ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Tetrahedron
Letters

Tetrahedron Letters 49 (2008) 3997-4002

One-pot synthesis of B-imidazolylpropionamides

Sergey V. Ryabukhin®>* Dmitry S. Granat®, Pavel V. Khodakovskiy *°,
Alexander N. Shivanyuk *°, Andrey A. Tolmachev®
& ‘Enamine Ltd’ 23 A. Matrosova Street, 01103 Kyiv, Ukraine
® National Taras Shevchenko University, 62 Volodymyrska Street, Kyiv 01033, Ukraine

Received 17 March 2008; revised 11 April 2008; accepted 15 April 2008
Available online 20 April 2008

Abstract

New efficient one-pot methodology for the preparative synthesis of p-imidazolylpropionamides was elaborated. It is based on the
addition of imidazole to the activated double bond of the intermediate acrylimidazolide in the reaction between diverse acrylic acids
and different amines promoted by CDI. A set of structurally and functionally diverse f-imidazolylpropionamides was obtained in high

preparative yields.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

B-Imidazolylpropionamides are mimetics of histidine,
possess anticonvulsant activities, and are considered as
promising antiepileptic agents with excellent pharmacoci-
netics.! These compounds can be prepared through the
acylation of amines by B-imidazolylpropionyl chlorides,>
through the addition of imidazole to acrylamides,® or via
the alkylation of imidazole by B-chloropropionamides.'®*
Rather narrow scope, complicated with purification proce-
dures and moderate or low yields limit the use of these
procedures in combinatorial synthesis of diverse drug-like
B-imidazolylpropionamides.

Herein, we report a facile and versatile method for the
synthesis of B-imidazolylpropionamides, which is based
on the one-pot reaction of acrylic acids 1 with amines 2
in the presence of carbonyldiimidazole 3 (CDI) as a con-
densing agent and donor of imidazole.

* Corresponding author. Tel.: +38 044 2289652; fax: +38 044 5373253.
E-mail address: Ryabukhin@mail.enamine.net (S. V. Ryabukhin).
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2. Results and discussion

Serendipitously, we found that the reaction of acrylic
acid 1a with benzylamine 2a in the presence of CDI as a
condensing agent* resulted benzylamide of B-imidazolyl-
propionamide 4a (Scheme 1).

The model experiments revealed that under the reaction
conditions imidazole did not add to the double bond of
benzylacrylamide 5a° (Scheme 2).
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This indicates that the addition of imidazole to the
acrylic double bond occurs prior to the formation of the
amide bond. It seems plausible that compound 4a is
formed through the reaction of activated intermediate 6

S. V. Ryabukhin et al. | Tetrahedron Letters 49 (2008) 39974002

N N
NP
R" R1
R" ’ &/N\"/N\/) RW’{]
R OH N °3 “R2
= * R17OR2 7N
DMF N _ R 0O
R1af0 2a-l = sas
for R, R, R", R1, R2 see Table 1
Scheme 4.

with benzylamine. Compound 6 is likely to be formed
through the amidation of acrylic acid with CDI followed
by the addition of imidazole to the acrylic double bond
activated through electronwithdrawing effect of the amide
fragment.

The formation of compound 6 was detected by 'H
NMR spectroscopy of a solution containing acid 1a and
CDI: two triplets of the methylene protons of 6 appeared
instead of the vinyl protons of acrylic acid. This conclusion
is further supported by the following model studies. B-Imi-

