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ABSTRACT. The gas-phase S,2 reactions can be classified-into neutral bimolecular, solvated, and
ionic reactions; the neutral bimolecular reaction proceeds via retention mechanism whereas the ionic reac-
tion produces inversion products. In the reaction of solvated nucleophile with one solvent molecule, 2
six-center transition state (TS) is formed and the two processes 4.e., retention and inversion, are found
to compete with a favored path depending on the electronic effect of the nucleophile and substituents
in the substrate and on the steric requirement. In the ionic reaction, the difference in the energy barrier
between the two processes reduces to a small value when the substrate methyl group is made bulky,
leaving ability of the leaving group is improved and at the same time the negative charge of the nucleophile
is dispersed. When the reaction center atom in the Sy2 reaction is changed to a larger sized second row
elements, the activation barrier decreases since the steric crowding in the penta~coordinated TS is relieved.
However within the same row, the barrier was found to increase as the atomic size decreased. For the
boron, B, the barrier height was the least since in addition to the relatively large atomic size compared
to C and N, it forms tetra-coordinated TS so that the steric crowding becomes nearly negligible.

* In commemoration of the 60th birthday.
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Table 1. Optimized geometric parameters calculated by
AM] for reactant clusters for neutral bimolecular reac-
tion

-G
~H LG(X;)=NuXy)
X NH, HO F Q Br

C-X; 1434 1413 1378 1746 1.908
C-X; 3319 3116 3.026 4.150 4822
X;-H 1000 0962 0827 1291 1425

<X,CX, 666 568 647 618 594
<CXH 1001 653 683 337 341

Table 2. Optimized geometric parameters calculated by
AM1 for TSs for neutral bimolecular reaction
D ::8
Nu @"m
‘H LG(X,;) = Nu(X;) and D = dummy atom

X NH, HO F Q Br

C-X, 1881 1981 1868 2371 2378
CX, 1595 1735 1513 2371 2378
C-H 2159 2283 2114 2510 2601

<X,CX, 853 708 705 746 7838
<DCH 742 788 742 90.0 900
<X,DCH 04 35 00 01 04

Table 3. Calculated barriers (in kcal /mol) by AM1 for
inversion and retention processes

Process . NH; HO F O B
Inversion — - - 840 792
Reteation 1259 1024 1193 717 727
SAHpMe - - - 123 65

a6AH™ « AH, Gnversion)-A H* {retention).

oz et sAn, 237 A4 gl
€ WA zAAPe] Hbgel Foddtzz A
A7t 7ol 7tzte]l wRrtzpa] driete o|®7]
7} 323 olgsted Nu-H & LUMO ¢ 44 F
AE & QAL (Scheme 2), (a)ollXd Neo| C
oz 45 N ofdile 2A F713i4
N-He¢ HOMO oluz 7t Ze7tmz, o
HOMO 7} wh&ol] &ofdlr] A1zdch, (b)elAe
A Clo] =iAleAE 438 AlFsi=s
Cl-H 9] HOMO = 4Hidez & d¥%e ¥
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Table 4. Optimized geometric parameter, M-X (A), for reacting substrates, MR(R;R;-X M =C, B, Si, N, or S;
R;R;R3 = combination of H, F, Q, Br, and CHg; X = F, Q, or Br)

MR R;R3=CHj3, X= F a Br
M-Xs 1375 1.741 1.905
X=C, M=C, RiR2R3 = Hj; HoF H.CQl HzBr H.CHy Q, Fy CHaF2
M=-Xe 1741 1.779 1.741 1.734 1.758 1.760 1.817 1.829
X=4Q, MR RsR3= CHj; BH. SiH3 NH, SH
M-Xt 1795 1.758  2.113 1.736 1.973

4 AM1 calculation, ® MNDO calculation.

Table 5. Optimized geometric parameters calculated by AM1 for inversion and retention TSs for solvation reaction
between methyl halides (substrates) and halides (nucleophiles)

X |2 Qe Br¢

Parameter Retention Inversion Retention Inversion Retention
Cc-Xy 1.687 2.181 2.315 2.253 2.291
c-X 2.334
X-H 0.853 1.773 1.739 1911 1.753
X-H' 2.003
C-0 2.536 2.830 4.053 2.893 4.149
< XCXor XCX) 70.8 135.7 814 140.0 85.6
<CXH 121.7 73.2 115.2 70.9 111.3
<CX'H' 114.1

