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Abstract. The reaction of different 3-chlorinated allyl amines 1a,b or phcnylethcr 1c with an excess of
lithium powder, a catalytic amount of DTBB (5 moi %) and an electrophile {PriCHO, ButCHO, Ei,CQ,

(CH37)5CO] in THF at -78°C gives, after hydrolysis with water, the expected Z/E mixture of the
corresponding products 2. The corrcsponding two-step process at temperatures ranging betwecn -30 and
-40°C [electrophiles: PiCHO, ButCHO, (CH;)5CO] yields propargylic derivatives 3. A mechanistic
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polyfunctionalised molecules by reaction with electrophiles, in some cases their instability can be a significant
handicap. In the case of sp2-hybridised derivatives of the type I/II, one question concerning the possible
carbanion inversion (stereochemical stability) has to do with the fact that the trans-diastereoisomer (II) is
thermodynamically more stable than the cis-one (I)2 for steric reasons; however, in the cis-diastereoisomer the
intramolecular coordination between the heteroatom and the lithium atom (CIPE effect)3 can contribute a lot to
stabilise the thermodynamically less stable cis structure I. Other problems to be overcome concerning the
chemical stability of this type of species results from a possible intra (‘y-elimination; see III) or intermolecular
Sy reaction, Y acnng as a leaving group, and the hydrogen transfer glvmg a new o-substituted carbanion (see
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uncontrolled reactions, among them acetylene formation. The same result, formation of an acetylene, would

occur by a B-elimination from the starting material. In order to clarify all these possible situations we decided to
study the lithiation of 3-substituted-1-chloropropenes under very mild reaction conditions using arene-catalysed
lithiation.4 This methodology has been widely used in our group to prepare very unstable functionalised
organolithium compounds (starting from chlorinatedS or non-halogenated materialsé, as well as heterocyclic

compounds?) and polylithium synthons.8
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The reaction of chlorinated allyl amines 1a,b or t her 1c (in all cases as a ca. 3/2 Z/E mixiure)
with an excess of lithium powder (1:10 molar ratio) and a catalytic amount of 4,4’ -di-tert-butyl-biphenyl (DTBB;
1:0.1 molar ratio; 5 mol %) in the presence of different electrophiles [PriCHO, ButCHO, Et,CO, (CH;)sCO] in
THEF at -78°C led, after hydrolysis with water at the same temperature, to the formation of the expected reaction

products 2 with moderate yields (Scheme 1 and Table 1).

cIr """y > ETNYy
1b : Y = N(CH,CH=CH,),
1c: Y =0Ph

Scheme 1. Reagents and conditions: i, Li, DTBB cat. (5§ mol %),
E+ = PriCHO, ButCHO, Et,CO, (CH,)sCO, THF, -78°C; ii, H,0.

different Z/F ratios we tained for products 2, ranging from only the E-diastereoisomer (Table 1, entry 4) to
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of intermediates of type I/II. One experiment to demonstrate this hypothesis was carried out using pure F-ia
[isolated as the only diastereoisomer by column chromatography (silica gel, hexane/ethyl acetate) from the
reaction crude containing a 3/2 Z/E-mixture].9 Thus, performing the reaction as above and using pivalaldehyde
as electrophile, a 40% isolated yield of compound 2ab as a 2/1 Z/E diastereoisomers mixture was obtained, this
ratio being the same as when 1a was used as a Z/E-mixture (compare to Table 1, entry 2).



Table 1. Preparation of Compounds 2
Producta
Starting  Electrophiie
Entry  material E+ No. Y E Yield (%)b Z/E-ratioc
1 1a PriCHO 2aa  N(CH,;CH,);0 PriCHOH 54 211
2 la ButCHO 2ab  N(CH;CH;).0 ButCHOH 51 21
3 1a (CH,)sCO 2ad N(CH,CH;)»,0 (CH;)sCOH 64 2/1
4 1b PriCHO 2ba N(CH,CHCH;); PriCHOH 14d -1
5 1b ButCHO 2bb N(CH,CHCH;); ButCHOH 60 1/1
6 1b (CH,)sCO 2bd N(CH,CHCH;); (CHy)sCOH  42e 21
7 1c PriCHO 2¢ca PhO PriCHOH 34 1.5/1
8 lc Bu!CHO 2¢hb PhO Bu!CHOH 35 1.5/1
9 ic Et,CO 2cc PhO Et,COH 38 1071
10 1c (CHy)sCO 2cd PhO (CH2)sCOH  24f 1/-

a All products 2 were 292% pure (GLC and/or 300MHz 'H NMR). b Isolated yield after column
chromatography (silica gel, hexane/ethyl acetate), based on the starting material 1. ¢ Determined by
tandem GLC-MS. d A 53% of compound 3ba was also isolated. ¢ A 28% of compound 3bd was
also isolated. f A 5% of compound 3cd was also isolated.

