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Abstract - From aldehydes, ketones and esters 8-carbonyl
radicals 47 can be generated via enolization, cyclo-
propanation, solvomercuration and reduction with NaBH,.
Radicals 47 react with electron-poor alkenes 27 to give
products of CC-bond forming reactions (Tables 1-3).
Carbonyl compounds are therefore precursors of three-

carbon building blocks. The products result from reactions
with "Umpolung".

INTRODUCTION

Radical reactions make possible the synthesis of CC-bonds under very mild conditions
because radicals can add to alkenes with high rates1 and high chemoselectivity2
In the last years, we have developed methods for CC-bond forming reactions2

starting from alkenes 13, cyclopropanes 24 and ketones ZS leading to products 3,
4, & and 8.
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In these reactions, alkyl mercuric salts 9 are reduced with boro- or tinhydrides,

to give radicals ;36 via alkylmercuric hydrides ;g7

the alkylmercuric radical 11.
starting radical 12.
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These multistep reactions can be carried out as one step syntheses

been applied by Kozikowski10

, Danishefsky11, Henning12 and Burke13
synthesis of target molecules. Barluenga14

— Re
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can be increased by working in a two phase system. Griitzmacher also

a similar effect by adding pyridine.
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and alkylmercuric radicals 11

Nucleophilic alkyl radicals 12 add to electron poor alkenes 2 to form adduct

radicals 13 that are trapped by mercuric hydrides 10 to give the products 14 and

has shown that, in some cases the yield
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In order to maximize the chain length of the radical chain reaction, the rates
between the radicals and the non-radicals have to be greater than those between the
radicals themselves. To prevent side reactions, the selectivities of the radicals

in the chain have to differ from each otherz. These conditions are fulfilled if
nucleophilic alkyl radicals and electron poor alkenes are used1’2.
Alkyl groups at the carbon atom of the alkene which is attacked by the radical

exert rate reducing steric effects1'16

that have to be compensated by introducing
a second electron-withdrawing substituent at the alkene17.
A great advantage of these syntheses is that radicals react with a high

2,18
’

chemoselectivity so that several functional groups are tolerated without

protection. Therefore radical reactions can be used in syntheses with complex

2,19

molecules like carbohydrates which show astonishingly high stereoselectivities

in CC-bond forming reactions.
Another aspect of radicals is that they often give products of “Umpolung"zo.
For example the reaction of ketones 7 with methylvinylketone gives CC-chains with

heterocatoms in the 1,4—position5.

R'.  OAc
)}\ P 1) HglOAc),  _
+ 2
R R2 /\g/ 2) NaBH, R o
7 Akl
OAc
.
R—cC- 16
L

Umpolung occurs via the radical 16 which is a nucleophile21 and attacks

o,3~unsaturated ketones at the olefinic carbon atom with very high regioselectivity
In a previous communication we have shown that ketones22 can also be used
to synthesize CC-chains with heterocatoms at the 1,6 position. Thus ketones 17 give

[[E i}
[[X=R1}

products 2] via silylation (]17+18), cyclopropanation (18+19), mercuration (]13+20)
and radical CC-bond formation with methylvinylketone (20-21).
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We now describe how aldehydes, ketones, and esters can be used to give
CC-bond formation products via cyclopropanes 22, for instance the reaction of
cyclopropane 22 with methylvinylketone leads to 23.

Me3Si 0 R' P 1) HglOAc ), 0
. — %5
>& ) ZY 2 NaBH, | X
R 0
R' R?

RESULTS

1) Aldehydes

Cyclopropanes 25 can be synthesized from aldehydes 24 via silylation23 and
cyclopropanation24. Mercuration of 25 in the presence of acetic acid gives alkyl-
mercuric salts 26 that can be reduced by NaBH4 to radicals which are trapped with
alkenes to give products 28. Reaction with KF yields the aldehydes 2%. starting

with cyclopropanes 25, the multistep reactions can be carried out as a one-pot
synthesis (Table I).
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TABLE 1
Formation of products 2%ar-l from cyclopropanes 25

Cyclopropane Alkene Product Yield
R R? X Y z (%)

253 H o H CN 2%a 60

H COCH, 29b 62

H H CO,CH, 29¢ 50

H Ccl CN 29 65

H CH, CN 29¢ 60

CO,C, Hy H CO,C,H 29f 40

25b CH, CH, H H CN 29¢ 52
H COCH,, 29h 553)

H H CO,CH, 291 50

H cl CN 293 52

H CH, CN 29k 50

CO,C, H H CO,C He 291 30

a) Isolated as 28h.

