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cm™}; mass spectrum, m/e 422 (m*).

1-Acetoxy-2-butyl-3-[4-(benzylamino)butyl]cyclohex-2-ene
(3). The acetoxy tosylate (2.8 g, 6.6 mmol) was dissolved in 4 mL
of Me,SO under a N; atmosphere. Sodium iodide (catalytic
amount, ~50 mg), triethylamine (0.67 g, 6.6 mmol), and benzy-
lamine (1.06 g, 9.9 mmol) were then added. The solution was
allowed to stir at room temperature for 12 h, and then it was
partitioned between 50 mL of ethyl acetate and 25 mL of brine
which had been basified with 10% NaOH (pH ~10). The organic
layer was separated, washed with brine (2 X 20 mL), dried over
anhydrous Na,SO,, and concentrated at reduced pressure. The
resulting oil was purified by MPLC on silica gel with ethyl ace-
tate/methanol (15:1) as the eluant to give 1.7 g (72%) of 3 which
was immediately carried on to the next reaction: 'H NMR (100
MHz, CDCly) 7.3 (s, 5 H), 5.3 (br s, 1 H), 3.76 (s, 2 H), 2.64 (br
s, 2 H), 2.0 (s, 3 H), 2.2-1.1 (m, 19 H), 0.9 (t, J = 6 Hz, 3 H); 1°C
NMR (CDCl,) 170.9, 137.9, 128.8, 128.2, (2 C), 128.1, 126.9, 70.1,
54.0, 49.3, 33.1, 31.2, 30.1, 29.5, 29.4, 29.1, 26.0, 22.9, 21.4, 18.4,
14.0; IR (CCl,) 2940, 1735, 1455, 1370, 1240, 1005, 905 cm™!; mass
spectrum, m/e 357 (m*).

7-Butyl-N-benzyl-1-azaspiro[5.5]undec-7-ene (4). The
amino allylic acetate 3 (0.25 g, 0.68 mmol), triethylamine (0.068
g, 0.68 mmol), and Pd(PPhj), (0.08 g, 0.068 mmol) were dissolved
in 5 mL of CH4CN, cooled to =78 °C, and sealed in a thick-walled
glass tube under a vacuum. The sealed tube was heated at 150
°C for 24 h, cooled, and opened, and the contents were partitioned
between ether (20 mL) and 2 N HCI (25 mL). The aqueous acid
phase was separated, basified with concentrated aqueous NH,OH,
and extracted with ethyl acetate (3 X 20 mL). The organic extracts
were combined, washed with brine (10 mL), dried over anhydrous
Na,SO,, and concentrated. The resulting oil was purified by
MPLC on silica gel with hexane/ether (4:1) as the eluant. The
yield of 4 was 0.13 g (65%): 'H NMR (100 MHz, CDCl,) 7.2 (m,
5 H), 5.64 (br s, 1 H), 3.84, 3.16 (AB q, J = 10 Hz), 2.8-1.2 (m,
20 H), 0.88 (t, J = 5 Hz, 3 H); ¥*C NMR (CDCly) 144.2, 141.2, 127.9,
127.8, 126.0, 123.9, 59.8, 55.0, 45.4, 33.1, 31.7, 28.2, 26.3, 25.7, 23.0,
21.8, 20.3; IR (CCl,) 2950, 1500, 1450, 700 cm™; mass spectrum,
m/e 313 (m*); high-resolution mass spectrum, caled for C;,Hy N
m/e 297.2456, found 297.2451.

