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2 H, J = 1.5 Hz), 7.23 (s, 5 H); IR (CCl,) 31002780, 1720, 1555,
1230, 1070 em™,

2-Benzyl-3-0x0-2-azabicyclo[2.2.1]heptane (15). A solution
of 0.337 g (0.0017 mol) of cured 14 in 150 mL of ethyl acetate was
reduced in a Parr apparatus at 2 atm in the presence of 200 mg
of 10% Pd/C for 3 h. After removal of the catalyst and the
solvent, the oily residue was purified by bulb-to-bulb distillation
at 130 °C (4 mm) to give a light yellowish oil (0.340 g, 99% yield).
This oil was further purified by preparative TLC (silica gel GF,
ethyl acetate) and then by preparative gas chromatography on
an 6 ft X !/, in. column packed with 3% SE-30 on 60/80 Chro-
mosorb W at 190 °C: NMR (CDCly) 6 1.33-2.10 (m, 6 H), 2.83
(m,1H), 3.64 (m,1 H),3.89(d,1 H,J =15 Hz),4.66 (d,1 H,
J = 15 Hz), 7.25 (s, 5 H); IR (CCl,) 3100-2820, 1720, 1240, 1070
eml. Anal. C, H, N.
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The lithium enolate (18) of methyl 3-(dimethylamino)propionate (17) has been developed as a synthetic equivalent
of the a-anion (15) of acrylic acid. The enolate, obtained by treatment of the free ester (17) with lithium
diisopropylamide, may be alkylated with a variety of alkyl halides to give products which may be considered
to be protected acrylate esters. Unmasking is accomplished by quaternization with methyl iodide followed by
DBN-induced elimination to give the free acrylates. The products derived from allylic halides may conveniently

be converted into a-methylene lactones.

The acrylate unit and related groups (1, Chart I) are
found as structural features of a very large number of
naturally occurring compounds, many of which possess
useful biological activity. Included-among these com-
pounds are several classes of unsaturated carboxylic acids,
esters, and lactones. Some specific examples of the acids
are ambrosic acid (2),? the eremophildienoic acid (3),* the
fatty acid derivatives (4) of 8-alanine,® conocandin (5),¢ and
several other closely related compounds.” Simple ester
derivatives of some of these and similar acids are also

(1) This work was presented in part at the 181st National Meeting of
the American Chemical Society, Aug, 1980, Las Vegas, NV; Abstract No.
ORGN 290.

(2) For preliminary communications describing portions of this in-
vestigation see: (a) Yu, L.-C.; Helquist, P. Tetrahedron Lett. 1978,
3423-3426. (b) Yu, L.-C.; Helquist, P. Synth. Commun., in press.

(3) Inayama, S.; Itai, A,; Iitaka, Y. Tetrahedron Lett. 1974, 809-811;
1978, 3628.

(4) Bohlmann, F.; Zdero, C. Phytochemistry 1978, 17, 1595-1599.

(5) Yunker, M. B.; Scheuer, P. J, Tetrahedron Lett. 1978, 4651-4652.

(6) Mdller, J. M.; Fuhrer, H.; Gruner, J.; Voser, W. Helv. Chim. Acta
1976, 59, 2506-2514.

(7) (a) Bohlmann, F.; Jakupovic, J.; Lonitz, M. Chem. Ber. 1977, 110,
301-314. (b) Guerrero, C.; Silva, M.; Maldonado, E.; Martinez, M. Rev.
Latinoam. Quim. 1978, 9, 71-75. (c) Lansbury, P. T.; Serelis, A. K.
Tetrahedron Lett. 1978, 1909-1912. (d) Bohlmann, F.; Jakupovic, J.;
King, R. M,; Robinson, H. Phytochemistry 1980, 19, 1815-1820.

known.! In addition, unsaturated ester groups such as
angelates and tiglates occur as appendages of several
physiologically active compounds.? Furthermore, acrylates
are observed in reduced forms as unsaturated aldehydes
(e.g., 6-8)'° and alcohols (e.g., 9 and 10).1%%11 However,

(8) Rodriguez, E.; Sanchez, B.; Grieco, P. A,; Majetich, B.; Oguri, T.
Phytochemistry 1979, 18, 1741-1742.

(9) (a) Fujita, E.; Nagao, Y. Bioorg. Chem. 1977, 6, 287-309. (b) Ku-
roda, C.; Murae, T.; Tada, M.; Nagano, H.; Takahashi, T. Chem. Lett.
1978, 1313-1316. (c) Bohlmann, F.; Zdero, C. Phytochemistry 1978, 17,
1135-1153. (d) Bohlmann, F.; Jakupovic, J.; Zdero, C. Ibid. 1978, 17,
2034-2036. (e) Bohlmann, F.; Jakupovic, J. Ibid 1979, 18, 119-123. (f)
Bohlmann, F.; Knoll, K.-H. Ibid. 1979, 18, 996-1001. (g) Ohno, N.;
Mabry, T. J. Ibid. 1979, 18, 1003-1006; (g) Martinez J., R.; Ayamante
B., 1. S.; Nunez-Alarcon, J. A.; Romo de Vivar, A, Ibid. 1979, 18,
1527-1528. (i) Bohlmann, F.; Lonitz, M. Chem. Ber. 1980, 113,
2410-2423.

(10) (a) Pagnoni, U. M.; Pinetti, A.; Trave, R.; Garanti, L. Aust. J.
Chem. 1976, 29, 1375-1381. (b) Jegou, E.; Polonsky, J.; Lederer, E.;
Schulte-Elte, K.-H.; Egger, B.; Ohloff, G. Nouv. J. Chim. 1977, 1, 529-531.
(c) Bohlmann, F.; Zdero, C. Phytochemistry 1979, 18, 145-147. (d)
Bohlmann, F.; Grenz, M. Ibid. 1979, 18, 179-181. (e) Bohlmann, F.;
Dutta, L. Ibid. 1979, 18, 1228-1230. (f) Bohlmann, F.; Zdero, C.; King,
R. M.; Robinson, H. Ibid. 1979, 18, 1343-1348; 1980, 19, 1141-1143.

