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AMmet--A convenient electrc&emial preparation of tic-bicyclo(4.2.0)~7,Sdiol horn cyclo&cta- 

tctncoe is dcscnbai. Wim the reduced clcctmlyric poduct from cych&taw is hydrolywd with 
mahod and hydrochloric rid the cisdid is not isolated beau of Ihe intemuliatc form&m of the 
rccf~I fnrm cyclobcpt~noxrbouldchydc & the cisdiol. 

THE formation of cis-bicyclo(4.2.O)octa-2,4diene-7,8diol diacetate (I) as one of the 
major products in the electrochemical oxidation of cyclo6ctatetraene in acetic acid 
has recently been demonstrated.’ WC and NMR analysis of the material obtained 

/’ 
AC of \ “oh 

from the reduction of the electrolysis product indicated that 2428% of it consisted 
of the compound with the cis configuration. Hydrolysis of the reduced electrolysis 
product using the method which Cope’ used for the trans isomer gave a yield of 
31% of trm-bicyclo(4.2.0)tane-7,8diol (II). The corresponding cisdiol III could 
not be isolated. 

Cope’ obtained II in 71% yield on hydrolysis of the nunsdiacetate and it was 
somewhat surprising that the same procedure applied to the reduced electrolysis 
product (which consisted of a mixture of the diacetates of II, III and cycloheptane- 
carboxaldchyde) did not yield III. 

Since there are two possibk cis isomers of bicyclo(4.2.0)octane-7,8diol with cis 
ring juncture it was of considerabk interest to isolate this material and compare it 

’ L. Ebcrma. K. Nykr~ M. Finkchin. R. C. Petma S. D. Ram and J. J. UcbA1. Org. Chem 32. 
16 (IW7). 

* A. C. Cope. N. A. Nelsoo and D. S. Smith J. Am. Chem. Sot. 76 I la, (1954). 
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with the cis-bicyclo(4.2.0)octane-7,8-dials obtained by Cope and Herrick’ and Vogel.’ 
The former workers used a laborious and involved method to obtain a very small 
amount of cisdiol, while in the latter case (yield not reported) the use of osmium 
tetroxide was rquired. Because of the difIiculties in the Cope procedure and because 
of the inherent disadvantages of osmium tetroxide’ it was decided to investigate the 
possibility of devising a suitabk electrochemical method for the synthesis and 
isolation of III. 

For the purpose of the present work the most satisfactory procedure for the 
electrolysis of cyclo&tatetraene consisted of the constant current process at a carbon 
anode with acetic acid as the solvent.’ A slight excess over two quivalents of charge 
per mole of hydrocarbon was used. The crude product was reduced over platinum 
oxide, and a procedure was developed in which the reduction product was saponified 
with aqueous methanolic potassium hydroxide. This hydrolysis permitted the 
separation of both the rranrdiol, II and the cisdiol, III in yields of 29% and 20x, 
respectively. 

The structure of III was established by analysis, mixed m.p. with material obtained 
from Professor R. Criegee (prepared by the method of Vogel’) and identity of the 
IR spectra of these substances in carbon tetrachloride solution.6 The IR spectrum 
indicates clearly that the compound obtained has its OH groups in a cis relationship 
to each other since both a free OH and an intramolecularly bonded interaction can 
be detected. The C~UJIS compound has its OH groups disposed such that only 
absorption due to free OH is observed. 

In various photochemical reactions”’ the bicyclo(4.2.0)octane system with a rr~s 
ring juncture has been reported Siacc Allinger has shown that the bicyclo(4.2.0)- 
octene-7 which was used in the preparation of the cisdiol by Vogd* has a cis ring 
juncture it seems unlikely that the ttuns ring juncture need be considered here. 

A sample of III prepared in this work was treated with p-phenylaxobenxoyl 
chloride in pyridine to give a bis-p-phenylazobenxoate which had the correct analysis 
and which melted at 167-168”. Cope and Herrick’ reported a m.p. of 16>166” for 
the bis-p-phenylaxobenxoate prepared from their sample of III which had a m.p. of 
71.5 73.5” 

The reaction of III with acetic anhydride in pyridine afforded a compound, m.p. 
4244” which had the correct analysis for a diacetate and had the same NMR I 
absorptions previously’ assigned to the cisdiacetate. This diacetate was hydrolysed 2 
to give a 95 % yield of III. 

The reduced electrolysis product was refluxed with hydrochloric acid in methanol 

’ A. C. Cope and E. C. Hem& J. An Chem Sot. n. 983 (1950). 
’ E. Vogel Angnu. Ck (6,346 (1953). 
’ F. D. GUMIODC in Adounces fn Orw Chnds!ry. Methods and Rrarlrr~Vol. 1. p. 103. Inttnaeocc. 

