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SYNTHESIS OF URETHANES 

BY A MODIFIED CURTIUS REACTION WITH ALCOHOLS 

Armandodoriano Biancot, F r a n m  Bonded  
Raffaella Napolitano*tt and Giancarlo Ortaggift 

tDipartimento di Chimica, Universita "La Sapienza " 
Wstituto di Chimica Biomolecolare del CNR Piamk A& Moro 5 

00185 Roma, ITALY 
e-mail: <raffmlla.napolitano 0 uniromal .it> 

Urethanes have proven to be useful moieties in several types of compounds, especially 
those of biomedical interest, owing to the physico-chemical characteristics of this function, 
which shows suitable biostability and biodegradability. For example, Dc-Chol(3&[N-dimethy- 
laminoethyl)-carbamoylcholeskrol (Fig. 1)' was designed to have a relatively labile carbamoyl 
linker which, though not as easily hydrolysed 
as the ester bond, once inside the cell eventu- 
ally undergoes biodegradation, most likely 
caused by the cellular esterases. This is appar- 
ently one of the reasons for the good pharma- 
ceutical characteristics of DC-Chol and analo- 

gous lipids, such as GL 67: BGSC? BGTC? 
and Vitamin D based lipids! In fact, Dc-Chol and its analogues are cationic lipids which are 
important for obtaining cationic liposomes for gene therapy. 

The most common methods for the synthesis of urethanes are the reaction between 
chloroformates and amines'O and the Curtius rearrangement of acyl azides," followed by reac- 
tion of the isocyanates with alcohols. The route involving the reaction of chlorofoxmates with 
amines has been improved by the use of N-ca rbakoxy imids~J*  easily obtained from alco- 
hols and 1, 1'-carbonyldiimidazole, which provides high yields of urethanes. Given that 
isocyanates, especially alkyl isocyanates, are very sensitive to water, the overall yields of the 
azide method are generally lower than those obtained from the chloroformate procedure. In 
1972, Yamada et al.13 improved the Curtius reaction by introducing diphenylphosphoryl azide 
(DPPA) as a means for the direct conversion of carboxylic acids into urethanes in 53-74% yields. 

'b.. 

# 0 

cM.b.N*NKo 

DC-Cholesterol 

Figure1 
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BUNCO, BONADIES, NAPOLITANO AND ORTAGGI 

It consists of a one-pot reaction of carboxylic acid, triethylamine, DPPA, and the hydroxy 
compound under reflux (5-25 hrs). It has been adopted for the preparation of wethanes14 and for 
the introduction of urethane bond in natural  product^.'^ In 1988, Scarpati et a1.16 also described a 
one-pot reaction between acyl chlorides, sodium azide and methanol in the presence of a phase- 
transfer catalyst, without the isolation of intermediate azides or isocyanates, to give methyl 
urethanes in 81-99% yields. 

Various other, less useful methods have been also described for the preparation of 
urethanes.5-y A recent report17 discussed the possibility of improving the methodology described 
by Scarpati et al. by expanding it to the use of alcohols of various structures, as well as of 
phenol. The preliminary results showed that, for all of alcohols used, the rearrangement produced 
very satisfactory yields of the corresponding urethane. In light of the results of this preliminary 
study, we conducted an extensive investigation of this modified Curtius reaction and the results 
are reported herein. 

The modified Curtius reaction is represented by the following equation, where both R 

and R are interchangeably aliphatic and aromatic groups. 

