])([H]))C(=0)O
OO+[H]OC([H]([HD[H]->[H]OC([H])[H]+[H]OO
0O0C(0)0O->0=C=0+00

O+[H]O->0O[H]O

[H]O+[H]OC=0->[H]OC(=0)O[H]

0O0C(0)0O->0=C0+0=0

O+[HH]+[H]C->[H]C([H])=0
[HIC([H])=C=O+[H]C(HD[H]->[H]IC(HD([HDC(HD(H)CO
0=C=0+0=C0O->0=C0OC(=0)0
[HH]+[H]OC([H])=C=0->[H]OC([H])([H])C=0
[H]OO+[H]O[H]->[H]O+[H]O+[H]O
[HIC([H])=O+[H]O->[H]OC([H])([H])O
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[H]C([H])CO->[HH]+[H]C=CO
O=0+[H]C([H])=0->[H]C([H])(0)O0
O=0+[H]OC([H])([HDIH]->[H]OC([H])[H]+[H]OO
[HIO[H]+[H]O[H]->[H]O+[H]O([H])[H]
OO0+[H]CO[H]->[H]OC+[H]OO
[HH]+[H]C1C(O)CL([H])[H]->[H]ICL([H])C(=O)C1([H])[H]
[HIC(H)C(HD(IHDC=O->[HH]+[H]C([H])C([H])C=0O
[HH]+[H]C1C(=0)CL([H])[H]->[HIC([H)C(H])([H])CO
[H]ICC([H])CO->C=0+[H]C=C[H]
[HH]+[H]CC([H])=C=0->[H]CC([H])([H])CO
[HIC([H])C([H])C=0->C=0+[H]CC([H])[H]
[H]C1C(O)CL([HD[H]->[HH]+[H]C1C([H])C10
[HIC(H])C([H])C=0O->[HH]+[H]CC([H])=C=0
[HICC([H])([H])CO->C=0+[H]CC([H])[H]
[HIC(H])C([H])C=O->[HH]+[H]CC([H])CO
[H]CC([H])C(=0)O[H]->[H]CC[H]+[H]OCO
[HICC[H]+[H]OC=0->[H]CC([H])C(=0O)O[H]
[H]C(C=0)C([H)C(HD(IHD[H]->C=O+[H]CC(H])C(H])([HDIH]
[HICIC([HD(H)CL(HDIH]->[HH]+[H]C1([H])CCL([H])[H]
[HH]+[H]CL([H])CCL(HD[H]->[H]IC(H])C(H])C([H])[H]
[HH]+[H]CC(HT)C(HN[H]->[H]CC(HD(HI)C(HDIHI
[HICC([H])C(HDIH]->[HH]+[H]CC([H])C[H]
[HH]+[H]C1C([H])C1[H]->[H]CC([H])C([HDIH]
[H]C1C([H])C1[H]->[HH]+[H]C1CC1[H]
C=0+0CCCO->0CC(CO)CO
0=C=C(=C=0)=C=0->C=0+0CCCO
O=CC(C0O)CO+[H]O->[H]OC(=0)C(=C=0)C=0
[H]OC(=0)C(CO)CO->0=CC(C=0)C=0+[H]O
0O=C=C(=C=0)=C=0+[H]O->[H]OC(=0)C(=C=0)=C=0
[H]OC(0)C(=C=0)C=0->0=CC1C(0)C10+[H]O
0O=CC(C=0)CO+[H]O->[H]OC(O)C(C=0)CO
[H]OC(=0)C(=C=0)C=0->0=C=C(=C=0)C=0+[H]O
[HIOC([H])(HI)O[H]->[HH]+[H]OC([H])([H])O
[HH]+[H]OC([H])([H])O->[H]OC([H])([H])O[H]2
[HIOC([H])O[H]+[H]I[H]->[HH]+[H]OC([H])([H])O[H]
OO+[H]O([H])[H]->[H]OO+[H]O[H]
[H]OC1(0O)C(=0)C1=C=0->0=CC1C(=0)C10+[H]O
[H]OC([H])O[H]->[H]CO[H]+[H]O
[HIOCO[H]+[H][H]->[HH]+[H]OC([H])O[H]
0O=C=C(C=0)C=0+[H]O->[H]OC(0)C(=C=0)C=0
0=C=C(C=0)C(=0)0->0=CCC=0+0=CO
0O=C=CC=0+0=C0->0=C=C(C=0)C(=0)0
0=CC(C0)C(=0)0->0=C=CC=0+0=CO
[HIC(HD)([HD)OO+[H]C(HN(HDIH]->[HIC(IHDH]+[HIOOC(HD)([HDIHI
[HIC([H])([HDOO->[HH]+[H]C1([H])OO1
O+[H]C([H])=0->[H]C([H])(O)O
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O+[H]C(=0)O->0=CO+[H]O
[HIOOC([HD)([HD[H]->[HH]+[H]IC([H])O+[H]O
[HJOO+[H][H]->O+[HH]+[H]O[H]
[HIC([HDIH]I+[H]IO+[H]O->[H]C([H])([H])[H]+[H]OO
[HIC([H])=O+[H]OC([H])[H]->[H]OC([HI)([HD)OC([HD[H]
[HIC[H]+[H]O->O+[H]C([H][H]

