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Much research has been devoted to the synthesis of com- 
pounds capable of inhibiting the enzymes associated with 
the biosynthesis of catecholamines. a-Methyldihydroxy- 
phenylalanine (a-methyl-Dopa) is a potent Dopa decarbox- 
ylase inhibitor3 while cyclopropane derivatives of metabo- 
lites such as histidine4 and phenethylamine5 are also en- 
zyme inhibitors. In view of our recent work6 on a$-unsatu- 
rated azlactones and the fact that  these may serve as inter- 
m e d i a t e ~ ~ , ~  in the synthesis of “cyclopropylogs” of amino 
acids, we investigated an approach to the synthesis of “cy- 
clopropyl Dopa” (la).  Our reaction sequence (Scheme I) 
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was much shorter than that described in a 1965 patent by 
Kaisers in that we were to obtain 1 directly from Dopa 
rather than by the complex process described by Kaiser. 
Our procedure gave the azlactone 3c in 45% overall yield 
from Dopa and, in the second stage, 3c was cyclopropylated 
with diazomethane giving 4c in 45% yield. The structure of 
4c was secured by the presence of the cyclopropyl proton 
absorptions7 at  6 3.04 (1 H) and 2.10 (2 H) and the styryl 
methyl group absorption a t  6 2.08 (3 H) in its NMR spec- 
trum. Interestingly, a by-product of the oxidation proce- 
dure was isolated by high-pressure liquid chromatography 
and proved to be ketone 5,  formed, apparently, by a Dakin- 
Westg acetylation-decarboxylation reaction. We had not 
previously observed products of this type in our develop- 
ment of this oxidation procedure but, in 1968, SteglichlO 
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did report the conversion of an alanine azlactone into a ke- 
tone a t  ambient temperatures under conditions similar to 
those which led to the formation of 5. Apparently, the 
Dakin-West reaction competes successfully, in some cases, 
with the double dehydrohalogenation which leads to 3. 
From the cyclopropylation step, a crystalline by-product 
was also isolated in small yield by HPLC. This material 
proved to be the result of the addition of diazomethane to 
the styryl group in 4c forming a pyrazoline ring. Of the two 
possible isomeric pyrazolines, 6 was established as the cor- 
rect structure by the fact that the benzylic proton (Ha) ap- 
peared as a triplet due to coupling with the adjacent meth- 
ylene group. 13C spectroscopy established the purity of this 
compound even though it might be expected to be a mix- 
ture of diastereomers and did show a very broad melting 
point, apparently owing to thermolysis. I t  was interesting 
that only small amounts of 6 were formed even though a 
large excess of diazomethane was used. The methylenation 
reaction was much more selective than expected. 

In spite of the careful exclusion of oxygen, all attempts 
to hydrolyze 4c under basic conditions gave colored com- 
plex mixtures even though the literature4v7 reports that 
similar cyclopropanes had been obtained this way. Long re- 
fluxing of a solution of 4c in acidic aqueous acetone afford- 
ed only a 38% yield of the expected acid (7), the remainder 
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of the starting azlactone being recovered unchanged. This 
extreme resistance to hydrolysis of the azlactone ring was 
apparently due to steric hindrance exhibited by the trisub- 
stituted a-carbon atom. Attempts to hydrolyze 4c to the cy- 
clopropyl amino acid in refluxing 6 N HC1 led to complete 
decomposition as shown by TLC and NMR spectroscopy. 
When the hydrolysis was carried out in the presence of the 
antioxidant mercaptoacetic acid, a high-melting substance 
was obtained which, by elemental and spectral analysis, ap- 
peared to be a 1:1 combination of mercaptoacetic acid and 
1. The NMR spectrum indicated the presence of four dif- 
ferent kinds of aliphatic protons consistent with structure 8 
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in which the cyclopropane ring had been destroyed by reac- 
tion with the mercaptan. 

Since oxidative decomposition is always a complicating 
factor in the synthesis of Dopa derivatives, we undertook 
the synthesis of cyclopropylphenylalanine (1 b) in order to 
further investigate the hydrolysis in the absence of this 
complication. In 1964, Awad7 reported the synthesis of N -  
benzoylcyclopropylphenylalanine but did not report its 
conversion into the free amino acid. By methods analogous 
to those just described, 2b was converted into the unsatu- 
rated azlactone 3b which was cyclopropanated to give the 
spiroazlactone 4b in 39% yield. Using 6 N HC1, we hydro- 
lyzed 4b and obtained a small yield of an amino acid which 
was clearly not cyclopropylphenylalanine. This product 
was isomeric with the expected product, ninhydrin posi- 
tive, and showed two coupled vinyl protons in its NMR 
spectrum. All the physical data were consistent with this 
product being styrylglycine (9), which had been reported 
by Pinnerlla in 1889 and by later workersllb to have a melt- 
ing point in the range of 240-250 "C. Since our product 
melted a t  196-199 O C, we synthesized authentic 9 by a new 
procedure which confirmed the melting point and the spec- 
tral data obtained for 9. 