< XCXHor X’CXH) 82.6 3.1 13.5 2.3 144

< XCX'H' -17.0
<XD*CO 52.1 1.1 5.8 1.5 85

sDummy atom same as that of Table 5. ®Symmetric TS. ¢ Asymmetric TS.
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welch, eladeld F2EL 2§ A9 chair
formejsd, 2 Axol el retention TS el
A oy A Jelgdcl, Table 5904 X=F<l 7
2, inversion TS ¥ C-H 2} C-F 7}e) uisle] 2
Al ALt FEsA] gooz Ao E
8 4 QA (Scheme 4), F YAFAE BA G
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Zhal & Aol = ohE Lol Exlo) o3 Buf
AE DA f18te] AR wbRSAle] cfsiA
= 2 d3} 2A FasA] geoz k)
Aok, Table 7oE A gl 17 intrin-
sic barrier & T As7l I A224, inver-
sion processoll W3k RE Felste] viehdlc,

ST dIZHE. Se2 W8 ClFhEE 2
Asle 452N o7 58, A%y &4, o
2l VYA o]y Alo|g] FaAY el Fo3}
o}, QRS AS Az f4e V1A (1R
LUMO s+ 2#ixe] HOMO 7 4371 #1385
7R TS & b5 of 7|83 Halazke] yhkas,
7|2 2] w-FA4l AAbe] Fiol A e,

CH.X+XH, X=F, C}, Br: ¢oll4i= dFd
vlo} 7o) X 7} Fol 729+ retention TSk ¢
o}z &ell, °|= retention TS 7} inversion TS
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Table 6. Optimized geometric parameters calculated by AM1 for inversion and retention TSs for solvation reaction
between substituted methyl halides {substrates) and HQ {nucleophile}

R1R2R3 HzF Hza HzBf Qg F3
Parameter | R I R 1 R i R I R
Cc-X, 2269 2524 2231 2430 2211 2362 3229 3227 2777 2585
X-H 1738 1727 1746 1731 1753 1.740 1675 1675 1698 1738
c-0 2993 4169 2957 4134 2943 4098 4299 1445 3296 4331
<XCX 1261 800 1284 80.1 1295 80.6 80.3 760 1084 73.6
<CXH 768 1125 763 1146 763 1156 94.1 99.1 747  117.0
<XCXH 5.0 9.6 43 9.9 39 9.8 11.0 16.1 8.1 16.9
<XDCO 34 36 25 37 2.1 36 5.8 79 6.1 6.9

*I and R represent inversion and retention respectively .

Table 7. Optimized geometric parameters calculated by
MNDO for inversion T'Ss for solvation reaction between
MH, (¢ = 1,2,3) (substrate) and HC] fucleophile)

X .

P eter C B Si N S
M-X 2.161 1929 2323 1965 2121
X-H 2.266 2170 2.080 2206 2345
M-0 3.170 3.696 3.721 2922 3.076

<XMX 1385 1056 1054 1473 1434

< MXH 78.7 107.3 975 77.1 77.3

<XMXH 5.0 74 32 6.4 6.4

<XDMO -08 0.1 -1.9 -1.6 2.1
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Sy, i Ly
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=
Scheme 4
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TS oll4le] lalbt-g- 2317 Hsted ohe 44
2 t=e Aok, Poor leaving group ¥ 4-&
& L2717 e driving force 24 leaving
group ¢l LUMO ¢} H&a)el HOMO 94¢) 3
ol Mg FodAnz, X=F<gl %% 7149 C-H
Aolg AgtatA 1AAAA inversion TS & 7
Abshe 4] retention TS 2t} 92 oiix| & 2
o}, Table 8ol 7t Mol gl F4dstoli]z)
g vpehdielc,

CR,R.R;{(CH,, CH.F, CH,Cl, CH,Br, CH,
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Table 8. Calculated barriers {in kcal mol) by AM1 for
the reaction of XH + CH3X, X = F, (1, and Br

X
Process F @ B
Inversion - 63.8 66.8
Retention 121.0 78.8 85.2
SAH ¢ - -15.0 -18.4
3AH,* = AHy (nversion)-AH,* fretention).
" " Il
lﬂ—t./,"" - /L or .\.z’.
/ \. " ~ '{ ‘i‘\. g /’ \..
froat w oo . I.B./ -:‘.
] [ "
lﬂ—(.-/.,“’O—hnl - _,L. or .\,z"
;.. R . '.:‘.’. \.i..:?\ PR
‘ u — : :ll w ’. .
Scheme 5

CH,, CCl,, CF;, or CF,CH,)+ HCI : inversion
proccess v 7| Foll &gt aLols} By Hm
s apgo] 28514 Yehbe freAlQ4s 92|
322, retention 3 7Moo ulSo| gofut
F Ut HRAlE Addez Aeasatfel 7
o7} 2+2 good leaving group < 7}AHoksie], o)
o YA Fgehe) Heof we} F Azs} HAdoz
APgct, YAgo]l 2912 inversion?} reten-
tion 2o A2 chzA) Jeldod, Inversion
A AelatdlolA 67t gtEel) e oilE
9| A7t FAF oflo] YA Aelrt A Y
o, Scheme SolA Eri EEolA A
AT APl 2zt AYA7} o)) Bz &
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Table 9. Calculated barriers (in kcal /mol) by AM1 for the reaction of HO + CR;R;R:Q

CRIRRs  cHg CH,F  CHAQ  CHBr CHLH;  COs CF;  CFCH,
Inversion 63.8 53.2 611 64.4 51.8 82.8 85.9 75.5
Retention 788 67.4 7.6 81.7 75.1 83.4 81.7 60.8
SaH/ ¢ -15.0 142 -165 -17.3 -15.3 0.6 42 14.7

93AH~ = AHp {inversion)-AH* (retention).

