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Theoretical investigation of the key step of an aldol-type reaction with a (Rh'),

complex
(Nagoya University) Yoshio Nishimoto, Takahisa Fujimori, Daisuke Yokogawa, Stephan Irle

The chemical modification of a nitrile group has significant importance in the field of
organic synthesis. For instance, an aldol-type reaction, which transforms a nitrile into a
B-hydroxynitrile, and the hydration reaction [1] of a nitrile group attract much attention due to
the industrial and pharmacological importance. Nevertheless, the difficulty of these
reactions is attributed to the inertness of the nitrile group, and thus functionalization
sometimes demands drastic conditions, high temperatures or high pressures, even in the
presence of catalysts. Goto et al. reported an aldol-type reaction of organonitriles under
mild conditions in 2008 [2]. In the present study we focused on the high yields of the
corresponding B-hydroxynitriles and efficient catalytic activity. Because of the difficulty in
functionalizing the nitrile group, it is of great importance to understand the mechanism of the

efficient catalyzed reaction (Scheme 1).
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Scheme 1 Target aldol-type reaction

Our investigation was carried out using density functional theory (DFT) with the M06
functional, since we found that the inclusion of dispersion is important to reproduce the AH
calculated by CCSD(T)/cc-pVTZ level of theory. We chose a moderate basis set size
(6-31G(d) for non-metal elements and LanL2DZ for Rh) for geometry optimization, and
energy refinement was done using a larger basis set (6-311+G(d,p) and LanL2DZ). Since
the real catalyst shown in Scheme 1 has six large cyclohexyl groups, we first explored the
plausible reaction mechanism using a model compound, where all cyclohexyl groups were

substituted by hydrogen atoms in order to save computational cost. Solvent effect of



t-butanol was included using the polarizable continuum model (PCM).

Our model calculations for the reaction with monomer and dimer catalysts show that both
catalysts are able to perform a catalytic cycle, considering the barrier heights along the
chemical reaction pathway. However, because of the predicted large dimerization free
energy (37.62 kcal/mol), it is highly probable that the catalyst works as a dimer. From the
reaction profile of the (Rh'), dimer catalyst (Figure 1), the calculated highest barrier of each
step is 15.15 kcal/mol (TS2), and this is reasonably consistent with the experimental reaction,

which is carried out at room temperature for several hours.
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Figure 1 Reaction profile of (Rh'), dimer catalyst (model) at PCM-M06/6-311+G(d,p) +
LanL2DZ // M06/6-31G(d) + LanL2DZ level of theory.

In the presentation, we will also discuss results of calculations for the real system.
References

[1] A. Goto, K. Endo, S. Saito, Angew. Chem. Int. Ed. 2008, 47, 3607-36009.
[2] A. Goto, K. Endo, Y. Ukai, S. Irle, S. Saito, Chem. Commun. 2008, 2212-2214.



2E11

RuUSBIKICEITARET7ILF L EZ ) TUOEMEICET S ERHUIMAR
—RISHEBROERENRDOREH—

(BERBRAMLAIR Y, hAEI? REKRE®) XF £ TH %HF' tE FH° K
oW R S BH -0 ER £F°

DFT Study on Internal Alkyne/Vinylidene Isomerization at Ru Complex
- Elucidation of the Reaction Mechanism and Substituent Effect -
(Ochanomizu Univ.}, Chuo Univ.?, Tokyo University of Science®)

Miho Otsuka®, Noriko Tsuchida®, Yousuke Ikeda?, Yusuke Kimura?, Yuichiro Mutoh®, Youichi Ishii?,
Keiko Takano®