NaN3 ROH 
RCOCl - [RCONa] - RNCO - RNHCOzR' 

A 

In the first part of the study, we used various aliphatic, aromatic and alicyclic acid chlo- 
rides. One o-haloacyl chloride was also tested with the goal of using this reaction to prepare 
cationic lipids such as DC-Chol, characterized by the presence of the urethane bond. However, 
the bromine group of 5-bromovaleryl chloride, was apparently unreactive under the reaction 
conditions,thus allowing the facile introduction of the ammonium function. We decided to test a 
secondary &cyclic alcohol, a cyclic alcohol, a tertiary alcohol and phenol. The general proce- 
dure of the reaction is as follows. The acyl chloride was kept at 60°C in toluene with sodium 
azide and benzyltriethylarnmonium chloride as the transfer-phase catalyst, for 1 hr; then the 
temperature was raised to 80°C and the alcohol was added and the reaction mixture was stirred 
overnight at room temperature. After chromatographic purification, the yields ranged between 
65% and 98%. 
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SYNTHESIS OF URETHANES BY A MODIFlED CURTIUS REACTION WITH ALCOHOLS 

Table 1. Yields, mps and Elemental Analyses of Urethanes 
Cmpd Yield Elemental Analysis (Found) 

la 
lb  
lc  
Id 
le  
If 

1g 
lh 
l i  
11 

lm 
In 
lo 

1P 
1q 
l r  
1s 

It 
lu 
l v  

("/.I C H N 

85 
80 
89 
82 
70 
90 
83 
70 
73 
76 
70 
65 
71 
65 
98 
90 
75 
82 
70 
71 

74.28 (74.12) 
74.73 (74.62) 
75.56 (75.46) 
75.93 (75.87) 
77.16 (77.06) 
66.82( 67.02) 
68.37 (68.17) 
70.22 (70.10) 
71.21 (71.02) 
73.23 (73.12) 
64.83 (64.77) 
66.29 (66.13) 
68.21 (68.03) 
69.29 (69.10) 
71.21 (71.09) 
40.35 (40.25) 
42.87 (42.75) 
45.47 (45.33) 
47.49 (47.33) 
48.55 (48.431 

12.17 (12.21) 
12.26 (12.33) 
11.86 (11.93) 
11.95 (11.01) 
10.52 (10.42) 
7.q7.31) 
7.82 (7.98) 
7.37 (7.42) 
7.81 (7.94) 
5.29 (5.20) 

10.34 (10.46) 
10.70(10.72) 
10.02 (10.12) 
10.29 (10.33) 
7.81 (7.91) 
6.77 (6.81) 
7.20 (7.25) 
5.30 (5.12) 
7.32 (7.58) 
5.19 (5.241 

4.12 (4.01) 
3.96 (3.88) 
3.83 (3.77) 
3.69 (3.58) 
3.75 (3.54) 
7.77(7.82) 
7.25 (7.12) 
6.71 (6.82) 
6.39 (6.29) 
6.57 (6.44) 
7.56 (7.36) 
6.93(7.03) 
6.63 (6.53) 
6.22 (6.12) 
6.39 (6.24) 
5.88 (5.64) 
5.55 (5.36) 
5.03 (4.82) 
5.03 (4.82) 
5.15 (5.00) 

a 
a 
a 
a 
a 

85-8618 
133- 1 3619 

1 3220 
812' 

128- 1 2922 
66.5-6723 
78.5-79" 

a 
76-7725 

128-13e6 
a 
a 
a 
a 
a 

a) Isolated as a viscous oil. 

Since these results were quite encouraging, it was decided to test the stereoselectivity of 
this reaction, in order to determine whether the last step of the reaction (i. e., the addition of 
alcohol to the intermediate isocyanate) could be influenced by the structure of the alcohol. 2-, 3- 
and 4- Methylcyclohexanols were selected as alcohols because the proton geminal to the OH 
group, resonates at significantly different fields in the NMR spectra, depending on the relative 
(cishrans) relation with the methyl group. A 1:l cis/frans mixture of two stereoisomers was 
used. The ratio between cis- and trarts-urethane isomers was calculated on the basis of the ratio 
between the signal intensity of the corresponding proton geminal and oxygen in NMR spectra. 
The reaction with 4-methyl- and 3-methyl-cyclohexanols (Table 2), showed significant stereose- 
lectivity, with the trans urethane diastereoisomer predominating in these cases. 
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BUNCO, BONADIES, NAPOLITANO AND ORTAGGI 