[H]O1[H]O1->[H]O+[H]O
[HICO[H]+[H]OC([H])[H]->[H]OC([HDC(IHD(HD)OIH]
[HJOO+[H]OO[H]->0O=0+[H]O+[H]O[H]
[HICL([HD([HD[H]O1->[H]C(HDIH]I+[H]IO
[HIC([HD[H]+[H]OCO->0=CO+[H]C([HD(HDIH]
0+0=C=0->0=C(=0)0

0+00->0=00

C=0+000->0C000
[HIC(HD(HDIHI+[HIOC(HD(HDH]I->[HIC(HD[H]I+[HIC([HD[H]+[H]O[H]
[HIC(IHDIHI+[HIC(HDIHI+[HIO[H]->[HH]+[H]C([HD)([HDI[H]+[HIOC(HD[H]
0=0+[H]OO[H]->[H]OO[H]OO
[H]OC([H])[H]+[H]OO->[H]CO[H]+[H]OOI[H]
OO+[H]CO[H]->[H]OC([H])OO
[H]OC([H])OO->0O+[H]OC([H])=0
[H]OC([H])(O)O->[H]O+[H]OCO

[HIC([H])OO->O+[H]C([H])O

[H]CO+[H]O->[H]OC([H])=0
[HIOC([H])=0O->[HH]+[H]C(=0)O
OO+[H]OO[H]->[H]OO[H]OO
[HIOC(HD([HD[H]->[HH]+[H]C[H]+[H]O
[HIC(HDIHI+[HIOC([HD[H]->[HIC(HD(HD[H]+[HIC([H])O
0=C1001+0=0->0=0C1(0)001
[H]IOC([H]D[H]->[HH]+[HH]+[H]OC
[HIC(IHD(HDIH]I+[H]OO->O+[HH]+[H]C[H]+[H]O[H]
O+[H]C[H]+[H]O[H]->[H]C([HD[H]+[H]OO

0=C=0->C+0+0

[H]C([H])OO->[HH]+[H]C(O)O
[HH]+[H]C(O)O->[H]C([H])(O)O
0=0+[H]OC=0->0=C=0+[H]O0O

0=0+00->0=000
[HIC([H]([H)OO+[H]C([H])=O->[H]CO+[H]OOC([H])([H][H]
[HIC([HI)([H)OO+[H]C([H])=O->[H]C=0+[H]OOC([H])([HDIH]
OO[H]OO->00+[H]00
[HIC([HD[H]+[H]OO->[H]OO[H]C([H])[H]
[HIC(HD(HDIHI+HIC(HDH]->[HIC(HD(HDHIC(HD(HD[H]
0OCO00->0=C=0+00

0=C=0+[H]O0->0=0+[H]OCO
[H]C([H])=C=0->0O+[H]C([H])C
[H]OO+[H]OO->0+00+[H]O[H]
OO+[H]C([HD[H]->[HH]+[H]C([H])OO
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[HIC([H])O+[H]OO[H]->[H]C=0+[H]O+[H]O[H]
0=CO0O->0+0CO

0+0CO->0C1001
[HIC([HDIH]+[H]OO->[H]C[H]+[H]OO[H]
O=0+[H]C([H])O->[H]C([H])(O)OO
0=0C(=0)0->0=C=0+00
[HIC([HDC(=O)C(HD(HDIH]->[H]C([H)CO+[H]C([HD[H]
[HIC([H])=C=O+[H]C([HD)[H]->[H]IC([H)([H)C([H]([H])C=O
O+[H]C([HI([H])O->[HH]+[H]C([H])(O)O
0O=C=0+[H]O0->[H]O0C(0)O
[HH]+[H]C([H])=C=0->[H]C([H])([H])=C=0O
[HIC([H])C=O~+[H]C([HD[H]->[H]IC([H])=C(O)C([H]([HD[H]
[HIC([H])=C(O)C(HD(HDI[H]->[H]C([H])=C=O+[H]C([HD[H]
O=C=0+[H]C([H])(HD[H]->[H]IC([H])[H]+[H]OCO
[HIC([H]D([H)C(O)O->O=CO+[H]C([H][H]
OCOO+[HH]->[H]OOC=0

