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iUawr-NMR dau of several 4-pbenylphcwthreacr (15, 16) have rev&d I&I tbc crowding in tbcsc 
compou&s does not kad fo chimliry at tcmpmfures as tow PI -90’. The easy rotation of the pbcnyl sobstitocot 
observed by NMR implies tbrc nolwithstusdi~the phenaathrtnc moiety in rva8# behaves as 8 &n~pur ibc phcnyt 
poup doer not cxpcrkucc stnk hindrance. 

The analysis of tcmpcntutcdcpcmknt NMR spectra of sevenl duivrciva of I-p&nyWbrluo(elpkaaati~s 
($7~#l) ied&ed UUI in these compouads exchtap processes do occur. By cakulatioos of tbt free cac+es of 
activation from the NMR dau two processes cc&l be distia#uisbcd: mfafioa of the pbeayl subst&nt at ooc side 
d tbc belid bto~c~~~ne moiay, for which AG, * U co. 13.OkuUmd or sE&ly hrsr uhea bulky 
s&stitucnts ue present at C,. lad mctmiurtioo by a rot&o of tbc phcnyl group around tbc opporiv cad d the 
bzruo(c)pbenar~tkeae skektoa with simuttancour inversion of the MicaI codormrtioa. For this process AGGI=, is 
co. 16kc&no!. The rcsuhr havt been compared with compuabk data of retated compounds tikc L8dipbcnyl- 
arpbthaknc, &u&LiKnc. and cmctbylbrluo(cl phewtbrrm, and gave evidence foe tlsc remukMY small, 
space&a&& pcopcrtks of tbc phcnyl substihwnt in t&e compouodr. 

la the last two decades several aromatic mokcuks have temperatures. Martin et crl. dtmonstratcd’ that the racc- 
been found which normally should be expcctcd to bc misation process does not involve breaking of any C-C 
planar but which have groups interfering with that bonds, and determined the free energy of activation for 
geometry. Such compounds (Scheme I) possess chirality, raccmisation (A(%) of several hclicencs CTabk I). Gb 
and can csscntiaily be rosolvod wban the activation energy viously, the fkxtbitity of tbc tulii contain in- 
bctwcen the cnantiomoric forms is sut%ckntly hi. crcascs with tbc number of bcnzoqoups o&rod in 

Extensive investigations into the conformationa!’ and circular fashion; stronger int&rcncc &wMn the 
chiral’ proportks of the h&cents (2.3 and higbcr bcn- opposite ends in the larger balicones does not kad to a 
zologucs) have nvcakd that tba bcnxcnc ring is surpris- proportional increase in AGL. Accordingly, the do&k 
ingiy soft against twist; no great strain seems to be hcliccnc 4 has a relatively low AGE,-vahk.‘Thc fkxibility 
prtscnt in this tyik of tOmpoUt& and ah of them of such aromatic systems has ako been obscrvod by 
racemixc rather easily at cu. MO” (2 even at room Wijnbcrg’ and Allingcr: 
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Tabk I. Free energy of Rctiwtion for rwmisation CAG:) of chid uwnrric compounds 

compounLi %c machanlon mathod 

ikCJl/%Wl) 

1. 7,0-dlhydro-dlbenrok,g] 30.4 P” 
pbonanthrens 

2. ‘c dlbenro k,qJ phenanthrene (penta- 

h0lictlrW) 24,t 

2. haxaheltcsna 36.2 

heptahsttc*n* 4i.t 

octohal~cene 42.4 

nonshelicon* 43.5 

4. w diphananthrdfC,3_a:J’,4’-ol 

Ricsnd CI. 96 
5. + 4,5-dl~thyl-9,1O-dihydro- 

phenanthrsne 23.5 

6. 1,4,5-trlmmthylphmanthryl-8 

acet lc acid 23.4 

7, C-carbcrrmthoxy-5-car~~sa?ro_ 

poxy?henanthrsna 14.3 

9s. t-muthyl~nzo~~~hannnttrran~ cc. 22’ 