[Fig] © =V 7 37 A VA Z M0 LT AR TEMBOFRTH Y, ZDEIEDH
HIZEERETHS. ©=U T UOAMIEE LT, BEBERIERICBIT DT X &k
b5, 1k, TAxeNbE=U T UNORMERINE, KEBIOTIAVEDOL S T r gy
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[FHEFE] SEONE T L3 b7 =7 AR [CpRu(PhC=CCsH4R-p)(dppe)]” (R = OMe, CO,Et
Cl)y ZxI& & L, BRI (L : B3PWIL) 2 AWV THNET LF b E=UF i
PEALROG 2588 U, &Rl - IREVEUT « IRC 3HRE 21T - 72, JFRIEBIKICIE, Ru ICNRRERY
EANFRRT v v L& LTz SDD, DD+ (C, H,0,P, Cl) (2 6-31G(d) % 7=, KD
HATICPE D B OEN X (BT 5 MR 2455 72, NBO(natural bond orbital) % V& IR HE & i
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[FEHR L EZ] IRCAHEND 2EORIGHEE (PATH 1, 2) BME 6. BRIBICEIT 5 GT 3%
NFX—%F£ LIRT. P& ADERIE, TAFUNENT DO T = = VRO 767 & BFR
HRT. TR —[EEE (AGR) AT 5L, WTFROBEHILIZHE O TE PATH 2 D7 7MKL Vi
Bl D LD, RRSIEPATH 2 TOETR AR TH 5 &5 2 541125 (0OMe: 2P, COEL: 2A, Cl: 2A).

#1 A PATHIZEIT D F T AT R/LF—Z5(AGR = Grs - Greactant, AGp = Grs - Gproauet) [kcal/mol].

A B Ph BalL a [
R PATH 4G, AG,  PATH _ AGq AG, L C
1 213 293 1 N/A PhyPuRu— ||
OMe 2P 180  26.7 2P 137 211 (\ c
2A 157 252 2A 155 232 PPh, \Ar
P
1 216 304 1 237 309 Ar
COEt 2P 187 273 2P 172 265 @\ J
24 150 245 24 191 287 phpuRu— ]
o}
1 220 296 1 234 315 LPPh \
o 2P 176  26.5 2p 165  25.4 2 bn
2A 164 246 2A 189 267 A

NBO FEMTHRE RO, AR RFEDIEREMRIL, BUGEHIARD S TS ~OMATIZIEWVIEIZIEINL, TS
IO AER~ETICONTRICRD Z RS olz. T ORREIE, —MRE7 SRR S DR
E—E3%. NBOIZ X % donor-acceptor gt 247 > 724558, $EMICBWTEF 25325 01T0n
THNOGEE BEALT HMI(C2-C3) THDHZ ENHLMNIRoTo (K2 DD entry) . T, X
JEDSSREERINCHEEI TS5 2 L AR L TWD. £ 2 OEEE SO entry 1%, BaA75EKRFE(CL) (295,
HRNL ek R EOBHFER(CE) 2D OBE TGS T 5. ZOB G EOERK & ROZENL
ZEWRLTERY, BLOMIT (C3-Cl fiEDAER) 2T 2HFLHEAZTLHEBZ206N5. DEVER
MO LT &%, $BALIERE L AT 5 RBEMOM AMER KO, RALEIRE L T DORBIFF L
ALTVWDIHEEREOHEEHDOART UV RAIZL>TIREEND EEZOND. BHILHFEICON
T, WBAERFBIR(CL) EOEHEDOR D& A5 &, ETGHEOBEREITs 2 RE T
NSRS 2 LD (3R 2). $R(JeikFEDOZEEE O s HEHINE, FEA IO HHE %2 5D
HZE, TROLERMIKSEEOR/BEERD LT ICFHFGTHEBLLND. kK, BEHRLEOR)
RITENLRBICM < EBZX DN TED, RHEMEREID, BARFELD bie LA, BAERHE
SOMRNEETHD EWVH T ERRINTL.

£ 2 PUSHTOERICI T 2 B MAAEIEH ORE S KO RFFF LD Z2H0E D K57 (s,p,d).