As shown in Scheme 1, the 1 — 2 transformation has to be carried out in the presence of the electrophile
(Barbier-type reaction conditions)10 in order to avoid not only decomposition of the organolithium intermediate
of the type I/II involved in the process (only 5-10% of compound 2 was isolated in the two-step reaction either
at -78 or at -30°C), but also and mainly to avoid the formation of acetylenic derivatives of type 3. These
compounds resulted either from an o-deprotonation of the starting material, giving a carbenoid of type V or

from a B-elimination from the same starting material; the final formation of the corresponding lithium acetylide

and reaction with the electrophile would give products 3. Taking advantage of this behaviour we performed the
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1€ $ame reaction Condaitions as 101 Compo
as electrophile, only <15% of compound 4 as a compiex mixture of four diasiereoisomers was detected. This
reaction is not interesting not only because of the very poor yield but also because compound 4 can be directly
obtained starting from 1,3-dichloropropene. 11 In the case of the lithiation of compound 1d, together with the
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products.

Table 2. Preparation of Compounds 3

Producta
Startmg Eleclrophﬂe
Entry  material E+ No Y E Yield (%)b
1 1a PriCHO 3aa N(CH,CH;),0 PriCHOH 45
2 la ButCHO 3ab  N(CH;CH,),0 ButCHOH 40
3 1a (CHy)sCO 3ad  N(CH,CH;);0 (CHp)sCOH 48
4 1b ButCHO 3bb N(CH,CHCH;); ButCHOH 38

a All products 3 were 295% pure (GLC and 300 MHz 1H NMR). b Isolated yield after
~las rha trnoronhiy foiling oal havamalnthel anatatay haoad ~n tha otoeis

COLUIN CrOiTic lUBl iy \olliva ECI, HCAQHIL/CULYL CLAIC ), UAdLU VLI LI D llllg llldl.Clldl

1.

Stamng materials 1 could be easily prepared from commercially available 1,3-dichloropropene (as ca. 1.3:1
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low temperature. However, even considering the limited synthetic utility of this chemistry, due to the moderate
yields obtained, we think that some light on the structure/stability/reactivity of intermediates of type I/I has been

given.

EXPERIMENTAL PART
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Génerdt.- ©Or general iniorimauon S€e reierence 1o
Pronaration Af Starting Amines 1a and 1h Ceneral Procediive To a solution of 1.3-dichloropronene
Preparation of Starting Amines 1a and 1b. General Procedure.- To a solution of 1,3-dichloropropene
(0.46 ml, S mmol) in THF (10 ml) was added the corresponding amine (10 mmol) at room temperature and the
o mi, > mmel)in 15 (10 ml) was adced the corresponcing amine (10 mmol) at room femperature and the

resulting mixture was stirred for 12 h (overnight). Then, ethyl acetate (10 ml) was added and it was extracted
with 1 M hydrochloric acid (3 x 10 ml). The aqueous layer was basified with 4 M sodium hydroxide and
extracted with ethyl acetate (3 x 10 ml), the organic layer dried over sodium sulfate and evaporated (15 Torr) to
give the title compounds in essentially pure (>94% from GLC) as a ca. 3/2 Z/E-diastercoisomers mixture).
(Z/E)-1-Chloro-3-morpholinopropene (1a):14.15 77% yield; Ry0.41 (hexane/ethyl acetate: 8/2); v (film) 1612,
1453 cm-1 (C=CH); &y 2.49, 3.19 (10H, 2m, 5xCH;N), 3.22 (2H, d, J = 1.8, CH;N), 3.70 (8H, m
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AvOCH-OW 12708 1207 127 6 120 7 MIxyCH=CHY: m/o (mivinre) 1A (M+L) D20 182 (M+11 12\ 1K1
SRSy 14ULD, 14V, 14700, 1457 LA T ULy, MVZ (NIAWUIT) 105 U748, LL 70, 104 Uit T, 14, 101
M+, 65), 160 (19}, 127 (1), 126 (100), 115 (11), 100 (37), 97 (11), 94 (15), 88 (12), 86 (53), 77 (68), 69
A2 VA ANV RS, N22)y A&V (4 27 7 \ \2yy B 24/, OV VY, G/, U2

(26) 68 (66), 56 (43), 55 (25), 54 (17), 51 (12), 49 (29), 44 (10), 43 (27), 42 (54).
(Z/E)-3-(Diallylamino)-1-chloropropene (1b):14 63% yield; Ry 0.64 (hexane/ethyl acetate: 9/1); v (film) 3079,
3008, 1643, 1634, 1447 cm-! (C=CH); &y 3.08, 3.27 (12H, 2m, 6xCH;N), 5.16 (8H, m, 4xCH=CH,), 5.75-
5.99, 6.08, 6.15 (8H, 3m, 8xCH=C); &¢ 49.6, 51.5, 52.7, 56.2, 56.6 (6C, 6xCH;,N), 1159, 117.6, 119.9,
128.9, 130.4, 135.2, 136.4 (12xC, 6xC=C); m/z (first isomer, ¢, 5.83 min) 173 (M++2, 3.9%), 171 M+, 11),
10), 79 (14), 77 (33), 75 (100), 68 (33), 67 (16),

