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A simple and efficient strategy is reported for gymthesis of spiro-fused pyrrolo[2,1-
alisoquinoline ring systems. The spiro[isoxazolomyoisoquinolines] are readily
preparated via diastereoselectNecyliminium ion cyclization of 6-hydroxy-7-(2-
arylethyl)-1-oxa-2,7-diazaspiro[4.4]non-2-en-8-omksived from the corresponding
spirocyclic dihydroisoxazoles.

1. Introduction

The pyrrolo[2,1a]isoquinoline ring system is a major
structural fragment oErythrina and lamellarin alkaloids'
Natural products that contains pyrroloisoquinolifname-
work (Scheme 1) display a variety of pharmacoldgefa
fects including cytotoxic [crispine Bl)Y and lamellarin D
(4a)],? antitumor [crispine BX), crispine A 8a), lamellarin
I (5a) and lamellarin K %b)],** antibacterial and antiviral
activities [trolline (salsoline A) 2)],* DPPH free radical
scavenging activity and inhibitory activity [olegin E @b)
and lamellarin-20-sulfate 4b)].> Various biological activi-
ties have been found for synthetic pyrroloisoquimes, e.g.,
antineoplasti€, antitumor activity, antidepressaritantileu-
kemic?® antiviraf and activity asi2-adrenoreceptor antago-
nists® and calcium channel blockelsin addition, com-
pounds with a pyrroloisoquinoline fragment haverbee-
scribed as having hypotensive, sympatholytic angthps-
tropic activity??
diseases such as psoriagfs.

Me! N HO. R
d
N N N
Me &+ HO R
H H

trolline (salsoline A)2) crispine A Ba: R = Me)

oleracein E3b: R = H)

(rac)-6

lamellarin D ga: R'= R2= R®= H)
lamellarina-20-sulfate
(4b: R'= Me; R= H; R®= SONa)

lamellarin I(5a: R*= R?= Me)
lamellarin K 6b: R*= R?= H)

as well as being useful in the treatment ofscheme 1 Representative natural active pyrrolo[2]isoquinolinesl—

5 and the spiro[isoxazolopyrroloisoquinolinégsfrom this work.

Thereby development of simple, effective and edfiti
synthetic methods for compounds containing suclrwc-s
tural fragment is still an important and actual IEdrege of
organic chemistry and many approaches have beenteep
in the last year¥’ In particular, the intramolecular trapping
of cyclic N-acyliminium ions has been successfully used for
the preparation of pyrrolo[2,a}lisoquinoline ring system$.

OCorresponding author. Tel: +7 812-428-4021; fax842-428-6939; e-mail: alstepakov@yandex.ru



2 Tetrahedron
Previously, we described the first synthesis ofkdso R
zolopyrroloisoquinoline8 (Scheme 2yia diastereoselective 0 FN\ N—g O
intramolecular cyclization of 5-(2-arylethyl)-6-hyakytetra- IAr cl lOa-cOH rR— IAr
hydro-4-pyrrolo[3,4d]isoxazol-4-oned in the presence of N _— N
boron trifluoride diethyl etherat&.In the present work we EGN
o] o]

report a simple and efficient approach for the sgsis of benzene, RT

the spiro[isoxazolopyrroloisoquinoline$§ (Scheme 1) via 9a-c llag
the intramolecular trapping of adacyliminium ion as the :
key synthetic stefy’ Enty  Ar R broduct \(((:2;3
1 Ph Qa) 4-MeGsH, (1Ca) 1lla 86
H PoH 2 Ph 0a) 4-CIGsH, (10b) 11b 42
IPh BEELO 3 Ph @a) COEt (100) 11c 25
N— 82, 4 3,4-(MeO)CeH3 (9b)  4-MeGsH,4 (108) 11d 63
. 2 CHyCl, RT 5 3,4-(MeO)CeH3(9b)  4-CICeH, (10b) 1le 24
l£| 6 1-naphthyk9c) 4-MeGsH, (10g) 11f 85
Rt e} 7 1-naphthyK9c) 4-CICsH, (10b) 11g 68
(rac)-7 (rac)-8 # Reaction conditions9 (1 equiv),10 (1.5 equiv), EN (1.5 equiv), benzene,
Scheme 2Previous work: synthesis of pyrroloisoquinolifggsy cy- RT." Isolated yield.
clization of hydroxylactamg.
Table 2
Reduction of compoundkla-g with NaBH;?
2. Results and discussion
N—g O /N\O OH
Our approach to spiro[isoxazolopyrroloisoquinolines R IAf NaBH, R IA'
began with the synthesis of dihydroisoxazolds—g pre- N CH,CI,/EtOH N
pared by 1,3-dipolar cycloaddition of N-(2- -80to- 20°C
lethyl)it imide®a—c to nitril id ted f © ©
arylethyl)i aconimide®a—c to nitrile oxides, generated from 11ag 12a-g
the corresponding hydroximoyl chloridé8a-c in the pres-
ence of triethylamine (Table 1). Benzonitrile oxidenerat- Yield of dr of
. . . . . Entry  Substrate Ar R b *
edin situfrom the hydroximoyl chloridd0Oain the presence ¥ - = VG g((/;)e) ;1
- H o A a -Me =} o
of Et:N) was treated witt9a in benzene at 20 °C to give > 11b Ph 4CIGH, 12b(92) 51
isoxazolellain 86%yield (Table 1, entry 1). A similar re- 3 11c Ph CQEt 12¢(95) 111
actions occurred between itaconimiga and nitrile oxides :_)‘- ﬂg gyj-gmggigszs 2'%‘2&“4 1225355)) 351
generated fromiOb,c, giving spiro-isoxazoled1lb and1lc &N 11f i AMoGH, 12f(96)  1:0
in yields of 42% and 25% respectively (Table 1riest2 7 119 1-naphthy! 4-CIGH, 129(98)  1:0

and 3). The reactions of itaconimideis,c with nitrile oxides 7 Reaction conditionsl1 (1 equiv), NaBH (1.5 equiv), CHCI/EtOH, —80 to

generatedrom hydroximoyl chlorideslOa,b leadto spiro- -20 °C.° Isolated yield® Determined byH NMR of the crude mixture.
isoxazolesl1d—-g in yields ranging from 24% to 85% (Table ) ) )
1, entries 4-7). The structural assignment of soéated spi- Next, the intramolecular Friedel-Crafts—type reasi of

ro-isoxazoleslla-g was made on the basis of their spectro-hydroxylactamsl2a-g were investigated (Table 3). Treat-
scopic data’H and *C NMR spectra indicate the regio- ment ofN-acyliminium precursord2aand 12b with an ex-
chemistry of the [3+2] cycloadductéla—g which are cess of BEHOEL (5 equiv) in CHCI, at room temperature
formed by the attack of the nitrile oxide’s carbmtrthe CH ~ gave the spiro-cyclic racemic product8a and 13b as a
terminus of thea,Bunsaturated moiety (see Supplementangingle diastereomers in 98 and 90% vyield, respeigti{Ta-
data). ble 3, entries 1 and 2gimilarly, cyclization of hydroxylac-
For the next step in our study, we examined thagon  tam 12c afforded exclusively td3cin 96% yield (Table 3,
of the imide function of substratdda-g with NaBH,. The ~ €ntry 3). The S'%”ms of the other possible diasterers
reduction was carried out in methylene chlorideaathat — Were not found inH NMR spectra of crude reaction mix-
80 to —20 °C to provide the corresponding hydrostgens ~ tures. The N-acyliminium ion cyclization of methoxy-
12a-g in yields ranging from 92% to 98% (Table 2). In all sgbstltuted aro_ma‘uc ring containing hydroxylactah2sl,e
cases, only the carbonyl group at hposition with respect  With BFJOEL in CH,CI, at room temperature proceeded
to the oxygen atom in the dihydroisoxazole ring was Cléanly to provide spirofisoxazolopyrroloisoquins]
duced. Presumably, this is related to the inducgiffect of ~ 13d.€in 98 and 92 % yields, respectively (Table 3, ieatd
the oxygen atom of the isoxazole riHgThe signals of the and 5). Furthermore, in the case of the 1-naptehpbtitut-
other possible regioisomers were not found'#h NMR  €dN-acyliminium ion precursor&2f,g formed the pentacy-

spectra of crude reaction mixtures.'H NMR analysis of Clic spiro-systemd3f,gin 91 an_d198% yields (Table 3, en-
crude reaction mixtures showed that the spiro-t“es 6 and 7). From the analysis'Bf NMR spectrum of the

hydroxylactamsl2a-e are formed as thiseparable mix- crude reaction mixtures it was concluded that gf@ization

ture of diastereomers, while produdt2f,g formed as a sin- of hydroxylactamsl12f,g produced only a single diastere-

gle diasteremers: and the stereochemistry of thesgucts °Mers: The relative stereochemistry of the formetescen-
12f,gis not yet determined (Table 2). It should be ddtet ters of spiro[isoxazolopyrroloisoquinolinegd3 was deter-

hydroxylactami2gin CDCL, for two weeks at room temper- Mined by single-crystal X-ray diffraction (for comynd
ature is completely converted into other diaster@om 13d) (Fig. 1) and supported the relative configuratiber
duced from NMR spectroscopy. Thied NMR spectrum of

Table 1 compoundl3f displayed a singlet at 5.19 ppm t8+rC(10a),
1,3-Dipolar cycloaddition of benzonitrile oxidesitaconimides $a—c)? which showed a H,H-NOESY correlation with a douldet
3.97 ppm (CH group of the isoxazole ring), this fact indi-



cated thaH-C(10a) and methylene group of isoxazole ring

arecis{ocated relative to each other. Y
—Q S
/v\)q)
7 R N

N—
(o}
R 4 i H
Fig. 1. ORTEP representation of compoult®H.
o]
13 15 (not found)

Table 3.

