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Abstract Density functional theory (DFT) and time-dependent density functional theory (TD-DFT) methods at the
MO06-2X/def2-TZVP level were used to systematically reveal the regulatory mechanism of N-1 substituents on the
photophysical properties and photocycloaddition reactions of ethyl 1,4-dihydropyridine-3, 5-dicarboxylate derivatives
(1a—1h). The results demonstrate that the type of N-1 substituent significantly influences the molecular excitation
characteristics. Electronic excitations are predominantly characterized by 77— 7" transitions within the 1, 4-dihydro-
pyridine ring. The excited-state charge distribution is highly overlapping and localized in the C=C double bond
region of the ring, exhibiting typical localized excitation features. This promotes a nearly planar molecular
conformation in the excited state, accompanied by significant bond length changes at key reactive sites, both
of which facilitate the occurrence of photocycloaddition reactions. This work establishes a systematic theoretical
correlation between the photophysical properties and photocycloaddition reactivity of 1,4-dihydropyridine derivatives,
providing important theoretical insights and innovative guidance for designing efficient photochemical eaction systems
and constructing polycyclic frameworks.
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Fig.1 Representative structures of 1,4-dihydropyridine derivatives(la—1h)
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Fig.2 Predicted UV-Vis absorption(A, B) and fluorescence emission(C, D) spectra of compounds 1a—1h
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HEBARI R BE (UNTEA 1 1ah 3. 5466 e V) FIEL (= 1 BE IR W R 505 Fovh C-4 067 W L 1R AT (fk &
1b, 1) GRS EFRS , BEi TR ((b& Y 1d, 1e) U SBERML . 1Y R, N R/ B (L&Y
/1) I, ERIERR BB r—m BT , LG 1R 1g (2850 R DRSO GG 84k 5 ) 1a B4R H B
RS, BRI BECRREL, WM EEIMBU N e T, 1 H., (AW 18— A SN E M A
AR AW 1a W AR T (3. 6221 eV > 3. 5466 V), il N-1 (7S B S5 Je i, BRI H 110 2 il gt
J1, TGN T 8K RE, FRAR T OEER IR SOV RE F7 . Hh R 2 e 36 S2 M9 & BHEIE S AT WL, 24 R,
753 (LAY la~1e) I, & ST K Z97E 438. 00 nm A2 47 5 24 R 3 (LA 10 B R SFETE 5%, 1
R, AE (LA 1) BRSBTS . 36 S1H L FERIT ML — 28R : S,—S IR s A T
H—L(>97.0%) , {5 S;—S, Bt HA BUR SR, JEH R A Y 1 R B35 10 2 EHUE v kR IE
(WH-1-L557.6 %), Wifb&9 th WAL L HoL+1 F9(£995.0%). LA, mZES2al%, (ke
la~1h (286 K53 E 2R+ H—L 19 HE 7B ok (DTik%>99. 0% ). X e BLAL[R]IESE N-1 47 HfL
BE RGBT i AR T, Je LA YUR SRR I RO N fig

B PR A EIE R 5 Fan 25201 He 25 H8 1 1, 4- S MERERTAE P00 SEEGH 001 T L, 56
WE T2 A T EEPE . BRI , P45 20 A9 N-37 JEBUR A R A9 £ 0 349. 59 nm, &G
439 nm, 5 Fan 2552 B9S2 (WO K 380 nm, & SFIEK 441 nm) FEMIA, 15 He &5 HRH 152
BEHE (R 4 348 nm, K FHE K 442 nm) JLT-58 4 —80. X — SRR Bttt — 254k 15 17Ok
4N SRS AT T SRR, LSRR A sT R, HAT BEARIUR BB N-1 057 % SR CATT AR W0 N-1 6 D
FEBUATT A= A A n A sz oy H iy S 2 B B o A S R, HOGER I R — R P i 7 2K ik
71%~80% (vs. 60%). iX—FRGLIGUE MO GTEE | A8 AR B SO0 0% 3N 2R RTENT, THRA A e
T 1, 4- — SUERE AT A P B B B, S oA B N- 1 U SR X G B A 5 K SGERn B8 s g (4 1
HLHIEEHE T AT SR .
22 1,4-ZSMIEHTEY 1 S FHIEHHE

J T REE IR AN S la~Th (L FORRFAE , JE TR ST T8 (R 1), STHEE— Mk
PEEAS(S,) FIEE R R E S (S, R AR T VS K W 4y F B VES T4, e FHLE E (F3). 7E8
WP B AT AL, IEARD LA AR, UM LA (bRiR .

