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Abstract: One pot multi-bond forming reactions are one of the ways to address the ever growing demand
for efficiency in organic synthesis that concern the chemical community. This paper presents a new three-
component domino process that efficiently combines four bond-forming reaction steps into a single syn-
thetic operation. From easily available linear starting materials and under very mild conditions, this proc-
ess builds five new bonds and four new chiral centers, giving rise to the selective formation of a new class
of fused heteroatomic tricyclic system, which may be exploited for the synthesis of biologically interesting

aminopolyhydroxylated compounds. @ 1998 Elsevier Science Ltd. All rights reserved.

ISC LIRSS

The synthesis of complex molecules is traditionally performed by a chain of separate reaction steps, each
step requiring its own conditions, reagents, solvent, and catalyst. After each reaction is complete the solvent and
the waste products are removed and discarded, and the intermediate product is separated and purified. Now en-
vironmental and economical pressures are forcing the chemical community to search for more efficient ways of
performing chemical transformations.! These new issues can be addressed by the development of new synthetic
methods that, bringing together small and simple components generate highly complex structures in one pot,
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inson-Schopf synthesis of trspmsﬂe,z it was only recently that terms like multicomponent reactions? and dom-

amino polyols, a biolog 1callv lelevant class of comnounds with enzyme-inhibition properties. Recent reports

from this laboratory have disclosed that new and heavily functionalised tricyclic compounds, such as 1, can
easily unfolded into polyhydroxylated amino acid derivatives 2 (Eq. 1).
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We wish to report here that the complex tricyclic compounds of type 1 can be obtained in a single, one-
pot, three-component reaction from easily and commercially available starting materials under very mild condi-
tions. (Scheme 1).

The reaction is simply performed by bringing together, at room temperature, an aldehyde bearing a leav-
ing group on the a-carbon, an activated primary nitroalkane, and chlorodimethylvinylsilane in the presence of
imidazole as the base and in dichloromethane as the solvent. The process involves four bond-forming events
that occur spontaneously one after the other: a nitroaldol (Henry) reaction,’ a ring-closure,8 a vinylsilicon deri-
vatization® of the newly formed hydroxyl group, and an intramolecular 1,3—dipolar cycloaddition.
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Scheme 1

The synthesis of tricyclic compounds 3-9 were performed both by one-pot consecutive sequences (method
A) and by domino sequences (method B) (Scheme 1). In method A chlorodimethylvinylsilane (16) was added to
the reaction mixture after the disappearance of the starting materials (aldehydes 10-13 and nitroalkanes 14-15)
was observed by TLC, while in a domino process all the reagents were put in the reaction flask from the begin-
ning. Table 1 summarizes the results obtained.

Table 1. One-pot consecutive and domino preparation of tricyclic compounds 3-9.

Consecutive Domino
Aldehyde, Nitroalkane, and Product Isolated cis/trans | Isolated  cis/trans

R! RZ? X EWG |Yield(%) ratio |Yieid (%) ratio
10,14,3: H n-CpHpys Br COOEt 83 1.63 61 1.00
10,15,4: H n-Cypll,s Br  SO,Ph | 84 0.04 57 1.00
11,14,5: H CH; OTs COOEt 86 1.17 60 1.12
11,15,6: H CH; OTs SO,Ph 90 0.56 76 0.66
12,14,7: Ph CH; Br COOEt 86 0.00 72 0.00
13,14,8: H PhCH,CH, OTs COOEt 81 0.97 89 1.32
13,15,9: H PhCH,CH, OTs SO,Ph 86 0.45 87 0.88

It should be noted that the tricyclization reactions carried out according both to the one-pot consecutive
sequence and to domino conditions gave the products in more than satisfactory yields, especially considering
that these are the isolated overall yields of four different sequential reactions. The overall process is completely
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only two diastereoisomers (1,2—frans and 1,2—cis) out of the possible eight (sixicen, considering also the

enic nitrogen).

