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Abstract:  9-Hydoxymethylcyclopropylidenemethylenyladenine was designed based on the analysis of the
structure-activity relationship and synthesized by coupling reaction of a vicinal dbromocydopropane derivative
with adenine. The cis/trans isomers andan enantiomer of the cis-isomer of the cydic «, f-unsaturated nuclecsides
derived by reduction were separated by reverse phase HPLC and chiral HPLC, tupectiveiy. The cis-isomer was
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Although many protease inhibitors,’ antisense drugs® and other agents® have been developed, the reverse
transcriptase inhibitors such as modified nucleosides AZT, DDI, D4T, etc., still play a more important role in
the therapy of AIDS. For example, the most famous cocktail treatment* now being administered to patients is a
combined method of protease inhibitors and reverse transcriptase inhibitors. However, HIV is also tolerant to
such drugs. So, a more effective and simple drug is strongly demanded and the continuous study is necessary.

Modified nucleosides are a large family of reverse transcriptase inhibitors and have the longest history in
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reported are ineffective.® We analyzed the structure-activity relationship and successfuily designed a novel three-
membered nucleoside lead compound, 9-hydroxymethylcyclopropylidenemethylenyladenine (CMA).

Design. It is very difficult to identify a single or a few structural parameters to correlate the activity with the
structure, because of the diversity of compounds that show at least some activity, and the fact that apparently
very similar compounds can have extremely different activities. In order to simplify the problem, we focused
our study on the modified sugar units of the nucleosides, although the bases strongly affect the activities. In this
way, we may extract some features from the modified sugar moieties regardless of the kind of bases that were

handad ¢t tham hacanse wa haliave that an active modified sugar unit i ics more nececearv for the active nucleo-
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side. In other words, if we can discover good modified sugar candidates, we can certainly obtain better nucleo-
sides by modifying the bases.

Many structure-activity relationship studies have been carried out’ mainly focusing on the conformations of
the furanose ring, but no simple and explicit conclusion was obtained, perhaps due to the fact that the inhibitor's
conformations in complex with enzyme and the conformations in crystal are different considering that the ener-
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getical barriers between the different conformations are very low and the enzyme can change them by interacting
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with inhibitors in order to form the most stable COMpiCRes. 1ner&ore, we oiieve wid sw
more important not only because the configurations in complex with enzyme and in crystal are the same but also
because all kinds of nucleosides can be included in the study. Furthermore , the electronic properties of the
substrates may also affect the activities.

The typical effective nucleosides are shown in Fig. 1. It is obvious that all kinds of nucleosides have a
common chain of HO-C*-C*-X*-C*-N* (X=C or O; the other valences of C?, C’ can be filled with H, C in single
bonds or double bonds; C* always bonds with two hydrogen atoms) in the modified sugar moiety as shown at
the end of Fig. 1. This chain can be viewed as a simple model of nucleoside. In other words, the steric and
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Co.. We discovered that, among the numerous daia, three paramelers are dominantly important: (i) the distance
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between the substituted nitrogen of bases N*(N1 for pyrimidines or No for purines) and C’, denoted by ¥; (ii) the
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Fig. 1 Typical Nuleosides Possessing Anti-HIV-1 Activities and Related Compounds
torsion angie of N*-C"-C*-C" denoted by ; and (jii) the atomic charge of X*, denoted by o. Table 1 lists the
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the distance values of y are in the range of 3.86A 0 4.35A, the torsion angles  are in the range of -79.8° to
11.4° and the atomic charges o are in the range of -0.12 to -0.29. In order to compare the inhibitors with the
original substrates of reverse transcriptase (RT), four 2'-deoxy-ribosides also were computed as shown in Table
1. If we define AP=P_,,....-Piouisc (P=Y, X» O), we can see that the low |Ay| inhibitors show high activities; the
low Ay inhibitors show low toxicities and the high ones show high toxicities; Ao can not be simply correlated to
activity and toxicity, but it had better be in minus value. From the viewpoint of the inhibition mechanism, y may
reflect the distance from a recognition site to the reaction site; ) may reflect the structure difference of reverse

transcriptase of HIV from the cellular DNA polymerase of the host; the necessary minus value of o may indicate