RNHCO2 

2 
a) R = C17H33.2-methylcyclohexanol; b) R = C17H33,3-methylcyclo-hexanoI; c) RS17H33. 
4-methylcyclohexanol; d) R = Ph, 2-methylcyclohexanol; e) R = Ph, 3-methylcyclohexanol; 
f) R = Ph, 4-methylcyclohexano1; g) R = c-Cd-Il~. 2-methylcyclohexanol; h) R = c-Cd-III, 
3-methylcyclohexanol; i) R = c-C,jH~1,4-methylcyclohexanol; 1) R = Br(CH2).,, 2-methylcyclohexanol; 
m) R = Br(CH2)4, 3-methylcyclohexanol; n) R = B I ~ C H ~ ) ~ ,  4-methylcyclohexanol 

RCOCl + 

Table 2. Yields, mps and Stereoisomeric Ratio of Urethanes from c id t rm Methylcyclohexanols 

Cmpd Yield Ratio Elemental Analysis (Found) mP 
(9%) cidtrans C H N (“c) 

2 a 6 6  1:l 76.28 (76.15) 12.03 (12.23) 3.56 (3.42) a 
2b 87 1:9 76.28 (76.13) 12.03 (12.13) 3.56 (3.48) a 
2c 89 1:9 76.28 (76.12) 12.03 (12.13) 3.56 (3.44) a 

2e 65 1:5 76.28 (76.18) 12.03 (12.24) 3.56 (3.46) 96= 
2f 65 1:5 76.28 (76.25) 12.03 (12.10) 3.44 (3.56) 12528 
2g 62 1:2 70.25 (70.13) 10.53 (10.62) 5.85 (5.77) a 
2h 66 1:6 70.25 (70.11) 10.53 (10.63) 5.85 (5.76) a 
2i 68 1:6 70.25 (70.12) 10.53 (10.66) 5.85 (5.74) a 
21 60 1:2 49.32 (49.15) 7.59 (7.66) 4.79 (4.64) a 
2m 66 1 :5 49.32 (49.18) 7.59 (7.62) 4.79 (4.66) a 

2d 62 1:3 76.12 (76.28) 12.03 (12.13) 3.56 (3.46) 105-106.5” 

a) Isolated as a viscous oil. 

In the case of the 2-methylcyclohexanol, the prevalence of the trans urethane is less 
pronounced, although this result is probably due to the steric effect of the methyl group, which is 
adjacent to the reaction center. All compounds were colorless and the confirmation of the struc- 
tures was achieved by ‘H- and 13C-NMR (Table 3). 

Table 3. ‘H NMR and 13C NMR Spectra of Compounds 1 and 2 
Cmpds ‘H-NMR ‘3C-NMR 

(6) (6) 
la [(Z)-heptadec-8-enyl]- 3.20 (2H. bq, C H W ,  4.62 (1 H, 

bs, NH), 4.91 (lH, m, (CH3),CH, 
14.1,22.2,22.7,26.8,27.2, 27.3, 

carbamic acid 29.3(x2), 29.4(x2), 29.qx2). 29.7, 
isopropyl ester 5.36 (2H, t, CH = CH) 29.8,30.1,32.0,40.9,67.9, 129.8, 

130.1, 157.2 

29.qx2). 29.8(x2), 29.8(x2), 

130.1, 158.7 

lb  [(Z)-heptadec-8-enyl]- 3.20 (lH, q, CHHNH), 3.60 (lH, 14.2,22.7,27.0,27.3(~2), 29.4(x2), 
carbamic acid t, CHHNH), 5.36 (2H, t, CH = CH) 
t-butyl ester 30.4(x2), 32.0,40.6, 129.8, 

144 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
4
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF URETHANES BY A MODIFIED CURTIUS REACTION WITH ALCOHOLS 

