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AWad-NMRevidence~tlmtboth~~of 1&tipbsnyl-l~4.pyridyl)*bmc(2).identi&d by 
a&xl rcsOiu6oa of rhc raamk form. exist predominantly in the anti coafOmlati0a. FutbennotC. empkid force 
kid cakulatioas show that ti gauche conformer of 1,1,2,2-tctrakis(2,6dimetbylpbenyl)ethane (3) is less stabk by 
co. 1OLcpVmd tlw the orti structmr. It thus appears that neither polar effect.3 Mu St& congestion ue effective 
in revefsin# the markal preference of 1,1~&tJapbeoyk (1) and other tdampd tebnarykthaea for an 
anti ground state. In contrast, as predicted by empirical force &Id cslculstioas sat confirmed by X-ny snd NMR 
cvi&lKx,ttIegroundstatc~ of 99.binuorc0y1 (4) is puce The conformstionsl behavior of 1-J is 
discussed io terms of the intnmokcuisr sryl riug stackiog in clamped and unclamped tctrsarykthsncs. 

In contrast to 1,1,22-tetraalkykts, which prefer the 
gauche conformation,’ 1,12&tctraphenykthanc (1) has 
aa unti ground state (la),’ aad the guuc~c conformer (II) 
is cakuktcd to be ce 5 kcal/mol less stabk thaa la.’ 
How general is ‘Ihis preference amoq 1,1,2&tetmaryl- 
ethaaes? The present study was uadertakea ia order to 
aaswer this question, by testia8 the effect of polar and 
stcric factors 00 the relative stabiity of anti and guuche 
forms ia this class of compounds. 

Pohr e&co 
IO previous studies of meso- and DL-hh%ary~l,% 

diphenykthancs, Huaa8 et al. had sbowa” that tbc 
dipole moments of the diastcreorners differ characteris- 
tically, the moments of the lower meltin forms uai- 
forally cxceediag those of the higher aleltiag OIICS. The 
largest such d&reace was observed’ for tbc case of 
l&Jipbenyl-Wbis(4.pyridyl)cthanc (2). with reported 
dipokmomentsof0.8~0.1aad4.1~0.7Dfortlxhigber 
and lower melting forms, fupectively. In a closely 
reasoned analysis, Huaa8 ez uL argue$J that tbesc 
observations could be ratioaalized on the basis of two 
iaterlockiag assumptions: that the bigger and lower melt- 
ia forms correspond to the meso and DE isoaxrs, 
nspcctively, and that both diastazoaWY exist 
prcdomiaaatly ia the unti (with respect to the H’s) 
conformation. 

However. Huaag’s obscrvatioas caa also be ratioaal- 
ized if both sets of assignments arc reversed, i.e. 00 the 
basis of the altcraative set of asslunptioas that the higbcr 
aad lower met& forms xurespoad to the DL aad mesu 
ixxners; respectively, aad that both diastereomcrs exist 
predominantly ia a gohe (with respect to tbe Ws) 
coafonaation. There exists ao indcpclKkat evidence 
which would allow a decision between these altcraatives, 
and the m.p. criterion employed by Huepe is uafortunaW 
sot iafaItible. For example, the isomers of 13 - bis(2.6 - 
dimcthylpbcnyl) - 12 - di - t - butylethaae with m.p. 
216-218” and 224-226O correspond to the meso and DL 
forms, respectively~ and this coa@rhmal asmnt 

has been conlirmcd by empirical force field (EFF) Cal- 
culations’ which match report& Nh!R data. We thcrefon 
saw the aced for more rcliabk stcreochcmical assiga- 
meats, particularly in tbc ca!x of 2 which is stclicauy very 
~imik to 1. but which dialers appreciably from 1 ia 
polarity. 