L 20 c 712Y &4 0N An 17 AA (11 A2 /01 fearand jeamar # § Q7 min) 172 (NMLLD ACGN 17D
30 (2U), 33 (13, X4 (£U), 47 (17}, 44 (11), 4 (F1J, (8€CONG 1SOMEL, 7, 5.0/ i)y 1/5 (WiT+s, "t/(i}, i/&
(AA+LT AY 171 (NM+ 12Y 146 (20 144 (68) 136 (3O) 110 2 1Y QK (75)
\VIVA TR, %9), 271 \UVLT, U4), LTU\&LV), AT VU, LJIUN\J Ty LAV \&ld)y U \T)
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Preparation of Starting Ether 1¢.-16 To a solution of a 60% mineral oil suspension of lithium hydride (0.4
g, 10 mmol) in THF (10 ml) was added phenol (0.89 ml, 10 mmol) and the mixture was refluxed for 1 h. Then,
1,3-dichloropropene (1.0 ml, 11 mmol) was added to the resulting mixture maintaining the reflux for 2
additional h. After cooling it to ambient temperature it was hydrolysed with water (10 ml), extracted with ethyl
acetate (3 x 10 ml), the organic layer dried over sodium sulfate and evaporated (15 Torr) g1v1ng an ouy residue,

which was purified by column chromatography (silica gel, hexane/ethyl acetate) to give (Z/E)-1-chloro-3-

nnnnnnnnnnnn (1oY: 77 O, viald- P.0 A0 fhaxanal: v (Ffilm) N4 1620 1622 1500 (C—=HY 1740 om-1 (C
yncuu,&_y[}lupcuc a8l 77 70 YieiG; iy V.07 (CXaiic), v \uuu/ Ju04a, 1059, 10635, 1059 (=i, 1240 Cmi-* (L-
Q); by 4.51,4.77 (4H, 2dd, J = 5.8, 1.7, 2xCH,0), 6 6.25, 6.36, 6.40 (4H, 3m, 2xCH=CH), 6.93, 7.27

(10H, 2m, 2xArH); 8¢ 63.5, 66.0 (2xCH,0), 114. 6 114 7, 121.1, 121.2, 122.0, 128.0, 129.5, 158.1,
158.15 (16C, 2xCH=CH and 2xArC); m/z (mixture) 170 (M++2, 2%), 168 (M+, 6), 133 (21), 94 (28), 77
(33), 75 (100), 66 (11), 5 (19), 51 (20), 49 (10), 45 (10), 44 (31), 43 (68).

Preparation of Starting Thioether 1d.- To a solution of tert-butyl mercaptane (0.65 ml, 5 mmol) in THF
was added a hexane solution of n-butyllithium (3.1 ml, 5 mmol) at -78°C and after 5 min was added 1,3-
alcmoropropene (U 47 mi, 5 mmol) auowmg the temperature to rise to 20°C for 12 h (ovemxgm ). The resumng
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mixtuic was woiked- Up a8 101 COmpouna ic, except that it was not necessary o puuLy the crude pluuuu, wihiich
was pure anloh to be used in the lithiation step (>90% from GLOC). so 3-tert- huf\)lm.orrnnrn_l rhlnrnprnppna
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(1d) was 1solatcd. 85% yield; Ry 0.72 (hexane/ethyl acetate: 9/1); v (film) 1618, 1468 cm- 1 (C=CH), dy 1.33,
1.35 (18H, 2s, 6xMe), 3.21, 3.37 (4H, 2dt, J = 7.6, 1.2, 2xCH3), 5.85-6.16 (4H, m, 2xCH=CH); 8¢ 25.2,
28.9 (2xCH>), 30.8, 30.85 (6C, 6xMe), 42.7, 42.75 (2xCMe3), 119.2, 119.3, 129.4, 130.6 (2xCH=CH); m/z
(first isomer, z, 5.28 min) 166 (M++2, 2.6%), 164 M+, 6), 75 (13), 57 (100), 56 (12), 45 (12); (second
isomer, t, 5.55 min) 166 (M++2, 2.7%), 164 (M+, 8.6), 75 (12), 57 (100), 56 (12), 45 (15), 44 (19), 43 (21).
DTBB- Catalysed Lithiation of Compoundv 1 Under Barbier Condztmns Isolation of Compounds 2.
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tcmperature After that Lhe resulting mixture was hydrolysed with water (10 ml), 17 cxlracted w1th ethyl acetate
(3x10 ml), the organic layer dried over sodium sulfate and evaporated (15 Torr) giving a residue which was
purified by column chromatography (silica gel, hexane/ethyl acetate) to afford the title compounds. Z/E-
Diastereoisomers could be in many cases separated chromatographycally. In the case of using the starting
material 1d the crude reaction mixture was analysed by tandem GLC-MS and the corresponding four
diastereoisomers 4 (see iext) ideniified by comparison with authentic sampies.ii Yieids and Z/E ratios are

in Tab roinal amalots ianl nemd amanteaoanmin dosa a1

included in Table 1; puybu,cu dlldlyllbdl anda Speciroscopi
et ! , 2xMe), 1.75 (1H, m,
CHMez), (4H m 2xCH2N) 290 3. , 6.4, CH,N), 3.74 (4H, m, 2xCH,0), 4.06
(1H, t, J = 6 1, CHOH), 5.68 (1H, m, CH= CH) 579 (1H, dd J =11.6, 6.1, CH=CH); &¢c 18.0, 18.3
(2xMe), 33.9 (CHMe,), 53.3, 55.2 (3C, 3xCH;N), 66.8 (2C, 2CH,0), 73.1 (CHOH), 1269, 137.6
(CH=CH); m/z 181 (M+-18, 4%), 156 (40), 126 (12), 112 (39), 100 (23), 88 (100), 87 (12), 86 (23), 70 (21,