[HIOOCO->0=C=0+[H]O

[H]O+[H]OO->[H]O[H]OO
O=CO+[H]C[H]->[H]C([H])C(=0)O
[HIC([H])(O)C=0->C=0+[H]C([H])=O
O+[H]C([HI)([HD[H]+[H]O->[H]C([H])[H]+[H]O[H]O
[HIOC([H][H]+[H]OO->O+[H]OC([H])([H])O[H]
O+[H]OC([H([H])O[H]->[H]O+[H]OC([H])([H])O
[HIO+[H]OC([H])([H])O->[H]OC([H])=O+[H]O[H]
O+[H]C([HI([H])O->[H]OC([H])([H])O
[HIOC([H])([H])O->[H]C=0+[H]O[H]
[H]C=0+[H]O[H]->[HH]+[H]OC([H])=0
[HIOC([H])=0->C=0+[H]O[H]
C=0+[H]C=0->[H]C(=0)0C
[H]C(O)OC->C=0+[H]C=0
C=0O+[H]C([H])=O->[H]C([H])OCO
[H]JOC(O)O[H]->[H]O+[H]OC=0
[H]O+[H]OC=0->0=C=0+[H]O[H]
0=C=0+[H]O0->[H]OOC(=0)=0
[HIC([H])([H])C=0+[H]O->[H]OC(=O)C([H])([HD[H]
[HIOC(=O)C(HD(HDIH]I->[HIC([HDIH]+[H]OC=0
C=0+00->0=0C0O

[H]JOOO0->000+[H]O
C=0+[H]C([H])([H])O->[H]C([H])=O+[H]CO
[H]CO+[H]O[H]->[H]C(O)O([H][H]
[HIC(=0)O([H])[H]->[H]CO+[H]O[H]
[HIO[H]->O+[H][H]
O=C=0+[H]C([HD[H]->[H]C([H]D([H])C(=O)O
O=0+[H]O[H]->[H]O([H])OO
O0+[H]OCO->[H]OC(=0)00
[HJOC(=0)O0->0=0+[H]OCO
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OO0O+[H]O[H]->[H]O+[H]OOO
[HIOC(HI)([H)[H]+[H]OO->[H]C([H])([H])O+[H]OO[H]
OO+[H]OCO->0=CO+[H]OO
[HIC([HD(IHDO+[H]OC([HDH]->[H]IC(H])O+[H]OC(HD)(HDIH]
[H]C=0+[H]OO->C=0+[H]OO[H]
[H]C=O+[H][H]->[H][H]C([H])=O
[HIH]IC([H])=O->[HH]+[H]C([H])=O

OCOO0->0+0=CO

C=0+0=C0O->0=C0C=0

0O=C0OC=0->C=0+0=C=0
O=0+[H]C([H)[H]->[HIC[H]+[H]O=0
C=0+[H]OO0O->[H]O0CO

[H]OOC=0->C=0+[H]O0O

O+[H]C->[H]CO
[HIC(HD[H]+[H]OO->0+[H]OC([H])(HDIH]
O+[HH]+[H]C->[H]C([H])O
[HIC(HT)C(H])O->[HH]+[H]C([H])C=0
0=C=0+0=0->00=C(0)0

00=C(0)0O->0=C0O+00
C=0O+[H]C([H])([H])OO->[H]C([H])([H])OOCO
[HIC([H])([H])OOC=0->0=C=0+[H]C([H])([H])O
[HIC(IHD(HDC(HD[HD)C=0->[H]C([H])C=0+[H]C([HDH]
OCO+[H][H]->[HH]+[H]C(O)O
[HH]+[H]C(O)O->0=CO+[H][H]

0+0=C=0->0C1001

O0C(0)(0)0->0+010C12002
0+010C12002->0=C(0)000
0=C(0)000->0=C1001+0=0
OO+[H]O[H]->[H]O([H])OO
[HIC([H])CO+[H]C(H)[H]->[H]IC([H])([H]) C=O+[H]C[H]
[HIC(HI)([H])C=O+[H]C[H]->[H]C([H])([HI)C(H)([HDCO
[HIC(HD([H])CO->[HH]+[HH]+[H]C=C=0
[HIHIC(HDIH]->[HH]+[H]C([H])[H]
[HICL([H])[H]O1->O+[H]C([H])[H]
O+[H]C([HDH]->[HIC(H])([H])O
[H]OC([H])[H]->O+[HH]+[H]C[H]
[HH]+[H]C+[H]O->[H]OC([H])[H]
[H]C([H])C=0+[H]O->[H]OC([H])([H])CO
[HIOC([H])([H])CO->C=0+[H]OC([H])[H]
C=0+0=C0O->0=C0CO

[HIO([H])[H]->[HH]+[HH]+[H]O
0O=C=0+[H]O0O->00+[H]OCO
[H]C(=0)=0->0=CO+[HH]
OO+[H]C([H])=0O->[H]C(O)[H]OO
[H]OOC(=0)0->0=C=0+[H]OO
[HIC(HDIH]+HI[H]->[HIHIC(HD(HDIH]