(11) (a) Bohlmann, F.; Zdero, C. Phytochemistry 1978, 17, 1161-1164.
(b) Bohlmann, F.; Dutta, L. N.; Dorner, W.; King, R. M,; Robinson, H.
Ibid. 1979, 18, 673-675. (c) Bohlmann, F.; Dutta, L. N, Ibid. 1979, 18,
847-850. (d) Bohlmann, F.; Zdero, C.; Cuatrecasas, J.; King, R. M,;
Robinson, H. Ibid. 1980, 19, 1145-1148.
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the most commonly occurring acrylate derivatives are the
very well-known a-methylene lactones, many of which
possess anticancer activity.”!? A few of the more 1m-
portant examples of these compounds are vernolepin (11),13
helenalin (12),4 and costunolide (13).* Finally, a few
a-methylene lactams such as pukeleimide E (14) have been
reported.®

Because of the importance of acrylate derivatives and,
in particular, the a-methylene lactones, many methods
have been developed for the synthesis of these classes of

(12) (a) Kupchan, S. M.; Eakin, M. A.; Thomas, A. M. J. Med. Chem.
1971, 14, 1147-1152. (b) Kupchan S. M. Intra-Sci. Chem. Rep. 1974, 8
(4), 57-66. (c) Rodriguez, E. Rev. Latinoam. Quim. 1977, 8, 56-62, (d)
Lee, K.-H.; Hall, 1. H,; Mar, E.-C.; Starnes, C. O.; ElGabaly, S. A;
Waddell, T. G.; Hadgraft, R. I.; Ruffner, C. G.; Weidner, 1. Science 1977,
{gg, 533-536. (e) Kelsey, R. G.; Shafizadeh, F. Phytochemistry 1979, 18,

1-1611.

(13) Kupchan, S. M.; Hemingway, R. J.; Werner, D.; Karim, A. J. Org.
Chem. 1969, 34, 3903-3908.

(14) Herz, W.; Romo de Vivar, A.; Romo, J.; Viswanathan, N. J. Am.
Chem. Soc. 1963, 85, 19-26.

(15) Rao, A. S,; Kelkar, G. R.; Bhattacharyya, S. C. Tetrahedron, 1960,
9, 275-283.

(16) (a) Cardellina, J. H.; Moore, R. E. Tetrahedron Lett. 1979,
3237;%.210. (b) Tronchet, J. M. J.; Gentile, B. Helv. Chim. Acta 1979, 62,
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compounds.l”?® Indeed, these methods have been em-
ployed in the total synthesis of several natural products.
Most of the methods that have been developed can be
classified according to two general approaches: (1) a-
methylenation of preexisting carbonyl systems and (2)
direct introduction of intact acrylate units. Of these two
strategies, the latter is inherently the more attractive be-
cause of the greater degree of convergency associated with
this approach. Conceptually, one of the most direct ap-
proaches for the introduction of the acrylate group would
be reactions of appropriate electrophilic reagents with,
formally speaking, the a-anion 15 of acrylic acid. However,

“CH3

< c
/ \
Hzc/ \COZH Hee? T CogH

156 16

various species related to this anion (e.g., the dianion,
esters, etc.) have proven to be rather elusive. As a result,
synthetic equivalents of this acrylic acid anion have been
developed.?® A related approach has been the use of
intermediates that are equivalent to the allylic anion de-
rivative (16) of methacrylic acid.?!

In this paper we give a detailed account of our inves-
tigations of an acrylate synthon which, in addition to the
inherent advantages discussed above for this basic ap-
proach, permits the introduction of the acrylate unit in a
conveniently protected form. This latter feature is an
important consideration in multistep synthesis of complex
natural products, especially in light of the high reactivity

(17) For reviews of methods for the synthesis of a a-methylene lac-
tones see: (a) Grieco, P. A. Synthesis 1975, 67-82. (b) Gammill, R. B.;
Wilson, C. A.; Bryson, T. A. Synth. Commun. 1975, 5, 245-268. (c¢) Rao,
Y. S. Chem. Rev. 1976, 76, 625-694. (d) Newaz, S. S. Aldrichimica Acta
1977, 10, 64-71. (e) Knight, D. W. In Gen. Synth. Methods 1978, 1,
1%4—128. (f) Kano, S.; Shibuya, S.; Ebata, T. Heterocycles 1980, 14,
661-711.

(18) For some of the most recent methods for the preparation of a-
methylene lactones see: (a) Riediker, M.; Graf, W. Helv. Chim. Acta 1979,
62, 205-223. (b) Shono, T.; Nishiguchi, ; Komamura, T.; Sasaki, M. J
Am. Chem. Soc. 1979, 101 984-987. (c) Shono, T; Matsumura, 3
Kashimura, S.; Hata.naka,K Ibid. 1979, 101, 47524753, (d) Adlington,
R. M, Barrett,A G. M. J. Chem. Soc., Chem. Commun. 1979, 1122-1124.
(e) Hudrlik, P. F,; Takacs,J. M.; Chou, D. T.-W.; Rudnick, L.R.J. Org.
Chem. 1979, 44, 786-793. (f) Kano, S.; Ebata, T.; Funaki, K.; Shibuya,
S. Ibid. 1979, 44, 3946-3948. (g) Benaim, J.; Giulieri, F. J. Organomet.
Chem. 1979, 165, C28-C32. (h) Marino, J. P; Floyd, D. M. Tetrahedron
Lett. 1979, 675-678. (i) Paterson, I; Fleming, L. Ibid. 1979, 993-994. (j)
Jenkitkasemwong, Y.; Thebtaranonth, Y.; Wajirum, N. Ibid. 1979,
1615-1618. (k) McCulloch, A. W.; McInnes, A. G. Ibid. 1979, 1963-1966.
() Hiyama, T.; Saimoto, H.; Nishio, K; Shinoda, M.; Yamamoto, H.;
Nozaki, H. Ibid. 1979, 2043-2046. (m) Raucher, S.; Hwang, K.-J.; Mac-
donald, J. E. Ibid. 1979, 3057-3060. (n) Corbet, J.-P.; Benezra, C. Ibid.
1979, 4003-4006. (o) Hosomi, A,; Hashimoto, H.; Sakurai, H. Ibid. 1980,
951-954. (p) Tam, T. F.; Fraser-Reid, B. J. Chem. Soc., Chem. Commun.
1980, 556-558. (q) Inayama, S.; Kawamata, T.; Shimizu, N. Chem.
Pharm. Bull. 1980, 28, 282-287. (r) Grontas, W. C.; Felker, D.; Magnin,
D.; Meitzner, G.; Gaynor, T. Synth. Commun. 1980, 10, 1-8.