ﬂ\.ﬂ ﬂn. atom ¥ ie aleny 8 racnanition cite in the madifiad ¢ suoar mniatu hacidae tha nnslanhacac
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respectively. The Y is much shorter than normal substrates and this is perhaps why this compound possesses no

activity. In order to improve the activity of the three-membered nucleoside we designed the tile compound in

which we inserted a carbon atom between the base and the cyclopropane ring to lengthen the y and led this atom

bond to the three-membered ring in the double bond to decrease the o and to fix the configuration. As expected,

there exist four isomers (cis/trans and R/S); all of them were computed and listed in Table 1. We can see that,

for all of the trans-isomers the y are too long and ¥ are also out of the range, so they may have no activity. For
Table 1 Calculated Results of Effective Nucleosides and Related Compounds

Compounds ECso(uM) | CCsouM) | Cells | y(angstrom)| x(degree) | o | Ref.
AZT 0.005 53 MT-4 3.86 879 | -025] 10
DDC 0.20 35 ATHS 3.88 116 | 026] 11
DDI 2.10 >100 ATHS 4.13 14t | 027 12
D4T 001 | 1.2 MT-4 4.12 489 | -028] 13
DOC 0.0047 >200 PBM 3,94 1200 | 020 14
3TC 0.0018 >50 PBM 3.87 457 | 024] 15
|Oxetanocin A 2.78 63.7 MT-4 4.11 056 | 027] 16
Cyclobut A 18 12.0 ATHS 423 136 | 0.12] 17
|(R)-Adenallene 5.8 >200 MT-4 4.35 7978 | 024 18
{cyclopropyladenine | No Activity 3.12 28 | 017] 19
l(S)-cis CMA* 417 6711 | -0.18
kR)-cis-CMA* 4.17 67.11 | -0.18
(S)-trans- CMA 481 11632 | -0.18
|R)-trans-CMA 4.81 -11632 | -0.18
2'-Deoxy-Cytidine 3.90 -16.35 -0.29
Thymidine 3.80 1575 | -0.29
2' -Deoxy-Adenosine 3.95 1067 | 027
2' -Deoxy-Guanosine 3.97 -10.19 -0.27

~m oA vm = a

* (S)-cis-CMA and (R)-cis-CMA were inferred to be (-)-cis-CMA and (+)-cis-CMA respectiveiy in Fig. 4.
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the cis-isomer, the ¥ of (R)-isomer is out of the range and it may have low activity; the (S)-cis isomer has good
valnas and v ic alen in minne valua en thic will he a nmmicing comnnund
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Synthesis. Recently, we successfully coupled a mly bromide derivative with adenine in the presence of

Cul to afford acyclic nucieoside as shown in Scheme 1.% Therefore, in our first trial to synthesize the titie

Llll NH,\.

oBz l NH,
N_DMF/HMPA /:I‘\N ; Nf
j * &f ) —Recogou 820, ! @ smeermto, w
175°C/48 h Q LJ
Br | T
Scheme 1
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diazoacetate in the presence of Rh(AcO)2 under different temperatures, reaction times and molar ratios, but only
bromoallene and iodoallene gave the corresponding halomethylenecyclopropane derivatives 6, 7 in 62.6% and
4% yields with trans/cis ratio of 5:1 and 1:1, respectively, according to the 'H NMR and NOE measurements.
Ethyl 2-bromomethylenecyclopropane-1-carboxylate 6 was subjected to the coupling reaction with adenine in
the presence of Cul*® under conditions of different temperatures, solvents, molar ratios and reaction times, but
failed to give the target molecule.

