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THE MECHANISM OF DEHYDRATION
OF 4-HYDROXYMEZT7H%LI-112-
HYDROXYTETRACYCLO[7.3.17 .0 ° ]TRIDECANE

Using the semiempirical program PM3
vertions
was  realized. According to  new proposed
Meerrwein rearrangements are
17.3.1%7.0% jtridecane. We

reaction

absent, a
suggested
products.

Our previous communications [1,2] described the
Baeyer-Villiger oxidation of diamantanone and reduc-
tion of isomeric lactones, generated from it. In that way
was synthesized 4-hydroxymethyl-12-hydroxytetra-
cyclo[7.3.1%7.0%" Jtridecane (1) and its isomer —
4-hydroxy-12-hydroxymethyltetracyclo-[7.3.1*7.0%"]
tridecane (20) [3]. The last diol at heating up to 170—
190 °C with 85% phosphoric acid mainly gave
3-methyl-2-oxadiamantan (22). Differently behaved
4-hydroxymethyl-12-hydroxytetracyclo[7.3.1*7.0%"]
tridecane (1): it thus underwent a pinacoline similar
rearrangement giving ketone. Ketone structure
couldn’t be exactly determine on the basis of spectral
data. The suggested scheme of transformations come
to an end on 3-methyl-11-oxotetracyclo[6.4.1.0%.0*'"]
tridecane (8) and included consecutive stages Wagner-
Meerwein rearrangement, which frequently meet in
reactions of cage substances [4].

Scheme 1 is taken from work [2], it is comple-
mented only intermediate tertiary cation (3). It is evi-
dent clear, that two 1,2-hydride shifts and two Wagner-
Meerwein rearrangements are the parts of assumed
process. The intermediate cationes in the scheme are
isomeric, and the conditions of reaction promote to
achieve the thermodynamic equilibrium. It allows with
sufficient reliability to use computational methods,
which was widely used for an estimation of a degree of
probability of chemical transformations. In the given
work was used a semiempirical method PM3 as imple-
mented in the GAMESS [5]. The values of total energy
of reaction products and intermediate compounds and
states (E,,, a.u.), and also values of conversion enthal-
py (AE, kl/mol), are below given.

We shall analyze by stages the computational data
of conversions on the later proposed track (Schemel).
Primary cation (1) can be ignored as independent inter-
mediate, as experimental results not confirm of similar
particles formations even in conditions of Wagner-
Meerwein rearrangements [6, 7]. Solvolytic splitting
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revision
4-hydroxymethyl- 12-hydroxytetracyclo[7.3. 12’ 7. 06’ “]tridecane
scheme,
final
explanation of

of the before proposed scheme of the con-
in a hot phosphoric acid
disadvantageous
should be

absence  of

where stages  of Wagner-

product 4-methyl-5-oxotetracyclo

methyloxadiamantane in

off primary hydroxyl should go synchronously with
splitting off of a proton and result to alkene (10). It in
experiment conditions fast enough follows via pro-
tonation-deprotonation in alkene (11). Both products
(10 and 11) at convertible protonation will give the
same tertiary cation (3). The following three stages will
be of interest for us, as they are the acts of cation
isomerisation, and therefor it is possible to neglect
solvation processes. As 1,2-hydride shift (3 — 4), and
following Wagner-Meerwein rearrangement processes
(4 > 5 and 5 — 6) pass with absorption of energy
(Table 1), and total enthalpy increments included its
three stages is 119.6 kJ/mol. In a deprotonation stage
(6 — 7) the computation energy deficiency is com-
pensated by a proton solvation, which does not give to
estimate. Anyway it is enough of three intermediate
stages, which should be disadvantageous, to engender
doubt in reliability of this scheme. Such result sti-
mulated our searches of the alternative decisions. One
of possible variants was alternative on a direction of
movement of electrodeficiency centre — namely —
from primary hydroxyl to secondary (Scheme 2). Thus
we have assumed, that in conditions of reaction pro-
moting dehydration, the substance (10) and, further,
(11) will be formed first of all, but secondary hydroxyl,
not capable to dehydration, will be split off in the
second turn. Stages, determining a direction of process,
will be three ones 1,2-hydride shift (12 — 13), (13 =
14) and (14 — 15). As appears from the Table 1, the
values of transformation enthalpy at all three these
stages have negative quantity and the total effect makes
62.4 kJ/mol. The direct migration of hydride in sub-
stance (12) from allylic position to electrodeficien car-
bon atom (12 — 15) is possible also, by the way,
hydride ion need to overcome distance only 3,2A. The
stages (16 — 17) and (17 — 18) are migrations of
double bond with value of total transformation en-
thalpy —17.1 kl/mol. At last, we shall pay attention,
that formed 4-methyl-5-oxotetracyclo[7.3.1*7.0%""]tri-
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decane (19) on 28.2 kJ/mol is less strained in com-
parison with ketone (8) of the initial scheme.