(19) For some newer methods for the synthesis of other 2-substituted
acrylic acid derivatives see: (a) Chamberlin, A. R.; Stemke, J. E.; Bond,
F. T. J. Org. Chem. 1978, 43, 147-154. (b) Stetter, H.; Kulhmann, H.
Synthesis 1979, 29-30. (c) Kimura, R.; Ichihara, A.; Sakamura, S. Ibid.
1979, 516-518. (d) Saucy, G.; Cohen, N.; Banner, B, L.; Trullinger, D
P. J. Org. Chem. 1980, 45, 2080-2083.

(20) (a) Herrmann, J L Schlessmget, R. H. Tetrahedron Lett. 1973,
2429-2432. (b) Hemna.nn,J L.; Berger, M. H.; Schlessinger, R. H. J. Am.
Chem. Soc. 1973, 95, 7923. (c) Marmo,J P.; Floyd D. M. Ibid. 1974, 96
7138-7140. (d) Stlll W. C.; Schneider, M. J Ibid. 1977, 99, 948-950. (e)
Petragnani, N.; Ferraz, H. M C. Synthesis 1978, 476478, (f) Hase, T
A.; Kukkola, P Synth. Commun. 1980, 10, 451—455 (g) Raucher, S.,
Macdonald J. E,; Lawrence, R. F. Tetrahedron Lett. 1980, 4335~4338.

(21) (a) Lofﬂer, A.; Pratt, R. D,; Pucknat, J.; Gelbard G Dreiding,
A. S. Chimia 1969, 23 413-416. (b) Hegedus, L. S.; Wagner, S. D.;
Waterman, E. L. Surala Hansen, K. J. Org. Chem. 1975 40 593—598 (c)
Carlson, R. M,; Oyler,A R. Ibid. 1976, 41, 4065-4069. (d) Carlson, R
M. Tetrahedron Lett. 1978, 111-114,
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of a,8-unsaturated acid derivatives.

Results and Discussion

Our underlying strategy was to develop a method based
upon the use of an acrylate synthon of the general struc-
ture ZCH,CH,CO,R in which the group Z, after appro-
priate modification, may ultimately serve as a leaving
group in an elimination reaction to unmask the acrylate
system. However, reagents of this type would need to meet
the requirement of undergoing conversion to the corre-
sponding enolates which could be alkylated with various
reagents but which would not undergo spontaneous, pre-
mature elimination. The use of methyl hydracrylate was
developed previously in accord with these same basic
principles.?? In preliminary studies, we had attempted
to employ 3-mercaptopropionic acid and several derivatives
as acrylate synthons, but all of these attempts were frus-
trated by undesired selective alkylations at sulfur or
elimination reactions. Fortunately, the use of a reagent
bearing a nitrogen-containing leaving group has proven to
be much more successful.

Our reagent, methyl 3-(dimethylamino)propionate (17),
is conveniently obtained in large, preparative-scale quan-
tities from the simply performed reaction? of dimethyl
amine with methyl acrylate, two widely available, inex-
pensive starting materials. Under the usual conditions for
the generation of enolates from esters,” 17 reacts with
lithium diisopropylamide to give the intermediate 18 (eq
1) which appears to be quite stable. Even after prolonged

COxCH3 OLi
N LiN{/=Pr)p or
THF, - 78 °C =
CH3)oN OCH3

17
18
L
CHaNT >
{ 3)2 0 (1)
OCHz
18a
0
RX
18— <CH>3N2A(LKOCH3 (2)
~ 78 to +25°C
R
19
CO2CH3z HoC COzCHz
CHsl _ + DBN
19 o 17 CHalaN /W/ Femzert Y
5 reflux R
(3)
20 21

periods of time at room temperature, solutions of 18 un-
dergo subsequent reactions with no significant loss in yields
of the resulting products. The existence of the enolate as
a chelated species (18a) may possibly account for this
stability. Furthermore, we have not observed an exchange
of dialkylamide groups between our reagent and the amide
base employed in formation of the enolate.

Relative to earlier work of others, enolates of 3-amino
esters have been generated as intermediates in pathways
reported by Still®d and by Hase.?f In the former case, this
type of enolate was trapped with triethylsilyl chloride, and

(22) Rouvier, E.; Giacomoni, J.-C.; Cambon, A. Bull. Soc. Chim. Fr.
1971, 1717-1723.