69 (79), 68 (16), 57 (32), 56 (26), 55 (19), 44 (24), 43 (46), 42 (32).
(E)-2-Methyl-6-morpholino4-hexen-3-ol [( E)-2aal: m/z 199 (M+, 0.9%), 181 (M+-18, 3), 156
5
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112 (34), 160 (32), 96 (i4), 88 (100), 86 (31), 70 (19), 69 (63), 68 (21), 57 (26), 6 (33),
N

(7)-2 2-n;mozlz\vl_6,mnr nhalinn-4. hexen-3- nl f{7\ ')nl\] R0 R0 /hnvnnﬁlﬂﬂ‘\y‘ acetate: 1/1}

(Z)-2,2-Dimethyl-6-morpholino-4-hexen-3-ol efethyl aceta 3441
(OH), 1653, 1456 (C=C), 1118 cm-1 (C-O); 8x 0.93 (9H.s, 3xMe), 2.53 (4H, m, 2xCH,N), 2.93 (1H, dd, J
= 13.1, 5.7, CHHN), 3.15 (1H, ddd, J = 13.1, 6.7, 1.3, CHHN), 3.72 (4H, t, J = 4.7, 2xCH,0), 4.00 (1H,
dd, J = 6.7, 1.3, CHOH), 5.70 (1H, dddd, J = 11.9, 6.7, 5.7, 1.3, CH=CH), 5.85 (1H, ddt, J = 11.9, 6.7,
1.3, CH=CH); 8¢ 25.6 (3xMe), 35.1 (CMes), 53.3, 55.2 (3C, 3xCH,N), 66.7 (2C, 2CH,0), 75.8 (CHOH),
127.3, 135.8 (CH=CH); m/z 214 (M++1, 1%), 195 (M+-18, 2), 180 (17), 157 (10), 156 (93), 126 (69), 111
(26), 100 (35), 98 (14), 95 (11), 89 (13), 88 (100), 86 (45), 83 (19), 71 (17), 70 (43), 69 (54), 68 (39), 67
(15), 58 (13), 57 (50), 56 (37), 55 (35), 44 (29), 43 (44), 42 (40) (Found: M+, 195.1619.C;,H,;NO requires

AL 10K 1497720
VX, 17J5.1043).

(E)-2,2-Dimethyl-6-morpholino-4-hexen-3-ol [(E)-2ab]:

£
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(OH), 1637, 1456 (C=C), 1117 cm-1 (C-O); 8y 0.90 (9H,
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2xCH;N), 3.71-3.75 (5H, m, 2xCH,0 and CHOH), 5.71 (1H, m, CH=CH), 5.75 (1H, def dd, J = 15.6,
CH=CH); dc 25.5 (3xMe), 34.8 (CMes), 53.3, 60.7 (3C, 3xCH;N), 66.7 (2C, 2CH;0), 80.2 (CHOH),
128.0, 134.2 (CH=CH); m/z 213 M+, 2%), 195 (M+-18, 4), 180 (10), 156 (80), 127 (10), 126 (100), 100
(63), 98 (12), 96 (13), 89 (10), 88 (94), 87 (29), 86 (61), 83 (10), 71 (16), 70 (44), 69 (62), 68 (33), 67 (13),
58 (14), 57 (64), 56 (43), 55 (32), 44 (30), 43 (49), 42 (47) (Found: M+, 198.1499.C1H2oNO; requires M,

(7\_7 Py nl-nl;nn_ SFAP 2 runlabhovanAl 17\ Padl: D_ A7 (havanalathyl anatatas 171N 1y (Filen 2414
V4= 2IVIU T iy = 4 =i Uljcll_yl; L_y(.—l- TLCAUIIUL |\ L) aall |. l\j v.u/ \IICACUJCIGIJIYL avotalc. 171 ), v (111i1) O410
(OH), 3013, 1652, 1646, 1449 (C=CH), 1118 c¢m-1 (C-0); 8y 1.24-1.77 (10H, m, Sxring CH;), 2.55 (4H, br

1
s, 2xCH;N), 3.06 (2H, dd, J = 6.1, 1.2, CH;N), 3.72 (4H, t, J = 4.8, 2xCH,0), 5.38 (1H, dt, J = 12.2, 6.1,
CH=CH), 5.71 (IH, d, J = 12.2, CH=CH); 8¢ 21.9, 25.55, 38.5 (5C, 5xring CHy), 52.9, 55.0 (3C,
3xCH;N), 66.6 (2C, 2xCH,0), 71.7 (COH), 120.9, 143.4 (CH=CH); m/z 226 (M++1, 1%), 225 M+, 7), 208
(12), 207 (67), 178 (16), 138 (12), 127 (10), 126 (87), 124 (25), 122 (11), 121 (13), 120 (10), 112 (29), 109
(11), 100 (82), 98 (10), 97 (12), 96 (58), 95 (27), 94 (22), 93 (21), 92 (10), 91 (23), 88 (74), 87 (43), 86
(100), 83 (20), 82 (30), 81 (28), 80 (16), 79 (42), 77 (21), 70 (14), 69 (32), 68 (29), 67 (35), 65 (11), 58
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(11), 57 (42), 56 (76), 55 (92), 53 (24), 44 (53), 43 (55), 42 (66) (Found: M+, 225.1727.C13H3NO;, requires
M, 225.1729).

