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ammonia to evaporate. Once most of the ammonia was gone, wet
ether was added followed by saturated NH,Cl and distilled water
to dissolve the salts. Extraction with ether, concentration, and
column chromatography (10% EtOAc in hexane) allowed isolation
of the desired ketone (95 mg, 95%): IR (CCl,) 1728 em™; 'H NMR
(300 MHz, CDCl,) ¢ 7.54-7.51 (3 H, m), 7.33 (2 H, br t), 3.97-3.78
(4H,m), 3.70 (3H,s),3.27 1 H, ABX m, J = 2.98, 8, 11}, 2.32-2.00
(4 H, m), 1.81-1.69 (2 H, m), 1.60-1.31 (2 H, m), 1.29-1.16 (2 H,
m), 0.96 (1 H, J = 2.98, 14.84, dd), 0.29 (3 H, s), 0.27 (3 H, 5); 13C
NMR (75 MHz, CDCl;) 6 211.10 (e), 174.79 (e), 140.00 (e), 133.58
(0), 128.61 (o), 127.58 (0), 107.73 (e), 64.30 (e), 64.24 (e), 51.38
(0), 50.34 (0), 47.51 (e), 47.37 (0), 44.36 (e), 38.38 (e), 37.48 (e),
35.04 (e), 24.23 (e), 12.23 (e), -1.82 (0), -2.15 (0); MS (EI) m/z
416, 401, 339; exact mass for C,3H3,0:Si (M) found 416.2017 (caled
416.2019).

trans-1,4,4a,5,6,7,8,8aa-Octahydro-2-(tert-butyldi-
methylsiloxy)-1a-[(dimethylphenylsilyl)methyl]-4a8-[ (me-
thyloxy)carbonyl]-6,6-(ethylenedioxy)naphthalene (16b). To
ketone 15b (125 mg, 0.29 mmol) in CH,Cl, (40 mL) at 0 °C was
added Et;N (Malinckrodt, 3 mL) followed by dropwise addition
of TBDMSOTY. After a total of 40 drops, TLC analysis showed
only the desired product. The reaction was quenched with sat-
urated NaHCOQ; solution and extracted twice with CH,Cl,. Drying
with MgSQ,, concentration, and column chromatography (5%
EtOAc in hexane) yielded the desired silyl enol ether 16b (144
mg, 90%): IR (CCl,) 1734, 1714, 1662 cm™; 'H NMR (300 MHz,
CDCl,) 6 7.52 (2 H, m), 7.32 (3 H, m), 4.56 (1 H, J = 6.6, bd),
3.88-3.71 (4 H, m), 3.55 (3 H, 8), 271 (1 H, m), 227 (1 H, J =
6.6, br q), 2.18 (1 H, J = 14.17, br dd), 2.45 (2 H, m), 1.83-1.51
(5H,m),1.37 (1 H, J = 15.06, 4.8, dd), 1.16 (1 H, J = 4.6, br dd),
1.12 (1 H, m), 1.05 (1 H, overlapping), 0.92 (9 H, ), 0.37 (3 H,
s), 0.23 (3 H, 8), 0.08 (3 H, 8), 0.05 (3 H, s); 1°C NMR (75 MHz,
CDCly) 6 175.26 (e), 154.44 (e), 140.95 (e), 133.48 (0), 128.66 (0),
127.65 (0), 107.93 (e), 99.90 (0), 64.10 (e), 51.20 (o), 45.79 (e), 44.41
(0), 44.01 (e), 39.53 (0), 36.65 (e), 34.70 (e), 25.72 (0), 24.12 (e),
18.01 (e), 16.30 (0), —0.95 (0), —2.39 {(0), —4.22 (0), -5.32 (0); MS
(EI) m/z 530, 471, 135, 73; exact mass for CogH,5055i, (M) found
530.2867 (calcd 530.2884).

