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Abstract:

Polvcvclic arene imines are a clase of hiehlv notent mutagens that exhihit generallv hicher activitv than the
olyCyCic arenc imines are a class of hignly potent mutag that generally migher achvity than the

carmesnonding arene oxides  Efficiant eunthoacoe of adducte hatumaan o moadal solusualin arsmotic fmiaas

corresponding arene oOxiGes. cincient synineses Of agaucts petween a mogel poiyCyCuc aromatc imine

derivative of phenanthrene and the nucleosides adenosine, guanosine, cytidine, 2’-deoxyadenosine and 2’-
deoxyguanosine are described. These compounds are needed as standards for identification of adducts formed
by reaction of polycyclic arene imines with DNA in cells. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords: Polycyclic aromatic compounds; Nucleosides; Biomimetic reactions; Aziridines.

The principal mechanism of PAC carcinogenesis is believed to involve activation by microsomal enzymes to
reactive PAC arene oxide and diol epoxide metabolites that bind to DNA thereby causing mutations that result in
induction of tumors [1,2]. Additional mechanisms of PAC carcinogenesis that may also be operative in certain
cases [3] include (i) one electron oxidation to form radical-cations that attack the nucleic acid resulting in
depurination [4], (ii) enzymatic dehydrogenation of dihydrodiol metabolites to yield quinones that enter into a
redox cycle with O, to generate reactive oxygen species prone to attacking DNA [5,6], and (iii) formation of
benzyli i

mutagenic arene imines (azirdines) [8]. It was hypothesized that the latter may arise by interaction of arene
oxides with amine nucleophiles to form B-amino alcohol derivatives that may be transformed by sulfotransferase
enzymes to cancer-producing aziridines [9]. In support of this hypothesis, a number of polycyclic arene imines
have been synthesized and shown to be extremely potent mutagens, more potent than the corresponding arene
oxides, in Salmonella typhimurium cell cultures [10-13]. Moreover, the lifetimes of the arene imines are
considerably longer than the arene oxides because of their resistance to the action of detoxifying enzymes. On
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the other hand, however, direct evidence for the formation of adducts of arene imines with DNA in cells is
lacking.

We now rcport the sy:thesis and structural determination of the first adducts between a model polycyclic

rene imine and the nucleosides cytidine, adenosine, guanosine, 2’-deoxyadenosine, and 2’-deoxyguanosine,
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principle, be extended to the synthesis and characterization of similar nucleoside adducts formed by a wide
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range of other mutagenic polycyclic arene imines in cells.

RESULTS AND DISCUSSION
Although unsubstituted arene imines react only very slowly with purines and pyrimidines their
hydrolyzible N-sulfonamido derivatives have been found to be sufficiently reactive to undergo such additions
under basic conditions [14]. In this study we demonstrate that activated imines react also with nucleosides and

ribonucleosides. In fact, the formation of “imine-DNA adducts” doés not require application of the multistep
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procedures by which arer
suifonyl)- 1H-phenanthro{9, 10-bjazirine (V- memanesuuonylpnenanuu'ene 9,10-imine) (1) [18] was selected as
amodel activated arene imine for studying the syntheses of imine-nucleoside adducts. Reaction of 1 and N*
acetylcytidine 2°,3’,5’-triacetate [19,20] in dry DMSO in the presence of K,CO, furnished, after quenching with
water and purification on silica gel, a single pair of diastereomers: trans-(9R,10R)- and trans-(95,105)-N'*-
[9,10-dihydro-10-(methanesulfonamido)phenanthren-9-yl]cytidine 2°,3°,5’-triacetate (2a and 2b). Thus, the
N*-bound acetyl group underwent hydrolysis during the work up of the reaction mixture with water. Further
hydrolysis by methanolic ammonia solution afforded the acetate-free imine-nucleoside adducts which were

Amathanacenlfanamidnal.
\Alluulmlwuuullmmuu}

numbers of the following acetate-free adducts indicate the corresponding early and late eluted isomers. The
structures of the pure adducts were deduced from their 'H, 13C and 2D NMR spectra, from the circular
dichroism (CD) measurements and from their mobility on the HPLC column (see Tables 1-3 and Fig. 1).
Wherever possible the exact assignment of the peaks to the corresponding hydrogen and carbon atoms was
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These values indicate the trans orientation of the protons [16]. The presence of a free carbonyl group in the

adducts, has been evidenced by a signal at 164.93 ppm in the 13C NMR spectrum. This observation as well as
the fact that the C9 atoms are not bound to ethereal oxygen (they appear at ~54 ppm) exclude the possibility that
the addition of 1 to the cytidine has taken place via the 02’ atom. Involvement of either N1’ or the sterically
hindered N3’ atoms can also be ruled out, as such a process would have caused rearrangement of the cytosine
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dihydrophenanthrene residue has taken place between C9 and N4’. Support for this assumption has been
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provided by 2D NMR COSY measurements [21] that revealed a nuclear Overhauser enhancement (NOE)
between HN4’ of the cytidine and H9. In addition, NOESY measurements [22] showed NOE also between