R PATH Ry R, entry donor acceptor E {kcal/mol) Hybrids for C1 (%)
{migration group) {s,p,d)
R4 OMe 3P {Ph}) H OMe 1 C2-C3 C1 231.95
—= 2 C4-Ce C1 60.15 (7.63,92.22,0.15)
cp Cs ) 3P {Ar) OMe H 3 23 c1 39.34
. 0.26,99.72,0.02
\ 57 4 o c1 24912 ¢ )
PhP —RU=.0 -7
A ~¢,_ ¢ CO,Et 3A (Ph) H COft 5 ©2-C3 c1 63.92
~_-PPh; 1. ..Ca_ N N - .
; 0.67,99.28,0.05
?4 l 6  C4-C6 C1 8331 | )
SR, 3A (Ar) COEt  H 7 c2C3 c1 14432 0 o0 0652,0.12)
8 C4-Ce C1 71.94 mormmmm
cl 3A{Ph) H cl 9 C2-C3 C1 94.85
10 C4-Ce C1 79.45 (1.65,98.27,0.08)
3A (Ar) cl H 11 C2-C3 C1 103.26
12 C4-Ce C1 81.65 (1.96,97.96,0.08)
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L8855 % &0 . FMO-UNF (23317 2 fiftr Al & 8 H L7,
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(a) TEMPO (b) azurin (¢) Mn(acac),
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[] ABINIT-MPX)FFEL/=HAH ERHE L T& 72 FMO #tHO7-H0OT 0 /7 ATHY | &k
BEE CTHANR—FT DWHGFFEZHEREDO X V87 BICx L CHERMICHEHAT 5 2 Ltk 5 ([1-3],
¥7-. PEACH & O##<T FMO-MD + I 2L — 3 o b ARETH S5, =9 LImRizonE T
LA CTHREL TETNDED, SHEIORETIXZOLE Z AL - JERS L #iRIc DWW Ty a —
br— AT STV 72,

[FMO4] 4 (AfHIEE TEE L= FMO4 L6l Tk, # v IO T T 7 A METT 2/ 1O T8
EMIEHDITEE, 72 DT Y Y ROBREILENALEOM AL S Z R LoD RRE L 72 v . AIZES TR
THEMINDHEEHT RV E — T OZZRIRGE R B D b TV 5 5 EISHOFFHEIC DN T
2E17 & 4P106 = 2%, FMO4 ¥ a 7 CIX 4 REHHE O a X R & 72 5720, 3 L AFx—fif
(CDAM)[7]Z#EA L TR b 2TV 5D, FRIE, 2O/ PC 7 7 A% — TR VE VSR

{K(ER)D 50 #EHET L 407 x5/—F 207 x8/—K
BEHELT-XA I T ER50 F §H- {ll§H 5 Bl @iris ER50 8- {ll#H5 Bl@fennel
(FM0O4-MP2/6-31G, 5nodes, 20cores, NP=4) (FM0O4-MP2/6-31G, 8nodes, 16cores, NP=4)
T %, CDAM I L~ T, 21 2.9
- o ene 70 1 | Tetramer MP2
BElZ 4 1K MP2 O E = 60 T I Trimer MP2
o s s 250 i
2 R AMER S AL, AT 2ol omerthe
~u.;40 I Monomer MP2
il N7 ax e - ] | ] i Tetramer SCF
RIS s 2 £
| e Trimer SCF
SN . < ,
Noyhd, —J5 T, HF 5 ] 13 ' Dier SCF
Do A SFEEL L TR Conventional  CDAM-MP2 Conventional CDAM-Mp2 ' Monomer SCF
MP2 MP2

V. #4y Fock 1T4IED
AU DL BIZ L DA LI LB 2 TV D,

T AN FOBRER S FMO SHROS%ORERMBESG SN —nBTHY 8], AV F¥y v
TOBEBIZIEON DD, RE~OREDOET ) 73l al LTEETHASH, FRIT, 631G %

Complex SiO2 cluster  Amino acid B.E. AB.E. EZHW=v)

Alanine Conv. HF -11189.67963 -10867.98174  -321.69167 -3.91 - S

FMO4-HF -11189.68929 -10867.99096 -321.69167 4.18 -0.27 IR DET )V

Conv. MP2  -11198.46267 -10876.12667 -322.32409 -7.48 - (Sis2060Hs2) & 2

FMO4-MP2 -11198.47215 -10876.13644  -322.32409 -7.29 0.19
Phenylalanine Conv. HE  -11419.16561 -10867.99294 -551.15664  -10.06 - HWOT I BO