trans-1,4,4a,5,6,7,8,8aa-Octahydro-2-(tert-butyldi-
methylsiloxy)-la-[(dimethylphenylsilyl)methyl]-4a8-[ (me-
thyloxy)methyl]-6,6-(ethylenedioxy)naphthalene (17b). To
silyl enol ether 16b (20 mg, 37 mmol) in acid-free THF (distilled
and stirred with K,CO; over 2 h) at 0 °C was added an excess
of LAH and the mixture slowly warmed to room temperature over
8 h. The reaction was then cooled to 0 °C, and Gaubler’s salt
was added until a white precipitate formed. The solid was filtered
and washed with a total of 50 mL of acid-free THF in five portions.
Concentration in vacuo allowed the isolation of the desired alcohol.
The crude mixture was dissolved in 10 mL of acid-free THF and
cooled to 0 °C. Excess NaH (Aldrich) and catalytic amount of
KH (Aldrich) were added to the solution. After 10 min, methy!
iodide (Malinckrodt, excess) was added and the reaction warmed
to room temperature. TLC showed the reaction to be complete
after 30 min. After 3 h, the reaction was cooled to 0 °C and
quenched with an NH,Cl saturated solution. The aqueous phase
was extracted three times with ether, dried with MgSO,, filtered,
and concentrated. Column chromatography (5% EtOAc in
hexane) allowed isolation of the desired ether 17b (9 mg, 47%):
H NMR (300 MHz, CDCl3) 6 7.5 (2 H, m), 7.3 (3 H, m), 4.6 (1
H, J = 6.6, bd), 4.0-3.75 (4 H, m), 3.5 (1 H, J = 14, d), 3.25 (3
H,s), 3.2 (1 H, J = 14, d), 2.2-1.0 (remaining protons), 0.95 (9
H, s), 0.37 (3 H, s8), 0.23 (3 H, s), 0.08 (3 H, 8), 0.05 (3 H, s); MS
(EI) m/z 516, 471, 135; exact mass for CyH,30,Si, (M) found
516.3094 (calcd 516.3091).
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The isocyanate derivatives of amino acid esters (1) are
useful as precursors to peptides! and azapeptides? and as
synthetic building blocks.? These compounds are also

0
OCN \.)Lon'
R

1

potentially useful as chiral derivatizing agents* and for the
preparation of chiral chromatographic media.® The most
widely used preparation of amino acid ester isocyanates
involves the continuous addition of a stream of gaseous
phosgene to a refluxing suspension of the amino acid ester
hydrochloride in toluene over a period of several hours.'#¢
The hazards of handling gaseous phosgene, the high tem-
peratures required to drive off the hydrogen chloride by-
product of the reaction, and the harshly acidic reaction
conditions detract substantially from this procedure.
Alternative procedures for the conversion of amino acid
esters to isocyanates require multiple steps, elevated tem-
peratures, or reagents that are expensive or not commer-
cially available.”®

In the course of preparing urea derivatives of amino
acids, we required a convenient preparation of amino acid
ester isocyanates.” We reasoned that elevated tempera-
tures and the continuous addition of gaseous phosgene
could be avoided by adding a base to remove hydrogen
chloride. We have found that it is possible to generate
amino acid ester isocyanates by addition of a commercially
available solution of phosgene in toluene!® to a mixture of
an amino acid ester hydrochloride and pyridine (eq 1). The

(1) (a) Goldschmidt, S.; Wick, M. Liebigs Ann. Chem. 1952, 575, 217.
(b) Kunz, H.; Lasowski, H.-J. Angew. Chem., Int. Ed. Engl. 1986, 25, 170.
(b) Kohler, B.; Schollkopf, U. Liebigs Ann. Chem. 1987, 267. (c) Kemp,
D. S.; Bowen, B. R.; Muendel, C. C. J. Org. Chem. 1990, 55, 4650.