Adenine / INHZ\
— =y +NCHCOE PNAOR . B O | 9 QYN
? % CuVHMPA \/\okr\__/" N’ /
1: X=Cl, 2: X=Br, 8: X=! 6 X=Br, 7: X<l
4: X=OMe, 5: X=OTHP 10

Scheme 2 The Synthetic Route 1

In our other trial of synthesizing spiro-nucleosides” we successfully obtained an analogue of the title
compound by coupling vicinal dibromocyclopropane derivatives with adenine. The success prompted us to

compound by coupling
propose route 2 as shown in Scheme 3. Ethyl 2-methylenecyclopropane-1-carboxylate 8 was prepared by

s derme Ao neibhiod fe tha Litanabhine 28 and thon 8 wae snnvastad ¢ athul cie _l\mm _MV‘N}(‘I{\.
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propane- 1-carboxylate 9 by bromination in almost quantitative yield. The cis-isomer structure was confirmed by

'H NMR spectrum and NOE measurement. The fact that the more steric-hindranced cis-isomer was specifically

NH,
NH,
(o] O Adenine o N Ji‘N LIAH ¢ =N
4 P
/\Gk CHCl /\ck B _%EQS_’/\ LSl N '—ﬂ:*HQ'\_/NJ\N)
‘% Brz I)\—BI’ 0,»=/
10 11{CMA)
8 9

Scheme 3 The Synthetic Route 2
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formed revealed a d\mamlmllv controlled mechanism as inferred in Scheme 4. Compou 9 was smoothly
onnuartad tn O athavvrarhanvisrvalaeeneuliidanamathvlanvladaninae 10 hy anunline warith adantna tn CAG wiald e
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'H NMR spectrum and NOE measurement.
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Scheme 4 The Addition Mechanism of 8 with Br,
Similar coupling attempt between an acyclic vicinal dibromide and adenine however gave two B, y-
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These results suggest that in the reaction of acyclic vicinal dibromo-intermediate with adenine/K2C(8, the
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dissociating a bromide anion from the quaternary carbon, but in the reaction of cyclic vicinal dibromo-
intermediate with adenine/K2CQs, the substitution preferentially took place because of the stability of
cyclopropyl carbinyi cation due to the dramatic n-acceptorin-attractor substituent effect.?” On the other hand,
once the cyclopropyl carbinyl bromide was substituted by adenine, the stronger inductive effect of N (than Br)
and conjugative effect of the aromatic adenine made the 1'-C easily form carbanion, and then led to the
formation of an a, B-double-bond by dissociating a bromide anion from the cyclopropane ring as shown in
Scheme 6. Contrastively, cyclic vinyl bromide 6 can not be converted to 10 through the catalytic coupling
reaction due to its unstability under high temperature and in the presence of catalyst whereas the acyclic vinyl

ida ran tolarats ciich onndition (in Schama 1 and Scheme 2)
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Scheme 6 The Reaction Mechanism of 9 with Adenine
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*H NMR spectrum and NOE measurement.
Structure and NMR Spectra. The cis/trans isomers of 6, 9, 10 and 11 were easily identified by NOE
measurements as shown in Fig. 2. Here we only listed one of the isomer pair of each compound because the
counterpart can be casily differentiated. All substituted methylenecyclopropane derivatives show a long-distance
coupling of the olefin proton Ha with three other protons Ha, Hb, He in the three-membered ring in low coupling
constants and Ha, Hv and He also couple each other. The proton Ha of saturated compound 9 does not show
long-distance coupling but couple each other to form a typical AB pattern. In terms of the effect of the chiral
cantar the nrotons in methvlene of the hvdroxvimethvl group of compound trans-11 show an ABX npattern

SAaivam s was™ PANNRSIIS AL SRRl yaNasy L IR SRR RRRNSS LAIpeiit Aakda SV 2 AN pesan

whereas the chemical shifts of the corresponding two protons in cis-11 were completely separated due to the
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compound 10 and one of the isomers of compound 7 even dispiay a complex ABX3 pattern. It is notabie that
the proton Ha in trans-

