Nitrosochlorination of acyclic monoterpenoids
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Reactions of linalyl acetate, dehydrolinalool and geranyl acetate with NOCI result in selective addition to the A%7 double bond.

Nitroso chlorides of unsaturated terpenic compounds are of greahd citronellyl acetates. Thus, the treatment of a nitroso chloride
interest as starting compounds for the synthesis of chiral organprepared from a 3:2 mixture of geranyl acefasnd citronellyl
molecules: Although the chemistry of nitroso chlorides derived acetatel0 (0.50 g, isolated by distillation from geranium oil)
from cyclic hydrocarbons has been studied intensively, there argith morpholine in MeOH resulted in a yellow solid (0.42 g),
no data on the addition of NOCI to acyclic terpenoids. This workvhich was crystallised from MeOH to give compowgel31%
demonstrates the use of unstable nitroso chlorides from acycligeld on the basis of geranyl acetate). Purification of the mother
monoterpenoids (linalool, dehydrolinalool, linalyl acetate, geranyliquor by column chromatography (SiOtoluenetert-butyl
acetate and citronellyl acetate) for preparing nitrogen-containingnethyl ether) afforded citronellyl derivatidee* (0.19 g, 60%
derivatives (Scheme 1). yield on the basis of citronellyl acetate). At the same time, the
Reactions of the terpenoids with NOCI were performed as
described below. Gaseous NOCI diluted with dry nitrogen wa$ 1-(4-Amino-3-hydroxyimino-4-methylpentyl)-1-methylallyl ace3ate
slowly passed over a solution of a terpenoid (10.2 mmol) iryield 42%, white crystals, mp 100-104 °C (§#,—light petroleum, 1:1
CH,Cl, with stirring for 1.5 h at —15 to -5 °C. After the starting V/V), [a]25, +13.6 € 0.88, CHCJ). *H NMR (400 MHz, PH]pyridine)
compound disappeared (TLC), the solvent was removed b 123 (br.s, =NOH), 6.12 (dd, 1H,17.0 and 11.0 Hz), 5.25 (d, 18I,
passing an air flow over the reaction mixture at -5 to 0 °C tg-/-0 H2). 5.07 (d, 1H111.0 Hz), 3.1 (br. s, Nb}, 2.7-2.3 (m, 4H), 1.92

. ; i Lo s, AcO), 1.61 (s, 3%, 1.36 (s, 3@ and 3H9). 13C NMR (100 MHz,
afford a crude nitroso chloride as emerald-greeri Gihly in [2HcJpyridine) o: 169.66 (C=0), 164.53 ( 142.33 (@), 113.44 (C),

case of linalyl acetatk the addition of severetl drops of methanol g5 57 (©), 54.44 (C), 36.27 (@), 29.32 (@ and Q9), 23.82 (C), 22.03
followed by keeping the solution at —12 °C for several daySyecoo0), 20.58 (€). IR (3% in CHC, v/cm-): 3590 (=NO-H), 1730
resulted in a crystalline nitroso chloride as a mixture (~1:1) 0{c=0), 1360 (O-H), 1250 (C-O—C), 920 (N-O). M%z (%): 242.1621
diastereomers According to NMR spectroscopy, the other ter- (m+, 1), 227 (M — Me, 1), 182 (M — AcOH, 1), 167 (8), 150 (3), 81 (3),
penoids produced oily nitroso chlorides as mixtures of severa9 (3), 59 (4), 58 (100), 57 (3), 55 (3), 43 (13), 42 (8), 41 (7), 28 (7).
diastereomeric forms. For example, there are at least eight sétsund (%): C, 59.1; H, 9.0; N, 11.4. Calc. fap@,,N,0; (%): C, 59.48;

of signals in thé3C NMR spectrum of the crude dehydrolinalool H, 9.15; N, 11.56. o