(6RS,7SR,8SR)-7-n-Butyl-N-benzyl-1-azaspiro[5.5]un-
decan-8-0l (8) and (6 RS,7RS,8RS)-7-n-Butyl-N-benzyl-1-
azaspiro[5.5]undecan-8-0l (9). The olefin 4 (0.5 g, 1.7 mmol)
was dissolved in 5 mL of THF under a N, atmosphere at room
temperature. BHz-Me,S (2 M in hexane, 1.85 mmol) was added
dropwise, and the reaction mixture was then heated at 40 °C for
24 h. The solution was cooled and the THF removed under
reduced pressure. To the resulting oil was added 10 mL of di-
glyme, 2.5 mL of 10% NaOH (6.0 mmol), and 0.7 mL of 30% H,0,
(6.0 mmol). The mixture was heated at 80 °C for 18 h, cooled,
and partitioned between 30 mL of ethyl acetate and 10 mL of
brine. The organic phase was separated, dried over anhydrous
Na,S0,, and concentrated at reduced pressure. MPLC on silica
gel using ether/hexane (1:1) as the eluant yielded 0.14 g (27%)
of 8 (R; 0.5) and 0.07 g (183%) of 9 (R, 0.4).

For 8: 'H NMR (400 HMz, CDCly) 7.25 (5 H), 4.0, 3.6 (AB q,
J = 9 Hz, 2 H), 3.85 (m, 1 H), 3.1 (pseudo t, J = 10 Hz, 1 H), 2.6
2.43 (AB q, J = 11 Hz, 2 H), 1.9 (m, 1 H), 1.68-1.06 (m, 18 H),
0.86 (t, J = 5 Hz, 3 H); IR (CCl,) 2970, 1550, 1250, 1215, 1000,
975 cm™!; mass spectrum, m/e 315 (m*).

For 9: 'H NMR (400 MHZ, CDCl,) 7.25 (5 H), 4.0 (br s, 1 H),
3.8, 3.55 (AB q, J = 10 Hz, 2 H), 2.55 (br d, 1 H), 2.4-1.0 (m, 21
H); mass spectrum, m/e 315 (m*).

Deamylperhydrohistrionicotoxin (2), H-Pd/C Reduction.
The N-benzyl alcohol 8 (0.048 g, 0.15 mmol) was dissolved in 2
mL of absolute ethanol and added to a Parr pressure bottle along
with ca. 100 mg of 10% Pd/C. The reduction was performed on
a Parr apparatus at 60 psi under H, for 36 h. The solution was
filtered through Celite to remove the catalyst, and the filtrate
was concentrated at reduced pressure. MPLC with silica gel and
CH,Cl,/MeOH/NH,OH (84:15:1) yielded 0.29 g (85%) of 2. This
material was found to be identical in all respects with an authentic
sample produced by Brossi.2*

(24) Takahashi, K.; Witkop, B.; Brossi, A.; Maleque, M.; Albuquerque,
E. Y. Helv. Chim. Acta 1982, 65, 252.

Compounds 11 and 12 by Swern Oxidation of 8 and 9. The
crude product of the BHzMe,S hydroboration—oxidation of 4 (0.15
g, 0.5 mmol) was subjected to Swern oxidation under the following
conditions. Freshly distilled oxalyl chloride (0.13 g, 1.0 mmol)
was added to 1 mL of CH,Cl,; and cooled to —78 °C under a N,
atmosphere. Me,SO (0.15 g, 2.0 mmol) was added to the CH,Cl,
solution, and the mixture was stirred for 15 min. The alcohols
were dissolved in 0.5 mL of CH,Cl, and added to the reaction
mixture, The solution was stirred for 0.5 h at =78 °C, triethyl-
amine (0.5 g, 5.0 mmol) was added, and the mixture was allowed
to warm slowly to room temperature. The workup consisted of
partitioning the reaction mixture between 25 mL of CH,C); and
10 mL of brine. The organic phase was washed with 10 mL of
brine, dried over anhydrous Na,SO,, and concentrated at reduced
pressure. MPLC on silica gel with ether/hexane (1:1) as eluant
provided 11 and 12 in a 2:1 ratio (0.07 g, 44%). Epimerization
in CH,Cl,-NaOMe at room temperature for 25 h yielded 13:1
11/12.