0.3%
11 shows a complex ,\,,bm NG e
dddt pattern and the ‘1&.,« V"Hc ~ WV N Y

corresponding Ha in 2~.7L Ha@) 13%\_H¢4\BJ OZ%M )07} 1.39_ "\"’/LM..’

cis-11 even shows 1.0% 8% 1%
. . o
a lmtmu- ddddd pattern. brama r A i an ; _ .
= . Wans-v Cis-9 cis-10 trans-11

) w- P | M PSLY - PO £ ¢ o : Tevmevia
Fig. 2 The identification of trans or cis isomer by NOE measurements

Separation and Resolution. The cis/trans isomers of 11 were separated [

by silica gel column chroma-tography with an eluent of CH2Cl/MeOH (8:1, v/v) : E

and purified by reverse phase HPLC (u Bondasphare column) with an eluent

of methanol/water (42:58, v/v). The effective cis-isomer wasresolved by using

CHIRALPAC AD column silica gel coated with amylose tris (3, 5-dimethyl- ’ l ”

phenylcarbamate) as a chiral stationary phase, Daicel Chemical Industries, LTD.] JU\L

with an eluent of hexane/iso-propanol (7:1, v/v). The flow rate is 0.7 ml/min.; Fig.3 The Resolution

operation temperature is 25C and the retention times are 33.1 min.for (+)-cis- of cis-CMA by HPLC

enantiomer and 42.3 min. for (- )-as—eﬁanﬁuum. respectively , as Shu“’ﬂ in Fig. 3. The optical rotations are
no__..3 .. Vo BV PO | AA Y Tey

[(lj"D =+26.3 \c l.Jt. Mcuru ana [u.j D— =-26.3 1 J&, wu:uu} wapw c1y.

Biological Activities. The biological tests of the cis-isomer and trans-isomer against Human Immuno-
deficiency Virus Type 1 (HIV-1) were carried out in MT—4 cells culture. All the inhibition activities are shown in
Fig. 4. As was predicted, only the cis-isomer revealed significant biological activity (ECsx>100 puM,
CCs0=79.8uM for trans-isomer and EC50=26 pM, CC50=79 uM for cis-isomer). Then the effective cis-isomer
was resolved and tested. The (-)-cis enantiomer revealed high activity (ECso=13 pM) and low toxicity
(CCsa>100 uM). It is notable that, at the concentration of 100 uM, 100% mock MT-4 cells are viable whereas

near 90% HIV-1 infected MT-4 cells are protected; the (+)-cis enantiomer show lower activity (ECs0=50 uM)

ST IV B

and hishae tavinity (C e 100 M hut ot the concentration of 100 1 M onlv 72% mock MT-4 cells are viable).

G GigneT wmvn.] \\.\,Juf:w $M, bul at (ne concentranon oI 1L only 70 TNOCK cells are viap
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other words, active (-)-cis-CMA is a (8)-cis enantiomer,

We previously reported synthesis of 9-(3', 4'-dihydroxymethylcyclopropylidenemethylenyl)adenine,?” but it
did not show anti-HIV-1 activity. The extra hydroxymethyl group may disturb the binding with receptor RT,
and/or decrease the penetratability to the target cell in terms of the enhanced water solubility.

We also subjected these compounds to tests against other viruses and tumor cells and will report these results

elsewhere.

T~
trans-CMA »
o o i yo::E.
0 ax 16 8 € 20
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Fig. 4 The Inhibition Effectivity and Toxicity of trans-CMA, cis-CMA, (+)—cis—CMA and (-)-cis-CMA. The
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Conclusions. According to the analysis of the structure-activity relationship, we designed a novel three-
membered nucleoside; by our newly developed unique coupling reaction, we successfully synthesized it in only
3 steps in 50.2% overall yield. As had been predicted, the cis-isomer revealed anti-HIV-1 activity, especially the
(-)-cis enantiomer shows high activity and low toxicity. As a good novel lead compound, we believe that it
should lead to discovery of more effective anti-HIV agents in the future by changing and/or modifying the

nuclenhacec
AW WAVWY VIRTW e

Experimental section. General methods. NMR spectra were measured with JEOL JNM-GSX 400;
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determined by Hitachi M-2000 AM and optical rotations were determined with JASCO J-20A spectrometer.