zb. I-fluwo-fZ-methyfbento(rIpbcnan- 

thrana 31.5 

Ic, t,l2-dl~thytbenro[cJphonanthrsna StAblet 

9a. i,l-binapfrrhyl 23.5 c 
p. I,l’-btnJ?hthyl-3,8’-dlcarboxy).Ic 

rcid 23.5 

2~. bmctbyl-1 .t ‘-binapb%hyl 27 t 

12. 1,9-di-trrc.butyIna?hthJtane *24 

12 . l-nhonyl-S-*(2-hydroxy-2-nronyl) 

nhonylnaphthaiane lb 

12. ~,8-blsfo-tolyl~ns~hth~lan~ ea. 24 

ring inverelon palsxiJb8try 

skeleton invartion 

skotston invarsfon 

skeleton Znvsrston 

skeleton inver8fon 

skolaton inverston 

txmkrimotry 
polarimetfy 
poxsrimotry 
pfarlmutfy 
POlAriWtry 

skaleton tnvarrlon polarlmetry 

palaximetry 

skelsto% invarrion polattmtry 

skeleton invrrsion 

rkolaton inversion 

nmE 

rx31sr tmstry 

skeleton lnvwsion 

skeleton inversion 

rotation 

polsrimetry 

polsrfPMtry 

polarimetry 

rotation 

rotation 
skeleton invcraton 

fotatton 

rotation 
--_--_I 

* This value is astimated from tbs data civtn In ref. 13 and comparison vlth the value fran 6. 

(L. D.m, lfaf1. and E.E. Turnw, J, Chum. Sot. 1242 (19551. D.Y. @all, J. Chem. Sot. 3614 (195618 
b. ref. 1: 
c. ref. 3: 
d. ref. 4: 
e. R. iffslow, It. Sroave, A.Y. %&on and c.8. wahl, J. Amer. Chsm. Sot. 3, if33 f196Ot 
f. Y.S. FIuvm&n and A.S. iiussay. J, hnar. #sm. Sot., 69, 3023 fl947t~ 
rl. R. Hunday and x.0. Sutherland, J. Chen. See. R 80 n76fJ): 
h, ret, 13; 
1. 9,s. ?iewwn, R.5. Xentrer and 17. Slonn, J. Amer. Cham. sot. 85_, 4518 f196311 
$. ref. 16; 
k. n..r.. tisirtr, 9.~. ?(srenqo and h,S. Crwke, J. Char. Sot. C, 2S75 (19671 and r*f*f*fic** 
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In most of the other cxampks given in @hem 1 th 
non-pfnnnr structure is not caste4 by crowding of pprij 
of the aromatic system it&f but by steric interference of 
atoms or groups bound to tk uomatic Sk&ton. In that 
ctxie tkformatiott of tbc polynufkar frame-work can b 

accompanied by b&it@ of the rckvant substitucttts out 
of tbc ‘“plane” of the ar@matic ItWiety. sometimes 
AG&-values strongly depend on the nature of the 
subtitles in the overcrowded region as is illustrated 
by the data of 6 and 7, and of the binaphthyi &ivativcsf 
9@,bandc. 

The n&llyt dclivplivcs l&f2 &ow that diiflcrencea 
in the nature of the racemidcm process depend on tbc 

