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kylation of f-Aminomercurials: Synthesis of 1,5-
Functionalized Amines
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f-Aminoalkyl radicals generated by alkaline sodium borohydride reduction of
aminomercurials react with electron-deficient olefins in an one pot procedure.
These reactions allow direct synthesis of S-aminonitriles and 5-aminoesters.
1,5-Diamines and aminoalcohols were also prepared by reduction of the for-
mer compounds.

The recently introduced reductive alkylation of alkylmer-
curials' has enhanced greatly the value of organomercurials
in organic synthesis. In this context the tandem
oxymercuration-reductive alkylation was the first method to
be explored?. Later it was extended to amidomercuration-
reductive alkylation processes which form the basis of some
new strategies designed to simplify the synthesis of natural
products®. In a recent paper we reported an advantageous
modification of the oxymercuration-reductive alkylation*
method which allows the introduction of a wide variety of
oxygen nucleophiles in the mercuration as well as the general
use of sodium borohydride in the reduction step in an effi-
cient one pot procedure.

We report now our study of the aminomercuration-reductive
alkylation reaction for the simple synthesis of amines func-
tionalized at predetermined positions. The reduction of ami-
nomercurials is complex due to competitive deaminomercur-
ation, often leading to poor yields. Thus, a careful selection
of the reduction conditions determines the success of the
process™ 7. Aminomercurials show a very low solubility in
1 normal sodium hydroxide and remain in the organic phase
when their reduction with sodium borohydride dissolved in 1
normal sodium hydroxide is performed in an organic-
aqueous two phase medium. This fact induces slow rate re-
ductions with deaminomercuration (Scheme A, path b). The
use of an excess of amine® or phase transfer catalysis” has
been employed to circumvent this difficulty.
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In the reductive alkylation of aminomercurials with sodium
borohydride (Scheme B), both the alkylating agent (electron-
deficient olefin) and the aminomercurial remain in the
organic phase during the reduction. The yield of the overall
process is less sensitive to the low concentration of hydride in
the organic layer, showing that the fate of the intermediate
alkyl radical does not depend, as in the simple reduction, on
the amount of borohydride available. Since the reaction rate
and yield of 3 are increased with the solubility of 2 in 1
normal sodium hydroxide, Triton X-100® was used as phase
transfer catalyst in reactions with the more soluble amino-
mercurials (see Table 1) to avoid the undesirable formation
of 3.

Ar—NH H
I NaBH,

RZ
1
RI-C-C-RZ + HC=CH-X? *w Ar-NH\TA\/\Xf
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R! R2
\ & .
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H H NH —Ar
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Scheme B

Best yields of compounds 5 are obtained when aminomer-
curials 2 are reduced as chlorides (X! = Cl). In the practice,
this was achieved by carrying out the aminomercuration-

Table 1. Synthesis of Compounds 5, 6, and 7

SYNTHESIS

reductive alkylation in a one pot process by addition to the
acetoxymercuration mixture of a ten-fold excess of sodium
chloride and catalytic amounts of the surfactant, if neces-
sary, prior to performance of the reductive-alkylation step
(Scheme C, Method A in Table 1).

1.Hg{OAc)y/ THF /H,0
2.NaHal/NaOH/H,C =CH~X¥

R‘\ /RZ Triton X-100
/C =C\ + CgHs—NH, 3. NaBHL/lno:mal NaOH .
H H 0-91%
1a-f R2
R1
CGHS_NH\H\/\x? + Hg(0)

nH

Scheme C 5a-j

The same process in homogeneous medium of dimethylform-
amide/aqueous sodium hydroxide shows an increase in the
reaction rate but affords compounds 5§ with similar yields. It
should be noted that in neutral conditions the yield of § drops
almost to zero giving rise to the formation of decomposition
products (Scheme A, path b).

Componds 5 possess a nitrile or ester functionality and,
hence, can be readily transformed, for instance, to the corre-
sponding primary amines or alcohols upon reduction with
lithium aluminum hydride. It this way, 1,5-diamines 6 and
aminoalcohols 7 substituted at predetermined positions are
also easily accesible (Scheme D).