For 11: 'H NMR (400 MHz, CDCl,) 7.3-7.1 (m, 5 H), 4.0, 3.15
(AB q,J = 10 Hz, 2 H), 2.6, 2.51 (AB q, J = 8 Hz, 2 H), 2.36-2.1
(m, 4 H), 2.0-1.08 (m, 14 H), 0.85 (m, 1 H), 0.75 (t, J = 5 Hz, 3
H); IR (CCl,) 2970, 1720, 1500, 1085, 1030 cm™; mass spectrum,
m/e 313 (m*)., Anal. Caled for C5;Hg NO: C, 80.45; H, 9.96; N,
4.47. Found: C, 80.25; H, 9.83; N, 4.38.

For 12: 'H NMR (400 MHz, CDCl,) 7.3-7.1 (m, 5 H), 3.65, 3.5
(AB q, J = 10 Hz, 2 H), 2.5 (m, 2 H), 2.3 (m, 2 H), 2.15 (br d, 1
H), 1.9-1.0 (m, 16 H), 1.75 (t, J = 5 Hz, 3 H); mass spectrum, m/e
313 (m*).

Deamylperhydrohistrionicotoxin (2), Li/NH; Reduction.
Distilled NHg (25 mL) was condensed into a 100-mL flask fitted
with a dry ice condenser and immersed in a =78 °C bath. The
spirocyclic ketone 11 (0.7 g, 2.2 mmol) was dissolved in 2 mL of
THF and added to the NHj, followed by methanol (0.14 g, 4.4
mmol). Lithium metal (0.76 g, 110 mmol) was then added and
the cooling bath removed. After 5 h, 5 mL of THF was added,
and the NH; was allowed to evaporate. The lithium was destroyed
with methanol, and the residue was taken up in 25 mL of ethyl
acetate. The ethyl acetate solution was washed with brine, dried
over anhydrous Na,SO,, and concentrated. The resulting colorless
oil was purified by MPLC on silica gel with CH,Cl,/MeOH/
NH,OH (84:15:1) as the eluant, providing 0.33 g (65%) of 2.
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The elongation of aldehydes and the elongating trans-
formation of aldehydes to ketones have been desirable tools
in organic synthesis, though most of the hitherto known
methods are not necessarily satisfactory due to trouble-
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Table I. Reduction of Aromatic Nitro Olefins
yield,® yield,? total
run nitro olefin oxime? o acetal or ketone® % yield, %
1 )ty QCHZCH=NDH 51 @C"zc"(gz:: 7 58
1 la b
2 chcn-cu-noz CH;OCHZCH-NDH 43 43
2 2a
3 50 emch-0, oK ChgChenon 65 65
3 3e
4 c1®cu-cn-uoz CIQCHZCH=NOH 57 CIOCHZCKEEE 5 62
4 da 4b
CH CH.
5 Ocnaé-:oz Ocnzé-iw 43 OCH2§C"3 6 49
5 50 5b
cH cH 5
6 cny@cu-é-ioz cn;o@cu;&?«ou 6 C”3°QCHZ§CH3 6 i
6 6a 6.b
CH
7 clOcu-ﬁfmz c1©cﬂzé=r3m 45 CIOCHZ?H’ 8 53
7 7a 7b
CH CH 5 0 6 60
8 ro(-)<:>cn-é-:oz %?Otnzé-iou 4 ro-C}C“zﬁc”z
8 LX) 3b
9 s s 39 39
CH-C-NOZ CHZC-NUH
9 9¢
CHoCH CH,CH.
10 Oortor O 47 47
10 100
CHoCH. CHyCH
11 cuso@cu -ﬁo; c»@oC}cuzcﬁm3 61 cu;@cnzﬁcuzcui 10 71
11 il a 11b
9 See ref 8. ? Isolated yield.
Table II. Reduction of Aliphatic Nitro Olefins
total
yield,? yield,? yield,
run nitro olefin oxime?® % acetal or ketone? % %
1 CH,(CH,),CH=C(CH,)NO,  CH,(CH,),CH,C(CH,)=NOH 67 67
12 12a
2 CH, (CH,),CH=C(CH,)NO, CH,(CH,),CH,C(CH,)=NOH 58  CH,(CH,),CH,C(O)CH, 14 72
13 13a 13b
3 CH,(CH,),CH=CHNO, CH,(CH,),CH=NOH 38  CH,(CH;),CH(OCH,), 16 54
14 14a 14b
4 C,H,(CH,),CH=CHNO, C,H,(CH,),CH=NOH 17 C.H,(CH,),CH(OCH,), 23 40
15 15a 15b
@ See ref 8 and 9. ? Isolated yield.
some operation.! Preparation of nitro olefins from al- Scheme I
dehydes and nitroalkanes and subsequent reduction with R’ CHaNO, ceguction
reducing agents such as titanium trichloride seem to be RCHO RCH'?TNOZ
a reliable method for synthesis of oximes (Scheme I),2 while R
the use of titanium trichloride as the reducing agent often
requires excess amounts of the reagent and a skillful RCHoCoN~0H —— RCHyGR"
technique. On the other hand, a variety of electrochemical ,l 0
methods have been studied in the reduction of nitro ole- ,
fins. The main products were, however, the corresponding Ri=Hor alkyl
saturated amines® in most cases, whereas the electrore- Scheme II
Iy
RCHO + R’CH2N02 —_— RCH=(IJ-N02 !’;;H
(1) For example: (a) Magnus, P.; Roy, C. J. Chem. Soc., Chem. Com-
mur;.7 :1;.079, 822, (b) Carey, F. A.; Neergaard, J. R. J. Org. Chem. 1971, R y
36, 2731,
(2) (a) Ho, T. L.; Wong, C. M. Synthesis 1974, 196. (b) McMurry, J. RCH2(|3-N0H + Rcuzémm)z * o RCHR