Table I. Calculated volues of total energy
of compounds and intemediated cationes (E,,)
and enthalpies its transformations (AE))

Initial substance End substance Transformation
= = enthalpy, AE,
Ne E ;ae. Ne E. .ae. KILok/MOITS ¥
1| -95.0796 | 3 | -83.4140 909.3
1c' | -95.0871 3 | -83.4140 929.0
3 | -83.4140 | 4 | -83.3985 40.6
4 | -833985 | S5 | -83.3805 47 4
5 | -83.3805 | 6 | -83.3685 31.6
6 | -83.3685 | 7 | -83.1215 648.3
7 | -83.1215| 8 | -83.1374 -41.4
1 | -95.0796 | 10 | -83.1249 38.2
10 | -83.1249 | 11 | -83.1350 -26.4
11 | -83.1350 | 12 | -71.4347 1000.4
12 | -71.4347 | 13 | -71.4402 -14.4
13 | -71.4402 | 14 | -71.4438 9.5
14 | -71.4438 | 15 | -71.4584 -38.5
15 | -71.4584 | 16 | -83.1349 -937.8
16 | -83.1349 | 17 | -83.4094 1802.9
17 | -83.4094 | 18 | -83.1414 -1820.0
18 | -83.1414 | 19 | -83.1502 229
la® |-170.0246 | 3a® |-120.9476 470.2
32’ |-120.9476 | 4a® |-120.8627 223.0
4a’ |-120.8627| 5a° |-120.9127 -131.4
Sa® |-120.9127| 6a° |-120.9026 26.5
6a’ |-120.9026 | 7a° |-120.6485 667.3
Ib* [-170.1361| 3b° |-120.9476 763.1
3b° | -120.9476 | 4b° |-120.9196 73.5
4b° |-120.9196 | 5b° |-120.8649 143.7
5b° |-120.8649 | 6b° |-120.9096 -117.4
6b> | -120.9096 | 7a' |-120.6485 685.6
1 | -95.0796 | 10 | -83.1249 38.2
10 | -83.1249 | 11 | -83.1350 -26.4
11 | -83.1350 | 12 | -71.4347 1000.4
12 | -71.4347 | 13 | -71.4402 -14.4
13 | -71.4402 | 14 | -71.4438 95
14 | -71.4438 | 15 | -71.4584 -38.5
15 | -71.4584 | 16 | -83.1349 -937.8
16 | -83.1349 | 17 | -83.4094 -720.8
17 | -83.4094 | 18 | -83.1414 703.7
18 | -83.1414 | 19 | -83.1502 -22.9
'X=H; R, =H; R,=0H.

?X =PO,H,; R,=O0POH,; R,=H.
'R, =0PO,H,; R,=H.
‘X =PO,H,; R,=H; R,=O0PO,H,.
*R,=H; R,=O0POH,.

Our calculations are made of the assumption, that
hydroxyl during conversions not phosphorylated. For
the Scheme 2 these circumstances do not play first
fiddle, since in key stagesjust not containing hydroxyl
cationic intermediates take part. Concerning the
Scheme 1 it cannot be told. We checked an opportunity
of the reaction passing through phosphorilated com-
pounds and have repeated computation for completely
phosphorilated initial diol (la: X = POH,; R, =
= OPO,H,; R, = H) [Scheme 3]. The transformations
should proceed through the following intermediates:
la = 3a —» 4a —» 5a — 6a — 7a. Let's consider key
stages (3a — 4a), (4a — 5a) and (5a — 6a). There is
sharp increase in absolute values enthalpy transfor-
mations. Two of three stages have positive enthalpy
values, and the so high values for (3a — 4a) practically
completely prevent from transformations according to
this scheme.