Table 1 Molecular orbital energy levels of compounds 1a—1h

Compound Eyovo/eV Bomo/eV AEovo-Lumo/eV
la -7.1562 -1.0553 6.1009
1b -7.2416 -1.1607 6.0809
le -7.1803 —-1.1181 6.0622
1d =7.1155 -1.0355 6.0799
le =7.1132 -1.0296 6.0836
1f -7.2550 -1.0776 6.1774
1g —=7.2968 -0.9861 6.3107
1h -7.0889 -1.0469 6.0420

HE 3T, 654 1a~1h 1 HOMO $1iE F 2 FRE T 1, 4- A MEIE PR, 23 C=C WU 7 s
B 3B S N R A0 B FREAE (B4 1a~1e B2 Th 76 N-1 S HURE R, B Ay /D3 341 ) 5 LUMO #UiE W 4E
WA C=C R SN EE BRI, T sl ) A T, RPN 7 SO L B FRAIE . HOMO—LUMO
PRAE (S;—S) i P BB /A AR & AE R 575, RIS — MR S A /g (LE) i 8, B rm—7 i
KRHE. MELZT, S;—S, BT # & HOMO - 1—LUMO 1 HOMO—LUMO+1 %13 : HOMO — 1 FZ 434
T C-4 P HUR 55 3 (ar BTN RRAE ) , T LUMO+1 A9 4041 B 238 S5 MR E (fb 59 1a~1e K 1h &
BNV 2L, (LG HAE R B, 0B W) 178 C-4 ML EE , B8 o R R ). A #E  3L
L% B AE AL ERR | N-1 A IUCIE O 388 58 ) S C-4 A VRO Sk o) R AR B 2 %, ISR — ik
A(S) MM L (CT) R, R SN mor k.
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Fig. 3 Molecular orbitals of compounds 1a—1h(isosurface: 0. 05 a. u.)
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METATLUE H, A E W) Ta~le S Th B AE o0 oo TEELAR (6. 0420~6. 1009 eV) , RBIHA B &Y
A2 SR 5 ARG 1 1g B9 A om0 - 1owo TEEL R (4351124 6. 1774 F16. 3107 eV) , HL IR MEFE Y
K, FHUTIVARE I FEAR . %X —25 R 504 1a~1h 75 28 40- 1] WO (18 3) v B R AE —
e, BUSAEEY UM 1ML, ALE 1 1a~1e F1 Th AT 5 o ) P, T-BRAT RE 0 OGRS A5

25 LT, AR LSS AR N] 5| Kk A A A A RUE RB R S , A 1a~1e I Th AR
(RN T BB R 2 W T LT 1 W - BR AT B8 0 RO w9 e Ak S i e, (o ) e A SR i e s vy . X 5
Fan 25 2R IE ) 1, 4- —SENE A28 FHEHE S5 R —30. YRR FERR LR, HOMO 384 25 180 2 2R 31
(2920%) , FEARIN K Al AR SE AL S 1) 4 19 3. 26 eV B S SEBAC AL S 1 519 3. 34 eV AR ) , IESE
N-F5 FEBUR AT 45718 AE oo - vowo s A8 AT ICIRMI SR 5 14 FE B A0 BS54 254 i B 7 i 1, 3 350
REJIRRAG . X SR S AR SO 25 B VDA, N-1 AL A RO B2 B8 T 5 0 43T 2041 Fl g T e S
R ANT(Tp- AP 2N I A &
23 1, 4-ZEMESTE 1 S R-EFHH

