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SYNTHETIC COMMUNICATIONS, 28(2), 261-276 (1998) 

Studies on the Transformation of Azido-Group to N-(t- 
Butoxycarbony1)amino Group v i a  Staudinger Reaction 

Carlos A. M. Afonso 

Faculdade de Ciencias e Tecnologia da Universidade Nova de Lisboa, Departamento de Quimica, 

Quinta da Torre; P-2825 Monte de Caparica, Portugal 

Abstract: By a simple and direct sequence, treatment of primary azides with tri-n-butylphosphine, 
followed by addition of di-t-butyl dicarbonate (Bcq0)  affords, N-(I- 
Butoxycarbony1)mines 2 in moderate to good overall yields. For secondary azides the 
formation of symmetrical disubstituted ureas is a competitive process. Conditions were 
found which, in the presence of a primary mine ,  allow for moderate selectivity for the 
reaction with Boc20. 

Conversion of azides into amines is of considerable importance in organic 
synthesis1. When protection of the amino group is required and in order to avoid 
the manipulation of the very polar amino group2, a protecting group can be 
introduced simultaneously, using di-t-butyl dicarbonate (Boc20) under catalytic 
hydrogenation conditions (H2, Pd/C)3a or using recently reported strategy by 
azide reduction with triethylsilane in the presence of catalytic amount of 20% 
Degussa Pd(OH)@J .  The reduction of azides to amines via hydrolysis of 
corresponding iminophosphoranes is a very common method4J but sometimes 
requires basic4,6 or acidic ~onditions~,6a,~. In a preliminary communication we 
reported a convenient method for the conversion of azides into N-Boc-amines via 
reaction of iminophosphoranes with Boc20 at low temperature8 (scheme 1). Here 
this transformation will be described in  more detail. 

The transformation of benzyl azide l b  to the corresponding N-Boc-amine 
2b was studied (table 1). The results obtained under different experimental 
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262 AFONSO 

conditions suggest that the solvent has little effect on the yield of 2b (entries 1-4). 
The importance of the order of 
addition of the reagents was also 
noticed, (entries 3 ,  7, 10-1 1)  and the 
best results were obtained when the 
iminophosphorane was prepared 

Scheme I 

i) n-Bu3P ( I .  I eq.), Et20 
ii) Bo$O (1.1 eq.) 

i i i )  H20/NaHC03 
t RNHBoc RN3 

before the Boc2O addition. A sign I 2 

that dependence on temperature and 
reaction time was found for step ii, thus better results were obtained at low 
temperature (-50 to -60 "C), while no significant effect was observed when the 
reaction time was increased (entries 2 and 3). When a large excess of Boc2O (2.2 
eq) was used only a moderate increase on the yield was observed (entries 9-10). 

The optimized conditions found for azide lb  were used for other azides 
(table 2) .  I t  was observed that primary azides gave the expected product in good 
yield at -50 "C (step ii)9, while more hindered azides required higher temperature 
to occur in moderate to low yield. 

Azide l h  was selected to study the reaction of the corresponding 
iminophosphorane with Boc20, in  the presence of benzylamine (1 eq.). Some of 

the experimental conditions that were evaluated, are summarised in table 3. A 
large excess of ethylamine was added before the workup, to trap the remaining 
Boc20. The selectivity observed is strongly influenced by the reaction conditions 
and should not be due to amine-iminophosphorane exchangelo. When the 
temperature was lowered until - SOW an increase on the ratio 2h/2b was observed 
(entries 1-3). However, at -95W the ratio 2h12b decreased becoming similar to 
that observed when the reaction was carried out at room temperature. The reaction 
solvent has also a remarkable effect on the selectivity (entries 3, 5-7) with an 
inversion observed when changing solvent from diethyl ether to 
dimethylformamide. The use of a Lewis acid, was also tried in the expectation that 
there would be an inhibition of the amine reaction resulting from preferential 
complexation with the more basic amine site". In fact, using BF30Et2 the best 
selectivity (8.4: 1) was observed but with a considerable reduction in the overall 
yieldl2. 