E.; Melton, J. J. Am. Chem. Soc. 1971, 93, 5309.

0
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Scheme III
g
RCHoCH-NO,
/ \\ 6[
RCH=?-N02 RCH2C=N0H
R + 2 + 2e

RCH=(|’.-N0
R’

duction leading to oximes has only been studied from a
mechanistic point of view.? In the present study, we have
developed a new electroreductive method which affords
the expected products in satisfactory selectivity and yields.

The cathodic reduction of a solution of nitro olefins in
aqueous methanol containing sulfuric acid under the
conditions of constant current® yielded oximes, acetals, and
ketones as shown in Scheme II. A variety of aromatic®
and aliphatic nitro olefins’ prepared from aldehydes and
nitroalkanes were reduced with this electrochemical me-
thod. All results are summarized in Tables I and I1.812

Nitro olefins prepared from aromatic aldehydes gave the
corresponding oximes as the main products and small
amounts of acetals (runs 1 and 4) or ketones (runs 5-8 and
11). In the electroreduction of nitro olefins obtained from
aliphatic aldehydes, the nitro olefins corresponding to
ketones gave results similar to those for aromatic com-
pounds, whereas the oximes of aldehydes showed a tend-
ency to be changed to the acetals under the reaction con-
ditions.

The intermediary formation of saturated nitro com-
pounds is excluded in our electroreduction, since the
formation of (8-nitroethyl)benzene!® was not observed in
the reduction of S-nitrostyrene, and also the electrore-
duction of (8-nitroethyl)benzene under our reduction
conditions did not yield the oxime but gave a complex

(3) (a) Alles, G. A. J. Am. Chem. Soc. 19382, 54, 271. (b) Slotia, K. H,;
Szyszka, G. Chem. Ber. 1935, 189. (c) Mosetling, B.; May, E. L. J. Am.
Chem. Soc. 1938, 60, 2964.