Although the desired di&xeatiatioa between meso asla 
DL isomers is ia principk easily carriai out with chiral 
auxiliary wats: preliminary expcrhneats with 2 usiag 
chiral shift reagent.? gave ao Scation of resoaaacc 
doubling, aad we therefore resorted to the conventional 
technique of optical resolution. TIM hi&r aad lower 
melting diastcreomers of 2, m-p. 267-270” aad 22&2W, 
were separated as dcsctibd4 The diastcreomeric salts 
fonncd by the lower melting form with (+hcampbor-10. 
sulfoaic acid were separated by fractional crystalhtioa 
from ethaaol and decomposed to yield the eanatiomers 
of 2, [aID- 9-M” (CHCM and [a]~,+ 9&P (CHCM. 
Conclusive evidence was thus provided that the lower 
m~ltiag form Of 2 has t& DL COnfisuration, itt WrU%nCOt 
with the earlier assigmncat-’ Furthermore, the apprcci- 
able solubility of both diastcrcomcrs of 2 ia CDClr made 
possible a reliable analysis of the ‘% satellite lines of the 
methiae proton signals (meso 6 4.67; DL S 4.75) in the ‘H 
NMR spectra of both compounds. The coupliag 
coastaats 3JHH of 12.5 aad 13.0 Hz found for the DL aad 
mu0 isomer, respectively, are consistent with a pre- 
dominance of the unfi conformation in both isomers,’ in 
agreement with the earlier, more tentative, coachlsion.’ 

For the DL isomer of 2, tbc mokcular moment would 
be considerably reduced if the operation of an in- 
traa&cular dipok effect were to kad to repulsion bc- 
twcen the strongly polar 4-pyridyl groups, and beace to a 
coaformationinwhichthcscgroupsarc~LSu&a 
coQf0~0 would Ilc&Wily hnve the H’s gauche to 
oae another, contrary to obscrvatioa. coaformational 
prefereaces in 2 arc therefore dicta&d by the same 
factorawhkhkadtorpredominancc of the utlti form in- 
1,anditthusappcarsthattbecoafomultioaalequSLnifi 
iatheseandsialilartetraarykthaocsareprimarily 
detcra~&I by stcric effects. 
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Whereas the conformer distriition in 1.122~tetra- 
methylethane slightly favors the gauche form, in 1,122 - 
tetra - t - butykthane the “gauche” fount is effectively the 
only conformer present-’ This result is in agreement with 
EFF cakulat&~,‘~ which it&ate that the anti form of 
tetra-t-butylethaneliea4Okcal/molabovethegrourulEtate. 
It therefore became of interest to investigate the effect of 
intramolecular crowding on the conformatkal equili- 
briumof1ske,byanalogywiththetewaalkylsystems, 
one might anticipate a narrowing of the gauche-a& energy 
gap. or possibly even a reversal in relative stability of 
gauche and anti forms. 

Previous EFF calculations’ on 1,132-tetrakis(2c 
dinMhylpbenyl)et (3), an overcrowded analog of 1, 
hadledtoaaontistruchlre,inbermonywitbtbeX-ray 
structure (also anti) of the closely related 1,122~tetra- 
ruesitykthaue.” However. in the earlier studg no 
attempt had been made to search for a go&c energy 
minimum, on the unproven assumption that. the unti 

tsilw rk pouod stale sfnJchlre of 1,133ctctla-t-lnItyk 
in so rvdy distorted that tbc Newman projection no lopoa 
diilya a fcgulu altcnmtioll of front Md b8ck substituenu, the 
tcml -gauche- h not rbictly appkak.’ 

conformation represented the ground state of the mok- 
cuk. We tbcrefore performed a more exteosive search of 
theconformationalhypersurfaceinordertolocateany 
minima corresponding to ganchc structures of 3, using a 
force 6eld” which had previously been employed with 
success in studies of polyaqk?&MP” aud polyaryl- 
ethaues.“” Input stm&ues were relaxed using the 
pattemsearchmkkatioote&niquewithanemwgy 
critkon of 0.01 kcal/mol over one iteration. The full 
relaxation ISthlId was used, and stmctures wen opti- 
mixed without symmetry constraints. 

Our search uncovered, in addition to the already 
established' anti form (3a), two guuchc forms, 311 and 
3gx, 11.2 and. 9.5 kcal/mol less stable than 3a, respec- 
tively. These results clearly show that contrary to naive 

kn?asmgtheintemalstraininanunclam- 
sT&kthane leads to dutubilizurion of the 
gauche relative to the anti form, in contrast to what is 
observedforteuaa&ylethanes.Thatis,anincmaseinthe 
steric requirements of an aryl sub&rent has 
consqueoces opposite to those which accompany a 
OMtwpoadino kreaseinanalkylsubstituEnt. 