The selectivity of the reaction of Boc20 with primary and secondary 

iminophosphoranes was also examined (table 4). Starting from a mixture of l h  
and li (1.3 : 1) only the primary N-Boc-amine 2h was isolated from polar 
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N-i,t-BUTOXYCARB0NYL)AMINO GROUP 263 

Table 1 .  Influence of Experimental Conditions on the Transformation of l b  to 2b. 

a) Method A: Phosphine ( 1 . 1  eq) was added to a solution of ‘wide 2b in the solvent (step i )  

l~dlowed by the addiiion of B t q O  (stop i i )  and aqueous work-up. Method B: Phosphine ( 1 . 1  eq) 

was addod to a sohiion of aridc 2b and Roc20 in the solvent followed by aqueous work-up. b) 

yield of pure product isolated by flash chrornatogrriphy. 

mixture (entry 1). However, reaction of the diazide 4 gave the N-Boc-amine 5 
and the symmetric urea 613 both in very low overall yields (entry 2)14. Using 2.2 
rnol. eq. of Boc2O only a slight increase in  the formation of the urea 6 was 
observed (entry 2). The best yield (29 %) was obtained at 0 oC using a catalytic 
amount of DMAP (entry 4). For the diazides 7 and 9 the corresponding weas 8 
and 10 were also isolated (entries 5 and 6). 

The formation of aromatic cyclic carbodiimides from 
bis(iminophosphoranes) by reaction with Boc20/DMAP, via the corresponding 
isocyanate through DMAP catalysis has been reportedl5. They also observed that 
iminophosphoranes, from aromatic azides and triphenylphosphine (TPP), were 
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264 

Azide Step i Stepii RNHBoc 
1 temp.; time temp.; 2 

time Yielda 

a rt; -5ooc; 79 ?& 
1.5 h 1.5 h 

b rt; -50 OC; 78 ?& 
1.2 h 1.5 h 

c rt; 1 h -50°C; 81 8 
35 oc; 10 1.5 h 

AFONSO 

Azide Step i Step ii RNHBoc 
1 temp.; temp.; 2 

time time Yield" 

f rt; -50 oc; 69 8 
2 h  12 h 

g rt; -5ooc; 80 %I 

l h  1.5 h 

h rt; -50 oc; 81 % 
35 min. 1 h 

la 
R' 

d rt; -60 oc; traces 
35 min. 1 h 

d rt; 0 "C; 31 8 
35 min. 6 h 

d rt; 0 ocb; 10% + 
35min. 6 h 3c (77 8.) 

e rt; -so oc:: 56 Q 
21 h l h  

lb  R, R' = H 
l c  R = OMe, R' 

i n; 0 oc; 18 % 
2.3 h 3 h 

j rt; -30 oc; S6 8 
12 h 3 h  

20 h 1 5  
j refluxd -5O'C: 41 4, 

k rt; -50 "C; 32 % 
1.5 h 1 h 

= H  

AN% Hph J 

l e  

N3 

Boc 

0 
~ 3 + 0 ~ p h  

R 

lh R = H  
Id R =H, R = Me If l i  R = M e  

3cr -Azido-Sa- 
cholestane 

U 

ON3 
Ik 

unreactive to Boc20 at room temperature in the absence of DMAP15a. However, 
reaction of phenyl azide lk  and tributylphosphine (TBP) at -50 oC gave the 
corresponding N-Boc-amine 2k in 32 %J yield. We also observed that TPP was 
less effective than TBP for non-aromatic azides (table 1, entry 6 and table 2 for 
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N-(t-BUTOXYCARB0NYL)AMINO GROUP 265 

Table 3. Competitive Reaction of Iminophosphorane of Azide lh  with Boc2O in 
the Presence of Benzylamine. 

0 
N3J+ph - i - iii) B O ~ N H , ) L ~ ~ ~  + IJVNHBOC 

0 

lh 2h 2b 
Yield Yield 2h:2b 2h+2b Step ii Entry temp.; time Solvent 
2ha 2ba 

1 rt; Et20 64% 35 % 1.8: 1 99% 
~~~ ~ 

2 -2ooc Et20 64% 25 % 2.6: 1 89 %I 

1 4 h  

3 -5OOC Et20 78 % 18 lo 4.4: 1 96 8 
1.5 h 

4 -95oc Et20 51 % 29 % 1.8:l 80 8 

5 - 5 O O C  CH2Cb 30% 43 % 1:1.4 73 % 

6 -4OOC CH3CN 28% 67 % 1:2.4 95 Q' 

I h  