(4) (a) Masui, M,; Sayo, H. Pharm. Bull. 1956, 4, 332. (b) Masui, M,;
Sayo, H.; Nomura, Y. Ibid. 1956, 4, 337.

(5) The cathode potential was —1.45 to -1.65 V vs. SCE,

(6) Worrall, D. E. “Organic Syntheses”; gilman, H., Ed.; Wiley: New
York, 1967; Collect. Vol. I, p 413.

(7) Meyers, A. L; Sircar, J. C. J. Org. Chem. 1967, 32, 4134.

(8) All the products were identified by the comparison with the au-
thentic samples. Compounds 1a-12a, 14a, 5b-8b, and 14b have been
synthesized as in the following literature. (a) Compound la: Tabei, K.;
Hiramura, H.; Amemiya, N. Bull. Chem. Soc. Jpn. 1966, 39, 1085. (b)
Compound 2a: Kling, K. Bull. Int. Acad. Sci. Cracovie, Cl. Sci. 1907, 448.
(c) Compound 3a: Bader, H.; Cross, L. C.; Heibron, 1. J. Chem. Soc. 1949,
619. (d) Compound 4a: Naidan, V. M.; Drumedzei, N. V.; Dombrovskii,
A. V. Zh. Org. Khim. 1965, 1, 1377. (e) Compound 5a: Dornow, A,;
Muller, A. Chem. Ber. 1960, 93, 32. (f) Compounds 5b, 10a, and 11a:
Hass, H. B.; Susie, A. G.; Heider, R. L. J. Org. Chem. 1950, 15, 8. (g)
Compound 6a: Winstein, S.; Brown, M.; Schreiber, K. C.; Schiesinger,
A.H. J. Am. Chem. Soc. 1952, 74, 1140. (h) Compound 6b: Rossi, R. A,;
Bunnett, J. F. Ibid. 1972, 94, 683. (i) Compound 7a: Benigton, F.; Morin,
R. D,; Clark, L. C., Jr. J. Med. Chem. 1965, 8, 100. (j) Compound 7h:
Michael, A.; Jagues, L. Bull. Soc. Chim. Fr. 1972, 5,1926. (k) Compound
8a: Fujisawa, T.; Deguchi, Y. J. Pharm. Soc. Jpn. 1954, 74, 975. (1)
Compound 8b: Adjangba, S. M.; Billet, D. Bull. Soc. Chim. Fr. 1962,
1970. (m) Compound 9a: Kotera, K.; Okada, T.; Miyazaki, S. Tetrahe-
dron, 1968, 24, 5677. (n) Compounds 12a and 14a: Yukawa, Y.; Sakali,
M.; Suzuki, S. Bull. Chem. Soc. Jpn. 1966, 39, 2266. (0) Compound 14b:
Corey, E. J.; Beck, A. K. Chem. Ber. 1974, 107, 367.

(9) The identification of the products 13a, 15a, and 15b was carried
out by the comparison of the authentic samples prepared from 2-nona-
none'® and 4-phenylbutyraldehyde.!*

(10) Commercially available.

(11) Garguer, A. C. R. Hebd. Seances Acad. Sci., Ser. C 1968, 265 (20),
1130.

(12) The reductions of nitro olefins by iron and hydrochloric acid or
zinc chloride and hydrochloric acid have been reported, though the re-
ductions are limited to some disubstituted nitro olefins. See ref 8f and:
Nightingale, D.; James, J. R. J. Am. Chem. Soc. 1944, 66, 352.

(13) Shechter, H.; Ley, D. E.; Roberson, E. B., Jr. J. Am. Chem. Soc.
1956, 78 4984,

mixture of unidentified products. The reduction of the
double bond may take place after the nitro group is re-
duced to a nitroso group, though it is not confirmed
(Scheme III). It was necessary to keep the reaction me-
dium acidic in our reduction, since in alkaline conditions
nitro olefins easily polymerize through a reaction similar
to the Michael addition.