(E)-1-Morpholino-1-propenyl-1-cyclohexanol [(E)-2ad): Ry 0.54 (ho anc/ethyl acetate: 1/1); v (,11...) 3440
(OH), 1653, 1454 (C—C) 1117 cm-! (C-0); 8y 1.26-1.73 (10H, m, 5xring CHjy), 2.44 (4H, m, 2xCH;N),

3.06 (2H, d, J = 5.5, CH,;N), 3.72 (4H, m, 2xCH,0), 5.70 (lH, m, CH=CH), 5.77 (I1H, d, J = 15.6,
CH=CH); d¢ 22.0, 25.4, 37.8 (5C, 5xring CH,), 53.4, 60.9 (3C, 3xCH2N), 66.8 (2C, 2xCH,0), 71.1
(COH), 123.3, 142.0 (CH=CH); m/z 226 (M++1, 0.7%), 225 (M+, 4), 207 (39), 182 (25),138 (11), 126 (32),
124 (21), 112 (21), 109 (11), 100 (35), 96 (21), 95 (38), 94 (22), 93 (13), 91 (15), 88 (85), 87 (100), 86 (77),
83 (10), 82 (20), 81 (20), 80 (12), 79 (27), 77 (12), 70 (10), 69 (17), 68 (21), 67 (25), 57 (62), 56 (44), 55
{55), 54 (14), 53 (15), 44 (27), 43 (34), 42 (38) (Found: M+, 225.1727.C3H;3NO; requires M, 225.1
(Z/E)-6-{N ,N-Diallylamino)-2- mpth\yl-d hexen-3- g! an\ 18 vy (ﬁlm\ 33Q0 (nu\ 1645, 1464 14

(
(C=C); dy [(E)-isomer] 0.90, 0.94 (6H 2d, J 7, 2xMe), 1. 55 1 70 (2H, brs and m, CHMeo and OH)
3.10 (6H, m, 3xCH,N), 3.87 (1H, m, CHOH), 5.18 (4H, m, 2x CH=CH3), 5.68 (2H, m, 2xCH=CHy),
5.79-5.93 (2H, m, CH=CH); &n [(Z)-isomer] 0.91, 0.96 (6H, 2d, J = 6.7, 2xMe), 1.74 (1H, m, CHMe,),
2.94, 3.06, 3.19, 3.24 (6H, (dd, J = 14.0, 5.2), (dd, J = 13.4, 7.0), (dd, J = 14.0, 5.8) and (dd, J = 14.0,
6.4), 3xCH;3N), 4.05 (1H, t, J = 6.1, CHOH), 5.19 (4H, m, 2xCH=CH,), 5.71 (2H, m, 2xCH=CH,), 5.81-

= sATY NTT T - ~ oy

5.95 (2H, m, CH=CH); m/z [{E)-isomer] 209 (M+, 0.8%), 98 (15), 81 (i0), 70 (19), 69 (24), 68 (15), 67

5
3

(11), 57 (14), 56 (21), 55 (23), 45 (14), 44 (66), 43 (100), 42 (33); m/z [(Z)-isomer] 209 (M+, 0.9%), 110
{17\ QR 14y R1 {m\ 70 (’)’?\ 69 {IA\ AR (14 87 (18 S& 10) §§ (19). 45 (15), 44 (67). 43 (100). 42

LU \1TT)y UL 2V . \ATF)y, WO \L7)y, J1 (1), JU \RZ)Jy JJ \LT7), \LJ), 5% \LU/ ), %0 (1UV), FL
(33).

(Z)-6-(N,N-Diallylamino)-2,2-dimethyl-4-hexen-3-ol [(Z)-2bb]:18 Rr0.41 (hexane/ethyl acetate: 7/3); v (film)
3415 (OH), 3078, 1643, 1479 cm-1 (C=CH); 6y 0.92 (9H, s, 3xMe), 2.93-3.26 (6H, m, 3xCH;N), 5.18 (5H,
m, CH=CH and 2xCH=CH)y), 5.69 (1H, m, CH=CH), 5.77-5.94 (2H, m, 2xCH=CH3); 8¢ 25.6 (3C, 3xMe),
35.0 (CMe3), 49.95, 56.3 (3C, 3xCH;N), 75.6 (CHOH), 118.4, 128.6, 134.6, 135.2 (6C, CH=CH and
2xCH=CH,); m/z 208 (M+-15, 1.4%), 190 (23), 126 (17), 110 (22), 108 (16), 98 (73), 96 (19), 95 (17), 94
(10), 83 (10), 82 (11), 81 (13), 71 (10), 70 (36), 69 (72), 68 (35), 67 (i8), 57 (68), 56 (42), 55 (31), 45 (i 1),
44 (48), 43 (100), 42 (54).