nitroso chloride due to (i) the presence of two asymmeftic C 1-(4-Hydroxyamino-3-hydroxyimino-4-methylpentyl)-1-methylallyl ace-
and @ atoms, (ii) the formation ofZ)- and E)-dimerg and Eitoeo?’&'}/"e'dF;Z]%x yte”O\;‘gSthg,C(Et])%%o +9N80 (i' )1'262be(%3' ﬁ g‘MRd
(iii) the absence of free rotation at th&-C7 and G-N bonds. z, acetone)o: 9.6 (br. s, = ' o ©-an
The formation of diastereomeric forms of nitroso chlorides wajl'0 Hz), 5.13 (dJ 17.0 Hz), 5.06 (d) 11.0 Hz), 2.4-1.9 (m, 4H), 1.96

: . : : s, AcO), 1.52 (s, 38, 1.17 (s, 3@ and 3HY). 13C NMR (100 MHz,
supported by transforming the mixtures to amino oximes b 2H6]ace)tone)5:(170.gs (C:O() 163.29 @ 10‘)12.69 @ 153.36 ©
treatment with primary or secondary amifes. \ . :

. o 83.41 (G), 62.18 (C), 35.33 (@), 24.00 (@), 23.52 (G and GY), 22.05
Thus, the nitrosochlorination & ], +7.7 € 1.83, CHC)} (Meco(o;, 20.07 ((%) IR (3%( ig CHC}, v(/c)rrrl): 36!§0 (=NO—0I)-|), 1725
followed by the treatment with corresponding amines resulteg¢c=0), 1365 (O—H), 1250 (C-O—C), 925 (N-O). Mz (%): 241.1556
in amino oxime3a, hydroxylamino oxime3b, ethanolamine (M+*—OH, 1), 183 (43), 167 (32), 150 (22), 111 (30), 108 (15), 82 (14),
derivative 3c or morpholino derivative8e$ Racemic dehydro- 81 (34), 79 (12), 74 (87), 73 (100), 71 (17), 68 (13), 67 (19), 59 (14), 58
linalool 4 was transformed to hydroxylamino, benzylamino and(28), 56 (25), 55 (24), 43 (78), 42 (27), 41 (35), 39 (13), 28 (27).
morpholino derivativessb, 6d and 6g respectivelyl. Only a 1-[4-(2-Hydroxyethylamino)-3-hydroxyimino-4-methylpentyl]-1-methyl-
carbon—carbon double bond was involved in the reactiordllyl acetate3c: yield 55%, yellowish viscous oilg]tz, —6.6 € 3.04,
Nitrosochlorination of geranyl acetate proceeds regioselectivelgHC's)- 'HNMR (400 MHz, PHelacetone)s: 6.03 (dd,J 17.0 and

i - ; ; 1.0 Hz), 5.21 (dJ 17.0 Hz), 5.09 (dJ 11.0 Hz), 3.53 (t, NCKCH,0,
at the 6,7-double bond to form crystalline amino oximes suc 6.0 H2), 2.84 (s, NH), 2.48 (t, NGCH,0, J 6.0 Hz), 1.97 (5, ACO),

as bﬁn?'am"?@d afnd morﬂhc’"”d’? derivativest’ b d foi55 (5. 39, 1.21 (s, 3Mand 3H9. 23C NMR (100 MHz, PHglacetone)

T e ormation of crystalline amino oximes can be used f0k."1 59 gg (C=0), 163.55 @ 142.76 (@), 113.43 (Q), 83.39 (Q),
preparing pure compounds from natural mixtures of geranyg, 46 (@), 57.89 (NCHCH,0), 46.00 (\CH,CH,0), 35.87 (@), 26.33
(C8, C19), 23.97 (@), 22.02 MeCOO), 20.03 (6). IR (3% in CHC},

T A red or brown colour of the reaction mixture is a result of decom-/cm1): 3590 (=NO-H, O-H), 1720 (C=0), 1250 (C-O-C), 920 (N-O).
position of nitroso chlorides. MS, m/z (%): 106 (27), 105 (15), 97 (22), 92 (17), 91 (64), 73 (100), 71
* 1-(4-Chloro-4-methyl-3-nitrosopentyl)-1-methylallyl acetate, digier (19), 70 (16), 59 (17), 57 (82), 55 (25), 43 (65), 42 (15), 41 (47), 39 (18),
yield 55%, white crystals, mp 89-92.5 °C (q,—MeOH), ], +1.2 29 (21), 28 (46).

