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Abstract. 3H_CycIonona[deflbiphenyIene, 6, was deprotonated with n_butyIlithium to 

form the mono-trana anion 7. This anion was fully delocalitod and aromatic, with the 

interior proton having a lH HHR absorption at -2.79 ppm. This downfield shift was 

attributed to the proton being in the middle of a ring with a large diamagnetic ring 

current, calculated to be +0.96 (relative to +l.OO for benzene). Molecular mechanics 

calculations predicted that 7 was not planar, the interior carbon and the attached 

proton come out of the plane to relieve severe Van der Waals interactions. Anion 7 

was quenched with a variety of electrophiles to give products with the electrophile in 

the exe position. Attempted generation of-the anion of t-methyl-BH_cycIonona[det]- - 
biphenylene, 10, predicted to be less stable than anion 7 for both steric and 

electronic reasons, was unsucceasf u I . Instead, the n_butyl I ithium added to the 

v-system to give the stabilized banzylic anion, 13, which was quenched with methanol-d 

to give compound 14. 

Introduction. The preparation of the IO-r-electron aroutic all-cc cyclononatetraenyl anion, 

1, was reported in the early 1960’s. 1 Since then, l overal annelated derivatives have been 

synthesized. Of these, 3 and 6, described below, have a trana double bond, which forces a 

proton into the center of the aromatic ring, with a consequent upfield shift of its lH MUR 

resonance. 

When trana-9-methoxy-cia-bicyclo[6.l.O]nona-2,4,6-triene, - 2, is treated with potassium in THF at 

-4ooc, the mono-trans cyclononatetraenyl anion, 3, is formed by a sysmtetry-allowed ring 

opening. 2 The interior proton of 3 absorbs at -3.52 ppm. Upon warming to room temperature, 3 

isomerizes to the all-cia 1. - 

The benzocyclononatetraenyl anion, on the other hand, iao#rites froll the all-cis anion, 4, to - 
the mono-% anion, 6, (bH(int) I -2.36 ppm) upon warming to room temperature.3 This 
contrasting behavior was attributed to relief of strain caused by e H-H interactions in 4. 
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warm to 

+ 

room temp. 

Two isomers of the stl-& di~nzocyelon~~trsenyl anion have also been synthesized.4 An 

sttsmpt was made to dsprotonste a nsphthslene-snnelrted cyclononstetrsene, but due to severs 

crowding only resrrsngenmnt products were sbserved.5 

Recently, the neutral homosntisromstic tt&ycIonons[~biphenyIene, 6, has been 

wynthesiredd,6 Yith the sbove results in mind, the anion derived from 6 was gonersted snd 

studied. 

Prspsrstfon 

inxwedistely 

\ / 
and Skuckro of Mm Anion troll 6. Treatment of 6 with n_butyllithium in dry THF 

produced a deep reddish-brown solution of anion 7. Reprotonstion with methanol gave 

back 6, indicating that no skeletal resrrmgantents hsd taken place. The ‘H NhlR spectrum of 7 in 

THP-dg was consistent with 8 delocalized sono- anion with a proton pointing into the center 

of the nine-msmbered ring. The absorption of this proton, which sppssrs at 4.88 ppm in 6, is 

shifted upfisld in 7 to -2.79 ppm (see Table I). The large coupling constant of 14.6 Hz between 

protons e and f is also indicstive of s trsnsoid srrsngaawnt. These numbers sre consistent with 

the chaicsl shifts and coupling constants rsported for the interior protons of 3 (-3.32 ppn, 15 

Hz)* snd 6 (-2.35 ppm, 16 Hz).~ 

The energies of various conformations of 7 were calculated using Allinger’s molecular 

mschanicr force field.f In the lowest energy conformation (see Figure I), the central proton is 

Figure 1. The molaculsr mechanics generated structure of anion 7. 
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Toblo I. %I MIR Chemical Shifta for Compounds 6 and 7, 6 

Proton 6. 7 

: 6.43 6.64 6.11 6.36 

: 6.36 5.66 7.07 6.39 
; 6.60 

4.66,2.63 
-2.79 7.39 

%f.rsnc. 6. 

canted in towsrds the biphenylene, lying 68O out of the plane of the bipheny1ene.g If the stoas 

srs constrained to Iis in s plane, the cslculsted heat of fomstion increases by 21.7 kcsl/mol. 