The key intermediate in the Pinner synthesis of 9 was 
the hydantoin 10a which was prepared by acid-catalyzed 
ring closure of the ureidonitrile 11. Workers in the penicil- 
lin fieldllb reported that direct hydrolysis of 11 also gave 9. 
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In our hands, the latter procedure gave an amino acid, mp 
216-218 O C ,  which, by NMR spectroscopy, could not be 9. 
We showed that this product was actually y-phenyl-a-ami- 
nobutyric acid by comparison with an authentic sample 
prepared by hydrogenation of our styrylglycine (9). Pinner 
had obtained 9 by basic hydrolysis of what he thought was 
the N-ethylhydantoin, lob. He obtained 10b by ethylation 
of either hydantoin loa, mp 172 "C, or its "cis isomer", mp 
198 O C .  We found that the "cis isomer" of 10a was actually 
the conjugated isomer, 12a, and that the N-ethylated com- 
pound was the conjugated isomer, 12b. The treatment of 
10a with base during ethylation had rearranged the double 
bond into the more conjugated position. In our hands, basic 
hydrolysis of either 12a or 12b gave no amino acid of melt- 
ing point 240-250 "C as reported by Pinner, and this ap- 
proach to 9 was not further investigated. 

Our synthesis of DL-styrylglycine is outlined below. Cin- 
namaldehyde, on treatment with 2,4-dimethoxybenzylam- 
ine and sodium cyanide, gave an excellent yield of the oily 

cyano amine 13 which was converted to a crystalline hydro- 
chloride for characterization. Direct hydrolysis of 13 in 
concentrated hydrochloric acid gave 9 in an overall yield 
from the aldehyde of 13%. However, when 13 was treated 
with trifluoroacetic acid in the presence of dimethoxyben- 
zene as scavenger, the nitrile salt 14 was obtained in 67% 
yield and 14 was hydrolyzed to 9 in 39% yield. Further de- 

NHDMB AH,, CF,COO- 

Ph Ph 
13 14 

DMB = 2,4-dimethoxyhnzyl 

velopment showed that when 14 was first converted to an 
imino ester, hydrolysis of this compound afforded 9 in 70% 
yield. The pure DL-styrylglycine obtained by our procedure 
showed a melting point of 198-200 O C ,  in disagreement 
with all previous reports, and showed the required spectral 
characteristics. 

The formation of DL-styrylglycine (9) during the hydrol- 
ysis of 4b and the formation of the sulfide 8 from 4c are an 
indication of the acid lability of l-aminocyclopropanecar- 
boxylic acids. Even though earlier workers* have not ob- 
served this, our work indicates that these compounds are 
not always readily accessible by acid hydrolysis of their N -  
acyl derivatives. 

Experimental Section 
Instrumentation. Melting points were determined on a Nalge 

Model Y6 micro hot stage and are uncorrected. Infrared spectra 
(Nujol mull and KBr pellet) were taken on a Perkin-Elmer 257 re- 
cording spectrophotometer with polystyrene as the standard, and 
proton NMR spectra were obtained on Perkin-Elmer R-20 and 
Varian HA-100 spectrometers with MeaSi as the internal standard. 
Carbon-13 NMR spectra were obtained on a JEOL PFT-100 spec- 
trometer with Me4Si as the internal standard. Elemental analyses 
were carried out by Atlantic Microlabs, Atlanta, Ga. 

Materials. @-3,4-Dihydroxy-DL-phenylalanine was purchased 
from Sigma Chemical Co., and used as received. (E)-or-Methylcin- 
namic acid was prepared according to Johnson12 and converted to 
the acid chloride by refluxing in thionyl chloride. 