Intctraallryktbanes,porticulprlythosewithbultYJ- 

kyl (R) groups, geminal repulsions give rise to a severe 
spreadbg of the R-C-R bond angles. This deformation 

Tabk 1. Calculated conform&ma of maaryktbancs 

Point Sv-7 
conpd. Group Equiv. Iv.* irb (de%) 1,’ (dog) 

gd c2 -76.0, -72.6 
29.9, 29.7 

&ad c2 -38.9, -38.5 
72.2, 71.2 

=2 Rl - Bz - XY 81.5, 81.7 

83 Rb 1 3 - xy 33.9, 33.2 

=2 55.7, 55.1 
47.2, 46.3 

2% c1 
40.1 
-41.0 
64.1 

67.1 

61.8, -53.2, 
61.4, -70.1, 
43.1, -70.4 

85.4, -24.5, 
92.9, -39.9, 
93.0, -24.3 

66.8, 40.0. 
66.8, -82.6, 
21.1, -82.7 

1.8, -96.6. 
1.3, -162.3, 
1.8, -%.l 

6.6, -86.5, 
70.7, -83.6, 
17.4. -07.3 

i, - 2.6-dimmtixylplwnyl. b Tim ri@ of tlm Cortbo-C_L-C~t,_-C~t,_ 

dihedral u@a 4, Ln t&m to k positive lf, looking dwn the Cml- 

c .-hood, a countwchckuimo rotation of tin c,&.#athm-c&_ 
plaao l cllpeor the Codbo-Cyl and Cat_-Cerauw boadm; tbm dlbdral 

a-10 ia 0' for tin l clipwd confoxuation. ~(~)'0.tluIm-C.th-~ 
dibdrrl qlor limtod l.a th order: lb%, 3-i$, %-I$ ~-Rb,‘Rb-~~p5-E. 
d 
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no expcrimcotaI evidence u to exist which would 
bear directly on tk conformationai preference of any 
biikorcnyl We therefore subjected our computationai 
conchtskns to an expmimcntal test. our system of 
choice was 4, whose gauche ground state sm. 
awordiw to our cakuktkns,” is 6.6 kcallmol more stable 
than tbc aati dormer. 

causesau mcreascindestabi&iqvkinaIrcpukionsfor 
theoariconformerbutnotforthcgoyclrcandthektter 
thercforc emerges as the ground state.’ The utukrlyit@ 
reason for the drama&? revcrsaI in confomlationaI pref- 
~n~O0~~~~~~~~~~~ 

the ability of ncighboriug aryl rings to nest or stack* 
This StackiIQJ grcauy dbG&!s gomhbal npukions and 
thevaknceangkspmadwhkhruultsfromthem,Thc 
~~0~~ preference of unchrmped 
t&aarykthanes is thus &term&d by a minimkation of 
vicinai &ractions, which kads to an oari preference for 
cotlventional reasons. That the dcsmbikmtkn of 3g nla- 
tive to 3a (by ea. 10 kcai/mol) is si@kantly greater than 
that of lg relative of in (by cu. 5ItcaRmol) is under- 
standable in terms of the unavoidabk comprcssioa of Me 
groups brought into close proximity by the vi&al xylyl 
sroupsin5. 

Evukncc for ~~0~~ sta&ing in 3g derives 
from an analysis of the structural iafonuatiot~ provided 
by the EFF output (Tabk I). It bad previously been 
noted” that the neatly eclipsed h conformation of 
hcxaphctIykthanc rcsuhs from the optimal nesting of the 
two homochiral trityl moieties. Just such an effect is ako 
exhibited by 31,. UuIike It, which it rcwmbks only in 
overall symmetry (G), ar is nearly eclipsed (three 9:s 
areneariyo”)andallfourringdihedmlangks(~)arcof 
the same sign, cormsponding to homochiral propeR@ 
moieties. This remarkabk resemblance of 3g, to I& 
hcxaphcnykthane is cumpktuented by a shnikr rcsem- 
bhutce between the other grrvckc form, b, and SC- 
hcxaphcny1etha&’ now the #t’s have oppositely signad 
values for the two ends of the mokcule (Table 1). 
corresponding to hctcrochiral prop&r moieties. . 