HN4’ and H10 as well as between H5" and H9. The stereochemistry of 3a and 3b at C9 and C10 has been
established as 9R,10R for the former and 9S,1US for the latter adduct, by cempeu"lng their CD spectra and those

By the same procedure described for the reaction of 1 and the N,0O-protected cytidine derivative, we
added the imine to Nf-acetyladenosine 2,3’,5'-triacetate [23]. As in the previous case the nitrogen-bound
acetyl group underwent hydrolysis during the workup of the reaction mixture. The product consisted of a single
pair of the trans-oriented diastereoisomers trans-(95,105)- and trans-(9R,10R)-N°?-[9,10-dihydro-10-methane-
sulfonamido)phenanthren-9-ylJadenosine 2’,3’,5’-triacetate (4a and 4b). Hydrolysis of the protecting groups
with a methanolic ammonia solution followed by HPLC separation on RP-18 of the acetate-free mixture, gave

the pure diastereomers 5a and Sb. Their structures were established by multinuclear and 2D NMR, as well as
acetone-d,-D,0 solution H9 and H10 of Sa and 5b formed doublets with coupling

by CD measurements, In an acetone-d.-D,0 solution H9 and H10 of § formed do oupling



Y. Shalom et al. / Tetrahedron 55 (1999) 10231-10242

10234

‘OfQ pue *p-3uniade JO RITYXIWI |[:6 © UT PapIoday,

(oz1)
(Up) (g8) (g8 (90 /73] ()
20°¢ 0z 9,€ 69t  10%  ¥9F 187 Ve W9 98 B0 FL9 654 16 Wi e L2 AN VA |
(e (1)
((182] %) (e8) (68 (92) (52 (92)
%0'€ 0zt 6L'€ ELE WY S9V 88'T W F9  ¥E8 0TS 949 094 162 VL 1Es VL L eIl
(s9) (17)
(Fe)  (pTn) (een)  (gen) (€8)
(o€} (0¢) (e9) (s%9) {6¢) (sg) (58) s'2) €2} 2
0 EYA 69°C  L0F  8S¥ 64T 0¥z €9 STB 8T8 96% 64S E¥L  68¢ 8L WL 62L €L €9L %
o (¥<) (17)
wz) (D) (eer)  (een) (58)
(67) (67) (s8) (6°5) (679) €8) (£8) (92 (52 () (¥4
o€ 8L'¢ 69°¢ 807 '8 4 08t 8¢€'T €99 0z'8 628 86’V 8'S 9v'L 062 8L Y4 A 1€°2 QEL ¥9°L A1)
(g (gzi)
e (ce) (€9) (o8) (98 (92 e 2
¥0'€ T 18€ 2 & S £ 4 % 89'% 109 <e8 YOS 949 854 6L WL o IeL e 1L 9
(zz)  (zen)
Ge) (s (zo) (98) (98) (o) G2 (G4 .
$0'E T 18 EZA S 0 4 J A % 9% 109  Se8 S0S 929  09% 6L svL WL Ve L vy,
Bz (9z1)
#7) bz (59} (1g) (18 (9°2) (€2
Y€ 08°€ 89 9TV ¥V 9L 96'S 978 €8  66% I8S  C¥L 684 S¥'L ¥ €92 a5
zny  (gzn)
€0 ez (99) &2 (B2 @@o (89 9 o)
$0°E 18°€ 69¢ 9TV WP Sy 965 T8 0€8 66 I8'S  L¥L 064 882 vt €L 9L eg
£z (e (ezv)
(Cia] (gz) (80 (¥¢) o o (9 (z9) (o (9 (€9) (g2)
0Z'€ AB.M WE UL 00F 61°F 18§ wse 985 8% 65 6L 054 884 (A4 92 8¢ qg
(4
(97) (82) (67) (G G2 9 @9 (o (o (6'9) (572)
91'E £9'€ e 00F  9TF 187 18'S we 068 €8% 65 LY.L 8BYL 98/ L £CL 95, eg
s N PP PP W 'pp w w'ppp W ppp w’pp‘p H p P s1q P p wp P P w ur w P
‘oS ‘HoN (@ .sH (U.SH  JHH  SH @.H .o LJH SH 9 SH H OIH 6H 8H SH YH 9H/EH (H TH  1H pdu)

suojoid 1810 pue apsoapPnpN

suojord Junr suanpueusyg

«ZH U1 SIsayjuared ur pajuasaiy.

are ‘f 'sjurisu0)) Sundnony 2yl “wdd ur UsAID) B ‘@ ‘Siiyg TedTWAYD) L SIINPPY dUAW0aIAseI(] pareredag DI amd i Jo eydads YWIAN HiZHW-00p jo Arewumg -1 3[qel