~~~ ~ ~ 

7 -4ooc DMF 17 % 75 lo 1:4.3 92 % 
2 4 h  

8 - 5 O O C  Et20b 51 90 6 %  8.4: 1 57 % 
1.5 h 

i )  Bu3P (1.1 eq.), n, I h; ii) benzylamine (1 eq.), followed by B o q 0  (0.8 eq.); iii) ethylamine (10 
eq.) followed by H2ONaHC03. a) Yield of pure product isolated by flash chromatography. b) 
BF30Et2 (1.2 eq) was added before BoczO adition 

lj) and that the use of DMAP changed the reactivity of azide Id to the formation 
of carbodiimide 3 (77 %) instead of 2d (see table 2). Thus, the use of TBP instead 
of 'I'PP or the combination of TPP/DMAP, seems to have a remarkable influence 
upon the products which are obtained. 

A possible explanation is that the iminophosphorane resulting from TBP, is 
more reactive with Boc2O or, the presence of TBP in solution increases the 
reactivity of Boc20, as has been reported for anhydridesl6. Following the reaction 
by 31P NMR, after addition of Boc20 (1.2 eq.) to the iminophosphorane of l b  
(0.17 mmol in 0.4 ml CDCl3) at -50 oC a shift of the signal of iminophosphorane 
from +27.1 ppm to +73.4 ppm was observed. Addition of D20, shifted the signal 

to +49.7 ppm (tributylphosphine oxide; MI7. + 49.4 ppm). The signal at +73.4 
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366 AFONSO 

I Ih <and l i  

( 1  3.1) 

2 4 

3 4 

J 4 

5 7 

4 

time 

0 1 . 1  
eq, -50 "C;  

rt, 2 1) relation to 1 h BocNH do APh 
Zh 79 

(none of 2i was detected by 'IIC) lh)  

rt. I h 2.2 -60 O C ,  RY N3 + ~ N ' N I (  

mol. eq. I 3 h R =  B o c \ T l ( C I ~ ~ ) ~  R 
5 15 T 6 25 T 

I .o 
rt; 1 h mo,, eq, -60 OC; 5 1 1  %; 6 20 9 t  

1.3 h 
2 2 mol. 

rt; 1 h O T , l h  5 9  %', 6 29 %' 
eq.b 

0 rt; 2.2 -60°C; 

2.5 h mol eq. 1 h )..NAN-( K = RocNH(CI1~)~ 
R H  R 8 3 2 %  

7 N3 
9 

Table 4. Reaction of Btw20 M ith Primarq and Secundarq Iminophosphoranes. 

0 K = BOL"ICiI~CH(I3) rt, 1 5  h 2 2 -60 oc', 
re11 IIY , 
111  

10 34 % 
mol eq 1 S h  6 

R R 

a) All reactions were performed in diethyl ether using tnbutylphosphne (1  1 eq I azde group) b) 

DMAP (catdytic amount) was added to the reactlon nuxture, followed by B o q O  additlon 

ppni is typical of a phosphonium s p e c i e ~ l ~ 9 1 ~  which could be atributed to the 
structure A in accordance to recent observations19 (scheme 2 ) .  

The lower reactivity observed for secondary azides could be a result of 
steric hinderance on the nucleophilic attack of the iminophosphorane on the 
anhydride. The formation of ureas 6 , 8  and 10 on the reaction of diazides 4, 7 and 
9 was curious, and i t  could eventually result from a faster formation of 
intermediate A of the primary azide than from secondary azide. As a result of 
steric hinderance, this intermediate could be transformed o n  the isocyanate which 
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N--(t-BUTOXYCARB0NYL)AMINO GROUP 267 

bj, reaction with another unreacted more hindered secundary iminophosphorane 
group gives the symmetrical carbodiimide15a,20 (scheme 2 ) .  

From the synthetic point of view, the procedure here described is a simple 

alternati\e for the preparation of N-Boc-amines from azides under mild 
conditions. This procedure seems specially appropriate for the conversion of less 
hindered a d e s  incorporating functional groups which are non compatible (e.g. 
lb, le  and lh) with the reported method$. Moderate selectivity were also 
o b s c n d  for  reaction of iminophosphorane in the presence of primary amine. 