(2) (a) Gante, J. Synthesis 1989, 405. (b) Thamm, P. In Methoden der
organishen Chemie (Houben-Weyl); Miiller, E., Ed.; Georg Thieme:
Stuttgart, 1974; Vol. 15/2, pp 388-394. (c) Thamm, P. In Methoden der
organishen Chemie (Houben-Weyl); Miiller, E., Ed.; Georg Thieme:
Stuttgart, 1974; Vol. 15/1, pp 894-901. (d) Gante, J. Fortschr. Chem.
Forsch. 1966, 6, 358,

(3) Corey, E. J.; Mehrotra, M. M. Tetrahedron Lett. 1988, 29, 57.

(4) (a) Pirkle, W. H.; Hoekstra, M. S. J. Org. Chem. 1974, 39, 3904. (b)
Pirkle, W. H.; Simmons, K. A.; Boeder, C. W. J. Org. Chem. 1979, 44,
4891.

(5) (a) Pirkle, W, H.; Hyun, M. H. J. Chromatogr. 1985, 322, 295. (b)
Armstrong, D. W,; Chang, C.-D.; Lee, S. H. J. Chromatogr. 1991, 539, 83.

(6) Losse, G.; Godicke, W. Chem. Ber. 1967, 100, 3314.

(7) (a) Rogozhin, 8. V.; Davidovich, Y. A.; Andreev, S. M. Jzv. Akad.
Nauk SSSR, Ser. Khim. 1971, 1593. (b) Davidovich, Yu. A.; Butaeva, V.
IL; Galkin, O. M.; Sentsova, T. N.; Rogozhin, S. V. Izv. Akad. Nauk SSSR,
Ser. Khim. 1977, 1682. (c) Kozyukov, V. P.; Mironova, N. V.; Mironov,
V. F. Zh. Obshch. Khim. 1979, 49, 2541. (d) Kozyukov, V. P.; Mironova,
N. V. Zh. Obshch. Khim. 1980, 50, 620.

(8) (a) Iinuma, K.; Kondo, S.; Maeda, K.; Umezawa, H. Bull. Chem.
Soc. Jpn. 1977, 50, 1850. (b) Schmidt, H.; Hollitzer, O.; Seewald, A.;
Steglich, W. Chem. Ber. 1979, 112, 727. (c) Saegusa, Y.; Harada, S;
Nakamura, S. J. Heterocycl. Chem. 1990, 27, 739.

(9) (a) Nowick, J. S.; Powell, N. A,; Martinez, E. J.; Smith, E. M,;
Noronha, G. J. Org. Chem. 1992, 57, 3763. (b) Nowick, J. S., Noronha,
G. Unpublished results.

(10) Fluka Chemical Corporation.
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Table I. Preparation of Amino Acid Ester Isocyanates

amino acid amino acid

e ora
ester hydrochloride ester isocyanate yield. %
o)
L-alanine OCN
ethyi ester hydrochloride \g)LOCHZCHS 72

0
L-valine OCN
methy! ester hydrochloride \E)l\OCHg 87
i-Pt 1b

L-leucine
methyl ester hydrochloride

0
OCN \)L oCH, 93

Bl
-BuU 1c

L-isoleucine
methyl ester hydrochloride

o
OCN\:)LOCH3 %0

(9-s-BS .9

L-phenyialanine
methyl ester hydrochloride

0
OCN\E)J\OCHa o4

PhCH
Ch 1e
(e}
L-methionine OCN
methyl ester hydrochloride \E)J\OCH3 95
CH3SCH,CH,

1t

L-serine tbutyi ether
methyl ester hydrochioride

0
OCN\:)l\OCHg 92

t'BU'OCHg 1g
0
L-glutamic acid OCN
diethy! ester hydrochloride \;)LOCHchs 94
E0,COH,CH,

2 Isolated yields of products purified by kugelrohr distillation.

solution of phosgene is easily dispensed by syringe and is
less hazardous to handle than the gaseous material. The
isocyanates 1 are isolated by rapid aqueous workup at 0
°C to avoid hydrolysis and are formed without significant
impurities. Kugelrohr distillation affords analytically pure
isocyanates 1 in excellent yields (Table I).