BF;[DEt-catalyzed intramoleculdiastereoselective Friedel-Crafts— Scheme 3 Stereoselective outcome of the intramolechlacyliminium
type cyclization of hydroxylactania-g* cyclization into the spiro-cyclic systert8.

N~ OH
e © N r( O
v/ | _BRELO N /\ 3. Conclusion
CH,Cly RT
Y In summary, we have developed a simple and efficien

route to spiro[isoxazolopyrroloisoquinolinegia diastere-

12a-g
oselectiveN-acyliminium ion cyclization of 6-hydroxy-7-
(2-arylethyl)-1-oxa-2,7-diazaspiro[4.4]non-2-en-Bes
derived from the corresponding spirocyclic dihydimia-
zoles.
4. Experimental section
4.1.General remarks
IR spectra were obtained on an Bruker Tensor 27tispee-
Entry Substrate  Ar R R \l(;e('%;f ter. Melting points were determined on a Boetiusrimeent and
i 153 Bh T MeGH, q 132(98) are uncorrected. NMR spectril3 were recorded on a_Bml@jce
2 12b Ph 4-CIGH, H 13k (90) Il spectrometer’, 400 MHz;**C, 100 MHz). Chemical shif
3 12c Ph CQEt H 13c(96) ; ; ; —
a 124 3.4-(MeO)CeHs  4MeGHa MeO  13d/(98) are rep?srted in ppm relatl_ve to residual CH@H_-I, o) 7.26_) and
5 12e 3,4-(MeO)CeHs  4-CICeHq4 MeO  13¢(92) CDCl; (°C, 8 = 77.16) as internal standard. High-resolution mass
6 12f 1-naphthy! 4-MeGH, - 13f(91) spectra (HRMS) were recorded on a Bruker micrOTOF2302
7129 1-naphthy! 4-CleH, - 13¢ (98) spectrometer using electrospray ionization (EShe K-ray dif-

2Reaction conditionsl2 (1 equiv.), BRIOEL (5 equiv.), CHCI,, RT.

b solated yield. fraction data were performed by means of an BrukeEXdH

CCD diffractometer with Mo-K X-ray radiation. React®owere
From the obtained results we can conclude thatehe-  monitored by TLC analysis using Silufol UV-254 pkteThin

tion occurs by direct attack on tieacyliminium ion inter-  layer chromatography was performed on silica get® mesh

mediatel4 by the r-aromatic system linked to the nitrogen eluted with dichloromethane/methanol. Preparatiod elmarac-

atom of the pyrrolidinone ring to produce the spi-terization of compound$3a-g are disclosed below, while com-

ro[isoxazolopyrroloisoquinolines]13. Formation of dia- pounds9a—c, 11a-g and 12a-g described in the Supplementary

stereomersl3 occurs byTr-nucleophile attack on thél- data.

acyliminium ion from the less hindered isoxazoldesithat

is, in our case, the oxygen one (transition sthfeA,

Scheme 2). The transition stdté-A should be lower in en- 4.2. General procedure for the synthesis of spi-

ergy than thel4-B due to repulsion between the CH2-C(R)- ro[isoxazolopyrroloisoquinolines] 13a-g

fragment of dihydroisoxazole ring and aromatic rindran-

sition statel4-B (Scheme 3). Boron trifluoride diethyl etherate (5 equiv) was aeddo vig-
orously stirred solution of corresponding hydroxy#ans (2) in
anhyd. dichloromethane (3 mL) under argon. Theti@aanix-
ture was stirred in a capped vial at room tempega(iLC-
control). After completion of the reaction, water veakled care-
fully to the reaction mixture (6 mL). The aqueoagdr was ex-
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tracted with CHCI, (3 x 5 mL), the organic layers were com-
bined, dried over MgSO4 and evaporated to dryndss.pfoduct
was recrystallized with BD (for 13a,b,d-g.

4.2.1. (5SR,10b'SR)-3-(4-methylphenyl)-6',10b'-dihydro-A,5
spiro[isoxazole-5,1'-pyrrolo[2,1-a]isoquinolin]-2(H)-one

(13a), (98%) was obtained using general procedure fromdxydr
ylactam12aand BRIDEL. Colorless solid, m.p. 21222 . H
NMR (400.1 MHz, CDGJ) ¢ 7.50 (d,J=8.0 Hz, 2H), 7.24 (d,
J=8.0 Hz, 2H), 7.20-7.17 (m, 2H), 7.07-7.03 (m, 1H),76(€,

Tetrahedron

CH, + CH from CH), 2.92 (ddJ;=12.2 Hz,J,=2.6 Hz, 1H from
CH,), 2.66 (d,J=15.1 Hz, 1H from CH), 2.40 (s, 3H, Cklfrom
Tol). *C NMR (100.6 MHz, CDG)) 6 170.2 (CO), 155.3 (C=N),
148.3 (G,), 147.4 (G,), 140.9 (G,), 129.7 (2CH,), 128.2 (G,),
126.4 (2CH,), 126.2 (G,), 122.2 (G,), 112.1 (CH,), 107.9
(CH,), 89.2 (Gyio), 67.0 (CH), 55.7 (OMe), 55.3 (OMe), 44.4
(CH,), 42.6 (CH), 37.4 (CH), 29.1 (CH), 21.5 (CH from Tol).

IR (KBr) vmax 3591, 3431, 2922, 2846, 2249, 1686, 1609, 1519,
1441, 1422, 1358, 1267, 1229, 1117, 1025, 911. HRES):
caled for GsHpsN,O4 [M+H] " 393.1814, found 393.1812; calcd

J=7.8 Hz, 1H), 5.04 (s, 1H, CH), 4.49-4.45 (m, 1H, CH fromfor CxH,,N,NaO, [M+Na]" 415.1634, found 415.1631.

CH,), 3.87 (d,J=17.5 Hz, 1H from CH|), 3.64 (d,J=17.5 Hz,
1H from CH), 3.08-2.91 (m, 4H, isoxazoline GH 2CH from
CH,), 2.75 (d,J=15.1 Hz, 1H from CH), 2.41 (s, 3H, Ckifrom
Tol). *C NMR (100.6 MHz, CDG)) 6 170.4 (CO), 155.5 (C=N),
140.7 (G,), 135.8 (G,), 130.8 (G,), 129.7 (CH,), 129.6
(2CHy,), 127.5 (CH,), 126.6 (2CH,), 126.3 (CH,), 126.2 (G,),
125.0 (CH,), 89.2 (G, 66.3 (CH), 45.1 (Ch), 42.6 (CH),
37.4 (CH), 29.7 (CH), 21.5 (CH from Tol). HRMS (ESI): calcd
for C,H,N,O; [M+H]™ 333.1598, found 333.1603; calcd for
C,H,oNoNaO; [M+Na]* 355.1422, found 355.1417.

4.2.2. (5SR,10b'SR)-3-(4-chlorophenyl)-6',10b"-diby4H,5'H-
spiro[isoxazole-5,1'-pyrrolo[2,1-a]isoquinolin]-2(H)-one

(13b), (90%) was obtained using general procedure frodndxy
ylactam12b and BRIOEL. White solid, m.p. 188190 € (de-
composition)*H NMR (400.1 MHz, CDGJ) 6 7.54 (d,J=8.5 Hz,
2H), 7.41 (d,J=8.5 Hz, 2H), 7.21-7.19 (m, 2H), 7.07-7.03 (m,
1H), 6.94 (d, 1H, 7.8 Hz), 5.05 (s, 1H, CH), 4.51-4.46 (H,
CH from CH,), 3.85 (d, 1H from Ck 17.5 Hz), 3.64 (d, 1H from
CH,, 17.5 Hz), 3.09-3.01 (m, 1H, CH from GH2.98 (s, 2H,
isoxazoline CH), 2.93 (dd, 1H from CK 2.9 Hz, 12.1 Hz), 2.76
(d, 1H from CH, 15.4 Hz)."*C NMR (100.6 MHz, CDG) &
170.2 (CO), 154.6 (C=N), 136.4 (¢, 135.9 (G,), 130.6 (G,),
129.8 (CH,), 129.2 (2CH,), 127.8 (2CH,), 127.6 (CH,), 127.5
(Car), 126.3 (CH), 124.8 (CH,), 89.9 (Gyi), 66.3 (CH), 44.9
(CH,), 42.2 (CH), 37.4 (CH), 29.7 (CH). HRMS (ESI): calcd
for CyoH1gN,0, [M+H]" 353.1057, found 353.1062; calcd for
C,oH1:NLNaG, [M+Na]* 375.0876, found 375.0879.

