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Abstract—The reaction of iodolevoglucosenone with the anion of ethyl cyanoacetate via succession of
tandem intramolecular reactions leads to formation of tricyclic cyclopropanolevoglucosenone or tetracyclic
imine.

Formerly in the course dhvestigation of reactions able that in thdirst stage arises a cyclopropanolevo-
between iodolevoglucosenon¢) (1] and anions of glucosenonell that further suffersattack of the
CH-acids, in particularwith diethyl malonate and second anion of ethyl cyanoacetate at the lgrioup
ethyl acetoacetate we observed formation of untriviatesulting in further transformations. Wahecked this
products, derivatives ofcyclopropane [1, 2] and assumption by performing the reaction of compound
stable oxetanes [2, 3]. In the present study we carriefl with ethyl cyanoacetate sodium derivative aP@0
out similar reactions of compound with ethyl  The reaction product was identical in composition and
cyanoacetate. spectral characteristics to the previously obtained

Reaction between equimolar amounts of compoundiastereomemixture. At thesame time compound
| and ethyl cyanoacetate sodium derivative wadvas freated with malonate-anion; the reaction
carried out in THF at60°C. Underthese conditions afforded individual iminelll .
the reaction was fast and selective resulting in 80% Compound !l due to its diastereomeric homo-
yield in tricyclic [1+2]-adduct, cyclopropanolevo-  geneity was easily identified. In ité NMR spectrum
glucosenone I(). The reaction performed at 2D the most characteristic resonances of the cyclopropane
gave rise to a new crystalline compound with an protons appear as doublets2a20 and 2.93 ppnwith
empirical formula corresponding to a levoglucose-y coupling constant 8.7 Hz, and the singlet of the
none adduct with two molecules of ethyl cyano-;qine proton is observed ab.84 ppm. In the
acetate. The presence in the NMR spectra of doublesc yMR spectrum the signals from treame frag-
sets of closely located signals suggests the presenggonis are seen a80.66. 31.78. and 36.98 ppm
in the product of diastereomensixture. It ispresum- (cyclopropane ring), and 171.58 pPM(C=NH).
Taking into account the spectral data of compouhd
we successfully assigned the signals in the spectra of
diastereomer mixture of compoundy obtained in
reaction of iodolevoglucosenong (vith eth%/I cyano-
acetate sodium derivative at ZD. In the "H NMR
spectra the characteristic signals of cyclopropane
protons appear as doublets with a coupling constant

I I 8.6 Hz at 2.28 (2.34) and 2.83 (3.0) ppm, Siaglet
_ o of imine proton at6.29 (6.10) ppm. In thé°C NMR
EtOZC/\COZEt =0 spectra the signals of the cyclopropane ring carbons
! > CO.Et are observed aB0.51 (30.79), 37.59 (37.26) and
7 CO.Et 41.95 (41.46)ppm, those of imine carbon at71.66
Et0,C Chwa 2 (171.78)ppm. Thediastereomers obtained turned out

NH to be relatively stable against acid hydrolysis (in 12%
I water solution ofHCI). However in 10% KOH solu-
tion in THF-H,O mixture (1:3) the ester group at
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C® is readily hydrolyzed to give acid/. In the most electron-deficient atom?deading to theupture
13C NMR spectra of the hydrolysis products this isof C>-C2 bond and malonate-anion elimination.
evidenced by downfield shift of the:w-carbons e
compared to &€ [4]. Whereas the resonances of C
in the spectra of diastereomers of compowicare
observed at42.30 (42.54)ppm, in compound IV
these signals appear &7.59 (37.26) ppm; the
chemical shifts of & ar observed aB0.24 (30.85)
and 30.89 (31.54) ppm respectively.

The stability of cyclopropane ring in compounds
II and VI at hydrogenation depends significantly on
electron-acceptor characteristics of substituents
bonded to € atom in agreement with the published
data [6]. For instance,whereas the reduction with
borohydride of compoundl at G’C occurs with no
complications, this reaction with bisethoxtcarbonyl

0 derivative of cyclopropaneV/l is accompanied by

FO.C7 CN 0 hydrogenolysis of the more strained bond-C* and

I —— CO,Et by formation of isomeric alcoholsX in 80% yield.
UReN The reaction carried out atl5°C furnished alongside

the isomeric alcohol$X also onlyexcalcohol X in
22% vyield. Thecalculation of bond lengths performed
by AM1 procedure [software Hyper Cherb.01
(1996)] demonstrated that the bond-C* in alcohols
o X and XI actually were the longestl.521 and
0 1.523 A respectively.