wb&uents. In c&al 1) contdiirtg spiterid rubsi- 

tucnts ra&miratioa occurs by inversion of t& &for- 
mation in the naphthpIeac moiety: AGL is at krst 
24 kcx&mol, mu& bigher &an the cueroy twrries for 
rotation of the t-Bu ~~QQN which is only 6kd.' fn 11 
and 12, coatai&ng planar substituents~‘a however, the 
planes of tbc pbenyi groups arc at right 8ngks ta the 
~~~ moiety; racemisation procud via rotltion 
of tbc phcnyl substiwnts wbkb rquircs tnorc ettcrgy 
than the confom~tioaal cbangc by “8ipping” of thc 
naphthaknc: residue (24 and kss than 9 kc& rcwcctively, 
for 12). 

we have extended these rcstdtJ with inves~on 
two other, possiMy chid systems, viz. compounds 
derived from Cphfmytpbetmnrhttnc Wh #istiM from 
known. oon-pbau phewlhrenes by the prcsetm of 
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only one. relatively large but planar substittbcnt in the 
overcrowded area, and substitution products of 1. 
‘pbeoylbenzo(c~threne 04) which are stNcturafly 
iatefm&iate between 3 and 11 or 12. Tbey diier from II 
and I2 by fuation of one of the phenyl substituents, and 
reversely from hexahelicene by the possibiiity of, prob. 
ably restrictai, rotation of one of the belii cods. In both 
cases analysis of NMR spectra was used to establish the 
occurrence of chirality. and to investwe whether race- 
misation when occuni~. proceeds throw rotation or 
inversion. 

00 

% 

0 
0 
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~~h~y~~h~s 

Two kinds of Cpbenytphenanthrene derivatives were 
investigated: 

(1) Compounds containiq a variable substituent at C, 
and in addition mno-metbyl substituents in the phcnyl- 
group in order to simptify the analysis of the NMR 
spectra IS-e. It appeared that in all three compounds 
the cbemkal shift of the sin&t for the methyl groups at 
room temperature fb = 2.32, 2.18 and 2.36 respectiveIy) 
did not cw on lowering the temperature to -90”. 
Apparently free rotation of the phenyl groups remains 
possibk at this temperature. 

(2) Compounds havir~ a methykne group a1 C, which 
should kad to diasttreotopic protons when choral forms 
do exist (160). Also in this case the sin&t of the 
methyknc group at room temperature (6 = 4.42 and 4.49, 
respectively) remained unchanged at - 90”. 

00 

Hlc” 
; &8 0 

16*x-w 
bX=064 

It muat be concluded tbat 4+nylphenanthrencs, 
even when a relatively large substitunt is present at C, 
(IA oad cl, are not chiral at temperatures as low as 
-9U. The energy barrier between ima&abk enan- 
tiomcnwiUbeintbe~dCrof6kcallmol,avPhwbaxd 
on NMR data found for the methykoc protons in the 
comparab& compound # (see betow: Ad = I2 Hz. 
J,I, = 12 Hz). and on a rough estimation of the coaks- 
cencc temperature Yr,) of 16 (far below - IOtP). The low 
banicr sharply contrasts with that found for 5.6 and 7. in 
which crowding in the overlapping area seems at tint 
sight of comparab+e magnitude. Free rotation of the 
phenyt group in IS and 16 must tbereforc imply that 
notwithstanding the phenanthrene moiety in average 
behaves as a planar part the. phenyl group does vt 
experience steric hindrance. 

I-Fhenyl~~nzo~cjphmanthmrcs 

A similar study as described in the previous section 
was done with the compounds 17-S. 

17s X*+4 

b X’CH3 
c X*C& 

d x-1 

19a X l Br 

b X’Oti 

C X*OC~H3 

The NMR spectrum of 1% in tctrachtoroethykne 