1

alom et ai. / 1 etranedron

)

s

7

o
N

z

Y
Y

‘0'A pue 'p-3uoiae JO BMIXIW [:6 B U1 PAPIOAY ,

8668 EPTVL €611 0E¥S1 P91 C6'SL
POTF 98691 L'€Y 1768 €L 8UY €568 LCTPL  9SST  SOGIL  STHST  TUTOL  6ILS  68'SL 66HLL  sBHII
98'0£1 66°0C 04'SL 889 8963 SEIYL 17611 06'SL
0L041 1,0z VTP Lh691 S9F9 OVE8 S¥SL  TLIE  T9GY LTI 106ST  SU6TT  £TPST 6LT9T £9°6L BEVTL  68FLL
S6°1P SE'€9 L6 9L 120884 1048 1Z1PL  1€Z8T 147171 $LESL €0'est 66'CS 96'FLT  TEFTLL
18041 160z 9599 6U€8  ISSL 8758
9L0LL £90C w6 £SP9 81T'E8 0S°GL 8048 €268 0S0¥T  ¥LOST TTILL GG'sst 6F'ESL  9B9S  L6FS j2:3 241
€929 97/8 10TL  ¥ESL  TVO6 ST61T 9t €6
POTF L8691 (579 1248 9614 6LSL  SE06 6WTPL  19TST  906IL  ZTUVST  LOI9T 7695 €£9'SL  66FTT  68¥T
89°0C
9,041 990z
L0041 05°0Z €18 L 16€L  TT8R €T6IT  SUWST
001 6€07 oz 16691 56'€9 0TI8 WIZ  SBEL 0183 TSTHI  TTEST LU6IL  TUBST  ZEI9T  BOLS T09L SOSTL  06BTL
6S°€9 FV88 L8'TU [ 2R 74 6TFS
66'1F SH'€9 6688 9LTL  ELWL  TEN6 TWIPL OWEYT  WOTZL  €6'SST  SETST  BL9S  LUVS  TOSZL  66°%TL
wKr 900z
0011 §9°0Z
oLl 8oz 88'€9 S608  8E1L 1995
0T0Ll  €E0T 06T L8€9 608 SETL  OSEL  TE/8 8SOVI  966F1 80Tl O0S'SST  PLEST  WL9S  96€S - 06'FI
61Tk 6519 1L68 ¥E0L  99SL  9ET6 05T 1666
60'Ty W9 6968 STOL  19SL 6726 6¥THL  L¥S6  TUUST  €6W91  99SS  €6'€S  98FLI  SBHTL
Y60LL
68041 69°0C
0Ll 99°0T L0%9 oTTL  60%L  TTL6 18281 €6991 6955 90'FS
BT0LL 9% 0T 14547 1079 0€08 €UIL  €0%. €016 19761 9196 10961 /P91 6SSS BOPS 16PTL  SBFII
‘42020 ‘HOO0D  ‘HOS  OON ‘HDODN  .8D 4 0/ 2D D 8O o Is) D /D D 6 > / ¥ -pdud

Jwudd uy uaarn are ‘g ‘syyg [ednmayD) ay L,

"T1-Z S2IMIXIA JH20213)5R1Q 243 JO exd2d 5 WIAN (Hi)Der ZHA-00T Pa122125 T 3[qel.



constants of 7.9 and 8.1 Hz, respectively (see Table 1). These values indicate that here too, the imine and the
ribonucleoside form only trans adducts. The fact that during the reaction of 1 and N-acetyladenosine triacetate
no depurination has taken place, proves that the phenanthrene imine residue is neither bound to N7 nor to N9 of

the aden oiety [24]. The 13C NMR signal of C8’ atoms of both diastereomers (identified by C-H

correlation) anpeared at 140 88 nom which nroved that thev are m 1
comeiation) appear 14.83 ppm wilch proved that (hey are meinme car

at 143.74 ppm reveals that these carbon atoms are both aromatic and methinic in respect to N1’ and N3’.

Therefore, binding of C9 to either of these nitrogen atoms must be excluded. The 'H NMR signals of the SNH
and HN6’ protons of 4a and 4b in D,O-free acetone-d; appeared as doublets at 6.66 and 7.15 ppm,
respectively. Since the HNG6’ protons were found to split the H9 doublet by JNuo = 8.1 Hz it is obvious that
ound to the adenosine via N6’. Similar spectral features were
§€paraied aceiaie-iree€ aaaucis 5a and 5b. Further evidence for the bi 1Qing o
provided by 2D COSY NMR that showed an NOE effect between the HN6’ and HCY protons, and by 2D
NOESY experiments that indicated NOE between HN6” and H10. The stereochemistry of C9 and C10 in 5a
and 5b was assigned as 95,105 and 9R,10R, respectively on account of their CD spectra and their relative
mobility on an RP-18 HPLC column (vide infra).