Table 1
Structures,® yields,” melting points,® typical NMR data,® and M+1° for products type 4°
Entry Acid Amine Product Yield Mp Typical NMR data M+1
(%) (°C)
o 8 =2.64 (t, *Jn = 6.3 Hz, 2H, COCH>CH,), 4.22 (t,
1 \ P NH, /\)J\ 94 Oil 3, =63 Hz, 2H, COCH,CH,), 4.27 (d, *Juy = 5.4 Hz, 2H, 230
NN H/\Ph CH>NH), 6.88 (s, IH, CHn), 7.11 (s, 1H, CHym), 7.16 (d,
OH \7l 3Jun = 7.2 Hz, 2H, 2CHpy,), 7.23 (t, *Jyy = 7.1 Hz, 1H,
1a 2a ta CHpp), 7.25 (t, *Jyn = 7.9 Hz, 2H, 2CHpy,), 7.58 (s, 1H,
CHy,), 8.48 (br t, 1H)
H 0
N ~ /\)J\ 8 =12.80 (t, *Jun = 6.9 Hz, 2H, COCH>CH,), 3.36 (m, 2H,
5 la [ ] N N/ﬁ % oil CHmegh,), 3.42 (m, 2H, CHamorpn): 3-49 (m, 4H, CHamorpn): 510
o ] &o 4.14 (t, *Jun = 6.9 Hz, 2H, COCH,CH>), 6.84 (s, 1H, CH,,),
7.15 (s, 1H, CHip,), 7.60 (s, 1H, CHjy,)
2b 4b
cl o] 5 =2.89 (br t, 2H, COCH,CH,), 4.27 (t, *Jun = 6.2 Hz, 2H,
NH, o~ A/U\ COCH,CH,), 6.87 (s, 1H, CHy, ), 7.18 (m, 2H, CHjy,, CHpy).
3 1a N ﬁ 91 117 7.18 (t, *Jyu = 7.2 Hz, 1H, CHpy), 7.46 (d, *Jyu = 7.2 Hz, 250
\—/ cl 1H, CHpy), 7.63 (m, 2H, CH;y,, CHpy), 9.62 (s, 1H, NH)
2¢ 4c¢
NH 0 8 =1.06 (d, *Jyy = Hz, 6H, CH(CH,),), 2.80 (t,
2 V]\ 3Jun = 6.1 Hz, 2H, COCH>CH,), 2.95 (m, 1H, CH(CHs),),
VN N 4.26 (t, *Jun = 6.1 Hz, 2H, COCH,CH>), 6.88 (s, 1H, CHj,),
4 la N_J H 8 90 714 (m, 4H, CH,,, , 3CHpy), 7.28 (d, *Juss = 7.6 Hz, 1H, 258
CHpp), 7.59 (s, 1H, CHjn ), 9.41 (s, 1H, NH)
2d 4d
NH, fj T SO,NE, d=1.01 (br t, 6H, CH3;CH,), 2.83 (br t, 2H, COCH,CH,),
( 3.13 (br q, 4H, 2CH;CH>), 4.27 (br t, 2H, COCH,CH,), 8.85
s ; N0 0 14p (& 1H, CHip), 7.14 (s, 1H, CHiy, ), 742 (d, 3Jin = 7.0 Hz, 351
a K)J\N IH, CHpy,), 7.50 (t, *Jy = 7.0 Hz, 1H, CHpy), 7.60 (s, 1H,

SO,NE,

2e 4e

CHpy), 7.73 (d, *Jizr = 7.0 Hz, 1H, CHpy), 8.09 (s, 1H,
CH..,), 10.32 (s, IH, NH)
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Table 1 (continued)

Entry Acid Amine Product Yield Mp Typical NMR data M+1
() (°C)

8=13.01 (t, *Jyn = 6.5 Hz, 2H, COCH,CH,), 4.32 (t,

N
6 Ia N [ ) o3 03 Jum=65Hz 2H, COCH,CH), 6.86 (s, IH, CHin), 575
>—NH2 N 0O N 7.14 (s, 1H, CHpn ), 7.27 (t, *Jig = 7.3 Hz, 1H,
s M CHuensotiazol): 741 (t. *Jyn = 7.3 Hz, 1H, CHyy,), 7.62
N S

(s, 1H, CH;p), 7.71 (d, *Jegg = 7.3 Hz, 1H, CHy,),

H
2f At 7.94 (d, *Jyy = Hz, 1H, CHy,,), 12.6 (br s, 1H, NH)

8 =1.41(d, 3Jyy = 6.7 Hz, 3H, CH;CH), 2.61 (m, 2H,
CH,CH), 4.17 (dd, *Jyy = 5.5 Hz, >Jyy = 15.1 Hz,

NP 0 1H, CH>NH), 4.25 (dd, *Jy = 5.5 Hz,
1 2
7 2a N N ph 94 Oil 2y =15.1 Hz, 1H, CH,NH), 4.69 (m, 1H, CH,CH), 244
OH N\?, H 6.88 (s, IH, CHyy,), 7.07 (d, *Jyy = Hz, 2H, 2CHpy),
7.08 (m, 2H, CH;y,, CHpy,), 7.24 (m, 2H, 2CHpy,), 7.63
. 4g (s, IH, CHjy ), 7.41 (br t, 1H)
b