N T EINAER . EIEH RS Y la~1h SR — 30K BB SAFAE, BIAZS - F i kb 14
Bt . izl sl et S A A RS R G, Hi R O R AT R T, ATk R
MEFBE R G AL T TR R R (R 7 ] S R Rt I LA B 2E 1 Tidd B

TEE 4, 55— 23 7L, T3 A7 T (0,23 X X /43 (0, 11X WL 7 S,—S, T 1 i, T 36 i
1, 58 BRGNS R HSARRRIE . N 47T E H, 25X EEE T 1, 4- AR (B 2),
SN JCT I, G BB AR, AR E TR, HAEEE C=C#rm g, SR
BB RHE, I 1, 4-ZELE S;—S, I ERE AT F8 N A oo RRAE Y LE f2 78 (5 2. 2 99 B 2 by
—50).
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Fig. 4 Hole-electron distribution maps, cumulative hole-electron distribution maps and heatmaps of

TDM of compounds 1a—1h(S,—S,)

WAL, Ry TR GG AE ) 1a~Th WYL FORRHE , SIATRTHE T 28 /S LTI B & L (Overlap
ratio) . 1% (Distance, D)F17 BB T8 %L (Separation index, )3~ AbIE R, BHE (25 /- F25 (A&
B, 0~1) . D(ZS /G- F R0 IEE, nm) Al e R AT RS 3 B, nm) JE R WOR AS LA S5 RS R PR 1)
3 RHESA . Hrb, ES IR 1, RIS 400 S 5 DB MR 2 8] 4 A
M OB, BRI R A ST B . X 3RO R AL TR S R
SEHAIT . MR 2BASEIE: EELN0.6~0.7 a. u., BN THEEES; DELEY
la~1e JZ 1Th #1245 0. 0577~0. 0649 nm, fb4 9 1/1g MK % 0. 0157/0. 0054 nm, /N T C—C HEE B ) —
(0. 077 nm) 5 43 B HEEL(1<0, 1l=0. 1) FHBIRZA - F IR E 8 . IS RNEAE YRR L

FERBLH LEFHIE.
Table 2 Relevant excited indexes of compounds 1a—1h
Excitation index Intrafragment rearrangement
Compound
Overlap ratio D t Fragment 1 Fragment 2 Fragment 3
la 0.66078 0.0595 -0.1065 0.00227 0.79881 0.00129
1b 0.65760 0.0649 -0.0950 0.00283 0.78474 0.00130
le 0.65810 0.0620 -0.0945 0.00257 0.79052 0.00116
1d 0.66031 0.0577 -0.1051 0.00210 0.80076 0.00130
le 0.66005 0.0586 -0.1015 0.00191 0.80507 0.00128
1f 0.68625 0.0157 -0.1215 0.00459 0.81850 0.00063
1g 0.69800 0.0054 -0.0982 0.00382 0.87821 0
1h 0.65878 0.0645 -0.1064 0.00224 0.78854 0.00153
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e, KRR B A (Interfragment charge transfer, IFCT) /i, 2 540 #r L FIUk WL b o0+
WAEEWA B Z Bl RGO . Wb G a3 B Bl o 1, 4- &k BE 4-f7 ik i
T EAEUR DT B, B2 1, 4- A E RS M IR B , B3 1, 4- A E 10 AU B A ER
D7 RIEEE . B 45 IR R (L0 DTk R ) L S ORI 3 A A B2, HT DL
BRI XN RSB SR, %92, 3R 1R 2 il — L uE st b ib R 425 0. 8 e fUHL TR
HE. 750, G 1a~1FI b i, AR 25000 A T BE3 b, S 1g B Be 3 FoRA i - FAs
TN, A REW] S—S WUR R LU B2 WEBRTHL 50 1%, PR EIEH: LE #1IE.