(c 1.72, CHCJ). *H NMR (400 MHz, CC}-[2H¢]acetone, 4:1 v/vp: 1-(3-Hydroxyimino-4-methyl-4-morpholin-4-ylpentyl)-1-methylallyl ace-
5.88 and 5.84 (2dd, 17.0 and 11.0 Hz), 5.727 and 5.721 (28d0.5 tate3e yield 50%, white crystals, mp 80-83 °C (toluene-light petroleum,
and 2.5 Hz), 5.10 (dd} 17.0 and 1 Hz), 5.08 and 5.07 (2dd,1.0 and  1:1 v/v), ]2, +9.8 € 1.22, CHCY)). IH NMR (400 MHz, PHgJacetone)

1.0 Hz), 1.954 and 1.948 (s, AcO), 1.65 and 1.60 (s, Me—C=C), 1.48 anil 9.63 (s, =NOH), 6.01 (dd} 17.0 and 11.0 Hz), 5.20 (d,17.0 Hz),

1.46 (s, 39). 3CNMR (100 MHz, CCJ-[2Hglacetone, 4:1, vivp:  5.08 (d,J11.0 Hz), 3.57 (m, 4H, NC}&H,0), 2.39 (m, 4H, NE,CH,0),
168.34 and 168.30 (C=0), 141.40 and 141.2%),(C13.76 and 113.67 1.97 (s, AcO), 1.53 (s, 3 1.10 (s, 3dand 3HY). 13C NMR (100 MHz,

(C1), 81.80 and 81.65 @ 72.56 (@), 69.48 and 69.46 (, 36.52 and  [2Hlacetone)): 169.68 (C=0), 163.97 @ 142.78 (@), 113.33 (@),
36.47 (@), 30.26 and 30.16, 29.16 and 29.129CC¥), 23.92 (),  83.36 (G), 68.04 (NCHCH,0), 62.19 (C), 47.19 (\CH,CH,0), 35.48
23.31 (©), 21.89 MeCOO). IR (0.25% in KBry/cnrl): 1725 (C=0),  (C%), 22.02 (@), 21.01 eCOO), 20.81 and 20.64 §@nd QY), 20.12
1360 (N=0), 1170 (N=0), 1250 (C-0O-C), 1055 and 915 (CHpCH (Cd). IR (3% in CHCJ, v/cm2): 3650 (=NO-H), 1730 (C=0), 1365 (O-H),
MS, m/z (%): 195 (19), 126 (9), 115 (12), 107 (14), 105 (6), 103 (13), 951250 (C-O-C), 1180 (C—-N), 1115 (C-0), 925 (N-O). Mz (%):

(7), 93 (34), 82 (8), 81 (84), 79 (17), 77 (13), 71 (33), 69 (23), 68 (8), 6B12.2057 (M, 3), 297 (M —Me, 2), 295 (M- OH, 5), 235 (9), 167
(18), 55 (27), 53 (11), 43.1 (17), 43.0 (100), 41 (34), 39 (7), 28 (7)(15), 154 (8), 151 (6), 150 (5), 128 (100), 111 (12), 86 (13), 70 (3), 43
Found (%): C, 54.9; H, 7.8; N, 5.4; Cl, 13.8. Calc. fo,/,CINO;],  (10), 28 (5). Found (%): C, 62.1; H, 9.2; N, 9.1. Calc. fesHGeN,O,