FMO4-HF -11419.17458 -10868.00216  -551.15664 9.90 0.16 -

Conv. MP2  -11428.46764 -10876.13656 -552.30783 -14.58 - FHEAE H R O

FMO4-MP2 -11428.47684 -10876.14630 -552.30783 -14.25 033 HTHD A

FILF—IT au, FEE TR/ F—I% keal/mol, FAEAIITIL, 1@H D MO FHEDEA & AT HEEZR W
RIS, T F ROFEEET NMCONWTIE, HEOHEFEEZED WD EZATH D,
[FMO-PB] KUY Ry~ qkidkEFERE L TGIET 285 KMFEO—FETHY . FMO



FHE O EM 2 VT B RS 5 (SCR) I fif < S5 22026 50 3
W%, SCHRIQ)D B T3S 7w 775 L DelPhi % 2292700 \

FIFI LC SCF o LB A E LTV /2, PB YL &
N=ONEYENTIEE T Lz, AR, #il ER50 € 22925 50
TR L TiT - 7= FMO-HF-PB/6-31G* DD 2292900 k‘
FX—IHCRIL T D B, WOREIZ MP2 L)L TT F 220050 o e e e
7 A NEOHEERT R X =23 fi Lz & 25, feration
JKFNEE L (GE PB)IZHE L C 5-10kcal/mol FEE D ENH D GENH D Z & PR STz,

[CAFI] CAFINONFEMBENCIER LT T 7 A MEOMEIER(E 0 b kFEED) Z i+ 5
V=T D, HDFEEETIE BDA THG & AT 258 ITFHR ISR 2o 7228 A BIEHuE O
RIbEWBTHZLICE T, ZOMEEE L, TERIZZ U V> 5 BIKD 6-31G** LK TOMHT

H<THD ; fliL au, TO 1 2 3 4 5
L s FROM -0.005854  -0.094354  -0.000217  -0.000012 0.000001
WIREE 0 IZBEEDIE prom -0.057290  -0.020373  -0.082572  -0.004702  -0.000033
S D EETRx < . FROM -0.000259  -0.064973  -0.026207  -0.081818  —0.004573
- FROM -0.000021 -0.000555  -0.066589  -0.024393  -0.083840
ZTNEVEENT=Z%E  FROM -0.000006  -0.000051  -0.000575  -0.065323  —0.019819

B EW, el ETLKEREG E LTI 35 YT 5,

[FMO-MD] Z#h & Thiix 22z @El LT 528, 2 2 Tld FMO3-HF/MCP (2 & % Ra(ID
& BaIDDAY I = b— a3 VO LWRER AT T < 35/illiT 1P135 2 25, AiE OF—K
FIPE Izt % Ra-O B4R EI% O ©— 7 1% 2.85A T Ba(D DK 2.86A (Z3E <, FHXIFRZNRIC &
DUHE & B Z HILD, Ra DX D RBUEME 28 5 EBRITF A~ OREENLE S 72, 25 LIzatEbY
FEPMREZGE D FTHELRER Z SOTHHIE S 227259,

9 — O3 EIL, PEACH FEED ABINITMPX)~0 “Bff” T, #ERDA 7 VT K « VAT A
T — JURAF D RLE L& > TREBMENHEMR LS\, 8T, Blue Moon #5 ) #[4]C8H 7 7 7 A

MNEFOWE - WAL BHER L T D, 4P105 TR 23, RE)R FX100EK) & - 7235 & il A
2OH Y, KEIZIIMP2 LV TKOMD 2 2 b—a &)t TH 5,

[#0fh]  UHF #5012 55< FMO-MD v 3 = L—3 3 U[11]1%° UMP2 3 B ATRE L 72> TV B,
72, MP2 #8755 & fii - 7= 5 i i i b[12)12 L - ¢, FMO4 & % — ATl b U728 U7 fs
FMA RO LT 7y —~v a7+ T OWEY 77 A bk D, M7tk B Tl% ESP AR O &EEk &
FEER B E b To TV D D, ZHITERIOKSIZER RS,