N-[ (E)-a-Methylcinnamoyl]~~-3,4-dihydroxy-DL-phenylal- 
anine (2a). A suspension of sodium metaborate (44.5 g, 116.6 
mmol) in 100 ml of water in a 2-1. three-necked.round-bottomed 
flask fitted with a magnetic stirrer, delivery funnel with nitrogen 
inlet, and an electrode connected to a Corning Model 1OC pH con- 
trol unit was stirred under nitrogen for 20 min. @-3,4-Dihydroxy- 
DL-phenylalanine (25.0 g, 126.7 mmol) was added and the mixture 
stirred for 30 min under nitrogen a t  room temperature. The mix- 
ture was then cooled in an ice bath, sodium dithionite (1.0 g) and 
200 ml of 1,2-dimethoxyethane (DME) added, and the pH brought 
to 10 with 1.0 N NaOH. A solution of (E)-a-methylcinnamoyl 
chloride (21.0 g, 116 mmol) in 200 ml of DME was added dropwise 
over a period of 30 min while the pH was maintained a t  10 by the 
addition of 1.0 N NaOH. The reaction mixture was stirred for 3 h 
at room temperature and filtered, and the yellow filtrate was acidi- 
fied with concentrated HCl to pH 1. The acidic solution was ex- 
tracted with five 200-ml portions of ethyl acetate, and the com- 
bined extracts were dried (MgS04) and concentrated in vacuo to 
yield a sticky solid. The solid was stirred with 100 ml of fresh ethyl 
acetate and filtered, and the resulting white solid was dried under 
vacuum to yield 32.2 g (81%) of crude 2. The crude material was re- 
crystallized from acetone-hexane to yield 28.7 g (72%) of 2a: mp 
196-198 "C; ir (Nujol) 3510 (OH), 3360 (NH), 1710 (acid C=O), 
1650 and 1600 cm-l (amide C=O and C=C); uv (95% ethanol) 264 
nm (e 19 350); NMR (acetone-&) 6 7.16-8.00 (3 H, broad, NH and 
OH), 7.36 (5 H, s, CsHb), 7.24 (1 H, m, PhCH=), 6.81-6.64 [3 H, m, 
ArH(OH)z],4.78 (1 H, m, CHNH), 3.04 (2 H, m, ArCHZ), 2.04 ppm 
(3 H, d, CH&=). 

Anal. Calcd for C19H1gN05: C, 66.85; H, 5.61; N, 4.10. Found C, 
66.79; H, 5.78; N, 4.16. 

2-[ (E)-l-Methylstyryl]-4-(3,4-diacetoxybenzylidene)-5- 
oxazolone (312). A solution of 2a (25.0 g, 73.24 mmol) in 100 ml of 
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acetic anhydride and 1 ml of pyridine in a 250-ml round-bottomed 
flask fitted with a drying tube was stirred for 1 h in an ice bath. 
Pyridine hydrobromide perbromide (20.0 g, 83.71 mmol) was 
added and the mixture stirred for 2 h. Pyridine (20 ml) was then 
added and the mixture stirred for an additional 2 h a t  room tem- 
perature. The solvents were removed in vacuo to yield a yellow 
semisolid which was rinsed into ice-water with a small amount of 
acetone and rapidly stirred for 1.5 h. The resulting amorphous yel- 
low solid was filtered, dried under vacuum, and crystallized from 
absolute ethanol to yield 18.3 g (62%) of 3a, mp 148-152 OC. An 
analytical sample was recrystallized from benzene-hexane: mp 
150.5-151.5 "C; ir (Nujoi) 1805 (oxazolone C=O), 1765 and 1755 
(acetoxy C=O), 1650 (C=N), 1610 and 1600 cm-l (C=C); uv 
(CHzClz) 291 nm (c  11 goo), 377 (45 900); NMR (CDC13) 6 8.02- 
7.22 (8 H, m, aromatic), 7.63 (1 H, m, styryl), 7.00 (1 H, s, benzyli- 
dene), 2.32 (3 H, d, CH3 c=), 2.30 (3 H, s, CH&OO), 2.27 (3 H, s, 
CH3COO); 13C NMR (CDCl3) 166.9 and 166.7 (CHsCOO), 166.2 
and 164.9 (oxazolone C=O and C=N), 143.2, 141.5, 139.0, 134.7, 
133.6, 131.5, 129.9, 129.4, 128.3, 127.8, 126.0, 123.0, and 122.6 (aro- 
matic and vinyl), 20.4 (CH&OO), 13.5 ppm (CH&=). 

Anal. Calcd for Cz3H19N06: C, 68.14; H, 4.72; N, 3.45. Found: C, 
68.01; H, 4.77; N, 3.40. 

