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W-Charge fran\fcr absofpfion frequency and carbon nuclear magncric rcsonancc rIudic\ ol cpoxidcs and 
c!clopropanc dcrlvaIivc\ have gfven Informalion a&f Ihe ckcrromc &cl\ of these small rmgs The cporldc 
group is sIron& ekcfron.wifhdrawmg from an aromatic ring by hypcrconjugalivc and Inductive effcc~s. DL 
chlorocyclopropanc withdraws clcclronr inducfrvely. The fosylimmo group i\ al\o ekcIron~withdrawInp. These 
conclusion\ were drawn from fhe comparison with open chain analogue\ 

Through it is well known that the cyclopropanc ring is 

remarkably effective at stabili?jng a cationic center.’ the 
electronic interaction of oxirane. a strained hyterocyclic 

cmatl ring, with adjacent unsaturated groups has not 
&en crtahlished. Rogers-’ and Cromwell’ demonstrated 

that oxirane can transmit as well as extend electronic 
effect\ in various substituted chalconc oxides. and in- 

troduced hyperconjugative concepts. Yore recently. 
Strait showed that the oxirane ring acts as an electron 

acceptor from an aromatic ring.’ However these studies 
did not take account of inductive effects and the con- 
clusion *ems rather uncertain. The purpose of the 

present research is to provide physicochemica! studies 

on the electronic effect of the oxirane ring and related 
group\. 

Compound\ whtch we submiIfed to rhis study were 9.10. 
dlhydrophcnanthrenc 1.’ m.p. WP. 9.1~mcIhano~9.lOdi~ 
h}drophcnanfhrcnc 2.’ m p. 69-7(P. 9.10 . IdichloromcIhano) . 
Y.10 . dihgdrophcnanthrcnc 3.’ m p. l48-9”. 9,lO epoxy . 9.10 . 
dih)drophcnanthrenc 4’ m.p. 134-J” fuhcn healed rapidI)). 9.10 
fo\ylfmmo . 9.10 . dihydrophenanfhrenc S.’ m.p. 168-171”. cis . 
9.10 . dihydrox) 9.10 . dihydrophrnanihrene 6.‘” m.p. 170-l’ 
(dccomp.1. twnr 9.10 dlhydroxy - 9.10 dfhydrophcnanlhrcnc 
7.” m.p. I7Wf Idccomp.1. cyclopropylbcnzrnc 8.” hp. 169- 
1’1” I’ ’ . d~chlorocyclopropyllbenzcnt 9.” hp. 113V/IS mm . e... 
Hg. sfyrcnc OXKIC ITokyo Kascil 1). b-p. 193*, isopropylhen. 
lencWaka) II. h p IV’. ~~dichlor~lhyl~n~cnc 12” hp. 
ll%l*!?! mm Hg. and bcnr)l methyl ether 13,” b.p. I?@. 
~~Iracyan~Ihylc~ ITokko Kasci) u-a\ purifkd h) sublimafron. 
m.p. 199”. Merck rhloroformd uas used. L&chloromeIhanc u-as 
!)olilc \pcclral grade. 

fhc carbon-13 Fourier Iran\form SMW spectra were obtained 
af IDOMHz wlfh a Jcol PS-100. Al! hydrogen% were noix- 
decoupled. tipits were examined at Co~cnIraIton of F7% in 
CM?, solufion at room temperature. 

Charge fransfer spectra were obtained wifh a liifachi EPS-?L’ 
insfrument at 2J”. To a mcthylenc chloride solution of a corn. 
pound (about 5 mg In 3 ml) was added a powdered fetracyano- 
ethykne f I-! mg) using a I cm path cell and a reference cell 
contuning mcfhylcnc chloride, and spcfra were recorded im- 
mcdiafely affer mixing 

The carbon-13 nuclear magnetic resonance (CMR) 

chemical shifts of dihydrophenanthrene 1 and 9.10 - 
cycle - substituted dihydrophenanthrenes 2, 3 and 4 are 

shown in Fig. 1. According to the relationship between 
chermca! shift and electron density,‘” the lower chemica! 

shifts of aromatic carbons. probably of the positions I 
and/or 3. in compounds 3 and 4 show the electron 

deficient character of the positions (shown by anows in 
Fig. 1). whereas the aromatic carbons of 2 are electron- 
rich. Similar results wcrc obtained from CMR of sub- 

stituted benzenes.“ Thus, a qualitative conclusion can hc 

obtained that an oxiranc ring and a dichlorocyclopropanc 
ring arc electron withdrawing from an aromatic ring. 

A more quantitative observation from the absorption 
bands of charge transfer (CT) comp!exe\ w-ith tetracy- 

anoethy!ene(TCNE) clearly reveals the clcctronic effect 
of these groups. The CT absorption bands of di- 
hydrophenanthrene derivatives 1-7 and monosubstituted 

benzenes %13 with TCNE in methyltnc chloride were 
listed in Table 1. The CT absorption frequencies have 
been well correlated with v’ by extensive works of 

Traylot.” The relationship is quite useful in evaluating 

,l_ (dihydrophcnrnthrene) ~I, 
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Fig. 1. Chemical rhiffs of aromatic carbons of dih)-dro phcnanthrcncs 
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‘Tabk 1. fhargc transfer absorption frequencies of TCNE complexes in tH,Ct, 
_--.. .- . .- _ _ -.--- .- - -_ --.* _I. _-. 