It is important that the mercuration is carried out in the presence of
acetic acid. Using alcohols as solvent, radicals 30 are generated and rearrangement
competes with the CC-bond formation reaction so that in most cases product

mixtures arise25.
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2) Ketones

With ketones 31, the regioisomers 34 and 37 can be formed if the method of House23

is applied to synthesize the isomeric enolethers 32 and 35. These lead to
cyclopropanes 33 and 36 which are mercurated and reductively coupled in a radical

chain reaction with alkenes 27 (Table 2).

Y
1 . 1 .
R 0SiMe, CH, I R 0SiMe, ) Hg (0Ac R’ 0
RZ/_XR:‘] an Cu R2 R3 2) NGBH/‘/;Z
RI" RZ X
32 33 34
R1 0 r3
El}
R2
Me3SiO R0
\_rv\ R3 CHZI% R3 1) Hg(OAc)z
R‘,_<; Zn[Cu o 2Na BH 27 z
R2 R2 R2 R3 X
35 36 37

The mercuration of cyclopropanes 33 and 36 can be carried out in alcohols

because the rearrangement of ketones 38 is slowerzz'26 than the CC-bond forming

reaction with the reactive alkenes 27.

|
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TABLE 2

Formation of products 34a-r and 37a-r from cyclopropanes 33 and 3¢

4031

Cyclopropane Alkene Yield %) of Products

R r? R> X ¥ z 34 37
C Hqy H H H H CN a 70 65
H H COCH3 b 65 66

H H COZCH3 c 60 55

H Cl CN d 65 50

H CH, CN e 40 45

C0202H5 H C02C2H5 £ 61 56

CH3 CH3 H H H CN g 55 73
H H COCH, h 51 73

H H COZCH3 i 41 70

H Ccl CN i 52 70

H CH, CN k 40 50

C02C2H5 CO,C,Hg 1 50 74

CH3 —(CH2)3— H H CN m 35 65
H H COCH3 n 30 65

H CO,CH4 o 30 60

H Cc1l CN P 32 50

H CH, CN g 25 40

COZCZHS H COZCZHS L 30 52

3) Esters

Starting from esters, the cyclopropanes are synthesized either via silylation

(39+40) and cyclopropanation (40-41) or from the B-halide via cyclization (434

le

2) NuBH4/_2_'Z
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Y
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\/\r 2 Me,Sicl och. 2/NaBH,[27 OCH; z
OCH; 3 - X
43 A 45
TABLE 3
Formation of products 42 and 45 from cyclopropanes 4] and 44
Cyclopropane Alkene Product Yield
X Y Z (%)
41 H H CN 42a 52
H H CO,CH, 42¢ 47
44 H H CN 452 70
H H COCH, 45b 72
H CH, CN 45e 45
CO,C Hy H CO,C He 45f 50

Solvomercuration of the cyclopropanes 41 or 44 and reductive coupling with alkenes
21 give products 42 or 43 (Table 3). As in the syntheses starting from ketones,
the rearrangement of radical 46 is slower27 than the intermolecular reaction with

alkenes.

CONCLUSION

Aldehydes, ketones and esters are suitable precursors for radicals 47. The

nucleophilicity makes these radicals to analogs of homoenolate anions é§28'

Whereas anions 48 are mainly used in reactions with carbon-heteroatom double bonds28
radicals 47 attack carbon-carbon multiple bonds. Both anions and radicals give

products of "Umpolung" of the reactivity.
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Since anions yield predominantly CC-chains with heteroatoms in 1,4-position

48
47

and radicals form CC-chains with heteroatoms in 1,6-position, the radical

chemistry is found to complement the ionic chemistry.

Acknowledgement: This work was supported by the Fonds der Chemischen Industrie

and the Otto R8hm Geddchtnisstiftung.