(%): C, 55.17; H, 7.70; N, 5.35; ClI, 13.54. (%): C, 61.51; H, 9.03; N, 8.97.
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treatment of a nitroso chloride prepared from a 3:2 mixture of
geranyl acetaté and citronellyl acetat&0 (0.65 g) with benzyl

amine in MeOH resulted in a mixture of amino oxirBésand 0 O3AC 1 NOC Cl OAc
12d (1.01 g). The crystallization from MeOH gave a mixture & 7\ . 2/ —_— 7

(~2:1, NMR) of9d and12d (0.48 g)$8

The reaction of nitroso chloride of geranyl acet&teith 1 NO)Z
NH,OH resulted in piperidine derivativi8 instead of a simple
acyclica-hydroxyl amino oxime. Thus, the refluxing of nitroso
chloride 8 (prepared from 0.559g of geranyl acetate) in a _NHR,
methanolic solution of NFOH for 2 h resulted in yellowish oil

' 6-Hydroxy-2-hydroxyamino-2,6-dimethyloct-7-yn-3-one  oxir6b: 3a—ce
yield 27%, white crystals, mp 107-110 °C (tolueAE)NMR (400 MHz,
[2Hglacetone): 9.7 (br. s, =NOH), 2.83 (s,%£XCH), 2.67-2.52 (m, 2H),

2.08-2.02 (m, 2H), 1.45 (s, 34 1.21 (s, 38 and 3H9). 13C NMR OH al OH
(100 MHz, PHglacetone)): 163.62 (@), 89.21 (@), 71.87 (@), 67.71 N _Nocl
(C3), 62.33 (@), 39.85 (@), 30.08 (C), 23.64 (G and G, 21.07 (C). A A

IR (3% in CHC}, v/icmrY): 3590 (=NO-H, N-O-H, O-H), 331&C-H), 4 NO)z
925 (N-O). MSz (%): 214.1317 (M, 1), 196 (M — H,0), 181 (7),

165 (7), 150 (14), 148 (36), 79 (23), 74 (100), 73 (74), 69 (18), 59 (15)

56 (28), 55 (16), 43 (33), 42 (34), 41 (33), 28 (20). Found (%): C, 55.8;

H, 8.9; N, 12.7. Calc. for gH,gN,O5 (%): C, 56.06; H, 8.47; N, 13.07. NHR
2-Benzylamino-6-hydroxy-2,6-dimethyloct-7-yn-3-one ofichgield —2
82%, white crystals, mp 152-155 °C (MeOHH NMR (400 MHz,

[2Hg]pyridine)d: 12.52 s (=NOH), 7.50-7.20 (m, Ph), 4.89 (s, NH), 3.81

(s, Ph@®1,N), 3.23 (s, G=CH), 3.32-3.19 (m, 2H), 2.58 (t, 2Bi8.5 Hz), Gb,d,e

1.82 (s, 3H), 1.52 (s, 3@ and 3H9Y). 13C NMR (100 MHz, fHs]pyridine)

8 162.98 (@), 90.18 (@), 71.85 (@), 67.28 (@), 58.36 (C), 40.50 ol

(C%, 30.49 (@), 26.53 and 26.48 @&and GY), 21.37 (C), benzyl group: w NOCI S

142.31 (s, 1C), 128.49 (d, 3C), 126.83 (d, 2C), 48.05@H}®h). IR OAc~ OAc
(0.25% in KBr,v/cnl): 3205 (G=C—H), 3250 (N—H), 940 (N-0O), 740 7 No)2

and 690 (C-H,). MS, miz (%): 273.1513 (M—Me, 3), 254.1648

(M*— 20H, 22), 154 (18), 240 (3), 183 (4), 149 (9), 148 (58), 106 (45),

92 (9), 91 (100), 69 (10), 65 (9), 28 (38). Found (%): C, 70.7; H, 8.6; N,
9.6. Calc. for GH,,N,0, (%): C, 70.80; H, 8.39; N, 9.71. _NHR,
6-Hydroxy-2,6-dimethyl-2-morpholin-4-yloct-7-yn-3-one oxiGe

yield 60%, white crystals, mp 145-148 °C (MeOHH.NMR (400 MHz,
[2Hglacetone)d: 9.52 (s, =NOH), 3.57 (m, 4H, NGBH,0), 2.78 (s,