Triton Reaction Hg (0)

Entry Starting R! R? X! X%?ind Product® Method®  Yield®
material X-100  time [h] [%] [%]
1 la CeHs H Cl CN No 4 90 5a A 38
2 2a Cl  CN No 0.5 95 Sa B 37
3 2a ¢l CN No 0.5 100 5a C 0
4 la OAc CN No 4 90 Sa D 23
5 la Br CN No 4 90 5a A 3
6 la J CN No 4 90 5a A 4
7 la Ci COOC,H, No 4 75 5b A 31
8 1b C¢HsCH, H @] CN No 4 80 Sc¢ A 36
9 1b Cl COOC,H, No 4 75 5d A 30
10 lc C,H, H Cl CN No 4 80 Se A 39
11 le Cl  COOC,H, No 4 80 5f A 3
12 1d —(CH,)y— Cl CN Yes 1 85 trans-5g A 44
13 1d Cl  COOC,H, Yes i 90 trans-Sh A 35
14 le —(CH,),— Cl CN Yes 1 70 5i¢ A 47
15 le ¢l CN No 1 70 5i¢ A 13
16 1le Cl CN Yes 1 70 5i¢ A° 39
17 le 1 COOC,H, Yes 1 85 5j¢ A 39
18 1f —(CH,)s— Cl CN Yes 1 70 trans-Sk A 39
19 Sa 6a E 85
20 5b Ta E 80
21 S¢ 6b E 86
2 5d Tb E 80
23 Se 6c E 91
24 5f Te E 85
25 5g 6d E 89
26 5h 7d E 86
27 5i¢ 6e’ E 87
28 5j¢ 7e! E 85

For reaction conditions see experimental.
Based on starting material.

1:3 cis-trans mixture.

A 3:1 excess of sodium chloride was used.

o a o o=

All compounds gave satisfactory microanalysis: C -+0.40, H £0.15, N £0.15.
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Table 2. Spectrometric Data of Compounds 5, 6, and 7

Communications 1127

Product LR BC-N.M.R. (solvent)®
vlem '] ¢ [ppm] d[ppm]°

5a (Nujol): 3380 (NH); 2200 (CN)  (CDCly): 1.6-2.2 (m, 4H. (CDCly): 16.3: 21.8; 36.4; 56.5. 112.9;
C—CH,—CH,—C); 2.3 (,2H,J =6 Hz,  116.9; 119.3; 126.0; 126.8; 128.3; 128.7;
CH,—CN);4.0(br.s, IH,NH); 4.3 (1, 1H., 142.8; 146.8
J=6Hz, CH—N), 63-7.3 (m, 10H.
I{amm)

5b (film): 3420 (NH); 1740 (CO) (CCl,): 0.65 2.15 (m, 9H. (CCl,): 13.3; 20.8; 32.8: 36.0; 56.9; 59.9;
C—CH,—CH,—CH,—C, C—CH,;): 3.9  112.0; 116.2; 125.5; 125.9: 127.6; 128.1;
(q.2H, J = THz, O—CH,); 4.1 (br.s. 1H.  143.2; 146.7. 171.8
NH); 4.t (m, 1H. CH—N); 6.2-7.35 (m.
10H. H,,,.)

Sc (film): 3380 (NH); 2200 (CN) (CDCly): 1.5-1.9 (m, 4H, (CDClL,): 16.6;22.0; 32.7: 40.1; 52.9; 113.0;
C—CH,—CH,—C); 23 (m, 2H. 117.0; 119.3; 126.1; 128.1: 129.1; 129.1:
CH,~CNy; 2.85 (m, 2H, 137.6; 1470
C—CH,—C,om): 34(m, 1 H,CH—N); 3.6
(br.s. 1H, NH); 6.4-7.3 (m, 10H, H,,,,))

5d (film): 3420 (NH); 1735 (CO) (CClL): 0.9-1.6 (m, TH, C—CH,—CH, (CCl,): 13.4; 20.6: 32.4: 32.9; 39.3: 52.6:
—C, C—=CH;); 2.1 (1, 2H, J=6Hz, 58.9; 112.4; 116.3; 125.3; 127.4; 128.4;
CH,~—COO0); 26 (m, 2H,  128.6; 137.5: 146.6; 171.5
C—CH,—C,,,n); 3.4 (br. s, 1H, NH); 3.4
(m, TH, CH—N): 39 (q, 2H, J = 7 Hz,
0—CH,); 6.3 (m, 10H, H_,.)