It thus appears that ucitht!r polar not stcric effects arc 
capable of reversing the strong preference of unclamped 
tetraarykthanes for the anti conformation. A very 
d&rent sihmtion exists for doubly back clamped 
polyarykthancs containing two Buorenyl moktks. such 
as 9,!%biIIuorcnyl(4), 9,9’diphenyl-(9,9’)Muorenyl, and 
bi&toradenyl: in each of these compounds, t& uuti form 
is cakuktcd to be fess stabk than the gauc!le ground 
state.” This contrast ia the conformational behavior of 
clan@ and unckmpcd polyarykthanes seemed of 
stdlkknt interest to warrant fut&r exami&on. In 
particukr, ahhough indirect experimetltai support was 
avaikbk in the observation that lO,~~~~nyl is 
guu& both in the crystalline state’” and in s&ion,” 

Tbc crystal and mokcukr structun of 4 was deter- 
mined by X-ray diifraction. Crystak of 4, obtained from 
acetone, were monoclink, space group P2,fn, with a= 
17.586(2). b = 17.7&l(3), c = 5.682(l) A, #= 9l.44(ly’ and 
2 = 4. A crystal mcasming approximately 0.1 x 0.2 x 
0.6mm was used for the analysis (Hi&-Watts four- 
circk di&actomctcr, Ni-fihcrcd Cu Ka radiation, 4+-28 
scans, puke heiit dkuimbmtion). Of the 2384 in- 
dependent r&ctions for 6 < rP, 1874 were consideruJ 
to be observed fl> 254(I)]. The structme was solved by 
a multipk solutioo procedure” and was refined by fidl 
matrix kast squares. In the final rciIncment, anisotropic 
thermal parameters were used for the C atoms and 
isotropic tcmpcmturc factors were used for the H atoms. 
The H atoms were in&dcd in the sttucturc factor cal- 
cuktions but their parameters were not r&ted. The fInal 
discrepancy indices am R = 0.011 and wR = 0.042 for the 
1874 observed rclkctions. The Iinai diierencc map has 
nopcalwgepter 

“A 
iO.1 CA. Estimated stamkrd 

deviations arc fi.093 for c-c bonds and ztO3p for 
C-C-C a&es. A stcrcovkw of tk final structure of 4 is 
giveninFw 1,andthefinaIparametcninTables2and 
3. 

It is evident from F& 1 that the conformation of 4 in 
the crystal is gtwhe and bus C2 symmetry, in accord 
with prediction.” Table 4 gives a comparison of Cal- 
culated (IPF) and experimentally determined (X-my) 
StRBCtltrai parameters. As hr simikr, previously reported 
comparisons,~‘~ overaIl agreement is excclknt, 
However, contrary to expectatiou3.” the expcrimeataIIy 
found central Cl-C2 bond distance is not sig&icantiy 
larger than that cakukted bv tks ERR method. 

Evidence that the gauche confornmb of 4 also prc- 
dominates in solution was providal by NMR coupling 
constant data. ‘Ihe iow solubihty of 4 in common NMR 
solvents prevented a reliabk analysis of the ‘% sateUitc 
lines using ma&al of natural isotopic composition, as 
described for the case of 2. This di9kulty was overcome 
by mcasmmg “iww directly on a samt of IP’Q-99- 
bifhtorenyl, prepared by coupling [9-’ Cl&onmnc with 
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T&k2 Fhdatamicpanmetemfor4witharmdarddeviatbeaioeueetbeeca 

Cl111 0.66945tll) 0.65969(121 0.2177141 
ciizi 
C(13) 
C(l4) 
C(l5) 
C(16) 

:::I’; 
C(25) 
C(26) 
C(31) 

;I::; 

%:I 

SlitI 
C(42) 
C(43) 
C(44) 
C(45) 
C(46) 
H(l1 
H(2) 

at131 
HU4) 
H(l5) 

ii:::; 