17



[HIC([HD[H]+[H]OO->0=0+[H]C[H]+[H][H]
0=C=0+[H]O->[H]OC(0)O

C=0+0=0->C000
O=0+[H]OC([H])([H])O->[H]O=C([H])O+[H]OO
[H]OC([H])=0->[H]C=0+[H]O
[H]CO+[H]O->[H]OC([H])O
[H]O+[H]OC([H])=0O->[H]OC=0+[H]O[H]
O=CO+[H]O[H]->[H]O[H]OCO
[HIO[H]+[H]O[H]->[H]O[H]O([H])[H]
O=CO+[H]O[H]->[H]O([H])C(=0)O
[HIO([H])C(=0)O->0=C=0+[H]O[H]
[H]O+[H]OO->[H]OOO[H]
OO+[H]OC([H]([HDIHI->[HIC(HD([H)O[H]OO
[HIC([HI)([H)O[H]OO->[H]C([HI)([H])O+[H]OO
[HIC([H]([H)O+[H]OO->0=0+[H]OC([H])([HD[H]
[HH]+[H]C=CO->[H]C([H])=C=0
C=0+[H]O[H]->[H]O[H]CO
[HIC([H])CO+[H]OC([HD[H]->[H]OC([HD(HDC([H])([H])CO
[HIOC([HD(HDC(HI)([H)CO->[H]C([H])=C=0~+[H]OC([H])[H]
OO+[H]JOC([H][H]->[H]OC([H])([H])OO
[H]JOC([H])OO->0=0+[H]CO[H]
OO+[H]C=0->[H]C(0)00
[H]C(=0)O0->00+[H]C=0
[HH]+[H]CO->[H]CO[H]
[HIOC([H])([H])C=0->[H]C([H])=C=0O+[H]O
[HIC([HI)([H])O->[HH]+[HH]+[H]C=0
OO+[H][H]->O+[H]O[H]
OO+[H]C([H])C=0->[H]C=C=0+[H]OO
O=0+[H]OC([HD([HDI[H]->[H]C(H])([H])O[H]OO
0=C=0+0=0->0C0O00
C=0+[H]O+[H]O->OCO+[H]O[H]
0=0+[H]OC->[H]OCOO
0O=CO+[H]O0->[H]OOC(0)O
[HH]+[H]C#CO->[H]C([H])CO
O=0+[H]C[H]->[H]C([H])OO
[H]IC1([H])OO1->[HH]+[H]C(O)O
[H]O([H])O->O+[H]O[H]
[HIOC([H])([H])C=0->C=0+[H]OC([H])[H]
[HIC([H])O+[H]O->[H]OC([H])([H])O

[HIC(HD(IHDIHI+HIC([H])=C(O)C([H])[H]->[H]C([H])[H]+[H]OC(C([H])[H])C([H][H]
[HIC([HD[H]+[H]OC(C(HDIHD) C(IHDH]->[HIC(HD(HDIH]+[HIC(IHN)C(O)C(IHNH]