(TCE) above 58” shows a sharp singkt for the Me groups 
at d 1.76 ppm. The sin&t at 6.20 for the ortho protons in 
tbe phenyl ring is broadened by mcra coupling. At - 2C 
both s&Is have been split up in two signals of equal 
intensity. The coakscence temperature (T,) for the CH, 
signals is 6’: for the ortho protons co. 25’. Qualitatively 
similar results were obtained with compounds 17a. b and 
d, but T, is higher for 1A and d flabk 2). In ail 
compounds rather large differences between the b-values 
of i~iv~~ Me groups as well as oftho pforons are 

Tabk 2. NMR data of methyl groups rad phcnyl protons of some I - (35 - dimethyl~ny~~n~lc~~~t~e~s 
(IZe-4) in CS, and tctrachbrocthyknc (TCE) at meuurin~ temperature fl.1 indicated 

a Theso absorptlons are ovmrlanwd by’othsr nrotons. 
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found at lower temperatures; those lying opposite to the 
terminal rin# of I& betuo(c)pheMntllrene moiety 
experience strong shieldipo and give rise to sigtals at 
higher lkld. It is remark&k that these si#nals (I CP 155 
and S.5ppm) measured in the same solvent are nearly 
independent of tbc substltuent at G. For most 
compounds the position of the s&ml for the Me group at 
tbtocbersLkdt&:nylriqisol~K,rotbernrtrat; 
only with 1% a substantial uplkld shift is observed 
which can be ascribed to a shielding effect of the Z- 
phenyl group (a similar but tmdkr effect is found on the 
pan3 proton). The signal of the ortho proton which is in 
the very neighbomhood of the C+rMituent is more 
variable; in 17~ it is shifted uplkld over 0.6Sppm in 
comparisoa with #?a by shielding of the phettyt substi- 
Went; in l7d the large iodine atom causes a downfkld 
shift, 

in contrast to these large shift differences of the 
protons of the phenyl oroups the b-values of the protons 
of tbc bcnzo(c$bcnrorhrroc moiety remain nearly 
temperature independent. The chemical shifts for He and 
Hu, are nearly constant in the wbok series of 
compounds investigated (I?-a@); those for Ht, and His 
lying in the inner core of the helix exhibit only small 
differences (Table 3). The values do also not deviate 
much from those of the parent compound 14. Ag 
parently. 14 is already in such a helical conformation that 

the introducliotr of subatituents at es (in 17) or c,, (in 
InladofMeoreven~~wpJrrtbem&,~ns 
of the phenyl subuituent (in 17 and 18) do not kd to 
further deformation of the polycyclic frameWork 

The temperature dependence of the NMR spectra of 
the compounds 17cd points to a fast exchnlpc process 
at high temperatures. Three d&rent modes of confor- 
mational change can be considered: 

(1) The l-phenyl substituent rotates around its bond to 
the betu&lphenanthren system at one and the same 
side of the plane of the polycychc moiety tscheme 2: 
I#II. IIl*lV). This motion does not lead to racemisa- 
tion. 

(2) The deformation of the benzolclphenanthrene 
moiety inverts, one end flipping up and the other end 
down, where the phenyl ring rotates in an independent 
motion as described under i (I irt III + IV; II # IV + III). 
This leads to mcemisation. 

(3) The I-phenyl substituent rotates and slips at higher 
tempemtures alon tk benz.&fphetntnthrene moiety via 
a transition state (V) in which the planes of both parts 
are perpendicular. This motion k&s also to racemisa- 