:I::; 
H(26) 

ii:::; 

x1 
at431 
at441 
E(45l 

0.62171ilZj 
0.61405(14) 
0.65434(16) 
0.70077(15) 
0.70914(13) 
0.66917(11) 
0.61855(U) 
0.61023(13) 
0.65223(14) 
0.70275(&l) 
0.71176(12) 
0.40572(U) 
0.45699(11) 
0.46278(13) 
0.41632(15) 
0.36517(14) 
0.35958(13) 
0.40869(U) 
0.45916(12) 
0.47059(13) 
0.43283(15) 
0.36443(15) 
y~mfl'l" 

014797 
0.5799 
0.6492 
0.7299 
0.7427 
0.5737 
0.6465 
0.7330 
0.7484 
0.5002 
0.4209 
0.3309 
0.3226 
0.5065 
0.4390 
0.3589 

6.66234iilj 
0.60050(14) 
0.53531(14) 
0.53219(14) 
0.59409(14) 
0.73323(12) 
0.78026(U) 
0.85461(12) 
0.88121(13) 
0.83488(15) 
0.76018(14) 
0.75238(12) 
0.70063(12) 
0.62880(12) 
0.60935(14) 
0.66078(16) 
0.73253(15) 
0.82202(12) 
0.81118(12) 
0.86734(13) 
0.93510(13) 
0.94648(14) 
~.~~W~l'l" 

0:7036 
0.6034 
0.4889 
0.4836 
0.5921 
0.8902 
0.9356 
0.8566 
0.7253 
0.5915 
0.5562 
6.6447 
0.7711 
0.8580 
0.9768 

0.468ii4j 
0.6135(4) 
0.5613(S) 
0.3708(6) 
0.2263(S) 
0.1619(4) 
0.2787(4) 
0.2092(4) 
0.0240(S) 

-0.0902(4) 
-0.0230(4) 
0.1642(4) 
0.2635(4) 
0.1704(4) 

-0.0229(4) 
-O.llE9(4) 
-0.0273(4) 
0.3024(4) 
0.4928(4) 
0.6587(4) 
0.6286(S) 
0.4374(S) 
0.2721(5) 
0.635 
0.624 
0.759 
0.668 
0.330 
0.081 
0.297 

-0.029 
-0.225 
-0.110 
0.246 

-0.094 
-0.260 
-0.099 
0.803 
0.753 
0.413 

l 

l 

c 
. 
. 
. 
l 

. 

. 

. 

. 
c 
. 
. 
. 
l 

l 

l 

l 

l 

l 

l 

. 

. 

3.0 
5:o 

28 
k8 
6.0 

k8 

2:: 

3:: 

i:: 

;:o" 
0.8990 0.131 1.0 

+~~~&m~~I~acucgiveain Tabk3. 

T~3.~rnhotropic~pUrmamfW4WithstradvdddtiUMin~ ..- .___. ..--_- 
5 5 4 5 4 4 

c(2j 
C(U) 
cm) 

:I::; 
C(l5) 

:I::; 
C(22) 

Elf:; 
C(25) 
Cl261 
C(31) 
C(32) 
C(331 
C(34) 

:I;:; 
C(41) 
C(42) 
C(43) 
C(44) 

El::; 

378UO) 
391(U) 
456W) 

-5( 7) 
12t 7) 

3~%91~ 
I( 7) 

26( 9) 
673(10 

w; 
-fs2I ii; 
41( 8) 

372( 9) -33( 71 
Jsoi 9j 

fltl:P: -99( 9) 
45OW) 

ft:l'P; 
-';f; ;; 
-37( 7) 

364( 9) 
461UO) :y ;; 
IM(11) -138( 9) 

:%%f; 
-tffil;; 

3901 9) 
361( 9) 1;; 3; 
415(101 14t 8) 
542illj 

0 (2) 
-28(2) 

I;;{;; 
-43(3) 
-37(3) 

1;:;:; 

:;:g; 
-23(3) 

1;;;; 

I(2) 
6(2) 

-3(3) 
-l(3) 

I;;{;; 

ix 
ll(3) 
42(3) 

cl ii; 

:;I;; 
7(2) 
34(3) 
42(a) 

1;;;; 

-3(2) 
212) 
9(2) 

24(3) 
27(3) 
-S(3) 

YE; 
3(31 

-1813) 

;;:3; 
20(2) 
9(Z) 