Experimental 
Reagent quality solwnts were distilled prior to use. Diethyl 

azodicarbouylate was dried by standing over molecular sieves. Anhydrous 
dimethylformamide (BaO), triethylamine (NaOH), pyridine (NaOH) and 
dichloromethane (P205) were distilled. Anhydrous benzene, tetrahydrofuran and 

diethyl ether were prepared by distillation from sodiumlbenzophenone ketyl under 
argon. Tnbutylphosphine and benzylamine were distilled under argon prior to use. 
Triphcnylphosphine was recrystalized successively from ethanol and petroleum 
ether 40/60. Column chromatography was performed using Silica gel Merck 60 H 
(Art. 7736) and aluminum-backed silica gel Merck 60 F254 plates was used for 

analy-tical TLC. Melting points (uncorrected) were determined on a 
Electrothermal Mod. IA 6304 capillary melting point apparatus. Microanalyses 
"ere carried out  at ITQB using a Carlo Erba analyser. Mass spectra (MS) and 
accurate masses (HRMS) were obtained from the Mass Spectrometry Service, 
School of Pharmacy, University of London. Infrared spectra (IR) were recorded 
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268 AFONSO 

on a Buck Scientific Mod. 500 spectrophotometer. IH, 13C and 31P NMR were 
recorded on a Bruker ARX 400 spectrometer. Chemical shifts are reported as 6 
values relative to tetramethylsilane ( 6 ~  = 0 ppm), CDC13 (6c = 77.0) or external 
phosphoric acid (6p = 0). All coupling constants are given in Hz. Observed 

rotations at the Na-D line were measured at 25°C using a Optical Activity 
polarimeter Mod. AA-1000. 
Preparation of azides: Azides l a  to Id, l g  to l i  and 4 were prepared following 
reported method21: 
la: clear colourless oil; b.p. 46 - 48 OC / 0.2 mmHg; lit.22 105 OC / 22 torr; lit.= 
62 OC / 3.3 torr; lit.24 73 - 75 O C  / 3 mmHg; spectral data identical to those 
reported25. 
lb: purified by flash chromatography (hexane) followed by distillation b.p. 58 - 
60 OC/ 5 mmHg; lit.26 71 - 71.5 OC / 13 mmHg; clear colourless oil; spectral data 
identical to those reporteda,27,25; m/z (EI) 133, 105, 104,91,77,65. 
lc: purified by flash chromatography (7:3 hexane / dichloromethane), clear 
colourless oil; IR spectral data identical to those reportedz7; 1H 6(400 MHz, 
CDC13) 3.81 (3H, s, OMe), 4.26 (2H, s, CHz), 6.90 (ZH, d J 7.7, Ar), 7.24 (2H, d J 
7.7, Ar); m/z (El) 163 (M+), 135 (M+-N2), 121 (M+-N3), 91,77,65. 

Id: purified by flash chromatography (hexane), spectral data identical to those 
reported25.28-3". 
lg: purified by distillation; b.p. 7OoC/ 0.9 mmHg (Kugelrohr); lit31 33 - 41 OC / 1 
mmHg; clear colourless oil; vmax (film) 2130, 1748 cin-1; 'H 6(400 MHz, CDCI3) 

1.51 (9H, s ,  r-Bu), 3.74 (2H, s, H - 1 ) ;  mlz (El) 141 (M+-Me), 11-4, 114,84,70,59. 
lh: purified by distillation; b.p. 110 OC/ 0.01 mmHg (Kugelrohr), clear colourless 
oil; vmax (film) 21 16, 1753 cm-l; IH 6(400 MHz, CDC13) 3.92 (2H, s, H-2), 5.25 
(2H, s, C k P h ) ,  7.37 (5H, s, Ph); 13C 6(100.61 MHz, CDC13) 50.3 (C2), 67.5 
(CH2Ph), 128.5, 128.7, 134.8 (Ar), 168.1 (Cl ) ;  m/z (EI) 191 (M+), 144. 119, 108, 

91,77,65. 
li: purified by distillation; b.p. 135 OC/ 0.5 mmHg (Kugelrohr), followed by flash 
chromatography (9: 1 hexane / diethyl ether), clear colourless oil; Vmas (film) 
2112, 1747 cm-I; 'H 6(400 MHz, CDC13) 1.49 (3H, d J 7.2, H-3), 3.98 (IH, q J 
7.2, H-2), 5.22 (?H, s, CfiPh), 7.37 (5H, s ,  Ph); m/z (El) 133, 105, 91 (base), 77, 