New Yoh, N.Y. 
‘ A more detailed invatigation of tb IR xpcctrum of III wax performed by Dr. L. P. Kuhn of the 

Ballixtic Rcsearcb Laboratoria, Abcrdeca Provinp Grounds, Maryland II wax found tlut III hrr Iwo 
OH baoda : 3630 cm - ’ (free) and 3577 cm - ’ bmamolccuhr hydrogen bond& The frau compound 
huonlyooeOHbrnd:M30cm-‘(frac).ThcAvd53cm-’Lintermedirtcbetwecathrd~-l2- 

dihydroxycyclopent 61 cm- ’ ~DLI &-1.2dihydroxycyclohcuac 39 cm- ’ 
’ J. A. Badtrop and R. Roboon, Ttrrolwdron Lnfers 597 (IW3). 
’ P. de Mayo. R. W. Yip and S. T. Reid, Proc. Ch SM. 54 (1963). 
* N. L. Alliqcrcr. M. A. Miller and L. A. Tuhaur. 1. Org. Ckm. 9.2555 (IW3). 
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and worked up as previously reported.’ A yield of 30% of II was obtained. After 
removal of 11 the reaction mixture was neutralized and a short path distillation gave 
an additional 62 % yield of IV. the acetal of cycloheptanecarboxaldehyde and III. 

IV 

This structure was confirmed by the identity of the IR spectrum of this substance 
with that of the product obtained when the dimethylacetal of cycloheptanecarbo- 
xaldehyde and III were reacted in benzene containing hydrochloric acid. Further 
proof of structure was a!Torded by the aqueous acid hydrolysis of IV which gave 
cycloheptanecarboxaldehyde and III. 

The failure to isolate III, when Cope’s hydrolysis procedure’ is used, is due to the 
fact that 111 and cycloheptanecarboxaldehyde are present in the reaction mixture 
in nearly equivalent quantities and readily interact to form IV. The transdiol does 
not form an acetal and is isolated. When the Cope procedure is modified by the 
addition of water, some of the acetal, IV is hydrolysed and it becomes possible to 
isolate III as well as II. The preferred procedure is to hydrolyse under basic conditions 
where neither glycol forms an acetal and all three components of the mixture can 
be satisfactorily separated. 

It is probable that the diol obtained in this work and the cisdiol of Cope and 
Herrick are the same compound since the same bis-p-phenylazobenzoate is found. 
Identity with the material’reported by Vogel was shown by direct comparison. 
Although the m.ps of the compounds prepared by the three diflereot methods vary 
by as much as ten degrees it appears thatSin each case the same compound was formed. 
Apparently the other cis isomer has not yet been synthesized. 

EXPERIMENTAL 

The dbctrolysis of cyclo&xatetracnc in acctx acid at constant current usmg a carbon aoodc. and the 
subsequent reduction of this product were performed as prenously deacnbed.’ Tbis is tbc material 
rckrrcd to as redWed electrolysis poduct. 

The dimcthyiacetal of cyclobepta lrienecubouldehydc was prepared’ and reduction 10 tbc dmxthyl- 
acetal of cyclobeptaIKz&x xaldehydc was ~mplisbcd with PtO, in MeOH. sod the free aldchyde 
was obtamcd by the mcthd of Finkel~tein.‘~ 

cu-i)lcyc~4.2.O~(vu-7.8-dbI (111) 
A sobt of 226 g @I mole) raiuced dcctrolysia product in 30 ml MeOH was bated under reflux for 7 hr 

anth a soln of 20 8 KOH in 30 ml water. lbc MC-OH was dutilkd at tbc aspirator and the raiduc was 
poured mto salt water and cxtrac~cd 4 times with ether. Tbc ether extract was dried over MgSO, and 
diatillcd at the aspirator. Crystalltition of the rcsduc from bcnreoc gave 4.15 8 of Il. m.p 137-139’ 
(29.2 %). The mother liquor was evaporated, ~CXADC was added, and on cooling ut the frsacr for rvml 
day& 2.87 8 (20%) of 111 cryst~IlizaI. CrystaUimtioa from bcxanc fdlowcd by sublunatioo and rocryrtal- 
lintion from hexanc gave tbc analytical sample, mp. 6062” (Found: C. 67-66; H, IOW Calc. for 
C*H ,.Ol : C. 67.57 ; H. 992 % ) 

lo M. Fiakelstnn, Chcm. &. )o. 2097 (1957). 
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Amixedmp.Mtha~pk”dllIprrpucdbyIbe~hoddV~rruund~.LRspecvrd 
IO% solm of the two matcfiab in cct werz ldcnticaf. 

The bu-p-pbcnylaxobcnxoatc of the uolatcd material was pnplrad by the standard method.la A 
sampk crystallizd for analysis from bcnxcnthcxaoc had mp. 167-168” (mp. reported’ 16>1664. 
(Found: C. 72.81; H. 49fj; N. 100. Calc for C,,H,ON.O,: C, 73.10; H, 5.41; N. loO:,%.) 

Srobility oj 111 to acid hydrolysis wndfrions 
A soln of 0101 g of III io 5 ml McOH wax heatbd under rcflux with 3 drop coat HCI for 3 hr. 

The solvent was distilkd at the aspirator and tbc residue crystaflixed from bentcabbcxAllctogiveoo72g 
(72 %) of III m.p. 5m”. 