[BiEE]  ABFZEIEL, HKAPERF CISS 71 V= 7 b b NS\ HR: SFR 206 DX 4EZZ 1 T\ 5,
£72, JAMSTEC/HiEK> X = L —& & &% —& NEC 2 LHEIFH /120272 nTinsg,

[3c#R]  [1] Mochizuki et al., Chem. Phys. Lett. 457 (2008) 396. [2] Mochizuki et al., Chem. Phys.
Lett. 493 (2010) 346. [3] Mochizuki et al., Theor. Chem. Acc. 130 (2011) 515. [4] Komeiji et al., <.
Comp. Chem. 30 (2009) 40. [5] Komeiji et al., InTech Open Access Review Journal
<http://bit.ly/HkefpI>. [6] Nakano et al., Chem. Phys. Lett. 523 (2012) 128. [7] Okiyama et al.,
Chem. Phys. Lett. 490 (2010) 84. [8] "iEH A ¥ — R~y 7HE" - =7 JFEEESIZHIT T -
FMO (2B % 5tak, <http://bit.ly/Ncbsz8>. [9] Watanabe et al., Chem. Phys. Lett. 500 (2010) 116.
[10] Mochizuki et al., Chem. Phys. Lett. 410 (2005) 247. [11] Kato et el., to be published. [12]
Tsukamoto et al., Chem. Phys. Lett. 535 (2012) 157.
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ABINIT-MP/BioStation (=X % FMO & FH 25 5545

(HPUEIE WA 1, FORAEPENT 2, [ESZHETHE 3, #RF KB 4, SLHOK 5)
R 12, R TS 2, MLEA 2, BAREE L, D 28, HpRiil e, EA%E 25

Applications of FMO method using ABINIT-MP/BioStation system
(Mizuho IR!, Univ. Tokyo IIS2, NIHS3, Kobe Univ.4, Rikkyo Univ.5)

Kaori Fukuzawal2, Chiduru Watanabe?, Yoshio Okiyama?, Takayuki Tsukamoto!, Tatsuya

Nakano? 3, Shigenori Tanaka4 and Yuji Mochizuki2 5

[F] 75720 FFEEFEMO) L, FITZ /37 EX° DNA 7 & OAKE ST O KBS

FREZFHET L2 FED 1 OTHY ., T E TRIESIICHBIT D2ZEMER— Y I NHHAAEMRT 72
Sl TE 2, Fox OWFET L—7THi% L T\ % ABINIT-MP/BioStation (£, FMO
HBEHAONyr—vThHb, FMO #HHE 7127 Z 4 ABINIT-MP & &AH#{E GUI > AT A
BioStation Viewer /572> T\ 5, M &G Z DA T 2O BAER 2 T3 5 72912,
SR TIEIEDN Y T2 < ShRM e kE RO AT TIE & il & U72BH% 21T > T 7o, ABETIE,
B OBRFEHEREZ W o, Je8 R 7 s B 2 BT 5,

[FMO4 51T X 2 ¥ EAVER OFEMET]

BEskd FMO 13 2 (A(FMO2) % L 1E 3IR(FMO3)E TH 7 7 7 A v MEBIZIESWTEY
T T I A M EIDY A RNZONWTIE, F o8I EIET R BRFEIEEAL, U T RISy FHALE
L T e B AR D DO DMEHE CThh o T2, T2 TIEU A REMBEIERT 27 X BRED
FeE 2 EEIICAT O 2 LN TE 20, fdliIRIERIC KSR, VT ROERREEE T I/ BROEE
WAL & O BEAER 2 EBILT 5 Z N TE oz, T TARIZEZ V—7TlE, 48R ET
L LT FMO4 E~OILRAATW I FHRERE A LT 2 & L IR VMl T Z 74 2 M 3E
IZxt L C LR A Ff o Toiima CEH L olcLz2l, # oo E—- U RERTHE, VU
Ay REBRIERA, 7 % B8 EISEHICHH LT UL FEEmIC N E R E 2 R D Z &M
T&E, BRREZ D7y —~a 7 x THITICEHATE 5, £, fBmRO7 7 7 A MyEIG ]
RELD,