The energy of the plsnsr structure in which the central p&ton lies on the outside of the system 

sway from the biphenylene, wss also cslculsted snd found to be 20.5 kcsl/nol above the bent 

minimum-energy conformation. In both planar structures the central Ce-Cf-CeD bond angle is 

spread to about 145O. This rslsxes to 118O in the non-plsnsr structure. The interior proton of 

the planar-in structure has 15.8 kcsl/aol of Van der Wssls strain due to the four closest 

biphenylene carbons. This is sllaost totally eliminated when the proton moves out of the plane. 

In the planar-out structure the energy is rsisod by increased sngle strain throughout the 

pentsdienyl bridge. 

lH IU? Anslyais of Anion 7. The most striking feature of the lH NMR chemical shifts of anion 7 

is the 7.7 ppm upfield shift of the inner proton relstive to the equivslent proton in 6 (see 

Table I). An upfield shift would be expected both from the developaMnt of negative charge at Cf 

and from the conversion of sn homosntisroastic, psrsmsgnetic eight-nanbored ring in 6 into an 

sromstic, distropic nine-membered ring in 7. An sttapt to determine the balance between these 

two effects was made by calculating the ring currents for 6 and 7 by the Hiickel-McWeeny methods 

combined with an estimstion of the shift due to charge for 7. 

The locations of the stca were detemined by X-ray crystsllogrsphy for 66 and assigned by 

moleculsr mechsnics7 for 7. There is s pseudo eight-lwmbered ring in 6 snd s pseudo 

three-membered ring in 7 fomsd by homoconjugstion between csrbons l snd 0’. The sress of the 

six and four-membered rings were sssigned their ususl vslues; the sress of the nine-membered 

ring and the three-bered ring were spproximstd by the sress of the polygons formed by 

projecting the carbon stans onta the plsne defined by the biphenylene. 

In the Hiickel calculations, the twists swsy from planarity in the csrbon skeletons were 

sccounted for by reducing the spproprisk /J’s by the relationship p I PO cos 0, where 0 is the 

sngle between the sxes of the sdjscent p-orbitsls. lo Becsuae of the slight tetrshedrsl chsrscter 

of carbon f (snd to s such lesser degree csrbons e snd e’) there is an smbigui ty ss to the 

proper sxes for the p-orbitsls st these csrbons. Two sets of values for the ring currents in 7 

sre given in Tsblo II correspond to the ssaumption thst either (Model I) the p-orbital is 

perpendiculsr to the plsne defined by the plsne C,-Cf-C,S or (Model II) the p-orbital is 

perpendiculsr to the plane defined by Ce-Cf-Hf. In Model I the sxis of the p-orbital at Cf lies 

st sn angle of 61.5’ relstive to the sxes of the p-orbitsls st C, and C,,; in Model II this 

sngle is reduced to 23.7O(see Tsble III), In the lsttsr case, since the sxes of the p-orbitsls 

sre twisted less srsy from esch other, there i8 grester overlap resulting in a larger ring 

current in the nin&ered ring. There sre also alight secondary effects in the other 

rings. l1 The two situstions described sre the extremes; the sctusl orientation of the p-orbital 

at Cf is probably r-here between. In l ithor extrewte, the slightly parstropic ring current 

cslculsted for the ninedred ring of 6, caused by horosntisromstic conjugstion,6 becomes 

Isrger snd disugnetic upon fomstion of the snion. The cheaicsl shifts duo to these ring 

currents sro reportad in Tsble V. 
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Tabia II. Cmlcutsted Ri'ng Currents for Compounds 6 and 7s 

Ring Size 6 
xb 7 II= 

9 -0.26 +0.67 +0.96 
6 +0.51 +0.66 +O.?O 
f -0.78 -0.62 -0.16 -0.10 -0.84 

'Relative to benzene unit ring current = +l.OO. bCslculsted 
gains defe' MMPM calculated torsional angle (see Tsbld.IIX). 
Calculated using defHf MMPM calculated torsional sngls. 