Imine 1 and M-acetylguanosine 2’,3’,5’-triacetate [25] did not react under the conditions described for
the preparation of 2 and 4. When, however the potassium carbonate was replaced by 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) a diastereomeric mixture of trans-(9R,10R)- and trans-(9S,105)-N*-

acetyl N“ [9 10- dlhydro 10-(methanesulfonamido)phenanthren-9-yl]guanosine 2°,3’,5"-triacetate (6a and 6b,

frrmmad Q0. 4?,,- a ranAtinan ﬂm-.nfl SFINEY Tn contrast N a
Luuuc {7 70 arter a reaciion 110G Of 2v u} 1Ll CUILL tto 2 an

was not chmmatf:a during the workup of the reaction mixture. Moreover, this group did not undergo hydrolysis
even by methanolic ammonia. Thus, under our standard conditions by which the acetate protecting groups are
removed the diasteromeric mixture of 7a and 7b has been obtained (cf. also the very slow hydrolysis of other

N-acetylguanine derivatives [17,26]). As in the cases of cytidine and adenosine, the addition of guanosine to 1
formed excluswely trans adducts (Jo,10 = 8.6 Hz for both 7a and 7b). In addition to the 'H NMR peaks of 7a

amide nrotnn HN 1’ Thic reveals that the hinding nf tha imine ta tha ananacine racidne hae nat takan nlace vig
AILLUL PLULULL LUV L o LD IUVLALD Hidl UIC UMIULILE UL WL LULUNV WU UIC g UdliVOLLG 10o1UUL 11as UL wWklil prave vilk
thin mercrreme mdo ML [ P Ha M. A RV U [P 1 MR, Py R W, S o s;a8ll Ao tha e acoal AL WL

1IC UXYECIL Il VO DUl DUHIALILE WOULU [1dVEe IGSULCU LT taUuloIet UOIl, 45 WCill 4d uIC 1Cinoval 01 Ui
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proton from N1’ and appearance of a signal of HN2' at ~ 12 ppm in the NMR spectrum (cf. references 17 and
26). 2D NOESY measurements of 7a as well as of 7b showed NOE between HN1’ and both H9 and H10.
Thus, it is clear that phenanthrene imine attacked the guanosine at nitrogen N2’.

In analogy to the addition of 1 to the ribonucleosides N°-acetyladenosine triacetate and N’-
acetylguanosine triacetate, we added the imine derivative also to the corresponding nucleosides, N°-acetyl-2’-
deoxyadenosine 3,5-diacetate [25] and N*-acetyl-2’-deoxyguanosine-3’,5’-diacetate [17]. As for the preparation
of 4 and 6 the addition of 1 to the deoxyadenosine derivative could be carried out in the presence of K,CO,

while the reaction with deoxyguanosine required the presence of DBU. The 'H, !13C and 2D NMR spectra of
the diastereomeric mixtures of 8a and 8b resembled those of 4a and 4b, and the spectra of the isomerically
pure 9a and 9b were practically the same as those of 5a and Sb except the features associated with the
deficiency of the OH group on the sugar carbon C2’. Likewise, the spectra of the diastereomeric mixture of
10a and 10b resembled those of the mixture of 6a and 6b, and the NMR data for 11a and 11b were similar to
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Table 3. Summary of Experimental Conditions for HFLC Separation of the Diastereomeric

Mixtures 3, 5, 7, 9 and 11 on Octadecylsilane (RP-18) Columns*

column resolution time (min) peak width at capacity factor  separation resolution

type® base {min} factor, . factor, R
compd. t, ty W, W, X, k',
3 A 18.14 23.24 1.50 1.60 10.78 14.09 1.31 3.29
5 A 25.41 34.36 2.14 2.40 15.50 21.38 1.38 3.99
7 A 30.47 39.35 3.93 4.07 18.79 24.55 1.31 2.22
9 A 43.80 49.13 2.23 2.40 27.44 30.90 1.13 2.30
11 B 68.05 73.90 4.00 4.00 34.26 37.29 1.09 1.46
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were injected; flow rate of eluent was 1 mL/min for 3, 5, 7 and 9 and 0.8 mL/min for 11; a and b refer to the

early and late eluted compounds; t, = 1.54 min for the Lichrospher column, and 1.93 for the
column. k', =t -t /t and k', = tb “t/ty o= k'b/k’., R, =2 (t,-t,)/W, + W,.
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Fig. 1. CD spectra of separated 3a and 3b (A); of 5a and 5b (B); of 7a and 7b
(C); of 92 and 9b (D); and ol 11a and 11b (E).
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those of 7a and 7b. Therefore, the structure determination of 9a, 9b, 11a and 11b involved the same
considerations discussed above for the adducts of 1 and the ribonucleosides.

Various studies have revealed a correlation between the absolute configuration of the adducts of
nucleophiles (including nucleosides) to arene oxides, and their CD spectra [27-32]. Such a correlation has also
been found for adducts of 1a,9b-dihydrophenanthro[9,10-bJoxirene (phenanthrene 9,10-oxide) [16,33].
According to these studies the ellipticity in the 250-300 nm region reflects on the configuration at the benzylic