Thus iodolevoglucosenone in Michael reactions
0O CN with ethyl cyanoacetate is prone to tandaansform-
HO,C ations of anionotropictype.

\4 EXPERIMENTAL

We failed to obtain in a similar way lactonéll

1 13 :
from bisethoxycarbonylcyclopropane derivativé . H and °C NMR spectra were registered on

e arose the known (o] MighaakiducsVIl dia- - SPECLOTILT Broker AN 300 o operaing feuences
stereomeric with respect to "Catom. Thespectral ’ '
e : : CDCl;, internal referenc& MS. TLC wasperformed

characteristics thereof are identical to those of com- Silufol plat Czechi Optical rotati
ound prepared by procedufs]. on Silufol plates (_zec ia). ptical rotation was
P measured on Perkin-Elmer-141 instrument. Mass

Presumably the cyclopropane compoufidis sub- spectra were registered on MKh-1306 device (ioniz-
jected to attack of ethyl cyanoacetate carbarfram  ing voltage 70 eV, ionizing chamber temperature
the endoregion of bicyclo[5.1.6%octane on the 30-50°C).

0 0 0
0 Q|  NaBH,, EtOH 0
CN  =—X— BT TE——
0°C
O CO,Et 0 OH
EtO,C Et0,C CO,Et EtO,C CO,Et
o)
1l I X
v CO,Et v
pi NaBH,, EtOH
NC ~15°C
0 0 0
Q 0 0
+ IX
OH
o) OH
NC™ “co,Et Et0,C” " CO,Et EtO,C” " CO.Et
VI X XI
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(1R, 2R, 3R, 4S,6R)-5-0x0-3-cyano-3- (9H, 3CHy), 2.20 d (1H, H, 8.7), 2.93 d (1H, I,
ethoxycarbonyl-7,9-dioxatricyclo[4.2.16“\nonane  8.7), 3.72's (1H, H), 3.95 d.d (1H, H,, 7.0, 3.8),
(). To a suspension 0.08 g (3.4mmol) of NaH 4.07 d (1H, I—ﬁndo 7.0), 4.22 m (6H30OCH,), 4.88
in 3 ml of THF was added dropwis®.24 ml br.s (1H, H), 5.38 s (1H, H), 5.84 s (1H, NH).
(2 mmol) of ethyl cyanoacetate, and the mixture was>C NMR spectrum,5., ppm: 13.89, 13.95, 14.04
stirred for 30 min. Oncooling to -60°C 0.5 g (3CH,), 30.66 (C), 31.78 (C°), 36.98 (C), 54.34
(2 mmol) of iodolevoglucosenone in 2 ml of THF was (Cl), 58.06 (C), 62.02, 62.17, 62.2530CH,),
added to the reactiommixture. After stirring for  70.74 (&), 73.72 (&), 100.87 (C), 166.18, 166.44,
15 min the temperature was raised ttCQ the reac- 167.74 (CQ), 171.58 (C=NH). Mass spectrum
tion mixture was acidified to pH 5 with 10% HCI (electron impact)ym/z (I, %): 397 M]* (1.5), 396
solution, the reaction products were extracted intdM-H]" (3), 369 M-C,H,]+ (1), 352 M-OEt]" (24),
ethyl acetate (35 ml). The combined extracts were 351 M-EtOH]" (43), 324 M-CO.Et]" (52), 309
washed with saturated N@O; solution, dried with (19), 305 (10), 234 (14), 232 (10), 279 (38), 206
Na,SO,, evaporated, and the residue was subjected t(100), 178 (14), 160 (81), 134 (19), 132 (12), 106 (6),
chromatography to affor8.37 g (80%) ofcompound 104 (8).