[HIC(HDC(HD)([HD)CO->[HH]+[H]C([H])C([H])C=0
[HIC([HD)C([H])([H])C=0->[HH]+[H]C1C(O)C1([H])[H]
[HH]+[H]IC([H])C([H])CO->[H]C1([H])C(=O)C1([H])[H]
[HH]+[H]C([H])C([H])C=0->C=0+[H]C([H))C([H])[H]
[HICHDC(HD(HDCO->[HH]+[HICC([H])([H])CO
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[HIC(HDC(HD)([H])C=0->C=0+[HH]+[H]CC([H])[H]
C=0+[H]C([H])C([HD[H]->[H]CL([H])C(O)C1([H])[H]
[HIC1([H])C(O)CL([HD[H]->[HH]+[H]C1C(O)CL([H])[H]
[HH]+[H]C1C(O)C1([HDIH]I->[HIC([H)C([H])([H])CO
[HH]+[H]C1C(=0)C1([HD[H]->C=O+[H]C([H])=C([HD[H]
C=0+[H]C([H])C([HD[H]->[HH]+[H]CC([H])([H])C=O
[HIC(HDC(HI)([H])CO->C=0+[HH]+[H]CC([H])[H]
[HIC([HD)C([HD([H)CO->[HH]+[H]C(=C=0)C([H])[H]
[HH]+[H]C(=C=0)C([H])[H]->[H]CC([H])=C=O+[H][H]
C=0+[H]O[H]->[H]O+[H]OC
[HIC([H]D([HDO+[H]O[H]->[H]C([H])=O+[H]O([H][H]
[HIC([HD)O+[H]O([HD[H]->[HIC([H])([H])O+[H]O[H]
[H]C1C([H])C10->C=0+[H]C=C[H]
[H]CC([H])=CO->C=0+[H]CC[H]
CO+[H]CC[H]->[H]CC([H])CO
C=0+[H]CC[H]->[H]C1C([H])C10
C=0+[H]CC[H]->[H]C=C([H])CO
[HH]+[H]C(=0)O->0=C=0+[H][H]
0=0+0C1001->00C1(0)001
O=C(O)O+[H]C([HI)([HDIHI->[HIC([HD[H]+[H]OC(=0)O
[HH]+[H]CC([H])C=0->C=0+[H]CC([H])[H]
[HICC([HD([H])CO->[HH]+[H]C1C(=0O)C1[H]
C=0+0=C=0->C0OC(=0)0
[H]O+[H]O[H]->[H]OO([H])[H]
[HH]+[H]C1C(=0)C1[H]->[H]C1C(O)C1([H]D[H]
[HH]+[H]C1C([H])C10->[H]C1C(=0)C1([HD[H]
[HH]+[H]C1C([H])C1O->[H]CC([H])([H])C=O
[HICC([H])([H])C=0->[H]C+[H]C([H])=C=0O
[HICC([HD([H])CO->[HH]+[H]CC([H])CO
[HH]+[H]CC([H])=C=0->[H]C([H])C([H])CO
C=O+[H]CC([HD[H]->[H]C1C(O)CL([H][H]
[HH]+[H]CC([H])CO->[H]C(=C=0)C([H])[H]
[HIC([H])C([H])CO->C=0O+[H]CC([H]D[H]
[HH]+[H]CC([H])=C=0->[H]C(=C=0)C([H])[H]
[HIC([H])C([H])C=O->[HH]+[H]CC([H])C=0
[H]OC(=0)O[H]->[H]O+[H]OCO
[H]C=C([H])C=0->C=0+[H]C=C[H]
[H]C1C([H])C10->[HH]+[H]C1CC10
[HH]+[H]C1CC10->[H]C1=C([H])C10
[H]C1C(=0)C1[H]->O+[H]C1CC1[H]
[HIC([HI([H)O+[H]OO->[H]C([H])O+[H]O+[H]O
C=0+0=C=0->0=CC(=0)0
0=C=C(=0)0->C=0+0=C=0
[H]CC([H])CO+[H]O->[H]C(=C)C=0+[H]O[H]
[H]C(=C)C=0+[H]O[H]->[H]CC([H])C=0+[H]O
[HICC([H])C=0+[H]O->[H]CC([H])C(=O)O[H]
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[H]CC([H])C(=0)O[H]->[H]C=C[H]+[H]OC=0
[H]CC([H])C(0)O[H]->[H]CC[H]+[H]OC=0
[H]OCL(0)C([H])C1[H]->[HICC[H]+[H]OC=0
[H]ICC[H]+[H]OCO->C=0+[H]CC([H])O[H]
C=0+[H]CC([H])O[H]->[H]CC([H])C(=0)O[H]
[H]OC1(0)C([H])C1[H]->[H]C1C(=0)C1[H]+[H]O
[H]C1C([H])C10+[H]O->[H]OC1([H])C([H])C1O
[HIC([H])C=0+[H]OO->[H]C([H])CO[H]OO
0=0+[H]C([H])CO[H]OO->00[H]OO+[H]C([H])CO
[HIOC(HDC([H])C=0->C=0+[H]CC[H]+[H]O
C=0+[H]CC([H])C=0->[H]C(C=0)C([H])C=0
[H]C(=C=0)C([H])C=0->C=0+[H]CC([H])C=0
0=0+[H]C([H])=C=0->[H]C#CO+[H]OO
C=0+[H]CC[H]->[HH]+[H]CCC=0
[HH]+[H]CCC=0->[H]CC([H])C=0
[HH]+[H]CCC=0->[H]CC([H])CO
[HICC([H])CO->C=0+[H]C+[H]C
C=0+[H]C+[H]C->[H]CC([H])C=0

[H]OCO->0CO+[HH]