4.2.3. ethyl (5SR,10b'SR)-3'-0x0-2',3',6',10b'atleydro-4H,5'H-
spiro[isoxazole-5,1'-pyrrolo[2,1-a]isoquinoline]-8arboxylate
(13c), (96%) was obtained using general procedure frodndxy
ylactam 12¢ and BRIDEL. Yellow oil. *H NMR (400.1 MHz,
CDCly) 6 7.26-7.16 (m, 3H), 7.02 (d=7.6 Hz, 1H), 5.03 (s, 1H,
CH), 4.48-4.44 (m, 1H, CH from GH 4.40-4.33 (m, 2H, C}),
3.80 (d,J=18.6 Hz, 1H from Ck), 3.46 (d,J=18.6 Hz, 1H from
CHy,), 3.05-2.88 (m, 4H, CHCH,), 2.74 (d,J=14.8 Hz, 1H from
CH,,), 1.40 (t,J=7.1 Hz, 3H, CH from COEt,). °C NMR
(100.6 MHz, CDCJ) ¢ 169.6 (CO), 160.2_(CEt), 150.4 (C=N),
136.0 (Gy), 130.1 (G,), 129.9 (CH,), 127.8 (CH,), 126.6
(CHar), 124.6 (CH,), 92.3 (Gpio), 65.7 (CH), 62.3 (Ch), 45.1
(CH,), 40.6 (CH), 37.4 (CH), 29.7 (CH), 14.1 (CH from
CO,Et). HRMS (ESI): calcd for GH,oN,O, [M+H] " 315.13309,
found 315.1344; calcd for ;@4;N,NaQ, [M+Na]" 337.1164,
found 337.1169.

4.2.4. (5SR,10b'SR)-8',9'-dimethoxy-3-(4-methylphdyllOb'-
dihydro-4H,5'H-spiro[isoxazole-5,1'-pyrrolo[2,1-a]isginolin]-

4.2.5. (5SR,10b'SR)-3-(4-chlorophenyl)-8',9'-dimethoxyo®;1
dihydro-4H,5'H-spiro[isoxazole-5,1'-pyrrolo[2,1-a]isginolin]-
3'(2'H)-one (3e) (92%) was obtained using general procedure
from hydroxylactaml2e and BR[OEL. Light yellow solid, de-
composition at 180C% 'H NMR (400.1 MHz, CDGJ) J 7.55 (d,
J=8.5 Hz, 2H), 7.40 (d)=8.5 Hz, 2H), 6.65 (s, 1H), 6.33 (s, 1H),
4.92 (s, 1H, CH), 4.49-4.45 (m, 1H, CH from §H3.85 (s, 3H,
OMe), 3.81 (dJ=17.4 Hz, 1H from CHl), 3.67 (d,J=17.4 Hz,
1H from CH,), 3.29 (s, 3H, OMe), 3.05-2.94 (m, 3H, isoxazoline
CH, + CH from CH), 2.89 (ddJ;=12.2 Hz,J,=2.2 Hz, 1H from
CH,), 2.65 (d,J=14.5 Hz, 1H from CH). IR (KBr) Vi 3367,
3079, 2921, 2851, 2254, 1695, 1603, 1516, 14632,14360,
1272, 1234, 1164, 1092, 1038, 913. HRMS (ESI): cdlmd
CoHp"CIN,O, [M+H] " 413.1268, found 413.1263; calcd for
CypH2.CIN,NaO, [M+Na]" 435.1088, found 435.1086.

4.2.6.(10SR,10aSR)-3'-(4-methylphenyl)-5,10a-dihydro-4'H,6H-
spiro[benzo[f]pyrrolo[2,1-a]isoquinoline-10,5'-is@zol]-8(9H)-
one (3f) (91%) was obtained using general procedure from hy-
droxylactaml12f and BRDE®,. Light yellow solid, m.p. 185189
°C. 'H NMR (400.1 MHz, CDGJ) ¢ 7.98 (d,J=8.5 Hz, 1H), 7.78
(d, J=7.9 Hz, 1H), 7.58-7.47 (m, 5H), 7.25 (@8.0 Hz, 2H),
7.05 (d,J=8.5 Hz, 1H), 5.19 (s, 1H, CH), 4.68 (di=12.7 Hz,
J,=5.2 Hz, 1H, CH from Ch, 3.97 (d,J=17.5 Hz, 1H from
CH,), 3.68 (d,J=17.5 Hz, 1H from CH), 3.38 (dd, 1H from
CH,, J;=15.5 Hz,J,=2.0 Hz), 3.23-3.15 (m, 1H from GH 3.05-
3.00 (m, 3H, isoxazoline GH- CH from CH), 2.43 (s, 3H, CHl
from Tol). °C NMR (100.6 MHz, CDG) ¢ 169.9 (CO), 155.4
(C=N), 140.7 (G,), 132.6 (G,), 132.2 (G,), 131.4 (G,), 129.6
(2CHy), 128.5 (CH,), 128.0 (G,), 126.7 (CH,), 126.6 (3CH),
126.2 (Gy), 125.9 (CH,), 123.3 (CH,), 122.5 (CH,), 89.0 (G,
), 66.7 (CH), 45.4 (Cl), 43.4 (CH), 36.8 (CH), 25.2 (CH),
21.5 (CH from Tol). IR (KBr) V. 3055, 2921, 2851, 1696,
1612, 1513, 1439, 1389, 1360, 1313, 1231, 11462,1034.
HRMS (ESI): calcd for GH,N,O, [M+H]" 383.1760, found
383.1762; calcd for gH,,N,NaO, [M+Na]* 405.1579, found
405.1582.

4.2.7. (10SR,10aSR)-3'-(4-chlorophenyl)-5,10a-dihydro-4tH,6
spiro[benzo[f]pyrrolo[2,1-a]isoquinoline-10,5'-is@zol]-8(9H)-

one (3g) (98%) was obtained using general procedure from hy-
droxylactaml2gand BRIOE®,. Light yellow solid, m.p. 207211

°C (decomposition)’H NMR (400.1 MHz, CDGJ) ¢ 7.97 (d,
J=8.4 Hz, 1H), 7.78 (dJ=7.8 Hz, 1H), 7.57-7.49 (m, 5H), 7.41
(d,J=8.5 Hz, 2H), 7.00 (d)=8.5 Hz, 1H), 5.16 (s, 1H, CH), 4.66
(dd, 3,=12.8 Hz,J,=5.4 Hz, 1H, CH from Ck), 3.93 (d,J=17.5

Hz, 1H from CH), 3.64 (d,J=17.5 Hz, 1H from CH), 3.36 (dd,

3'(2'H)-one (3d) (98%) was obtained using general procedure)=16.0 Hz,J,=2.1 Hz, 1H from Ck), 3.20-3.12 (m, 1H from

from hydroxylactaml2d and BROEL. White solid, decomposi-
tion at 220 €. '"H NMR (400.1 MHz, CDG)) ¢ 7.51 (d,J=8.0

CH,), 3.03-2.96 (m, 3H, isoxazoline GH CH from CH). °C
NMR (100.6 MHz, CDCJ) § 169.8 (CO), 154.7 (C=N), 136.4

Hz, 2H), 7.23 (d,J=8.0 Hz, 2H), 6.65 (s, 1H), 6.35 (s, 1H), 4.92 (C,), 132.6 (G,), 132.1 (G,), 131.5 (G,), 129.2 (2CH,), 128.5

(s, 1H, CH), 4.50-4.46 (m, 1H, CH from H 3.86 (s, 3H,
OMe), 3.83 (dJ=17.5 Hz, 1H from Ck), 3.69 (d,J=17.5 Hz,

(CHa), 127.9 (2CH,), 127.8 (G,), 127.5 (G,), 126.7 (CH,),
126.7 (CH,), 126.0 (CH,), 123.3 (CH,), 122.4 (CH,), 89.6

1H from CH,,), 3.26 (s, 3H, OMe), 3.05-2.94 (m, 3H, isoxazoline(cspim), 66.6 (CH), 45.3 (Ch), 42.9 (CH), 36.8 (CH), 25.3



(CHy). IR (KBr) Vinax 3056, 2920, 2851, 1689, 1597, 1440, 1358,
1313, 1271, 1093, 1013, 922. HRMS (ESI): calcd for
CoHxCIN,O, [M+H]" 403.1213, found 403.1219; calcd for
C,4H1sCIN,NaQ, [M+Na]* 425.1033, found 425.1039.
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An efficient synthesis of substituted spiro[isoxazolopyrroloisoquinolines] via
diastereoselective N-acyliminium ion cyclization
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Supporting information

Preparative details, physical properties and spectroscopic data for compounds 9a—c, 11a—g,
12a—g and 13a-q.

General. IR spectra were obtained on an Bruker Tensor 27 spectrometer. Melting points were
determined on a Boetius instrument and are uncorrected. NMR spectra were recorded on a
Bruker Avance III spectrometer (‘'H, 400 MHz; 13C, 100 MHz). Chemical shifts & are reported in
ppm relative to residual CHCl; ('H, & = 7.26) and CDCl; (**C, & = 77.16) as internal standard.
High-resolution mass spectra (HRMS) were recorded on a Bruker micrOTOF 10223
spectrometer using electrospray ionization (ESI). The X-ray diffraction data were performed by
means of an Bruker APEX-II CCD diffractometer with Mo-K X-ray radiation. Reactions were
monitored by TLC analysis using Silufol UV-254 plates. Thin layer chromatography was

performed on silica gel 5-40 mesh eluted with dichloromethane/methanol.
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General procedure for the synthesis of itaconic acid imides

O O Ac,0, AcONa, 0
Et,0, 30 min, 1t 75 °C, 20 min
O + HZN\/\Ar > HN\/\AI' > I\I\/\Ar
0 O

CO,H

Ar = Ph, 3,4-(MeO),CgH3, 1-naphthyl

To the round bottom flask were placed 4.48 g of itaconic acid anhydride and 35 ml of
diethyl ether, then 0.04 mol of corresponding amine in 15 ml of Et,O was added dropwise under
water bath cooling (approx. 5-10 °C). After this the resulting mixture was stirred at room
temperature for 30 minutes and quenched with 50 ml of hexane. Formed precipitate was filtered

and twice washed with hexane. Imidoacid yield 80-95 %.

