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Pseudotetrahedral stereogenic centers such as carbon atoms with

H 3 H Br
four different substituents are at the heart of organic stereochemistry. H "
Perhaps the simplest, stable, and conformationally rigid compound Fa‘)\Br F Br o F Br F I
of this kind is bromochlorofluoromethand)(* which was first cl c c c
1 2 3 4 5

synthesized at the end of the 18G@sAlmost a century passed

before the enantiomers would be even partially resdiviednd

the absolute configuration assign€d@his is due to the very small  be chlorinated and then brominated under these conditiohR.

estimated value for the maximal optical rotation)@p +1.6%), products could be isolated by column chromatography. Analo-

the overall poor optical resolution (ee 4.3+ 1%5%ee= 34 + gously, R/S-1-bromo-3-fluoro-5-iodoadamantan&0f was pre-

1%78), and facile epimerization during the elaborate separation of pared from7 via subsequent iodination and bromination. The yields

the enantiomers df.° Enantiomerically purd. is therefore not an are uncharacteristically low because halogen incorporation is

ideal compound for developing theories of optical activity furtfer.  increasingly deactivating. The related 1-bromo-3-chloro-7-iodoada-
The next higher pseudotetrahedral homologuesl afre the mantane R/S-13 can be prepared similarly from 1-chloroadaman-

unknown tetrahedrane, cubane, and adamantane derivativikes tane (L1).

Because parent tetrahedrane has not been realizisdgurrently

unrealistic. A_Ithough we were able to prepare mixt_ad 1,3-(_jihalocu- CCle, 50% NaOH CBra, 50% NaOH

banes, t'he incorporation of a third halo_ su_bstltuent is rather CHzClo, n-BudNEr, & “CaHaF, mBuNEr, FC Br
challenging!! In contrast, adamantane derivatives suchase /' cfy 65 °C, 21%

expected to be quite stable. Hence, the present paper describes the F@ (RS)-4
synthesis, characterization, chromatographic enantioseparation, and \ CBra, 50% NaOH

stereochemical analysis &f and related analogues, including T HGls, CHaC, AT & : F%Ls,
1-bromo-3-chloro-5-fluoro-7-iodoadamantas, ¢he first pseudo- NaOH (s). 24% o e

tetrahedral compou#gincorporating all stable (i.e., nonradioactive) 9 (RIS-10
halogens. These compounds may help in the development of more HCls, CeHsF,

sophisticated models for the theory of chirality. For instance, the C,@ S0C. cr@ CBra, CeHisF, 80 °C. C%Br
effect of having {) or not having 4) a carbon atom in the 50%32;0*" 50% NaOH, r+-BuiNBr

stereogenic center of a conformationally rigid, near-tetrahééral, 1 12 (RIS-13

chiral saturated hydrocarbon is unknown. Aspects of the parity

violation (related to a fascinating electrowedkpdd process in To test the limits of this approach, we also ventured into the
the low energy regime of atoms and molecifie#, for instance, preparation of 1-bromo-3-chloro-5-fluoro-7-iodoadamant&ig){
chiral internal vibrational energy relaxation may also be examined 5. As the PTC-iodination of deactivate®&/§)-4 with -Cl; as the
with these kinds of structurés:1° radical chain carrier is very slo#,we preparedR/S)-5 utilizing

With current alkane halogenation methods, it would be quite the more reactive-CgFy3 radical as the abstracting speciés.

difficult to prepare selectively isolable amounts d¥%9-4 or
1

(RI9-5.20 A partial motivation for this study was therefore to

examine the limits of our recently developed-B-bond halogena- I@\B n-CeF 31, HOAC, Fel! @Y
tion protocol, utilizing selective radical reactions under phase- ' TecEse  F !
transfer conditions (PTG} 28 Thus, 1-fluoroadamantaner)( C:%H c:%)_s

available through fluorination of 1-hydroxyadamanta@g ¢ould
* To whom correspondence should be addressed. E-mail: prs@chem.uga.edu. The 13C NMR spectra of R/S-5 are in agreement with the

fb“rﬁwtsfg gr(g;aergrs;l;e Chemie der Justus-Liebig-Univétsita substitution pattern (cf. Supporting Information); the crystal
SKiev Polytechnic Institute. structure of R/S)-5 (Figure 1) confirms the NMR analysis.

"L(';\Ii%gam&ﬂsggwersna Owing to their near spherical shape, the enantioseparatidn of
#Bruker AXS Inc. 5, 10, and 13 is quite challenging. GC separation proved unsuc-
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Figure 1. Molecular structure of 1-bromo-3-chloro-5-fluoro-7-iodoada-
mantaneX) (50% probability ellipsoids for Br (orange), Cl (green), F (blue),

| (purple), and C). Selected experimental and computed bond lengths at
B3LYP/6-3HG** (C, H, F, Cl, Br), MIDI! (I) [in brackets] in A.
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Figure 2. Measured and computed (DFT/CI-B3LYP/TZVP//B3LYP/6-
31+G**, blue line) CD spectra for the assignment of the absolute
configuration of4. Cell length 0.50 mm, concentration 1:210-3 M for

the (§-enantiomer and 7.& 1074 M for the (R)-enantiomer.

cessful; HPLC using Chiralpak AD columns (25 cm0.46 cm,
CH3;OH)?¢ finally gave the enantiomers dfand10in ee’'s> 99%

for the species eluted first (elution times (min) for first and second
peaks: 14.3 and 15.3 fet, and 18.9 and 23.1 fdt0).

The absolute configuration o4 was assigned by matching
computed and experimental CD datas found forl,” the optical
rotatory strengths of the enantiomersiadt the Nab-line are very
small (f[a]p ~ 1°), so that matching this value computationally alone
would be quite unreliable.

The CD spectra show appreciable intensities in the—123Mm
nm range (Figure 2). Although the computed absorption speétrum
is red-shifted by about 012 nm due to the neglect of solvent
and spir-orbit effects (currently not feasible), the resemblance and
qualitative fit of the experimental line shape for the show)- (
enantiomer of4 are strikingly obvious. Hence, its absolute
configuration is R)-(+)-4. A comparable procedure for the assign-
ment of 10 identifies the R)-enantiomer asR)-(—)-10.

The present work demonstrates the power of combining experi-
ment and theory in assigning absolute configurations even for
moleculesvithoutchromophorandwith very small values for the
optical rotation at a set wavelength. This, together with the
exemplary work of others in this fieR¥, 3! emphasizes that the

assignment of absolute stereochemistry of a structure by means of

the tedious derivatization of a compound or by starting a synthesis
from materials of known absolute configuration has come to age.
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