AVINZFTANAD ) A F7I=4—FE (NA) LUK (X1) &OHAIEHZFICZE
T2, EEIZVTABTHY, ALFr & LTE —J . ERITH DX I 7V OTEMAMEEIL
WA T ThH D, HERETIII T REEREZOEE LD E LI LT R o727, 2
NOSWIEDO ) H Y REFNOT 2 BERE L QRPN EERZFMET 2 2 LN TET, F
T FEMDRRD Y T RRLOBRNRKECH -7, =2 T FMO4 Lz H L THEER L
(I T7NVOEA A A Ui EA AU R, BUKE) 2oE3+52 Lick->7T, NA
E O EAER 2N+ 2 2 N AREE ez (1), Vv REKROMAEERKH LT,
FHERETNI D D DR EA AR T 5 Z LN TE | BHRERLEN O T B IR 5,



Arg371

Argl18 1 -
g o. _0O Tyr347 ( ) (@) O

(]_) OH  Arg292
: Ve
HO H3N+ ¥
W

- NH
| D

°(2) ° @3)

1. VHROTTZ A MyEl (BT, 5 %I 7)1)

F1. VA FOZEEE L JHDT 2 7 Wikt & O A/EH 31 % —(FIE, keal/mol)

T IVER 237)L
(@) @ B =K% 0 2 @) @ =&
ARG118 -88.9 46 5.1 -79.2 ARG118 -91.4 56.1 36 2.6 -29.1
GLU119 53.1 5.1 -4.3 43.6 GLU119 410  -114.4 -3.6 25 -79.4
ASP151 15.1 2.3 6.1 11.2 ASP151 441  -109.8 41 2.7 -59.0
ARG152 -24.3 -19.9 -4.9 -49.0 ARG152 -25.1 454 -28.1 6.0 -13.8
GLU276 44.9 -1.2 -25.6 18.1 GLU276 41.3 371 25 -8.2 -6.6
GLU277 66.1 -10.2 -10.8 45.0 GLU277 70.6 61.2 -10.7 -10.6 -11.9
ARG292 -119.0 4.9 120  -102.1 ARG292 -107.7 44.0 4.6 4.6 -54.5
TYR347 -285 0.6 0.5 274 TYR347 -26.6 1.1 0.4 0.3 -25.4
ARG371 -136.7 3.4 6.1  -127.2 ARG371 -138.0 41.1 3.0 2.3 916
IFIE-SUM  -225.1 -23.2 481 -296.4 IFIE-SUM  -198.3 -94.9 -39.9 -186  -3517

F72 . FMO4 A X 2 @A Lo T 7/ KR ~D FMO IEDH A AlRE & e > T T,
Bl 21X SiO2 ffh 2T T /ML LIZhEdh oy 17 T A2 LT F R L DG 3 F—3HR T, 41K
HDOBAIZ L > THREBIITKEEE M B2 Z & vbinoT,

ARFEL, WEIAESSA 77 0 hORBGHR EOSBIL EHFWRETH S LTS LD,

[MP2 £ E i k]

0IEMNDL 2D I =4 I ETH D TrpCage 1%, Trp6 ZHLE Lz, BUKMET X/ Werki
DBAMET T Z L TND Z ENH DI TN D, BUKME 2 7 ZIEMERE S Lz MP2 L1
IS RE(L (T2 & 2 A, HF IEOHA L3R . CHImMRE/ERZ MR- 7= ik S
LHZENbinotzl3l, A%, 77 —~a 7y T OEOREBLEICENL S Z ERBIR SN D,