EXPERIMENTAL

The structures of products already described in the literature were confirmed by
comparing their IR, NMR and mass spectra with the data reported. H-NMR spectra were
obtained with the Bruker WM 300 spectrometer. Chemical shifts are given in ppm
downfield from TMS as internal standard.IR spectra were recorded on Perkin-Elmer
125 and Beckman Accu Lab 4. Reaction solvents were dried according to standard
procedures.

Syntheses with aldehydes: Preparation of 29a-l: A solution of cyclopropizes
25b (3.0 mmol, 10 mL acetic acid), synthesized via literature procedure®”, a
mercuric acetate (956 mg, 3.0 mmol) was stirred at room temperature for 1 h. The
acetic acid wasothen evaporated, the residue dissolved in methylene chloride (10 mL)
and cooled to 0°C. Alkene 27 (10 mmol) and NaBH, (250 mg, 6.6 mmol) were added under
cooling in an icebath. After 20 min the reaction mixture was concentrated, dissolved
in acetone (10 mL) and treated 1 h with a saturated agueous KF solution (1 mL).
Acetone was destilled off and the residue was extracted three times with ether (10
mL) . The ether layer was dried over MgSO,, concentrated, chromatographed and
destilled in a Kugelrohr. The products 2éa-; were formed in 30-65% yields (Table 1).

1

29a: IR (film) 1720 (CO), 2250 cm ' (CN); 'H-NMR 60.89 (t, 3H, J=6.5); 1.10-1.90

{m, 10H), 2.10-2.50 (m, 3H), 9.63 (d, 1H, J=2.5), bp (Kugelrohr) 75-80°C (0.07 mm Hg)

Anal. Calcd for C,.H,-NO (167.3): C,71.81; H,10.24; N,8.37. Found: C,71.68; H,10.26;
10817

N,8.16.

29b: IR (£ilm) 1710 cm™' (CO); 'H-NMR § 0.88 (t, 3H, J=7.0), 1.07-1.90 (m, 10H) ,

3313 (s, 3H), 2.20-2.63 (m, 3H), 9.63 (d, 1H, J=2.5); bp (Kugelrohr) 70-75°C

(0.05 mm Hg). Anal. Caled for C. H, 0, (184.3): C,71.70; H,10.94. Found: C,71.52;

H,11.04. "

29¢c: IR (film) 1720 cm | (CO); 'H-NMR & 0.87 (t, 3H, J=7.0), 1.10-1.19 (m, 10H),
2.09-2.56 (m, 3H), 3.67 (s, 3H), 9.58 (4, 1H), J=2.5); bp (Kugelrohr) 68-70°C
(0.05 mm Hg). Anal. Calcd for C, H,,O0, (200.3): C,65.97; H,10.07. Found:C,65.72;
H,

10.11. 1172073

T (cN); TH-NMR S 0.91 (£, 3H, J=7.0), 1.15-2.01
10H), 2.21-2.50 (m, 1H), 4.53 (t, 1H, J=7.0), 9.63 (d, 1H, J=2.5): bp (Kugelrohr)
75-80°C (0.06 mm Hg) . Anal. Calcd for C,gH,,CINO (201.7): C,59.55; H,8.00; N,6.94.
Found: C,59.76; H,7.74; N,6.76.

29d: IR (film) 1720 (CO), 2250 cm
( ’

39
m

: IR (film) 1705 (CO), 2240 cm‘-1 (CN) ; 1H—NMR § 0.90 (t, 3H, J=7.0), 1.30

9
d, 3#, J=7.0), 1.18-1.95 (m, 10H), 2.15-2.83 (m, 2H), 9.57, 9.59 (24, 1H, J=2.5).

€
’
nal. Calcd for C11H19NO (181.3): C,72.88; H,10.56; N,7.73. Found: C,72.79; H,10.60;
7.47.

Z D i

’
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T (cN); TH-NMR 8 0.91 (t, 3H, J=7.0), 1.24, 1.26

29£: IR (£ilm) 1715 (CO), 1740 em

(2t, 64, J=7.0), 1.12-1.93 (m, 8H), 2.11-2.98 (m, 4H), 4.14, 4.16 (2q, 4H, J=7.0),
9.61, 9.65 (24, 1H, J=2.5); bp (Kugelrohr) 105-110°C (0.05 mm Hg). Anal Calcd for
CyHy05 (286.4): C,62.91; H,9.15. Found: C,62.68; H,9.09.