Isolation of 3 4  (E)-a-Methylcinnamamido]-4-(3,4-diacetox- 
yphenyl)-2-butanone (5). A mixture of 2a (15.0 g, 43.9 mmol) in 
50 ml of acetic anhydride and 5 ml of pyridine in a 200-ml round- 
bottomed flask fitted with a drying tube was stirred for 1 h at room 
temperature. The solution was filtered, the filtrate was cooled in 
an ice bath, and pyridine hydrobromide perbromide (10.5 g, 43.9 
mmol) added. The mixture was stirred for 1.5. h, 20 ml of pyridine 
was added, and the mixture stirred for an additional 1 h a t  room 
temperature. The mixture was then filtered, and the filtrate was 
concentrated in vacuo to yield a yellow semisolid. The residue was 
rinsed into ice-water with a small amount of acetone and the mix- 
ture was rapidly stirred for 1 h. The amorphous yellow solid was 
filtered, dried under vacuum, and crystallized from absolute etha- 
nol to yield 8.3 g (47%) of 312. Evaporation of the mother liquor 
gave a yellow oil which partially crystallized on standing. The oil 
was triturated with a small amount of acetone and filtered to give 
3.1 g (23%) of crude 5. Recrystallization of the crude material sev- 
eral times from ethyl acetate-hexane gave 1.7 g (13%) of pure 5 
mp 136.5-137.5 "C; ir (Nujol) 3345 and 3290 (NH), 1765 (acetoxy 
C=O), 1725 (ketorle C=O), 1645 (amide C=O), 1620 (C=C), 1515 
cm-' (amide 11); NMR (CDClS), 6 7.46-6.94 (10 H, m, NH, 
PhCH=, aromatic), 4.85 (1 H, m, CHNH), 3.11 (2 H, m, ArCHZ), 
2.24, 2.20, and 2.18 (9 H, 3 s, CH3COO and CHsCO), 2.02 (3 H, d, 

Anal. Calcd for C ~ ~ H Z ~ N O ~ :  C, 68.07; H, 5.35; N, 3.31. Found: C, 
68.36; H, 5.56; N, 3.32. 

Cyclopropanation of 3c. Synthesis of 1-(3,4-Diacetoxy- 
phenyl)-5-[ (E)-l-methylstyryl]-6-oxa-4-azaspiro[2.4]hept-4- 
en-7-one (412) and 1-(3,4-Diacetoxyphenyl)-5-(cis-3-methyl- 
4-phenyl-l~-pyrazolin-3-yP)-6-oxa-4-azaspiro[2.4]hept-4-en- 
"-one (6). A solution of 3c (8.0 g, 19.7 mmol) in 250 ml of CHC13 
was treated d t h  a solution of diazomethane in 250 ml of ether, 
prepared froma21.5 g (0.1 mol) of Diazald (Aldrich Chemical Co.), 
in a 1-1. Erlenmeyer flask fitted with a rubber stopper and drying 
tube. After the reaction mixture was stirred for 16 h at  room tem- 
perature, the excess diazomethane was removed under a stream of 
dry nitrogen, and the solvents were evaporated in vacuo to yield a 
yellow oil. The oil was crystallized from ethyl acetate-hexane to 
yield 3.7 g (45%) of 4c, mp 137-140 "C. An analytical sample was 
prepared by several recrystallizations from ethyl acetate-hexane: 
mp 142-144 "C; ir (Nujol) 1805 (oxazolone C=O), 1770 (acetoxy 
C=O), 1635 (C=N), 1610 cm-l (C=C); uv (CH2C12) 291 nm ( E  

28860); NMR (CDClB) 6 7.46-6.96 19 H, m, PhCH=, Ph, 
ArH(OH)2], 3.18 (1 H,  m, cyclopropyl CH), 2.40 (2 H, m, cyclopro- 

Anal. Calcd for C24HzlNO6: C, 68.72; H, 5.05; N, 3.34. Found: C, 
68.82; H, 5.09; N, 3.31. 

High-pressure liquid chromatography of the mother liquor on an 
8 f t  X 0.375 in. silica gel (18-32 f i )  column eluting with 2:3 ethyl ac- 
etate-hexane gave an additional 1.7 g (total yield 54%) of 4c as the 
first component. The second component was collected and rechro- 
matographed on a 4 f t  X 0.375 in. Porasil B (37-75 /.t) column elut- 
ing with 2 3  CHCl3-hexane. The second component was collected 
and the solvents evaporated in vacuo to yield a colorless oil which 
crystallized on standing. This material was recrystallized from 
ethyl acetate-hexane to yield 0.107 g (1.6%) of 6: mp 116-140 "C; ir 
(KBr) 1815 (oxazolone C=O), 1770 (acetoxy C=O), 1640 cm-l 
(C=N); NMR (CDC13) 6 7.28-6.78 [8 H, m, Ph  and ArH(OH)z], 

CH3C=). 

pyl CH2), 2.21 (6 H, S, CH3COO), 2.08 (3 H, S, CHsC=). 

