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Benzofa]pyrene-Nucleic Acid Derivative Found in Vivo:
Structure of a Benzo[ a]pyrenetetrahydrodiol
Epoxide-Guanosine Adduct

Sir:

Benzo[a]pyrene (BP) and other polycyclic aromatic hy-
drocarbon carcinogens are known to bind covalently to cellular
nucleic acid in vivo. Several lines of evidence suggest that a
7,8,9,10-tetrahydro-7,8-diol 9,10-epoxide is involved.! Two
isomeric forms of this compound (&)-I and (+)-I1I yield co-
valent complexes with poly(G) in vitro.2 We have also recently
found? that at least one of the forms of BP which becomes
bound to nucleic acid in bovine bronchial explants during in-
cubation of this tissue with 3H-BP, and the product of reaction
of isomer I with poly(G), are identical when hydrolyzed to ri-
bonucleoside derivatives. Further chromatography of these
derivatives as their diacetonides and diacetonide diacetates
confirmed their identity and distinguished these derivatives
from those obtained by in vitro reaction of poly(G) with isomer
II. The structure of the major guanosine adduct formed with
isomer I in vivo is now reported.

A pertinent finding was that the CD spectra of the two major
in vitro components?® were aimost equal in shape but opposite
in sign* and hence, except for the §-D-ribose moiety, the
compounds were enantiomeric. The evidence presented below
allows us to now assign structures 1 and 3 to these two com-
pounds; the radioactive in vivo product corresponds to 3.2
Determination of the absolute configuration requires further
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Both 1 and 3 gave similar 'H NMR spectra. However, the
crucial regions of the original spectra (1 shown in Figure 1
inset) were heavily overlaid by the solvent signals. Partially
relaxed Fourier transform (PRFT) 'H NMR measurements
led to considerable improvement since the peaks due to protons
with neighboring deuteriums, i.e., solvent signals, became in-
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Figure 1. Inset: '"H NMR of 1 in CD;OD. Bottom and middle spectra: Partially relaxed Fourier transform spectra of 1in CD3OD:Cg¢Ds (1:1) as measured

by the inversion recovery method (180-7-90-T),,, where r =2.2sand T =

due to CH3OH present in the deuterated solvents.

6.1 s, 4096 scans, JEOL PS-100. The sharp positive peaks at 3.35 ppm are
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verted negative peaks. The region 4-7 ppm was still too con-
gested and hence 50% Cg¢D¢ was added to spread out the
spectrum (Figure 1, bottom run). For further improvement,
the 4.75 ppm HDO peak was moved upfield out of the range
of overlap by warming the sample to 55 °C. As shown in Figure
1 (top run), the resulting spectrum was a dramatic improve-
ment over the original (inset), and revealed almost all chemical
shifts and coupling constants. This assignment is consistent
with that of the trans opening of isomer I by guanine when
compared with the cis and trans hydration products from iso-
mer I° and was confirmed by showing that the 7-H doublet at
5.23 ppm (see insert, Figure 1) moves downfield to 6.60 ppm
J7s = 9 Hz in the per-O-acetate derivative (acetic anhy-
dride-pyridine, room temperature 12 h).

The point of attachment of the guanosine moiety was proved
as follows. When measured in Me;SO-dg the 'TH NMR spec-
trum of 1 showed a conspicuous doublet at 6.92 ppm (J = 8 Hz,
N2-H of guanine), which collapsed to a singlet upon irradiation
of the 10-proton at 5.93 ppm (overlapping with the 1’-H) and
disappeared upon addition of D;O. Such observations are only
consistent with substitution of the N2 of guanine at the 10-
position of isomer I. The high resolution mass spectrum of the
5’,7-diacetate 2,3’,8,9-diacetonide of 367 also indicated that
substitution had occurred through the N2 of guanine. An ion
at m/e 342.1152 (1.9%, C;;H ¢NO3 = 342.1129) corresponds
to cleavage between the C-2 and N2 positions of guanine and
loss of acetone from the BP moiety. An additional loss of acetic
acid from this ion was also observed: m/e 282.0930 (4.5%
C3H|2NO = 282.0919).

Current investigations are directed towards the absolute
configurations of 1 and 3 and other derivatives formed with
RNA and DNA during metabolism of BP.8
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1,3-Dithietane
Sir:

Although derivatives of 1,3-dithietane (1) have been known
for over 100 years,! the parent compound has until now re-
mained unknown. We describe herein a simple synthesis of 1
from readily available starting materials. We also report the
preparation of the previously unknown S-oxides of 1, 1,3-di-
thietane 1-oxide (2), 1,3-dithietane 1,1-dioxide (3), ¢is- and
trans-1,3-dithietane 1,3-dioxide (4 and §, respectively), and
1,3-dithietane 1,1,3-trioxide (6), and the conversion in high
yield of several of these compounds (3, 4, 5, 6) to the previously
described sulfene dimer, 1,3-dithietane 1,1,3,3-tetraoxide (7).2
We have initiated a detailed investigation of the reactions and
structural features of these interesting heterocycles. Novel
structural features of two of the above compounds are de-
scribed in this communication while one aspect of the chem-
istry of 2, namely, its facile pyrolytic conversion into sulfine
and thioformaldehyde, is reported elsewhere.?

While bis(chloromethyl) sulfide fails to give monomeric
product with sodium sulfide,* presumably due to the high re-
activity of the former compound in displacement processes,
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aNa,S-9H,0, DMF. »CH,CO,H, CHCl,, 0 °C. ¢Na,S$-9H,0, 0.3
equiv of ““Aliquat 336", H,0, vigorously stirred. € 2 mol equiv of 1
M THF-BH,, 24 h at 25 °C. €PhiICl,, CH,CN, Et,N, H,0 (or
H,'*0). FPhICl,, C,HN, H,0, —30°C or m~CIC,H,CO,H, CH,Cl,, 0 °C.
£0.67 mol equiv of KMnO,, MgSO,, acetone, —30 °C. # 30 mol equiv
of CH,CO,H, 100°C, 4 h.
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