29g: IR (film)} 1715 (CO), 2240 em™ ' (eN); TH-NMR 6 1.08 (s, 6H), 1.42-1.76 (m, 4H),
3.20-2.46 {(m, 2H), 9.48 (s, 1H); bp (Kugelrohr) 115-120°C (13 mm Hg).

29i: IR (film) 1720 en”! (CO); VH-NMR § 1.07 (s, 6H), 1.38-1.80 (m, 4H), 2.32

(m, 2H), 3.67 (s, 3H), 9.48 (s, 1H); bp (Kugelrohr) 115-120"C (13 mm Hg).

293: IR (£ilm) 1720 (CO), 2240 om™ ' (CN); 'H-NMR 6 1.11 (g, 6H), 1.60~1.86 (m, 4H),
4.49 (t, 1H, J=7.0), 9.50 (s, 1H); bp (Kugelrohr) 120-125"C (13 mm Hg).

29k: IR (film) 1720 (CO), 2240 cm ' (CN); 'H-NMR 6 1.10 (s, 6H), 1.30 (d, 3H, 3=7.0),
7742-1.90 (m, 4H), 2.30-2.62 (m, 1H), 9.50 (s, 1H); bp (Kugelrohr) 123-125°C

(14 mm Hg).

291: IR (film) 1725 em™'; TH-NMR § 1.10-1.80 (m, 14H), 2.19-2.70 (m, 3H), 4.18,
3.20 (2g, 4H, J=7.0}, 9.49 (s, 1H); bp (Kugelrohr) 150-155"C (13 mm Hg).

28h: Because aldehyde 29h was too unstable, the protected aldehyde 28h was isolated
by workup before treatment with KF. IR (film) 840, 870, 1240 (C-Si), 1905 (CO),

1735 cm ; 'H-NMR § 0.16 (s, 9H), 0.89 (s, 6H), 1.04~1.76 (m, 4H), 2.08 (s, 3H),

2.16 (s, 3H), 2.42 (t, 2H, J=7.0), 5.75 (s, 1H); bp (Kugelrohr) 68-70°C (0.06 mm Hg) .

Anal. Calcd for c14H2804 si (288.5): C,58.29; H,9.78. Found: C,57.97; H,9.71.

Syntheses with ketones: Preparation of 34a-r and 37a~r: A solution of cyclopropanes
33 or 38 53.94mmol, 10 mL aceton:water = 20:1), synthesized via literature
procedure”~’ and mercuric acetate (956 mg, 3.0 mmol) was stirred at room
temperature for 1 h. The solvent was then 8vaporated, the residue dissolved in
methylene chloride (10 mL) and cooled to 0°C. Alkene 27 (10 mmol) and NaBH, (250 mg,
6.6 mmol) suspend in water (1-2 mL) were added. After 20 min the reaction mixture
was filtered over MgSO,, concentrated and destilled. The products 34a-r and 37a-r
were isolated in 25—76% yields (Table 2). T T

1 1

34a: IR (film) 1705 (CO), 2230 cm (CN); "H~NMR § 0.90 (t, 3Hé J=7.0), 1.06-1.84
{m, 10H), 2.14 (s, 3H), 2.22-2.62 (m, 3H)},bp (Kugelrohr) 83-85"C (0.05 mm Hg).

Anal. Calcd for C11H19NO (181.3): C,72.88; H,10.56; N,7.73. Found: C,72.72; H,10.65;
N,7.76.

34b: IR (£ilm) 1705 cm™' (CO); 'H-NMR & 0.88 (t, 3H), 1.06-1.76 (m, 10H), 2.12

(s, 6H), 2.26-2.40 (m, 3H); bp (Kugelrohr) 82-85°C (0.06 mm Hg). Anal. Calecd for
C12H2202 (198.3): C,72.68; H,11.18. Found: C,72.45; H,11.32.

34c: IR (£ilm) 1705 (CO), 1735 cm | (CO); 'H-NMR 6 0.90 (t, 3H, J=7.0), 1.15-1.80
(m, 10H), 2.10 (s, 3H), 2.17-2.65 (m, 3H), 3.63 (s, 3H); bp (Kugelrohr) 78-80°%

(0.05 mm Hg). Anal. Calcd for C12H2203 (214.3): C,67.26; H,10.35. Found: C,67.11;
H,10.48.