Se (film): 3380 (NH); 2200 (CN) (CDCL,): 0.6--1.8 (m, 13H., (CDCly): 13.8; 17.0; 21.8; 22.5; 27.8; 33.8;
CH;~CH,~—CH,—CH,—C, 34.7;52.0; 112.6; 116.7; 119.4; 129.1; 147.6
C—CH,—CH,—C); 215 (m, 2H,
CH,—CN); 3.2 (m, 1H, CH—N); 3.2 (br.
s, 1H, NH); 6.2-7.2 (m, SH, H,,,,)

5f (film): 3400 (NH); 1730 (CO) (CCly): 0.7-1.7 im, 16H. (CCly): 13.2; 13.4; 20.4: 21.9; 27.3; 33.1;
CH;—CH,—CH,—CH,—C, 33.4; 33.8; 51.6; 58.8; 112.0; 115.6; 128.2;
C—CH,—CH,—C, CH,—C); 21 (m, 147.2;171.5
2H, CH,—COO0); 3.2 (m. 1H, CH—N);
3.3(br.s, 1H,NH);3.95(q, 2H,/ = 7 Hz,
0—CH,); 6.3 7.1 (m, 5H. H,,,,))

trans-5g (film): 3370 (NH); 2190 (CN) (CDClL): 1.1- 24 (m, 11H, (CDCl): 15.4; 22.0; 29.4: 29.5: 32.3; 45.4;
C—CH,~CH,—CH,—CH—CH,—CH, 59.4; 112.7; 116.5; 119.5; 128.7; 147.6
—CN); 3.3 (m, 1H, CH—N); 3.45 (br. s,
TH, NH); 6.5-7.2 (m, 5H, H,,.)

trans-Sh (film): 3420 (NH); 1745 (CO) (CCly): 1.0-2.3 (m, 14H,  (CCly): 13.3; 21.8; 28.6: 29.6; 32.0; 32.0;
C—CH,—CH,—CH,—CH—CH,—CH, 45.4; 59.0; 59.4: 112.2; 115.7; 128.1: 147.4:
—CO00, CH;—C): 3.2 (m. 1H, CH—N);  171.9
3.6(br.s, IH,NH).3.95(q,2H,J = 7 Hz,
O-—CH,): 6.3-7.1 (m, SH, H,,,,.)

cis-5i¢ (film): 3370 (NH); 2190 (CN) (CDC,): 0.9-2.45 (m, 13H, (CDCl,): 13.8; 20.6; 23.2: 23.3; 26.0; 27.7;

trans-Sid

cis-5it

rrans-Sj¢

trans-Sk

(film): 3370 (NH); 2190 (CN)

(film): 3420 (NH); 1745 (CO)

(film): 3420 (NH); 2200 (CO)

(film): 3370 (NH); 2200 (CN)

C—~CH,—CH,—CH,—CH,—CH—CH,
—CH,—CN); 3.55 (m, 1H, CH—N): 3.3
(br.s, 1H, NH); 6.5-7.2 (im, 5H, H,,,.))
(CDCL): 0.9-2.45 (m, 13H,
C—CH,—CH,—CH,—CH,—CH—CH,
—CH,—CNJ; 2.9 (m, 1H, CH—N); 3.3
(br. s, 1H, NH); 6.5-7.2 (m, 5SH, H,,,.)
(CCly): 09-22 (m, 16H,
C—CH,—CH,—CH,—CH,—CH—CH,
—CH,—CO0, CH,—C(C); 34 (m, 1H,
CH—N);3.5(br.s, TH,NH);3.9 (g, 2H,J
=7Hz,0—CH,); 6.5-7.1 (m, SH, H,,,,,)
(CCly): 0.9-2.2 (m, 16 H,
C—CH,—CH,—Cl{,—CH,—CH—CH,
—CH,—C00, CH,;—C); 2.8 (m. 1H,
CH—N); 3.5 (br.s, 1H, NH); 3.95 (q, 2H,
J=THz, O—CH,): 6.5-7.1 (m, 5H,
Harum)

(CDCL,): 1.1-2.4 (m, 15H,
C—CH,—CH,~CH,—CH,—CH,~CH
—CH,—CH,—CN); 3.0 (m, IH,
CH—N): 3.4 (br. s, 1H, NH); 6.2-7.15 (m,
SH. H,...)

