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Two recent reports by Jacquignon et al. 1 have described the reaction of osmium tetroxide 

with dibenzo[a,e]fluoranthene at the 5,5a-K-region2 to produce an osmate ester which waa claimed 

to yield a trans. diol on alkaline hydrolysis based on ir and ner spectral data. The authors &o 

further to suggest that all reactions of osmium tetroxide at the K-region of aromatic hydrocarbons 

produce trans diols despite the large body of literature which indicates these diols are cis3. 

An unusual feature of dibenzo[a,e]fluoranthene case is that the K-region which reacts with 

osmium tetroxide bears a substituent. In the course of our own studies on the synthesis of poten- 

tial metabolites from the environmental carcinogen benso[a]pyrene, we have had reason to react 

4,5_dihydrobenzo[a]pyrene (Q with osmium tetroxide.4 Dials rere formed at each K-region (2 and 

3. The stereochemistry of diol 2 at the substituted K-region was proved to be cis by X-ray 

crystallography. 
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Reaction of 1' with a molar equivalent of osmium tetroxide in pyridine at rt for 8 days 

followed by reductive cleavage of the oamate ester6 provided a mixture (ca. 1:l) of diols 1 and 

2. Diol 2 can be isolated from the mixture by fractional crystallization from tetrahydrofuran: 

220 ISix nmr (acetone-d6), 2H4 3.1(m), 2H5 2.3 (m), 5H aromatic 7.49, 28 aromatic 7.9, 2H aromatic 

8.09 (m), H6 4.80 (d JR,oR -9.1), OH6 4.36 (d JR oH =9.4), OE5, 3.76 (8); m/e (chemical ionieation, 

N2-NC), 288 (loo), 270 (16). 257 (7); mp 205-202; Anal. C,H: C20E1602. The Infrared spectra of 
-1 

dial 2 in XRr showed broad OH bands at 3320 and 3240 cm ; in CS2 solution (lmM), these bands dis- 

appeared and were replaced by sharp peaks at 3540 and 3570 cm-1 while at 0.1 mM an additional 
-1 

small peak at 3660 cm appeared. 

The diola 2 and 2 are more easily separated by chromatography (silica gel, chloroform) after 

acetylation (acetic anhydride-pyrldine, rt) since 2 is only monoacetylated at the secondary 

hydroxyl group. The monoacetate of 1. Rave: 100 MHz nmr (CDC13) CR3C0 2.40 (a), 2H4 3.2 (m), 

2H 2.0 (m), Ii6 6.21 (a); 58 aromatic 7.75 (m), 2H aromatic 7.9 (m), 2H aromatic 8.04 (m); W 
$OR 

(log E), 260 (4.67) 270 (4.82), 300 (4.01), 311 (4.08), 324 (3.96); m/e (chemical ionization, 

N;O) 330 (100). 312 (5), 288 (5), 270 (5); mp 141-142'; Anal. C,ii: C22H1803. 

Diol 2 falls to react with periodate under conditions where diol 2 and other X-region diols 

are readily cleaved.7 Furthermore, 2 was not converted into a dioxolane with either 2,2-dimethoxy- 

propane' or trimethylorthoacetate. 9 These negative reactions cannot be taken as evidence for 

trans stereochemistry, nor does the above spectral data allow an assignment of relative stereochem- 

istry. 

Crystals of 2 were grown in ethyl acetate for X-ray analysis. The space group was P2lfc with 

the following cell dimensions: a-12.068 (l), b15.1363 (4), c-23.982 (2) A", &99.324 (7)'. 

Although the crystals were in the form of fine needles, elongated along b. and the largest crys- 

tal obtainable had a cross section of 0.04 x 0.08 ann2, adequate X-ray data were obtained with an 

automatic diffractometer (1073 reflections were observed at the 2~ level). The structure was 
10 solved readily by previouely reported direct methods. A final R-factor of 5.2% was obtained. All 

hydrogen atoms were found from a difference map and were included in the calculation, although not 

refined. An ORTRP (11) drawing of the structure is given in Figure 1, and the configuration of the 

hydroxyl groups was established to be cis (01C5a-C602 torsion angle = -63'). The molecules form - 

doubly hydrogen bonded dimere across a center of s-try, and are linked by a further hydrogen 

bond along the b axis as shown in Figure 2. The acicular crystal habit is probably accounted for 

by the hydrogen bonding. 