65. 
lj: prepared as described? m.p. 58-61OC (from hexanel ethanol); lit.32 m.p. 61- 
62OC (diethyl ether/ ethanol): [ ~ L ] ~ ~ D =  +18.0 (c 0.9, CHC13); lit.32 ( a ] z 5 ~  = +18.2 

D
ow

nl
oa

de
d 

by
 [

O
tto

-v
on

-G
ue

ri
ck

e-
U

ni
ve

rs
ita

et
 M

ag
de

bu
rg

] 
at

 0
5:

56
 1

6 
O

ct
ob

er
 2

01
4 



N-(t-BUTOXYCAFS0NYL)AMINO GROUP 269 

(c 0.9, CHCl3); lit.28 [a]2% = +I9 (c 0.7, CHC13); IR spectra data identical to 
those reported32; 1H 6(400 MHz, CDC13) 0.66 (3H, s, Me), 0.79 (3H, s ,  Me), 
0.872 (3H, d J 6.6, CHMM), 0.877 (3H, d J 6.6, CH-), 0.91 (3H, d J 6.5 
CHMe),0.7-1.8(31 H,m), 1.97(lH,dtJ 12.2,3.2),3.89(1H,W1/2=6Hz,H-3). 

le: cis and trans 3-aminomethvl-3.5,5-trimethvl-cvclohexanol ( 1.410 g, 8.23 
mmol) reacted with benzyl chloroformate following literature procedurS3: 
Purification by flash chromatography (7:3 to 1: 1 dichloromethane / ethyl acetate) 
gave cis and trans (N-benzvloxvcarbonvl~-3-aminomethvl-3.5.5-trimethvl- 
cwlohexanol 11 (2.246 g, 89 %) as a clear colourless viscous oil, vmax (film) 
3360 1719 cm-1; 'H 6(400 MHz, CDC13) 0.91,0.96 (3H, s, Me), 1.03 (6H, s ,  Me), 
1.0-1.9 (6H, m, H-2, H-4, H-6), 2.99 (2H, m, C b N H ) ,  3.95 (IH, m, H-l), 4.78 
(IH, br), 4.87 (lH, br), 5.1 1 (2H, s, C k P H ) ,  7.38 (5H, s ,  Ph); m/z (EI) 305 (M+), 
123, 104, 91; HRMS calcd. for C1gH27N@: 305.1999 found: 304.9824. Diethyl 
azodicarboxylate (0.93 ml, 5.93 mmol) was added dropwise (3 min) to a stirred 
solution of 11 (1.647 g, 5.39 mmol) and triphenylphosphine (1.56 g, 5.93 mmol) 
in anhydrous benzene (30 ml) and hydrazoic acid (4.98 ml of 1.3 M solution in 
benzene, 6.47 mmol) under argon at room temperature (water bath). After being 
stirred for 24 h the reaction mixture was evaporated and the crude product was 
chromatographed on silica gel column (6:4 to 1: 1 hexane / dichloromethane) to 

afford l e  (0.765 g, 43%) as a clear colourless viscous oil; Ymax (film) 3349 (br), 
2099, 1730 cm-l; 'H 6(400 MHz, CDC13) 0.92 (3H, s, Me), 0.98 (3H, s, Me), 1.03 

(3H, s, Me), 1.1-1.8 (6H, m, H-2, H-4, H-6). (2.91 (dd J 14.0, 5 4 ,  2.99 (d J 6.7) 
and 3.71 (m), (2H, CI&NH)), 3.55 (lH, dd J 13.8, 7.9, H-l), 4.78, 4.85 (IH, br, 
NH), 5.12 (2H, s, C b P h ) ,  7.38 (5H, s, Ph); m/z (EI) 302 (M+-N2), 287, 23 1, 172, 
91. 
If: A mixture of [S)-N-tert-butoxvcarbonvlprolinol methanesulfonate, (prepared 
according to literature method34, 0.227 g, 0.81 mmol), sodium azide (0.108 g, 3, 

eq.) and tetrabutylammonium bromide (0.013 g, 5 mmol%) in anhydrous 
dimethylformamide (2 ml) was stirred at 80 OC under argon, for 16 h. The solvent 
was remoyed in vacuo and diethyl ether (20 ml) was added. The mixture was 
filtered, evaporated to dryness, and chromatographed on a silica gel column (9: 1 
hexane / diethyl ether) to afford I f  (0.142 g, 77%) as a clear colourless oil; [cr]25D 