The easy availability of the starting materials allows these reactions to be usually carried out in the multi-
gram scale. In fact the nitroalkanes 14 and 15, and vinylsilane 16 are all commercially available materials, while
the starting o-bromo aldehydes and o~tosyloxy aldehydes (10-13)10 were prepared in one or two steps from
commercially available materials even in the enantiomeric pure form. In particular a-bromo aldehydes were
obtained by bromination of the corresponding aldehydes and a—tosyloxy aldehydes were obtained by tosylation
followed by reduction of the commercially available corresponding enantiomerically pure o~hydroxy esters:

methyl (25)-lactate for 11, and ethyl (2R)-4-phenyl-2-hydroxybutanoate for 13.
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The substantial increase in structural complexity on going from the reactants to the products (ACp =
+170)!1 illustrates very nicely the great synthetic efficiency of such reaction sequences : starting from acyclic

substrate with OIlly one chiral center, asil y availabie ena‘nuomerlcauy pure, Iney invoive the formation of five
us C

chiral centers four carbo ns and one nitrogen; the regio- and stereoselective building of three con-
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The efficiency of the procedures here depicted and the demonstrated conversion of these tricyclic systems
to interesting polyhydroxylated aminoacid derivatives, are good arguments that let hope well in useful utiliza-
tion of them in synthesis of complex structures.

Experimental Section

Method A. Consecutive Conditions. A reaction flask, equipped with a calcium chloride tube, is charged
with a mixture of the starting aldehyde (10-13, 2.6 mmol), imidazole (2.6 mmol), and the nitroalkane (14-15,
2.6 mmol) in dichloromethane (20 cm3). This mixture is stirred at room temperature (ca. 25 °C) until the con-
sumption of the starting materials is observed by TLC (1 - 6 h). At this point imidazole (6.24 mmol, 2.4 eq) and
chlorodimethylvinylsilane (3.12 mmol, 1.2 eq) are added and the mixture is kept stirring until reaction is com-
plete (3 - 12 h). After standard work-up the crude product is purified by flash chromatography.

Method B. Domino Conditions. A reaction flask equipped with a calcium chloride tube is charged with a
solution of the starting aldehyde (10-13, 2.6 mmol), imidazole (11.7 mmol, 4.5 eq), the nitroalkane (14-15, 3.25
mmol, 1.25 eq), and chlorodimethylvinylsilane (3.9 mmol, 1.5 eq) in dichloromethane (20 cm3). The mixture is
stirred at room temperature (ca. 25 °C) and the course of the reaction is monitored by TLC until completion (3 -

i2 h). Standard work-up affords the crude product that is purified by flash chromatography.

Physical and spectroscopic data for compounds 3-9.12
cis-3: iHNMR5475(d 1, J=34) 4.47 (dd, 1,J=8.0,10.0), 4.38 (dd,1, /= 8.0, 11.1), 4.27 (dg, 2, /3= 1.7, J =7.1),3.86 (dt, 1,
58 (m, 2),1.35(1, 3, J=17.1), 1.45-1.20 (m, 20), 0.90 (t, 3),037(s 3), 0.33 (s,

3). B3¢ NMR 5 | 84,95.91, 86.36, 7 05, 74.53, 62.75, 35.80, 32.38-23.14, 14.57, 14.53, 0.22, -2.64.

trans-3: "H NMR & 4.78 (d, 1,.J = 3.4), 4.44- 4.20 (m, 4), 4.12-4.02 (m, 1), 2.55 (dd, 1, J=10.1, 10.1), 1.90-1.20 (m, 25), 0.88 (1, 3),
0.38 (5, 3),0.32 (5, 3). ’C NMR & 170.71, 93.48, 50.06, 86.92, 72.68, 62.64, 36.79, 32.21-22.98, 14.41, 0.28, -2.14,

cis—4 and trans—4: "H NMR 8 8.03 (m, 2), 7.63 (m, 3), 5.05 (d, 0.5, J = 3.3, cis), 4.98 (d, 0.5, J = 4.3, trans), 4.40-4.20 (m, 1.5, cis
and trans), 4.12 (m, 1, trans), 3.45 (m, 0.5), 2.51 (m, 1), 1.57 (m, 2, cis), 1.4-1.11 (m, 22), 0.90 (m, 3), 0.48 (s, 3), 0.36 (s, 3). '3C
NMR 5 135.11, 131.33, 129.40, 109.77 (cis), 107.53 (trans), 88.17 (trans), 87.60 (trans), 83.50 (cis), 79.60 (cis), 74.91 (cis), 71.19