[l as transparent crystaldX; 0.43 (ethyl acetate (1R, 2S, 5R, 6S, 9S, 10S)-8-Imino-6-[(LRS)-1-

. 16
heptane, 9:1). mp 1}9%?10_0 [alp’ -121.9 (€ 1.0, oy an0-1-ethoxycarbonylmethyl]-9-etioxycarbonyl-
CHCly). IR spectrum, cm: 760, 930, 1000, 1112’ 4,7,11-trioxatetracyclo-[4.3.1.%°.0%>'%undecane
1130, 1150, 1250, 1320, 1390, 1660, 1700, 1 50(|V). (a) To a suspension @.14 g (6mmol) of NaH

2280, 2890, 2920, 2990H NMR spectrum3, PPN 3'mI'of THF was added dropwis:52 g (4mmol)

(3. Hz): 1.29 t (3H, CH, 7.1), 2.38 d.d (1H, A of ethyl cyanoacetate, and the mixture vatigsred for
8.4,1.0),2.63 d (1H, H, 8.4), 3.90 d.d (1H, ELO 30 min. Then to the reaction mixture was added a
7.5, 4'4)’4'113 ("gndo 7.5), 4.224 (ZHB’ %CE' 7.1), solution of 0.5 g (2 mmol) of iodolevoglucosenone in
4.98 d.d (1H,H, 4'_4’ 1.0), 5.0 ¢1H, H ).éC NMR =5 mi of THF. After stirring the mixture for 15 min it
spectrumdc, ppm: 13.78 (CH), 22.10 (C), 28.31 was acidified with 10% water solution of HCI till

2
(Cs)’ 32.42 ((f’)’ 64.01 (OCH), 68.64 (C), 69.64 pH 5, the reaction products were extracted into ethyl
(C5), 99.02 ( 0)’_ 113.48 .(CN),.164.90 (CO), 189.08 5iatate (35 ml). The combined extracts were
(). Foundb %: C 55.5, H1.6; N 5.9. GHyNOs.  \yaghed with saturated BEO; solution, dried with
Calculated, %: (55.7; H 4.6; N5.9. Mass spectrum 5 50, evaporated, and the residue was subjected to
(electron impact)m/z (l,g, %): 238 M+H]" (1),  chromatography to afford 0.5 g (72%) of compound
237 M] (3), 209 M-COJ' (7), 192 (18), 191 (12), as transparent crystals.
181 (13), 178 (19), 163 (43), 149 (30), 134 (74), 123 .
(57), 121 (17), 106 (100). (b) To a suspension 00.06 g (2.5 mmol) of

_ NaH in 2 ml of THF was added dropwis@.22 g

(1R, 2S,5R,6S,9S,105)-6-[Bis(ethoxycarbonyl)- (1 7 mmol) of ethyl cyanoacetate, and the mixture
methyl-8-imino-9-ethoxycarbonyl-4, 7,11-trbxa-  \as stirred for 30 minThen to the reaction mixture
tetracycl_o[4.3.l.f' .0%'%undecene (). To a \yas added a solution of 0.4 @.7 mmol) of com-
suspension 00.06 g (2.5mmol) of NaH in 2 ml of  hound |l in 2 ml of THF. Thereaction mixture was
THF was added dropwis®.27 ml (1.7 mmol) of  stirred for 30 min andhen treated with 10% water
diethyl malonate, and the mixture was stirred forsq|ytion of HCI till pH 7, the reaction products were
30 min. Then within 30 min was added a solution of gyiracted into dichloromethane %3 ml). The
0.4 g (1.7mmol) of compound!l in 2 ml of THF.  compined extracts were washed with saturated
The reaction mixture was stirred for 2Qin, treated aqueousNaCl solution, dried on MgSg) evaporated,
with 3% water solution of HCI till pH 7, the reaction anq from the residue was isolated by chromatography
products were extracted into dichloromethanex (3 g 47 g (80%) ofimine IV. R 0.24 (ethyl acetate
5 ml). The combined extracts were washed withheptane 9:1), mp 115116°C (ethyl acetate). o]
saturated aqueouNaCl solution, dried on MgSQ) 50 7 (c 1.0, CHCL). IR spectrum, cm: 780,
evaporated, and from the residue was isolated by100 1330, 1370, 1460, 1640, 1710, 2850, 2880,
chromatography0.45 g (67%) ofimine Ill as oily 292014 NMR spectrump, ppm @, Hz): 1.32 t (3H,
substance an®.08 g of theinitial compoundlIl.  >cH. 7.0y, 1.38 t (3H, 2CH 7.0), 2.34 d (1H, H
Coggpound I1l. Ry 0.19 (ethyl acetateheptane, 7:3). g g)and 2.28 d (1H, H 8.6), 2.83 d (1H, K, 8.6)
[a]§> +112.# (c 1.0, CHCW). IR spectrum, cfif: 54 3.0 d (1H, éo, 8.6), 4.06 s (1H, M) and 4.03
760, 880, 980, 1030, 1130, 1270, 1390, 1730, 290G H, H), 4.22 m (2H,40CH,), 4.32 m (2H, 2H),