= -49.5 (c 1.16, CHC13); Ymax (film) 2111 1696 cm-1; 1H 6(400 MHz, CDC13) 
1.47 (9H, s, Z-Bu), 1.81-1.99 (4H, m), 3.37 (3H, W ~ Q  = 15 Hz), 3.57 (IH, rn), 
3.94 (lH, m); m/z (FAB) 227 (MH+), 171, 153, 127, 125, 114. 
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AFONSO 270 

lk: prepared as described in the Iiteraturel-’”. 
4 : punfied by distillation; b.p. 98 ‘)C/ 20 mmHg; clear colourless o i l ;  vlllaX (film) 
2099 cm-I ;  IH b(400 MHz, CDC1.3) 1.29 (3H, d J 6.5, H-S), 1.52-1.79 (4H, m,  H- 
2, H-3), 3.31 (2H, I J 6.6, H-I), 3.48 ( l H ,  seytct, J 6.4, H-4); 13Cb(100.61 MHL, 
CDC13) 19.32 (C5). 25.45 (C2 or C3), 33.24 (C2 or C3),  51.04 (Cl ) ,  57.37 (C4); 

m/z (EI) 100, 98, 97, 84,83, 70, 57. 
7: diisopropyl azodicarbcnylate (0.87 ml, 4.39 niniol) was added dropnise ( 5  min) 
t o  a stirred solution ot’ 1,s-hexanediol (0.247 g, 2.09 mmol) and 

triphenjlphosphine (1.15 g, 4.39 mmol) in anhydrous diethjl ether (20 ml) and 
hydrazoic acid (3.5 ml of 1.3 M solution in benzene, 4.6 rnmol) under argon at 
room temperature (water bath). After b a n g  stirred for 14 h the reaction mixture 
was evaporated and the crude product was chromatographed on a silica gel 
column (hexane) to afford 7 (0.204 g, 58%’) as a clear colourless oil; vmah (film) 
2105 cm-l ;  * H  S(400 MHz, CDC13) 1.27 (3H, d J 6.6, H-6), 1.43-1.64 (6H, m, H- 

2, H-3, H-4), 3.29 (2H, t J 6.8, H-l) ,  3.45 ( l H ,  sextet J 6.6, H-5); 13C 6(100.61 
MHz, CDC13) 19.29 (C6), 23.22 (CH2), 28.54 (CH2), 35.63 c H 2 ) .  51.17 ( C l ) ,  

57.67 (CS); rn/z (El) 11 1, 96, 82,70, 57. 
9: was prepared from 3-ethyl-1,3-hexanediol (0.412 g, 2.82 mmol, mixture of  
isomers) using the procedure reported earlier for 7. The mixed isomers of  diazide 
9 (0.263 g, 51%) u.ere obtained as a clear colourless oil; vmax (film) 2105 cm-1; 
‘H 6(400 MHz, CDCI3) 0.93-0.98 (6H, m), 1.26-1.62 (7H, m), 3.32-3.53 (3H, m, 
H - l  and H-3); 13C S( 100.61 MHz, CDC13) 11.33, 11.82 (Me), 13.76, 14.03 (Me), 
19.63, 20.06 (CHz), 21.78 (CH2). 33.66, 33.96 (CH2), 43.83, 43.94 (C2). 51.34, 

52.04 (C3), 63.39,63.70 (C1); m/z (EI) 127, 113,97,70.  
Conversion of azides 1 into N-Boc-amines 2. 
General Drocedure (for specific conditions of each example see table 2): To a 

stirred solution of l h  ( 1  14.5 mg, 0.60 mmol) in anhydrous diethyl ether (4 ml) a t  
room temperature under argon was added dropwise tri-n-butylphosphine ( 157 PI, 
1.1 eq). After Ih (gas liberation has ceased) the reaction mixture was cooled to - 