Table 3. Continued.. . 
cmpds 'H-NMR '3C-NMR 

(8) (8) 
l c  [(Z)-heptadec-S-enyll- 

carbamic acid 
cyclopentyl ester 

Id [(Z)-heptadec-8-enyl]- 
carbamic acid 
cyclohexyl ester 

le  [(Z)-heptadec-8-enyl]- 
carbamic acid 
phenyl ester 

I Benzylcarbamic acid 
isqxopyl ester 

l g  Benzylcarbamic acid 
z-butyl ester 

l h  Benzylcarbamic acid 
cyclopentyl ester 

l i  Benzylcarbamic acid 
cyclohexyl ester 

ll Benzylcarbamic acid 
phenyl ester 

lm Cyclohexylcarbamic acid 
isqxopyl ester 

In Cyclohexylcarbamic acid 
t-butyl ester 

lo  Cyclohexylcarbamic acid 

l p  Cyclohexylcarbamic acid 

l q  Cyclohexylcarbamic acid 

cyclopentyl ester 

cyclohexyl ester 

phenyl ester 

3.20 (lH, q, CHHNH), 4.60 (lH, 
bs, NH), 5.,06 (1H. bt, NH), 
5.36 (2H, t, CH = CH) 

3.20 (lH, q, CHHNH), 4.65 (lH, 
bs, NH), 5.06 (1H. bt, NH), 
5.36 (2H, t, CH = CH) 

3.20 (lH, q, CHHNH), 5.06 (lH, 
bt, NH), 5.36 (2H, t, CH = CH), 
7.30 (5H,m, C6H,) 

1.23(d, 6H, CH(CH,),); 4.85(m, 
1H. C(CH.JJ, 5.66(m, 1H, 
NH); 7.26-7.45 (m, 5H, C6H5) 

6: 1.50(s, 9H, C(CH,),); 5.40(m, 

5.23(m, lH, CHOH); 6.94(m, 
lH, NH); 7.26-7.45(m, 5H, C6H5) 
4.79(m, lH, CHOH); 6.73(m, 
lH, NH); 7.28-7.56(m, 5% C6H5) 

lH, NH); 7 . 2 7 - 7 . w ~  5H, C6H5) 

14.1,22.7,23.8,(x2),25.1,27.2, 
27.3,29.2@2), 29.2,29.4,29.6, 
29.8,29.8,32.0,32.7(~2), 34.7, 
77.7,129.8, 130.1, 173.7 
14.2,22.7,23.9,25.5,26.7,27.2, 
27.3,29.2(x2), 29.4(x2), 29.6(x2), 
29.7(x2), 29.8(x2), 32.0,41.2, 
73.6, 129.7, 130.1, 156.4 
14.2,14.8,21.9,22.7,26.8,27.3, 
29.3(x2), 29.4(x2), 29.6(x2), 
29.8(x2), 32.0,41.4, 115.4, 121.7, 
125.3,129.3(~2), 129.5, 129.8, 
130.1, 156.2 
22.1(x2), 30.8, 128.7, 129.0, 
129.5(x2), 130.4, 138.3, 153.8 

22.0(x3), 22.2, 118.7(x2), 
123.3(x2), 137.1, 153.5 

23.8(x2),37.9(~2), 78.1, 118.7, 
123.3, 129.1(x2), 138.3, 153.7 

23.9,25.5,32.0,32.9,73.8, 120.8, 
123.3, 124.7, 129.1(x2), 
137.3, 153.6 
119.1, 121.9. 124.0, 125.9, 
125.8(x2), 128.8(x2). 129.2, 
129.5, 137.6, 150.8, 152.0 

1.23(d, 6H, J = 6.8 MHz,CH(CH,),); 24.7,25.0(~2), 49.8.67.7, 155.6 
3.46(m, IH, CHNH); 4.35(bs, 1H, 
CHOH), 4.90 (m. lH, CH(CH3J; 
5.66(m, lH, NH) 

1.40(s, 9H, C(CH,),); 3.43(m, lH, 
CHNH); 4.31(bs, lH, CHOH), 
5.68(m, lH, NH) 

3.44(bq, lH, CHNH), 4.31(bs, 
IH, CHOH), 5.40(s, lH, NH) 