Table III. Selected Torsional Angles for 6, 7, 12 and 10 

6. 7 12 10 

Angle X-raySDb MMPMC MMlv MMPMC MMPMC 

hgde 32.0 38.7 13.6 10.9 40.4 
gdef 1.6 2::: 20.2 26.4 4.3 
defHf 21.8 23.7 47.0 18.6 
defe 256.3 256.4 231.6 231.6 256.1 

sReference 6. bFrom X-ray structuie. 'From MMPM csicursted 
structures. 

Table XV. 13C NMR Chemical Shifts for Compounds 6 and 7, ii 

Carbon 6' 7 AS Charge Density 

116.33 
129.60 
131.16 
127.40 
133.30 
31.17 
128.73 
161.39 
150.24 

102.48b -13.85 
119.43 -10.17 
131.76b +0.68 
109.98 -17.42 
125.60 -7.80 

12g.67 
139.61d lSO.SPd 

-3.06 
-10.63 -0.87 

-o.087b 
-0.064 
+o.oo4b 
-0.109 
-0.049 
-0.20ae 
-O.OIQd 
-o.oo5d 
-0.066 

sRclfsrence 6. 
CUnossignsblo. b;3h 

ess assignments msjr be backwards. 

eBy difference. 
These assignments may be backwards. 
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Tabla V. Calculatad ‘H NUR Chanical Shitta for Anion 7 

Proton CharQa Shifta’b Rk;pfprrantb” Tc&;~~~s~c. Expt. 
PPrn , PPm Shift, 6 

I’ IIf I’ IIf 

: -0.07 -0.64 -0.43 -0.34 -0.28 -0.20 5.97 6.29 6.12 6.43 6.11 6.38 

2 +0.04 -1.09 -0.15 -0.31 +O.ll +0.25 7.16 5.88 7.42 6.43 7.07 6.39 
: -0.49 

(-2.0Q)Q 
-0.76 -4.29 -0.33 -6.17 0.89 6.03 -0.99 6.46 -2.79 7.39 

*Calculated from the 13C Shifta. b A negative shift is upfiald, a positive 

is downfield. ‘Relative to ring current shift of benzene = +0.02. 

dCharQe Shift + Ring Currant Shift + 7.27. ‘Calculated using defs’ MMPM 

calculated torsional angle (aoo Table III). ‘Calculated using defHf MMPM 

calculated torsional angle. QBy difference. 

Although tha Hiickal calculations yield chsrga densities, the lack of explicit alectron- 

electron repulsions in the acdel mska it dasirsbla to usa sn slternste method to estimate the 

charge densities used to cslculate cheaicsl shifts in 7. Tha chsrga density st asch carbon of 7 

was assigned by using the increments in 1% chasicsl shifts in going from 6 to 7 (see Table IV), 

and the assuaption that a full negative charge csuses s 160 ppm upfield shift.12 

The 13C chmicsl shifts for the anion were sssigned using 2D heteronuclear correlstion Mli 

spactroscopy.i3 The shifts of carbons g, h, snd i, not bearing protons, could not be directly 

sssignad by this a&hod. By snslogy to tha 1% shifts of other related biphenylene-based 

cwpounds,fd tha two furthast downfield peaks wars assigned to carbons h and i. Carbons b and d 

could not be differentiated by this a&hod due to the similarity of the lH chemical shifts of 

their l ttsched protons. Csrbon d was assigned the further upfield shift of the two using the 

assumption that it would besr more negative charge ss predicted by both itersted Hiickel snd PPP 

cslculstions.‘l The Cf pesk did not sppssr in the recorded 2D spectrum, possibly because of 

relsxation effects of the lithium counter-ion.lS This wss unfortunate because there were 

several field peaks due to solvent that confused the assignment of the 13C peak for Cf. 

However, because all of the other shifts were known, the chsrge st Cf could be estimated ss the 

waissingv charge sfter sssigning chsrges to the rewmining csrbons (see Table IV). In this way 

the chsrge st Cf was estimsted to be -0.21. The sua of the chsrges on the biphenylene carbons is 

-0.47, indicating thst slwst hslf tha chsrge has been delocalized onto the biphsnylene. 