[H]CC([H])O->[HH]+[H]CC=0

[HH]+[H]CCO->[H]CC([H])=0
[H]C1C([H])C10+[H]O0->00+[H]OCLC([H])C1[H]
[H]CC([H])=0->[HH]+[H]C=C=0
[HIC([H))CO+[H]OO->0=0+[H]C([H])([H)C=0
0O0+[H]OC1C([H])C1[H]->[H]C1C(=0)C1[H]+[H]OO
[H]C1C(=0)C1[H]->C=0+[H]CC[H]
C=0+[H]C([H])[H]+[H]CC[H]->[H]C(C=0)C([HN)C([HI)([HDIH]
[HICC(HDC(HDIHDIH]->[HIC(HD[H]+[HICCIH]
[HIC([HD[H]+[HICC([H])C=0->[H]C(C=0)C([H)C([HD(HD)H]
[HICC(HDC(HD([HDIH]->[HH]+[H]ICC(H)C(IH]H]
C=0+[H]CC([H])C([H])([HD[H]->[H]IC(CO)C(H)C(HD([HDH]
[HIC(CO)C(HNC(HN(HD[HI->[HH]+[H]C(HN)C(HDC([H])C=0
[HH]+[H]C(H)C(H)C([H])C=0->[HIC([H))C([H])((HDC([H)C=0
[HIC(IHDCIHD(HDC(H])C=0->[H]C(=C=0)C([H])[H]+[H]C[H]
[HIC(=C=O)C([HD[H]+[H]C[H]->C=O+[H]C([H)C([H))C([H])[H]
C=0+[HH]+[H]C([H])CC(HD[H]->[H]C(H)C(IHD(C=O)C([H]DIH]
[HIC([H)C(C=0)C(H)([HD[H]->C=0+[HH]+[H]C([H])CC([H][H]
[HH]+[H]C([H])=CC(HD[H]->[H]IC(H)CCHD(HDIH]
[HIC(IHDCC(HNHDIH]->[HH]+[R]C(H)CC(H]IH]
[HICIC([HD)([HD CL(HDIH]->[HH]+[HIC(HDC(HD(H])C
C=O+[HH]+[H]C([HD)C([HD)([H])C->[HIC(=C=0)C([H])([H)) C(IH])[H]
[H]C(=C=O)C([H])([HDC(HD[H]->[H]C#CO+[HIC([H])C([H])[H]
[HIC(IHDC(HDIH]+[HIC=C=0->[HH]+[H]C1([H])C(CO)CL([H])[H]
[HH]+[H]CL([H)C(CO)CL(HD[H]->[H]CL(HNC(HD(H)CL(H)CO
[HIC(HDCHI(CO)C(HDIH]->C=0+[HH]+[H]C([H)CC(H])H]
C=0+[H]C(H)=C([HD)C(HD[H]->[HH]+[H]C([HDCC(H])([H))C=0
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[HH]+[H]C([H])CC(HI)([H)CO->[H]C(=0)C(IHNC(HNC(HDH]
[HIC(=0)C([HN)C(HDC(HD[H]->C=O+[H]C([H])C([H)C(HD[H]
C=O~+[H]C([HDC(HDC(HDH]->[H]IC(HDC(HDC(H)([H)CO
[HIC(HDC(HDC(H])([H])CO->C=0+[H]C=C([H])[H]+[H]C[H]
[HICC([HDH]+[HIC[H]->[H]C1C([HD)(HD)CL(HDIH]
[H]OOC=0->0=CO+[H]O
[HH]+[H]CL([HD)CCL([HD[H]->[H]CC(HD(HDC(HDIH]
[HH]+[H]C([H])CC([HD[H]->[HICIC(H)([HDCL(HD[H]
[HIC(HDC(HDC(HD[H]->[HH]+[HH]+[H]CCC([H][H]
[HICC(HDC(HD[H]->[HIC([H)C+[H]C[H]
[HIC1IC(HD)(HDCL([HD[H]->[HH]+[HH]+[H]C1CC1([H])[H]
O=0+[H]C1C([HI)([HDCL([HD[H]->[HICC([HDC([HD)[H]+[H]OO
[HICC(HD(HDC(HD[H]->[HH]+[H]C1C([H)CL(HDH]
[HH]+[H]CC(HD)C([HD[H]->[HICC([H)CH]+[H][H]
[H]C1C([H])C1[H]->[HH]+[H]CCC[H]
[H]CLCCL([H])[H]->[HH]+[H]C1CC1[H]
[HH]+[H]C1CC1[H]->[H]CCC([H])[H]