-3(3) 

z; 
29(3) 

mn uli8ctrcpfc t.ammr*t&. fizcr hAa thm fcrB 

mx&~(-@~Bll + gB22 + ~~933 + el2 + Z&N3 + 2k&t23)). 
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Atomic 
Pu~tar8~ 

Bond Lauctlu fh, 

Cl-C2 1.543 1.542 
Cl-Cl2 1.513 1.514 
Cl-C22 1.519 1.5l.6 
Cll-C21 
Cyl-sryl b 

1.463 1.463 
1.392 1.387 

Emud~lu (danI 

c2-C1-cl2 
C2-Cl-C22 
Cl2-Cl-C22 
Cl-Cl2-Cll 
Cl-Cl2-Cl3 
Cll-Cl2-Cl3 
ClC22-C21 
Cl-C22-C23 
CZl-C22-C23 
cl2-Cll-Cl6 
C12-Cll-C21 
Cl6-Cll-C21 
Cll-C21-c22 
Cll-C21-C26 
C22-CZl-C26 

113.0 113.6 
115.2 116.5 
100.1 102.1 
111.8 110.4 
127.2 129.1 
121.0 120.5 
111.4 110.1 
128.2 129.9 
120.3 119.9 
120.5 120.6 
108.0 109.0 
l31.5 l30.4 
108.2 108.4 
l30.9 130.7 
120.9 120.8 

Dlbodral AOAK~O (d& 

C2-Cl-Cl2-Cl.3 -62.2 -55.7 
C2-Cl-C22-C23 64.3 60.4 
C12-Cl-C2-C32 49.6 -62.1. 
C12-Cl-C2-C42 176.2 -179.7 
c22-Cl-c2-02 
c22-Cl-C2-tx2 -Z:: -ii?: 
Bl-Cl-C2-Ii2 -65.8 -59:7d 
Bl-Cl-C2-C42 55.1 60.4d 

*At- dw&aatforu comrpond to those gixmn in FQun 1. bValrrm 
uu gfvm forth mnraga oftha ~boanma bond la@m. For 

tba 2. 
calculatfoa, 

l 0.00 %oTabla 
tlm l t&tdud deviation from tin lull ir 
1, footootob. dEydro~n&mmuannot 

nfimd. 

tiuhlm !Mhorcnyl rod rcductioa of the lIxuGlg [9_ 
“Cl_!&hydroxy-!Mlwcnytfluore~. ‘Tie ‘H NMR spec- 
tlum of the “c-hlbclcd 4 displayed the expected liucs of 
the AB portion (mcthine protons) of an ABX spin 
system. l%e value of ‘Jnw thus found, 4 Hz, is consistent 
with the gauckc conf0rmation.’ Iwhermore, this value 
rcmaiwl invariant up to lwc! (in le2&richlorobcn- 
zcne) in aawd with the predictcd’4 strong preference of 
4 for he gtwche atIuctllrc. 

Tbc ratioode for the reversal in conformer preference 
ia not diUkult to discern. As rcvcakd most simply by 
inspe&on of molecular models. and as borae out by the 
dctaikd 83utput of the EFT calculations, back clamping 
diaallowa aryl ring stack&. In the anti conformation the 
hydrof#w on the l$positiow of one Uuorcnyl moiety 
arc forced to point directly at their count, i.e. at 
tbc hydrogcns on the l’&positio~ of the other dnorenyl 
moiety. ‘Tbcsc revere H...H nonbonded intcr&ons 
arc greatly relieved in the gowcIu conformation. 

The confomuU.ionai rcvemal exhii by 4 aad similar 
mokallca r&five to l-3 tilu.8 provides 8trong sqqwiug 
evidence for the aryl stacking model invoked to ratio& 
izc the anti preference uniformly exhibited by unclamped 
tetrorryktbpaeS. 

To compktc our analysis of the effect of beck clam- 
p@ on conformational equilibria. we performed EFF 

calculations on the singly back clamped wnuykthae 
!Lbenzhydryldwrcne (5). This mokcuk may be rcga&d 
asabybridofunclamped1anddooblybackclampcd4. 
our calculation!3 lnlcovercd a guI&u and an anti mini- 
mum, with the anti form slightly more stabk (by 
0.6 kcdmol) than t&e gauche. The progression of energy 
differences 1 (g-a)=Skcal/mol, 5 (e-a)=O.6 
kcal/mol, and 4 (s-a) = -6.6 kcalhnol provides strong 
evidcncethatasingkbackclampisrougblyhalfas 
effective as two in stab%+ tbc gauche relative to the 
orrti form. 