(C=CH), 2.72-2.54 (m, 2H), 2.41 (m, 4H, NGCH,0), 1.94 (t, 2H, 9bvdve

8.0 Hz), 1.44 (s, 3P, 1.13 (s, 38 and 3H9). 13C NMR (100 MHz,

[2Hglacetone): 164.17 @, 89.31 (@), 71.79 (@), 68.10 (NCHCH,0), c

67.83 (G), 62.39 (C), 47.38 (NCH,CH,0), 40.31 (@), 30.12 (G), 21.24 M NOCl

(C5), 20.84 and 20.73 @and G9). IR (0.25% in KBr,v/cmrl): 3220 OAc OAc
(=C-H), 1175 (C-N), 1110 (C-0), 945 (N-O). MBz (%): 268 (M, 10 NO)z

0.5), 251.1768 (M- OH, 17), 183 (7), 166 (5), 148 (6), 140 (3), 128

(100), 86 (19), 78 (61), 77 (14), 69 (8), 56 (6), 45 (25), 31 (39), 28 (34).

Found (%): C, 62.5; H, 9.2; N, 10.3. Calc. fo}&,,N,0; (%): C, 62.66;

H, 9.01; N, 10.44. _NHR, W
T17-Benzylamino-6-hydroxyimino-3,7-dimethyloct-2-enyl acetade

yield 60%, white crystals, mp 93—-96 °C (tolueri¢).NMR (400 MHz,

[2H¢lacetone): 9.71 (s, =NOH), 7.37-7.15 (m, Ph), 5.36)(%.0 Hz),

454 (d,J 7.0 Hz), 3.56 (s, PhE,N), 2.8 (br. s, PhCkNH), 2.57-2.49 12d,e

(m, 2H), 2.37-2.29 (m, 2H), 1.96 (s, AcO), 1.75 (s?)3H.29 (s, 31 a NR,=NH,

and 3H9). 13C NMR (100 MHz, fHglacetone)d: 170.88 (M&€OO), b NR,=NHOH
163.67 (@), 142.71 (s, ©), 119.52 (@), 61.47 (@), 58.41 (C), 48.11 ¢ NR, = NHCH,CH,OH
(NCH,Ph), 36.42 (@), 26.41 (@ and @9), 24.34 (G), 20.80 eCOO), d NR, = NHCH,Ph
16.37 (®); phenyl group: 142.57 (s, 1C), 128.85 (d, 3C) and 127.24 e NR, = N-morpholino
(d, 2C). IR (0.25% in KBry/cm-l): 3290 (N-H), 1730 (C=0), 1235