4.91 (2 H, m, pyrazoline CHd, 3.70 (1 H, m, pyrazoline CH), 3.10 
(1 H, m, cyclopropyl CH), 2.28 (6 H, s, CH&OO), 2.23 (2 H, m cy- 
clopropyl CHz), 1.20 (3 H, d, pyrazoline CH3). 

Anal. Calcd for Cz5H23N06: C, 65.06; H, 5.02; N, 9.10. Found: C, 
64.74; H, 5.02; N, 8.94. 

1-[ (E)-c~-Methylcinnamamido]-2-(3,4-diacetoxyphenyl)cy- 
cloDropanecarboxylic Acid (7). A suspension of 4c (0.5 g, 1.2 
mmol) in 30 ml of acetone containing 10 ml of water and a few 
drops of trifluoroacetic acid was refluxed for 5 days in a 50-ml 
round-bottomed flask fitted with a condenser. The acetone was 
evaporated in vacuo, and the resulting mixture extracted with two 
50-ml portions of ethyl acetate. The combined extracts were dried 
(MgSO4) and the solvent evaporated in vacuo to yield a glass. The 
residue was recrystallized from acetone-hexane to give 200 mg 
(38%) of 7, mp 186-195 "C. An analytical sample was prepared by 
several recrystallizations from acetone-hexane: mp 194-197 "C; ir 
(KBr) 3330 (NH),3440-2300 (carboxyl OH), 1765 (acetoxy C=O), 
1705 (acid C=O), 1650 (amide C=O), 1625 (C=C), 1505 cm-' 
(amide 11); NMR (MezSO-ds) 6 7.48-6.82 [lo H, m, Ph, CH=, NH, 
ArH(OHh1, 3.01 (1 H, m, cyclopropyl CHI, 2.45 (2 H, m, cyclopro- 

Anal. Calcd for C Z ~ H Z ~ N O ~ :  C, 65.89; H, 5.30; N, 3.20. Found: C, 
65.95; H, 5.31; N, 3.18. 
2-Amino-4-(carboxymethyIthio)-4-(3,4-dihydroxyphenyl)- 

butanoic Acid (8). A suspension of 4c (1.0 g, 2.38 mmol) in 50 ml 
of 6.0 N HC1 containing 2 ml of mercaptoacetic acid in a 100-ml 
round-bottomed flask was refluxed for 14 h under a nitrogen atmo- 
sphere. The clear yellow solution was cooled in an ice bath, and the 
resulting solid was filtered, 255 mg (67%) of (E)-a-methylcinnamic 
acid. The yellow filtrate was concentrated in vacuo at  room tem- 
perature to yield a light brown oil. The oil was dissolved in 50 ml of 
water and the solution was extracted with six 50-ml portions of 
ether. The aqueous layer was again concentrated under high vacu- 
um at  room temperature to yield a viscous brown oil. The oil was 
dissolved in a minimum of absolute ethanol, and the solution was 
added dropwise with rapid stirring to 500 ml of anhydrous ether. 
The mixture was centrifuged, and the resulting hygroscopic solid 
was washed several times with anhydrous ether and dried in vacuo 
to yield 0.7 g (97%) of crude 8. Chromatography of the crude mate- 
rial on a 1 X 80 cm column of Sephadex G-10 eluting with 0.001 M 
(3-mercaptoethanol in water gave 415 mg (60%) of pure 8: mp 300 
"C dec; ir (Nujol) 3600-2300 (OH), 1720 (acid C=O), 1605 cm-l 
(carboxylate); NMR (D20) 6 7.00-6.80 [3 H, m, ArH(OH)z], 4.06 (1 
H, m, CHNH), 3.83 (1 H, m, PhCH), 3.18 (2 H, s, -SCHzCOO), 
2.46 (2 H, m, CHCHzCH). 

Anal. Calcd for C1~H15NosS: C, 47.83; H, 5.02; N, 4.65. Found: 
C, 47.71; H, 5.21; N, 4.61. 