In conclusion, the long held view that osmium tetroxide reacts by cis addition with olefins 

and X-regions of aromatic hydrocarbons to form osmate esters should not be considered challenged, 

even If the X-region bears a subatituent. If the studies in the fluoranthene series1 which suggest 

formation of trans dials are correct, a possible mechanism for their formation would consist of 

inversion of configuration of an initial cis osmate ester by attack of hydroxide at carbon. Such 

an inversion pathway may be prevalent at the K-region of the highly strained fluoranthene hydro- 

carbons. 
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Angles at carbon atoms in degrees. E.a.d.e are leas than 0.5 degrees. 

2 1 12a 

3b 3a 4 

5b 3b 12a 

5 5a 01 

8 5a 5 

5a 6 02 

6 6a 10a 

8 9 10 

6a 10a lob 

lob 11 12 

120.5 12 3 121.6 2 

119.7 4 3a 5a 119.4 3a 

118.6 3a 4 5 111.1 4 

108.6 5b 5a 01 105.9 5b 

112.1 3b 5b lob 121.8 3b 

110.5 5a 6 6a 111.5 6a 

116.2 7 6a 10a 120.4 6a 

119.6 9 10 1Oa 121.2 10 

119.0 5b lob 11 118.0 5b 

121.7 11 12 12a 121.7 

3 3a 119.6 

3b 12a 118.5 

5 5a 110.6 

5a 6 108.0 

5b 5a 118.2 

6 02 109.6 

7 8 119.6 

10a 6a 118.7 

lob 10a 120.0 

3 3a 3b 120.9 

3a 3b 5b 122.8 

5 5a 5b 111.6 

8 5a 01 110.4 

5a 5b lob 120.0 

6 6a 7 123.4 

7 8 9 120.6 

10 10a lob 122.2 

10a lob 11 121.9 

1. 0. Perin-Roussel, F. Periu and P. Jacquiguon, Tetrahedron Lett., 1227 (1974) and P. Jacquiguon 

0. Parin-Rousael, F. Perin. 0. Chalvet, J. M. Lhoste, A. Mathieu, B. Saperaa, P. Viallet and F. 

Zajdela, Can. J. Chem., 53, 1670, (1975). 

2. Although the 5,5a bond in dibensfluoranthene might be considered as a special case, the oper- 

ational definition of selective reaction with osmium tetroxide indicates that it should be 

considered a K-region. 

3. R. Criegee, B. Marchaud, and Ii. Wanuonwius, Justus Leibigs Ann. Chew, 550, 99 (1942). R. 

Criegea, E. Hoger, G. Huber, P. Kruck, P. Merktscheffel, and H. Schellenberger, Justus Leibigs 

Ann. Chem., 599, 81 (1956), J. W. Cook and R. Schoental, J. Chea. Sot., 170 (1948). J. Booth, 

E. Boyland, and E. E. Turner, J. Chem. Sot., 1188 (1950), S. 8. Goh and R. G. Harvey, J. Am. 

Chea. Sot., 95, 242 (1973), and P. M. Dansette and D. M. Jerina, J. Ax. Chem. Sot., 96 1224 - 

(1974). 

4. II. 

J. 

5. w. 

6. J. 

7. 8. 

8. L. 

Yagi, G. Bolder, P. Dansette, 0. Eernandez, 8. J. C. Yeh, R. A. LeMahieu, and D. W. Jerina, 

Org. Chem. (submitted). 

Lijinsky and L. Zechmeister, J. Am. Chem. Sot., 75, 5495 (1953). 

S. Baran, J. Org. Chem., 25, 257 (1960). 

I. Radler and A. C. Kryger, J. Org. Chem., 25, 1896 (1960). 

F. Fieser and Ii. Fieser, "Reagents for Organic Synthesis", Vol. 1, pp. 268-269, John Wiley 

and Sons, Inc., New York (1967). 

9. R. Ii. DeWolfe, "Carboxylic Ortho Acid Derivatives", pp 18-36, Academic Press, New York (1970). 

10. J. V. Silverton, Acta Cryst., B 29, 293, (1973). 

11. C. K. Johnson, Oak Ridge National Laboratory Report ORNL 3796 (1965). 



m. Ibleculrr structure. All hnnd Iencths have s.s.d.s less than O.OlA. 

i&UK%& Hale~ular paekIng ln tha crystal. The oroJectIon 1s down k. 

3tOsi.c parsm0t.m for th0 heavfsr atoms(xlO*). Tkv tasperstmce factor 0~6 
had the form: 

*xP-~M Qqbibjagafoij f 

atas r/s 7/a s/c 

-w-31 
-l(2) 
w > 

33c21 
2x3) 
16(3) 
7(2) 

*Q(2) 
2(2) 

-y2* 

-7(3) 
3(f) 
o(q) 

-6(l) 


