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Project Overview Results w.r.t. Functionalization Opt. Method Matters!
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Canonical Bergman cyclization of Z-hexa-3-ene-2,5-diyne: Monosubstituted Enediynes Homo (X, X) Substituted Enediynes (a) (b) y
. ) Nonexistant
% Partial Charge (a.u.) on Partial Charge (a.u.) on g:’;ﬁ‘}&
' C. &C, when X is: C. &C, when X is: Very Short .
‘ — = CHELPG HERSHFEILD-I HERSHFEILD-I CHELPG : g;‘f;’;‘jl;
F:-0.29, 0.22 F:-0.29, 0.22 F:0.21, 0.21 F:0.16, 0.16 |
% CN: -0.43,-0.36 CN: -0.25, -0.16 CN: -0.12, -0.12 CN: -0.31, -0.31
OH: -0.57, 0.22 OH: -0.32, 0.28 OH: 0.25, 0.27 OH: 0.14, 0.19
L -0.57, 0.20 -0.32, 0.22 0.20, 0.20 0.15, 0.14
« Thermally allowed electrocyclization )2 -0.25, -0.44 102: -0.15, -0.23 -0.11, -0.11 -0.23, -0.24
. . . . . _ NH2:-0.57, 0.24 NH2:-0.33, 0.26 NH2: 0.22,0.22 NH2: 0.15, 0.16
Yields aromatic dlrad.lcal prOdl.lCt p benzyI.le., CH3: -0.55, 0.06 CH3: -0.31, 0.06 CH3: 0.04, 0.04 CH3: 0.01, 0.00
demonstrated potential for anti-tumor activity H: -0.49, -0.48 H: -0.29, -0.29 H: -0.29, -0.29 H: -0.48, -0.48 Geometry optimized w/ Geometry optimized w/
UB3LYP-D3M(BJ)/aug-cc-pVDZ UB3LYP/6-311++G**

« “Critical Range” Hypothesis: Spontaneous cyclization
@ room temp. when C; & C4 2.8-3.4 A apart!

W /o X—Y attraction, opt.’s agree quite closely...but not here!
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Luxon et al.’s SF-CCSD/cc-pVDZ canonical Bergman cyclization adapted from Figure 3 of Ref. 1

Cell Death
DNA Cleavage (Apoptosis)

Challenge: AE, = +32.8 kcal/mol for canonical Bergman® Luxon et al.:

too high for spontaneous cyclization @ body temperature

Veru Short » -yne terminal distance decreases by 2.41 A from
H!-Ibond reactant — TS structure

Our ?: Could enediyne derivatives cyclize @ lower T? @ 1.66 A +  Our OH/NO, enediyne only needs to contract by 1.22 A

to cyclize...less than half the distortion of canonical!

Computational Methods

sae) ¢, ¢ | s@w 6 Conclusions
X Hirsch.-1: 0.02 0.24 Hirsch.-1: 0.25 —0.16
/ CHELPG: —0.01 CHELPG: . . .
Z H : X * Mono and homo (XX) disubstituted enediynes, some
H ) : . . ..
| d S hetero (XY) disubstituted enediynes similar to
Y 0 v unsubstituted enediyne
Y . . : :
\\ Partial Charge, 6 (a.u.) C, Co + —yne terminal distance d ~ 4.0—4.4 A
Y HERSHFELD-I: —0.21 0.42 , . .
CHELPG: —0.41 0.35 « XY w/ intramolecular attraction b/t —yne termini

reduces C,—C, distance to d < 4.0 A
 (OH, NO2) & (NH2, NO2) w/in critical range for

X, Y =F, NO2, CN, OCHj3, OH, NH2, H Notable Exceptions:

» Optimize molecular geometries for enediyne derivatives Baw) o c G Saw) o G Intramolec. X—Y attraction & opposite §’s on C. Cq spontaneous cyclization @ room temp!
@ UBSLYP-DSM(BJ)/aug-CC-PVDZ CHELPG: 0.12  —0.03 CHELPG: -0.45 0.26 o (OH, NO2)Z d = 3.190 A

* Where intramolecular interactions occur, must optimize

* Obtained CHELPG & iterative Hirschfeld atomic partial geometries with a method that treats them accurately!

. . - « (NH2,NO2):d=3.42 A
charges @ opt. geom.’s using same level of theory Most are similar to XH & XX w/ d = 4.3 + 0.08 A

» Opposite §’s on C5 & C6 not enough to bend legs ~ ° (OCH3,NO2):d = 3.95 A

: . Refi ;
* All computations performed using Q-Chem 5.4 e Non-examples: (OH, NH2), (OH, F), & (NHz2, F) 1.eLf11;<€z)nIlc,egrms, Kanters, Krylov, & Parish, J. Phys. Chem. A 122, 420 (2018)
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