0 pyridine, 4.0 equiv o)
. . COCl, in toluene, 1.3 equiv
Cl* HeN \)LOR, OCN\z)kOR. )
R CHCl, R
0°C.2h 1

This method for the preparation of isocyanates from
amino acid hydrochlorides is compatible with suitably
protected functionality in the amino acid side chains.
Thus, methionine methyl ester, serine tert-butyl ether
methyl ester, and glutamic acid diethyl ester are converted
to the respective isocyanates (1f-h) in high yields.

The mild reaction conditions of this procedure allow the
preparation of derivatives containing acid-sensitive func-
tionality. For example, serine tert-butyl ether methyl ester
hydrochloride affords isocyanate ig in 92% vyield. In
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contrast, continuous addition of a stream of gaseous
phosgene to a refluxing suspension of the amino acid ester
hydrochloride in toluene!®® generates a 76:24 mixture of
oxazolidinone 2!! and the desired isocyanate 1g (eq 2).
Presumably, the hydrogen chloride byproduct of the re-
action cleaves the tert-butyl ether protective group, thus
liberating the hydroxy group and permitting cyclization.

0 0
e cocl, H
Cl- H3N \E/U\OCH3 _— - o=<N\E)LOCH3 +1g (@
+Bu-OCH, toluene o 2
110°C,25h 7624

Isocyanates 1b—g were determined to be enantiomeri-
cally pure (>99% ee) by 'TH NMR analysis of the urea
adducts 3 with 1-phenylethylamine. Ureas 3a were pre-
pared by reaction of 1 with (R)-1-phenylethylamine.
Equimolar mixtures of diastereomers 3a and 3b were
produced by reaction of 1 with racemic 1-phenylethyl-
amine.!? The methyl ester resonances of 3a and 3b are
separated by 0.02-0.03 ppm in the 'H NMR spectra in
CDCl; solution.'®* Rigorous 500-MHz 'H NMR analysis
of the methyl ester resonances of the (R)-1-phenylethyl-
amine adducts 3a revealed none (<0.5%) of the 3b dia-
stereomer.!> On the basis of these observations, we con-
clude that the isocyanates are formed without racemiza-
tion.

PA O R Ph O R
CHQ/\NJ\N)}rOCHa CHa/'\N)LN)\n/OCHa
HoH HOoH
3a 3b

In summary, the procedure described herein represents
an improved method for the preparation of enantiomeri-
cally pure amino acid ester isocyanates that avoids the use
of gaseous phosgene, elevated temperatures, and strongly
acidic conditions. We anticipate that this procedure will
have broad utility.

Experimental Section

General. Amino acid ester hydrochlorides were purchased from
Aldrich or Bachem and were used without further purification.
A 1.93 M solution of phosgene in toluene was obtained from Fluka.
Racemic and (R)-1-phenylethylamine (ChiraSelect grade) were
purchased from Fluka and used without further purification.
Methylene chloride and pyridine were distilled from calcium
hydride. All reactions were performed in flame- or oven-dried
glassware under a positive pressure of nitrogen. Reaction product
solutions were concentrated using a Biichi rotary evaporator at
ca. 10 mmHg.

(11) Sibi, M. P.; Renhowe, P. A. Tetrahedron Lett. 1990, 31, 7407.

(12) Ureas 3 were prepared as follows: A mixture of 1.0 mmol of
isocyanate 1 and 1.2 mmol of 1-phenylethylamine in 5 mL of dry CH,Cl,
was stirred at room temperature for 18-24 h. The reaction mixture was
then extracted with two 10-mL portions of 1 M aqueous HCl and 10 mL
of saturated aqueous NaCl solution, dried over MgSO,, filtered, and
concentrated to afford urea 3, which was used without further purifica-
tion.