3.38(bq, lH, CHNH),4.55(bs, 
lH, CHOH), 5.80(s, lH, NH) 
3.58(bq, lH, CHNH), 5.40(s, 1% 
NH), 7.13-7.40(m. 5H, C6H5) 

25.0(x3), 25.7,26.6,28.5,32.8, 
34.0,49.1,53.0, 155.5 

24.9(x2), 25.5(x2), 32.8(x3), 
33.5,49.7,77.9, 155.8 
24.0,24.9(~2), 25.5(x2), 30.3,32.1, 
33.0,33.2,33.6,49.8,70.3, 156.5 
21.8,31.8,32.0,33.1,60.4, 123.1, 
128.7, 129.0(x2), 129.5, 130.7, 
134.4. 172.5 
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BIANCO, BONADlES, NAPOLITANO AND ORTAGGI 

Table 3. Continued ... 
Cmpds 'H-NMR '3C-NMR 

(8) (8) 
lr (5-bromovalery1)- 

carbamic acid 
isopropyl ester 

1s (5-bromovalery1)- 
carbamic acid 
r-butyl ester 

It (5-bromovalery1)- 
carbamic acid 
cyclopentyl ester 

l u  (5-bromovalery1)- 
carbamic acid 
cyclohexyl ester 

l v  (5-bromovalery1)- 
carbamic acid 
phenyl ester 

2a [(Z)-heptadec-8-enyl]- 
carbamic acid 2-methyl- 
cyclohexyl ester 

2b [(Z)-heptadec-8-enyl]- 
carbamic acid 3- 
methylcyclohexyl ester 

2e [(Z)-heptadec-8-enyl]- 
carbamic acid 4-methyl- 
cyclohexyl ester 

2d Benzylcarbamic acid 
2-methylcyclohexyl ester 

2e Benzylcarbamic acid 
3-methy Icyclohexyl ester 

1.21(d,6H,J=6.2HzCH(CH3),); 22.9,25.5,28.1,30.9,48.1 
1.66(bq, 2H, CH,C$NH); 1.82(bq, 68.0, 156.5 
2H, BrC$CH,); 3.19(bq, 2H, 
C H W ;  3.37(t, 2H, CH,Br); 4.87m, 
lH, CH(CH,),; 5.66(m, lH, NH) 
1.46(s, 9H, C(CH,),); 1.68(m, 2H, 
CH,CH,NH); 1.87(m, 2H, 
BrCH,CH,); 3.19(m, 2H, CHpH); 
3.43(t, 2H, J = 7 Hz, CHpr); 
5.40(m, lH, NH) 
0.87 (d, IH, J = 6.6, CH,) 3.22(bq, 
2H, CHJVH); 3.42(t, 2H, J = 6.8 Hz, 
CH,Br); 4.80 (m, lH, CHOH) 
5.40(m, lH, NH) 
3.2O(bq, 2H, CH,NH); 3.44(t, 2H, 
J = 6.6H.2, CH,Br); 4.80 (m, lH, 
CHOW 5.20(m, IH, NH) 
1.61(m, 2H, CH,C$NH); 1.80(m, 
2H, BrC$CH,); 3.16(bq, 2H, 
CHJVH); 3.34(t, 2H, J = 6.6Hz. 
CH,Br); 5.80(m, IH, NH); 
7.1 1-7.39(m, SH, C,H,) 
3.18(2H,CHNH),4.36(1H.m, 
CHOH, trans), 4.60 (lH, bm, 
CHOH, cis), 5.17 (lH, bt, NH), 
5.40 (2H, t, CH = CH) 
3.16 (2H, CH,NH), 4.56 (lH, bm, 
CHOH, tram), 4.94 (lH, bm, 
CHOH, cis), 5.17 (lH, bt, NH), 
5.36 (2H, t, CH = CH) 
3.15 (2H, CH,NH), 4.57 (lH, bm, 
CHOH, tram), 4.88 (lH, bm, 
CHOH, cis), 5.17 (lH, bt, NH), 
5.36(2H, t, CH = CH) 