S LANCR UY TRASLAL VLA

C(’\m_?(,\l‘l_ads 1,2, 3 4 5 and 8 were prepared accordin

2,3,4, prepared according

available. The compounds subjected to an anti-HIV-1 test were purified by reverse phase HPLC and their
purities were checked by the 'H NMR mearsurements.

Ethyi Z-bromomethyienecyciopropane- i-carboxyiate 6. To a stirred mixture of bromoaliene (11.4 g, 96.0
mmol.) and Rh(AcO)z (60.0 mg, 0.136 mmol.), N2CHCO:Et (21.9 g, 192 mmol. in 60 ml methylene
chloride) was added dropwise under N2 atmosphere at refluxing temperature for 6 hours. The solution was
refluxed and stirred overnight and then was evaporated. After silica gel column chromatography with an eluent
of 1:10 ethyl acetate/hexane, the colorless liquid 6 was obtained in 62.6% yield. The trans/cis isomers were
separated by further column chromatography with an eluent of 1:20 ethyl acetate/hexane. trans-6: 'H NMR (400
MHz, CDCl, ppm), 86.56 (dt, 1H, J=1.6, 3.0 Hz), 4.17 (q, 2H, J=7.2 Hz), 2.49 (ddd, 1H, J=8.0, 5.0, 1.6
3H, J=7.2 H2): BC NMR (100 MHz

CTY s
ARy ARLJy e IVAVIAN { LUV IVALLL, AL, yl.vl.ll.},

to the literature and other reagents are commercially
AN RAMRSE BALAAL W QARARE WSLAA w A%F €Al W

Hz), 1.70 (ddd, 1H, 1=9.2, 8.0, 3.0 Hz), 1.2

Adify N7 \WISy ARRy F—Trdwy WV, SV IR

a
5171 25 12838 92 77 62, I’) ’)A 68 15.38 4 26 HRMQ ~alod for C7H B 203 0785 found

.56, 12836, 98.77, 62 68, 15.38, 14.26; HRMS calcd for C'HoBr(: 203.9786, found 203.9791.
cis-6: '"H NMR (400MHz, CDCB, ppm), 56.48 (dt, 1H, 6, 3.0 Hz), 4.23 (q, 2H, J=7.2 Hz), 2.40 (ddd,
1H, J=8.0, 5.0, 1.6 Hz), 2.01 (ddd, 1H, J=9.2, 8.0, 3.0 Hz), 1.26 (t, 3H, J=7.2 Hz); *C NMR (100MHz,
CDCB, ppm), b 172.76, 128.00, 97.77, 62.82, 24.38, 15.88, 13.26; HRMS calcd for C7HsBrOz 203.9786,
found 203.9791.

Fthyl 2-iodomethylenecyclopropane-1-carboxylate 7. To a stirred mixture of iodoallene (2.0 g, 12.8 mmol.
in 25 ml methylene chloride) and Rh(AcO)2 (9.0 mg, 0.02 mmol.), N2CHCOzEt (1.37 g, 12.8 mmol. in 25 ml
methylene chloride) was added dropwise under N2 atmosphere at -10C for 9 hours. The solution was stirred
overnight at -10C and then was evaporated. After twice silica gel column chromatography with an eluent of 1:5