(E)-6-(NN-Diallylamine)-2,2-dimethyl-4-hexen-3-ol

MCACTE™Y

3413 (OH) 3()78 1644, 1643 cm-1 (C=CH); 8y 0.91 (9
3xMe) 348 (CM63) 549 563 (3C 3xCH2N) 8() 5 (CHOH) 117 9, 129.2, 133.6, 135 l (6C CH—CH
and 2xCH=CH3); m/z 223 (M+, 0.65%), 194 (16), 166 (24), 126 (14), 110 (38), 108 (15), 98 (48), 96 (25),
95 (11), 94 (13), 82 (14), 81 (14), 80 (10), 79 (13), 70 (60), 69 (34), 68 (39), 67 (16), 57 (100), 56 (36), 55
(Z7), 54 (12), 53 (10), 44 (33), 43 (77), 42 (54).

(E)-1-{3-(N,N-Diailyljamino-1-propenyijcyciohexan-i-ol {(E)-Zbd]: Ry 0.51 (hexane/eihyi acetate: 7/3); v
(film) 3444 (OH), 1660, 1570 cm-1 (C=C); 8y 1.30-1.67 (10H, m, 5xring CH3), 3.08 (6H, m, 3xCH;N),
5.14, 5.20 (6H, 2m, 2xCH=CH,), 5.84, 5.87 (2H, 2 dt, J = 17.1, 6.4, CH=CH); 8¢ 22.2, 25.5, 37.95 (5C,

5xring CHj), 55.1, 56.3 (3C, 3xCH;N), 71.3 (COH), 117.8, 124.1, 135.3, 141.5 (6C, CH=CH and
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2xCH=CH,); m/z 235 (M+, 3%), 136 (11), 110 (35), 108 (20) 96 (13), 93 (11), 91 (17) 8
(20), 77 (10), 70 (31), 68 (17), 67 (23), 57 (14), 56 (18), 55 (32), 54 (10), 53 (14), 45 (12), 44 (
(57), 42 (41) (Found: M+, 235.1934. C;5H35NO requires M, 235.1936).
(Z)-4-Ethyl-1-phenoxy-2-hexen-4-ol [(Z)-2cc]: R;0.70 (hexane/ethyl acetate: 8/2); v (film) 3450 (OH), 1599,
1586, 1496, 1459 (C=C), 1244 cm-1 (C-0O); dy 0.93 (6H, t, J = 7.6, 2xMe), 1.58 (4H, q, J = 7.6, 2xCH>),
4.90 (2H, dd, J = 5.8, 1.5, CH,0), 5.42 (iH, dd, J = 12.2, 1.2, CHCH,), 5.75 (1H, m, CHCOH), 6.94,
7.27 (5H, 2Zm, ArH); 6¢c 7.9 (2C, 2xMe), 34.1 (2C, 2xCH,), 64.9 (CHO), 72.1 (CH,0), 114.8, 120.7,
126.8, 129.4, 136.8, 158.5 (8C, CH=CH and ArC); m/z 220 (M+, 1%), 109 (17), 97 (26), 94 (64), 79 (12),
77 (13), 69 (13), 67 (25), 65 (14), 57 (100), 55 (19), 43 (32).
1-[(Z)-3-Phenoxy-1-propenyl]-I-cyclohexanol [(Z)- 2cdj. Rr 0.41 (hexane/ethyl acetate: 8/2); v (film) 3415
(OH), 3062, 3038, 1599, 1587, 1496 (C=CH), 1241 cm-1 (CO); g 1.58 (10H, m, Sxring CH,), 4.54 (2H, d,
J =43, CH0), 592 (1H, dd, J = 15.9, 4.3, CHCH;), 599 (1H, d, J = 15.9, CHCOH), 6.94, 7.28 (5H,
2m, ArH); &¢ 22.0, 25.4, 37.7 (5C, Sxring CH;), 68.3 (COH), 71.3 (CH,0), 114.7, 120.8, 122.5, 1294,
141.4, 158.6 (8C, CH=CH and ArC); m/z 232 (M+, 1%), 214 (10), 139 (10), 121 (34), 120 (32), 105 (15), 95
(14), 94 (100), 93 (31), 92 (21), 91 (43), 79 (66), 78 (13), 77 (36), 69 (21), 67 (34), 66 (19), 65 (34), 57
(13), 55 (55), 53 (16}, 51 (21), 44 (15), 43 (24) (Found: M+, 232.1455. C 5H,00; requires M, 232.1463).
Two-step DTBB-Catalysed Lithiation of Compounds 1. Isolation of Compounds 3. General Procedure.-
To a green suspension of lithium powder (150 mg, 21 mmol) and DTBB (52 mg, 0.2 mmol) in THF (5 ml) was

added the corresponding substrate 1 (2 mmol) at temperatures ranging between -30 and -40°C. After ca. 20 min.
(the green colour appeared again) the corresponding electrophile was added at the same temperature and the
mixture was stirred for 20 additional min under the same reactions conditions. Then, the resulting green mixture
was hydrolysed with water (10 ml) at the same temperature, extracted with ethyl acetate (3x10 ml), the organic
layer dried over sodium sulfate and evaporated (15 Torr) giving a residue which was purified by column
chromatography (silica gel, hexane/ethyl acetate) to afford the titie compounds 3. Yields are given in Tabie 2;

+ Aata £fAll
physical, analytical and spectroscopic data follow.