1.00(d, 3H, J = 6.2 MHz, CH,); 
4.43(m, IH, CHOH, trans); 4.99(m, 
lH, CHOH, cis); 6.65(bs, IH, 
NH); 7.07-7.44(m, SH, C,H,) 
0.94(d, 3H, J = 6.2 MHz,  CH,); 
4.78(m, lH, CHOH, trans); 
5.17(m, lH, CHOH, cis); 6.86(bs, 
lH, NH); 7.27-7.44(m, SH, C6HJ 

25.5,27.2,28.4,33.3,39.2,39.0, 
40.1,48.1, 157.3 

14.1; 23.6; 29.8; 29.9,30.8; 32.8; 
33.0; 40.1; 60.4; 77.9, 156.6 

22.4; 28.7; 29.9; 30.2; 3 1.4; 
33.3; 34.0; 40.2; 41.0; 74.1; 156.8 

28.4,29.9,33.6,40.3, 121.8(x2), 
125.4, 129,4(x2), 151.2, 155.2 

14.2,22.4,22.7,24.1,26.8,27.2, 
27.3,29.3@2), 29.4(x2), 29.6(x2), 
29.7,29.8,30.1, 31.4, 32.0, 32.0, 
34.1,41.1,73.5, 129.8, 130.1, 158.5 
14.2, 18.5,22.7,24.8,25.5,26.8, 
27.3,29.3(x2), 29.4(x2), 29.6(x2), 
29.7(x2), 29.8,32.0,32.3,33.7, 
37.7,73.5, 129.8, 130.1, 156.4 
14.2,21.9,22.7,23.6,26.8,27.3, 
29.3(x2), 29.43(~2), 29.6(x2), 
29.75x2), 29.8,3 1.8.32.0.32.2, 
33.2,41.0,73.7,74.4, 129.8, 
130.1, 156.4 
18.5,24.8,25.4,29.7, 32.2, 33.6, 
79.5, 118.6, 123.3(~2), 129.1, 
138.3, 153.6 

22.4,24.1, 31.4,31.9,34.1,40.9, 
74.3, 118.8, 123.2, 128.8, 129.1, 
129.6, 138.4, 153.5 
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SYNTHESIS OF URETHANES BY A MODIFIED CURTIUS REACTION WITH ALCOHOLS 

Table 3. Continu ed... 
Cmpds 

2f Benzylcarbamic acid 4- 
methylcyclohexyl ester 

2g Cyclohexylcarbamic acid 
2-methy lcyclohexyl ester 

2h Cyclohexylcarbamic acid 
3-methylcyclohexyl ester 

21 Cyclohexylcarbamic acid 
Cmethylcyclohexyl ester 

21 (5-bromovalery1)- 
carbamic acid 2-methyl- 
cyclohexyl ester 

2m (5-bromovalery1)- 
carbamic acid 3-methyl- 
cyclohexyl ester 

2n (5-bromovalery1)- 
carbamic acid Cmethyl- 
cyclohexyl ester 

'H-NMR 
(8) 

6: 0.78(d, 3H, J = 6.2 MHz,  CH,); 
4.56(m lH, CHOH, tram); 4.95(m, 
lH, CHOH, cis); 6.73(bs, lH, NH); 
7.15-7.38(m, 5H, C,HJ 
3.80(bq, lH,CHNH),4.40(bs, lH, 
CHOH, trans), 4.62(m, 1H. CHOH, 
cis), 5.20(m, lH, NH) 
3.80(bq, lH,CHNH),4.10(bs, lH, 
CHOH, tram), 4.30(m, lH, CHOH, 
cis), 5.40(m, lH, NH) 

3.82(bq, lH, CHNH), 4.15(bs, lH, 
CHOH, tram), 4.36(m, lH, CHOH, 
cis), 5.35(m, lH, NH) 