0+0=C=0->0C(0)0

[H]CC([H])C[H]->[HH]+[H]CCC[H]
[H]CCCIH]+[H]O[H]->[HICC([H])C[H]+[H]O
[H]CCC[H]+[H]OO->00+[H]CC([H])C[H]
C=0+[H]CCC([H])[H]->[HH]+[H]CCC([H])=C=0
[H]C=CC([H])=C=0->[HH]+[H]C#CCC=0
0=0+[H]CCC=C=0->[H]CCC(CO)00
[H]CCC(CO)O0->00+[H]CCC=C=0
00+[H]CCCC=0->[H]C=CC(CO)00
[H]CC(C=C=0)00->00+[H]CCC=C=0
00+[H]CCC=C=0->[H]C(CCC=0)00
[H]C(=0)C(0)CCO->CO+[H]C(=0)C1CO1
CO+[H]C(=0)C1CO1->[H]C(0)C10C1CO
[H]C(0)C10C1CO->0=CCCO+[H]CO
OC=CCO+[H]C=0->[H]C(0)C10C1C=0
0=C=0+[H]C(0)C10C1CO->[H]C(=0)CC(CO)OC(=0)O
[H]C(=0)CC(CO)OC(=0)0->0=C=0+[H]C(0)C10C1C=0
[H]C(=0)C10C1CO->0CC1CO1+[H]C=0
C=0+[H]C(0)C10C1CO->[H]C(=0)C10C1CO0C
C=0+[H]C(0)C1OC1CO->[H]C(OCO)C10C1CO
[H]C(OCO)C10C1C=0->C=0+[H]C(=0)C1OC1CO
[H]C(OCO)C10C1C=0->C=0+[H]C(0)C10C1C=0
[H]C(=0)C(0)CCO->0=C=CC=0+[H]C=0
0=C=0+0=C=0->0=COC(=0)0
[HIC(HD)[H]+[H]O->[HH]+[H]C1([H])[H]O1
[HH]+[H]C1([H])[H]O1->[H]OC([H])([HD[H]
[H]C([H])=0+[H]OO->0+[H]C=0+[H]O[H]
O=CCH#CO+[H]C([H])=0->[H]C([H])(0)C(C=0)C=0
C=0+[H]C([H])(0)C(=C=0)C=0->[H]C([H])(OCO)C(=C=0)C=0
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[HIC([H])(OCO)C(=C=0)C=0->0=C=CC=0+[H]C([H])OCO
O=C=CC=0+[H]C([H])OCO->C=0+[H]C([H])(O)C(=C=0)=C=0
[H]OC([H])O->[HH]+[H]C(O)O
[HIC([H])(O)C(C=0)CO->[HH]+[H]C(=0)C(C=0)CO
OO+[H]C(=0)C(=C=0)C=0->0=CC(C=0)CO+[H]OO
0=C=C(=C=0)=C=0+[HH]->[H]OCC(C=0)CO
[H]OCC(C=0)CO->0=C=C(C=0)CO+[HH]
0=C=C(C=0)C=0->C=0+0CCCO
OO+[H]OC=0->[H]OC(=0)00
[H]OC(0O)(0)0O->0=C1001+[H]O
O=C(O)O+[H]C([HD([HD[H]->O=CO+[H]C([H])[H]+[H]O
OO+[HH]+[H]O[H]->[H]O+[H]OO[H]
[H]OC(=0)C(=C=0)C=0->0=C=C(=C=0)=C=0+[H]O
[H]O+[H]O[H]->[HH]+[H]O[H]O
[H]JOC(=0)C(C=0)C=0->0CC(CO)CO+[H]O
OCC(CO)CO+[H]O->[H]OC1(O)C(O)C1C=0
[H]OC(=0)C(=C=0)C=0->0=C1C(0O)C1CO+[H]O
O=CC(C=0)C=0+[H]O->[H]OC(=0)C(C=0)CO
0O=C=C(C=0)CO+[H]O->[H]OC(=0)C(C=0)C=0
[H]OC(O)C(C=0)C=0->0=C=C(C=0)C=0+[H]O
[H]OC(=0)C(=C=0)C=0->0=C=C(=C=0)CO+[H]O
OCC(CO)CO+[H]O->[H]OC(=0)C(CO)CO
[H]OC(=0)C(=C=0)C=0->C=0+[H]OC(=0)CC=0
C=0+[H]OC(=0)CC=0->[H]OC1(0)C(=0)C1C=0
[H]OC1(0)C(0O)C1CO->0=C=C(C=0)C=0+[H]O
O=CC(CO)CO+[H]O->[H]OC(=0)C(=C=0)CO
0O=C=C(=C=0)C=0+[H]O->[H]OC(0O)C(C=0)C=0
0O=COC(=0)0O->0=C0+0=CO
[H]JOC(=0)C(CO)CO->0=C=C(=C=0)C=0+[H]O
[H]OC1(0)C(=0)C1CO->0=CC1C(=0)C1=0+[H]O
0O=C1C(0)C1CO+[H]O->[H]OC1(O)C(=0)C1C=0
[H]OC(=0)C(CO)CO->0O=CCCO+[H]OC=0
O=CCCO+[H]OC=0->[H]OC(=0)C(C=0)CO
[H]OC(=0)C(=C=0)C=0->0=C1CC1=0+[H]OC=0
0=C1CC1=0+[H]OC=0->[H]OC(=0)C(=C=0)=C=0
OO+[H]OC=0->0=CO+[H]OO
[HIOOC([HN)([HDI[H]->[H]O+[H]OC([H][H]
[H]O=CO->0=CO+[HH]
0=C=C(=C=0)C=0->C=0+0=C=CC=0
C=0+0OCCCO->0=CC1C(=0)C10
0=C=C1C(=0)C1=0->C=0+0CCCO
O=CC(CO)CO->C=0+0CCCO
C=0+0CCCO->0=C1C(=0)C1CcO
0=CC1C(=0)C1=0->C=0+0=C1CC1=0
C=0+0=C1CC1=0->0=C=C1C(=0)C1=0
0=C=C(=C=0)C=0->C=0+0CCCO