DL 5558 00100 B BB X e 285 25 - W - O A S R A R 2 i L6, TR R AR D IR 2%
B 1, 4- M RE R 7. 3% LE FetE S BOEOR SRR R = R ik T 5 BL 2 1 C=C AU X 3k, X Fjef+
S ARRIE A TR S SRS R . A BRI 5 5 S A S R F 9 S 56 25 SR AH B B UE" .
23 L TR 1, 4- A IER R ES(0.6~0.7), B AY 7 B LE BRIT, X B IR T
BR020,33 Mg R0 [ 242 DEIR IR B 5. TR R U REE XS A 28 0 A 52 e vl 20, 55250
HOAN R A D B e R AL GRS R4 — 3. 1, 4- e Ry S IR A VA LE 3, HUR e £ 45
HWFHN C=C X, SRUCEERTCE. toh, R B2 N FEHE(0. 7~0. 9 o) B T 31, #F—
AR LE Fet, XA LE FR: S80S & S RE & R 2P FIORES Y, I i sis HOE PR e 5 fg
24 1. 4-ZSMREGTEY 1 NESERATSHILALER

TESEA N, 4310 = 423 () TR s o] () e Bk DL e 2 R i 4 2 G IER .
I, 5 DFT/TD-DFT kA b T 1, 4- A MERERT A LI SEAR(S,) | 23—k BREE A (S,) S —k
SEAST) LA RS, AT HI 5 i 22 (RMSD ) DU Ab 3 & A 25 #9281k [ 1] S A S3 (LA 3¢
THHFEE) | RMSDAE B E R L3235 ARG AR RE B, HEUE R R IS5 P (b i i 25, mT R i
MrHS e A TR BRI OGS (Y 2540 3l 1 2# A

% B
"
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O~ 8
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Fig. 5 Structural superposition of the ground states and excited states of compounds 1a—1h
5 555 S3 R BRI, 1,4- " SEBERTAE YT ROHUR S TR HAT 18325 p0 U AR . 24
R, 07 20 (e 5 1a~Te, Th) , JAS S5 R ARG E (RMSD=0. 01200) , iX 454 I35 3L/ 7 AL He sl
BEsR TR TR, T ERCR S TR AG Y, TR TOGER IS B A AR, A5 A
TR L2+2 ISR . AHEEZ S, AREEBUCH (1) TR EOR, U TR S e 2R i —
THT AR 5 50 (T, 25 RMSD=0. 05431) , SHUFFHRHH M, AT RERR RSN A s 1 R, 92T EY (1g)
IR RE A 5/ (T, 25 RMSD=0. 00912) , {H [RBkZ 557 BEpy By T RS AR AT, S BE ST . Ty
TEAIH 1, 4- — A MEE PR BUR A T W LAERRL AR, HED 2 th T IEENR A C=0 53RN C=C i3k
PO, e AR X Btk i DR IR RS E VR, XIS T A8 T 43 Il R A A2 BEL, Bk A R )
ST XU XIS, R0 T OIS N B A A
PIMEAE W) 1a N EERUR R (K 6) , 58 BEARNT T i 5B 0 70 TS5 RS20 . 58 SCIEIE PR SCBERE K
(Bond lengths, BL) A (BL1~BL6/nm) 5 —[fj ff (Dihedral angles, DA) A [DA1~DA5/(°) |, i# i DFT/TD-

1h
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DFT iR S 1a~1h FEFREAS(S) L IR PR A (S) L = A (T,) BXT I S50 (3 S4~3 S6, AL
TRHE ). AN, R E F RS BEUETT RN R R S S RS R S B AR, TR E TR
20, E 7 .

BL1: bond length(1-2)
BL2: bond length(2-3)
BL3: bond length(3-4)
BL4: bond length(4-5)
BL5: bond length(5-6)
BL6: bond length(6-1)

DA1: deg(1-2-3-4)
DA2: deg(2-3-5-6)
DA3: deg(2-3-4-5)
DA4: deg(2-3-4-7)
DAS5: deg(8-1-2-3)