tion. 

In order to diierentiate between these pos&ilitks the 
NMR spectra of the compounds S-21 containing dias- 
tereotopic protons were measured at various tcmpem- 
tums (Table 4). The NMR spectrum of 18 at low 

f&k 3. Cbcmiul stiiftr in ppm d substituted I f pbfaylbeam(c)pbcrmnOuents at W 

rpouna 

‘_3b 

12’ 

2_0a 

“,Ob 

8olvent 

7.08 

7.10 

7.08 

7.04 

7.11 

7.11 

7.21 

7.09 

7.06 

7.10 

7.10 

6.79 

6.81 

6.88 

6.77 

6.94 

6.88 

6.86 

6.80 

“12 

7.72 

7.74 

7.91 

7.83 

7.61 

f ortho 

6.94 

6.85 

6.80 

6.88 

6.84 

1.97 

1.97 

1.74 

1.96 

1.95 

4.28 

4.23 

5.01 

5.58 

2Ob 

oolvent 

-60 

-82 

IcH2 (PI=) 

4.S4I 4.45 

3.631 3.62 

4.39; 4.37 

4.34; 4.32 

4.341 4.32 

4.22: 4.13 

r,mt21 

*65 

*48 

12.5 +48 

l ss 

Ii ry)ta : 7.48: 

6.54 

“I&* t 7.04; 

6.26 

Ii wtaf 7.301 

6.31 

H motll* 7.33s 

6.40 



temprraturc (- Sn sh0ws two s&al:, for thC MC group 
and two AB patterns for t& mcthyknc residue. The 
intensity ratio between the Me-sip& as Well U the 
CH&nals is about S :I, pointing to an unqti popu- 
la&m of diastcreomcric forms (e.g. I and II, or I and IV). 
The hi intensity is found for the Me signal at higher 
fkld (8 = lJ7ppm) and the mcthykne s&l at bwer 
fieid (6 - 454 and 4.45) suggesting that the bromonkthyl 
Broup is preferably at tbc 04ltsidc of tbc belid structure 
(e.g. position B in I). The shift di&eacc between the 
methykne protons in the kss intense signal (d = 3.63 and 
3.62) is very small. Probably the Br atom is turned away 
form the benrophcnanthrcnc moiety when the bromo- 
methyl group comes into the overcrowdai region (posi- 
tion A in I). The methyknc protons are then at nmriy 
equal distance from the opposite ring, thus experiencing 
nearly quai shielding effects. Ihe other AB pattern is 
better resolved as the bromomcthyl group can rotate 
more freely when bcirut at the outside of the helix. 

At higher temperatures (> W)both the Me as well as 
the mcthyknc signal appear as sharp signals. Evidently 
18 racemiz.es at h&her temperature and the observed 
exchange process is not only rotation of tlm pbenyl 
substitucat. The coakscence tempemturc for both 
groups of protons is about IY. Due to the small shift 
differences within the AB patterns it could not be 
observed whether conversion of two AB patterns to one 
(rotation) and conversion of an AB pattern to a sin& 
(mcemisation) occur at the same temperature or have to 
be considered as separate proccsus. u~o~u~tefy the 
NMR data of most of the other compounds (l)rb, #r) 
did not answer this question. The shit di#erence in the 
AB pattern of 1% is very smafl, probably for a similar 
reason as given for the high field CH&nai in 18. The 
CHrsignal of the alcohol 19h is badly resoivcd. even in 
the presence of a shift reagent as a consquencc of 
broadening by H-bondii. The CH&nal of 2Oa remains 
even compktely unresolved. only 1% and #, gave AB 
patterns with differences large enough to determine T, 
rather accurately. 

Notwithstanding the small vahks of 1% and 1% all 
corn~u~ have been used for ~~~~s of the fret 
energies of activrtion for the excm processes obser- 
ved. To that aim exchory mtes (It) were determined 
with the equations: b = r(bA)/d2; (I) (for uncoupkd 
protons: Me in I? and l$),” and ft = 
r((J3A)‘t 6Ldl’%/2; (2) (for coupkd protons: CH,. in 