(13) Substantially greater separations of some of the other resonances
occur in the 'H NMR spectra of ureas 3. For example, valine isocyanate
1b generates diastereomeric ureas 3 (R = {-Pr) in which the methyl
resonances of the isopropyl groups appear at 0.66 and 0.77 ppm in dia-
stereomer 3a and at 0.81 and 0.90 ppm in diastereomer 3b in 50 mM
CDCl, solution.

(14) In ureas 3 derived from isocyanates 1b—g, the methyl ester reso-
nances of 3a consistently appear downfield of those of 3b in 50 mM CDCl,4
solution.

(15) To confirm this level of detection, 1% of an equimolar mixture
of 3a and 3b was added to each sample of 3a. In each case, the methyl
ester resonance of 3b could be observed by 'H NMR in the doped sample
of 3a. The methyl ester resonance of 3b could not be observed in the
undoped sample of 3a.
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General Procedure for the Preparation of Amino Acid
Ester Isocyanates 1 from Amino Acid Ester Hydrochlorides.
A 250-mL, three-necked, round-bottomed flask, fitted with two
rubber septa, a nitrogen inlet adapter, and a magnetic stirring
bar, was charged with 0.0300 mol of amino acid ester hydro-
chloride, 100 mL of CH,Cl,, and 9.8 mL (0.121 mol) of pyridine.
The resulting suspension or solution was cooled in an ice bath
for 15 min. A solution of phosgene (1.93 M in toluene, 20.0 mL,
0.0386 mol) [CAUTION: USE HOOD] was added by syringe over
20-30 s, and the resulting light yellow solution was stirred at 0
°C for 2 h. The reaction mixture was extracted two times with
300 mL of cold 0.5 M aqueous HCI and ca. 200 mL of crushed
ice. Each aqueous layer was re-extracted with 100 mL of CH,Cl,.
The combined organic phases were extracted with a mixture of
300 mL of cold saturated aqueous NaCl solution and ca. 200 mL
of crused ice, dried over MgSQ,, filtered, and concentrated by
rotary evaporation to afford the crude isocyanate as a light brown
oil. (During workup, the isocyanate is only exposed to water for
a total of 5-10 min.) The product was purified by Kugelrohr
distillation under reduced pressure.

Ethyl (§)-2-Isocyanatopropanoate (1a). Reaction of 4.61
g (0.0300 mol) of L-alanine methyl ester hydrochloride followed
by Kugelrohr distillation (25 °C, 0.2 mmHg) yielded 3.10 g (72%)
of 1a as a colorless liquid: [a]??p —24.1° (neat); IR (film) 2270,
2243, 1743, 1215 cm™; 'H NMR (300 MHz, CDCl,) 6 4.27 (q, J
=17.1Hz 2H),4.07(q,J =7.1Hz,1H),1.50(d,J = 7.1 Hz, 3
H), 1.32 (t, J = 7.1 Hz, 3 H); 3C NMR (75 MHz, CDCl,) 4 171.8,
126.7, 62.4, 52.8, 20.3, 14.1. Anal. Caled for C;HyNO;: C, 50.35;
H, 6.34; N, 9.79. Found: C, 50.08; H, 6.36; N, 9.69.

Methyl (S)-2-Isocyanato-3-methylbutanoate (1b). Reaction
of 5.20 g (0.0310 mol) of L-valine methyl ester hydrochloride
followed by Kugelrohr distillation (75 °C, 0.04 mmHg) yielded
4.22 g (87%) of 1b as a colorless liquid: [a]'®—21.1° (neat); IR
(film) 2258, 1743, 1219 cm™; 'H NMR (300 MHz, CDCl,) 5 3.95
(d, J = 3.7 Hz, 1 H), 3.82 (s, 3 H), 2.27-2.22 (m, 1 H), 1.03 (d,
J = 6.8 Hz, 3 H), 0.90 (d, J = 6.8 Hz, 3 H); !3C NMR (75 MHz,
CDCly) 6 1714, 126.9, 63.2, 52.9, 31.8, 19.6, 16.5. Anal. Calcd for
C;H,;(NO,: C, 53.49; H, 7.05; N, 8.91. Found: C, 53.38; H, 7.14,
N, 8.79. '