I rrc~“‘unJ x- The first C7 ihC SCCOnl Ci Conpound x= Thr ftrst CT 
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jJs(16bP@J .106:?Jb33) 39$(25?30) 
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ritri’tf, II, H 12 and 13. 

substituentcffccts. Asestablished incyclopropylbenzene,’ 
the cyclopropane group of 2 works as an electron donor to 
the biphenyl moiety, revealed by the comparison of the CT 
frequency of 2 with that of a fefefenct compound, 1, 
Dihydrophenanthrene 1 may not be the best compound as 
the reference, two benzene rings,of the biphcnyi being 
twisted because of the fkxible ethylene bridge. However, 
the energy difference between the calculated HOMO levels 
for two interplanar an&s of bephenyl moiety, 0” and 
17.52”, is small.” 

On the other hand, the oxirane ring of 4 is quite 
strongly electron-withdrawing, The effect of the oxirant 
ring is much larger. to the opposite direction. than that of 
the cyclopropanc ring: Y, - V, = 2090 cm ’ and v1 - yI = 

0 
-CIZ!? -1030_1 O 

CII 

> 
; 

i 

16640 ,xtvt 17670 a-1 

- f030cm0’. Introduction of two chlorine atoms onto the 
cyclopropane ring of 2 does suppress the Iarge electron- 
donating effect of the cyclopropanc ring. The tosylimi~ 
group of S has a similar effect to that of the oxirane ring 
The same result was obtained from the comparison of 
cyclopropylbenzenc 8, dichlorocyclopropylbenzene 9. 
and styrene oxtdc Id. 

The CT hands of dihydroxydihydrophen~threncs 6 
and 7 indicate that the hydroxyl group is eltctron- 
withdrawing by inductive effect when compared with 1. 
However. the formation of a three membered oxirane 
ring incrcascs the electron-withdrawing effect (compare 
CT frequencies of 4 and 6, t).- 

The similar relation was observed in the CT frequen- 
cies of styrene oxide 16 and its open chain analogue, 
benzyl methyl ether 13. The oxiranc ring of styrene oxide 
is more effectively electron-wit~rawing than the me. 
thoxymethyl group which is more electron-wit~rawing 
than the methoxymethyl group which is more electron- 
withdrawing than ethyl or isopropyl group. Therefore. 
the enhanced electron-withdrawing effect due to the 
oxirane ring on an aromatic ring should be the sum of the 
inductive effect of the oxygen atom and the other cause, 
which is induced by the formation of a strained ring, 
possibly hyperconjugative electrort-withdrawal by the 
bent C-O bond.” 

Dewar has recently proposed that the electronic effect 
of substituted methyl groups (CHrX. where X is more 
electronegative than carbon) can be attributed partly IO 
hy~rconjugativc electron withdrawal by C-X bond 
when the conformation of C-X bond is favored.” The 
epoxide 4 satisfies the favorable conformation.: The 
higher frequency observed in the cir-dial 7 than the 
frequency of the transdiol 6 is also attributed IO the 
conformational effect. cis-Dial 7 has one C-O bond 
(though not strained) parallel to the bcnzenoid pi elec- 
tron, therefore hy~rconju~tive interaction is possible, 
while both hydroxyl groups of 6 do not exist in such a 
parakt conformation. 

The substitutjon on a cy~Ic)prop~ne ring by two 
chlorine atoms completely suppresses the large effect of 
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the bent C-C bonds of the cyclopropanc ring. The dich- ‘M T Rogers, Ibid 69. 2544 (1947) 

lorocthyl group suppresses the electron-donating effect ‘M. A. Gaff and N. H. Cromwell. 1. fI&r Chn. II. 414 (1952); 

of ethyl or isopropyl in a clearly inductive manner. h’. H Cromwell and R. A Serkrqurst. 1. Am. Chon. Sor 76. 

judging from the comparison of the CT frequency of 12 5752 (1954). 

with those of ethylbenzene (24,200cm ‘1 or of Il. The ‘I.. A. Strait. R. Ketcharn. D. Jamborkar and V. P. Shah. Ibid 66. 