-50 OC and a solution of di-t-butyl dicarbonate (144.0 mg, 1.1 eq) in anhydrous 
diethyl ether ( 2  rnl) was added dropwise via canula. The mixture was stirred for 

another hour at -50 OC. Saturated aqueous sodium bicarbonate ( 2  ml) was added, 
the cooling bath was removed, the reaction mixture was allowed to warm to room 
temperature and was partitioned between diethyl ether (20 ml) and saturated 
aqueous sodium bicarbonate (20 ml). The aqueous phase was extracted with 
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N-(t.-BUTOXYCARB0NYL)AMINO GROUP 27 1 

dicthyl ether ( 2  x 20 ml), the combined organic layers were dried (MgSO4), 

filtered, ckaporated to dryness and chromatographed on a silica gel column (7:3 
heuanc: diethyl ethcr) t o  afford 2h (128.6 mg, 81 %) as a white solid; m.p. 72.5- 
73.5 OC (hesane); reported3s m.p. 72-73 OC and 74-7SOC (light petroleum). 
2a: purilicd by flash chromatography (9.5 / 0.5 hevane / diethyl ether); yield 79%; 
clear colourlcss oil, vIIlaS (film) 3360, 1696 cm-l; 'H 6(400 MHz, CDC13) 0.88 
(3H, t J 5.7, H-8), 1.27 (12H, m, H-2 to  H-7), 1.44 (9H, s, t-Bu), 3.10 (2H, m, H- 
I ) ,  3.46 (IH, br, NH); m/z (FAB) 231, 174, 154, 128, 107, 89; HRMS calcd. for 
C ~ ~ H ~ x N Q :  230.2 I20 , lound: 230.2 124. 
Zb: purified by flash chromatography (9: 1 hexane / diethyl ether); yield 78%; as 
n,hitc needlcs, m.p. 55.5-56 OC (hexane); lit36 m.p. 54-55 OC; lit.3b m.p. 56-57 
OC; identical spectral data to thosc r ~ p o r t e d ~ ~ 3 3 ~ ;  rn/z (FAB) 176, 152, 137, 127, 
106; HRMS calcd. for C lzI~I19NO2: 209.1416, found: 209.1433. 

2c: purified by flash chromatography (9: 1 hexane / diethyl ether); yield 81%; 
uhitc needlcs, m.p. 50-50.5 OC (hexane); identical spectral data to those 
r ~ p o r t c d ~ ~ ;  Anal. calcd. for C13H19NO-j: C 65.80, H 5.90, N 8.07%. Found:C 
66.27, H6.01, N 8.319%. 
2d: purified by flash chromatography (8 / 2 hexane / diethyl ether); yield 31%; 
kvhitc needles, m.p. 76 - 77 OC (hexane); lit?0 m.p. 88 OC; identical spectral data 
to thosc rcported20; Anal. calcd. for C13Hl9N@: C 70.56, H 8.65, N 6.33%. 

Found:C ,7029 H 8.61, N 6.37%. Starting from Id (0.085 g, 0.58 mrnol), when 
thc reaction was performed by adding 4-dimethylaminopyridine (one crystal) 
before Bocz0 addition, the products isolated by flash chromatography (9: 1 hexane 

/ dicthyl ether) H'erc in order of elution; di-( 1-txnvl-ethvl)carbodiimide 3 (0.0% 
g, 77%') as a clear colourless oil; mixture of two isomers; vmax (film) 2122 cm-1; 
IH h(400 MHz, CDC13) 1.45 (3H, d J 6.7, C H C b ) ,  1.46 (3H, d J 6.7, C H C a ) ,  

4 . -~ (1H,qJ6 .7 ,C~Me) ,4 .55 (1H,qJ6 .7 ,C~Me) ,7 .23 -7 .33 (10H,m,Ar ) ;13C 
6( 100.61 MHz, CDCI3) 24.6 (CHj), 56.7 (CHMe), 125.9, 127.3, 128.5, 140.4, 
143.6; m/z (EI) 350 (M+), 235, 191, 145, 131, 105; HRMS calcd for C17H18N2: 

250.1470, found: 350.1468 and 2d (0.013 g, 10%). 
2e: purified by flash chromatography (6:4 hexane I diethyl ether); yield 56%; clear 
colourless viscous oil, Vnlax (film) 3417 1730 cm-1; 'H 6(400 MHz, CDC13) 0.89 

(3H, s, Me), 0.96 (3H, s, Me), 1.02 (3H, s, Me), 1.1-1.9 (6H, m, H-2, H-4, H-6), 
(3.89 (dd J 14.0, 51 ) ,  2.97 (d J 6.7) and 3.75 (m), (2H, C&NH)), 3.53 (IH, dd J 
13.9, 7.9, H-I), 4.75, 4.83 (IH, br, NH), 5.11 (2H, s, C k P h ) ,  7.37 (5H, s, Ph); 
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272 AFONSO 

m/z (FAB) 405 (MH+), 349,305,288,241,215; HRMS calcd for CzH37N204 : 

405.2753 found: 405.2755. 