2-Methyl-6-morpholino-4-hexyn-3-ol (3aa): Ry0.38 (hexane/ethyl acetate: 8/2); v (film) 3416 (OH), 2356 cm-1

(C=C); dy 1.01 (6H, 2d, J = 5.8, 2xMe), 2.57 (4H, t, J = 4.7, 2xCH,CH;N), 3.35 (2H, d, J = 1.8, CCH;N),

375 (4H, t, J = 4.7, 2xCH;0), 4.21 (1H, dt, J = 5.8, 1.8, CHOH); m/z 197 (M+, 4.7%), 86 27, 68 (13), 57

(13), 56 (22), 55 (19), 45 (16), 44 (73), 43 (100), 42 (44) (Found: M+, 197.1410. C,;H;9NO, requires M,

197.1416).

2,2-Dimethyl-6-morpholino-4-hexyn-3-ol (3ab): Rr0.42 (hexane/ethyl acetate: 8/2); v (film) 3441 cm-1 (OH);
2 2l 7 B ¥4 ~5 i S,

by 1.00 (9H, s, 3xMe), 2.57 (411 t, /=47, xCH CH,N), 3.35 (2H, d, J = 1.8, CCH;,3N), 3.75 (4H, t, J =
4.7, 2xCH,0), 4.04 (1H, t, J = 1.8, CHOH); 6¢ 25.3 (3C, 3xMe), 35.7 ((Me3), 47.4, 52.2 (3C, 3xCH;,;N),
66.7 (2C, 2xCHy), 71.2 (CHOH), 79.9, 85.5 (C=C); m/z 212 M++1, 3.3%), 211 (M=+, 23), 178 (40), 154
(34), 124 (30), 109 (13), 108 (13), 100 (53), 96 (16), 95 (11), 94 (13), 88 (47), 87 (57), 86 (100), 82 (11), 81
(10), 70 (11), 69 (16), 68 (35), 67 (17), 58 (16) 57 (96), 56 (60}, 55 (28), 54 (13), 53 (15), 45 (12), 44 (35),

43 (60), 42 (68) (Found: M+, 211.1571. C13H;1NO; requires M, 211.1572).

1-(3-Morpholino-1-propenyl)-1-cyclohexanol (3ad). Rr (.50 (hexane/ethyl acetate: 8/2); v (film) 3405 (OH),

2241 cm-! (C=C); SH 1.23-1.67 (10H, 2m, Sxring CHj), 2.57 (4H, t, J = 4.6, 2xCH,CH;,N), 3.34 (2H, s,

, 2xCH,0); 8¢ 23.2, 25.05, 39.9 (5C, Sxring CH,), 47.3, 52.0 (3C, 3xCH2N)

0 ), 78.7, 89.7 (C=C); m/z 224 (M++l 1.7%), 223 (M+, i4), 207
)
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44 (49), 43 (59), 42 (78) (Found: M+, 223.1569. Cy5Hy; NO, requires M, 223.1572).
6-(Diallylamino)-2-methyl-4-hexyn-3-ol (3bb): R;0.53 (hexanefethyl acetate: 8/2); v (film) 3462 (OH), 1637,
1517 cm-1 (C=C); &y 1.01 (9H, s, 3xMe), 3.13 (4H, d, J = 6.4, 2xCHCH;N), 3.43 (2H, d, J = 1.5,
CCH,N), 4.05 (14, t, J = 1.5, CHOH), 5.18, 5.82 (6H, 2m, 2xCH=CHy,); 8¢ 25.4 (3C, 3xMe), 3135
(CMes), 41.5, 56.5 (3C, 3xCH,N), 71.5 (CHOH), 80.3, 85.0 (C=C), 118.1, 135.25 (4C, 2xCH=CHy); m/%
222 (M++1, 0.8%), 221 (M, 5), 194 (37), 164 (12), 149 (13), 110 (22), 108 (13), 96 (20), 94 (17), 82 (12),
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81 (12), 79 (11), 70 (49), 69 (14), 68 (40), 67 (17), 58 (10), 57 (100), 56 (26), 55 (19), 54 (13), 53 (10), 44

29y A2 (AD)
\JO0 ), FI \FL).

\/

[e.¢]

(S



(@]

N~

FallV o -PrruREngpass B A NFTTIgn KR R Vi
. OUQrnie et Wi 7 1cirdrnedron J

o
G

ACKNOWLEDGEMENTS
This study was generously supported by the DGICYT from the Spanish MEC (no. PB94-1514). F. F. H.
thanks ASAC PHARMACEUTICAL INTERNATIONAL for a grant.