- tinnl eatats
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positions (C9 and C10 in adducts of paenantnrene -,1u-0XiGe). vviaen uie sign of the la
negative the binding carbon atom has the R configuration. A positive ellipticity indicates an S configuration. In
addition it was found that upon separation of the diastereomeric adduct mixtures of adenosine (or 2’-
deoxyadenosine) to arene oxides on a RP-18 HPLC column (using aqueous MeOH as eluent) the isomer with
the § configuration at the linking carbon atom is the first of the two diastereomers to be eluted. On the other
hand, upon separation of guanosine (or 2’-deoxyguanosine) adducts of arene oxides on this column, the early
eluted diastereomer has the R configuration at the binding carbon atom [16,27,29,33]. Because the structural

similaritv between the arene imine-nucleoside adducts and the cm'reqnnndmg adducts of arene oxides, and

uliandllly Yelvwolll Al LIDIC~1IULICULILG LILl-Ly Alitl ULl UL a4l

ance the featuree of the CD cnactra denend in the fircet nlace an the intaractiane and orientatinne nf the main
VUNWWAWIW AW AW LWL W VA WiIW s l’ywuu \.IUPULAU AdlL UiV L1LOV FL‘M WA UV MMV GVUVALY QNG UAAWIRWAWIVELD VL Wi l11aaia
mrhemea memdhacas Antslata that thana amimiminnl fimdimas ahnwt tha neaena Awvida mienlancids oA devmtn smnayy b
LILVILVPIIVIGS, we pUM.u.u:u.c ulat uitoo Cl JIgLw LHIUUIED UuUutL uic 1IC DAIUC~IIUCICUDIUC daUuUulely 1 y 8, %3

extended also to the corresponding arene imine derivatives. The adenosine and 2’-deoxyadenosine adducts, Sa
and 9a, respectively, that are the early eluted products (see Table 3), are characterized by strong positive
ellipticities at 284 nm (see Fig. 1). Thus, the C9 and consequently also the trans-oriented C10 positions are
tentatively assigned as 95 and 10S. The late eluted compounds 5b and 9b that show strong negative ellipticities
have then the 9R,10R configuration. The CD spectra of 7a and 11a shown in Figure 1 indicate strong negative
optical rotation at 284 nm. Thus, 7a and 11a are formulated as 9R,10R and the late eluting compounds as
95,10S. In analogy to the analyses of the previous adenine and guanine derivatives we assessed the
configuration of 3a that shows negatlvc ellipticity at 255 nm as 9R,10R and the late eluted 3b as 9S 105 [34].

S
adducts closely resemble those of the adducts of the corresponding arene oxides. In both cases, the principal
sites of covalent binding to cytidine, adenosine and guanosine bases are the amino groups, and addition occurs
trans-stereospecifically. It should also be noted that although hydrolysis of the methanesulfonamido group of
the products takes place in dilute acid [35], the resulting free amines are air sensitive and therefore, this
operation should be carried out only shortly prior to the biological tests.

ectrophotometer model 457. 'H and C NMR

Infrared spectra were taken on a
measurements were carried out on a Bruker AMX 400 instrument. EIMS were recorded on a Hewlett Packard
mass specirometer model 458SA equipped with both an HP gas chromatograph model 5850 series II and a
particle beam interface system with an HPLC model HP 1050. CD spectra were obtained with the aid of a Jobin
Yvon CD6 dichromograph and HPLC separations were performed on a Jasco TRI-ROTAR IV machine
equipped with a DG-3510 degasser and a UVIDEC 100-VI UV spectrophotometer.

Diastereomeric Mixture of trans-(9R,10R)-, and trans-(95,105)-N*-9,10-Dihydro-10-
(methanesulfanamido)phenanthren-9-yl]cytidine 2’,3’,5’-Triacetate (2a and 2b). To a solution
of 380 mg (0.90 mmol) of N*-acetylcytiine 2°,3’,5 -triacetate [19,20] in 10 ml of dry DMSO was added under



exclusion of air, 130 mg (0.90 mmol) of K,CO, and 500 mg (1.80 mmol) of 1a,9b-dihydro-1-
(methanesulfonyl)- 1 H-phenanthro[9,10-b]azirine (1) [18] and the mixture was stirred at 35-40 *C for 7d. Cold
water (50 ml) was added and the organic material was extracted with ethyl acetate. The solution was
concentrated and chromatographcd on silica gel, using a 4:1 mixture of ethyl acetate-hexane as eluent to give 76

44-148 °C: 400-MHz 1 NMR Q-1 mivhy
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a

of acetone-d-D,0) & 2.06 (s, 3H), 2.065 (s, 3H), 2.07 (s, 3H), 3.21 (s, 1.5H), 3.22 (s, 1.5H), 4.29-4.37

(m, 3H), 4.89 (d, 0.5H, Jo,10 = 5.8 Hz), 4.90 (d, 0.5H, Jy,10 = 5.6 Hz), 5.44 (m, 1H), 5.53 (m, 1H), 5.57
(@, 0.5H, Jg 10 = 5.6 Hz), 5.58 (d, 0.5H, Jg, z), 5.90 (d, 1H, Js» ¢ = 7.5 Hz), 5.95 (d, 0.5H, Jy» -

\y Ve 23 G0 — NV 224 7 L PP AV

5H, J 8 H
=4.3 Hz), 5.97 (d, 0.5H, J1»2» = 4.4 Hz), 7.33-7.37 (m, 2H), 7.41-7.46 (m, 2H), 7.50 (d, 0.5H, J73=17.5