Previously synthesized imidoacid and acetic acid anhydride were placed into the round
bottom flask, then sodium acetate was added and the resulting mixture was heated at 75 °C for 20
minutes. Attention please, the temperature must not be overheated! After this reaction mixture
was poured into ice water and leaved until oil was formed. The latter was carefully decanted
from water and imides (itaconic and citraconic imides are formed in the mixture) were extracted
by heating of organics in isooctane and chromatographically separated. Yield of desired imide

15-30 %.

3-Methylene-1-(phenethyl)pyrrolidine-2,5-dione (9a)

O
N\/\©
o
Isolated by column chromatography with hexane/ethyl acetate, yield 6 %;

M.p. 53-60 °C; light yellow solid;

'H (400.1 MHz, CDCl3) 8y: 7.34-7.24 (m, SH), 6.36 (t, 1H, CHy(double bond), 2.4 Hz), 5.63 (t,
1H, CH,(double bond), 2.0 Hz), 3.85 (t, 2H, CH,, 7.8 Hz), 3.29 (t, 2H, CH; in the ring, 2.2 Hz),
2.94 (t, 2H, CH,, 7.8 Hz);

13C (100.6 MHz, CDCL3) 8¢: 173.55 (CO), 169.26 (CO), 137.80 (Car), 133.25 (Cquar), 128.82
(2CHy,), 128.57 (2CHa,), 126.71 (CHy,), 120.44 (CH, at double bond), 39.98 (CHy), 33.67
(CH,), 33.62 (CH,);



IR (KBr, cm™): 3457, 3430, 3075, 3029, 2960, 2940, 2867, 1888, 1771, 1704, 1666, 1433, 1406,
1341, 1270, 1130, 1021, 956;

HRMS (ESI): caled for C;3H4NO; [M+H]+ 216.1025, found 216.1025; calcd for C13H13NNaO,
[M+Na]" 238.0844, found 238.0850.

3-Methylene-1-(2-(3,4-dimethoxyphenyl)ethyl)pyrrolidine-2,5-dione (9b)

0]

N
OMe

OMe
Isolated by column chromatography with hexane/ethyl acetate, yield 10 %;
M.p. 123-126 °C; yellow solid;

'H (400.1 MHz, CDCls) 6y: 6.80-6.76 (m, 3H), 6.35 (t, 1H, CHy(double bond), 2.4 Hz), 5.63 (t,
1H, CH(double bond), 1.9 Hz), 3.89 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 3.83 (dd, 2H, CH,, 7.6
Hz, 8.7 Hz), 3.29 (t, 2H, CH; in the ring, 2.1 Hz), 2.89 (t, 2H, CH,, 7.6 Hz);

3C (100.6 MHz, CDCly) 8¢: 173.61 (CO), 169.34 (CO), 148.92 (Cay), 147.78 (Cap), 133.17
(Car), 130.21 (Cquar), 120.85 (CHay), 120.54 (CH, at double bond), 111.94 (CHy,), 111.27 (CHay),
55.88 (2*OMe), 40.07 (CHa), 33.71 (CH,), 33.15 (CHa);

IR (KBr, cm™): 3459, 3130, 3085, 2995, 2940, 2923, 2836, 1773, 1708, 1662, 1590, 1516, 1434,
1402, 1343, 1274, 1232, 1145, 1026, 973;

HRMS (ESI): caled for C;5HsNO4 [M+H]+ 276.1236, found 276.1239; calcd for CisH7NNaOy4
[M+Na]" 298.1055, found 298.1061.

3-Methylene-1-(2-(naphth-1-yl)ethyl)pyrrolidine-2,5-dione (9c)

Isolated by column chromatography with hexane/ethyl acetate, yield 10 %;

0)

M.p. 75-81 °C; light yellow solid;

'H (400.1 MHz, CDCls) 8: 8.28 (d, 1Ha,, 8.4 Hz), 7.87 (d, 1Hay, 8.2 Hz), 7.79 (dd, 1Has, 6.3
Hz, 3.0 Hz), 7.63-7.59 (m, 1Hay), 7.52 (t, 1Has, 7.2 Hz), 7.44-7.41 (m, 2Ha,), 6.39 (t, 1H,



CH,(double bond), 2.4 Hz), 5.65 (t, 1H, CHy(double bond), 1.9 Hz), 3.98-3.94 (m, 2H, CH,),
3.41-3.37 (m, 2H, CH,), 3.32 (t, 2H, CH,, 2.1 Hz);

3C (100.6 MHz, CDCly) 8c: 173.62 (CO), 169.41 (CO), 134.00 (Ca,), 133.88 (Car), 133.27
(Car), 131.99 (Cqua), 128.81 (CHa,), 127.65 (CHay), 127.06 (CHa,), 126.43 (CHay), 125.75
(CHay), 125.52 (CHay), 123.64 (CHay), 120.60 (CH, at double bond), 39.60 (CH,), 33.80 (CH.),
31.20 (CH);

HRMS (ESI): calcd for C7H;sNNaO, [M+Na]" 288.1000, found 288.0996.

General procedure for the synthesis of

7-(2-arylethyl)-1-oxa-2,7-diazaspiro[4.4]non-2-ene-6,8-diones

To vigorously stirring solution of 1.5 equiv of corresponding chloroxime and 1 equiv of
3-methylene-1-(2-arylethyl)pyrrolidine-2,5-dione (9) in dry benzene was slowly added 1.5 equiv
of triethylamine in benzene. Formed mixture then stirred at room temperature until the reaction
was completed (TLC-control). After the reaction was completed, the water was added and the
product was extracted with ethyl acetate. The organic phase was dried over MgSQO,. After this,

the solvent was evaporated and the residue was recrystallized with ethanol.

7-Phenethyl-3-p-tolyl-1-oxa-2,7-diazaspiro[4.4]non-2-ene-6,8-dione (11a)

H,C

M.p. 193-196 °C; white solid, yield 86 %;

'H (400.1 MHz, CDCls) 8: 7.55 (d, 2H, 8.1 Hz), 7.33 (d, 2H, 7.5 Hz), 7.27-7. 24 (m, 5H), 3.91-
3.80 (m, 3H, CH, + CH from CHy), 3.32 (d, 1H from CH,, 16.8 Hz), 3.16 (d, 1H from CHa, 18.5
Hz), 2.98 (t, 2H, CH,, 7.5 Hz), 2.85 (d, 1H from CH,, 18.5 Hz), 2.42 (s, 3H, CH3);

PC (100.6 MHz, CDCl3) 8¢: 174.91 (CO), 172.78 (CO), 155.64 (C=N), 141.19 (Ca,), 137.37
(Car), 129.60 (2CHag,), 128.95 (2CHay), 128.63 (2CHar), 126.89 (2CHa,), 126.87 (CHay), 125.35
(Car), 83.75 (Cquar), 43.72 (CH»), 42.58 (CH»), 40.37 (CH>), 33.31 (CH>), 21.51 (CH3 from Tol);
IR (KBr, cm™): 3483, 3063, 3026, 2995, 2949, 2868, 1787, 1708, 1610, 1455, 1406, 1356, 1253,
1139, 995;



HRMS (ESI)I calcd for C21H21N203 [1\/[‘1'I‘I]Jr 3491552, found 3491548, calcd for C21H20N2Na03
[M+Na]™ 371.1372, found 371.1366.

3-(4-Chlorophenyl)-7-phenethyl-1-oxa-2,7-diazaspiro[4.4]non-2-ene-6,8-dione (11b)

Cl

M.p. 189-192 °C; white solid, yield 42 %;

'H (400.1 MHz, CDCl3) 8y: 7.60 (d, 2H, 8.6 Hz), 7.43 (d, 2H, 8.6 Hz), 7.42-7.23 (m, 5H), 3.93-
3.74 (m, 3H, CH, + CH from CH,), 3.31 (d, 1H from CH,, 17.0 Hz), 3.17 (d, 1H from CH,, 18.5
Hz), 2.98 (t, 2H, CH», 7.5 Hz), 2.86 (d, 1H from CH,, 18.5 Hz);

C (100.6 MHz, CDCls) 8¢: 174.65 (CO), 172.55 (CO), 154.78 (C=N), 137.31 (Ca,), 136.88
(Car), 129.23 (2CHay), 128.94 (2CHy,), 128.64 (2CHa,), 128.15 (2CHa,), 126.89 (CHay), 126.71
(Car), 84.15 (Cquar), 43.29 (CHa), 42.40 (CH,), 40.41 (CH,), 33.28 (CHb);

IR (KBr, cm™): 3474, 3084, 3054, 3026, 2988, 2947, 1782, 1712, 1598, 1492, 1406, 1364, 1251,
1142, 1094, 994;

HRMS (ESI): calcd for C,0H;7CIN;NaO; [MJrNa]+ 391.0825, found 391.0831.

6,8-Dioxo-7-phenethyl-1-oxa-2,7-diazaspiro[4.4]non-2-ene-3-carboxylic acid ethyl ester
(11c)

EtO O

M.p. 83-85 °C; colorless solid, yield 25 %;

'H (400.1 MHz, CDCl3) 8y: 7.34-7.20 (m, 5H), 4.40 (q, 2H, CH, from CO,Et, 7.2 Hz), 3.87-3.82
(m, 2H, CHy), 3.68 (d, 1H from CH,, 18.0 Hz), 3.22 (d, 1H from CH,, 18.0 Hz), 3.12 (d, 1H
from CH,, 18.6 Hz), 2.96 (t, 2H, CH,, 7.5 Hz), 2.82 (d, 1H from CH,, 18.6 Hz), 1.40 (t, 3H, CHj3
from CO,Et, 7.2 Hz);



BC (100.6 MHz, CDCL3) 8¢: 173.60 (CO), 172.04 (CO), 159.46 (CO,EY), 150.62 (C=N), 137.13
(Car), 128.89 (2CHL,,), 128.65 (2CH4,), 126.96 (CHa,), 85.90 (Cguar), 62.62 (CHy), 42.09 (CHy),
42.02 (CH,), 40.51 (CH>), 33.20 (CH,), 14.09 (CH; from CO,Et);

HRMS (ESI): calcd for C;7H;sN,NaOs [M+Na]" 353.1113, found 353.1107.