6= 1.48 (d, 3y = Hz, 3H, CH,CH), 3.04 (m, 2H,
CH,CH), 4.82 (m, 1H, CH:CH), 6.87 (s, 1H, CHj,),
N’@ 7.24 (s, 1H, CHyn ), 7.27 (t, *Jyn = 7.7 Hz, 1H, CHyy),
M 97 193 7.40(t, 3y = 7.7 Hz, 1H, CHyy,), 7.7 (m, 2H, CHy, 287

CHin), 7.93 (d, *Jun = 7.7 Hz, 1H, CHy,,), 12.44 (s,
1H, NH)

5=1.44 (d, *Jyy = 6.7 Hz, 3H, CH;CH), 2.84 (dd,
3Jqu = 8.1 Hz, 2Jyy = 15.1 Hz, 1H, CH,CH), 2.97
o = (dd, 3Jyy = 8.1 Hz, 2Jyyy = 15.1 Hz, 1H, CH,CH),
9 1b 2g J\/U\ « || 79 Oil 477 (m, 1H, CH5CH), 6.87 (s, 1H, CHjy,), 7.05 (4, 231
N//\N N~ N *Jun = 8.0 Hz, 1H, CHp,), 7.21 (s, 1H, CHip, ), 7.71 (s,
! H 1H, CHyp, ), 7.73 (t, >y = 8.0 Hz, 1H, CHpy), 8.01 (d,
*Jun = 8.0 Hz, 1H, CHpy), 8.27 (d, *Jup = 4.0 Hz,
1H, CHp,), 10.54 (s, IH, NH)

o=142(d, 3JHH = 6.5 Hz, 3H, CH;CH), 2.81 (dd,
3 = 5.5 Hz, JHH =159 Hz, 1H, CH,CH), 2.87
[N\> (dd, *Jun = 5.5 Hz, 2Juy = 15.9 Hz, 1H, CH,CH),
0 90

10 1b /N Oil 296 (m, 2H, CH, ), 3.08 (m, 2H, CH, i), 3.53 (m, 299
Ph—N NH N PP pp
L) )\)LN/\\ 4H, CH, i), 4.68 (m, 1H, CH;CH), 6.79 (,
\\/N\Ph 3Jun = 7.1 Hz, 1H, CHpy,), 6.83 (s, 1H, CHin), 6.92
2h (d, 3Jyn = 8.2 Hz, 2H, 2CHpy), 7.21 (m, 3H, 2CHpp,
4j CHin.), 7.65 (s, 1H, CHjyy)
N OMe 8 =144 (d, Jyy = 6.7 Hz, 3H, CH;CH), 2.77 (m, 2H,
NH, [ N CH,CH), 3.68 (s, 3H, OCH3), 4.76 (m, 1H, CH;CH),
/©/ N 0 Q/ 6.84 (d, >Jyy = 8.9 Hz, 2H, 2CHpy), 6.88 (s, 1H,
11 1b 80 Oil  CHin), 7.22 (s, 1H, CHyy), 7.43 (d, *Juy =89 Hz, 260
H 2H, 2CHpy), 7.69 (s, 1H, CHyy ), 9.88 (s, 1H, NH)
2i 4k
N cl 8=1.44 (d, 3Jyy = 6.6 Hz, 3H, CH;CH), 2.79 (d,
[ \> 3Jun = 7.0 Hz, 2H, CH>CH), 4.74 (m, 1H, CH;CH),
N o] 6.85 (s, 1H, CHyn), 7.21 (s, 1H, CH;y), 7.31 (d,
12 1b 88 123 3y =8.3Hz 2H, 2CHpy,), 7.53 (d, 3Jyy =8.3 Hz, 264
H 2H, 2CHpy), 7.65 (s, 1H, CHy ), 10.08 (s, 1H, NH)
2j 4

(continued on next page)
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Table 1 (continued)
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Entry Acid

Amine

Product

Yield Mp Typical NMR data

(o)

(°C

M+1

4<\_<o

13 OH 2a

1c

14 1c 2h

i
15 E tOH 2a

1d

2h

OH

le

18 le

MeO

2k

X g
/ N
2

4m

65

73

95

90

88

Oil

149

90

85

Oil

5 =1.60 (s, 6H, 2CHs), 2.67 (s, 2H, CH>(CH3)»),
4.21 (d, 3Jyy = 5.7 Hz, 2H, CH,NH), 6.89 (s,
1H, CHyy ), 7.13 (d, *Jun = 7.3 Hz, 2H, 2CHpy,),
7.14 (m, 4H, CHyp, 3CHpy), 7.71 (s, 1H, CHip ),
8.36 (br t, 1H, NH)