l-Phenyl-5-[ (E)-l-methylstyryl]-6-oxa-4-azaspiro[2.4]- 
hept-4-en-7-one (4b). To a solution of 3.0 g (10.4 mmol) of 3b6 in 
75 ml of chloroform was added 100 ml of ethereal diazomethane, 
prepared from 21.5 g (0.1 mol) of Diazald (Aldrich Chemical Co.), 
in a 250-ml Erlenmeyer flask fitted with a rubber stopper and a 
drying tube. After stirring at  room temperature for 15 h, the excess 
diazomethane was removed in a stream of dry nitrogen. Evapora- 
tion of the solvents in vacuo gave a yellow, oily residue. Prepara- 
tive chromatography of part of the oily residue on 3-mm silica gel 
plates in a 3:2 n-hexane-chloroform system followed by crystalli- 
zation from 1:l n-hexane-ethyl acetate gave pure 4b, mp 93-97 "C. 
Using a seed crystal a total of 1.22 g (39%) of 4b was obtained: mp 
95-98 "C; ir (Nujol) 1802, 1780 (C=O), 1630 (C=N), 1603 cm-' 
(C=C); NMR (CDCl3) 6 2.11 (s, 3 H, CH3C=), 2.00-2.31 (m, 2 H, 
CH2), 3.00-3.22 (m, 1 H, cyclopropyl CH), 7.10-7.38 (m, 10 H, 
ArH), 7.45 ppm (m, 1 H, C&CH=C). 

Anal. Calcd for CzoHlvN02: C, 79.17; H, 5.65; N, 4.62. Found: C, 
79.19; H, 5.66; N, 4.57. 
5-(2-Phenylethylidine)hydantoin (12a). One-half gram of 10a 

Ila (mp 172 "C) was dissolved in 10 ml of 10% NaQH. After a few 
minutes the solution was acidified with dilute HC1 and the precipi- 
tate was collected, washed with HzO, and dried to give 0.47 g (94%) 
of colorless 12a: mp 198-200 "C; ir (Nujol) 3220 (NH), 1790 
(C=O), 1735 (C=O), 1685 cm-' (C=C); NMR (MezS0-d~) 6 3.50 
(2 H, d, J = 8 Hz, -CHz-), 5.62 (1 H, t, J = 8 Hz, -CH=), 7.24 (5 
H, s, Ph), 10.36 (1 H, s, NH), 10.96 ppm (1 H, s, NH). 

Anal. Calcd for CllH10N202: C, 65.34; H, 4.98; N, 13.85. Found: 
C, 65.42; H, 4.99; N, 13.89. 
3-Ethyl-5-(2-phenylethylidene)hydantoin (12b). Using the 

literaturella procedure, 13.5 g of 10a was ethylated to give 3 g of 
colorless prisms (12b): mp 166-168 "C; ir (Nujol) 3220 (NH), 1780 
(CEO), 1720 (C-0), 1680 cm-I (C=C); NMR (CDC13) 6 1.19 (3 

pyl CHz), 2.21 (6 H, S, CHsCOO), 1.78 (3 H, S, CH3C=). 

H, t, J = 7 Hz, CH2CH3), 3.54 (2 H, d, J = 8 Hz, -CHzCH=), 3.58 
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(2 H, q, J = 7 Hz, -CHzCH3), 6.04 (1 H, t, J = 8 Hz, -CH=), 7.22 
(5 H, s, Ph), 9.15 (1 H, s, NH). 

Anal. Calcd For C13H14NzOz: C, 67.81; H, 6.13; N, 12.17. Found: 
C, 67.77; H, 6.18; N, 12.11. 
2-(2,4-Dimethoxybenzylamino)-4-phenyl-3-butenonitrile 

(13). To an ice-cold stirred solution of cinnamaldehyde (2.64 g) 
and 2,4-dimethoxybenzylamine hydrochloride (4.07 g) in 40 ml of 
MeOH, a solution of NaCN (1.0 g) in 10 ml of HzO was added. The 
mixture was stirred for an additional 45 min at 5-10 "C, diluted 
with H20, and extracted with CH&. The organic layer was 
washed with HzO, dried over anhydrous MgSOa, and evaporated 
in vacuo to give 5.9 (96%) of crude 13 as a colorless oil: ir (neat) 
3340 (NH), 2240 (C=N), 1620 cm-l (C=C); NMR (CDCl3) 6 2.1 
(NH), 3.77 (3 13, S, OCH3), 3.79 (3 H, 9, OCHs), 3.66-4.12 (2 H, d, 

d, J = 5, 15 Hz, =CHCHN), 6.3-7.5 ppm [9 H, m, CsH3(0CH3)2, 
CaH5, and PhCH=CH-). A small portion of the crude oil was dis- 
solved in hexane-dry ether (1:l) and dry HC1 was passed into the 
solution to precipitate 13 HC1. Recrystallization from absolute eth- 
anol-hexane gave colorless crystals, mp 113-115 "C dec. 

Anal. Calcd for C19H21NzOzCl: C, 66.17; H, 6.14; N, 8.12. Found: 
C, 65.93; H, 6.19; N, 8.00. 
Z-Amino-4-phenyl-3-butenonitrile Trifluoroacetate (14). 