The lH cheaical shifts of protons l ttsched to carbons with s net negative charge are 

shifted upfield by 10 ppm per chsrge unit.16 Thus by using the charge densities in Table IV, 

proton shifts due to charge densities for 7 csn ba calculated (see Table V). When these charge 

shifts ara ccmbined with the ring current shifts calculated by using HiickelYcWeenyg ring 

currents and an in-plsne segasnted (Biot-Ssvsrt17) geometric aodal,l* the shifts reported in 

Tsble V sre obtsined. In cslculsting the ring current contributions to these shifts, both sets 

of ring currents frca Yodel I and Modal II (sao Tsble II and discussion in text) were ew~ployed. 

In geners I, tha shifts cslculsted using the sasllar twist sngle (Model II) give better results. 

In both cases tha shifts for the biphanylanic protons sra within the expected error of the 

cslculstions (0.3 ppa).l* Tha results l ra not’sa good for tha protons on the nin -bered ring, 

especially for tha intarior proton (Ht). The l hlft of this proton is very sensitive to its 

position over tha ring. Tha cslculstad shifts of protons d, a, snd f would sll ba closer to the 

experimentsl shifts if tha diansgnetic ring current in tha nine-membered ring were larger. This 

discrepsncy could result from errora in tha molaculsr mechanics genersted coordinates or from 

the way the sres of the ring wss ssaigned. Finslly, the diacrepsncies could result from the 
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misassignment of charges, particulary st Cf. Considering the above problm, thm quality of thy 

fit of the calculstsd shifts to ths l xperiuntsl shifts is satisfying. The qu&ion posed at the 

begining of this section cannot be,answersd precisely, but it would l ppesr that the 7.7 pp~ 

upfield shift of proton Hf in passing from 6 to 7 arises roughly 7M from a ring current shift 

and 30% from a chsrge shift. 

Chaaisky. Anion 7 wss quenched by s variety of electrophiles (ses Scheme 1). The 

stereochemistry of products 8, 9, snd 10 was l ssl9ned by the lH HCR shift of the rsaaining 

apical proton. These protons resonate st 7.26, 6.19, and 6.40 ppm for compounds 0, 9, snd 10, 

respectively. In hydrocarbon 6, H- absorbs at 4.66 ppm and H-exe at 2.63 ppm, with the shift - 
difference being due to s combination of ring current and local anisotropy effects6. The 

chsaical shifts of the apical protons in the substituted compounds are consistent with 

relacsment of H-8x0 snd sn additional downfield shift of 0.52 to 2.40 ppm from the sdded 

substitutent.lg n:observation of exclusive 0x0 product would be expected for l ttsck from the - 
less hindered face of the anion. 

Schomo 1 / - \ 
&?I \. / 
I/ 1’ 

7 

1) 02 

2) HOAC 

b 

3) (QT3)$ 

(60% 

1) (702 
* 

2) lI+ 

(43%) 

OH 

COOH 

MeOD 

b 

WW 
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Intqration of th lli W? spatru of 11 ohowod about 96S deukr iua incorporation. 

Approxiptoly 4S!# of the doutariumwas in the z position with the raaaindar e. This xmall 

diffwenca could bo dua to s sterlc isotapa l ffut with tha deutariu favoring the more 

skrically congastod & site.2o Atteupts to got,qusntitative data for the equilibration of 

11 by IYR Whniquos ware unsuccessful, rlthough the rasultr wore qurlitativoly consistant with 

0x0 dautariu addition fnllowod by equilibrstion to the obsarvad 4S:SS mixture. The bsrrier to 

this equilibration for the non-daukrati coq~ound 6 has baon found to be 21 kcal/mol both by 

axparimant and by molecular aechsnica cslculstions. 6 This corrasponds to a half life of 11.1 

minutes at room tamparature. 

The cocaparison of 12, the anion derived from 10, with snion 7 was of psrticular interest 

due to tha extra steric requiramsnta posed by the sdditional ethyl group. The ramaining apical 

hydrogan of 10 is in the more hindard & position snd thus may be more difficult for a bass 

to remove. If the plsnar-in snion formad, the planar g-try naadad for maximum dalocaliration 

would ba unattainable because of the savera Van dar Waals repulsions. If the planar-out 

structure ware to k forllsd instead, it would suffer fron the large angle distortions described 

rbove for 7. Claarly the mathyl group will be forced out of the plane to lessen these effects, 

but whathar the in or out geometry is profarrad is unclaar. 