(23) (a) Rathke, M. W.; Lindert, A. J. Am. Chem. Soc. 1971, 93,
2318-2320. (b) Cregge, R. J.; Hermann, J. L.; Lee, C. S.; Richman, J. E.;
Schlessinger, R. H. Tetrahedron Lett. 1973, 2425-2428.
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Table I. Synthesis of Acrylates

yield,»¢ %
RX compd 19 21
CH,I a (88)° (84)b
CH,CH,I b (69)°
n-C,H,I c 63 (67)° 81 (85)%
n-C,H,Br (57)€
CH,=CHCH,Br d 83 (87)°

Br

@ e 178 74

f 78 (80)° 87

Br
=
Br
9]
¢ The yields are given for isolated products unless other-
wise noted. P Yields determined by GLC calibrated with
a pure sample of the product and an internal standard are
given in parentheses. ¢ Yield determined by 'H NMR in-

tegration with an internal standard. ¢ The yield of 20
was 100% in all cases.

g 82 78

the resulting ketene acetal participated in a subsequent
Claisen rearrangement.?d In the latter case, the enolates
were formed by 1,4-addition of lithium diisopropylamide
to acrylates followed by trapping with benzeneselenenyl
bromide in most cases, although a few examples of al-
kylation with methyl iodide were also reported.?f In
neither one of these studies was a thorough investigation
of the reactivity of the enolates with other electrophiles
reported.

The intermediate (18) reacts with alkyl halides to pro-
duce the corresponding 2-substituted propionates (19)
which are actually Mannich base derivatives, a very useful
class of compounds (eq 2).2¢ Although the reactions with
primary alkyl iodides and allylic bromides in the presence
of hexamethylphosphoric triamide (HMPT) proceed ef-
ficiently (see Table I), 18 is apparently not sufficiently
nucleophilic to give good yields of products from reactions
with other alkyl halides and epoxides. The use of the
potassium enolate (from potassium hydride,? potassium
diisopropylamide,? or potassium hexamethyldisilazide?')
does not lead to any significant improvements in these
reactions.

The alkylation products 19 are actually masked acry-
lates, in fulfillment of one of the goals of our work outlined
above. Deprotection is accomplished in two straightfor-
ward steps: quaternization of methyl iodide occurs
quantitatively in all cases studied, and elimination is
performed by treatment of the salts 20 with 1,5-diazabi-
cyclo[4.3.0Inon-5-ene (DBN) in benzene at reflux to give
the 2-substituted acrylates (21, eq 3). These conversions
are summarized in Table I.

Conceptually, a very direct route to a-methylene y-bu-
tyrolactones would involve the reaction of the enolate 18
with epoxides, but as noted above, 18 is not sufficiently
nucleophilic to react with these less reactive alkylating
agents. However, a quite useful, alternative route is based

(24) Tramontini, M. Synthesis 1973, 703-775.

(25) (a) Brown, C. A. J. Org. Chem. 1974, 39, 1324~1325. (b) Brown,
C. A. Synthesis 1975, 326-327.

(26) (a) Raucher, S.; Koolpe, G. A. J. Org. Chem. 1978, 43, 3794-3796.
(b) Lochmann, L.; Trekoval, J. J. Organomet. Chem. 1979, 179, 123-132,
(¢c) Gawley, R. E.; Termine, E. J.; Aube, J. Tetrahedron Lett. 1980,
3115-3118.

(27) Brown, C. A. J. Org. Chem. 1974, 39, 3913-3918.
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Table II. Synthesis of a-Methylene y-Butyrolactones

yield,® %

n 22 23 24 25
1 (e) 100 100 88 68
2 (f) 90 95 94 60
3 (g) 99 100 78 80

@ All yields are reported for isolated products except for
compound 25e for which the yield was determined by
GLC with an internal standard.

Scheme I¢
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n-BuzSnH j 55 °C

upon the use of the products (21e-g) derived from allylic
halides. These particular acrylates are hydrolyzed to the
acids (22) which are then subjected to iodolactonization.?®
Finally, the lactones (23) may be treated with 1,8-diaza-
bicyclo[5.4.0]undec-7-ene (DBU) to give the elimination
products 24 or with tri-n-butyltin hydride?*® to produce
the reductive deiodination products 25. These transfor-
mations are summarized in Scheme I and Table II.

Of special note is that the more highly unsaturated
products (24), with respect to arrangement of functionality
and the nature of the fused ring systems, resemble a
number of naturally occurring lactones. Also, this ap-
proach is well suited to the synthesis of these natural
products in that the masked acrylate group as in 19 could
be carried through several steps of a synthesis while other
structural features of these often complex systems are
elaborated.

An exactly analogous sequence of reactions may be
performed by starting with the alkylation product (21d)
derived from allyl bromide itself. The following products
are obtained in the yields indicated. Note that the de-
hydroiodination of 27 produces a y-methylene-2-butenolide
rather than an a-methylene-7-butyrolactone.

HzC COZH

26 (65%

27 (100% 28 (26%

29 (18%)

(28) Dowle, M. D.; Davies, D. I. Chem. Soc. Rev. 1979, 8, 171-197.
(29) Kuivila, H. G. Adv. Organomet. Chem. 1964, 1, 47-87.
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Conclusion

The work described in this paper provides a very
practical route to acrylate derivatives. The principal
reagent is especially readily available compared to the
compounds used in several of the previously developed
methods. With respect to applying this approach to the
synthesis of important lactone systems, a key consideration
is the availability of the appropriate allylic halides, com-
pounds which are generally obtainable by a number of
straightforward procedures.

Experimental Section

General Procedures. All reactions of organolithium reagents
and other air-sensitive materials were performed under nitrogen.
Solutions of these materials were transferred with hypodermic
needles. Tetrahydrofuran (THF) was distilled from dark blue
or dark purple solutions of sodium benzophenone radical anion
or dianion under nitrogen. Hexamethylphosphoric triamide
(HMPT) was distilled under vacuum from calcium hydride. The
organolithium reagents were stored at 0 °C under nitrogen and
were titrated prior to use by the method of Watson and Eastham®
or Kofron and Baclawski.®! All other reagents were distilled or
recrystallized prior to use. Low temperatures were maintained
through use of dry ice-acetone (-78 °C) or ice—water baths.

