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A ndser of cycloaddltion, Diels-Alder and other types of addition 

reactions of benzyne with unsaturated molecules have been reported (1). 

We would like to report a nwel addition reaction between benzyne and 

the olefin st:pene (2). In principle several different types of addition 

could be visualized for this reaction. For exsmple cycloaddition to give 

a cyclobutane derivative or a Diels-Alder type addition are possibilities. 

g-Bromofluorobenzene (I) was added to a mixture of magnesium 

turnings (Id) and a five molar excess of styrene in tetrahydrofuran at 

60". Eydrolysis with water and removal of excess styrene followed by 

chromatography on alumina with hexane and benzene gave a hydrocarbon 

c2056 @7$), m-p. 79-80" after recrystallization from hexane. This 

product was established to be 9-phenyl-9,10-diwdrophenanthrene (II) by 

elemental analysis (Calcd. for C20H16: C, 93.71; H, 6.29. Found: C, 

93.71; H, 6.46) and spectral data (3). The mass spectrum showed a parent 
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peak (m/e 256) and an intense ion at m/e 178 which was probably due to 

fragmentation to phenanthrene by the loss of the elements of benzene. 

The nuclear magnetic resonance spect- (CC14) of (II) showed a multi- 

plet centered at -7.70 (7) (2.04)(B) for the aromatic protons at posi- 

tions 4 and 5, a multiplet at -7.12 (ll.00) for the remaining aromatic 

protons, a triplet (J = 7.7 c.P.s.) at -4.09 (1.09) for the tertiary 

proton, and a doublet at -3.09 (1.95) for the secondary protons (9). 

Apparently the chemical shifts of the two structurally non-equivalent 

secondary protons are nearly the same. - The ultraviolet spectrum of (II) 

I XC?" (C ), 267 W (16,300), 300 W (3,810); AZ;" (t), 241 w 

(4,180), 296 mc~ (3~67011 was very similar to that of 9,10_dihydrophenan- 

W (17,oOC), 299.5 Iqu (4,450); $&oH (E), 237 

(2,650d (10). One would not expect the unconjugated phenyl group to 

affect markedly the spectrum of the remainder of the molecule. The 

infrared spectrum (CC14) was also consistent with (II) showing major 

absorption maxima at 3.24, 3.46, 6.73, 6.89, and 14.23~. 

The mechanism of this reaction has not been determined, but a 

logical path to the product (II) would appear to be an initial Diels- 

Alder reaction followed by a proton loss and nucleophilic addition to 

another benzyne molecule (11). 

ot+ 9 - H 'I 09 : I I -H+ 
H H 

1 



No.9 941 

Acknowledgement. - The author wishes to thank Dr. J. C. Little and - 

Dr. M. Stiles for many helpful discussions during this work. 

1. (a) H. Heaney, Chem. Revs., &, 81'(1962); (b) H. E. Simmons, 
J. &. C&m. kK82,1657 fr961), and references cited therein; 
Tc) G. Gig and E. Knauss, Chem. Ber., Q,, 895 (1958); (a) G. 
Wittig, a. @hesis, B 7595n (eTM. Stiles, V. Burckhart, 
and A. Haag, 2. a. H, 2 

% 
4715 (1962); (f) R. G. Miller and 

M. Stiles, 2. &. Qlem. &., I, 1798 (1963); (g) G. W. Steinhoff 
and M. C. Henry, 2. 9. C&=.7$& 2808 (1964); (h) H. H. Wasserman 
and J. So:lodar, 2. 4. Qlem. E., $& 40~~ (v6). 

2. For other cycloaddition and Diels-Alder reactions of styrene see (a) 
D. D. Coffmw, P. L. Barrick, R. Q. Cramer, and M. S. Rassch,s., 
& 490 (1949); (b) H. N. Cripps, J. K. Williams, and W. H. Sharkey, 
x., & 751 (1958); (c) R. Huisgen and A. Eckell, Tetrahedron 
Letters, No. l-2, 5 (1960); (a) R. Grashey, R. Huisgen, and H. Ieiter- 
mann, m., No. 12, 9 (1960); (e) R. Huisgen, H. St-l, H. J. Sturm, 
and H. Wagenhofer, e. e., 235 170 (1961); (P) G. H. Coleman in 
R. H. Boundy and R. F. Bayer, Styi%ne, Its Polymers, Copolymers and 
Derivatives, Reinhold Publishing Corp.,xw York, N.Y., 1952, p.m; 
lg) Y. A. Titov and A. I. Kuznetsova, D&lady Akad. Nauk SSSR, J,&, -- 
586 (1959); (h) W. E. Nolan& M. S. Bak$,r, and H. I. Freeman, n_. 
Chem. Sot., & 2233 (1956); (i) A. Schonberg, N. fatif, R. Moubasher, 
andA.Sima,J. Chem.&., _- m 1364; .(j) K. plder, R. Schmitz- 
Josten, R. Broockmann, K. H<and H. Gabler, &., m 1 (1955); 
(k) M. L. Tamayo, A. Alberola, and C. Corral, Andes a. sot. espan. 
fis. x&m. (Madrid), m 641 (1957). -- - - 

3. E; ~li$g point of (IThas been reported as 84" (4), 86" (5), and 
. 

4. E. Bergmann andF. Bergmann, 2. &. Chem. Sot., B 1443 (1937). - 
5. E. Bergmann and A. Bondi, E. w., 6& 1455 (1931). 

6. J. C. Earl and C. H. Wilson, II. Proc. x:Soc. N. 2. Wa, &, 178 
(1932). 

-_ 

7. Sin p.p.m. fro& tetrametbylsilane used as an internal standard. 

8. Relative integrated area. 

9. For cumparison the proton resonances (CC14) of 9,10-dihydzophenantbrene 
showed the aromatic protons at positions 4 and 5 at -7.63, the remaining 
aromatic protons at -7.14, and the benzylic protons at -2.76. 

10. G. H. Beavon, D. M. Hall, M. S. Lesslie, and E. E. Turner, 2. Chem. 
g.,E, 854. 

-. 

11. For relatesi reactions see references 2f-k. 