[BFE] APz, SR 1/ R_R—va iy iab—ra vy 7 b =7 OF5ER%)
Tuvx=r b RKRAEENRISS) BLUONLHKRTSFR 7 vn =7 b bDOXEEZ T E LI,
(2% 3]
1. T. Nakano, Y. Mochizuki, K. Yamashita, et. al., Chem. Phys. Lett., 523, 128 (2012).
2. C. Watanabe, K. Fukuzawa, Y. Okiyama, et. al., to be submitted.
3. T. Tsukamoto, Y. Mochizuki, N. Watanabe, et al., Chem. Phys. Lett. 535, 157 (2012).
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Theoretical Study on Substituent Effects in Thermal Reactions of a Silene with Alkynes
(IMCE, Kyushu Univ.}, Kurashiki Univ. of Science and the Arts?)
Hiromasa Tanaka®, Yoshihito Shiota', Kazunori Hori, Akinobu Naka?, Mitsuo Ishikawa?,
Kazunari Yoshizawa®

Si=C C=C T
1
3a 4b 1
2 SC
2C
SiMey +Bu Me.Si MesSi
- e.Si =Cqi es3Si =CSi
Megsi—?i—c\f 3 C=CSiMey 3 C=CSiMe,
Live. O 120 °C =\ .8y 160 °C =\ 8y
3 ———— . g —_— i Ko
. o o (3 X= SiMe, Me3Situn,, | 3 ) Me3Si i
pivaloyltris (trimethylsilyl)silane Y = C=CSiMes Me3Si/ OSiMe3 MesS i/ (o] SiMes
\ 2a 3a
SiMe;(t-Bu) 9y SiMe, (+Bu)
MegSi\__ t-Bu XC=cY 120 °C =\ tBu 160 °C c=/
= ) - - .
Me,Si”  OSiMes (b) x=H MBSS'E ——— Me3SiO(MeaSi)Si “-Bu
Y =SiMes(t-Bu)  MesSi OSiMe;,
1 2b 4b
Mes3Si SiMes MesSi SiMe3
=\ .8 160 °C \V/
! : +-Bu _ .
(€) X= SiMes Me3S|n.,.} : o ‘ |,% _t-Bu
Y = SiMes MeSi OSiMes MessiO [ SiMes
SiMe;
2c
5c
Not observed
Gaussian 03
B3LYP 6-31G*

6-311+G**
120 160 °C



2a 3a

Me;SICC~ éé/&MEg
1.262 \
2476
SEBU
w Srs—-c

MegSil/ Too\

MesSi OSiMe,

RCa

MesSICC~— A
Scll
1226 ] SiMe;
'-
15.960
MesSiy, | tBu
AN B s*
‘SE=c_

/ 1785 %,

2a Si-C
Sit 5

Intrinsic reaction coordinate (IRC)

Me;Si,

1435 CCSiMe3

B/ 1.435
0

1 819// \

SiMe 3
— V4

t-Bu

Me35|

Si-C
2a

25.9

SiMe.

Me,SiCC— B 3

s §04
1314

1937
SEBU

A B o

i ST —5C

Me;Si! / 1904\
OSiMe,

MeySi

AG 395 15/kcal mol =

OSiMe,

2a

Me;Si,

6a

AG, 4, 15/kcal mol?

7a

2a

1326 /CCS\Meg
MegSl\A /
216 \z 801
: 1 909\ ABU
Messi™Y 1_917 f\
TSGa'lza OSiMes
6a" MesSi
1315 B CCSMey
MesSiw_a' /Q
43293
1.943\ A\ atBu
&5 MesSi

\1‘370 CCsiMe;
A B

.+ Si—
w
MEssl“/ 1904 N\
0SiMes

MeySi

C=("
1.902 / \ 1542
A

B
Mes S S— Quing gy
/ 2,027
MesSi OSiMeg

-18.0

2a

7a 7a
0 SiMe; cB
5 SiMeg

39.3 MesS \1457 /CCS"V‘e3

MesSialt 789// \\1 379
C—! Bu

e 1480
$~= 2104 9

Me,Si B 21770
c SiMez

MesSi\ ;377 CCSiMe,

~ e/ 1546
=C/!-Bu

\ 1 513 CCSiMe;