7-[2-(3,4-Dimethoxyphenyl)ethyl]-3-p-tolyl-1-oxa-2,7-diazaspiro[4.4]non-2-ene-6,8-dione
(11d)

OMe
OMe
M.p. 168-169 °C; white solid, yield 63 %;

'H (400.1 MHz, CDCl3) 8y: 7.55 (d, 2H, 7.9 Hz), 7.25 (d, 2H, 7.9 Hz), 6.85-6.76 (m, 3H), 3.92
(s, 3H, OMe), 3.89 (s, 3H, OMe), 3.86-3.82 (m, 3H, CH; + CH from CH,), 3.32 (d, 1H from
CH,, 16.8 Hz), 3.16 (d, 1H from CH,, 18.5 Hz), 2.93 (t, 2H, CH,, 7.4 Hz), 2.86 (d, 1H from CHa,
18.5 Hz), 2.42 (s, 3H, CH3 from Tol);

PC (100.6 MHz, CDCl3) 8¢: 174.98 (CO), 172.79 (CO), 155.67 (C=N), 149.02 (Ca,), 147.96
(Car), 141.20 (Cayr), 129.84 (Car), 129.60 (2CHay), 126.89 (2CHa,), 125.34 (Car), 120.98 (CHay),
112.12 (CHar), 111.34 (CHar), 83.75 (Cqua), 55.96 (OMe), 55.91 (OMe), 43.67 (CH,), 42.57
(CH,), 40.45 (CH»), 32.87 (CH»), 21.50 (CHj3 from Tol);

IR (KBr, cm™): 3482, 3064, 3033, 3001, 2962, 2941, 2923, 2843, 1789, 1715, 1590, 1519, 1408,
1339, 1272, 1236, 1141, 1029, 921,

HRMS (ESI): calcd for Co3H»4N,NaOs [M+Na]" 431.1583, found 431.1587.

3-(4-Chlorophenyl)-7-[2-(3,4-dimethoxyphenyl)ethyl]-1-oxa-2,7-diaza-spiro[4.4]non-2-ene-
6,8-dione (11e)

Cl

OMe

OMe



M.p. 155-158 °C; white solid, yield 24 %;

'H (400.1 MHz, CDCl3) 8y: 7.60 (d, 2H, 8.6 Hz), 7.43 (d, 2H, 8.6 Hz), 6.84-6.75 (m, 3H), 3.91
(s, 3H, OMe), 3.89 (s, 3H, OMe), 3.90-3.79 (m, 3H, CH; + CH from CH,), 3.31 (d, 1H from
CH,, 16.8 Hz), 3.17 (d, 1H from CH,, 18.5 Hz), 2.93 (t, 2H, CH,, 7.6 Hz), 2.86 (d, 1H from CHa,
18.5 Hz);,

PC (100.6 MHz, CDCl3) 8¢: 174.73 (CO), 172.55 (CO), 154.80 (C=N), 149.02 (Ca,), 147.98
(Car), 136.90 (Cay), 129.76 (Car), 129.24 (2CHa,), 128.15 (2CHay), 126.68 (Car), 121.00 (CHa,),
112.14 (CHar), 111.35 (CHar), 84.15 (Cquar), 55.97 (OMe), 55.92 (OMe), 43.26 (CH»), 42.40
(CH,), 40.48 (CH>), 32.84 (CHy);

IR (KBr, cm™): 3482, 3062, 2994, 2958, 2922, 2850, 1789, 1715, 1596, 1519, 1406, 1339, 1272,
1237, 1141, 1029, 923.

HRMS (ESI): caled for Co,H,CINoNaOs [M+Na]" 451.1037, found 451.1042.

7-(2-Naphthalen-1-yl-ethyl)-3-p-tolyl-1-oxa-2,7-diazaspiro[4.4]non-2-ene-6,8-dione (11f)

H;C

M.p. 183-185 °C (CH2Clo/MeOH); white solid, yield 85 %;

'H (400.1 MHz, CDCls) 8y: 8.20 (d, 1H, 8.0 Hz), 7.90 (d, 1H, 8.0 Hz), 7.80 (d, 1H, 8.0 Hz),
7.62-7.42 (m, 6H), 7.26 (d, 2H, 6.0 Hz), 3.98 (t, 2H, CH», 8.0 Hz), 3.70 (d, 1H from CH,, 17.0
Hz), 3.46-3.40 (m, 2H, CH), 3.22 (d, 1H from CH», 17.0 Hz), 3.17 (dd, 1H from CH,, 18.5 Hz),
2.83 (d, 1H from CH,, 18.5 Hz), 2.42 (s, 3H, CH3);

PC (100.6 MHz, CDCl3) 8¢: 175.00 (CO), 172.91 (CO), 155.63 (C=N), 141.19 (Ca,), 133.86
(Car), 133.66 (Car), 132.03 (Cay), 129.60 (2CHa,), 128.90 (CHar), 127.76 (CHay), 127.35 (CHay),
126.88 (2CHa,), 126.45 (CHay), 125.76 (CHar), 125.61 (CHay), 125.32 (Car), 123.49 (CHay),
83.72 (Cquar), 43.72 (CH»), 42.67 (CH,), 40.12 (CH>), 30.69 (CH>»), 21.51 (CH3 from 7ol);

IR (KBr, cm™): 3473, 3056, 2985, 2948, 2922, 2851, 1783, 1707, 1597, 1509, 1437, 1398, 1354,
1247, 1166, 1137, 1051, 990;

HRMS (ESI): calcd for CosH»3N,03 [M+H]" 399.1709, found 399.1710.

3-(4-Chlorophenyl)-7-(2-naphthalen-1-yl-ethyl)-1-oxa-2,7-diaza-spiro[4.4]non-2-ene-6,8-
dione (119)



Cl

M.p. 173-176 °C (EtOH); white solid, yield 68 %;

'H (400.1 MHz, CDCls) 6y: 8.19 (d, 1H, 8.4 Hz), 7.90 (d, 1H, 7.9 Hz), 7.80 (d, 1H, 7.8 Hz),
7.62-7.41 (m, 8H), 3.98 (t, 2H, CH,, 7.7 Hz), 3.65 (d, 1H from CH,, 16.9 Hz), 3.46-3.38 (m, 2H,
CH,), 3.19 (d, 1H from CH,, 16.9 Hz), 3.17 (dd, 1H from CH,, 18.5 Hz), 2.84 (d, 1H from CHa,
18.5 Hz);

BC (100.6 MHz, CDCls) 8¢: 174.75 (CO), 172.71 (CO), 154.78 (C=N), 136.88 (Ca,), 133.86
(Car), 133.61 (Car), 132.03 (Car), 129.23 (2CHar), 128.92 (CHar), 128.14 (2CHa,y), 127.78
(CHar), 127.38 (CHay), 126.67 (Car), 126.45 (CHay), 125.77 (CHay), 125.63 (CHay), 123.45
(CHay), 84.12 (Cgquar), 43.29 (CH,), 42.48 (CH>), 40.17 (CHa»), 30.64 (CH»);

IR (KBr, cm™): 3479, 3057, 2987, 2950, 2922, 2851, 1786, 1709, 1596, 1493, 1402, 1351, 1247,
1138, 1095, 991;

HRMS (ESI): caled for Co4H9CIN;NaO; [M-FNa]Jr 441.0982, found 441.0987.

General procedure for the reduction of

7-(2-arylethyl)-1-oxa-2,7-diaza-spiro[4.4]non-2-ene-6,8-diones

To vigorously stirred solution of dihydroisoxazoles 11 in CH,Cl,/EtOH 3:1 at -78 °C was
added 1.5 equiv of sodium borohydride in ethanol (final ratio CH,Cl,/EtOH must be 1:1). Then
the reaction flask was left in refrigerator at —20 °C until the end of reaction (monitored by TLC).
After completion of the reduction, the reaction mixture was treated with saturated NH4Cl
solution, extracted with CH2Cl2, dried over anhyd. Na2SO4, solvent was removed by
concentration.

6-Hydroxy-7-phenethyl-3-p-tolyl-1-oxa-2,7-diazaspiro[4.4]non-2-en-8-one (12a)
H,C

N
N
7 "0 OoH

NJ\O

o



Was obtained as 5:3 mixture of two diastereomers (unseparable by chromatography), 1H and
13C NMR signals are given for major one.