The 'H NMR spectra were recorded at 60 MHz with a Varian
EM-360 spectrometer or at 80 MHz with a Varian HFT-80
spectrometer. The NMR spectra were obtained from CCl, or
CDCI; solutions containing tetramethylsilane (Me,Si) as the in-
ternal standard. The chemical shifts are expressed in parts per
million (y) downfield from Me,Si, and the 'H NMR peak areas
are expressed as the number of hydrogen atoms (H). Mass spectra
were recorded with Hewlett-Packard Model 2982A and AEI Model
MS-30 mass spectrometers by using electron-impact ionization
at 70 eV. The IR spectra were obtained with a Pye-Unicam Model
SP-1000 or a Perkin-Elmer Model 727 spectrophotometer as neat
liquid films, as solutions in chloroform, or as KBr wafers and were
calibrated with a polystyrene standard. Elemental analyses were
performed by Galbraith Laboratories, Inc. The analytical results
are given only when they agree with the calculated values within
+0,3%. In all other cases, the homogeneity of the compounds
was demonstrated by careful GLC and TLC, and molecular
formulas were determined by high-resolution mass spectroscopy.
Preparative GLC was performed with a Varian Aerograph Model
900 gas chromatograph using a 6 ft X !/, in. 5% SE-30 column.
Analytical GLC was performed with a Hewlett-Packard Model
5711 gas chromatograph equipped with a flame-ionization detector,
a linear temperature programmer, a Hewlett-Packard Model
3380A electronic integrator, and a 6 ft X !/gin. 5% OV-1 column.
Crude products were generally prepurified by bulb-to-bulb dis-
tillation at reduced pressure.

Methyl 2-[(Dimethylamino)methyllhexanoate (19c).
Methyl 2-(dimethylamino)propanoate (17) was prepared according
to the procedure of Rouvier.22 Then, to a solution of lithium
diisopropylamide (76 mmol)® in THF (180 mL) at -78 °C under
nitrogen was added 17 (12.3 mL, 72 mmol). After 30 min, a
solution of 1-iodobutane (8.6 mL, 76 mmol) and HMPT (13 mL,
76 mmol) was added slowly. The mixture was stirred at 25 °C
for 1 h, quenched by the addition of saturated aqueous ammonjum
chloride (30 mL), and partitioned between ether and water. The
aqueous layer was extracted with additional ether, and the com-
bined ether extracts were washed with water and saturated
aqueous sodium chloride, dried (anhydrous magnesium sulfate),
and concentrated by rotary evaporation. Distillation of the residue
afforded 8.42 g (63%) of pure 19¢ as a clear, colorless oil: bp 50-52
°C (0.1 torr); IR (neat) 1740 cm™; 'H NMR (CDCly) 3.70 (s, 3 H),
2.32-2.78 (m, 3 H), 2.23 (s, 6 H), 0.6-1.8 (m, 9 H); mass spectrum,
m/e 187.1586 (M*; 187.1572 caled for C,;HyNO,). Similar pro-
cedures were employed for the remaining compounds of this series
for which the following data are reported.

(30) Watson, S. C.; Eastham, J. F. J. Organomet. Chem. 1967, 9,
165-168.
(31) Kofron, W. G.; Baclawski, L. M. Org. Chem. 1976, 41, 1879-1880.
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19a: prepared from iodomethane (0.78 mL, 12.6 mmol); 88%
yield (GLC with n-decane as the internal standard); bp 60 °C (15
torr); IR (neat) 1735 cm™.; 'H NMR (CCl,) 3.60 (s, 3 H), 2.30 (m,
3 H), 2.12 (s, 6 H), 1.08 (d, J = 6 Hz, 3 H).2

19b: prepared from iodoethane (0.34 mL, 4.2 mmol); 69% yield
(GLC with n-undecane as the internal standard); bp 85 °C (16
torr); IR (neat) 1740 cm™'; 'H NMR (CDCly) 3.70 (s, 3 H), 2.57
(m, 3 H), 2.23 (s, 6 H), 1.53 (m, 2 H), 0.90 (t, J = 7 Hz, 3 H); mass
spectrum, m/e 159.1236 (M*; 159.1259 caled for CgH;;NO,).

19d: prepared from allyl bromide (21 mL, 240 mmol); 83%
yield (isolated); bp 78-80 °C (15 torr); IR (neat) 3080, 3010, 1737,
1631, 990, 913 cm™; 'H NMR (CDCl,) 5.40-6.10 (m, 1 H), 4.70-5.23
(m, 2 H), 3.63 (s, 3 H), 1.87-2.83 (m, overlapping a singlet at 2.18,
11 H).

Anal. Caled for CgH;NO,: C, 63.13; H, 10.00; N, 8.18. Found:
C, 62.88; H, 10.06; N, 8.15.

19e; prepared from 3-bromocyclopentene (7.0 g, 55 mmol); 78%
yield (isolated); bp 64—66 °C (1 torr); IR (neat) 3050, 1737, 1612
cm™; 'H NMR (CDCly) 5.40-5.60 (m, 2 H), 3.69 (s, 3 H), 1.15-3.05
(m, overlapping a singlet a 2.20, 14 H); mass spectrum, m/e
197.1393 (M+; 197.1416 caled for CqugNOz).

19f: prepared from 3-bromocyclohexene (1.46 mL, 12.6 mmol);
78% yield (isolated); bp 82-84 °C (1 torr); IR (neat) 3020, 1740,
1640 cm™'; 'H NMR (CDCly) 5.17-5.83 (m, 2 H), 3.62 (s, 3 H),
0.83-2.83 (m, overlapping a singlet at 2.17, 16 H); mass spectrum,
m/e 211.1563 (M*; 211.1572 caled for C;;H,, NQ,).