REFERENCES AND NOTES

+  The results described in this paper were partially communicated as a part of a plenary lecture at the 12th
Nozaki Conference, Yokohama, November 1997.

1. For reviews, see: (a) Ndjera, C.; Yus, M. Trends Org. Chem. 1991, 2, 155-181. (b) Ndjera, C.; Yus,
M. Recent Res. Devel. Org. Chem, 1997, 1, 67-96.

2. For some lcading references on intermediates of type I/IT from our laboratory, see: (a) Barluenga, J.;
Ferndndez, J. R.; Yus, M. J. Chem. Research (S) 1986, 273; (M) 1986, 2401-2415. (b) Barluenga, J.;
Foubelo, F.; Fafiands, F. J.; Yus, M. J. Chem. Research (5) 1989, 200-201; (M) 1989, 1524-1552. (¢)
Barluenga, J.; Foubelo, F.; Gonzdlez, R.; Fafianas, F. J.; Yus, M. J. Chem. Soc., Chem. Commun.
1990, 587-588. (d) Barluenga, J.; Foubelo, F.; Gonzilez, R.; Fafianis, F. J.; Yus, M. J. Chem. Soc.,
Chem. Commun. 1990, 1521-1523. (¢) Barluenga, J.; Foubelo, F.; Gonzdlez, R.; Fafianés, F. J.; Yus,
M. J. Chem. Soc., Chem. Commun. 1991, 1001-1002. (f) Barluenga, J.; Gonzélez, R.; Fafiands, F. J.;
Yus, M.; Foubelo, F. J. Chem. Soc., Perkin Trans. 1 1994, 1069-1077.

3. Beak, P.; Meyers, A. 1. Acc. Chem. Res. 1986, 19, 356-363.

4. (a) For the first account on this reaction, see: Yus, M.; Ramén, D. 1. J. Chem. Soc., Chem. Commun.

5 L_st paper on ﬂus tepict om our lahoratory: AJonso, E., --a_.mén D. I.; Yus, M. Tetr ahedron Ler 1997,
38, 8903-8906
6. Last paper on this topic from our laboratory: Fouhelo, F.; Gutierrez, A ; Yus, M. Tetrahedron Lett

o
=
&

ot

9. The (Z)-diasterecisomer probably decomposes under the column chromatography conditions employed.
10 {aY BEnr a mnannaranh caa: Rlamhars O Th, Davhior Ronntinm nud Dolndsd lans_ctan Dumnnconsoe Crerinaas
r\uU. \aj 1Vl ainuviiv lﬂyll, AL, UIUIIIWIE, N LT LDUATLZLEF INT WAL LLIUIIL WL INT u wnc Jl—C‘J I TULENOCY, QPI lscl'

YVnwloa: Darlin 1002 /Y Alnwmaon e WVaan AA Donnees Dare Thansnd MNere ML oo 2en svsnoo
Y 1‘15 DCLLL, 1770, U) ALUIDU, 1°., 1 UD, VL. NELErNL nNEy. L/evet. U7 L & lelll. xu plcaa
11 Maritarea A« Ve M Totwnbhoduna 1004 §N 1207£0_12077
11, NJULjaliv, Ny L UD, LYL. L CLTUILEQIUIL A7 7%, JU, 1I0&LUT=104L]

s MNabka-~ T Deshenthes AL A nn MNMeve.. D... 1000 N 187 1L1 Yy CQan alan enfrcanmas £
OLC. LULICLHL, 1., Dullpauly, Ivi. ACC. LRerm. ey, V707, L4, 1I4-1V1. (V) OC0 SU ICICICIHIVC O
17 AL ... T T Avo T Tl ¥ k= Xz - hA . T e A Dy [ gie 1My 177173 0N
15. CLnoudnuiy, r. K., Allli€na, J.; rOUDEI0, I.; 1L US, VL. 1 €iranearon 1¥¥7, 53, 1/373-17384.
1A Y¥ooslaw M T F T T A__ ray A o__. 1021 ~3 oNneE oNnes
i<, DuUuUcL, J.D., uxglcy, L. J. AL onent. DoC. 1>o1, /5, 020-0Y0
15.  For pure Z-1a (see text): oy 2.44 (4H, t, J = 4.6, 2xCH,CH;N), 2.98 (2H, m, CHCH;N), 3.71 (4H, t
£ MN__MTTY /17X __, YT AT I £ /1TT J U L R T 1T A N 1 ™ Fal B fal AN
J = 4. 0, AXLHZU), D 70 (i, m, vrjwrs), o D (i, act 4L, v = 14.U, 1.4, LriLl])
i6. Engman, L. j. Org. Chem. 1987, 52, 4086-4094.
i7. In the case of nitrogen-containing products, the reaction mixturc was hydroiysed with 1 M hydrochioric

acid (3 x 10 ml) and the aqueous layer was then acidified with 4 M sodium hydroxide before the
extraction with ethyl acetate.

18.  For this compound was not possibie to obtain the corresponding HRMS (EI) due to the low intensity or
the absence of the M+ signal.