Since the transformation of oximes to the carbonyl
compounds has been extensively studied,'4 the present
electroreductive synthesis of oximes from nitro olefins is
useful for the elongation of aldehydes and elongating
transformation of aldehydes to ketones.

Experimental Section

Materials. Nitro olefins were prepared according to the re-
ported methods.%”

General Procedures for Reduction of Nitro Olefins. The
cathodic reduction was carried out by using a divided cell equipped
with a ceramic diaphragm, carbon-rod anode, and platinum
cathode.

Into the cathodic chamber was added a solution of nitro olefin
(6.00 mmol) and 20% H,SO, (10 mL) in methanol (80 mL), and
the anolyte was a methanolic solution (5 mL) of 500 mg of p-
toluenesulfonic acid. The catholyte was stirred with a magnetic
bar and cooled with an ice-water bath to keep temperature at
0-5 °C throughout the reaction. After 4.5 F/mol of electricity
was passed with a constant current of 0.1 A, the catholyte was
neutralized with aqueous NaHCOQj3, and the methanol was evap-
orated. The residue was poured into water, and the mixture was
extracted with dichloromethane. After the solution was dried over
MgSO0,, the solvent was evaporated. The product was purified
by silica gel column chromatography (AcOEt-hexane). Yields
are shown in Tables I and II.

Registry No. 1, 102-96-5; la, 7028-48-0; 1b, 101-48-4; 2,
7559-36-6; 2a, 66444-17-5; 8, 3179-10-0; 3a, 3353-51-3; 4, 706-07-0;
4a, 4410-18-8; 4b, 42866-89-7; 5, 705-60-2; 5a, 13213-36-0; 5b,
103-79-7; 6, 17354-63-1; 6a, 52271-41-7; 6b, 122-84-9; 7, 710-20-3;
7a, 1454-65-5; Tb, 5586-88-9; 8, 5438-41-5; 8a, 52271-42-8; 8h,
4676-39-5; 9, 23854-03-7; 9a, 85629-15-8; 10, 1202-32-0; 10a,
5368-18-3; 11, 1208-78-2; 11a, 85629-16-9; 11b, 53917-01-4; 12,
85629-17-0; 12a, 13326-89-1; 13, 4812-25-3; 13a, 52435-37-7; 13b,
821-55-6; 14, 4550-05-4; l4a, 929-55-5; 14b, 10022-28-3; 15,
80922-14-1; 15a, 82543-06-4; 15b, 85629-18-1.

(14) (a) Buehler, C. A.; Pearson, D. E. “Survey of Organic Syntheses”;
Wiley-Interscience: New York, 1970; Vol. 1, p 671. (b) Buehler, C. A,;
Pearson, D. E. Ibid. 1977; Vol. 2, pp 508, 568.
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Ring-opening of epoxides by complex metal hydrides has
seen widespread application in the synthesis of chiral
molecules,! including molecules which are chiral by virtue
of isotopic labeling. Trevoy and Brown? showed in 1949

(1) (a) Sundararaman, P.; Djerassi, C. Tetrahedron Lett. 1978,
2457-2460. (b) Sundararaman, P.; Barth, G.; Djerassi, C. J. Org. Chem.
1980, 45, 5231-5236. {(c) Sundararaman, P.; Barth, G.; Djerassi, C. J. Am.
Chem. Soc. 1981, 103, 5004-5007. (d) Shiner, V. J., Jr.; Jewett, J. G. Ibid.
1964, 86, 945-946. (e) Eadon, G.; Gold, P.; Bacon, E. Ibid. 1975, 97,
5184-5189. (f) Eadon, G.; Jefson, M. J. Org. Chem. 1976, 41, 3917-3920.

(2) Trevoy, L. W.; Brown, W. G. J. Am. Chem. Soc. 1949, 71,
1676-1678.
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