Methyl (S)-2-Isocyanato-4-methylpentanoate (1c). Re-
action of 5.31 g (0.0293 mol) of L-leucine methyl ester hydro-
chloride followed by Kugelrohr distillation (90 °C, 0.06 mmHg)
yielded 4.65 g (93%) of 1c as a colorless liquid: [a]?p—36.1° (neat);
IR (film) 2260, 1745, 1213 cm™; 'H NMR (300 MHz, CDCl,) 6
4.04 (dd, J = 8.8, 5.6 Hz, 1 H), 3.81 (s, 3 H), 1.90-1.78 (m, 1 H),
1.68-1.60 (m, 2 H), 0.94 (t, J = 6.6 Hz, 6 H); 13C NMR (75 MHz,
CDCly) 6 172.3, 126.3, 55.8, 53.0, 42.7, 24.9, 22.8, 21.0. Anal. Caled
for CgH;3NOg: C, 56.13; H, 7.65; N, 8.18. Found: C, 56.23; H,
7.64; N, 8.19.

Methyl (25,3S)-2-Isocyanato-3-methylpentanoate (1d).
Reaction of 5.28 g (0.0291 mol) of L-isoleucine methyl ester hy-
drochloride followed by Kugelrohr distillation (85 °C, 3.3 mmHg)
yielded 4.48 g (90%) of 1d as a colorless liquid: [«]'°p ~4.3° (neat);
IR (film) 2266, 1745, 1217, cm™'; 'H NMR (300 MHz, CDCly) &
3.97(d,J = 3.9 Hz, 1 H), 3.81 (s, 3 H), 2.02-1.92 (m, 1 H), 1.42-1.22
(m, 2 H), 1.00 (d, J = 6.8 Hz, 3 H), 0.90 (t, J = 7.4 Hz, 3 H); 1C
NMR (75 MHz, CDCl,) 6 1714, 126.7, 62.7, 52.9, 38.4, 24.2, 16.3,
11.4. Anal. Caled for CgH,;NOg: C, 56.13; H, 7.65; N, 8.18. Found:
C, 56.24; H, 7.69; N, 8.25.

Methyl (S§)-2-Isocyanato-3-phenylpropancate (le). Re-
action of 6.47 g (0.0300 mol) of L-phenylalanine methyl ester
hydrochloride followed by Kugelrohr distillation (130 °C, 0.1
mmHg) yielded 5.76 g (94%) of le as a colorless oil, which
crystallized upon refrigeration: [a]?p +71.9° (neat); IR (film)
2258, 1745, 1221 ¢em™!; 'H NMR (300 MHz, CDCl,) § 7.35-7.23
(m, 3 H), 7.20-7.17 (m, 2 H), 4.26 (dd, J = 7.7, 4.6 Hz, 1 H), 3.79
(s, 3 H), 3.15 (dd, ABX pattern, J = 13.8, 4.6 Hz, 1 H), 3.01 (dd,
ABX pattern, J = 13.8, 7.7 Hz, 1 H); 13C NMR (75 MHz, CDCl;)
6 170.9, 135.5, 129.2, 128.6, 127.4, 126.8, 58.5, 53.1, 39.9. Anal.
Caled for C;H;;NOg: C, 64.38; H, 5.40; N, 6.83. Found: C, 64.11;
H, 5.28; N, 6.85.