2980.H NMR spectrum,s, ppm, @, Hz): 1.25 m 50 br.s'(1H, 2H), 5.32 s (1H, H) and 5.39's (1H,
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H®), 6.29s (1H, NH) and 6.10 s (1H, NH)*C NMR
spectrum, ., ppm: 13.83 (CH), 13.92 (3CH),
30.51 and 30.79 (8, 30.89 and 31.54 (£), 37.59
and 37.26 (&), 41.95 and 41.46 (), 62.25, 63.67,
62.33 and 63.93 (OC}), 70.77 and 70.56 (),
73.91 and 73.87 (§, 100.21 and 100.77
113.26 and 113.14 (CN),
(CO,Et), 167.15 (2CO,Et),
(C=NH). Found, %: C 54.1; H5.1; N 6.9.
C,gH1gN,0;. Calculated, %: C54.8; H 5.1; N8.0.
Mass spectrum (electron impactp/z (I,o, %): 350
[M]* (3), 305 M-OEt]" (10), 277 M-CO.Et]" (9),

1091

stirred for 30 min andhen treated with 10% water
solution of HCI till pH 5, the reaction products were
extracted into dichloromethane X% ml). The
combined extracts were washed with saturated
aqueousNacCl solution, dried on MgS§) evaporated,
and from the residue by chromatography was

162.91 and 163.05separated an oily isomers mixture of compowfid .
171.66 and 171.78 R; 0.38 (ethyl acetateheptane, 7:3). IR spectrum,

cm 1 880, 930,1000-1140, 1220, 1280, 1390, 1430,
1460, 1640, 1750, 2280, 2940, 3006H NMR
spectrumg, ppm , Hz): 1.34 t (3H, CH, 7.2) and
1.36t (3H, CH, 7.1), 2.32 d.d (1H, Bf 2.2,17.0)

252 (5), 232 (43), 231 (13), 206 (8), 205 (10), 192and 2.62 d.d (1H, PR 1.6, 16.8), 2.82 m (2H,
(5), 187 (6), 186 (7), 177 (8), 160 (46), 159 (100),2H%), 2.90d.d.d.d(1H, H* 1.6, 2.2, 3.7.9.7) and

147 (17), 116 (37), 85 (74).

(1R, 2S,5R, 6S,9S,10S)-8-Imino-6-[(1RS)-1-
cyano-l-etho>1<zy arbonylmethyl]-4,7,11-troxatetra-
cyclo[4.3.1.%°.0%!9-undecan-9-oic acid (V).
A solution of 0.2 g(0.57 mmol) of compoundV in
3 ml of THF was cooled to @, and 1 ml of 30%

2.95d.d.d.d(1H, H* 1.2, 1.6, 3.1, 8.0)3.70 d
(1H, H°, 9.7) and 3.81 d (1H, B 8.0), 4.05 d (1H,
HS 4, 9.5) and 4.07 d (1H, B4, 8.9), 4.08 d (1H,
HS,, 9.5) and 4.12 d (1H, B, 8.9), 4.27 q (2H,
CH,0, 7.2) and 4.29 q (2H, C}©, 7.1), 4.75 br.s
(1H, C'H) and 4.91 br.s (1H, €H), 5.14 s (1H,

water solution of KOH was added. After stirring for HY) and 5.16 s (1H, H. *C NMR spectrum g,
15 min the mixture was acidified with 2 ml of 10% ppm: 13.95 and 13.90 (Ci 34.43 and 34.72 (8,
water solution oHCI. Acid V was extracted by ethyl 41.05 (2¢), 39.70 and 40.01 (£), 63.65 (20CH),
acetate (35 ml). Thecombined organic extracts were 67.68 and 67.79 (&, 73.92 and 74.23 (g, 101.47

dried with MgSQ and evaporated. We obtained and 101.56 (@)