(trans), 34.83 (trans), 34.35 (cis), 32.39-23.18, 14.61, 0.47, -1.56 (trans), 0.11, -2.64 (cis).

cis—5: mp 90-91°C. [oc]D32 —37.2(c 0.952, CHCl;). '"H NMR & 4.74 (d, 1, J = 3.4), 4.48 (dd, 1, J = 8.0, 10.0), 4.39 (dd, 1, J = 8.0,
11.1),4.28 (dg, 2, /=1.9,7.1),4.05 (dg, 1,/=3.45,7.1),2.45 (dd, 1, /=11.1, 10.0), 1.34 (+, 3, /= 7.1), 1.23 (d, 3, J = 6.3), 0.38 (s,
3), 0.33 (s, 3). PC NMR 5 170.2, 95.63, 86.57, 74.41, 74.02, 62.34, 35.32, 14.08, 11.28, -0.26, -3.13.

trans=5: [a]p*? +1.56 (¢ 0.920, CHCL). 'H NMR § 4.76 (d, 1, J = 3.5), 4.45-4.20 (m, 5), 2.48 (dd, 1, J = 10.0), 1.35 (d, 3, J = 6.3),
1.30 (1, 3,J="7.1), 0.40 (5, 3), 0.33 (5, 3). '*C NMR & 170.77, 93.47, 91.17, 83.09, 72.86, 62.75, 36.83, 17.69, 14.41, -0.36, -2.04.
cis—6: mp 97-98°C. [qu31 -64.4 (¢ 0.95, CHCl3). '"H NMR § 8.05 (m, 2), 7.70 (m, 1), 7.60 (m, 2), 4.98 (d, 1, J = 3.5), 435 (dd, 1, J
= 8.0, 113) 4.31(dd, 1,J=8.1,10.5), 3.63 (dg. 1, Jy = 3.5, J, = 63), 2.50 (dd, 1, J = 11.0, 10.5), 1.17 (d, 3, J = 6.3), 0.48 (s, 3),

0.37(s,3).* 3C NMR 6 134.72, 130.84, 128.97, 10 .50, 83.72, 75.01, 74.44, 33.86, 11.27, -0.35, -2.92.
1

é
°C

irans—6: mp 106-108°C. [a]p’’ +6.41 (¢ 0.99, CHCl3}. "H NMR 6 8.05 (m, 2), 7.65 (m, 3), 4.95 (d, 1, J=4.4),4.29 (dg, 1, J 3= 4.5,
Jy=6.8),4.22 (dd, 1, J =6.6, 8.6). 4.00 (dd, 1,/ = 8.8), 2.50 (dd, 1, J = 6.6, 8.8), 1.10 (d, 3, J = 6.6), 0.43 (s, 3), 0.35 (5, 3). '*C
NMR § 135.16, 131.32, 129.42, 107.51, 88.73, 84.32, 71.12, 34.87, 16.85, 0.44, -1.60

