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Ab&rad-A sews of terramcthoxyblphcnyls and bridged ~ctrrme~hoxybtphcnyls have ban preparal 
and their LV spccrra invarigarcd Tbc subst~rutal btphenyls show short- and long-wavckogtb bands 
whik the bridgal biphcnyls and rhe prrcnl 3.3’.4.4’-terramerhoxybiphcnyl II) addition show conjugrion 
bands. The signiliuncc of these findings IS discussed. The NMR spcc~ra of the bridged b~pbcnyls show rhal. 
wnlh one exception. conformatlonrl mvcrsion in tlus scws is rapId al 35 

Sum= biphenyls and bridged biphenyls have been the subject of extensive 
spectroscopic study. ‘-I ’ To a large extent this work relates to compounds unsubsti- 
tuted except in the orrho positions. In connection with other work we had occasion 
to prepare a range of both types in which each benzene ring is substituted by two 
OMe groups. Previous work has shown that there is a correlation between the maxi- 
mum of the conjugation band of the UV absorption and the angk 8 between the 
planes of the benzene rings, i.e. as 8 increases so the band shifts to shorter wavelength 
and decreases in intensity. ‘.‘*” UV spectroscopic measurements on the present 
series confirm this and show that where there is also present a long-wavelength band 
a similar relationship holds. 

Preparation. The substituted tetramethoxybiphenyls (I-IV) were prepared as 
described by Cromartie et al.” The dinitrik (VI) was obtained from the diamide (Ill) 
by treatment with thionyl chloride, and the dialcohol (IV) was converted into the 
dichloride (V) with thionyl chloride and pyridine in benzene. Dkckmann cyclization 
of the diester (II) gave the &ketoestcr (XII) which was hydrolyscd and decarboxylated 
to the ketone (XIII) by treatment with boiling n-butanolconc hydrochloric acid. 
From this ketone were prepared the oxime (XIV). the alcohol (XVI) and the Wolff- 
Kischner reduction product (XV). Beckmann rearrangement of the oxime proceeded 
only with difficulty, the best yields (l&14%) of the expected amide (XVIII) being 
obtained with phosphorus pentachloride in benzene. The major product of this 
reaction was the chloronitrile (VIII), resulting from ring ckavage due to attack 
by chloride ion on the highly-strained ring system (XIX). 

U V specrra. Table 1 records the UV spectroscopic data for these compounds and 
for ethyl 3,4dimethoxyphenylacetatc (XX), together with the figures reported by 
Matarasso-Tchiroukhine’> for the related compounds (IX. X. XI and XVII). Data 
quoted by Beavcn et aL4. and by Braudc and Forbes6 show that the presence of two 
OMe groups per molecule in the biphenyl series causes an increase in intensity and a 
shift to longer wavelength of the long-wavelength band. In this series of compounds. 
the presence of four OMe groups per molecule further intensifies and shifts to the 
red the long-wavelength bands. These long-wavelength bands show clearly the 
relationship betwttn A,,,_. .r~,_, and the angle 8 described by Beaven et al.’ and 
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Compound 

I 
II 
III 
V 
VI 
VII 
VIII 
IX’ 
X’ 
XI’ 
XII 
XIII 
XIV 
xv 
XVI 
XVII’ 
XVIII 
xx 

Short-wave band 

L mH 

233 (5) (4-25)’ 
234 (5) (4-24) 
236 (s) (4.21) 
232 (s) (4.29) 
235 (s) (4.22) 
229 (4-66) 
235 (s) (4.28) 

246 (4.38) 
243 (I) (4.19) 
241 (sj (4.20) 
not wsibk 

239 (I) (4.16) 

235 (I) (4.21) 
229 (3.84) 

Conjuptioo bud Long-wwe b8nd 

Lmr j-w _-- - 
287 (3.88) 
288 (3.91) 
287 (3.87) 
285 (390) 
287 (3.89) 
282 (3.97) 
284 (3.89) 
286 (4.10) 
290 (409) 

273 (4.30) 291 (4.23) 
261 (4-27) 289 (4.20) 

288 (4-l 2) 
272 (4-17) 291 (4.14) 
265 (4.18) 292 (4.14) 
266 (4.18) 291 (4.13) 
274 (4.20) 297 (4, IO) 
261 (3.93) 282 (3.89) 

279 (3.49) 

’ Reported io Rd. 13. oo short-wave bond figures given. 
* (s) - shoulder. Figures in brackets refer (0 log,,, c_. 