5 =1.64 (s, 6H, CH,(CH3),), 2.88 (s, 2H,
CH5(CHs),), 2.98 (m, 4H, 2CH, i), 3.40 (m,
2H, CH, pipi), 3.51 (m, 2H, CH, i), 6.78 (t,
3Jun = 7.1 Hz, 1H, CHpy,), 6.85 (s, 1H, CHjpn),
6.90 (d, >Jyyn = 8.2 Hz, 2H, 2CHpy), 7.20 (t,
3Jin = 8.2 Hz, 2H, 2CHpy,), 7.29 (s, 1H, CHjp ),
7.71 (s, 1H, CHjpn)

8 =1.02 (d, *Juyu = 6.7 Hz, 3H, CH;CH), 2.79
(m, 1H, CH5CH), 3.93 (dd, Jyy = 5.7 Hz,
2Jun = 13.4 Hz, 1H, CH,CH), 4.14 (dd,

3Jqn = 5.7 Hz, 2Jyn = 13.4 Hz, 1H, CH,CH),
4.19 (dd, 3Jyy = 6.0 Hz, 2Jyyy = 15.1 Hz, 1H,
CH,>NH), 4.27 (dd, *Jyy = 6.0 Hz,

2Jun = 15.1 Hz, 1H, CH,NH), 6.86 (s, 1H,
CHin.), 7.04 (s, 1H, CH;y, ), 7.08 (d,

3Juqu = 7.4 Hz, 2H, 2CHpy), 7.20 (t,

3Jun = 7.1 Hz, 1H, CHpy), 7.27 (t,

3Jun = 7.4 Hz, 2H, 2CHpy), 7.52 (s, 1H, CHip, ),
8.40 (br t, 1H)

5=0.99 (d, *Jyn = 6.3 Hz, 3H, CH;CH), 2.91
(m, 2H, CHy pip), 3.07 (m, 2H, CHa pipi), 3.35 (m,
1H, CH;CH), 3.53 (m, 3H, 3 CH ), 3.62 (m,
1H, CH i), 3.97 (dd, *Jun = 8.4 Hz,

2Jun = 13.3 Hz, 1H, CH,CH), 4.14 (dd,

3Jun = 8.4 Hz, 2Jyy = 13.3 Hz, 1H, CH,CH),
6.79 (t, 3Jyy = 7.1 Hz, 1H, CHpy,), 6.80 (s, 1H,
CHin), 6.89 (d, *Jyn = 8.2 Hz, 2H, 2CHpy), 7.13
(s, 1H, CHjm), 7.20 (d, *Juy = 8.2 Hz, 2H,
2CHpy), 7.56 (s, 1H, CH;p,)

5 =0.66 (t, *Jun = 7.2 Hz, 3H, CH;CH,), 1.75
(m, 2H, CH;CH>), 2.82 (dd, 3Jyy = 5.5 Hz,
2Jyu = 159 Hz, 1H, CH,CH), 2.95 (m, 3H,
CH,CH, CH, i), 3.09 (m, 2H, CH, pipi), 3.54
(m, 4H, 2CH, i), 4.44 (m, 1H, CH,CH), 6.78 (t,
3Jun = 7.1 Hz, 1H), 6.85 (s, 1H, CHynm), 6.91 (d,
3Jun = 7.9 Hz, 2H, 2CHpy,), 7.20 (m, 3H, 2CHpy,
CHim.), 7.63 (s, 1H, CHjyy)

§=0.62 (t, *Jyy = 7.1 Hz, 3H, CH;CH,), 1.71
(m, 2H, CH;CH,), 2.62 (d, *Jy = 7.1 Hz, 2H,
CH,>NH), 3.55 (s, 3H, OCHj3), 4.06 (dd,

3Jun = 5.5 Hz, 2Juy = 14.8 Hz, 1H, CH,CH),
4.16 (dd, *Jyy = 5.5 Hz, 2y = 14.8 Hz, 1H,
CH,CH), 4.45 (m, 1H, CH,CH), 6.80 (d,