lbZI, H- in 19 and 2#. AG*-values were then 
obtained from the Eyring qn (3) taking the transmission 
coefficient as unity because the occurrence of an inter- 
mediate is improbabk: 

AG* = 4.57 T,( 10.32 + log TJk,). (3) 

For the compounds 17a-d AG*-values were also 
determined by simuktion of the Me-signals which arc 
broadened by tbc exchanp reaction. With the NMRTW2 
program the spectra were calculated and pictured on a 
screen by a POP-11145 computer, Vector General Dis- 
play. Gcmral Purpose Grap&ic System Software, using 
(T~o)-~ = 2.S Hz. The life time T was found by trial and 
error until form and position of the sing&s were iden- 
tical with the experimental data. From these r-values (10 
values for each compound) the activation parameters 
were calculated with the qn (3). 

The AGO-values obtained by the two methods ap 
peared to be equal within the accuracy of the methods 

used fl%tbk 5). For the compounds 19-a the values 
based OIL the diitopic mcthykne protons, which 
conctm an exckaqc process kading to raumisation. are 
s~tly krgcr thut tb0sc b8scd on phcnyl protons, 
which concern rota&-m of the phcnyl substitucnt. Gn the 
w~,~~~rn~q~to~f~~f~~ 
excw process in 17-18 which must also be a rotation 
of the substituted phcnyl voup. The higher AG)&-vahms 
for 17b and d can be ascribed to the additional steric 
hindrance of the rotation c1usod by the 2-methyl- or 
2.iodo substitucnt in these compounds. It deserves 
attention that the 2phcayl substitucnt in ilc does not 
kad to such an &ease of AGL. This may be ascribed 
to the disc-like shape or a more fkxibk character of the 
phenyl gloup. 

The AGI&-values of the compounds 178 and t, 18-a 
‘arc much lower than those found for 11 and 12 (Table I). 
An cxpknation may be that in the ~~[c~~~e~ 
derivatives the helical form of the mokcukr framework 
allows more space to the phcnyl su~~t~nt than the kss 
deformed structure of tlk naphthaknc derivatives. In 
prcvlous work” we found that even in p~ny~~~t~ 
Mod pentahclicenes like 21 relatively low AG,,-values 
are found: 16kcaUmol for C,&cnyl rotattion; 
10 kcallmd for C,i-phcnyl rotation. 

0 
00 ttz 0 
0 $s% 

21 

AGL of 19-a is’ very much bwer than AG;L, of 
hcxah&enc (3 which racmises according to Martin et 
al. via a non-phnu but a&ii, intermediate stateM The 
absence of a llxbg bridge at one end of the helix in 
~~nyl~~~~~~ (14) provides these 
compounds with another pathway of lower energy to 
reach their tnamiomcric forms. The energy barriers 
found arc of the same order as that of 11 which should 
raccmise by rotation of the pbenyl groups in a cog- 
wbc&iie movement.’ Applied to l-phcnyl- 
benx&fpbtnanthrcncs the mechanism might be 
described by the transformation i-,[VI-+lV (see 
Scheme 2). Apparently, the lqhcnyl-substitucnt has 
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Cbutgcs ia Cpknylpknrathrrm and iqknylbcnxok)pbcnantiucne derivatives 

specipl properties which contribute to a relatively low 
energy barrier in this pi-: for I-methyt- 
benx&fpheaurthrene @a) AGL = ca. 22 kcallmd.” In 
~f~~~~~n~sc~~~~~~ 
properties concern a larger flexibility in comparison with 
Me (and other) substituents. 

&other q&nation of the low AGL,-valuer of 
derivatives of I4 mi& be that the ground-state energy of 
the benz.o&~henanthrene moiety in 14 is higher than in 