I: R’ = R” = CHICOaH 
II: R’ - R” - CH,CO,Me 

Ill- R’ - R” = CH,CONH, 
IV: R’ - R” - CH,CH,OH 
V: R’ o R” 0 CH,CH,CI 

VI R’ - R” - CH,CN 
VII: R’ = R” = CHICH,OCOPh 

VIII: R’ = CH,CI. R” - CtI,CN 
IX. R’ - R” - Me 
X : R’ - R” - CH,Cl 

XI. R’ = R” I H 

XII: R - CO,Me. Y - C -=O 
XIII: R = H Y-C=0 
XIV- R - H Y = C-NOH 
XV:R 0 H Y =CH, 

XVI: R = H Y - CHOH 
XVII: R - H Y=O 
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XVIII XIX 

Mislow er al.,’ among others, and discussod by JaffC and Orchin’ and Suzuki” for 
the conjugofion band of less highly substituted biphcnyls. Thus, for those compounds 
I-VIII which. have bulky groups in the 2- and 2’-positions, the values of 0 arc greater 
than that for the parent compound XI and this is reflcctcd in the shorter wavelengths 
and lower intensities of the absorption bands* 

Formation of the 7-membcrcd ring bridge (compounds XII-XVII) forces the aro- 
matic rings into a more nearly coplanar situation and the dccrcasc inercsultsin 
higher intensities of absorption at slightly higher wavelength. Expansion of the 7- 
membered ring system to an 8-membcrcd ring in the amide XVIII allows grcatcr 
flexibility in the system and thus a higher value for 8; the absorption band shifts to 
shorter wavelength with lower intensity. 

The conjugation bands in this sctics also show this relationship; expansion of the 
ring of XIV from 7 to 8 mcmbcrs in XVIII causes a decrease in the intensity and the 
wavelength. 

The non-bridged, 2,Zdisubstitutcd compounds (I-X) do not show bands in the 
2-275 mu region, the high angle of torsion preventing effective conjugation. 
Interestingly, the spectrum of the ketone XIII also does not appear to have a con- 
jugation band, despite the fact that the position and intensity of the long-wavelength 
absorption arc similar to those of the other bridged compounds, indicating comparable 
values of 8. Mislow et 01.” have notcd that, for another scrics of bridged biphcnyls, 
the prcscncc of a kttonic CO in the dposition is associated with a small shift (510 mu) 
to longer wavelength of the conjugation band, and this is attributed to interaction 
between the benzene and CO n-systems in the electronically excited state. This was 
confirmcd by observation of strengthened n-n* transitions at longer wavelength. 
It may bc that a similar effect is operating in the present example and that the con- 
jugation band has been modified to such an extent that it is not clearly visible, being 
masked by the intense long-WaVtlCngth absorption. It is unlikely that we would 
observe in this system the strcngthcncd n-n* transitions which might accompany 
this effect. 

NMR spectra. Table 2 shows the NMR data for some bridged biphcnyls. On the 
whole the spectra agree well with those reported by Mislow et al.* and Sutherland 

l The cxriactioa -Is Rpomd by Mllnru8o- Tchiroukhinc (Rd 13) for compowdn 1x and X 
nppcu IO be a htk l&gk ttm mi&ht he expected on oompuimn Ah USC figwca quoted bm for similar 

compound.~ aMmugb rbc values r0f A_ arc in rti agmxnenl wiul OUM 
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and Ramsey.” At the temperature used, only the alcohol XVI shows clearly the 
non-equivalence of the bcnzylic protons which is to be expected in a rigid system where 
conformational inversion is slow. An ABX system is observed with JAI, = 13 c/s. 
A range of 1 l-l 5.2 c/s is quoted in Ref. 8. 

EXPERIMENTAL 

UV spectra were recorded on a Gry 14 Recording Spcctrophotowta sod on a Uniam Sp800 

Spectrophotomcter. IR spectra were obtatncd with a Perkin-Elmer Model 337 tnstrument and NMR 

spectra were recorded using a Varian A-60 spectrometer operating at 60 mc!s 

23’-Bic-&chlor~rhyI-4.4’.S.S’-r~rra~r~xybi~~ny/ (V’). A soln of !SOCl, (035 ml) in bcnzznc (IO ml) 

was added to a soln of IV (374 me) ia benzene (50 ml) Pyndme (040 ml) wax added and the mtaturc 

was heated unckr reflux (I hr) and then poumd into ice-cone HCL Thor mixtum yickiai to bcnam the 

dichloride V (373 me) which was crystallizui from bcnrcnc pet. ether. m.p. 144 145‘. (Found: C, 605; 

H. 59; Cl. 17.8. C,,H,,CI,O, requires: C. 602; H. 60; Cl. 17.8:/,). 

The dibmzoyl dertwwes (VII) of IV crystallized from EtOH as rhombs.. m.p. 10s 106’. r_ (CH,Cl,) 

1725 cm-’ (ester CO). (Found’ C. 716; H. 59 Cx.Hx.0, requires: C. 716; H. 60%). 