34d: IR (film) 1705 (CO), 2225 cm ' (eN); TH-NMR § 0.90 (t, 3H, J=7.0), 1.11-2.08
Tm, 10H), 2.15 (s, 3H), 2.29-2.55 (m, 1H), 4.46, 4.48 (2t, 1H, J=7.0); bp (Kugelrohr)
94-96°C (0.06 mm Hg). Anal. Calecd for C11H18C1NO (215.7): C,61.25; H,8.41; N,6.49.
Found: C,61.31; H,8.48; N,6.57.

. IR (£ilm) 1705 (CO), 2230 cm | (CN); |

34e H-NMR § 0.89 (t, 3H, J=7.0), 1.30
{4, 3H, J=7.0), 1.08-1.88 (m, 10H), 2.16 (s, 3H), 2.28-2.78 (m, 2H); bp (Kugel-
rohr) 87-90°C (0.06 mm Hg). Anal. Calcd for C,,H, N0 (193.3): C,73.80; H,10.84;
N,7.17. Found: C,73.84; H,10.90; N,7.34.

1 1

34f: IR (film) 1715 cm ' (CO); 'H-NMR & 0.88 (t, 3H, J=7.0), 1.22, 1.24 (2t, 6H,
J=7.0), 1.04-1.72 (m, 8H), 2.16, 2.18 525, 3H), 2.26-2.92 (m, 4H), 4.14, 4.16
(2g, 4H, J3=7.0); bp (Kugelrohr) 97-1007C (0.06 mm Hg). Anal. Calcd for C16H2805
(300.4): C, 63.37; H,9.40. Found: C,63.73; H,9.44.

IR (£film) 1690 (CO), 2225 cm | (CN); 'H-NMR & 1.15 (s, 6H), 1.38-1.80 (m, 4H),

349
2.74 (s, 3H), 2.35 (t, 2H, J=6.5); bp (Kugelrohr) 57—60°C (0.05 mm Hg). Anal.Calcd
for

[o} C9H15NO (153.2): ¢,70.55; H,9.87; N,9.14. Found: C,70.25; H,9.88; N,9.03.
1 1

34h: IR (film) 1700 cm~ ' (CO); 'H-NMR & 1.1% (s, 6H), 1.30-1.67 (m, 4H), 2.14

(s, 6H), 2.42 (m, 2H); bp (Kugelrohr) 57-60"C (0.05 mm Hg). Anal. Calcd for
C1OH1802 {170.3): C,70.55; H,10.66. Found: C,70.35; H,10.72.

34i: IR (film) 1700 (CO), 1735 cm ! (CO) ; 1H—NMR § 1.11 (s, GHé, 1.32-1.68 (m, 4H),
2.12 (s, 3H), 2.30 (m, 2H), 3.66 (s, 3H); bp (Kugelrohr) 63-65"C (0.07 mm Hg).
Anal. Calcd for C10H1803 (186.3): C,64.49; H,9.74. Found: C,64.25; H,9.75.
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343: IR (£ilm) 1690 (CO), 2200 cm | (CN); 'H-NMR & 1.17_(s, 6H), 1.60-2.08 (m, 4),
2.75 (s, 3H), 4.48 (t, 1H, J=7.0); bp (Kugelrohr) 73-76°C (0.08 mm Hg). Anal.

Calcd for C9H14C1NO (187.7): C,57.60; H,7.52; N,7.46. Found: C,57.27; H,7.49;
N,7.63.

34k: IR (film) 1690 (CO), 2230 cm 1 (CN) ; 1H-NMR § 1.15 (s, 6H), 1.32 (4, 3H,
J=7.0), 1.23-1.83 (m, 4H), 2.14 (s, 3H), 2.20-2.70 (m, 1H); bp (Kugelrohr) 64-66°C
(0.06 mm Hg). Anal. Calecd for C10H17NO (167.3): C,71.81; H,10.25, N,8.37. Found:
c,71.45; H,10.23; N,8.06.