Acid hydrolysis 01 reduced electrolysis product 

(A) In oqurous mrthonol A soln d 5.3 g KM235 mok) red& ek=ztroly& pod~a and I ml cone HCl 
in20mlMcOH~dlOmlwatnwrr~taduodarrfluxfor2lhr.ThcMcOHwudircilkd~cbe 
ralduc was treated web sat NaHCO,4 until ncutralixcd Tbe l qucoux soln w treated with salt and 
cx~ractcd 3 times with ether. nK cthu was dried over MgSO, and removed at the aspirator. T&e r&due 
wax taken up In a minimum of hot benzene and II crystallued 0866 g (26%), m.p. 139-141”. Tbc benzcnc 
w= removed and the residue crystallized from hcxaoc to give III, 0261 g (8 %L m.p. 54-59” 

(B) In nwbwl. A sola of 5.29 g (00234 mok) raluad ckctrolysis produa and 20 drop coot HCl 
m I5 ml MeOH was heated under reflux for 5 hr. The solvent was distilled and tbc residue dissolved in 
hot benzene. After conccntmtmo and addition d hex~e+ WW g (300/3 cd IL mp 138140’ was obtained. 
The mother lquor was conantrataf to an oil which was takco up m ether and wasbd twice with aat 
NaHCO,aq. The bicarbonate soln was extractal with etba and tbc combiood extract was dried over 
h&SO, and distilkd through a Vigrcux column. Tbc residue wax distilled in a short path still at 001 mm 
IO give a total d I.81 g 162”:). the main portion of which bad 4’ 15004. Tbc IR spectrum da IO% soln 
d this subtana in CQ, wax ident& to that d the l cctal formod from cyclobcptaaaarboxakkhyde 
and III. 

IIydmlysis oj rh liquid prod&t from procedure (B) 
A sdn d I.8 g d 1hc liquid product obtamal from hydrolytic procedure (8) in 25 ml McOH was trated 

with 2 ml cone HCI m IO ml water. The soln was butad under rcfhax for 5.25 hr and the M&H was dirt&d 
at atm pressure. The residue was distnbutai between wata and ether aod tb aqueous layer was extracted 
3 ~nncs with ether After washing wrth NaHCO,aq tbc ether was dried om MgSO, and distilled. The 
residue. which amoun~al to I.51 g. was analyscd by VPC and found IO wotam 0073 g (8 %) d cyclo- 
hcptaoacarboxaldehydc and 01% g (19%) d 111. Hydrolysis d tbc ruiduc by beatlog with wthaoohc 
HCl4 under rcflux for 5 days gave. after oeulralintion, a rcxiduc which on VPC analysis accounted 
for a total yield d 40% d cyclohepcnnearboxaldehyde and its dimetbylacctal. 

cis-&yc~4.2.0)octone-7.8dbl diocetotr 
A soln prcparal by boding a mlxturc of 24 8 0017 mole) d III, IO ml pyridinc and 20 ml Ac,O was 

kt stand for 24 hr. Excess ragcats wcrz distlllal through a Vigreux column at the aspirator The ruiduc 
was dlstilkd at 003 mm IO glvc 3 I 8 (RI ‘/bJ. b.p. 753 Tbc distillate eventually crysdlixed. mp. 424”. 
(Found: C. 6399; H. 8.20. C,,H,,O, requires: C, 63.70; H. 8G2%). 

Acid hydrolysis o/as b~yclo(4.2.0~clolu-7.Sdlol diocetolr 
The procedure wax that usai for acid hydrolysis d tbc dud dcctrdysb product’ Fran 0537 g 

diacetate a total d 0319 g (95%). m.p. 5-O. d white crystab VU obtained. A mixed m.p. with 111 
was undepraled 

Aceralfiom cycblwpratworboxaldehyde and I I I 
A~olnoonuiniag0~~((00014mde)ofII~024~(Oa)l4mok)cyclobep tanca&oxaldehy& dimethyl- 

aatal. 3 drops cow HCl and IO ml benzene was rcfluxal for 3 hr. The aolvcot wu diatilkd. tbc residue 

” We arc indebted to Profeuor R. Cnegcc Karlsruhc, Germany. for supplying us anth a xample of the 
authentic cbdiol. 

IJ E. 0. Woolfolk. F-E. Beach and S. P McPherson. J. Org. Ckm tb, 391 (1955). 
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poured into water d ncutrahxcd by the additmrt d solid NaHCO, Tbc mixlurr was extracted twv1cz 
with ether and tbc ether was dried over Mg!jO,. The solvent was dutillal througb a Vigreux column 
and the r&due distilled through a short path still at 001 mm. A auin cut d @235 8 4.’ l5Mt4 was 
t&en (Found: C 7595; H. 1047. C,*H,,O, requks: C 76.75; H. 1@47%.) 

Achowlcdtpunr--A generous gih d cyclohctatetracoc from B&s&c Anile-und Sodahbnk. Germany. 
u acknowlaigaI. Tbc NMR spectra were determined by Professor J. J U&cl at tk University of New 
Hampshirr. Durham. N. H 