k—n

athel snatatalmatenlancos athas ..n.-l an alnant nf A& notralanm athaefhanaana and nranarativa thin lavar
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chromaiography with an eluent of benzene, the colorless liquid (gradually became red in solution), trans/cis
(1:1) isomer mixture of 7 was obtained in 4% ylcld. trans/cis (1:1)-7: 'H NMR (400 MHz, CDCis, ppm),
because there were two isomers, we calculated the protons based on two molecules. 56.51 (q, 1H, J=2.4 Hz),
6.47 (q, 1H, J=1.8 Hz), 4.22 (ABX3, 2H, J=7.2, 7.2, 14.4 Hz), 4.15 (q, 2H, J=7.2 Hz), 2.55 (ddd, 1H,
J=8.8, 4.9, 1.8 Hz); 2.29 (ddd, 1H, J=8.8, 5.0, 2.4 Hz), 2.10 (ddd, 1H, J=8.8, 4.9, 1.8 Hz), 1.92 (dt, 1H,
J=8.8, 1.8 Hz), 1.80 (ddd, 1H, J=8.8, 5.0, 2.4 Hz), 1.61 (dt, 1H, J=8.8, 2.4 Hz), 1.30(t, 3H, J=7.2 Hz),
1.27 (t, 3H, J=7.2 Hz); C NMR (100 MHz, CDCls, ppm), & 170.56, 169.91, 136.00, 134.70, 67.48,
67.30, 61.44, 61.42, 26.73, 23.51, 19,59, 15.37, 14.66, 14.46; anal. calcd for C7HslO2 C 33.36, H 3.60,
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Ethyl 2-bromo-2-bromomethylcyclopropane-1-carboxylate 9. To a stirred solution of ethyl 2-
methylenecyclopropane-1-carboxyiate 8 (2.8 g, 20 mmol. in 50 ml chloroform), bromine (3.2 g, 20 mmol. in
50 ml chloroform) was added dropwise at 0C within 4 hours. After being stirred further for 3 hours at 0C, the
colorless solution was evaporated and the light yellow liquid 9 was obtained in almost quantitative yield with
almost specific cis-isomer. The compound was used in the following reaction without further purification. cis-9:
'H NMR (400 MHz, CDCB, ppm), 84.24 (q, 2H, J=7.2 Hz), 3.77 (AB, 2H, J=7.2 Hz), 2.12 (dd, 1H, J=9.2,
7.2 Hz), 1.77(t, 1H, J=7.2 Hz), 1.52 (dd, 1H, J=9.2, 7.2 Hz), 1.31 (t, 3H, J=7.2 Hz); *C NMR (100 MHz,
CDCh, ppm), 8168.18, 61.51, 41.93, 37.13, 28.98, 22.28, 14.08; HRMS calcd for C7H10BrBr*O2 285.9027,

’
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9-Ethoxycarbonylcyclopropylidenemethylenyladenine 10. A mixture of vicinal dibromo-compound 9 (1.2
£. 4.0 mmol.), adenine (2.2 g, 16.0 mmol.), K2C03(2.2 g, 16.0 mmol.) and DMF (70 ml) was stirred at 85C
(oil bath temperature) under nitrogen atmosphere for 16 hours. The mixture was filtrated and the resolution was

ansmenrembad buee a s b Srmrezsters  sw1esve: tha whita anlid Aa~saeasie A TN cwran ~Albniead O
CVEPOTawG Uy 8 wWakT luuny YaCuuili pumip, e wiile S010 COmpoUna i1v wWas oolaifliea atter silica gel
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cnmmawgmpny wun an ﬂticlll OK 8:1 CIDYI ace(atelemanm m X7 }’lelﬂ cis-10: '"H NMR (‘“l) Nﬂ:‘l?. LLX.TBI
CDsOD, ppm), 88.31 (s, 1H), 8.17 (s, 1H), 7.60 (q, 1H, J=2.4 Hz), 4.22 (ABX3, 2H, J=7.2, 7.2, 14.4 Hz),
2.72(ddd, 1H, J=8.4, 5.2, 2.4 Hz), 2.14(ddd, 1H, J=8.8, 5.2, 2.4 Hz), 1.99 (ddd, 1H, J=8.8, 8.4, 2.4 Hz),
1.33 (¢, 3H, J= 7.2 Hz); "C NMR (100 MHz, CDCI5/CDsOD, ppm), & 170.26, 155.49, 153.16, 148.00,
137.04, 119.00, 112.61, 111.01, 61.53, 19.47, 13.89, 10.10; HRMS calcd for C12H13NsOz2 259.1071, found
259.1109; anal. caled for Ci12Hi3NsO2 C 55.60, H 5.02, N 27.03, found C 55.49, H 5.08, N 26.69. trans-
10: '"H NMR 400 MHz, CDCl/ CD30D, ppm), 68.32 (s, 1H), 8.31 (s, 1H), 7.65(q, 1H, J=2.4Hz), 4.22
(ABX3, 2H, 1=7.2, 7.2, 14.4 Hz), 2.65(ddd, 1H, J=8.8.4.8 , 2.4 Hz), 2.19 (ddd, 1H, J=8.8 4.8 2.4 H2),