Nolacular mhanics calculations favor the in-geoaatry and pradict the out-of-plane band of 

the wthyl group to be 63.3°,8 grrkr than the 57.7O pradictad for the hydrogen in 7. The 

calculations also predict that 10 will have 1.4 kcaI/moI more steric energy than 6. This 

difference in l taric energy increases to 5.5 kcaI/moI when comparing the two anions. These 

differences can ba partially explained by looking at the calculated torsional angles for 

compounds 6, 7, 10, and 12 (sea Table III). In the neutral compounds the planarity of the 

athylanic groups ia preserved, but the double bond planea are twisted relative to the plane of 

tha biphanylano. 

In forming tha anion, the conjugation in tha double bonds dacreaaw, but the p-orbital8 on 

tha carbona Q to biphanyleno move closer to being perpindicular to the biphanylane plane, 

resulting in battar ovarlsp and charga dispersal. The calculated r-delocalization energy is 

slightly greater in 7 than in 12 (21.22 1 va. 21.09 P), as would be expactad for the slightly 

eera planar 7. It follows from thaso considarstiona that not only should 12 be harder to form 

than 7, but OIKO genaraw it should bo lass stabla than 7. 

g-BuLi, TIE 

b 

TMEDA 

D 
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Trrrtacnt of 10 with n=butyllithium and TMEDA at (Ioc in THF resulted in the gradual 

formation of a deep blue solution. This color quickly dispersed upon addition of methariol-d. 

After an extractive work-up, TLC with hexane elution showed the presence of two hydrocarbdna 

which were separated by HW. The slower moving compound was starting material. The lH MR 

spectrum of the faster moving compound was rather com~lax. The typical ABC pattern for 

biphenylenic protons was present, but broadened, indicative of an uns~trically substitutad 

biphenylans. There were two one-proton resonances (a doublet and a triplet) in the vinyl region 

and a large number of l liphatic proton peaks. Mass spectroscopy revealed that both a butyl group 

and a dauteriua had been added. 

Apparently, for the reasons discusasd above, anion 12 does not form. Instead the n_butyl 

anion undergoes a nucleophilic addition to one of the ethylanic groups to give 13, presumably 

the blue species observed. This anion is then quenched by the nethanol-d to give 14. It is also 

possible that the n_butyI anion first donates an electron to the r-systam followed by a radical 

coupling to make 13. The absence of any other products, however, makes the radical route 

unl ikaly. 

Recently, Vol lhardtll reported the l lkylation of the biphsnylenic compound, 16. In that 

case the al kyl group adds to one of the carbons of a four-cwmberad ring. Upon quenching with 

n_buty I iodide, cocapound 16, the steraochamistry of which was datdrmined by X-ray 

crystallography, was isolated. While Vollhardt concludes that the LUhl coefficient controls at 

least the initial l lkylation of 15, in 10 it seams likely that the regiochamiatry of attack is 

determined by the stability of the anion formad. 

1 
1) n-BuLi 

2) @uI 

Expertmental 5oction 

Caners I M&hods. lH MlR spectra were recorded on a Brucker Ml-300 (300 Hz) spectrometer 

in CDCl3. Shifts are relative to the residual CHCl3 peak (6 7.240). 13C NNlR spectra wars 

recorded on a JEDL FX-Bo (22.49 MHz) spectrometer in CDC13 with shifts relative to the central 

peak of the solvent triplet (6 77.00). The 20 WR spectrum was recorded on a Varian XL-400 (400 

MHz) spectraneter in THF-da with shifts relative to the central peak of the solvent (6 64.7). 

Mass spectra ware obtained on an AEI MS02 mass spectrometer. Melting points were detarmined 

using a Thomas-Hoover capillary apparatus and are uncorrected. &ntene and THF were freshly 

distilled form sodium/benzophenone. The silica gel used for column chromatography was ICN 32-63 

mesh. Anion-forming reactions were done in oven-dried glassware under N2. 