19g: prepared from 3-bromocycloheptene (8.2 mL, 58 mmol);
82% yield (isolated); bulb-to-bulb distillation performed at oven
temperature of 142 °C (0.02 torr); IR (neat) 3020, 1740, 1647 em™;
'H NMR (CDCly) 5.50-5.97 (m, 2 H), 3.67 (s, 3 H), 0.67-2.87 (m
overlapping a singlet at 2.33, 18 H); mass spectrum, m/e 225.1733
(M*; 225.1729 caled for C;3HysNO,).

Methyl 2-(Dimethylamino)hexanoate Methiodide (20c).
To a solution of 19¢ (2.94 g, 15.7 mmol) and methanol (50 mL)
at 25 °C was added iodomethane (11.7 mL, 188 mmol). After being
allowed to stand in the dark for 18 h, the mixture was concentrated
in vacuo, and the residue was washed with ether, leaving 6.81 g
of solid 20c which was used directly in the next step of the
transformation. Analogous procedures were employed for
quarternization of the remaining compounds of this series.

Methy! 2-n-Butylacrylate (21¢). The crude 20c (6.81 g) was
suspended in a solution of DBN 4.3 mL, 35 mmol) and benzene
(30 mL). The mixture was heated at reflux under nitrogen for
2.3 h, cooled to 25 °C, washed with 1 N hydrochloric acid, water,
and saturated aqueous sodium chloride, dried (anhydrous mag-
nesium sulfate), and concentrated by rotary evaporation. Dis-
tillation of the residue gave 1.80 g (81% overall from 19¢) of pure
20c as a clear, colorless liquid: bp 85 °C (32 torr); IR (neat)® 1727,
1635 cm™; 'H NMR (CDCly) 6.15 (br s, 1 H), 5.53 (m, 1 H), 3.76
(s, 3 H), 2.03-2.53 (m, 2 H), 0.67-1.60 (m, 7 H). Similar procedures
were employed for the following acrylates with exceptions as
indicated.

Compound 21a was prepared in 84% yield (glc with n-undecane
as the internal standard) by shaking the salt 20a with a mixture
of 5% aqueous sodium bicarbonate (1.1 equiv) and methylene
chloride for 24 h at 25 °C. The resulting methyl methacrylate
(21a) was identical with a commercial sample by GLC.

21d: prepared from the salt 20d and DBN; 87% yield (GLC
with n-undecane as the internal standard); IR (neat) 1728, 1635
cm™; 'H NMR (CDCly) 5.45-6.31 (m, overlapping broad singlets
at 5.56 and 6.18, 3 H), 5.15 (m, 1 H), 4.97 (m, 1 H), 3.75 (s, 3 H),
3.05 (br d, J = 6.4 Hz, 2 H).

Anal. Caled for C;H,,04 C, 66.65; H, 7.99. Found: C, 66.57;
H, 7.91.

2le: prepared from crude 20e and DBN; 74% yield isolated
by bulb-to-bulb distillation (oven temperature 70 °C, 0.016 torr);
IR (neat) 3050, 1720, 1625 cm™'; 'H NMR (CDCl;) 5.20-6.40 (m,
overlapping a broad singlet at 5.50 and a doublet at 6.11, J = 1.2
Hz, 4 H), 3.50-4.05 (m, overlapping a singlet at 3.76, 4 H), 2.32
(m, 3 H), 1.60 (m, 1 H); mass spectrum, m/e 152.0829 (M*;
152.0837 caled for CgH,,0,).

21f: prepared from crude 20f and DBN; 87% yield after
isolation by bulb-to-bulb distillation (oven temperature 30 °C,

(32) Kunichika, S.; Sakakibara, Y. Okamoto, T. Bull. Chem. Soc. Jpn.
1967, 40, 885-891.
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0.046 torr); IR (neat) 3020, 1720, 1625 cm™!; *H NMR (CDCly,)
6.21 (d, J = 1.3 Hz, 1 H), 5.3-6.0 (m, overlapping a broad singlet
at 5.54, 3 H), 3.75 (s, 3 H), 8.34 (m, 1 H), 1.18-2.23 (m, 6 H).

Anal. Caled for C,gH,,O4: C, 72.26; H, 8.49. Found: C, 71.96;
H, 8.40.

21g: prepared from 20g and DBN; 78% yield after distillation;
bp 33 °C (0.01 torr); IR (neat) 3015, 1720, 1625 cm™!; 'H NMR
(CDCl;) 5.35-6.35 (m, overlapping a doublet at 6.19, J = 1 Hz,
and a broad singlet at 5.61, 4 H), 3.50-3.89 (m, overlapping a
singlet at 3.75, 4 H), 1.10-2.35 (m, 8 H).

Anal. Caled for C,H,g04: C, 73.30; H, 8.95. Found: C, 73.07;
H, 9.12.

2-(2-Cyclohepten-1-yl)-2-propenoic Acid (22 g). To a so-
lution of potassium hydroxide (2.44 g, 43.5 mmol), methanol (7
mL), and water (20 mL) at 20 °C was added 21g (4.40 g, 24.0
mmol). The mixture was stirred at 20 °C for 24 h, acidified with
0.5 N hydrochloric acid, and concentrated in vacuo to remove
methanol. The remaining mixture was extracted with ether. The
extracts were washed with water and saturated aqueous sodium
chloride, dried (anhydrous magnesium sulfate), and concentrated
by rotary evaporation, leaving 4.01 g (99%) of 22¢g as a colorless
oil which was sufficiently pure for further use but which could
be purified by bulb-to-bulb distillation (oven temperature 100
°C, 0.02 torr): IR (neat) 3015, 1691, 1624 cm™; 'H NMR (CDCl,)
11.0 (br s, 1 H), 6.38 (d, J = 0.9 Hz, 1 H), 5.56-6.20 (m, 3 H), 3.49
(m, 1 H), 1.16-2.45 (m, 8 H).

Anal. Calcd for C,gH Oy C, 72.26; H, 8.49. Found: C, 72.25;
H, 8.33.

Analogous procedures were used for the following cases.