Hz), 7.51 (d, 0.5H, J; 3 = 7.5 Hz), 7.57 (d, 0.5H, J,, = 6.9 Hz), 7.58 (d, 0.5H, J,, = 7.4 Hz), 7.65 (d,
0.5H, Js»s» = 7.5 Hz), 7.67 (d, 0.5H, Js» o = 7.5 Hz), 7.89 (d, 1H, J4 5 = 7.3 Hz), 790 (d, 1H, J45=7.4

Hz); the 100-MHz 13C({!H} NMR spectrum is listed in Table 2. Anal. Calcd for C,,H;,N,0,,S: C, 56.24; H,
5.03; N, 8.75; S, 5.0. Found: C, 5595, H, 5.05; N, 842; §, 5.01.

g

phenanthrene-9-yl]cytldme (3a and 3b, Respectively). A solution of 100 mg (0 16 mmol) of th

mixture of diastereomers 2a and 2b in 15 mi of MeOH and 15 mi of concentrated ammonia solution was stirred
at room temperature until the starting acetates were fully hydrolyzed (ca. 60 min, as evidenced by TLC
monitoring on silica gel with a 1:9 mixture of MeOH-CH,CI, as eluent). Extraction of the hydrolyzed material
into ethyl acetate, concentration of the extract and chromatography of the residue on silica gel (using a 1:10
mixture of MeOH and CH,Cl, as eluent) afforded 75 mg (94%) of the mixture of 3a and 3b as colorless

crystals; mp 198 - 201 *C. The 100-MHz 13C{!H} NMR of the isomeric mixture of 3a and 3b is given in

LlY2atlala aah VA e AaVAAlNAlN veas

Table 2. Anal. Caled for C,,H,(N,O,S: C, 56.02; H, 5.09; N, 10.89; S, 6.23. Found: C, 55.93; H, 5.04; N,

ey non +0 1-1-1\

he two diastereomers were separatea usmg aj Hm, Z5U x 4 mm Merck Lxcnrospner RP-18 H

column under the conditions listed in Table 3. Selected 400-MHz 'H NMR peaks of pure 3a and 3b are given
in Table 1. Their CD spectra are shown in Fig. 1.

Diastereomeric Mixture of trans-(95,105)-, and trans-(9R,10R)-N*-[9,10-Dihydro-10-
(methanesulfonamido)phenanthren-9-ylladenosine 2’,3’,5’-Triacetate (4a and 4b). In a similar

PLC

raanted far 20 h vwrith 200 mao DA mmnl) ~f A’é=annfulnr‘nnncvnn by Ae 4 <’=h-|-n~n nracenra nf Q%
LLAVUAL 1UL JVU 11 Wil LUV TUE \V. U IMUIUL) UL 17 SGWLLYLAUVIIUDLIIV & ,J ,J “diativiale Ll WG Pitoliive UL 7J
me N £0 Fsite] ~N MM Aftnn tlin sroiral crmcliai 1LE wae 8107\ AF sthhna Alnntnwnmancee Aa amd AL Fraevy
HIE (V.L7 1HINVE) UL Dol AL UIC Wudl WULRUP 100 11E (J170) UL UIC UlaSWluilcly #a alu 4v CI

Wi
isolated. Colorless crystals; mp 135 - 138 °C; 400 MHz 'H NMR (9:1 mixture of acetone-d-,-D,0) & 2.06 (s,

3H), 2.07 (s, 3H), 2.11 (s, 3H), 3.06 (s, 1.5H), 3.065 (s, 1.5H), 4.33-4.67 (m, 3H), 5.03 (d, 1H, Jg 10
7.6 Hz), 5.74 (m, 1H), 5.83 (d, 1H, Jo 10 = 7.6 Hz), 6.07 (m, 1H), 6.27 (d, 1H, J;»» = 5.2 Hz) 7’m-7'm

Li4LJy <057 \1kly 24A1j, J.UJ \Wy aid, vQ i0 = 7.0 134), 0./ LAdfy Ueked 4y 113y 417 Jek X141y,

(m, 2H), 7.41-7.46 (m, 2H), 7.49 (d, 1H, J73 = 7.6 Hz), 7.65 (d, 1H, Ji 2 = 7.4 Hz), 7.82-7.92 (m, 2H),
8.19 (s, 0.5H), 8.21 (s, 0.5H), 8.35 (br s, 1H); the 100-MHz 13C{1H} NMR spectrum is given in Table 2.
Anal. Calcd for C, H,,N,O,S: C, 56.02; H, 4.85; N, 12.64; S, 4.82. Found: C, 55.78; H, 4.84; N, 12.38; S,
4.61.
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trans-(95,105)- and trans-(9R,10R)-N°®-[9,10-Dihydro-10-(methanesulfonamido)-
phenanthren-9-yl]adenosine (5a and 5b, Respectively). Hydrolysis of 100 mg (0.15 mmol) of the
foregoing mixture of 4a and 4b by the method described for the preparation of 3a and 3b gave 80 mg (96%) of

the mivtire nf &8a and 8h ac colarlese crvstale of mn 15 162 (__,i Thg I_OQ MHz 3(_(1H) NMR of the
WA L1AAEARML Vi o/ QiU o/ Ga VVAVILAWIG VA JURAAS UL ) A Y 1 i

et e i 2o Takla D Anal Calad Fae I NI N Q. M S5 78 A R7- M 1SAN- € SQS Faund:- C
muu.u € 1S gl.VCl. i 1301C &, Adlal. Laill LUL agllapdNgligo. Ny JJ.id,y Lh, 7017, 18, LJ.UV, I, J.J0J. 1Vulid. &,