Propsration of anion 7 for HR. The following procedure was carried out in duplicate. To 

an HAR tube fused to a glass tube with two male ground-glass joints was added 7.6 mg (0.035 

mnol) 6 in 1 d benzene. One of the joints was connected to a V~CU(CII I!ne, the WR tube was 

cooled to O°C, and the b&one was ramoved by VSCUM transfer. U-r positive Ng pressure, the 

solid was dissolved in a.6 A THF and 0.4 111 (0.25 apol) n_butyllithlJm in hexanes was added. 
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The solutions imodirkly turnod dark rod. The THF and hoxonoa were rrovod by vscuua transfer 

and 9.4 & w-d8 was trsnsforrod in fror a raorvoir wbre it had boon stored over K/NJ/G 

J I ioy (use of TW-dg storod over K qwmhad the anion) . Aftu submsrging the bottoa of tho Hu1 

t&~ into liquid N2, the systsa ma ov~cwtal to 2.6~10'~ torr sd the tuba wss sealed with a 

torch. 1H HyR 6 7.07, 6.38, 6.11 (ABC, J=6.82, 5.64, 6H), 7.39, 6.39, -2.79 (A& JAM = 6.32, 

Jm I 14.58, sH); 13~ Wb 150.52, 189.61, lSl.76, 126.67, 125.50, 119.43, 109.96, 102.48. One 

tube was opened sd qua&d with sevrrsl drops of MaOH. After an axtrsctive work-up only 

starting material was ruovrod. 

(2,~-+CycIoaonm~-blptmnyI~+oI (6). T o a stirred solution of 6 (20 mg, 0.093 mol) 

in MF (10 II) rt OOC was sddod n_butyIlithium in hoxsnu (0.12 & 0.19 ml). The resulting 
red solution was stirrod for 5 n in and then 02 (passed through a silica-filled drying tube) was 

bubbled through the reaction mixture, causing it to turn yellow within 6 sec. Acetic acid and 

diwthyl sulfide (es. 1 mL of each) wore added and the yol low suspension was stirred for an 

additional 2 hr at OOC. The reaction mixture was sddsd to Et20 and the mixture was washed with 

water, 2 portions of sat NsHCO3 (sq), and again with *star. The organic layer was dried 

(uoso$, fi Itired, and the solvent was romovod in vscuo. Purification by flash chromatography 

on a si lies gel column with C&Cl2 l lution yioldsd 8 JJ yellow needles (13 mg, 60%): mp 

212-21soc; lH HIR 6 7.26 (t, J=8.6, lH, CHIH), 6.62, 6.43, 6.36 (ABC, 306.81, 6.30, 6H, ArH), 

6.83 (d, J=11.2, 2H, ArCH), 6.66 (dd, J-11.2, 8.8, 2H, ArCHCHi, 1.65 (s, lH, OH); 13C MAR 6 

150.57, 149.81, 134.91, 130.26, 128.84, 127.38, 126.62, 116.49, 65.89; mass spoctru m/w 

(relstivo inknsity) 233 (28.18), 232 (N* 64.96), 231 (10.66), 216 (16.36), 216 (28.36), 214 

(9.05), 213 (29.36), 205 (12.24)) 204 (U.O4), 203 (100.00)) 202 (26.31)) 201 (15.43)) 200 

(X.97), 190 (7.47), 189 (28.71), 187 (9.58); aass spectrum m/e 232.0890, cslc. 232.0886 for 

C&26* 
(r,~S~UlrI~ycIononr~bip~yI~o (10). To a stirred solution of 6 (9.8 mg, 0.045 

arpol) in THF (4 d_) at O°C WJS sddod n_butyI lithium in hexsnes (0.2 mL, 0.32 mnol). The 

rssulting rod solution was stirrod for flvo l in and was than quenched with methyl iodide (0.25 

d, 4.0 raol). The reaction mixture was sdded to Et.20 and tho mixturo was washed with several 

portions of water, dried (N9304), and filkrd. Rsmovsl of solvent in vscuo gsvo an orange oil 

which was sublimed at 85-llO°C (0.1 torr). Thm oily sublimsta was flash chromstogrsphd on 

silica gel with CS2 alution to rsmovo a bssoline impurity and two faster moving products. The 

product cams off as an orange band. Ramoval of solvent in vscuo yielded 10 as an oily solid 

(9.8 mg, 94x) : mp 8g-g4OC (pantsno) ; lH WR 6 6.62, 6.41, 6.34 (ABC, b6.3, 6.8, 8H, ArH), 6.71 

(d, b10.6, 2H, ArCH), 5.49 (t, h10.3, 2H, Arq, 5.4 (II, lH, We), 1.08 (d, J=5.86, 3H, 

a13); 13C HuR 6 150.53, 149.55, 139.41, 130.34, 128.63, 128.19, 124.59, 116.81, 34.14, 20.93; 

~8s spectrum a/o (relstivo intensity) 231 (25.16), 230 (M' lOO.OO), 229 (23.33), 228 (8.9g), 

216 (13.21), 216 (41.35), 214 (8.01), 213 (14.82), 203 (12.31), 202 (12.70), 189 (24.98); MJJ 

spectru m/o 239.1083, cslc. 230.1096 for Cl&4. 