Crude 13 (5.54 g) and rn-dimethoxybenzene (5 g) were dissolved in 
40 ml of CF3COOH with ice cooling, and the mixture was allowed 
to stand at room temperature for 15 h. After evaporation of 
CF&OOH in vacuo, 20 ml of MeOH was added to the residue and 
the mixture was evaporated in vacuo. The residual oil was washed 
with petroleum ether and crystallized from benzene-hexane. The 
crystal were collected and washed with benzene to give 3.5 g (67%) 
of 14 as pale yellow prisms, mp 122-125 OC. Recrystallization from 
EtOAc-hexane gave an analytical sample: mp 122-124 "C dec; ir 
(KBr) 2260 cm-l (C=N); NMR (CF3COOH) 6 5.23 (1 H, d, J = 6 
Hz, -CHNH), 6.15 (1 H, d, d, J = 6, 15 Hz, =CHCH), 7.02 (1 H, d, 
J = 15 Hz, PhCH=), 7.22 ppm (5 H, m, CsH5). 

Anal. Calcd for C12HllNZOzF3: C, 52.94; H, 4.07; N, 10.29. 
Found: C, 52.79; H, 4.12; N, 10.45. 

Styrylglycine (9). A. Direct Hydrolysis of 13. Crude aminoni- 
trile 13, prepared from 264 mg of cinnamaldehyde, was dissolved 
in 5 ml of MeClH and added to 30 ml of concentrated HCl and the 
solution was refluxed for 3 h. The reaction mixture was filtered to 
remove some resinous product, washed twice with CHC13, and 
evaporated to dryness giving a crystalline residue. The crude prod- 
uct was dissolved in a minimum amount of HzO, and the pH was 
adjusted to 6.5 with dilute NaOH. After cooling, the precipitate 
was collected, washed with a small amount of HzO and EtOH, suc- 
cessively, and dried to give 50 mg (overall yield 13%) of 9 as pale 
orange crystals,, mp 178-183 "C dec. Recrystallization from HzO 
gave colorless leaves: mp 198-200 O C  dec; ir (Nujol) 3050-2650 
(NH3+), 1655 cm-l (COO-); NMR (CF3COOH) 6 5.06 (m, 1 H, 
-CHCOOH), 6.25 (1 H, d, d, J = 16, 6 Hz, PhCH=CH-), 7.06 (1 
H, d, J = 16 Hz, PhCH=), 7.40 (5 H, s, C6H6-), 7.58 ppm ( 3 H, 
broads, NH3+). 

Anal. Calcd for CloH11NOz: C, 67.78; H, 6.26; N, 7.90. Found: C, 
67.87; H, 6.37; 'N, 7.84. 
B. Hydrolysis of 14. Three hundred milligrams of 14 was dis- 

solved in 15 ml of concentrated HC1 and the solution was refluxed 
for 3 h. Evaporation of the reaction mixture gave a solid which was 
dissolved in HzO. The solution was filtered to remove insoluble 
material and neutralized with dilute NaOH. After cooling, the pre- 
cipitate was collected, washed with HzO and EtOH, successively, 
and dried to give 75 mg (35%) of 9 as colorless crystals, mp 180-185 
"C dec. The ir spectrum was identical with that of the product ob- 
tained by method A. 
C. Hydrolysis of 14 via the Imino Ester. A solution of 14 (2.91 

g) in 30 ml of absolute MeOH was saturated with dry HC1 at 0 OC. 
After 2 h at room temperature, the reaction mixture was diluted 
with 300 ml of concentrated HC1 and refluxed for 2 h. Using the 
same work-up procedure, 1.31 g (70%) of 9 as colorless crystals was 
obtained, mp 185-190 "C. The spectrum was identical with that of 
9 obtained by method A. 

D. From 4b. A solution of 0.92 g (3 mmol) of 4b In 35 ml of gla- 
cial acetic acid and 35 ml of 6 N HC1 was refluxed for 24 h. The 
dark reaction mixture was extracted with three 20-ml portions of 
diethyl ether and the aqueous solution was concentrated to 4-6 ml 
on a vacuum pump. After diluting with 20 ml of water, the aqueous 
solution was clarified with Norit and again evaporated in vacuo 
giving an extremely hygroscopic residue. The residue was redis- 
solved in 15 mi of water, and the solution was adjusted to pH 5.0- 
6.0 with 10% ammonium hydroxide solution. After cooling to 0 "C, 

-NHCHz), 4.36 (1 H, d, d, J = 5, 2 Hz, NHCHCH=), 6.14 (1 H, d, 

the precipitated amino acid was filtered and dried in vacuo, giving 
0.215 g (41%) of crude product, mp 155-168 "C. Recrystallization 
from an ammonium acetate buffered solution gave 0.13 g (24%) of 
9, mp 181-190 "C dec (recrystallization raised the melting point to 
196-199 "C), identical in all respects with authentic sample. 