frans—7- mp 73-75°C. '"H NMR 8 7.49 (m. 2). 7.21 (m. 3). 5.06 (s. ). 4.42(dd 1. J=10.0.81). 437 (dd 1. J=114 81) 380 (
Ladd il B - e aa ALN SN TFEy A gy e PR A N R B A ] AR Sadad ] v A ril - By Ly A ATy Vel gy LS ULy
1,J="1.0,10.7),3.77 (dd, 1, J=7.0, 10.7), 2.30 (dd, 1, /= 10.0, 11.3), 1.38 (s, 3), 0.75 (1, 3, J= 7.1, CH3), 0.36 (s, 3), 0.31 (s, 3).
3¢ NMR & 170.59, 143.91, 128.26, 127.21, 126.00, 95.58, 91.65, 85.53, 73.81, 62.13, 37.57, 23.55, 13.79, 0.11, -2.63
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cis-8: [OL]D33 +27.8 (c 1.046, CHCL)). '"H NMR & 7.25 (m, 5), 4.77 (d, 1, J=3.5), 4.47 (dd, 1, J=10.1, 8.0), 4.42 (dd, 1, J=11.0,
8.0),4.25(¢,2,J=17.1),3.89(dt,1,J=3.4,6.6),2.73 (+,2,J=1.7),2.42 (dd, 1,J=11.0, 10.1), 1.97 (m, 2), 1.30 (1, 3, J=T7.1), 0.38
(5.3),0.32(s, 3). "CNMR 5 170.7, 141.9, 128.9, 126.4, 95.98, 86.23, 78.19, 74.62, 62.80, 35.92, 32.43, 28.61, 14.54, 0.25, -2.62.

a3 -y 1 A= Fal 8 7o) B e Az s =\ A OA 71 1 .- 2 ) AN 7 7T 1 Yo NN L O AN\ ANN™ s 31 1 Y. N £

trans—8: [a]p” -25.6 {c 1.027, CHCls). NMR 06 7.25 (m, 5), 4.84 (d, 1, /= 3.3),4.39 (dd, i, /= 9.5, 8.40), 432 (dd, 1, /= 9.6,

Q2 AN ANQ /S Y T="7T1N ANT AT 1 F—Q%Q S 4 22 2yt 1 T—=140 Q& £ D TA(TIA 1 IT—=1AN QO 7M 242+ 1

0.%4), 4.0\, 2, J IoL), &7 (@dda, 1, J 6.0, J.4, 3.0, L.04 \aada, 1,J 19, 7.3, U.2), a. 7 \Gaa, i, J 144, 0.7, /.U), £.93 {4, 1,

J=95),210(m, 1), 1.88 (m, 1), 1.32 (¢, 3, J=T7.1), 0.35 (s, 3), 0.32 (5, 3) BoONMR &8 1708 1417 1200 1780 17264 03 87

S, 210 (e, 1), 188 (m, 1), 1.32 (1,3, J=7.1), 035 (5, 3), 032 (5, 3). "CNMR 5 170.8 1417, 129.0, 1289, 126.4, 93 87,
90.21, 85.90, 73.12, 62.90, 36.94, 33.63, 32.13, 14.53, 0.50, -1.96

cis=9: [a]p®® +28.0 (¢ 1.895. CHCl;). 'H NMR 8 7.98 (d, 2), 7.63 (dd, 1), 7.50 (dd, 2), 7.22-7.05 (m, 5), 5.01 (d, 1, J=3.3), 4.34
(dd, 1, J=8.1,11.3), 428 (dd, |, J= 8.1, 10.6), 3.40 (dt, 1. J= 3.5, 6.8), 2.62 (dd, 2, J= 6.6, 9.1), 2.52 (dd, 1, J= 10.6, 11.3), 1.89
(m, 2), 0.46 (s, 3). 0.35 (5. 3). "C NMR & 141.1, 134.8, 134.7, 130.8, 129.0, 128.5, 128.3, 126.1, 109.4, 83.06, 78.22, 74.61, 33.85,
31.72, 27.96. -0.30, -2.87.

trans=9: [alp>® =5.5 (¢ 1.400, CHCL;). "H NMR & 8.02 (d, 2), 7.61 (dd. 1). 7.53 (dd, 2), 7.28-7.05 (m, 5), 5.07 (d, 1. .J = 4.0), 4.21
(dd, 1, J=1.2, 8.4), 4.12-3.98 (m, 3), 2.71-2.48 (m, 3), 1.70 (m, 2), 0.45 (s, 3, 0.33 (s, 3). *C NMR § 140.9, 134.8, 134.7, 130.9,
129.1, 128.5, 128.4, 126.1, 107.3, 87.15, 86.46, 71.18, 34.54, 32.37, 31.38, -0.05, -2.05.
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