So far as the spectral data do not contradict
new structure ketone? 4-Methyl-5-oxotetracyklo-
[7.3.1*".0°""]tridecane (19), as well as ketone (8) relate
to C, group of symmetry, has identical numbers of
carbon atoms differing on a substitution degree, that
permit of “C NMR data attributing with its structure.
Moreover, the intensive ion at m/z 133 (37%) in El
mass spectra ofketone easier for interpreting as the loss
of containing functional group fragment from ada-
mantane skeleton of substance (19). Such fragmenta-
tion is characteristic for derivative of adamantane [8],
whereas in the case ofketone (8), as homoadamantane
derivative, ion at m/z 147 must be more intensive (but
it make up only 9%).

Thus, as we consider, there are many reasons for
the benefit of reconsideration of a conclusion about
structure ketone, which is formed as a result ofheating
4-hydroximethyl-12-hydroxytetracyclo[7.3.1*".0°"]
tridecane (1) in a phosphoric acid. The final deter-
mination of this problem can be get only by direct
definition, for example by means of X-ray analysis, or
counter synthesis.

There is one more ambiguity connected to reac-
tivity(l) and (20) in phosphoric acids. Why at essential
affinity of structures they so differ on character of
obtained products? We try to approach to the answer to
this question, using computational methods. Thus,
under Scheme 4 [2] diol (20) by transannular depro-
tonation via transition cation (21) mainly formed
3-methyl-2-oxadiamantan (22). From the Scheme 2:
alkenes (10) and (11) by protonation double bond can
yield tertiary cation, isomer of cation (21), which is
also able with ring closure to form |-methyl-2-
oxadiamantan. What can prevent from such process?
This reaction, for example, shall not take place, if the
hydroxyl will be directed to the opposite side. Suppose
diol (1) isomerize yet at the first stage, allowing diol
(Ic: X =H, R, = H, R, = OH), for which the calculated
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values Ef’ on 19.7 kJ/mol is less, than for initial diol.
Though this

favorable, it is poorly probable, that such reaction take

isomerization is thermodynamic
place in the concentrated phosphoric acid. Likely the
substitution of hydroxyl by phosphate group become
The value of total energy of diphosphate (lb: X =
= PO3H2; Rl = H; R2 = OPO3H2) is smaller by
292.9 kJ/mol than its for diphosphate (la: X = PO3H2;
R1 = OPO3H2; R2 = H). It could stimulate during phos-
phorylation fast formation diphosphate (Ib), it is inca-
pable of conversion to I-methyl-2-oxadiamantane.
However now we have to repeat our computation likely
Scheme 1, but for phosphorylated derivatives of diol
(1). In the pathway 1b — 3b — 4b — 5b — 6b — 7a

(Scheme 3) at the two first key stages from three
[(3b — 4b). (4b S Sb) and (5b - 6b)] the values of
conversion enthalpy are positive (mounting to
143.7 kJ/mol for 3b — 4b). Therefor, the formation of
ketone (8) is improbable as well as via phosphorylation
pathway.

Thus results of computations allow to make the
that heating of 4-hydrohymethyl-12-
hydrohytetracyklo[7.3.12’7.06’1I]tridecane (1) with the
concentrated phosphoric acid yields 4-methyl-5-
0x0tetracyk10[7.3.12’7.06’1l]tridecane (19), and this pro-

cess proceeds via phosphorylated transition structures

assumption,

and at early steps secondary hydroxyl upon SN2 me-

chanism is replaced on phosphoryle.
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Icaes C. 1., uxy Hozegp

MEXAHI3M JETIIPATALII 4-CIIPOKCUMETHUII-12-
TIAPOKCUTETPAIIMKJIIO[7.3.1.7°".0" JTPUIEKAHA

Bukopucmogyouu Hanigemnipuumy K8aHmoso-ximiuny npoepamy PM3,
3pobaena pesizis 3anponoHoeanoi  paniue cxemu nepemeopens 4-eiopokcume-
muﬂ—IZ—eiOpoxcumempauuKﬂo[Z3.].2’7.06’”]mpu0e1<aﬂy 6 eapauiii ¢ocghopuiil
kucaomi.  3eidHo 3 HOB0I0O  cXeMolo, 6 sakii  eidcymui  mepmoduHamiuHo  He@UeiOHi
cmadii nepeepynyeamus Baenepa-Meiigeiina, KiHYesum npodykmom Mmae oymu
4-memun-5-oxkcomempayuxnof7.3. 1.2’ 7. 06’ ”]mpuaexau. 3anpononosano nosc-
HeHHs npuuuH gidcymnocmi y npodykmax  peakyii  YuKAiMHUX egipis, K ye
Mmae Micuye y eunaoxy i30MepHOe0 4-eidpoxcu-12-eiopokcumemurmempayux -
n0[7.3.12. 7.06, ”]mpuaexana.