341: IR (film) 1700 (CO), 1730 cm-1 (CO) ; 1H-NMR § 1.00~1.38 (m, 12H), 1.48-1.76
{m, 2H), 2.14 (s, 3H), 2.29-2.92 {(m, 3H), 4.12, 4.14 {2q, 4H, J=7.0); bp {(Kugel-
rohr) 103-105°C (0.07 mm Hg). Anal Calcd for C14H2405 (272.3): C,61.74; H,8.88.
Found: C,61.64; H,8.97.

1 1

34m: IR (film) 1700 (CO), 2250 cm (CN)é H-NMR ¢§ 1.09 (s, 3H), 1.20-1.94 (m, 10H),
2.73-2.54 (m, 4H); bp (Kugelrohr) 98-100"C (0.05 mm Hg). Anal. Caled for C11H17NO
(179.3): C,73.70; H,9.56; N,7.81. Found: C,73.53; H,9.54; N,7.62.

34n: IR (£ilm) 1700 cm™' (CO); 'H-NMR & 1.06 (s, 3H), 1.15-1.90 (m, 10H), 2.12

(s, 3H), 2.20-2.65 (m, 4H); bp (Kugelrochr) 77-80°C (0.05 mm Hg). Anal. Calcd for
C]2H2002 (196.3): C,73.43; H,10.27. Found: C,73.18; H,10.49.

340: IR (f£ilm) 1705 (CO), 1740 Cm_‘I (CO) ; 1H—NMR 8 1.86 (s, 3H), 1.20-1.94 (m, 10H),
2.72-2.50 (m, 4H), 3.65 (s, 3H); bp (Kugelrohr) 88-91°C (0.05 mm Hg). Anal. Calcd
for C, ,H, .0, (212.3): C,67.89; H,9.50. Found: C,67.67; H,9.57.

1272073

34p: IR (£ilm) 1705 (CO), 2250 cm | (CN); 'H-NMR & 1.13 (s, 3H), 1.54-2.11 (m, 1oH),
2.22-2.56 (m, 2H), 4.50 (t, 1H, J=6.5); bp (Kugelrohr) 82-85°C (0.05 mm Hg). Anal.
Caled for C, H, CINO (213.7): C,61.82; H,7.55; N,6.55. Found: C,61.83; H,7.48;
N.6.55 11716

,6.55.

1 1

34g: IR (film) 1705 (CO), 2245 cm”  (CN); H-NMR 6 1.09 (s, 3H), 1.32 (d, 3H, J=7.0),
1744-1.94 (m, 10H), 2.16-2.74 (m, 3H); bp (Kugelrohr) 87-90°C (0.06 mm Hg). Anal.
Caled for C,,H gNO (193.3): C,74.57; H,9.91; N,7.25. Found: C,74.38; H,9.88, N,7.10.
34r: IR (film) 1700 (CO), 1740 cm_, (CO); 'H-NMR & 1.09 (s, 3H), 1.22 (t, 6H, J=7.0),
1231-1.34 (m, 8H), 2.12-2.70 (m, 5H), 4.12, 4.14 (2q, 4H, J=7.0); bp (Kugelrohr)

116~119°¢C (0.07 mm Hg). Anal. Calcd for c16H2605 (298.4): C,64.41; H,8.78. Found:
c,64.10; H,8.72.

: IR (£ilm) 1705 (CO), 2230 om ' (CN); 'H-NMR § 0.89 (t, 3H, J=7.0), 1.09-1.93
10H) , 2.23-2.72 {(m, 6H); bp (Kugelrohr) 82-85°C (0.05 mm Hg). Anal. Calcd for
H,gNO (181.3): C¢,72.88; H,10.56; N,7.23. Found: C,72.77; H,10.45; N,7.20.
1 1

a
I
1
b: IR (film) 1705 cm
7

37 (CO); 'H-NMR & 0.89 (t, 3H, J=7.0), 1.08=1.77 (m, 10H),
2.15 (s, 3H), 2.25-2.57 (m, 6H); bp (Kugelrohr) 80-83~C (0.05 mm Hg). Anal. Calcd
for C12H2202(198.3): C,72.68; H,11.18. Found: C,72.81; H,11.19.