2.07(dt, 1H, J=8.8, 2.4 Hz), 1.29 (t, 3H, J= 7.2 Hz); ®C NMR (100 MHz, CDCh/CD:0D, ppm), 8170.01
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155.49, 153.16, 148.00, 137.04, 118.00, 112.96, 111.80, 61.37, 17.38, 13.87,12.23; HRMS calcd for
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Ci12HiBNsOz2 259.1071, found 259.1109; anai. caicd for Ci2Hi3sNsO2 C 55.60, H 5.02, N 27.03, found C
55.49, H 5.08, N 26.65.

9-Hydroxymethylcyclopropylidenemethylenyladenine 11. To a stirred mixture of LiAIH4(0.15 g, 4.0 mmol.)
and anhydrous THF (50 ml) a solution of ester-type nucleoside 10 (0.539 g, 2.0 mmol.) in 50 ml anhydrous
THF was added dropwise within 5 hours at 0C. After being stirred overnight at 0C, the excess LiAlH4 was
neutralizated by water, then the mixture was filtrated, evaporated and the white solid compound 11 was
obtained in 93% yield after the silica gel chromatography with 8:1 methylene chloride/methanol. The cis/trans

icamora and tha anantinmaere of cic_icomer were cenarated hv '—IP‘ [ as d&mhﬁﬂ ahnva trans- -! lH M

1ISOINETS and ¢ THAnuomRTs Of CiS-180MEr WeErt s WM G VY X WA AURNAS GRUNS Y s

FANN ALY TN nam) AQ &N7ie THY 27 {e T1HN ‘TCKn IH, J=2.0H2). 360 (ABRX 2H J=112. 64
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6.4 Hz), 2.12 (dddt, 1H, J=6.4, 8.8, 6.8, 2.0 Hz), 1.79 (dt, 1H, J=2.0, 6.8 Hz), 1.46 (ddd, 1H, J=8.8, 6.8,
2.0 Hz); *C NMR (100 MHz, CDsOD, ppm), 6157.49, 154.23, 149.62, 139.28, 119.86, 118.29, 111.82,
65.03, 18.78, 10.11; HRMS calcd for CioHuNs0 217.0965, found 217.0929. cis-11: 'H NMR(400MHz,
CDsOD, ppm), 88.80 (s, 1H), 8.22 (s, 1H), 7.44 (q, 1H, J=2.0 Hz), 3.90 (dd, 1H, J=11.2, 5.6 Hz), 3.45 (dd,
1H, J=11.2, 7.6 Hz), 2.22 (ddddd, 1H, J=8.8, 7.6, 5.6, 5.2, 2.0 Hz), 1.60 (dt, 1H, J=8.8, 2.0 Hz), 1.30
(ddd, 1H, J=8.8, 5.2, 2.0 Hz); *C NMR (100 MHz, CD:OD, ppm), 8 157.50, 154.22, 149.24, 140.28,

119.90, 117.62, 111.79, 65.09, 20.84, 7.36; HRMS calcd for C10H11NsO 217.0965, found 217.0939.
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