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Tper-OyTunpHUI Ta aJaMaHTHIBHUA 3aMICHUKH —
CTaHAapTHI 00’ €MHI 3aMiCHUKH, SIKi BAKOPHCTOBYIOTHCS B
OpraHiYHOMY CHHTE31 Ul €HAHTIOCEJCKTUBHHUX IEPTBO-
pesb. HasBHicTh 00’eMHOrO 3aMmicHMKa y cyOcTparti
IIIBUIIYE /1iaCTEPEOCENeKTUBHICT peakiii, sk 1e Oyio
nokazaHo Juis  (OTOLMKII3ANii Ta  aHi30TPOIHHUX
meperpynyBanb. Taki rpymnu Takox 3JaTHI cTaOuTi3yBaTH
TaKi HecTaOUIbHI MOJICKYJH, SK TPHOKCaHW Ta KapOCHHU.
HacTymHuM KpOKOM JIOTiYHO BBaKaTh 30UIBIICHHS
posMipy 00’emHOI Tpymu. MoNeKyIapHul  00’eM
JiaMaHTaHy OYEBUIHO HabaraTo OLIBINUI 3a aJaMaHTaH,
IIPY IIOMY CJTiJl MaTH Ha YBa3i TOMOJIOTIYHY Pi3HUIIIO MiX
1- ta 4- izomepamu (1-dAd ta 4-dAd BimHOBITHO).
JocuTh MBUAKHIA PO3BUTOK XiMii miamMmoHmoimiB [1] Ta
JIOCTYTHICTh PI3HUX IIOXIJHUX JdiaMaHTaHy pO3KpHUBA€E
HOBI MOXIIUBOCTI JUIi BHUKOPHCTaHHS TaKHX 00’ €MHHX
3aMICHUKIB SIK JllaMaHTaH Yy CTE€PEOKOHTPOIHLOBAHUX
CHUHTE3aX. bBylo JOCTiKEHO BIUIMB IiaMOHTaHOBOT'O
3aMiCHUKa Ha PeaKI[iHUNA [EHTP eKCIepPUMEH-TaJIbHO Ta
TeopeTnaHO. KoM’ roTepHi po3pa-xyHKH OyJI0 MPOBEACHO
BukopuctoBytoun Meronu DFT ta DFT-D, 3 B3LYP,
B97D ta M062X ¢dyHkiionanamMu. EkcriepuMmeHTa bHEe
JIOCII/DKEHHST OYJIO TPOBEAEHO uepe3  JOCIiA-)KEeHHs
peakmii  Kopi-UaiikoBCbKOro Ui AiaMaH-THJIBHHX
KeToHiB. byio nokasaHno, mo Ha Bincrani asox CH, rpyn
BIUIMB KapKacy € He3HauHuM. [Ipu 1mpoMy 3a BijcraHi
onuiei CH, rpynum MiK peaxkimiiHUM [EHTPOM Ta
JiaMaHTaHOM, Kapkac IEepelIKO/KAe Sp-Sp° IEepexomy
Byriemto. 3a BiacyrHocti CH, rpynu Mix jaiamMaHTaHoM
Ta pEaKIifHUM IIEHTPOM, 3aMICHHK IEpelIKOo/Kae
JIOCTYITy PEareHTy 10 KapOOHIUILHOI TPYITH.
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The influence of the diamondoidyl subgtituent on the reac-
tion center was investigated experimentally and computa-
tionally. Calculations were provided at DFT and DFT-D,
using B3LYP, B97D and M062X functionals. Experimental
investigation was made by studying the Corey-Chaykovsky
reaction. The latter was explored with dimethylsulfoxonium
methylide and diamondoidyl ketones, which has different
disgtance between the carbonyl group and the cage. Diamon-
doidyl substituent was shown to have negligible effect on the
reactive center within 2 CH, groups. Whilein ketones, bearing
one CH, group between cage and carbonyl, it hampers
tetrahedization of the reactive center. In case of methyl
diamondoidyl ketones the cage hinders the access of the
reagent.
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[. Introduction

Tert-butyl (tBu) and adamantyl (Ad) represent
”standard” bulky groups that are widely used for
stereocontrolled organic transformations. While the
relative influence of tBu and Ad groups has been verified
quantitatively on the example of 1-Ad, tBu, 1-bi-
cyclo[2.2.1]- octyl and 1-bicyclo[2.2.2]-heptyl, such
analysis for dAd or higher diamondoidyls hasn’t been
provided yet. The molecular volume of dAd is markedly
higher than that for Ad; additionally the topological
divergence between the positional 1- and 4-isomers
(1-dAd and 4-dAd, respectively) must be taken into
account. Herein we present the combined quantitative
experimental/computational study on the influence of Ad
and 1-dAd, and 4-dAd groups on the reactivity of
carbonyl group in Corey reaction, whose sensitivity
towards steric effects is well-documented.

We vary the distance between the carbonyl group and
the diamondoidyl group by the elongation of the carbon
chain linking them in order to estimate the influence of
the cage substituent on the reaction center.