¢: IR (£ilm) 1705 (CO), 1735 cm | (CO); 'H-NMR § 0.90 (t, 3H, J=7.0), 1.10-1.80
> 10H), 2.17-2.55 (m, 6H), 3.67 (s, 3H); bp (Kugelrohr) 88-90°C (0.05 mm Hg).
Anal. Caled for C,,H,,0, (214.3): C,67.26; H,10.35. Found: C,67.25; H,10.39.

d: IR (£ilm) 1705 (CO), 2230 cm ' (CN); 'H-NMR & 0.90 (t, 3H, J=7.0), 109-1.92
10H), 2,42, 2.52 (2t, 4H, J=7.0), 4.50 (t, 1H, J=7.0); bp (Kugelrohr) 85-885C
(0.06 mm Hg). Anal. Calcd for C11H18C1NO (215.7): C,61.25; H,8.41; N,6.41. Found:
C,69.90; H,8.41; N,6.20.

37e: IR (£ilm) 1705 (CO), 2235 cm™ | (CN); 'H-NMR & 0.89 (t, 3H, J=7.0), 1.31

(d, 3H, J=7.0), 1.10-1.95 (m, 10H), 2.28-2.75 (m, SH); bp (Kugelrohr) (0.07 mm Hg).
Anal. Caled for C12H21NO (195.3): C€,73.80; H,10.84; N,7.17. Found: C,73.63;
H,10.88; N,6.88.

IR (film) 1705 (CO), 1735 cm_1 (CO) ; 1H—NMR § 0.89 (t, 3H, J=7.0), 1.24, 1.26
, 6H, J=7.0), 1.08—%.98 (m, 8H), 2.20-2.94 (m, 7H), 4.14, 4.16 (2q, 4H J=7.0);
bp (Kugelrchr) 115-119°C (0.05 mm Hg). Anal. Calcd for C16H2805 (300.4): C,63.97;
H,9.40. Found: C,63.71; H,9.37.

1 1

37g: IR (film) 1705 (CO), 2240 cm” ' (CN); 'H-NMR & 1.08 (d, 6H, J=7.0), 1.50-1.88
im 4H), 2.18-2.80 (m, 5H); bp (Kugelrohr) 63-65°C (0.05 mm Hg). Anal. Calcd for
C9H15NO (163.2): C,70.55; H,9.87; N,9.14. Found: C,70.38; H,9.88; N,8.96.

37h: IR (£ilm) 1705 em | (CO); 'H-NMR & 1.13 (d, 6H, J=7.0), 1.39-1.80 (m, 4H),
2,13 (s, 3H), 2.25-2.90 (m, 5H); bp (Kugelrohr) 67-70°C (0.05 mm Hg). Anal. Calcd
for C1OH1802 (170.3): C,70.55; H,10.66. Found: C,70.31; H,10.94.
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37i: IR (£ilm) 1710 (CO), 1740 cm ' (CO); 'H-NMR & 1.08 (d, 6H, J=7.0), 1.42-1.80
{m, 4H), 2.18-2.76 (m, 5H), 3.66 (s, 3H); bp (Kugelrohr) 61-64"C (0.07 mm Hg).
An

al. Calcd for C10H1803 (186.3): C,64.49; H,9.74. Found: C,64.24; H,9.83.
1 1

373: IR (film) 1710 (CO), 2240 cm ' (CN); 'H-NMR § 1.12 (d, 6H, J=7.0), 1.60-2.21
{m, 4H), 2.58 (t, 2H, J=7.0), 2.64 (sept 1H, J=7.0), 4.53 (t, 1H, J=7.0); bp
(Kugelrohr) 68-70°C (0.07 mm Hg). Anal. Calcd for C9H14ClNO (187.8): C,57.60;
H,7.52; N,7.46. Found: C,57.84; H,7.55; N,7.33.

37k: IR (£ilm) 1710 (CO), 2240 cm | (CN); 'H-NMR 6 1.10 (d, 6H, J=7.0), 1.33

1a, 3H, J=7.=), 1.44-1.94 (m, 4H), 2.38-2.76 (m, 4H); bp (Kugelrohr) 65-69 C
(0.06 mm Hg). Anal. Calcd for C, H,.NO (167.3): C,71.8%; H,10.25; N,8.37. Found:
c,71.54; H,10.29; N,8.40.