37.4;49.6; 112.2; 115.9; 119.4; 128.5; 146.8

(CDCly): 13.8; 24.4; 24.6: 28.0; 30.0; 32.5;
41.7;55.1; 112.2; 115.9; 119.6; 128.5; 147.2

(CCly): 13.4; 21.0; 23.2; 25.1; 26.5; 28.1;
31.0; 37.9; 50.3; 58.9; 112.2; 115.7; 128.2;
146.8; 171.9

(CCLy): 13.4; 24.3; 24.9; 27.2: 30.4; 30.7;
32.4:42.0; 55.3: 58.9: 112.0; 115.5; 128.2;
147.2; 172.2

(CDCly): 15.15 23.8; 26.1: 29.2; 29.3; 30.3;
31.5; 44.7, 57.6; 112.9; 116.6: 119.8; 128.9;
147.0
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Table 2. (Continued)

SYNTHESIS

Product LR? 'H-N.M.R. (solvent/TMS;,)® B3C-N.M.R. (solvent)®
vlem™'] 4 [ppm] o [ppm]°

6a (film): 3420-3280 (NH and NH,) (CDCl,): 1.1-1.9 (m, 6H, (CDCl,): 23.1; 31.9; 38.0; 40.9; 57.6; 112.8;
C—CH,—CH,—CH,—C); 2.6 (m, 2H, 116.5; 125.9; 126.4; 128.1; 143.8; 147.1
CH,~-N); 2.9-3.8 (br. s, 3H, NH, NH,);
4.2 (m, 1H, CH—N); 6.4-7.35 (m, 10H,
Hamm)

6b (film): 33803280 (NH and NH,) (CDCl,): 0.9-1.6 (m, 6H. (CDCl,): 22.5; 32.7; 32.9; 39.3; 41.0; 52.6;
C—CH,—CH,—CH,—C(); 2.65-2.95(m, 112.2; 116.0; 125.3; 127.3; 128.4; 128.6;
4H, C—CH,—C,om, CH.—N); 3.5 (m, 137.5; 146.7
1H, CH—N); 4.6 (br. s, 3t, NH, NH,);
6.25-7.25 (m, 10H, H,, )

6¢c (film): 3420-3300 (NH and NH,) (CDCl,): 0.6-2.0 {m, 15H, (CDCly): 13.7; 22.4; 22.8; 27.8; 32.1; 34.3;
CH;--CH,—CH,—CH,—C, 34.3; 41.2; 52.3; 112.4; 116.0; 128.8; 147.8
C—CH,—CH,—CH,—C); 2.65 (m, 2H,
CH,~-N); 2.95 (br. s, 2H, NH,); 3.3 (m,
1H, CH-—N); 3.6 (br. s, 1H. NH); 6.4-7.2
(ms SH‘ Hamm)

trans-6d (nujol): 3445--3300 (NH and NH,)(CDCl,): 0.8-2.3 {m, {1H, (CDCL): 22.0; 29.8; 30.8; 31.1: 32.1; 41.2;
C—CH,—CH,—CH,—CH—CH,—CH, 46.2; 59.4; 112.2; 115.8; 128.3; 147.6
—(); 2.65 (m, 2H, CH,—N); 2.8--3.1 (br.
s, 2H. NH,); 3.25 (m, 1H, CH—N); 3.7
(br. s, 1H, NH); 6.4-7.25 (m, SH, H,om)

cis-6d¢ (film): 3400-3260 (NH and NH,) (CDCl,): 0.9-2.2 {m, 13H, (CDCly): 20.6; 23.1; 26.3; 26.9; 28.1; 30.4;
C—CH,—CH,—CH,—CH,—CH—CH, 37.6; 42.5; 50.1; 112.2; 115.4; 128.4; 146.8
—CH,—C); 2.5 (m, 2H, CH,—N); 2.9~
3.2 (br. s, 3H, NH, NH,); 3.45° (m, 1H.
CH—NY); 6.3-7.2 (m, 5H, H,.n)

trans-6d° (film): 3400-3260 (NH and NH,) (CDCl;): 0.9--2.2 (m, 13H, (CDCly): 24.5; 24.9; 29.1; 29.7; 30.4; 32.6;
C—CH,—CH,~CH,—CH,—CH—CH, 41.4;42.5; 55.3; 120.0; 115.4; 128.4; 147.7
—CH,—C);2.5(m, 2H, CH,—N); 2.9 (m,
1H, CH—N); 2.9-3.2 (br. s, 3H, NH,
NH,); 6.3 7.2 (m, 5H, H,,)