M.p. 177-182 °C; white solid, yield 96 %;

'H (400.1 MHz, CDCl3) 8y: 7.49 (d, 2H, 8.1 Hz), 7.35-7. 21 (m, 7H), 4.68 (s, 1H, CH at OH),
3.87-3.50 (m, 2H, CH3), 3.30 (d, 1H from CHa, 17.1 Hz), 3.19 (d, 1H from CH», 17.1 Hz), 3.02-
291 (m, 3H, CH,+CH from CHy), 2.80 (s, 1H, OH), 2.56 (d, 1H from CH,, 18.5 Hz), 2.41 (s,
3H, CHj3);

PC (100.6 MHz, CDCl3) 8¢: 170.27 (CO), 157.46 (C=N), 141.22 (Ca,), 138.78 (Cay), 129.52
(2CHay), 129.45 (2CHa,), 128.54 (2CHay), 126.70 (2CHay), 126.65 (CHay), 125.61 (Ca,), 87.80
(CH at OH), 85.21 (Cgquat), 43.46 (CH»), 41.43 (CH»), 41.34 (CH»), 33.78 (CH»), 21.35 (CH3
from 7ol);

IR (KBr, cm™): 3136, 3051, 2923, 2852, 1710, 1653, 1468, 1403, 1339, 1158, 1090, 990;

HRMS (ESI): calcd for C,;H23N,05 [MJrH]+ 351.1709, found 351.1712, calcd for C,1H2oN;NaOs
[M+Na]" 373.1528, found 373.1531.

3-(4-Chlorophenyl)-6-hydroxy-7-phenethyl-1-oxa-2,7-diazaspiro[4.4]non-2-en-8-one (12b)

al
N
N

Z "0 OoH

(@)
M.p. 155-160 °C (darkens after 144 °C); light yellow solid, yield 92 %;

'H (400.1 MHz, CDCl3) 8y: 7.53 (d, 2H, 8.6 Hz), 7.41 (d, 2H, 8.6 Hz), 7.33-7. 25 (m, 5H), 4.67
(s, 1H, CH at OH), 3.84-3.77 (m, 1H, from CH,), 3.57-3.50 (m, 1H, from CH,), 3.28 (d, 1H from
CH,, 17.1 Hz), 3.16 (d, 1H from CH,, 17.2 Hz), 3.11-2.89 (m, 3H, CH,+CH from CH,), 2.81 (s,
1H, OH), 2.57 (d, 1H from CH,, 17.2 Hz);

BC (100.6 MHz, CDCl3) 8¢: 170.13 (CO), 156.53 (C=N), 138.75 (Car), 136.98 (Cay), 129.16
(2CHay), 128.87 (2CHay), 128.56 (2CHay), 127.95 (2CHay), 126.95 (Car), 126.56 (CHa,), 87.82
(CH at OH), 85.79 (Cquat), 43.09 (CH»), 41.40 (CH,), 41.30 (CH,), 33.74 (CH»);

IR (KBr, cm™): 3207, 3063, 3026, 2926, 2853, 1680, 1596, 1454, 1405, 1363, 1281, 1136, 1092,
1014, 926;

HRMS (ESI): caled for CyHyoCIN,O3 [MJrH]+ 371.1162, found 371.1166, calcd for
CyH9CIN,;NaO; [M+Na]" 393.0982, found 393.0987.



6-Hydroxy-8-oxo-7-phenethyl-1-oxa-2,7-diaza-spiro[4.4]non-2-ene-3-carboxylic acid ethyl
ester (12c)

O

EtO O OH

M.p. 100-104 °C; white solid, yield 100 %;

'H (400.1 MHz, CDCl3) 8y: 7.33-7.22 (m, 5H), 4.63 (s, 1H, CH), 4.35 (q, 2H, CH, from CO,Et,
7.2 Hz), 3.53-3.45 (m, 2H, CH>), 3.20 (d, 1H from CH,, 18.5 Hz), 3.13 (d, 1H from CH,, 18.5
Hz), 2.97-2.89 (m, 3H, 1H from CH, + CH,), 2.54 (d, 1H from CH,, 17.5 Hz), 1.87 (br s, 1H,
OH), 1.37 (t, 3H, CH; from CO,Et, 7.2 Hz);

C (100.6 MHz, CDCl3) 8¢: 169.64 (CO), 159.60 (CO,Et), 152.33 (C=N), 138.60 (Ca,), 128.88
(2CHay), 128.65 (2CHar), 126.71 (CHar), 88.33 (Cquar), 87.85 (CH at OH), 62.54 (CH,), 41.51
(2*¥*CH,), 41.58 (CH,), 33.73 (CH,), 14.06 (CHj; from CO;Et);

HRMS (ESI): calcd for C;7H,oN,;NaOs [MJrNa]Jr 355.1270, found 355.1265.

7-[2-(3,4-Dimethoxy-phenyl)ethyl]-6-hydroxy-3-p-tolyl-1-oxa-2,7-diaza-spiro[4.4]non-2-en-
8-one (12d)

H;C

OMe
OMe
M.p. 205-208 °C; white solid, yield 95 %;

'H (400.1 MHz, acetone-dg) dy: 7.42 (d, 2H, 7.7 Hz), 7.16 (d, 2H, 7.7 Hz), 6.77-6.71 (m, 3H),
4.70 (s, 1H, CH at OH), 3.81 (s, 3H, OMe), 3.78 (s, 3H, OMe), 3.83-3.72 (m, 1H from CH,),
3.43-3.38 (m, 1H from CHy), 3.26 (d, 1H from CH,, 17.2 Hz), 3.13 (d, 1H from CH,, 17.2 Hz),
2.94-2.76 (m, 3H, CH,+CH from CH,), 2.52 (d, 1H from CH,, 16.9 Hz), 2.46 (br s, 1H, OH),
2.32 (s, 3H, CH3);

C (100.6 MHz, acetone-dg) 8¢: 170.56 (CO), 157.18 (C=N), 148.95 (Ca,), 147.64 (Cay), 140.86
(Car), 131.28 (Car), 129.42 (2CHar), 126.57 (2CHay), 125.79 (Car), 120.74 (CHay), 112.04



(CH,,), 111.28 (CHy,), 87.62 (CH at OH), 85.38 (Cqua), 55.78 (OMe), 55.75 (OMe), 43.36
(CHa), 41.19 (CH,), 41.13 (CH,), 33.21 (CH,), 21.28 (CH; from Tol);

IR (KBr, cm™): 3413, 3370, 3141, 3036, 3001, 2959, 2922, 2840, 1687, 1590, 1518, 1454, 1411,
1336, 1267, 1235, 1157, 1138, 1028, 924;

HRMS (ESI): calcd for C,3H27N,05 [MJrH]+ 411.1920, found 411.1923, calcd for Cy3HsN,NaQOs
[M+Na]" 433.1739, found 433.1745.

3-(4-Chlorophenyl)-7-[2-(3,4-dimethoxy-phenyl)ethyl]-6-hydroxy-1-oxa-2,7-diaza-
spiro[4.4]non-2-en-8-one (12¢)

Cl

N
Z "0 on

OMe
(0]

Na OMe

M.p. 181-184 °C; light beige solid, yield 100 %;

'H (400.1 MHz, CDCl3) 8y: 7.54 (d, 2H, 8.5 Hz), 7.42 (d, 2H, 8.5 Hz), 6.84-6.78 (m, 3H), 4.69
(s, 1H, CH at OH), 3.90 (s, 3H, OMe), 3.87 (s, 3H, OMe), 3.82-3.75 (m, 1H from CH), 3.55-
3.48 (m, 1H from CH,), 3.31 (d, 1H from CH,, 17.2 Hz), 3.19 (d, 1H from CH,, 17.2 Hz), 3.02
(d, 1H from CH,, 17.3 Hz), 2.99-2.82 (m, 2H, CH>), 2.59 (d, 1H from CH,, 17.3 Hz), 1.80 (br s,
1H, OH);

PC (100.6 MHz, CDCl3) 8¢: 170.10 (CO), 156.62 (C=N), 149.05 (Ca,), 147.78 (Ca), 136.98
(Car), 131.18 (Car), 129.23 (2CHa,), 127.98 (2CHg,), 126.82 (Car), 120.78 (CHay), 112.13
(CHar), 111.36 (CHa,), 87.73 (CH at OH), 85.84 (Cquat), 55.97 (OMe), 55.93 (OMe), 42.87
(CH), 41.39 (CH>), 41.36 (CH>), 33.28 (CHy);

IR (KBr, cm™): 3416, 3065, 3006, 2922, 2850, 1690, 1672, 1592, 1519, 1454, 1410, 1335, 1269,
1239, 1158, 1138, 1029, 923;

HRMS (ESI): caled for CyH4CIN,Os [MJrH]+ 431.1374, found 431.1376, calcd for
CH,3CIN,NaOs [M+Na]" 453.1193, found 453.1199.



6-Hydroxy-7-[2-(naphthalen-1-yl)ethyl]-3-p-tolyl-1-oxa-2,7-diaza-spiro[4.4]non-2-en-8-one
(12f)

H,C

M.p. 215-218 °C; white solid, yield 96 %;

'H (400.1 MHz, CDCl3) 8y: 8.20 (d, 1H, 8.4 Hz), 7.89 (d, 1H, 7.6 Hz), 7.78 (dd, 1H, 7.4 Hz, 1.7
Hz), 7.59-7.42 (m, 6H), 7.24 (d, 2H, 7.9 Hz), 4.52 (d, 1H, CH at OH, 9.0 Hz), 3.92-3.85 (m, 1H
from CHy), 3.69-3.53 (m, 2H, CH>), 3.37-3.31 (m, 1H from CH,), 3.26 (d, 1H, OH, 9.0 Hz), 3.21
(d, 1H from CHy, 17.4 Hz), 3.01 (“t”, 2H, CH,, 17.1 Hz), 2.59 (d, 1H from CH,, 17.4 Hz), 2.41
(s, 3H, CHj3);

BC (100.6 MHz, CDCl3) 8¢: 170.48 (CO), 157.50 (C=N), 141.28 (Ca,), 135.10 (Ca,), 133.84
(Can), 132.17 (Car), 129.55 (2CHy,), 128.81 (CHa,), 127.38 (CHay), 127.02 (CHay), 126.71
(2CHay), 126.35 (CHay), 125.79 (CHa,), 125.59 (CHa,), 125.44 (Ca,), 123.78 (CHa,), 88.22 (CH
at OH), 85.09 (Cquar), 43.42 (CH,), 41.64 (CHy), 41.51 (CH,), 31.07 (CH>), 21.50 (CH3 from
Tol),

IR (KBr, cm'l): 3219, 3060, 3008, 2937, 2872, 2738, 1705, 1653, 1510, 1460, 1433, 1332, 1283,
1166, 1122, 981;

HRMS (ESI): caled for CosHasN,O5 [M+H]" 401.1865, found 401.1871, caled for CasHasN,O;
C»sH24N,NaO; [M+Na]" 423.1685, found 423.1691.