CT frequency of dichlorocyclopropylhenzenc 9 is nearly 
4628 (1964); 1.. A. Strait, D. Jambotkar. R. Ketcham and hi. 

identical with that of 12. No significant change was 
Hrcnotf. J 0~. Chrm. 31. 3976 (1966). 

observed in forming a dichlorocyclopropane ring. 
‘R. G. Harvey. L. Arzadan. 1. Grant and K. I;rberg. 1. Am. 
Chnn. Sot 91. 4535 (1969) 

Therefore. it may bc concluded that the effect of the ‘E. Muller. H. Kessler and H. Suhr. 7’ttmhedmn L.N. 423 
dichlorocyclopropane group is attributed to inductive (1965). 
withdrawal.” It is quite mteresting that this effect is a ‘G C. Joshi. N Singh and I.. M Pandc. Synrhrris 317 (1972); M. 

contrast to the cffcct of oxirane ring discussed above S. P;cwman and S Elum. 1. Am. Chum: .‘kc. 86. 55% (1964). 

though the inductive effect of CHCI,. represented by a* l K. Shudo and T. Okamolo. (‘hon. Phon. Bull. 24. 1013 (1976). 

or o’, is close to that of OCH,.” The present view agrees ‘“R. Criegee. R. Marchand and H. Wannownrs. Ann. 550. 99 

wtth the observation by Kusuyama that the contribution 
(IW!). 

of the resonance by ?.I-dichlorocyclopropyl is minor.% 
“E. Boyland and P. Sims. Biochtm. 1. 95. 788 (1965). 

The slower solvolysis rate of ?.2dichlorocyclopropyl- 
“R C. Hahn, T F. Corbin and H Shechter. J Am. Chum. .‘k. 

90. .3404 (1968). 
carbinyl chloride than the rate of propyl chloride has 

been reported.’ This is a reflection of the electron- 
“M Makosza and M. Wawnyniewrcs. Tttrahdmn I.r~tn 4659 

(1969). 
withdrawing etfec~ of the dichlorocyclopropane ring. “K Auwers. Chrm. Bu 36. 3910 (1903) 

These results and discussion are summarized in Fig. 2. “W. T. Olson. H. F. Hipsher. C‘. 5t Bucss. I A Gwdman. I Han. 

The cyclopropanc hyperconjugatively donates electrons J H. lamneck and L. C. Cirbbons. J. .4m. Chn Sot 69. 2451 

IO the aromatic ring; the oxirane IS inductively and (1947) 

hypcrconjugativcly electron withdrawing; and the di- 
“G. 1.. Nelson. G. 1. levy and J D Cargioli. J Am. Chum tic 

chlorocyclopropanc withdraws electron inductively. 
94. 30x9 (1972) 

““C Chcmrcal shdts of para carbons. cyclopropylbenzene (1. 
2 g ppm from benzene). dichlorocyctopropylbenxrx (9. 0.661. 
and styrcne oxide (IO. 007). We thank Prof. Dgura and Dr. 
Furuhata for measurement of CMR. 

‘7. G Traylor. W Hastem. H. I. Berwm. S. A. Clington and R. 
S. Rrown. J. Am. Chum. Sot. 93. 5715 (1971) 

‘x Shudo. T. Kobayashi and C. Ltsunomiya. the accompanying 

paper. 
x)Contrrbut)on of the mductrve effect by an oxygen atom m 

compound 4. may be smaller than the observed cffec~ of WUIIJ 
diol 7 whxh has IWO oxygen atoms per mokcuk. 

“The increased s-character was observed by “C-H coupling 
constanls of arenc oxides, J 7 l80r I cps. 

“A. Adcock. M I. S. kwar and B. D. Ctupta. 1. Am. Chrm. SOI- 
93. 73!3 (1973). 

“X.ray crystallographic analysis of 4. 1. P. Gluster CI 41.. Cancer 

Riorhtm. Riuphys. 1. 43 (1974). 

big. 2. Ekctron CITCCI~ of small rings. “A discussron is possibk ha1 fk conjugatlvc ellcc~ of 1hc newly 
formed bent C-C bond (donating) and the newly formed bent 
C4TI, bond (withdrawing) are almost cancclled OUI. In corn. 
pound 3. however. the C,,-C,,., bond cannot interact with the 

aromatic ring The effecr of dichlorocyclopropane ring of 3 is 
‘1. D. R&en and V. C Chamber. J. Am C’htm Ser. 73. 5034 therefore reasonably accounted for simply by the inductive 

~l9Sl~;N.C.Deno.H.Ct.Kichcy.J.S.I.1u.D.~.tincolnandJ.O. etTecl of the Ccl, group. 
Turner. fbld 87. 4533 (IW5). R. C. Hahn, 7’. C Corbin and H. “E. T. McBee. I. &fat, and T. Hodgins. 1. Am Chrm. SK 93. 
Schechter. /bid~.3404(196X);‘T.(;.Traylor.N. AClintoand R. 5711 (19711 K. W. Tall. Ibid 74. 2729 (19S2) 
S Brown. /bid 93.5715 (19711. D. F. Faton and 1’. Ci. Traylor. Ibid “Y Kutuyama and Y Ikeda. Roll Chrm Sot Japan 46. 204 
1226 (1974); C. I: Wdcox. 1. M(. Ioew and R. Hoffman. Ibid W. (1973) 
812.’ (1973) “G. C. Robinson. 1. Org. Gem. 34. 2517 tI%9). 