Ta (film): 3460--3300 (NH and OH) (CCl,): 1.1-1.7 (m, 6H, (CCl,): 21.7; 31.4; 37.6; 57.3; 61.0; 112.5;
C—CH,—CH,—CH,—C); 3.35 (m, 2H, 116.3; 125.3; 125.9; 127.6; 128.1; 143.3;
CH,~-0);3.5(br.s,2H, NH, OH); 4.1 (t, 146.6
1H, /= 6 Hz, CH—N); 6.2-7.2 (m, 10H,
HEIYOIII)

7b (film): 3480-3300 (NH and OH) (CCl,): 1.3 (m, 6H, (CCly): 21.5; 31.6; 32.8; 39.2; 52.7; 61.1;
C—CH,—CH,—CH,—C); 2.6 (m, 2H, 112.4; 116.2; 125.2; 127.3; 128.4: 128.6;
CH,—C,rom); 3.1-3.55 (m, SH, CH—N,  137.5; 146.7
CH,—0, NH, OH); 6.3-7.1 (m, 1011,
Hamm)

Te (film): 3460--3300 (NH and OH) (CCl,): 0.7-1.7 (m, 15H, (CCl,): 13.3; 21.3; 22.0; 27.3; 31.8; 33.7,
CH;~-CH,—CH,—CH,—C, 33.7; 52.2; 61.0; 112.3; 116.0; 128.2; 146.9
C—CH,—CH,—CH,—C); 3.15 (m, 1H,
CH—N);3.35(m, 2H, CH,-—0); 4.0 (br. s,
NH, OH); 6.3-7.1 (m, SH. H,, ()

trans-Td (film): 3460-3300 (NH and OH) (CCl,): 0.9-2.0 (m, 11H, (CCly): 21.9; 29.7; 29.8; 30.3; 32.0; 45.7;
C—CH,—CH,—CH,—CH-—CH,—CH,  59.6; 61.2; 112.5; 116.1; 128.1; 147.2
—(); 3.1 (m, 1H, CH—N); 3.35 (m, 2H,
CH,—0);3.8(br.s,2H. NH,OH); 6.3-7.1
(m, 5H Humm)

cis-7et (film): 3480~3300 (NH and OH) (CCL): 0.9-2.1 (m, 13H, (CCl,): 21.2; 23.3; 26.0; 26.9: 28.1; 29.4;

trans-Te*

C—CH,—CH,—CH,—CH,—CH—CH,
—CH,—C); 2.95 (m, 1H, CH—N); 3.35
(m, 2H, CH,—O); 3.65 (bc. s, 2H, NH,
OH); 6.3-7.1 (m, SH, H,,..)
(film): 34803300 (NH and OH) (CCL)): 0.9-2.1 (m, 13H,
C—CH,—CH,—CH,—Ct,—CH—CH,
—CH,—C); 2.75 (m, 1H, CH—N); 3.35
(m. 211, CH,—0); 3.65 (br. s, 2H, NH,
OH); 6.3-7.1 (m. SH, H,,,,.)

o & 6 o B

Recorded with a Pye Unicam SP-1025 T.R. spectrometer.
Recorded with a Varian FT-80 spectrometer using a D,0 capillary when CCl, was the solvent.
Referred to the solvent.
Date are from cis-frans isomers mixture.
Uncertain assignement.

38.3; 50.7; 61.4; 112.3; 115.8: 128.2; 146.7

(CCl,): 24.5; 25.0; 28.0; 28.7; 30.5; 32.5;
42.2:55.5; 61.4; 112.1; 115.6; 128.2; 147.2
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R? LiAtH, / R?

R! ether, 0°C R! 3
CaHs-NH\‘/‘\/\ X2 e0-a CGHS"NH\’/L\/\/X

mH H

5a-j 6a-c =Ny

7a-c 1x3=0H)

Scheme D

The stereochemistry of the products derived from cyclic
olefins was determined by N.O.E. experiments at 200 MHz°.
Compounds 5 g, 5 h, and 5 k derived from cyclopentene (1d)
and cycloheptene (1f) showed the structure trans. Con-
versely, Si and 5§ were found to be mixtures of cis/trans
isomers in a ~1: 3 molar ratio.

The tandem aminomercuration-reductive alkylation allows
the synthesis of 1,5-functionalized amines in a process invol-
ving C—C bond formation through free radicals. Although
this reaction only occurs between an electron-rich and an
electron-deficient olefin, this limitation is in some manner
overcome by the transformation of the electron withdrawing
group to an electron donor by simple reduction.