(L,~-~~l~~bl~l~3~~~lit acid (9). To J stirred solution of 6 (6.2 

mg, 0.024 #I) in THF (2 d.) at OOC was added n_butyIlithiu in hoxsnas (0.04 111, 0.064 mul). 

The resulting rd solution was stirred for ten min and then CO2 (passed through a silica-filld 

drying tuba) was bubbled through it. The ruction mixture was added to Et20 and the mixturo was 

extracted with di luk NaOH (sq) . The yellow basic layer was acidified with HCI and extracted 

with Et20. The Et26 extracts wore cumbined and washed with water, dried (Mg564), filtered, and 

the solvent was rsmoved in vscuo to give 9 (3 mg, 48%) as a yellow solid: mp 243-2SOoC (de); 1H 

MR 6 6.65, 6.45, 6.38 (A6C, J=8.36, 6.76, 6H, ArH), 6.19 (t, Jo10.2, lH, C&OOH), 5.05 (d, 

J-.6, w, Arol), 5.79 (0, J110.6, 2H, AmJ; 16C NYR 6 150.53, 149.11, 160.39, 126.66, 

129.12, 126.19, 127.02, 116.44, 64.64 (COW not M); mu spectru m/o (relstivo intensity) 

261 (19.6), 260 (r 190.0), 216 (15.8), 215 (70.7), 214 (36.6)) 213 (67.5), 211 (10.1)) 189 
(404, 188 (11.2), 187 (17.0); mmss spwctrum m/o 260.0834, talc. 260.0837 for C16H12Q2. 

(~-2+tyl-l4wtwio2,34lhydrm+cyclomona(dofJbiphanylum (13). To a stirrod solution 

of 10 (3 110, 0.013 ~01) in TW (2 d.) at 0% WJS added N,N,N',N'-tetramsthyIathylonsdirmine 

(0.95 d, 0.33 mol) and n_butyIlithiu in hexsnes (0.1 rl, 0.16 lol). The solution was 
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stir& for 25 .in during which tir i4 Orsduslly turnsd d.sp blus. After MsDD (0.5 d_) ns 

rddsd, the msction mixture ws. pourul int. Et@ snd th. mixture nshed with w.t.r, dilut. HCI, 

ntsr, snd brine. Aft.r dryin (M9S94) rnd fllt.ring, rsm8v.I of solvent in vscuo g.vo rn oily 

yel low solid which gsvo two spot. upon hexrm TLC @f’s 0.19 rnd 0.25). Th. two c.mp.nwnts wsr. 

saparrted by HPLC with h.x.no l lution. Ths saond coqound off the colun na r8cov.r.d 

strrtinp mst8ri.I (2 m9). The I.88 polsr coclpound ns a co’lorlu. oil (< 1 m9): IH HR d 5.64, 

6.49 (m, 6H, ArQ , 6.13 (d, J-11.3, lH, ArCHJ , 5.34 (t, .bll.S, lH, Araml), 3.22 (brwd I, lH, 

Cl+), 2.36 (m, lH, ArCHD), 1.68 (brosd a, 2H, ARCMC&), 1.5-1.2 (brosd a, CH&Hfli), 0.96 (d, 

J=6.57, 3H, _) 0.9 (t, J-7, 3H, Cli2Cl.Q); m8.8 apsctru a/. (rolstivo intsn8ity) 290 (23.34), 

269 (u* 100.00) , 263 (8.01), 232 (12.23), 231 (13.39), 230 (U&8), 218 (14.26), 217 (16.21), 

216 (22.01), 215 (16.50), 204 (15.75), 203 (23.7(r), 202 (16.36) j 190 (10.49)) 169 (10.57); m.. 

sp.ctru a/. 269.1940, crlc. 289.1941 for C&D. 
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