22



0O=CC(CO)CO+[H]O->[H]OC1(O)C(=0)C1C=0
[H]OC(=0)C(C=0)CO->0=CC(CO)CO+[H]O
0O=C=C(C=0)CO+[H]O->[H]OC1(0)C(=0)C1C=0
[H]JOC(=0)C(C=0)C=0->0=CC(C=0)C=0+[H]O
0O=C=C(C=0)C=0+[H]O->[H]OC1(0)C(=C=0)C10
0O=CC(CO)CO->C=0+0=C=C=C=0
C=0+0=C1CC10->0=CC1C(=0)C1=0
0O=CC(CO)CO->C=0+0=CCCO
C=0+0=C1CC10->0=CC1C(=0)C10
0O=CC1C(=0)C10->C=0+0=CCCO
C=0+0CCCO->0=CC(C=0)CO
0O=CC(C=0)CO->C=0+0=CCCO
C=0+0=CCCO->0=C=C(=C=0)C=0
[H]OC([H])O[H]->[HH]+[H]OC([H])=O
[H]O+[H]OC([H])O[H]->[H]OCO[H]+[H]O[H]
[H]OC1(0)C(=0)C1=C=0->0=C=C(=C=0)C=0+[H]O
0=C=C(C=0)C=0+0=C0O->0=CC(C=0)(CO)C(=0)O
0=C(0)C1(CO)C(=0)C1=0->0=C=C1C(=0)C10+0=C=0
[H]OC(=0)C(=C=0)=C=0->0=C=C(=C=0)C=0+[H]O
OO+[HH]+[HH]->0+[H]O[H]
0O=CO+[H]OC1(0)C(=0)C1C=0->[H]OC(=0)C(C=0)(C=0)C(=0)0
[H]JOC(=0)C(CO)(CO)C(=0)O->0=CO+[H]OC(=0)C(=C=0)=C=0
0O=CO+[H]OC(=0)C(=C=0)=C=0->[H]OC(=0)C(C=0)(CO)C(=0)O
[H]OC(=0)C(CO)(CO)C(=0)O->0=CO+[H]OC(=0)C(=C=0)C=0
[H]OC(=0)C(CO)(CO)C(=0)0->0=CO+[H]OC(=0)C(C=0)CO
[H]OC(O)C(=C=0)C=0->0=C=C(=C=0)C=0+[H]O
[H]OC(=0)C(CO)CO->0=CC(CO)CO+[H]O
0O=CC(CO)CO+[H]O->[H]OC(=0)C(=C=0)=C=0
0O=0+[H]OC(=0)C(C=0)CO->[H]OC(=0)C(CO)CO00
[H]JOC(=0)C(=C=0)C0O0=0->00+[H]OC(=0)C(=C=0)C=0
[H]OC(=0)C(=C=0)=C=0->0=C=C(C=0)C=0+[H]O
0=C=C(=C=0)=C=0+[H]O->[H]OC(=0)C(C=0)C=0
0O=C=0+[H]O[H]->[H]O[H]OC=0
[HIC([HD[H]+[H]OC(=0)C(=C=0)=C=0->0=C=C(=C=0)C(=0)O+[H]C([HD(HDIH]
0O=CC(CO)C(=0)0->0=C=C=C=0+0=CO
0=C=C=C=0+0=C0O->0=C=C(C=0)C(=0)0O
0=C0O+0CCCO->0=C=C(C=0)C(=0)0
0O=CCCO+0=CO->0=C(0O)C(CO)CO
0=C(0)C(CO)CO->0=C=CC=0+0=CO

0=C0O+0=0->0=C000
0=C=CC=0+0=C0O->0=C=C(=C=0)C(=0)0O
0=C=C=C=0+0=C0O->0=C(0O)C(CO)CO
0=C(0)C(CO)CO->0=C=0+0CCCO
0=C=C=C=0+0=C0O->0=CC(C=0)C(=0)0O
0O=CC(C=0)C(=0)0->0=CCC=0+0=CO
0=C=C(C=0)C(=0)0->0=CCCO+0=CO
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[HICO[H]+[H]O[H]->[H]OC([H])([H])O[H]
[HIC([H])(O)OO->00+[H]C([H])O
C=0+0=0->C=000
[HIC[H]+[H]O[H]->[H]O[H]C([H])[H]
0=CCC=0->CCC=0+0
CCCO+0->0CCCO
0=CC(CO)C(=0)0->0=CCCO+0=CO
0=CO+0OCCCO->0=CC(CO)C(=0)0
0=CC(CO)C(=0)0->0=CCC=0+0=CO
0=CO+OC#CCO->0=CC(C=0)C(=0)0
0=CC(C=0)C(=0)0->0=CC#CO+0=CO
0=CC#CO+0=C0O->0=C=C(=C=0)C(=0)0
0=C=C(=C=0)C(=0)0->0=CCCO+0=CO
OCCCO->CH#CO+C=0
C#CO+C=0->0=CCCO
OCCCO->C=0+CC=0
0=C=C(C=0)C(=0)0->0=C0O+0C1CC10
0C1CC10+0CO->0=C=C(=C=0)C(=0)0
0=C=C(=C=0)C(=0)0->0=CO+0OCCCO
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