] olEsiod ZAsEE whgo] ri& oA
Ro|Adejol = FedTAe] 7A$ A 2f3}e
Ao} o8ty Alelo] Aelzl HolrmE 2hF
o} LelalAck, Table 9ol CCLet CF,E ®ia
su B 25 YAl 24F 2 FE AT
Aab AapEel wlolA] CFy7b olg7lY $3E 4
Aoz o] 274 WE 4 W22 retetion 73
< o felaA APAR, g CF.CHyek 2
o] o|&7|¢) o]5AE o= HE A AFA F
Aol Me|Aeloll A inversion o) 2A Fel3=F
CH,71% x| @472 retentiono] A 49
Ak, Aol og o|ebrle] T Table 42
QtAE Hz}ee] M-X AelellA e,
R,R;R,7} HoolA H.F = up¥ 2% Fol 8
sled M-X Zeol7} Roix=l=l, H,Br Z& 25+
238 @olx)wl retention FHAHNA YHgZ7|0l
Q| o] fA2eb z2tg3ke}, R,R.Ry7F F.CH;
Q) 7%= M:X Zel7t 743 Hwol 744 bulky 3t
22 retention & 7h2 FelEHAl s1F A g0l

n

SONER: o] e Suiot WGl ol A
S of by HEted, 179 F8Ab7h 2A A
shE aled 8-34 HolAdejst A 6-F4 A
ol Al 270e] B#abrl Solelale Wl E A4
stdek, 854 HoldelE U R ol
SAHS7H —11.8(R,R;Ry7} Fid =), —20.5(R,
R,R,7t H,F< wl)& inversion®] % F-2150
A}, o)7L inversion TSl s gl & =
Ashd A 427 24T & 7] WEelth, 6-
F4 ol deloll 272l F¥A7}F drbdel Gol3}
5 #918 A%elE 38(R.RR7H Fod ), —
157(R,R:R,7t H,F % «d)24 inversione®l
2]gt 2o whied o] A& ClAke Fol24d
£ AN F7| wiFolct,
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Table 10. Optimized geometric parameters for reac-
tants of ionic reaction

M C B Si N )
X,-M 1830 1773 2126 1.750 1.983
M-X, 3346 — — 3283 3173

3 216* X;-M 1864 1757 2.056 1.785 2.053
M-X, 3168 -~ - 3181 3.446

MNDO

Table 11. Optimized geometric parameters for transi-
tion states of ionic reaction

M C B Si N S

MNDO X-M 1434 1413 1.078 1.746 1.908
AH 100 485 322 113 -164

X-M 2.383 1.960 2.367 2.295 2.416
AR 85 -36.7 256 165 5.1
Covalent bond radius® 0.77 0.82 117 074 1.04

3 21G*

e¢Reference 13.

MH,Ci+HCI, MH,=CH,, BH., SiH,, NH.
SH:Me¢) C— Si— B2 o &3tz
Auio] 743319942 Sopdlch, nglHz
g 71zl wkeAlel N—-SE2 uld wols 489
—30.7 2 vhPch, Table 48 7254¢ M-Clel
Wis v C—Si—»Bz o o 0366
0210 0.171A2 vpo], N-S2 vd
0.230 - 0.148 2 v}¥}, F, olujx] ol R
AN 4 AAeld Wbt ZA sk
o], ol uloigle sl sl Aoz 9
A AohE AA 27| wifolch, zejzg 4B
Yzl e 24 Feeqd AT 2972
olollA] HMojAtele] ZolE FoluHs Rel 71T
,_—4_. 11

o|2etE

o] £ulgoll wHal4E intrinsic barrier ol e[
= 491e s fAste] Yoldel o] CIal
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Fig. 1. Energy levels calculated by 3~21G* for anionic
reaction, MH,C1 + C1-, MK, = CH,, SiH3, BH,, NH,,
SH.
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Application
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oleig AA =medel Wil ojEH oz Y
A9l inversion#} retention TS & ®li3i?] ¢
slof 2ol & ghgAE 2Efsict,

o] 87 (-O-C(=0)-00H)= A Peixe A
(-0-§(=0).-0)3 o] FL o7l 572 714
523 Zolnj, AL 7ol JAXE M}
(—1)% H4AAM oledrise] uidg 2433
gct, AR (D C--0 7zle 274, (1D
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