55.58; H, 4.71; N, 15.26; S, 5.64.
The mixture of the diastereomers were separated by HPLC on a 5 um, 250 x 4 mm, Merck Lichrospher
RP-18 column under the conditions of Table 3. Selected !H NMR peaks of 5a and of Sb are given in Table 1.

The CD spectra of the pure diastereomers are shown in Fig. 1.
Diastereomeric Mixture of trans-(9R,10R)- and trans-(9S, IOS )-N*-Acetyl-N*-[9,10-

n-9-yllguanosine 2’3’ 5’.Triacetate (6a a

2
=

ihvdro-10-(m
yaro-19-4r

,.
8
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W N

AA mmol)af 1 wae reartad for 20 h unt 1
T L] VL A VWOAO 1wvaAWw WAL LUL L\J 12 YYLME 4.
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mmol) of M*-acetylguanosine 2°,3’,5 -triacetate [25] in 80 ml of DMSO. However, instead of the K,CO,,

2% e

mi (2.3 mmol) of 1.8-diazabicyclo[5.4.0]-undec-7-ene were used. Yield 140 mg (9%) of colorless crystals; mp
133-134 °C; 400-MHz 'H NMR (9:1 mixture of acetone-d-D,0) & 2.01 (s, 1.5H), 2.02 (s, 1.5H), 2.06 (s,
3H), 2.12 (s, 3H), 2.25 (s, 1.5H), 2.26 (s, 1.5H), 3.07 (s, 1.5H), 3.08 (s, 1.5H), 4.41-4.51 (m, 3H), 5.10

tha meamnea {
ule PLCPGLGLLUH \ e
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0.5H, Js,10 = 8.7 Hz), 7.32 (m, 1H), 7.44-7.51 (m, 3H), 7.63 (d, 0.5H, J7 3 = 7.5 Hz), 7.65 (d, 0.5H, J7 3

7.4 Hz), 7.76 (d, 1H, J1 2 = 7.5 Hz), 7.95 (d, 2H, Js5 = 7.7 Hz), 8.22 (s, 1H); the 100-MHz 13C{1H}
NMR spectrum is shown in Table 2. Anal. Caled for C,,H,,N,O,,S: C, 54.84; H. 4.74; N, 11.63; S, 4.44.

Found: C, 54.55; H, 475; N, 11.29; S, 4.51.
trang- IQP ﬂp\- and tranc-(0S lﬂS\-NZ-Apnf 1- Nz I'Q 10-dihvdre-10- (n'n: 1
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fonamido)phenanthren-9-ylJguanosine (7a and 7b, Respectively). Hydrolysis of 180 mg (0.30

Y % T PP AL 2l A REA o

mmou o1 tne IUI'CgOIIlg mixture of 6a and 6b leLUCU 140 mg (30‘70) of the diastereomeric mixture of 7a and 7

as colorless crystals of mp 198-203 °C. The 13C NMR of the isomeric mixture is summarized in Table 2.
Anal. Caled for C,;H,,N,O,S: C, 54.36; H, 4.73; N, 14.09; S, 5.37. Found: C, 54.26; H, 4.69; N, 13.95; S,
5.52.

The diastereomeric mixture was separated on a Sum, 250 x 4 mm Merck, Lichrospher RP-18 column

spectra are shown in Fig. 1.

Mixture of the Diastereomers irans-(95,105)-, and ¢trans-(9R,10R)-N%-{9,10-Dihydro-
10-(methanesulfonamido)phenanthren-9-yl]-2’-deoxyadenosine 3’,5’-Diacetate (8a and 8b).
Reaction of 290 mg (1.06 mmol) of 1 and 200 mg (0.53 mmol) of N-acetyl-2’-deoxyadenosine 3,5 -diacetate

[26] and 110 mg (0.80 mmol) K,CO, in 10 ml DMSO afforded after 60 h, 103 mg (32%) of a colorless mixture
gfganndﬂh-m 4-139 °C; Aﬂ(]MH'rlHNMR{Q mixture of ac -rl-ﬁﬂ\ﬁ')ﬂ() , 1.5H), 3.06 (s