22e: prepared from 21e (4.70 g, 39.2 mmol); 100% yield (iso-
lated); bp 77 °C (0.03 torr); IR (neat) 1685, 1625 cm™; 'H NMR
(CDCly) 11.31 (br s, 1 H), 6.28 (d, J = 0.9 Hz, 1 H), 5.50-6.17 (m,
3 H), 3.75 (m, 1 H), 1.07-2.70 (m, 4 H); mass spectrum, m/e
138.0697 (M™; 138.0681 calcd for CgH,40y).

Anal. Calcd for CgH,;Oy C, 69.55; H, 7.29. Found: C, 69.70;
H, 7.27.

22f: prepared from 21f (1.12 g, 6.76 mmol); 30% yield (isolated);
IR (neat) 3020, 1690, 1620 cm™; 'H NMR (CDCly) 11.35 (br s,
1 H), 6.40 (d, J = 1.1 Hz, 1 H), 5.33-6.30 (m, 3 H), 3.35 (br s, 1
H), 1.07-2.27 (m, 6 H).2%

26: prepared from 21d (5.04 g, 39.7 mmol); 65% crude yield;
purified by bulb-to-bulb distillation (oven temperature 40 °C, 0.02
torr); IR (neat) 3080, 1700, 1693, 1630 cm™'; 'H NMR (CDCl,)
12.0 (br s, 1 H), 6.38 (br s, 1 H), 5.32-6.18 (m, overlapping a doublet
at 5.70, J = 1 Hz, 2 H), 5.20 (br s, 1 H), 4.92 (m, 1 H), 3.0 (br 4,
J = 6 Hz, 2 H).

Anal. Caled for CgHgO,: C, 64.27; H, 7.19 Found: C, 64.17;
H, 7.11.

2-Iodo-10-0xa-8-methylenebicyclo[5.3.0]decan-9-one (23g).
To a clear solution of 22g (3.41 g, 20.5 mmol), sodium bicarbonate
(2.80 g, 33.3 mmol), and water (130 mL) at 25 °C was added a
solution of potassium iodide (34.8 g, 210 mmol), iodine (11.14 g,
43.86 mmol), and water (140 mL). After being stirred in the dark
for 30 h, the mixture was diluted with aqueous sodium sulfite and
extracted with chloroform. Obtained from the extracts was 6.00
g (100%) of 23g as a viscous yellow oil for which further puri-
fication was not necessary: IR (neat) 3120, 1787, 1675 cm™; 'H
NMR (CDCl,) 6.27 (d, J = 2.5 Hz, 1 H), 5.60 (d, J = 2.1 Hz, 1
H), 4.85 (dd, J = 8.5, 8.0 Hz, 1 H), 4.34 (dt, J = 8.8, 1.7 Hz, 1 H),
3.0-3.56 (m, 1 H), 1.1-2.7 (m, 8 H).

Anal. Caled for C;oHy310,: C, 41.12; H, 4.49. Found: C, 41.14;
H, 4.24.

Similar procedures were employed for the following compounds.

23e: prepared in 100% yield (isolated as a solid) from 22e (4.61
g, 33.4 mmol); IR (CHCl,) 1765, 1660 cm™; 'H NMR (CDCl,) 6.25
(d,J =24Hz,1H),573(d,J =21Hz,1H),522(d,J =65
Hz, 1 H), 4.46 (br s, 1 H), 3.61 (m, 1 H), 1.45-2.90 (m, 4 H); mass
spectrum, m/e 263.9676 (M*; 263.9647 caled for CgHglOy).

23f: prepared in 95% yield (isolated as a crystalline solid) from
22f (0.922 g, 6.06 mmol); mp 80-80.5 °C (1it.2% mp 79-81 °C);
IR (KBr) 3080, 1780, 1672 cm™; 'H NMR (CDCl;) 6.24 (d, J =
2.7 Hz, 1 H), 5.56 (d, J = 2.5 Hz, 1 H), 4.75 (t, J = 6.9 Hz, 1 H),
4.0 (m, 1 H), 3.0-3.45 (m, 1 H), 1.05-2.40 (m, 6 H).2d

27: prepared in 100% yield (isolated) from 26 (1.01 g, 9.02
mmol); bp 75 °C (0.02 torr); IR (neat) 1770, 1653 cm™; 'TH NMR
(CDCl,) 6.18 (dd, J = 3.5, 2.0 Hz, 1 H), 5.67 (dd, J = 3.5, 2.0 Hz,
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1 H), 4.20-4.92 (m, 1 H), 2.38-3.68 (m, overlapping a doublet at
3.38, J = 6 Hz, 4 H).

Anal. Caled for CgH;IO,: C, 30.28; H, 2.96. Found: C, 30.49;
H, 2.91.

10-Oxa-8-methylenebicyclo[5.3.0]dec-2-en-9-one (24g). To
a solution of 23g (0.394 g, 1.35 mmol) in benzene (2.5 mL) at 25
°C under nitrogen was added DBU (0.27 mL, 1.8 mmol). After
being stirred at 62 °C for 9 h, the mixture was filtered to remove
white solid, and the filtrate was washed with 0.5 N hydrochloric
acid, dried (anhydrous magnesium sulfate), and concentrated by
rotary evaporation. Bulb-to-bulb distillation (oven temperature
160 °C, 0.02 torr) of the residue afforded 0.172 g (78%) of 24g
as a clear, colorless liquid: IR (neat) 3060, 1765, 1660 cm™; *H
NMR (CDCly) 6.24 (d, J = 2.6 Hz, 1 H), 5.0-5.2 (m, 4 H), 3.18
(m, 1 H), 1.2-2.5 (m, 6 H); mass spectrum, m/e 164.0842 (M*;
164.0837 caled for C;;H;30;). The following compounds were
obtained by similar procedures.