(C-0O-C), 940 (N-O), 830 (=C-H), 755, 695 (Gl MS, Mz (%): Scheme 1

332.2106 (M, 1), 315 (11), 273 (5), 257 (4), 255 (3), 227 (6), 167 (10),
148 (66), 106 (44), 92 (10), 91 (100), 65 (5), 43 (15), 28 (16). Found
(%): C, 68.6; H, 8.4; N, 8.0. Calc. for;&l,gN,O5 (%): C, 68.65; H,  *6-Hydroxyimino-3,7-dimethyl-7-morpholin-4-yloctyl acetafe yel-
8.49; N, 8.43. lowish viscous oillH NMR (400 MHz, CC}—[2Hg]acetone, 4:1 v/v):
6-Hydroxyimino-3,7-dimethyl-7-morpholin-4-yloct-2-enyl acet@ée 8.91 (s, =NOH), 4.05 (m, 2§ 3.57 (m, 4H, NCHCH,0), 2.42 (m, 4H,
yield 54%, white crystals, mp 81-84 °C (MeORy NMR (400 MHz, NCH,CH,0), 1.97 (s, AcO), 1.14 (br. ¥, 23 Hz, 3H and 3H9), 0.98
CCl,—[2Hglacetone, 4:1 v/v, due to exchange processes at room temper@h, 3H, J 6.0 Hz).13C NMR (100 MHz, CCJ-[2HJacetone, 4:1 v/vj:
ture, some signals are broai)8.9 (br.s, =NOH), 5.33 (tg] 7.0 and  169.42 (C=0), 164.72 @, 67.45 (NCHCH,0), 62.54 (@), 60.88 (C),
1.0 Hz), 4.51 (dJ 7.0 Hz), 3.59 (br. sW,,, 22 Hz, 4H, NCHCH,0), 46.80 (N\CH,CH,0), 35.38 (@), 32.91 (), 31.13 (G), 20.85 MeCOO0),
2.44 (br. sW,,, 27 Hz, 6H), 2.29-2.22 (m, 2H), 1.96 (s, AcO), 1.67 (s, 20.67 (B and G9Y), 19.73 (G). IR (3% in CHCJ, v/cm1): 3590 (=NO-H),
(3H9), 1.20 (br. s,W,;;, 21 Hz, 3K and 3H9Y). 13C NMR (100 MHz, 1725 (C=0), 1245 (C-0-C), 960 (N-O). M8z (%): 297 (0.5, M — OH),
CCl,—[2Hglacetone, 4:1 v/v, due to exchange processes at room temperd84 (8), 153 (11), 152 (100), 142 (20), 119 (11), 107 (12), 93 (10), 55
ture, some signals are broad or undetectabl2}19.29 (G), 61.07 (@), (8), 43 (27), 41 (14), 32 (10), 28 (47).
47.05 (NCH,CH,0), 36.11 (@), 20.84 1eCO0), 16.54 (€. IR (3% in §81H NMR (400 MHz, CCJ}—[2Hglacetone, 4:1 v/v) for a mixture &d
CHCI,, v/emr1): 3580 (O-H), 1725 (C=0), 1235 (C-0-C), 1180 (C-N), and12d. Signals due t8d, J: 9.52 (s, =NOH), 7.32-8.16 (m, Ph), 5.31
1110 (C-0), 960 (N-O). M3z (%): 312.2072 (M, 3), 295 (10), 253  (t, H3,J 7 Hz), 4.48 (d, 2R J 7 Hz), 1.95 (s, AcO), 1.74 (s, 8K 1.27
(16), 235 (2), 227 (6), 167 (12), 129 (9), 128 (100), 111 (6), 88 (11), 8€s, 3+ and 3HO). Signals due to 7-benzylamino-6-hydroxyimino-3,7-
(14), 84 (8), 43 (10), 28 (15). Found (%): C, 61.4; H, 8.0; N, 9.0. Calcdimethyloctyl acetaté2d, 6: 9.41 (=NOH), 7.32-8.16 (m, Ph), 1.94 (s,
for C,gH,gN,0, (%): C, 61.51; H, 9.03; N, 8.97. (AcO), 1.26 (s, 3Bland 3H9), 0.95 (d, 31, J 6 Hz).
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(0.29 g), which was separated by column chromatography,(SiO
toluenetert-butyl methyl ether) to give piperidine derivati/8a
and acetoxy group hydrolysis prodd&b.71 The formation of a
cyclization product can be explained in terms of electrophilic

addition of a nitroso group to the carbon—carbon double bond

according to Scheme 2.
In all cases, the addition of NOCI proceeds only atAhé

double bond and is not hindered by a hydroxyl group or/and a

carbon—carbon triple bond. Unusual cyclization was found in
the reaction of geraniol-type nitroso chlorides, which leads to
piperidine derivatives.