3-(4-Chlorophenyl)-6-hydroxy-7-[2-(naphthalen-1-yl)ethyl]-1-oxa-2,7-diaza-spiro[4.4]non-
2-en-8-one (129)

Cl

After staying for two weeks in CDCI; at room temperature hydroxylactam was turned to other
stereoisomer (by carbon at OH). All data that not referred specially must be assigned to firstly
formed product.

M.p. 181-183 °C; white solid, yield 98 %;



Ist diastereomer: 'H (400.1 MHz, CDCI) oy 8.19 (d, 1H, 8.5 Hz), 7.88 (d, 1H, 7.5 Hz), 7.77
(dd, 1H, 7.5 Hz, 1.5 Hz), 7.57-7.40 (m, 8H), 4.49 (br s, 1H, CH at OH), 3.93-3.86 (m, 1H from
CH,), 3.70-3.53 (m, 2H, CH), 3.36-3.30 (m, 1H from CH,), 3.18 (d, 1H from CH,, 17.4 Hz),
3.16-3.13 (m, 1H, OH), 3.03 (d, 1H from CH,, 17.2 Hz), 2.93 (d, 1H from CH,, 17.4 Hz), 2.59
(d, IH from CH,, 17.2 Hz);

2nd diastereomer: "H (500.0 MHz, CDCls+acetone-dg) 8y: 8.11 (d, 1H, 8.4 Hz), 7.78 (d, 1H, 7.9
Hz), 7.66 (dd, 1H, 7.1 Hz, 2.0 Hz), 7.48-7.29 (m, 8H), 4.49 (s, 1H, CH at OH), 3.83-3.75 (m, 1H
from CH,+OH), 3.57-3.51 (m, 1H from CH;), 3.47-3.41 (m, 1H from CH>), 3.26-3.19 (m, 1H
from CH,), 3.10 (d, 1H from CH,, 17.2 Hz), 2.91 (d, 1H from CH,, 17.1 Hz), 2.86 (d, 1H from
CH,, 17.2 Hz), 2.51 (d, 1H from CH,, 17.1 Hz);

2nd diastereomer: *C (125.7 MHz, CDCls+acetone-dg) 8¢: 170.46 (CO), 156.29 (C=N), 136.52
(Car), 135.06 (Car), 133.74 (Car), 132.09 (Car), 128.96 (2CHa,), 128.68 (CHay), 127.88 (2CHay),
127.23 (CHay), 127.03 (Car), 126.89 (CHar), 126.21 (CHay), 125.67 (CHar), 125.50 (CHay),
123.73 (CHar), 88.23 (CH at OH), 85.75 (Cgquar), 43.04 (CH,), 41.45 (CH»), 41.31 (CH>), 30.92
(CHy);

IR (KBr, cm™): 3316, 3268, 3060, 2980, 2921, 2850, 1681, 1596, 1494, 1422, 1361, 1328, 1278,
1136, 1092, 1013, 925;

HRMS (ESI): calcd for CpsH2CIN,Os [MJrH]+ 421.1319, found 421.1324, calcd for
C24H,;CIN;NaO; [M+Na]" 443.1138, found 443.1144.

General procedure for the cyclization reactions

5 Equiv of boron trifluoride diethyl etherate was added to vigorously stirred solution of
corresponding hydroxylactams (12) in anhyd. dichloromethane (3 ml) under argon. The reaction
mixture was stirred in a capped vial at room temperature (TLC-control). After completion of the
reaction, water was added carefully to the reaction mixture (6 mL). The aqueous layer was
extracted with CH,Cl, (3x5 mL), the organic layers were combined, dried over MgSO4 and
evaporated to dryness. The product was recrystallized with Et,O (for 13a,b,d-g).



(5SR,10b'SR)-3-(4-methylphenyl)-6*,10b"-dihydro-4H,5"H-spiro[isoxazole-5,1"-pyrrolo[2,1-
alisoquinolin]-3'(2'H)-one (13a)

H;C
N
7 \O

I |H
N

(¢}

Colorless solid, m.p. 219-222 °C. "H NMR (400.1 MHz, CDCls) d 7.50 (d, J=8.0 Hz, 2H), 7.24
(d, J=8.0 Hz, 2H), 7.20-7.17 (m, 2H), 7.07-7.03 (m, 1H), 6.97 (d, J=7.8 Hz, 1H), 5.04 (s, 1H,
CH), 4.49-4.45 (m, 1H, CH from CH,), 3.87 (d, J=17.5 Hz, 1H from CH,,), 3.64 (d, J=17.5 Hz,
1H from CH,), 3.08-2.91 (m, 4H, isoxazoline CH, + 2CH from CH,), 2.75 (d, J=15.1 Hz, 1H
from CH,), 2.41 (s, 3H, CH; from Tol). >C NMR (100.6 MHz, CDCl3) d 170.37 (CO), 155.46
(C=N), 140.71 (Cay), 135.76 (Cay), 130.77 (Car), 129.67 (CHay), 129.56 (2CHa;), 127.49 (CHay),
126.55 (2CHy,), 126.28 (CHa,), 126.22 (Car), 124.96 (CHay), 89.24 (Cypiro), 66.25 (CH), 45.07
(CH,), 42.63 (CH,), 37.40 (CH,), 29.66 (CH,), 21.49 (CH; from Tol). HRMS (ESI): calcd for
Co1H1N,05 [M+H]" 333.1598, found 333.1603; caled for CyHyoNoNaO; [M+Na]™ 355.1422,
found 355.1417.

(5SR,10b'SR)-3-(4-chlorophenyl)-6",10b"-dihydro-4H,5'H-spiro[isoxazole-5,1'-pyrrolo[2,1-
alisoquinolin]-3'(2'"H)-one (13b)

Cl
N
7 \O

White solid, m.p. 188—-190 °C (decomposition). 'H NMR (400.1 MHz, CDCls) 6 7.54 (d, J=8.5
Hz, 2H), 7.41 (d, J=8.5 Hz, 2H), 7.21-7.19 (m, 2H), 7.07-7.03 (m, 1H), 6.94 (d, 1H, 7.8 Hz),
5.05 (s, 1H, CH), 4.51-4.46 (m, 1H, CH from CH,), 3.85 (d, 1H from CH,, 17.5 Hz), 3.64 (d, 1H
from CH,, 17.5 Hz), 3.09-3.01 (m, 1H, CH from CH,), 2.98 (s, 2H, isoxazoline CH;), 2.93 (dd,
1H from CHa, 2.9 Hz, 12.1 Hz), 2.76 (d, 1H from CH,, 15.4 Hz). >C NMR (100.6 MHz, CDCl5)
0 170.16 (CO), 154.57 (C=N), 136.43 (Ca), 135.89 (Ca;), 130.56 (Ca), 129.78 (CHa,), 129.18
(2CHay), 127.79 (2CHay), 127.62 (CHa,), 127.53 (Car), 126.28 (CHar), 124.79 (CHa,), 89.85
(Cspiro), 66.27 (CH), 44.94 (CH,), 42.20 (CH»), 37.42 (CH»), 29.67 (CH,). HRMS (ESI): calcd
for Co0H sN,0, [M+H]" 353.1057, found 353.1062; caled for CyoH;7N,NaO, [M+Na]™ 375.0876,
found 375.0879.



ethyl (5SR,10b'SR)-3"-0x0-2",3",6",10b"-tetrahydro-4H,5"H-spiro[isoxazole-5,1"-pyrrolo[2,1-
alisoquinoline]-3-carboxylate (13c)

EtO

Yellow oil. "H NMR (400.1 MHz, CDCl3) 6 7.26-7.16 (m, 3H), 7.02 (d, J=7.6 Hz, 1H), 5.03 (s,
1H, CH), 4.48-4.44 (m, 1H, CH from CH,), 4.40-4.33 (m, 2H, CH,), 3.80 (d, J=18.6 Hz, 1H
from CH,), 3.46 (d, J=18.6 Hz, 1H from CH,), 3.05-2.88 (m, 4H, CH,+CH,), 2.74 (d, J=14.8
Hz, 1H from CH,,), 1.40 (t, J=7.1 Hz, 3H, CH; from COEt,). >*C NMR (100.6 MHz, CDCl;) 6
169.63 (CO), 160.16 (CO,Et), 150.38 (C=N), 135.97 (Cay), 130.05 (Cay), 129.85 (CHa,), 127.77
(CHa,), 126.60 (CHa,), 124.58 (CHa,), 92.33 (Cypiro), 65.72 (CH), 62.29 (CH,), 45.05 (CHy),
40.60 (CH,), 37.41 (CH,), 29.69 (CH,), 14.06 (CH; from CO,Et). HRMS (ESI): calcd for
C17H,0N,04 [M+H]" 315.1339, found 315.1344; calcd for C,7H;sN,NaO,4 [M+Na]" 337.1164,
found 337.1169.