3Jun = 8.2 Hz, 2H, 2CHpy), 6.88 (s, 1H, CHjy, ),
6.95 (d, *Jyu = 8.2 Hz, 2H, 2CHpy), 7.13 (s, 1H,
CHinm.), 7.58 (s, 1H, CHyy, ), 8.28 (br r, 1H, NH)

258

313

244

299

313

288
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Table 1 (continued)

Acid Amine Product Yield

(() 0)

Entry

Typical NMR data M+1

N
H

N
" 1/\/N\> Q 56
19 1 )\)\\
2 Ph

4s

8 =221 (s, 3H, CH3Ph), 3.25 (dd, *Jyyy; = 6.2 Hz,

2Juu = 15.2 Hz, 1H, CH,CH), 3.35 (dd, /i = 9.3 Hz,

2Jun = 152 Hz, 1H, CH,CH), 5.89 (m, 1H, CH,CH), 6.88 1334
(s, TH, CHyp), 7.06 (d, *Jyuy = 7.9 Hz, 2H, 2CHpy), 7.29

(m, 2H, CHj,, CHpy), 7.37 (m, 6H, (2-+4)Hpy), 7.81 (s, 1H,
CHin), 9.95 (s, 1H, NH)

# Satisfactory microanalysis obtained C + 0.33; H 4 0.45; N + 0.25.

® Yields refer to pure isolated product. According to HPLC MS data all the synthesized compounds have purity >95%.
¢ Melting points were measured with a Buchi melting points apparatus and are uncorrected.
4 TH NMR (500 MHz) were recorded on a Varian Mercury-400 and Bruker Avance DRX 500 spectrometers with TMS as an internal standard in

DMSO-dg.

¢ LC/MS spectra were recorded using chromatography/mass spectrometric system that consists of high-performance liquid chromatograph ‘Agilent
1100 Series’ equipped with diode-matrix and mass-selective detector ‘Agilent LC/MSD SL’.

dazolylpropionic acid 7a® did not react with benzylamine
2a in the presence of CDI (under the acylation conditions
of 1a). This can be explained by low activity of the zwitter-
ionic structure of acid 7a (Scheme 3).

On the basis of the results described above we have
found the conditions for the one-pot synthesis of structur-
ally and functionally diverse compounds 4. Equimolar
amount of CDI was added to the DMF solution of acids
la—e and the reaction mixture was being heated at 70 °C
for 2 h to ensure the formation of intermediate 6. The latter
was reacted with equimolar amount of amines 2a-e at
100 °C (6 h) to give target compounds 4a-r in 84-99%
yields. Compounds 4a-r could be easily isolated in pure
form by precipitation or extraction.’

In the case of cinnamic acid 1f, the yields of compounds
4 were considerably lower (55-60%)® most probably due to
the lower activity of the allylic double bond conjugated
with the phenyl ring (Scheme 4, Table 1).

The composition and structure of all the compounds
were established through LC/MS, elemental analysis, 'H
and '*C NMR spectroscopy. The '"H NMR of compounds
contained one set of signals for the imidazole protons and
two characteristic signals for o~ and B-protons of the pro-
pionyl fragment.

3. Conclusion

Acrylic acids react with CDI to give active intermediate
that can be readily transformed into various B-imidazolyl-
propionamides through the amidation with primary and
secondary amines. The elaborated one-pot methodology
is applicable to a variety of substituted acrylic acids and
amines and affords structurally and functionally diverse
target compounds in high preparative yields.

Acknowledgment

The authors acknowledge V. V. Polovinko (Enamine
Ltd) for spectral measurements.

References and notes

1. (a) Ustunes, L.; Pabuccuoglu, V.; Berkan, T.; Ozer, A. J. Fac. Pharm.
Ankara 1989, 19, 39-45; (b) Aktuerk, Z.; Kilic, F. S.; Erol, K.;
Pabuccuoglu, V. Farmaco 2002, 57, 201-206; (c) Soyer, Z.; Kilic, F. S.;
Erol, K.; Pabuccuoglu, V. Farmaco 2004, 59, 595-600.