YAK 548:539.192

Ipebenox A. TI.

KBAHTOBO-XIMIYHE JAOCIIAXKEHHA YTBOPEHHA
IOHHUX CTPYKTYP ¥ MOJIEKYJAPHUX ACOLIATAX
HNEHTAXJIOPUAY ®OCOPOPY

Memodom CYII MO JKAO y  Hanieemnipuunomy  Habaudxcenni PM3 pospaxoseano pienosadic-
HY eeomempiro u eHmanwvnino YMGOpeHHS MONEKYAAPHUX ma i0HI308aHUX acoyiamis neHmaxno-
puody gocgopy. Buseaneno, wo MIHIMaAAbHUL 3apodok Kpucmaniynoi  gasu ckaadaemocs npu-
HQUMHI 3 gocomMuU popmyabHux  00UHUUD.

CyyacHa XiMisi HeOpTraHiYHUX CIOJYK OaraTo yBa-
I TIPpUAiNSiE€ NOCHiAXEeHHI0O OygOoBM Ta BJIaCTUBOCTEH
YaCTUHOK PEYOBMHU, PO3MIpU SIKUX € MPOMIXHHUMU
MiX MOJIEKYJIaMM Ta KpuUcCTaJlaMM i BUMIpIOIOTbHCS Ha-
HoMeTpamMu. HailBaXJIMBIilIOIO PUCOI0 TaKUX O0'€KTIB
€ MOXJUBICTh CTPYKTYPHO-XiMiUYHUX TMepeTBOPEHbD,
3yMOBJIEHUX 3MiHOIO iXHiX po3MipiB. CaMe 1m0 TakKux
CITOJIYK HaJleXaTh rajoreHinu [1], 3o0kpemMa, meHTaxJjo-
pun docdopy [2, 3]. [IponoHoOBaHa CTATTS IPUCBSI-
YyeHa JIOCJiIXEeHHI O0OCOOJMBOCTE IMPOCTOPOBOI Ta
eJIeKTPOHHOI OYyI0BU, a TAKOX €HEPTeTUKU MaJuX 4Ya-
CTUHOK 1Ii€l pe4YOBUHU, sSIKi MOXYTb OpaTu ydyacThb y
npouecax yrBopeHHs TBepnoi dasu.

KBaHTOBO-XiMiuHi po3paXxyHKM BUKOHAHO HaIiB-
eMmnipuuyHuM metonom CYII MO JIKAO PM3 [4, 5],
SIKU nobpe 3apeKoMeHIyBaB cebe y IOCHIIXEHHSIX

rimepBajJleHTHUX CTPYKTYp Ta MiXMOJIeKyJIsIpHOi B3a-
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€MOJIii, 3a0MOMOTroI0 nporpamu [6]. Pesynbratu po3-
paxyHKiB HaBeJaeHO B Tabauusx 1 Ta 2.

V razononibHoMmy crtaHi meHTaxjgopun dochopy
CKJIaIa€EThCSl MEPEeBAXHO 3 MOHOMEpPiB, 3 HEBEJIUKOIO
MOMINIKOI0O NUMEPHHUX MOJIEKYJ, TOAi SIK Y TBEPAOMY
cTaHi 3a HOpMalbHUX yMOoB — 3 ioHiB [PCl4] Ta
[PCI6], xoya nmpu oxonomxeHHi go 90 OK MOXJIUBE
YTBOpPEHHSI TBepnoi popMHM peuyOBMHU, KpHUCTalliuHa
rpatka Kol CKJala€eThCs 3 OKpeMHUX MoJieKyn [3].

3a manumu [7, 8], monekyna PCI5 mae ¢opmy
TPUTOHAJIbHOI OimipamMinu 3 HOBXUHOIO aKcCiaJlbHOTO
3B's13ky P—CI1 212,

eHTaJbIlisl YTBOpEeHHs ii cTaHOBUTH -371

a ekBaropiajbHoro — 202 mnwm;
KJX/MONb.
PospaxyHok metomom PM3 uinkom 3amoBijibHO Bia-
TBOpIOE Wi BeJauuuHu (BianmosimHo 209, 205 nM Ta
-467 xJx/monb). Kpucraniunuit meHraxjsopua doc-
dbopy yTBOpPIOE TeTparoHaljbHi

kpucrtanu [9], moOy-