0.09 g (50%) ofcolorless crystals of compound.
R: 0.22 (ethyl acetatehexane, 9:1). mp 16208°C
(ethyl ether). i]2° +76.3 (c 1.0, CHOH). IR

spectrum, cri: 800, 900, 930, 1050, 1150, 1330,

1380, 1470, 1710, 1750, 2860, 2970, 3280 NMR

spectrum (CROD), 8, ppm (, Hz): 1.23 t (6H,
2CH,, 7.0), 2.24 d (1H, W 8.8) and 2.26 d (1H,
H!, 8.8), 2.65 d (1H, H°, 8.8) and 2.79 d_(1H,
H' 8.8), 3.85 br.s (2H, 2H), 4.18 d (2H, H 4,

11.0), 4.20 q (2H, CHD, 7.0) and 4.30 q (2H,
CH,O, 7.0), 4.48 d (2H, B, 11.0), 5.0 br.s (2H,
H?, 5.15 s (1H, H) and 5.26 s (1H, B), 7.64 s
(1H, NH) and 7.52 s (1H, NH)12.98 br.s (2H,
CO,H). ¥*C NMR spectrum (CROD), &, ppm:

13.50 (2CH), 29.61 and 29.43 (¥, 30.24 and
30.85 (&), 37.40 (2¢Y, 42.30 and 42.54 (3,

58.05 (2C), 62.69 and 62.59 (Cj®), 70.0 and
70.30 (&), 73.33 (2¢), 100.51 and 99.82 (3,

114.29 and 114.55 (CN), 163.19 and 162.93 {8

168.47 (2CQEt), 171.81 and 171.33C=NH).

(1R,4R,5R)-4-[(1RS)-1-Cyano-1-ethoxy-
carbonylmethyl]-7,8-dioxabicyclo[3.2.1]octan-2-
one (VIII). To a suspension 0d.04 g (1.54mmol)

, 114.87 and 115.19 (CN), 164.56
and 164.70 (CQ), 196.41 and 196.81 @ Mass
spectrum (electron impactiy/z (I, %): 239 M]*
(2), 212 (5), 211 (23), 194 (15), 193 (9), 185 (6), 171
(16), 167 (7), 166 (6), 160 (12), 138 (23), 133 (6),
125 (8), 115 (10), 99 (100), 71 (82), 43 (94).

(1R,2RS/4R,5R)-4-[Bis(ethoxycarbonyl)-methyl]-
7,8-dioxabicyclo[3.2.1]octan-2-0l (IX).To a solu-
tion of 0.45 g (1.58mmol) of acidV in 6 ml of
anhydrous ethanol cooled t¢@ was added.12 g
(3.6 mmol) of NaBH,. After stirring for 1 h thereac-
tion mixture was neutralized with concn. GEOOH,
evaporated, the residue was diluted wittater, and
the reaction products were extracted into dichloro-
methane (85 ml). Thecombined extracts were dried
on MgSQ, evaporated, and the residue was subjected
to chromatography to afford.36 g (80%) ofoil
mixture of compoundX isomers. IR spectrum, Ci
860, 900, 98061340, 1380, 1460, 1730, 2900, 2920,
2970,3460. *H NMR spectrum, 8, ppm (@, Hz):
1.27m (4CH), 1.48d.d (1H,H® 15.4, 1.0) and
2.10 m (1H, H? 15.4), 1.661.75 m (2H, H9),
2.28 m (1H, H) and 2.42 m (1H, ¥, 3.55 br.s (1H,
H?) and 3.64d.d (1H, 4 6.1,10.2), 3.70d (2H, H,