One Pot Synthesis of 5-Aminonitriles and 5-Aminoesters 5 in Hetero-
geneous Medium; General Procedure for Method A:

A mixture of mercury(Il) acetate (3.19 g, 10 mmol) in tetrahydro-
furan (30 ml) and water (10 ml) is trcated with aniline (0.93 g,
10 mmol). After 5-10 min of stirring, a white suspension is formed
and then olefin 1 (10 mmol) is added. When the solution has turned
colorless, 2 normal aqueous sodium hydroxide (20 ml), sodium
halide (X = CI, Br, J; 100 mmol), Triton X-1008 (0.5 g) (see Table 1)
and freshly distilled clectron-deficient olefin 4 (100 mmol) are added.
To this heterogeneous mixture, sodium borohydride (0.38g,
10 mmol) dissolved in 1 normal aqueous sodium hydroxide (5 ml) is
added dropwise. After 1 -4 h at room temperature, elemental mer-
cury is filtered off and the resulting solution extracted with dichloro-
methane (2 x 25 ml), the extract is washed with water (20 ml), and
dried with anhydrous sodium sulfate. The solvent is removed under
reduced pressure and the oily residue is purified by column chroma-
tography on silica gel and toluene as cluent. Yields of compounds §
are summarized in Table 1; spectral data are collected in Table 2.

Synthesis of Aminomercurial 2a:

A solution of mercury(1l) acetate (3.19 g, 10 mmol) in tetradydro-
furan (30 ml) and water (10 ml) is treated with aniline (0.93 g,
10 mmol). After 510 min of stirring, a white suspension is formed
and then styrene (1.04 g, 10 mmol) is added. The colorless solution is
poured into a mixture of sodium chloride (2.93 g, 50 mmol) in water
(50 m) with formation of a white precipitate. Tetrahydrofuran is
evaporated under reduced pressure and water decanted. The semi-
solid product is recrystallized from methanol to give 2a; vield: 3.55 g,
(82%); m.p. 106-108°C.

C H,CIHgN cale. N 324 Hg 46.40

(4323) found 3.15 45.33

LR. (Nujol): v = 3400 cm ~! (NH).

"H-N.M.R. (DMSO-dg): 6 = 2.00 (d, 2H, J = 6 Hz. CH,Hg): 3.24
(brs. 1 H, NH); 4.60 (m, 1 H, CHN); 6.0-7.3 ppm (m, 10 H,,,,).
BC-N.M.R. (DMSO-d): § = 41.3; 50.3; 113.0; 115.8; 125.6; 126.5;
128.5; 128.6; 147.4; 147.5 ppm.

Reductive Alkylation in Homogeneous Basic Medium; Method B:
To a solution of mercurial 2a (4.32 g, 10 mmol) in dimethylform-
amide (40 ml) and 1 normal aqueous sodium hydroxide (10 ml) is
added freshly distilled acrylonitrile (3.3 ml, 100 mmol). The mixture
is cooled at 0° C and then sodium borohyride (0.38 g, 10 mmol) dis-
solved in 1 normal aqueous sodium hydroxide (5 ml) is dropwise
added. After 0.5 h elemental mercury is filtered off and the solution
treated with 1 normal sodium hydroxide (20 ml) and extracted with
ether (3 x 20 m!). Compound 5a is isolated according to the proce-
dure above described; yield: 37 %.

Communications 1129

Reductive Alkylation in Homogeneous, Neutral Medium; Method C:
The procedure is the same as that described above in B but excluding
the 1 normal sodium hydroxide addition and with sodium borohy-
dride dissolved in dimethylformamide (5 ml).

Synthesis of 5a; Method D: ]
The procedure is the same as that described above in A but excluding
the addition of the sodium halide and Triton X-100.

Reduction of Compounds 5; General Procedure for Method E:

To a suspension of lithium aluminum hydride (0.19 g, 5 mmol)} in dry
ether (10 ml) is added dropwise a solution of compound 5 (5 mmol)
in dry ether (5ml) at 0°C. After 30 min of stirring, the excess of
lithium aluminum hydride is destroyed by careful addition of a few
drops of water. The mixture is hydrolyzed with 1 normal aqueous
sodium hydroxide (20 ml), extracted with ether (3 x 20 ml), and the
organic layer dried with anhydrous sodium sulfate. The solvent is
removed under vacuum and the residue is purified by column
chromatography on silica gel using methanol;/diethylamine (10: 1) as
eluent. Yields of compounds 6 and 7 are summarized in Table 1:
spectral data are collected in Table 2.
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