In prclimhry experimeota rks@l to s&t a so@k acid 
for the resolution of 2, salts of tbs bwcr mdtiq isomer with 
(tbcampbor-l~utfonic, (t)aundetic. waaln*. arId t-t 
m&c rids wm prepared ill rcctone. Chbfof~. ethanol. ad 
mctbpaol sobdions. crysmls were obhed whb f+camphor-1s 
sulfonic acid io etbaaol sod with (+)umpbo& acid in ohanol. 

s&lee the crystals witb (t~~~-l~o~c acid appca& 
to be better dcvdoped, this system was our 5rst choke for the 
nsolotion. A soln of 0.48 g (I .43 mmol) of the lower me- isomer 
of 2 aad 0.330 (1.44mmol) of (thnlphor-lO-sulfonk acid 
dqKnadwhitccryrtrlr(036Rm.p.l~~~~ShrItroom 
temp. Tow retry 

““1”““” 
from cthd @VC 0.121 of whltc 

crystak,m.p.>3a? ~).~~W~~~~~ 
f~oon~t~Na~~~~ex~~ 
chIoroforut. Evaporation of the solve& mufer reduced pressure 
yielded 0.066 g of white solid. m.p. 232-m. [ab3’ - 9.w (c 2.03). 
CHCl3). (pond C, 85.74; II. 6.21. Cak. for C#H&: C, 85.68; II, 
5.99%). 

The mother liqoors were collected sod subjrctul to further 
frachal aystalliis. The base iii from tbc mot& 
liquor of the tail fractioa was treated w&b sat Nag&. and then 
extracted with CHCII. Tbl! CHClr kver was washed with wa!cr* 
drkd (Na+SOd and-tk solvcn~& removed under r&I& 
pressure to give 0.048 g of white solid (m.p. 22&2329. [alo” t 
9.40” (c, 2.41, CHC!13). 

[9-‘3CCl_9-Jfydroxy-~$aorray&omae. A soh of 2.29114 BuIi 
(co. 1.4mI) was added to a soln of 0.536 of tlwmnc ia 
10 ml of ether. [9-‘3C]Fluorenone (Of7 8, MS 6 D. w96 enrkhcd) 
in 25 mt of etha was then added drop* to the ydbw+waoge 
~n.Afttr2hrofs~ptrooDIttmp..(kmixtun~ 
quc~bsdwithl5mtofa~N~I4.Thetwop~wen 
separated. tbc aqucolls kycr was extracted twice witb 2Oml 
cth.aadtbcetberextractswcrecombinedwithtbemigiaal 
organic layer. The comb&d organic phase was wasbml witb 
water, dried over Na$X& and the solveat was reamvcd uadcr 
reduced pressore. The resaltiag orange oil gave, after trhrathl? 
with M pctrokom etbcr, 0.4s g (42%) of cnxk product, m.p. 
18th194* (-lit.@ m.p. 1939. 

[9-‘~cl_9$-Bij?mreny& HI (48%. 8 ml) wxs added dropwise to 
a suspension of 0.4s~ of 19 -. ‘ICI - 9 - bydroxy - 9 - 
iIuorenylhorcnc in 4 ml &OH aod 4ml AC& The mixture 
darhed. and heat wxs evolved. m wxs continwed for 2 lu 
Itroomtemp.Tbemirtmrwutbeopoundimolmlw~,rad 
the orange-brown ppt was mtered off and recrystanixul from 
e&a&t&acne (2: ij to give 0.40 p (93%) of pak mellow crystals, 
m.a. 244-m flit.s m.a. 2467. Tbc ‘H NMR socctrmn ia tbc 
mhine proto; region hpk& a set of do&l& (‘Jm 4Hz) 
centered rbout d 4.83 (lit.“’ 8 4.71 for unlabeled 4). and separated 
by ‘JcH 133 Hz. 
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