D~cckmonn cy&;otion. Fmcly-choppcd Na (4.3 g) was added to a soln of II (IO e) in bcnzmtc. ldlowcd 

by McOH (I ml). The mixture was heated under rcflux (I2 hr) and when unrcactal Na had b&n destroyed 

wtth MeOH. was poured mto to+watcr (450 ml). The mixture was acidified (HCI) and extracted with 

CHCI, TIK extract was washed. dried and evaporated kanng a yellow soled (9.15 g) which was crystalltzzd 

from McOHCHCl, to gtvc 7-mrrhoxycor&nyl-4’,4”.~.S”-r~rr~~r~~~l~3.~i&n~~~r~~~l~ 

dww-bow (XII). m.p. 202 205 ‘. v, (CH,CI,) I745 (ester CO) and I725 cm _ ’ (7-rmg ketone). (Found : 
C. 650. H. 60 C,,H,,O. requires: C. 65 3. H. S-700) 

4’.4”.5’.5”-Tclramrfho t v’ I .2.3.edihenlor-)~lohrpru-I.3-dlcru-6-oru (XIII) The 8-kctoester XII (305 g) 

was heated under rcflux wtth n-BuOH (250 ml) and cone HCI (190 ml) for 5 hr. The solvents wert mnovcd 

under rcduad press and the solid restdue was bo~lal with MeOH. The ketone XIII (162 g) remained 

undtssolved and was crystalhred from EtOH dioxan. m p 252-256. Y,, (CH,CI,) 1720 cm-’ (‘l-ring 

ketone) (Found C 69 5. H. 5 9 <‘ale for <‘,o HzOO,. C. hY 5. H. 6 I “,I Matarssso-Tchtroukhmc” 

reports m.p. 259 

The oxtmc XIV crystallixal from EtOH as ncalks. m.p. I86 187 5”. vu (CH,Cl,) 3595 cm-’ (0 -H). 

(Found:C.66.7. H.6.4;N.4.3.CaIc.forC,,H,,NO,:C.665; H.6.2;N.4.1°.). Matarasso-Tchiroukhinc” 

reports m p 189 

BccIununn rcorrcngrmcnr. The oxime XIV (IO g) m bcntrnc (40 ml) was shaken wtth PCl, (l-49 g) for 

I hr. Water was added. and the mtxturc ytcldcd to CHCI, an 011 (I GS e) which was chromatographcd ia 

benzene on alumina (Brockmana acttvtty V; 20 g) Elution with bcnxene gave 2-chkwomtthyl-2’-cyane 

mrrhyf-4.4’.~.5’-rrrromrrhoxybidhrnyl VIII (489 mg). whtch was crystalltzzd from hcpunc bcnrznc, mp. 

159 160.. Y,, (CH,CI,) 2255 cm-’ (nitrik). (Found: C. 62-8; H. 5.5; Cl. 9.8; N. 40. C,oH,,,CINO, 

requires: C. 63.1; 11. 54; CL 9.8; N. 39”/,). Elutton wtth CHCl,-knrcnc (4:6 v/v) gave 4’ 4.Y.5’‘-retra- 

nurhox~-l2.3.4-dibcnzcr6a-ocyclocwl4-1.3-d~c~-7-onr XVIII (120 mg) which was crystallrrzd from hen- 

zznc. m.p. I IO I 12’. Y_ (CHrCI,) 3425 (N H) and 1680 cm-’ (8-nng anude). (Found: C. 664; H. 60; 

N. 4.2. C,,Hr,NO, requires: C. 66.5; H. 6.2; N. 4,lS;). 

B’o)fl Kuhner (ffuaq Minlon) rtducrion. The ketone XIII (400 mg) was added to a soln d KOH 

(2.24 g) and NrH,*HxO (40 ml) in dicthylcnc glycol (IO ml) at 150’. After 90 mm at this temp. the soln 

was cooled and poured mto water (SO ml) Alter I6 hr at room tcrnp a solid separated (201 mg) which was 

crystalluod from heptanc-bcnxenc IO gtvc 4’.4”.5’.5”-rcrrarnt~~~ I ~3.4-dilwn:crcyclolupro- I .3dicne 

(XV), m.p. 153 5 155’. (Found, C. 72-4; H. 6-7. C,PH,,O, requires. C. 72.6. H. 7Q5”,). 

Reduction with lithium aluminium hydride Tk ketone XIII (530 mg) In THF (40 ml) was heated under 

reflux wuh LAH (218 mg) for I6 hr When unructcd LAH had been destroyed with FtOAc. drlutc H,SO. 

was added. and the rruxturc was extracted with CHCI,. ytckling 4’.4”.S’.S”-rc1rorrvrbr~I.~3.ed~~u 

cyclohepra-l.3di*nc6-ol XVI (516 mg) which crystallixod from EtOH. m.p 181-s 183.5’. Y_ (CH,Cl,) 

.U,lScm ’ (0 H). (Found- C. 69.3; H. 6.8. C,,H,rO, requires. C. 691 ; H. 6,7”/,) 
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