2a b 75// 3849 C\l >

Megsl\s,. - y 1367 Bu 1.453
MeSi 4068
\ 1370 cesives \1 690 11.2
A B/ SiMe; Csime, - .
1.902 1542 s
/ \ SiA-CA_CB_CB=-1110° 3a
MeSiwn S——Cumigy
7 2o
MesSi OSiMe;

1. 3a

6a

3a

(1) (a) Naka and Ishikawa, J. Organomet. Chem., 611, 248 (2000). (b) Naka and Ishikawa,

Organometallics, 19, 4921 (2000). (c) Naka and Ishikawa, Chem. Lett., 364 (2002).
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DNA O Hexf A AAEH = /1% —0
re e R B R S A A R A7
(5 Bkl B2, [55k QuLIS) I 2ER7-

Ab initio MO study on the interaction energy of base-pairs in DNA

(Center for Quantum Life Sciences, Graduate School of Science, Hiroshima University)
Misako AIDA

DNA is a blueprint of life. It includes all )
the information of life. Genetic code makes . comai:ie,:]gncl;.crls::,sosomes o ;
use of the base sequence. High order * L
structure of DNA is important in
transcription, expression and replication,
and so on. Each person has his/her own
DNA sequence: therefore, there are huge
kinds of base sequence. And furthermore,
DNA is too large to be a target molecule of
accurate theoretical calculations. So, what

can we do...?
In double helical DNA, the component bases [ | DNA bases

are hydrogen-bonded and are stacked, leading ﬁ:{ d % )&
to the formation of enormously long DNA

adenine cytosine guanine thymine

molecule.
There had been many quantum chemical calculations for hydrogen bonding pairs and

stacking pairs, including 2 bases.
/ ﬁ ] R
; . . . : # i:.:&h'

.- ‘gr Foylos «'4**“‘ ~
hydrogen-bonding base-pair  stacking interaction of bases Q?‘QF
However, there had been no systematic calculations for 2 stacking e '?m:: .
base-pairs or more, including more than 4 bases. In this work, we deal ;.‘S‘ o
with 2 and 3 stacked base-pairs. We will clarify the additivity of stacking 5\*' ‘f’,”}f v
interaction, and the importance of many-body effect. s

Thus, we aim at giving the smallest unit as a building block of DNA. v s‘*«;z‘f.



Since a Watson-Crick base pair is complementary, only one base is enough to specify the
base pair. In this work, we use a small letter (a, c, g, or t) to indicate a base, and a capital
letter (A, C, G, or T) to indicate a base-pair (a-t, c- g, g-c, or t-a).

A stacked 2 base-pairs is specified as below. We calculated the energies for all possible 10
kinds of stacked 2 base-pairs at the theoretical level of MP2/6-31G*, and 2-, 3- and 4-body
interaction energies were evaluated with BSSE corrected. We calculated the energies also at
RI-MP2/aug-cc-pVDZ.

3 ///;/ /_,\-\>\> , K
= T l =) GT (= AC)
V=== ckE=

5 Yy
A stacked 3 base-pairs is specified as below. We calculated the energies for all possible 64
kinds of stacked 3 base-pairs at MP2/6-31G*, and 2-, 3-, 4-, 5-, and 6-body interaction
energies were evaluated with BSSE corrected. For some selected sets, we calculated the

energies also at RI-MP2/aug-cc-pVDZ.

Ztz z’
Y|y ¥y| = XYZ
X|x x
The calculated N-body interaction energies have brought the “blocks & glues” model.
Y &=
Y te=> _ T + Y I@J'
X @i - Fle_o
X &
Internalenergy = H-bonding energy +stacking interaction energy

between base-pairs

Z &2
+

X <N

= T + YI@l + I«
X = X

4 4

BLOCK GLUE

@=>

A “block” is a hydrogen bonding base-pair, meaning the hydrogen bonding energy of “1
base-pair” and there are 2 kinds of blocks. A “glue” is a stacked 2 base-pairs, meaning the
stacking interaction energy of “1 stack of 2 base-pairs” and there are 10 kinds of glues.

The “blocks & glues” are composed of hydrogen-bonding and base-pair stacking
interactions, and can be considered as the building units of DNA.