Acknowledgment, We are grateful t o  t h e  Office of t h e  
Vice President for Research a n d  t o  t h e  Dean of t h e  College 
of Arts and Sciences, University of Georgia, for generous fi- 
nancial support  of this  work. We are  also grateful to  the  
National Science Foundation for funding the purchase of 
t h e  PFT-100 spectrometer used in t h e  determination of 13C 
spectra. 

Registry No.-Za, 58117-73-0; 3b, 58117-74-1; 3c, 58117-75-2; 

58117-80-9; 8, 58117-81-0; 9, 58207-08-2; loa, 58117-82-1; 12a, 

14, 58117-88-7; fl-3,4-dihydroxy-D~-phenylalanine, 63-84-3; ( E ) -  
a-methylcinnamoyl chloride, 38449-13-7; (Qcinnamaldehyde, 
14371- 10-9; 2,4-dimethoxybenzylamine hydrochloride, 6967-51-7. 

References and Notes 

4b, 58117-76-3; 4c, 58117-77-4; 5, 58117-78-5; 6, 58117-79-6; 7, 

58117-83-2; lZb, 58117-84-3; 13, 58117-85-4; 13 HC1, 58117-86-5; 

Taken from this author's Ph.D. Dissertation presented in August 1974 to 
the Graduate School of the University of Georgia. 
Taken from this author's Ph.D. Dissertation presented in Feb 1975 to 
the Graduate School of the University of Georgia. 
R. L. Sourkers, Arch. Biochem., 51, 444 (1954); H. Smirk, Br. Med. J., 
146 (1964), and references cited therein. 
R. A. Pages and A. Burger, J. Med. Chem., 9, 766 (1966); 10, 435 
(1967). 
A. Burger and W. L. Yost, J. Am. Chem. SOC., 70, 2198 (1948); R. E. 
Tedeschi, D. H. Tedeschi, P. L. Ames, L. Cook, P. A. Mattis, and E. J. 
Fellow, Proc. SOC. Exp. 6/01. Med., 102, 380 (1959). 
J. M. Riordan and C. H. Stammer, J. Org. Chem., 39, 654 (1974). 
W. i.  Awad, A. K. Fateen, and M. A. Zayed, Tetrahedron, 20, 891 
(1964). 
C. Kaiser and C. L. Zirkie, Belgian Patent 648,020: Chem. Absfr., 63, 
14979b (1965). 
R. H. Wiley and 0. H. Borum, "Organic Syntheses", Collect. Vol. IV, 
Wiley, New York. N.Y , 1963, and references cited therein. 
W. Steglich and G. Hofle, Tetrahedron Lett., 1619 (1968). 
(a) A. Pinner and A. Spilker, Ber., 22, 685 (1889); (b) "Chemistry of 
Penicillin", H. T. Clarke, Ed., Princeton University Press, Princeton, 
N.J., 1949, p 764. 
J. R. Johnson, Org. React., 1, 251 (1942). 

A Facile Preparation of Highly Fluorinated Diamines 

Richard B. Greenwald 

Research Laboratories, Polaroid Corporation, 
Cambridge, Massachusetts 02139 

Received September 3,1975 

Most highly fluorinated amines and  diamines are  pre- 
pared by lithium aluminum hydride reduction of t h e  corre- 
sponding amides1 or by high-pressure (1000 psi) catalytic 
hydrogenation of ni t r i les2 T h e  former class of compounds 
often gives highly explosive reaction mixtures,l while t h e  
la t ter  reaction is inconvenient and  involves an additional 
dehydration s tep  in  the  synthesis. Both methods proceed 
in only moderate yield. Previous at tempts  t o  employ the  
easily obtained 2,2,3,3,4,4-hexafluoropentane 1,5-di-p- 
toluenesulfonate (1) with ammonia,  methylamine, or dieth- 
ylamine gave only tarry mixtures from which no  amine 
could be iso1ated.l In  one instance: reaction of 1, l -di-H- 
heptafluorobutyl p-toluenesulfonate with aniline at 230 O C  
for 24 h gave a 68% yield of t h e  desired amine, b u t  reaction 
with ammonia gave only tars. 

It has now been found t h a t  reaction of 1 with a n  excess of 
sodium azide takes place readily to  give a n  almost quanti- 
tative yield of diazide 3 when hexamethylphosphoric tri- 
amide (HMPA) is employed as solvent. Azide formation 
was not observed when DMF was used as solvent. T h e  