Methyl (S)-2-Isocyanato-4-(methylthio)butanoate (1f).
Reaction of 5.99 g (0.0300 mol) of L-methionine methyl ester
hydrochloride followed by Kugelrohr distillation (145 °C, 0.8
mmHg) yielded 5.42 g (95%) of 1f as a colorless liquid: [a]?p
-52.5° (neat); IR (film) 2252, 1745, 1223 cm™; 'TH NMR (300 MHz,

CDCl,) 6 4.29 (dd, J = 8.6, 4.2 Hz, 1 H), 3.83 (s, 3 H), 2.65-2.57
(m, 2 H), 2.18-1.94 (m, 2 H), 2.11 (s, 3 H); 13C NMR (75 MHz,
CDCl;) 8 171.6, 126.8, 55.9, 53.3, 32.8, 30.0, 15.3. Anal. Calcd for
C;H;;NO;S: C, 44.43; H, 5.86; N, 7.40. Found: C, 44.42; H, 5.88;
N, 7.33.

Methyl (S§)-2-Isocyanato-3-(1,1-dimethylethoxy)-
propanoate (1g). Reaction of 6.35 g (0.0300 mol) of O-tert-bu-
tyl-L-serine methy) ester hydrochloride followed by Kugelrohr
distillation (70 °C, 0.15 mmHg) vielded 5.58 g (92%) of 1g as a
colorless liquid: [a]%p +17.0° (neat); IR (film) 2238, 1753, 1214
cm™’; 'H NMR (300 MHz, CDCl;) 6 4.05 (appar t, J = 4.2 Hz, 1
H), 3.81 (s, 3 H), 3.71 (dd, ABX pattern, J = 9.3, 4.6 Hz, 1 H),
3.67 (dd, ABX pattern, J = 9.0, 3.5 Hz, 1 H), 1.20 (s, 9 H); 13C
NMR (75 MHz, CDCl,) 5 169.8, 129.2, 73.9, 62.8, 58.1, 52.9, 27.2.
Anal. Caled for CoH,;;NO,: C, 53.72; H, 7.51; N, 6.96. Found:
C, 53.61; H, 7.65; N, 6.96,

Diethyl (S)-2-Isocyanatopentanedioate (1h). Reaction of
7.19 g (0.0300 mol) of L-glutamic acid diethyl ester hydrochloride
followed by Kugelrohr distillation (108 °C, 0.15 mmHg) yielded
6.46 g (94%) of 1h as a colorless liquid: [a]®p —43.9 (neat); IR
(film) 2252, 1740, 1213 cm™; "H NMR (300 MHz, CDCl;) 5 4.28
(g, J = 7.1 Hz, 2 H), 4.19-4.11 (m, 3 H), 2.49-2.43 (m, 2 H),
2.29-2.18 (m, 1 H), 2.07-1.97 (m, 1 H), 1.33 (t, J = 7.1 Hz, 3 H),
1.27 (t, J = 7.2 Hz, 3 H); '*C NMR (75 MHz, CDCl;) 5 172.2, 170.8,
127.0, 62.6, 60.6, 56.5, 30.0, 28.8, 14.0. Anal. Caled for C,H,sNOg:
C, 52.40; H, 6.60; N, 6.11. Found: C, 52.51; H, 6.67; N, 6.15.
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The hydrozirconation reaction, developed by Schwartz
and co-workers,!? has been used for the preparation of
organozirconium compounds. A major drawback of these
types of organozirconiums is their inability to undergo
general carbon—carbon bond forming reactions. To over-
come this limitation, transmetalation of organic groups
from zirconium to other metals, which have an established
ability to form carbon—carbon bonds, was explored.3*

One of the most widely studied and versatile class of
intermediates known to the organic chemist is the orga-
noboranes.’® Although many structurally different types
of organoboranes can easily be prepared, there are some
limitations to the types of groups that can be placed on
boron. By combining the versatility of organoboranes with
the unique reactivity and selectivity of the hydro-
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15, 333.
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(5) Brown, H. C.; Kramer, G. W.; Levy, A. B.; Midland, M. M. Organic
Syntheses via Boranes; Wiley-Interscience: New York, 1975.

(6) Gragg, G. N. L. Organoboranes in Organic Synthesis; Marcel
Dekker: New York, 1973.
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