0.86(d, lH, J = 6.6, CH,) 3.2O(bq, 
2H, CH2NH); 3.42(t, 2H, CH2Br); 
4.20(m, lH, CHOH, trans), 4.80(m 
lH, CHOH, cis) 5.20(m, lH, NH) 
0.87 (d, lH, J = 6.6, CH,) 3.15(bq, 
2H, CH2NH); 3.39(t, 2H, CH2Br); 
4.43 (m, lH, CHOH, rrans), 4.90(m, 
lH, CHOH, cis) 5.90(m, lH, NH) 

0.87(d, lH, J = 6.6, CH,), 3.2O(bq, 
2H, CH2NH); 3.40(t, 2H, CH2Br); 
4.30(m, 1 H, CHOH, trans), 4.90(m, 
lH, CHOH, cis) 5.90(m, lH, NH) 

'3C-NMR 
(6) 

21.9,29.6,29.8,31.4,31.8,33.1, 
74.5, 1 18.7, 126.3(~2), 128.8, 
129.1, 138.3, 153.5 

18.5,20.7,24.7,24.9,25.4,25.6, 
28.8,32.3,33.0,33.6,35.9,37.87, 
71.2, 156.4 
22.3,24.0,24.8,25.4,26.6,30.2, 
32.0,32.9,33.1,33.5,49.7, 
73.4, 156.5 

21.9,24.9,25.6(~2), 29.97(x2), 
31.8,32.2,33.0,33.2(~2), 
33.5,49.8,73.6, 155.6 
18.5,24.8,25.4,28.8,29.9,32.2, 
33.3,33.6,37.7,40.2,46.0, 
79.0, 157.0 

22.3; 24.0; 28.7; 29.9; 30.2; 31.4; 
33.3; 34.0; 40.2; 41.0; 74.1; 156.8 

28.8,29.6,29.9, 31.8,32.1,33.1, 
33.3,40.2,46.0,74.1,156.6 

This modified Curtius reaction16 to prepare urethanes appears to be particularly versa- 
tile, given that it is not necessary to isolate any intermediate and thus it could be of great use in 
synthesis, since satisfactory yields are obtained with primary, secondary and tertiary alcohols, as 
well as with phenol. Moreover, the best yields obtained by Yamada et ~ 1 . ' ~  are in the range of our 
lowest yields which could probably be increased further with the use of a Dry Box; our ultimate 
goal was to test the performance, scope and the ability of the reaction that to be performed in any 
laboratory. 

EXPERIMENTAL SECTION 

All reactions were carried out under dry argon using anhydrous solvents from Sigma-Aldrich. 
Glassware was flame-dried prior to use. Commercial reagents were purchased from Sigma- 
Aldrich or Huka and were used without further purification. Reactions were monitored by TLC 
on Merck silica gel plates (0.25 mm) using UV light or phosphomolibdic reagent for revelation. 
Hash chromatography was performed on Merck silica gel 60 (particle size 0.040-0.063 mm). 
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BIANCO, BONADIES, NAPOLITANO AND ORTAGGI 

Yields refer to materials after chroma-tographic purification. NMR spectra were recorded in 
CDC1, solution on Varian Gemini 200 spectrometer at room temperature. Chemical shifts are 
reported in 6 relative to the residual solvent peak (CHC1, at S, = 7.26, CDC1, at 6, = 77.0). 

General Procedure.- The acyl chloride (1  mmol) and dry benzytriethyl-amonium chloride (0.1 
mmol) were dissolved in dry toluene (2 mL for each mmol of acyl chloride) with stirring for 5 
min at 60°C. Dry sodium azide (2.4 mmol) was added in portions (4 x 0.6 mmol) over 1 h at 
60°C under stirring; the solution was kept for 15 min at 80°C. Then the alcohol (5 mmol) was 
added and stirred overnight at room temperature. The solution was diluted with ethyl ether (50 
mL), washed with water, and dried over anhydrous sodium sulfate. Removal of the solvent 
yielded a crude product which was purified on silica gel column eluted with 5% ethyl acetate in 
petroleum ether (compounds from la to lh) and methyl alcohol in chloroform (compounds from 
l i  to 2n). Yields are reported in Tables I and 2. NMR data are reported in Table 3. 