2. Young, R.; Chang, C. K. J. Am. Chem. Soc. 1985, 107, 898-909.

3. Cruz, A.; Elguero, J.; Goya, P.; Martinez, A. J. Heterocycl. Chem.
1988, 25, 225-229.

4. Paul, R.; Anderson, G. W. J. Am. Chem. Soc. 1960, 82, 4596—
4600.

5. Benzylacrylamide 5a was obtained by the reaction of acrylic acid 1a
with benzylamine 2a with N-methyl-2-chloropyridin iodide (Mukaiy-
ama’s reagent): Mukaiyama, T. Angew. Chem. 1979, 91, 798-812.

6. B-Imidazolylpropionic acid 7a was obtained by the addition of
imidazole to acrylic acid: Mroczkiewicz, A. Acta Pol. Pharm. 1984,
41, 435-440.

7. General procedure. Acid la—f (2.2 mmol) and CDI (2.4 mmol) were
placed in 15 mL tube and dissolved in 3-4 mL of DMF. The tube was
heated at 70 °C for 2 h (caution: the tube must be opened for free
evaporation of CO,). After that, amine 2a-1 (2 mmol) was added, the
tube was thoroughly sealed, and heated at 100 °C for 6 h. Then, the
reaction mixture was diluted by 8-10 mL of water and sonicated at rt
for 1-2h (BRANSON 2510E-MT). The precipitate was filtered and
washed with i-PrOH (2 mL). Targeted B-imidazolylpropionamides 4e,
4f, 4h, 4n were obtained as white powders. In the case of water-soluble
compounds the extraction by DCM was used. DCM’s solution washed
with 2% aq solution of NaHCOj; (8 mL). Targeted products 4a—d, 4g,
4i-m, 40-r were formed after the evaporation of DCM.

8. B-Imidazolylpropionamide 4s was synthesized by general procedure
and isolated by preparative chromatography.

9. 3C NMR analysis for targeted compounds: 4a: 6 = 37.3, 42.6, 42.9,
119.8,127.2, 127.7, 128.7, 128.7, 137.7, 139.7, 169.9; 4b: 6 = 34.2, 41.9,
42.6, 45.6, 66.4, 119.9, 128.6, 137.9, 168.9; 4c: 37.7, 42.7, 119.8, 126.8,
126.9, 127.2, 127.9, 128.8, 129.9, 135.1, 137.8, 169.5; 4d: 6 = 23.7, 27.5,
37.6,42.9, 119.7, 126.0, 126.1, 126.8, 127.4, 128.8, 134.9, 137.8, 143.9,
169.5; 4e: 6 =14.5, 38.3, 42.3, 42.4, 117.3, 119.7, 121.7, 123.1, 128.9,
130.4, 137.8, 140.1, 140.7, 169.6; 4f: 6 =37.4,42.1,119.8, 121.04, 122.2,
124.06, 126.6, 128.9, 131.9, 137.8, 148.9, 158.1, 170.3; 4g: 6 =22.1,
42.5, 43.7, 50.5, 117.7, 127.2, 127.5, 128.6, 128.7, 136.4, 139.7, 169.5;
4h: 6 =21.9, 43.5, 49.8, 117.7, 121.0, 122.1, 124.1, 126.6, 128.8, 131.9,
136.5, 148.9, 158.0, 169.7; 4i: 6 =22.0, 44.3, 50.2, 114.0, 117.7, 119.9,
128.7, 136.5, 138.6, 148.4, 152.2, 169.5; 4j: 6 =22.3, 41.4, 45,1, 48.7,
49.1, 50.3, 55.3, 116.3, 117.9, 119.8, 128.6, 129.4, 136.6, 151.2, 168.4;
4k: 0 =21.9, 44.5, 50.4, 55.6, 144.3, 117.8, 121.3, 128.6, 132.5, 136.5,
155.8, 168.0; 41: 6 =21.9, 44.6, 50.2, 117.7, 121.2, 127.4, 128.8, 129.1,
136.5, 138.3, 168.7; 4m: 6 = 28.7, 42.6, 48.4, 56.5, 117.6, 127.2, 127.7,
128.5, 128.7, 135.2, 139.7, 169.0; 4n: 6 = 28.8, 41.2, 43.9, 45.6, 48.7,



4002 S. V. Ryabukhin et al. | Tetrahedron Letters 49 (2008) 39974002

49.0, 56.7, 116.3, 117.7, 119.8, 128.4, 129.5, 135.5, 151.2, 167.8; 4o:
0=16.0,42.0,42.5,49.4, 120.0, 127.2, 127.5, 128.6, 128.7, 137.9, 139.7,
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