(5SR,10b'SR)-8',9'-dimethoxy-3-(4-methylphenyl)-6',10b*-dihydro-4H,5"H-spiro[isoxazole-
5,1'-pyrrolo[2,1-a]isoquinolin]-3'(2'H)-one (13d)

MeO
© OMe
H;C
N
72 \O

an:
N
(@)

White solid, decomposition at 220 °C. 'H NMR (400.1 MHz, CDCls) § 7.51 (d, J=8.0 Hz, 2H),
7.23 (d, J=8.0 Hz, 2H), 6.65 (s, 1H), 6.35 (s, 1H), 4.92 (s, 1H, CH), 4.50-4.46 (m, 1H, CH from
CH,), 3.86 (s, 3H, OMe), 3.83 (d, J=17.5 Hz, 1H from CH,), 3.69 (d, J=17.5 Hz, 1H from
CH,,), 3.26 (s, 3H, OMe), 3.05-2.94 (m, 3H, isoxazoline CH, + CH from CH;), 2.92 (dd,
J1=12.2 Hz, J,=2.6 Hz, 1H from CH,), 2.66 (d, J=15.1 Hz, 1H from CH,), 2.40 (s, 3H, CH3j
from Tol). >C NMR (100.6 MHz, CDCl3) ¢ 170.15 (CO), 155.33 (C=N), 148.33 (Ca,), 147.39
(Car), 140.86 (Cayr), 129.65 (2CHa,), 128.23 (Cay), 126.41 (2CHay), 126.18 (Car), 122.16 (Cay),
112.13 (CHar), 107.88 (CHar), 89.18 (Cgpiro), 67.00 (CH), 55.74 (OMe), 55.31 (OMe), 44.37
(CHy), 42.63 (CHy), 37.44 (CH3), 29.10 (CH>), 21.46 (CHj3 from Tol/). IR (KBr) vinax 3591, 3431,



2922, 2846, 2249, 1686, 1609, 1519, 1441, 1422, 1358, 1267, 1229, 1117, 1025, 911. HRMS
(ESI): caled for Cp3HsN204 [MJrH]+ 393.1814, found 393.1812; calcd for C,y3H24N,;NaOy4
[M+Na]" 415.1634, found 415.1631.

(5SR,10b'SR)-3-(4-chlorophenyl)-8',9'-dimethoxy-6',10b'-dihydro-4H,5'"H-spiro[isoxazole-
5,1'-pyrrolo[2,1-a]isoquinolin]-3'(2'H)-one (13¢)

MeO
© OMe
Cl Q
N
72 \O

n|||H
N

(¢}

Light yellow solid, decomposition at 180 °C. 'H NMR (400.1 MHz, CDCl3) 6 7.55 (d, J=8.5 Hz,
2H), 7.40 (d, J=8.5 Hz, 2H), 6.65 (s, 1H), 6.33 (s, 1H), 4.92 (s, IH, CH), 4.49-4.45 (m, 1H, CH
from CH,), 3.85 (s, 3H, OMe), 3.81 (d, J=17.4 Hz, 1H from CH,,), 3.67 (d, J=17.4 Hz, 1H from
CH»), 3.29 (s, 3H, OMe), 3.05-2.94 (m, 3H, isoxazoline CH, + CH from CH,), 2.89 (dd, J,=12.2
Hz, J,=2.2 Hz, 1H from CH,), 2.65 (d, J=14.5 Hz, 1H from CHy,). IR (KBr) Vinax 3367, 3079,
2921, 2851, 2254, 1695, 1603, 1516, 1463, 1432, 1360, 1272, 1234, 1164, 1092, 1038, 913.
HRMS (ESI): caled for CHyCIN,O; [M+H]™ 413.1268, found 413.1263; caled for
CyH,;CIN;NaO, [M+Na]" 435.1088, found 435.1086.

(10SR,10aSR)-3'-(4-methylphenyl)-5,10a-dihydro-4'H,6H-spiro[benzo[f]pyrrolo[2,1-
alisoquinoline-10,5'-isoxazol]-8(9H)-one (13f)

Light yellow solid, m.p. 185-189 °C. 'H NMR (400.1 MHz, CDCls) ¢ 7.98 (d, J=8.5 Hz, 1H),
7.78 (d, J=7.9 Hz, 1H), 7.58-7.47 (m, 5H), 7.25 (d, J=8.0 Hz, 2H), 7.05 (d, J=8.5 Hz, 1H), 5.19
(s, 1H, CH), 4.68 (dd, J,=12.7 Hz, J,=5.2 Hz, 1H, CH from CH,), 3.97 (d, J=17.5 Hz, 1H from
CH,), 3.68 (d, J=17.5 Hz, 1H from CHa,), 3.38 (dd, 1H from CH,, J,=15.5 Hz, J,=2.0 Hz),
3.23-3.15 (m, 1H from CH,), 3.05-3.00 (m, 3H, isoxazoline CH, + CH from CHy), 2.43 (s, 3H,
CH; from Tol). *C NMR (100.6 MHz, CDCl3) § 169.91 (CO), 155.42 (C=N), 140.73 (Ca,),



132.59 (Car), 132.15 (Cay), 131.41 (Cap), 129.57 (2CHa,), 128.48 (CHa,), 128.00 (Car), 126.65
(CHar), 126.57 (3CHay), 126.24 (Car), 125.92 (CHar), 123.34 (CHar), 122.51 (CHar), 88.95
(Cspiro), 66.67 (CH), 45.42 (CH,), 43.43 (CH,), 36.82 (CH,), 25.23 (CH), 21.50 (CH3 from 7o/).
IR (KBr) vinax 3055, 2921, 2851, 1696, 1612, 1513, 1439, 1389, 1360, 1313, 1231, 1146, 1032,
914. HRMS (ESI): caled for C,sH»3N,O, [MJrH]+ 383.1760, found 383.1762; calcd for
CysH2oN,>NaO, [M+Na]™ 405.1579, found 405.1582.

(10SR,10aSR)-3'-(4-chlorophenyl)-5,10a-dihydro-4'H,6H-spiro[benzo[f]pyrrolo[2,1-
ajisoquinoline-10,5'-isoxazol]-8(9H)-one (13Q)

Light yellow solid, m.p. 207-211 °C (decomposition). 'H NMR (400.1 MHz, CDCls) § 7.97 (d,
J=8.4 Hz, 1H), 7.78 (d, J=7.8 Hz, 1H), 7.57-7.49 (m, 5H), 7.41 (d, J=8.5 Hz, 2H), 7.00 (d,
J=8.5 Hz, 1H), 5.16 (s, 1H, CH), 4.66 (dd, J;=12.8 Hz, J,=5.4 Hz, 1H, CH from CHy), 3.93 (d,
J=17.5 Hz, 1H from CHy), 3.64 (d, J/=17.5 Hz, 1H from CH,), 3.36 (dd, J,=16.0 Hz, J,=2.1 Hz,
I1H from CH;), 3.20-3.12 (m, 1H from CH,), 3.03-2.96 (m, 3H, isoxazoline CH, + CH from
CH,). *C NMR (100.6 MHz, CDCl3) d 169.77 (CO), 154.65 (C=N), 136.43 (Cay), 132.57 (Cay),
132.14 (Car), 131.52 (Car), 129.18 (2CHar), 128.49 (CHay), 127.85 (2CHar), 127.81 (Cay),
127.53 (Car), 126.68 (CHar), 126.66 (CHar), 126.04 (CHar), 123.34 (CHar), 122.37 (CHay),
89.56 (Cgpiro), 06.57 (CH), 45.26 (CH>), 42.89 (CH,), 36.80 (CH>), 25.25 (CH). IR (KBr) ¥inax
3056, 2920, 2851, 1689, 1597, 1440, 1358, 1313, 1271, 1093, 1013, 922. HRMS (ESI): calcd for
C24H2CIN,O, [M+H]™ 403.1213, found 403.1219; caled for CaHi9CINoNaO, [M+Na]
425.1033, found 425.1039.
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ACCEPTED MANUSCRIPT

Figure 11. "H NMR spectrum of 11¢c (CDCls, 400MHz)
LMS, 2, BF = 408013 MFz, Solvent - CDCIS, 16 Jan 2005 T=296 K
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Figure 14. *C NMR spectrum of 11d (CDCl;, 100MHz)
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0013 MHz, Salvent - Acetone, 12 Dec 2004 T=296 K
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Figure 28. °C NMR spectrum of 12d (CDCls, 100MHz)
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ABC, 424 BF = 400,13 MHz. Solvenr - CDCI3, 12 Dec 2004 T=296 K
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Figure 30. *C NMR spectrum of 12e (CDCls;, 100MHz)
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Figure 32. °C NMR spectrum of 12f (CDCls, 100MHz)

100.612769 MHz, Solvens - CDCH3, 29 Ot 2014 T=300 K
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Figure 34. "H NMR spectrum of 12g (CDCls, 400MHz), diastereomer 2

ABC, 418, BF = 300.03 MHz, Solvery - CDCYS, 25 Dec X014 T=208 K
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ABCq, 473, BF = 1612769 MHz, Selvent - CDCI3, 03 Mar 2005 T=I46 K
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Figure 40. "H NMR spectrum of 13c (CDCls, 400MHz)

ABC, 432 BF = 40013 MHz, Sodvent - CDCI3, 18 Feb 2005 T=296 K
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ABCe, 471, BF = 108.612769 Mz Solvent - COCIZ, 04 Mar 2005 T=297 K
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Figure 44. "H NMR spectrum of 13e (CDCls, 400MHz)
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