Fig. 6 Structural diagram of compound 1(taking 1a as an example)
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Fig. 7 Variation of bond lengths(A, C) and dihedral angles(B, D) before(A, B) and after(C, D) excitation

of compounds 1a—1h

H1 % S4~3% S6 FIE 7 Al A1, i e 1, 4- S RERT A IAERUR S T R8-S s A . S8 S
S, M, S, AN C=C AW (BL2/BL5) ¥+ 0. 004 nm, AP 55 (BL3/BL4) 4544 0. 004 nm (BL1/BL6 f#
1<0. 002 nm) [ F 7(A) ]. S6E YT 2 T, 285 , BL2Y/BLS BAIEY K 2 0. 006 nm, HAE L #aH AR
[E7(C) ] DL EEARER, (G 1a~1h LR 5 Wi AU IE N, = i 7EmMLERr B RA T —
FERRBE I B IR, SURP AR AR S AU ) 5 T T ek B B AN R A [ 242 IR N, TE LR T
L) .

Fhh, 1, 4- R MERE R FE O S T BAT W& PSS HI NI : PR TR (DA1~DA3) 5 C-4 35 3 TH
1 (DA4) 8 <37 [ 7(D) ], 17 1-A7BU AL 5 e 2R 1A £ (DAS ) 1728 Ak iR 32 52 1) B LR 1
M A E 2SS, NIRRT AW A6AE S RN T, AR T A I - i mE PR 1T A AR fk ik - 8. 066° FlT-15. 568°
[E7(B)FI(D) |5 HARb AW EEHAELIVEFIN . B2, G 1a~Th MERE R 1H MR 32 2] W]
AR, (A5 (A B R T A5 T AR /N, 2 F R A SRR N . ik S Z5 R FRAEF B, H
TR AT BTG N . SN B T35, IR AR R BE PRSP TR, SRR SE 13— R CER AN 0 )
KA.
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Zhu 55 R LB AR AT UESE 1, 4- S RERT AR ) B0 AT O BT R AU . i S2
(AR E B IR, 280 Bon P Ial A 4a(Anti ) Bl Sa(Syn) #RAFALIEERF- Wit , (HPIBCIEA R Y
R, BRI EAR AR . A IAI{A Sa(Syn) Hf C=C A C—N KA T LN Z (1], GIESE T30
RASHFEIING, RIS e fitl . 779 6a(Dimer) 1 C, X5 FRE5 42 B Sy i T i &
THLADRAF , X R AS AR E PERERFAR 128 12 BH, SOl IPEOR A% 1 OB ek, il 1 57 3R
SR T A= Y B . XSS TR BE W, MAS A JE TR ] 1 B
SR AL

3 & it

K DFT #1 TD-DFT J7 35 7E M06-2X/def2-TZVP i HIKETR , 708 T 1,4- A MLE-3, 5- —FR IR LI
T (LAY 1a~1h) L IR PRI . 0 F310E | B FI0R NFERRIE B LA RN OR A5 ) T LA S5 70 &5
SEYERET, BRH T N-1 IR IEXT 1, 4- U BEATT A P 6 B o K S FR N s S g (R AR AL . 45
REH], Y N-1 6 NS FEBUCH (A9 1a~1e, 1h) 4> T RILHEBARAIEL BE (3. 51~3. 55 V) R H 1)
JEE SRR R AR, A RTINS N AT 5 TR s S U (S92, 1g), i T 2 Ee
59, WORRETH (3. 62 eV), IRINACHE R ERN. 2 FHUE M= -tk — 48R, Ira T EYm)
S PR AT LAY () ar—ar SRR FHE , SR ST R LT T 1, 4- S RER I C=C B
X3k (FE S R 0. 6~0. 7, D<0. 065 nm), BN TEHEREO0. 8 e, DXFIm I A& FRE D EEH i {1t
TARE AR . U5 T a5 SRR W, BURATT 43 YR 0 Y- 1AL B R 45 ) Rl
[FJ S C=C AU S 53, el s, AP ma s i 4 T U0 A s S 45 AT . PR R
AR T 1, 4- AN BERT A= P 6 B 0 55 S BRI L i P E I, B R PR R T SRR L e R
e A R AR RS T IR AR BT &, HoA B Rl E R S 5  HA&

X H43 & W http: //www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20250250.
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