1: IR (£ilm) 1710 (CO), 1735 cm | (CO); 'H-NMR § 1.09 (d, 6H, J=7.0), 1.62=2.00

2H) , 2.44-2.94 (m, 6H), 4.16, 4.18 (2q, 4H, J=7.0); bp (Kugelrohr) 90-93°¢
(0.06 mm Hg). Anal. Calcd for C,,H,, 0. (272.3): C,61.74; H,8.88. Found: C,61.65;

H,8.93. 1472475

37m: IR (£ilm) 1705 (CO), 2235 cm-1(CN); TH-NMR § 0.99, 1.08 (2d, 3H, J=6.5),

1.76-1.94 (m, 10H), 2.14-2.60 (m, 4H); bp (Kugelrohr) 92-95°C (0.06 mm Hg). Anal.

Caled for C,,H,,NO (179.3): C,73.70; H,9.56; N,7.81. Found: C,73,47; H,9.48;
11417

N,7.67.

37p: IR (film) 1705 cm—1 (CO) ; TH-NMR § 0.95, 1.05 (24, 3H, J=665), 1.17-1.87

{m, 10H), 2.11 (s, 3H), 2.20~2.75 (m, 4H); bp (Kugelrohr) 80-83"C (0.05 mm Hg).

Anal. Calcd for C12H2002 (196.3): C,73.43; H,10.27. Found: C,73.26; H,10.30.
1 1

IR (film) 1705 (CO), 1735 cm

379: (CO); 'H-NMR ¢§ 1.01, 1.11 (24, 3H, J=6.g),
1.22-1.98 (m, 10H), 2.18-2.66 {(m, 4H), 3.66 (s, 3H); bp (Kugelrohr) 100-103"C
(0.06 mm Hg). Anal. Calcd for C,,H,.0, (212.3): C,67.89; H,9.50. Found: C,67.48;
H.9.40 1272073

;9.40.

7p: IR (£ilm) 1705 (CO), 2230cm ' (CN); 'H-NMR § 0.97, 0.99, 1.07, 1.09 (4d,

H, J=6.5), 1'32_2605 (m, 10H), 2.22-2.64 (m, 2H), 4.45, 4.57 (2t, 1H, J=6.5); bp
(KRugelrohr) 97-100"C (0.05 mm Hg). Anal. Calcd for C11H16C1NO (213.7): C,61.82;
H,7.55; N,6.55. Found: C,61.40; H,7.49; N,6.42.

37g: IR (film) 1705 (CO), 2240 cm 1 (CN) ; 1H—NMR § 0.98, 1.00, 1.08, 1.10 (44, °
3#, J=6.5), 1.32, 1.33 (2t, 3H, J=7.0), 1.20~-2.78 (m, 3H); bp (Kugelrohr) 95-99°C
(0.07 mm Hg). Anal. Calcd for C12H19NO (193.3): C,74.57; H,9.91; N,7.25. Found:
C,74.26; H,9.97; N,7.10.

7r: IR (£ilm) 1705 (CO), 1735 cm | (CO); 'H-NMR § 0.98, 0.99, 1.07, 1.08 (44,

i, J=6.5), 1.22 (t, 6H, J=7.0), 1.40-3.94 (m, 13H), 4.11, 4.13 (2q, 4H, J=7.0);
bp (Kugelrohr) 115-119°C (0.05 mm Hg). Anal. Calcd for C,cH, 0. (298.4): C,64.41;
H,8.78. Found: C,64.35; H,8.64.

Syntheses with esters: Preparation of 42 and 45: A solution of cyclopﬁgpanes 41
or 44 (3.0 mmol, 10 mL ethanol), synthesized via literature procedure™”, and
mercuric acetate (956 mg, 3.0 mmol) was stirred at room temperature for 30 min.
The alcohol was then evaporated, the residue dissolved in methylene chloride
(10 mL) and cooled to 0°C. Alkene 27 (10 mmol) and NaBH, (250 mg, 6.6 mmol)
suspended in water (1-2 mL) were added. After 15 min thé reaction mixture was
filtered over MgSO,, concentrated and destilled. The products 42 and 44 were
formed in 45-72% yields (Table 3). o
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