24e: prepared from 23e (3.54 g, 13.4 mmol); 88% yield (iso-
lated); IR (neat) 3058, 1755, 1658, 1615 cm™; 'H NMR (CDCl,)
5.33-6.71 (m, overlapping doublets at 6.29, J = 2.9 Hz, and 5.66,
J = 2.5 Hz, 5 H), 3.58 (m, 1 H), 2.13-3.33 (m, 2 H); mass spectrum,
m/e 136.0546 (M*; 136.0524 caled for CgHgO,).

Anal. Calcd for CgHgO,: C, 70.58; H, 5.92. Found: C, 69.64;
H, 5.94.

24f: prepared from 23f (0.476 g, 1.72 mmol); 94% yield (iso-
lated); IR (neat) 3040, 1765, 1650 cm™; *H NMR (CDCl,) 5.67-6.43
(m, overlapping doublets at 6.25, J = 2.6 Hz, 5.60 J = 2.2 Hz, 4
H), 4.87 (dd, J = 7.2, 2.2 Hz, 1 H), 2.93-3.83 (m, 1 H), 1.34-2.37
(m, 4 H).%

Anal. Caled for CgH,004: C, 71.98; H, 6.71. Found: C, 71.80;
H, 6.85.

28: prepared from 27 (0.407 g, 1.71 mmol); 26 % yield (isolated
by bulb-to-bulb distillation; oven temperature 25 °C, 0.005 torr);
IR (neat) 1770, 1652, 1612 cm™'; 'H NMR (CDCly) 7.17 (m, 1 H),
5.15(d, J = 2.5 Hz, 1 H), 4.82 (d, J = 2.5 Hz, 1 H), 2.07 (s, 3 H);
mass spectrum, m/e 110.0379 (M*; 110.0368 calcd for CgHgO5).

8-Oxa-10-methylenebicyclo[5.3.0)Jdecan-9-one (25g). To a
solution of 23g (0.894 g, 3.10 mmol) and benzene (15 mL) at 20
°C under nitrogen was added tri-n-butyltin hydride (0.83 mL,
3.14 mmol). After being stirred at 55 °C for 15 h, the solution
was concentrated by rotary evaporation, and the residue was
chromatographed on alumina (methylene chloride) to give 0.40
g (80%) of 25¢g as a clear, colorless oil: IR (neat) 3100, 1760, 1660
cm™’; TH NMR (CDCl,) 6.28 (d, J = 3.5 Hz, 1 H), 553 (d, J =

(33) Marino, J. P.; Farina, J. S. J. Org. Chem. 1976, 41, 3213-3215.

3.5 Hz, 1 H), 4.67 (dt, J = 9, 2 Hz, 1 H), 2.9-3.5 (m, 1 H), 0.9-2.3
(m, 10 H); mass spectrum, m/e 166.0976 (M*; 166.0994 caled for
CioH1400).%

The following compounds were similarly obtained.

25e: prepared from 23e (0.498 g, 1.88 mmol); 68% yield (GLC
with n-pentadecane as the internal standard); purified by chro-
matography on silica gel (35% ethyl acetate/hexane, Ry 0.35); IR
(neat) 1760, 1658 cm™'; 'H NMR (CDCl;) 6.24 (d, J = 2.5 Hz, 1
H), 5.64 (d, J = 2.2 Hz, 1 H), 4.99 (m, 1 H), 3.41 (m, 1 H), 1.00-2.25
(m, 6 H).

Anal. Caled for CgH,,0,: C, 69.55; H, 7.29. Found: C, 69.49;
H, 7.31.

25f: prepared from 23f (0.347 g, 1.25 mmol); 60% yield (isolated
by chromatography on silica gel, 1:1 hexane—ether); IR (neat) 1767,
1655 cm™'; 'H NMR (CDCl;) 6.18 (d, J = 2.5 Hz, 1 H), 5.53 (d,
J =25 Hz, 1 H), 4.53 (q, J = 5.5 Hz, 1 H), 3.02 (m, 1 H), 0.7-2.3
(m, 8 H),20d:3

29: prepared from 27 (0.778 g, 3.27 mmol); 18% yield (GLC);
purified by preparative GLC; IR (neat) 1770, 1670 cm™’; 'H NMR
(CDCly 6.30 (t,J = 2 Hz,1 H), 5.73 (t, J = 2 Hz, 1 H), 4.73 (sextet,
J =7Hz, 1H), 2.17-3.40 (m, 2 H), 1.47 (d, J = 7 Hz, 3 H); mass
spectrum, m/e 112.0524 (M*; 112.0524 calcd for C¢HgOy).
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Addition Compounds of Alkali-Metal Hydrides. 21. Rapid Reaction of
Dialkyl- and Monoalkylboranes with Lithium Aluminum Hydride in the
Presence of Triethylenediamine. A Facile and Quantitative Synthesis of

Lithium Dialkyl- and Monoalkylborohydrides!
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Dialkylboranes react rapidly with lithium aluminum hydride in diethyl ether in the presence of triethylenediamine
(TED) at 0 °C to form the corresponding lithium dialkylborohydrides and aluminum hydride: R,BH + LiAlH,
~— LiR,BH, + AlH;. The aluminum hydride precipitates as its triethylenediamine adduct. In a similar manner,
monoalkylborane~triethylenediamine adducts (TED-BH,R) react with lithium aluminum hydride at 65 °C in
tetrahydrofuran (THF) to give the corresponding lithium monoalkylborohydrides with concomitant precipitation
of the triethylenediamine—aluminum hydride adduct (TED-AlH;). The reaction is quantitative and is applicable
to a wide variety of di- and monoalkylboranes. Consequently, the present procedure provides a general, convenient
synthesis of lithium di- and monoalkylborohydrides of greatly varying steric requirements.

It has been well established that the trialkylborohydrides
are exceptionally powerful selective reducing agents® and

very versatile synthetic intermediates.* From our pre-
liminary exploration of different alkyl-substituted boro-
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