Acknowledgments- Financial support provided by MIUR and CNR are gratefully acknowl- 
edged. 

REFERENCES 

1. X. Gao and L. Huang, Gene Therapy, 2,710 (1995). 

2. E. R Lee., J. Marshall., C. S. Siegel, C. Jiang, N. S. Yew, M. R. Nichols, J. B. Nietupski, R. 
J. Ziegler, M. B. Lame, K. X. Wang, N. C. Wan, R. K. Scheule, D. J. Harris, A. E. Smith 
and S. H. Cheng, Human Gene %rapy, 7,1701 (1996). 

3. J. P Vigneron., N. Oudrhiri, M. Fauquet, L.Vergely, J. C. Bradley, M. Basseville, P. Lehn 
and J. M Lehn., Proc. Natl. Acad. Sci. USA, 93,9682 (1996). 

4. R. Tan, Z. Guisheng, L. Feng and L. Dexi, Bioorganic and Medicinal Chemistry Len., 10, 
891 (2000). 

5. V. Gomez-Parra, F. Sanches and T. Torres, Synthesis, 282 (1985). 

6. W. Lwowski, Nitrenes, Wiley, New York, 199 (1970). 

7. H. Fukuoka, A. Chon0 and H. Kohno, J. Org. Chem., 49,1458 (1984). 

8. H. Alper and G. Vasapollo, Tetrahedron Len., 28,641 1 (1987). 

9. S .  Cenini, C. Crotti, M. Pizzotti and F. Porta, J. Org. Chem., 53,1243 (1988). 

10. W. Rauchers and S. Jones, Synfh. Commu.~, 15, 1025 (1985). 

1 1 .  T. Curtius, Ber., 35,3226 (1902). 

148 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
4
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF URETHANES BY A MODIFIED CURTIUS REACTION WITH ALCOHOLS 

12. S. P. Rannard and N. J. Davis, Org. Letters, 2, 21 17 (2000). 

13. T. Shioiri, K. Ninomiya and S. Yamada, J. Am. Chem Soc., 94,6203 (1972). 

14. K. Ninomiya, T. Shioiri and S. Yamada, Tetrahedron, 30,2151 (1974). 

15. S. Nagumo, A. Nishida, C. Yamazaki, A. Matoba, K. Murashige and N. Kawahara, Tetrahe- 
dron, 58,4917 (2002). 

16. R. Lo Scalzo, L. Mascitelli and M. L. Scarpati, Gau. CMm Ztal., 118,819, (1988). 

17. A. Bianco., F. Bonadies, D. Celona, R. Napolitano and G. Ortaggi, 3rd Ztal ian-Gem 
Symposium on Organic Chemistry, Ravenna (Italy), 2001, March 30-April l, Symposium 
Paper 75. 

18. B. Vigne, A. Archelas, J. D Foumerou. and R. Furstoff, Tetralzedron, 42,2451 (1986). 

19. H. E. Baumgarten, L. Howaed and A. Staklis, J. Am. Chem Soc., 87,1141 (1969) 

20. N. Schweltick, Tetrahedron, 30,3799 (1974) 

21. X. A. Dominguez, I. C. Lopez and R. Franco, J. Org. Chem., 26,1625 (1961). 

22. W. T. Ashton, L. K. Lany and B. R. Baker, J. Med. Chm, 16,453 (1973). 

23. G. Z. Hajos, D. R. Panish and M. W .  Goldberg, J. Org. Chem, 30,2851 (1965). 

24. S. P. McManus, H. S. Bruner, H. D. Coble and M. Ortiz, J. Org. Chem., 42,1428 (1977). 

25. B. Acott, Australian J. Chem., 21, 197 (1968). 

26. I. Butula, Synthesis; 704 (1977). 

27. US Patent issued to du Pont, 33,345,155 (1967);Chem. Absrr., 00, OOO (196 ?). 

28. M. Sabatier, Ann. Chim. (Paris), 10,549 (1907). 

(Received January 14,2004; in final form March 17,2004) 

149 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
4
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