Il. Experimental investigation
of the influence of the diamondoidy!l
substituent on the reaction center

As expected, ketones 1 and 4, whose structures
contain the most remoted cage moieties from the reaction
center are most reactive and differ only slightly from each
other (1.5 times). We conclude, that adamantyl substi-
tuent in 1 may cause larger steric hindrance than the
diamantyl at larger distances.
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Scheme. 1. Rate constants for the ketones 1-7

1.65+0,05 0.82+0,06 <0.1

In contrast, at shorter distances 1-diamantyl subsistent
displays pronouncedly higher steric bulkiness than
adamantyl group. The difference in reactivity 3 and 6 is
remarkable: the diamantyl ketone 6 is inert towards
DMSM even under prolonged heating, whereas
adamantyl ketone 3 is moderately reactive (k=5.75¢107
L*/(mol**s)); the apical isomer 7 is nearly as reactive as
adamantyl ketone 3 (k=5.7¢10" and 4.9¢10” L%/ (mol**s),
respectively). Thus, opposite effect is observed for the
influence of adamantine and diamantine cages at short
and large distances to the reactions center. We observed
unexpectedly low reactivity of ketone 2, which is less
reactive then 3, following the general reactivity
dependence: 1 (CH,=2) > 3 (CH,=0) > 2(CH,=1) in the
adamatane ketone series. In contrast such a dependence
for the respective diamantine ketones is normal, i.e.: 1
(CH,=2) > 2 (CH,=1) > 3(CH,=0). Such counterintuitive
small rate constant, observed for ketone 2 needs
comprehensive analysis and interpretation.

lll. Computational investigation
of the influence of the diamondoidy!l
substituent on the reaction center

We first analysed the importance of the entrance
complexes in the reaction of ketones 1-6 with DMSM. In
contrast to B3LYP, where the complexations of ketones is
exergonic due to high exothermicities, the dispersion-
corrected methods reveal high complexation endergo-
nicities. This allows us to exclude formation of the initial
clusters form the consideration.

Geometries of TS calculated at B3LYP, MO62X and
B97D functionals are similar. We observed that barrier
decreases on ~2 kcal/mol when oxygen of DMSM and
carbonyl oxygen are in trans position. Moreover, for all
model ketones syn TSs are more stable then anti on ~ 3
kcal/mol. Syn- or anti- TS are assigned to the relative
position of ylide group and oxygen of the carbonyl group
around the newly formed C-C bond. We provided
calculations only for the TSs, as it was shown that
addition of the ylide to the carbonyl is nonreversible and
rate-determing,” for the reaction of the dimethyl-
sulfonium benzylide with benzaldehyde. Generally, B97D
and MO62X calculations gave similar results, while
barriers computed at B3LYP 5 — 15 kcal/mol higher due
to pronouncedly high contribution of association
enthalpies. The latter is due to neglect of repulsions at
short distances.

The lowest barrier for the attack of DMSM was
calculated for ketone 1 with the most remoted reactive
center from the cage (14.3 and 14.2 kcal mol, respectively
at B97D and MO62X). For the analogous respective
diamantane ketone 4 the relative positions of the reactive
centers and critical O=Ce**CH,=S and C-Hee*H-C bond

distances are similar. Thus, the influence of the distant
cage moiety within 3 C-C bonds is minimal. As a result,
the barriers calculated for the attack of the DMSM on
ketones 1 and 4 (14.6 (14.3) and 15.8 (14.2) kcal/mol
respectively at B97D and MO62X) are similar, and in
accord with the experimental rate constants (k=274¢107
L*(mol**s) for ketone 4, k=174+10" L*(mol**s) for
ketone 1).

Scheme.2 Relative barriers for the attack of DMSM on 1-6.
Relative 4G, at B97D/6-31+ G(d,p), PCM, DMSOin keal mol ™,
critical bond distancesin 4..

For the most bulky ketones 3 and 6 the barriers of the
methylenation reaction are much higher than that for
ketones 1 and 4. The highest computed barrier for the
attack of DMSM on the carbonyl group was calculated for
ketone 6 (22.2, 23.4 and 34.1 kcal/mol, respectively at
B97D, MO62X, and B3LYP).

Conclusions

Counterintuitive one can’t predict reactivity of the
diamondoidyl ketones/derivatives by distance between
cage and carbonyl/reactive center. We assumed, that
adamantane fragment causes larger steric hindrance, then
diamantane. While on the short distances, diamantane
scaffold possesses pronouncedly higher steric bulkiness,
than adamantane scaffold. Topological difference bet-
ween the positional isomers is crucial. Diamantane
substituted in the 4-position, causes the same steric
hindrance/effect as adamantane; rate constants for 1-
adamantylmethyl ketone and 4-diamantylmethyl ketone
are similar. While 1-diamantyl substituent has pronoun-
cedly larger steric hindrance, then adamantyl, and hamper
the reaction on the short distances. Thus 1-diamantyl-
methylketone is inert towards DMSM, while 4-derivatives
is quite reactive (k=4.86 +10° L*/(mol**s)). Further
investigations should take this into account.
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