8. This co&d be ex&ded. however. by calculations 
using the Warshell programme.“’ in which the ground- 
state covens arc found by ~~rni~~~ the energy. 
The results arc given in Table 6. The rcliabtity of the 
programme was checked with 4.S and tJ&nethyl- 
phenanthrene, the energy difference of which 
(13.6 kc&lmol) is in good accordance with that from 
heats of combustion” f12.5~ 1 kcailnwt); and with f,l2- 
and ~~~~y~~~c~~~e~, for which the 
same is true (10.4 and t I .O 2 I .S kcpifmoi, respectively). 
The cakulatiom revealed that the ~~~c~he~~e~ 
moiety in SC and 14 have near& the same ground-state 
energy. The small difference found (1.9 kcallmol) 
cannot explain that k does not racemise at aIt below its 
decomposition temperature“ @8@? whereas AGt for 84 
is only cu. 16 kcollmd. 

So. it seems that the resemblance in sttric properties 
between a methyl substitutnt and a fused bcnzo group in 

Table 5, Entx~ crlcuiated with tbc W&Ii program 

I.IZdinwthyLbanratc~phsnsn- 

rhrsno cf$zc1 

~,~-uorfry~banto[cJp~~~- 
thrmo 
knxo[c]phsnanthrsna 

I-phenylbanro[c]phenanthrona 

hensnthrena 

-3735.6 

-3740.5 
-3741 .b 

-3731.Z 

a These values ore found by replacement of the substltuonts by hydroqan 

without changlnq the confonwtlon and taktnq the C-H distance 1.08 !, 





Chane in Cphenylpbenanthrener and I-pbenylbenr~c)phenanlhrene derivatives m 

2h aad b). tit a . pheayl - p . methykinusmic acid was 
o&ined from p - tdu&kbyde nod pbeaybcetk rid.= It was 
converted into its melbyl ester (m.p. 913.m uwf !bC HICI VU 
in&ued in bexane rt 30 nn for 2obr in the presenct of 
JmoWbI,‘lbcimd~mixntrrcoouiabdindditionto~ 
desired product 3i, some ffilns-3) ad M acid frrclioo. BY 
repeated cdumncbromatgnpby on sibic@. cbcckd by NMR, 
the pure phenutlhrrm drhtive 31 wu obkncd ia 48% yield, 
m.p. J2-J4? m/r: 2JO (M’. IO@%); UV: A_ (lo90 in CHrOH. 
304.5 (4.12). 2% (46J), 23s (4.42). 211 (4.41): NMR CCC&, TMS): 
d 2.17 (3H. s. CH,). 3.78 (3H. I, DCH,). 6.89-7.26 (2H. 1,. - 
SHz. H,, H,). 7.37 (IH. t, H,). 7.4J (IH. t. H,). 7.8J (lH. s, H,). 
8.OJ (IH. ‘I, H,.). 8.20 (lH, d. H,). 8.99 flH. d. H,). 

The conversion of 31 inro 32 (m.p. 112-I ICI, 33 (yield 81% 
m.p. 2JY) nnd 34 (yield 63%. m.p. c&U: 9>9J*; rmnr-U: 
9@- I(@‘) was done in tbc same wry = described for the synthetic 
sequeoce zL+ ZI. 

l&i&m of 34 in benZcrU al 360 nm for 30 br pve Jb. Mp. 
206.; de: 362 (M’, 1609b): UV: A_, (Iott) in CH,OH, 292 
(4.63). 231 (4.60); NMR (CD& TMS): d 4.0 (3H, s. GCH,), 6.88 
(IH, t, H,,).6.92 (JH, brosdeoed s@et.C&,).7.23 (IH. t. H,,), 
7.61-7.96 (6H. m), 8.JO (IH. I. HI). 8.68 (lH, d. &). 

Tbc es& 911s Wponi, Ibe r&Ring uid (m.p.. 26J-2663 wss 
diswlved in ether with & Mail -11 of bentroe. Ird r&~~ed 
with LAH. giving rbe product aL in 90% yield. Wi 
puriazlltion this was be*ted with AcrO sod N&AC oo n boilig 
waler he for 4 hr. The mixture was Iresled severd times with 
Na$D, to remove unrucled anhydride, cxtrncted with ether. 
dried over M8S0,. and evapornted. The residue was p&cd over 
sjljcapel giving the acetyfaled produc! z1 u an oil in 4J% yieid, 
m/e: 376 (M’. 100%): NMR (CSr, TMS): 62.04 (3H. I. CH,). 
J.JJ-J.61 (2H. I,,* I2Hz. CH,). 6.80 (IH. I, H,,), 6.84 (JH. 
brosdcned sin&t. C&H,). 7.10 (IH. t. H,,). 7.47-7.8s (SH. m). 
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