Qi o4, ‘ - A7 LATAV S LS S W A YiIN ace . n L &V

1.5H), 2.09 (s, 3H), 2.63 (ddd, 1H, Jyu g, = 6.2 Hz, Jpuyy gy = 14.2 Hz, Jpuyy 5 = 2.6 Hz), 3.05 (s, 1.5H),
3.06 (s, 1.5H), 3.18 (m, 1H), 4.28-4.38 (m,3H), 5.02 (d, 1H, J, , = 8.1 Hz), 5.48 (m, 1H), 5.84 (br s, 1H),
6.47 (m, 1H), 7.29-7.38 (m, 2H), 7.41-7.46 (m, 2H), 7.48 (d, 1H, J,; = 7.5 Hz), 7.65 (d, 1H, J,, 7.4 Hz),
7.89 (d4,1H, J,5 =7.4 Hz), 791 (d, 1H, J = 7.4 Hz), 8.185 (s, 0.5H), 8.19 (s, 0.5H), 8.33 (br s, 1H); the



13C NMR spectrum is given in Table 2. Anal. Caled for C,;H,)NO,S: C, 57.42; H, 4.98; N, 13.85; S, 5.29.
Found: C, 57.15; H, 5.02; N, 13.58; §, 5.02.

trans-(95,108)-, and trans-(9R,10R)-N*%[9,10-Dihydro-10-(methanesulfonamido)-
phenanthren-9-yl]-2’-deoxyadenosine (9a and 9b, Respectively). In the manner described for the
hydrolysis of 2a and 2b, 154 mg (0.25 mmol) of the diastereomeric mixture of 8a and 8b was hydrolyzed to

give 126 mg (95%) of the diasteromeric mixture of 9a and 9b; mp 149-150 °C. The 13C NMR spectrum of the

o s

mixture is given in Table 2. Anal. Caicd for C,;H,N,O,S: C, 57.46; H, 5.01; N, 16.08; S, 6.13. Found: C,
57.46; H, 5.07; N, 15.80; S, 5.78.
Separation of the diastereoisomers was accomplished by using a 5 pm 250 x 4 mm Merck Lichrospher

RP-18 HPLC column under the conditions of Table 3. The !H NMR and CD spectra of 9a and 9b are shown

in Table 1 and Fig. 1, respectively.

Diastereomeric Mix

RIS TSN AP ya S =rasveey

dihydro-10-(methanesulfonamido)phenanthren-9-yl]-2’-deoxyguanosme 3, 5’-Dlacetate

3 40 PR, P PO, [P .

\IUA ana .lVD} In dIld.lUgy to the prcpdrauon of the ribonucieoside adducis oa and OD the bU.lTIIlg of the

oo~ s -

mixture of 300 mg (0.76 mmol) of N-acetyl-2’-deoxyguanosine 3’,5 -diacetate [17], 0.114 ml (0.76 mmol),
1,8-diazabicyclo[5.4.0Jundec-7-ene, 420 mg (1.52 mmol) of 1 and 12 ml DMSO for 48 h, afforded 140 mg

(28%) of a diastereomeric mixture of 10a and 10b. Colorless crystals; mp 140-145 °C; 400-MHz 'H NMR

(mixmre of 0%
(mixtare of YU%

acetone-d_ -and (\)GZ\ﬁﬁ\x’)ﬂn 1.5H), 2.01 (c

6 AL O L) U 4.UU Sy L)y Vi \O,

1SHY 200 ¢
Lo LUT N\

X209
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227 (s, 1.5H), 2.62 (ddd, 1H, J,-,-y = 6.3 Hz, Jypyy 50 = 14.3 Hz, J, )5 = 2.6 Hz), 3.05 (s, 1.5H), 3.06

(s, 1.5H), 3.31 (m, 1H), 4.31-4.43 (m, 3H), 5.09 (d, 1H, J, ,, = 8.7 Hz), 5.53 (m, 1H), 6.45 (m, 1H), 6.73

(d, 0.5H, J,,, = 8.7 Hz), 6.74 (d, 0.5H, J,,, = 8.7 Hz), 7.35 (m, 1H), 7.44-7.51 (m, 3H), 7.65 (m, 1H),

7.77 (4, 1H, J,, = 7.6 Hz), 7.95 (d, 2H, J,5 = 7.7 Hz), 8.24 (s, 1H); Selected 100-MHz C{'H} NMR peaks

are listed in Table 2. Anal. Calcd for C; H,,N,O,S: C, 56.02; H, 4.85; N, 12.64; S, 4.82. Found: C, 56.04;

H, 4.81; N, 12.45; S, 4.79.
)

tranc.(QR 1TO0R)\. and tranme-(0C 10C). 2= nnfv|=Nz=[0 10.dihvdra.10_(mathana.
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the foregoing diastereomeric mixture formed a mixture of 11a and 11b as colorless crystals in a 94% yield, mp

152-156 °C. The 100-MHz “‘C{ 'H} NMR peaks are listed in Table 2. Anal. Calcd for C,,H,,N.O,S: C,
55.85; H, 4.86; N, 14.47; S, 5.52. Found: C, 55.63; H, 4.85; N, 14.13; S. 5.4.
Separation of the diastereoisomers was accomplished by using a 4 um 250 x 4 mm Merck Superspher

RP-18 HPLC column under the conditions of Table 3. Selected 400-MHz !H NMR data for 11a and 11b and

their CD spectra are shown in Table 1 and Fig. 1, respectively.
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