of NaH in 2 ml of THF was added dropwise 0.1 g 11.5), 3.863.90 m (4H, I—T’), 4.17 m (8H, OCH),
(0.77 mmol) of ethyl cyanoacetate, and the mixture4.43 br.s (2H, H), 5.28 s (1H, H) and 5.30 s (1H,
was stirred for 30 minThen to the reaction mixture H'). 3C NMR spectrum,5., ppm: 13.88 (4CH),
was added a solution @.22 g (0.77mmol) of com- 25.74 and 28.36 (&, 35.68 and 37.87 (%, 52.73
poundVI in 2 ml of THF. Thereaction mixture was and 53.81 (&), 61.58 (40CH), 66.06 and 66.18
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(C?), 67.28 and 68.46 (9, 73.89 and 74.12 (§, spectrum,s, ppm @, Hz): 1.22 t (3H, CH, 7.0),
102.40 and 103.0 (¥, 168.17, 168.28 and 168.60, 1.30 t (3H, CH, 7.0), 1.88 d (1H, K, 9.1), 2.18 d.d
169.03 (4CO). From thenixture obtained by repeat- (1H, H*, 8.0, 9.1),3.65 d.d (1H, H,, 4.4, 7.0),
ed chromatography was isolated as individual sub3.82 d.d (1H, H, 8.0, 11.9), 3.88 d (1H, Iélndo
stance themore polar 2S-isomer. R 0.28 (ethyl 7.0), 4.14 q (2H, OCH 7.0), 4.28 q (2H, OCH
acetatehexane, 9:1).d]%> -53.7 (c 1.0, CHCL).  7.0), 4.68 d (1H, H, 4.4), 5.15 s (1H, ¥, 5.18 d
IR spectrum, cm: 880, 920, 1000, 1070, 1160, (1H, OH, 11.9). '3C NMR spectrum,d., ppm:
1210, 1280, 1320, 1390, 1460, 1730, 2880, 345013.84, 13.91(2CH,), 25.61 (C), 27.12 (c?), 35.81
'H NMR spectrum$, ppm @, Hz): 1.15tand 1.17t (C%), 62.23, 62.46 (20CH,), 67.51 (&), 67.63
(6H, CH,, 7.1), 1.62d.d.d (1H, H, 6.3, 8.0,10.2), (C°), 68.92 (C), 103.98 (¢), 169.35 (2CQ).

1.68 d.d (1H, H, 6.3, 8.0),2.20 br.s (1H, OH),

2.38 d.d (1H, H, 6.1,11.3), 3.60 d.d (1H, B 6.3, REFERENCES

10.2), 3.65 d (1H, 'l" 11.3), 3.78 d.d (1H, E’“’ 1. Valeev,F.A., Gorobets,E.V., Miftakhov, M.S., lzv.
3.4,7.6),3.83 d.d (1H, Hygo 1.0, 7.6),4.11 g and = o\ a'k Ser. Khim1097, no. 6, ppl242 1243,
4.14 q (4H, OC%: 7.1),4.38d.d (1H, Pl 1.0, 3.4), 2. Valeev,F.A., Gorobets,E.V., andMiftakhov, M.S.,
5.22 s (1H, H). °C NMR spectrum§, ppm: 13.95 lzv. Akad. Nauk, Ser. Khim., 1999, no. 1,
(2CH,), 28.46 (C), 37.93 (?, 52.77 (&), 61.63 pp. 152156.

(20CH,), 66.24 (@), 68.52 (C), 73.94 (C), 103.01 3. Valeev, F.A., Gorobets,E.V., Cpirikhin, L.V., and
(Cl), 168.20 and 168.34 (CO). Miftakhov, M.S., Zh. Org. Khim., 1999, vol. 35,

. no. 8, pp. 12681269.
(IR, 2R, 4S,5S,6R)-3-(Bisethoxycarbonyl)-5- ;| .\i"G's. and Nebon, G.L.. Carbon-13 Nuclear

hydroxy-?_,9-diox§tricyclo[4.2.1.6"4]n0nane (X)- Magnetic Resonance for Organic Chemisigw York:
The reaction carried out along tladove procedure at Wiley-Intersci., 1971.

-15°C gaverise to compound$X andX obtained in 5. shafizadeh, F.Ward, D.D., and Pang, D.,Carbo-
77 and 22% yield respectively. Alcoha{. R 0.39 hydrateRes.,1982, vol. 102, pp. 212230.

(ethyl acetate hexane, 9:1). d]3° -54.7 (c 1.0,
CHCIly). IR spectrum, cm: 940, 1060, 1090, 1220, (Modern Trends in Organic Synthesis), Nodzakd.,
1270, 1340, 1390, 1730, 2920, 3000, 3439 NMR Moscow: Mir, 1986.
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