111-Hydroxy-6-isopropenyl-3-methylene-2-piperidylmethyl acelda
yield 33%, yellowish viscous oitH NMR (400 MHz, PHglacetone):
4.87 (dg, Ha J 2 and 1.0 Hz), 4.84 (dd,% J 2 and 2 Hz), 4.81 (dd,
Ho, J 2 and 2 Hz), 4.79 (dg,89 J 2 and 1.5 Hz), 4.53 (dd,1# J 11 and
5 Hz), 4.39 (dd, F, J 11 and 8 Hz), 3.83 (dd,214J 8 and 5 Hz), 3.48
(dd, W,, 2.5 Hz, 1, J 7 and 7 Hz), 2.36 (ddddd,*K J 14, 9, 9, 2 and
2 Hz), 2.21 (ddd, ¥, J 14, 4 and 4 Hz), 1.97 (s, AcO), 1.73 (801, ,
3 Hz), 1.70 (m, 2F). 13C NMR (100 MHz, PH¢lacetone)d: 170.36
(MeCOO0), 147.51 (@), 145.35 (@), 111.93 (G or C?), 112.00 (& or
C8), 69.05 (@), 65.78 (@), 61.06 (G), 29.65 (@), 29.03 (G), 20.82
(MeC0O0), 19.13 (). IR (3% in CHC}, v/cmr1): 3590 (NO-H), 1745
(C=0), 1650 (C=CH), 1255 (C-O-C), 900 (=CH MS, mz (%):
225.1365 (M, 2), 194 (2), 184 (2), 165 (5), 153 (10), 152 (100), 135 (6),I
134 (5), 120 (6), 119 (10), 110 (7), 107 (7), 94 (5), 93 (9), 91 (7), 81 (5),
79 (6), 67 (5), 55 (6), 43 (19), 41 (9), 28 (6).
2-Hydroxymethyl-6-isopropenyl-3-methylenepiperidin-1:8b: yield
12%, white crystals, mp 90-91 °C (benzen#).NMR (400 MHz,
[2Hglacetone)s: 4.89 (ddq, K& J 2.0, 0.9 and 1.0 Hz), 4.82 (m, 2H
4.81 (ddq, Kb, J 2.0, 0.4 and 1.5 Hz), 4.09 (dd144J 10.9 and 6.9 Hz),
3.78 (dd, B, J 6.9 and 6.0 Hz), 3.62 (dd,'M J 10.9 and 6.0 Hz), 3.53
(dd, W,,, 3Hz, H, J 10.7 and 3.9 Hz), 2.31 (ddddd#44J 14.0, 12.0,
5.5, 1.9 and 1.9 Hz), 2.23 (ddd##J 14.0, 4.7 and 3.7 Hz), 1.78 (m,
H5d), 1.77 (dd, 3#,J 1.0 and 1.5 Hz), 1.73 (m5H. 13C NMR (100 MHz,
[2Hglacetone)o: 147.58 (C), 146.16 (@), 111.97 (@), 111.30 (@),
72.55 (@), 65.39 (@), 61.43 (@), 30.39 (@), 28.76 (G), 19.68 (C0).
IR (0.25% in KBr,v/cm): 1650 (C=CH), 1030 (C-0), 890 (=C}).
MS, Mz (%): 183.1234 (M, 1), 153 (10), 152 (100), 135 (7), 124 (5),
120 (11), 119 (14), 110 (9), 93 (13), 91 (10), 79 (7), 67 (6), 55 (6), 41
(14), 39 (9), 28 (12). Found (%): C, 65.3; H, 9.5; N 7.7. Calc. for
C,H;NO, (%): C, 65.54; H, 9.35; N, 7.64.

—HCI
—_—

13 a R=Ac
b R=H

Scheme 2The numbering of atoms is indicated for NMR interpretat
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