2f purified by flash chromatography (7:3 hexane / diethyl ether); yield 69%; 

white plates; m.p. 101-102°C (hesane); = -44.3 (C 1.0, CHCl3); YmaX 

(film) 3360 1690 cm-l ;  'H 6(400 MHz, CDC13) 1.43 (9H, s, t-Bu), 1.47 (9H, s, f- 
Bu), 1.79-1.91 (4H, m), 3.20 (2H, W1/2=28 Hz), 3.33 (2H, W1/2=19 Hz), 3.44 
(lH, br),3.88(1H,m),4.95(1H, W1,2=26Hz,NH);m/z(EI) 183, 170, 127, 114, 
70, 57; Anal. calcd. for C~5H28N20.1: C S9.98 H ,9.40 N 9.33%. Found:C 59.58, 

H , 9 3 1  N 9.17%. 

2g: purified by flash chromatography (9:l hexane / diethyl ether); yield 80%; 
white needles; m.p. 65.5-66OC (hexane); lit38 64OC; vmax (film) 3372, 1753 1719 
cm-'; spectral data identical to those reported3*;Anal. calcd. lor CllH21N04: C 

57.12, H 6.06, N 9.15%. Found:C 57.14, H 6.09, N 9.39%. 
2i: purified by flash chromatography (8:2 hexane / diethyl ether); yield 18%; 
white plates, m.p. 29.5-30 OC (hexane); lit.35 m.p. 25.5-26 OC (light petroleum); 
vmax (film) 3372, 1747, 1713 cm-I; IH b(400 MHz, CDC13) 1.39 (3H, d J 7.2, H- 

3), 1.43 (9H, s, r-Bu), 4.36 ( lH,  br, H-2), 5.05 (lH, br, NH), 5.14 (lH, d J 12, 
C k P h ) ,  5.20 (lH, d J 12, C&Ph), 7.38 (SH, S, Ph). 

2j: purified by flash chromatography (1: 1 hexane / dichloromethane); yield 56%; 
white needles, m.p. 147-148OC (hexane); = +25.4 (c 0.45, CHC13); Ymax 

(film) 3349, 1713 cm-l ;  lH 6(400 MHz, CDC13) 0.65 (3H, s. Me), 0.79 (3H, s, 
Me), 0.869 (3H, d J 6.6, C H C b ) ,  0.873 (3H, d J 6.6, C H C b ) ,  0.91 (3H, d J 6.4, 
CHC&j), 1 .46  (3H, s, f-Bu), 0.7-1.8 (31H, rn), 1.97 ( lH,  dt J 12.4, 3.3), 3.85 ( lH,  
W1 2=21 Hz, H-3), 4.84 ( lH,  w1:2=19 Hz, NH); Anal. calcd. for C32HyNa:  C 

78.79, H 11.78, N 2.87%. Found:C 78.74, H 11.56. N 2.97%,. Preparation o f  
authentic samde:  A solution of lj (29.5 rng, 0.071 mrnol) in ethyl acetate (2. ml) 
ivas reacted with H?, PdiC and BoczO following literature procedure3a. The crude 

product ivas punfied as before to give Z j  (34.4 mg, 99 %), rn.p. 147.5-148.5OC 
(heuane); [ a ] 2 5 ~  = +26.1 (c 0.41, CHC13); +24.6 (c 1.05, CHC13). 

2k: purified by flash chromatography (950.5 heuane / diethl-l ether); yield 32% ; 
white needles, m.p. 137-138OC (diethyl ether / hexane); lit.39 m.p. !370C; 1it.W 
m.p. 136OC; vmax (film) 3309, 1690 cm-1; 1H b(400 MHz, CDC13) 1.52 (3H, s, t- 

Bu), 6.46 ( lH ,  br, NH), 7.03 ( lH ,  t J 7.3, Ph), 7.29 (2H, dd J 8.0, 7.3, Ph), 7.35 
( lH,  d J 8.0, Ph); Anal. calcd. for CllH15Na: C 68.37, H 7.82, N 7.25%. Found: 
C 68.32, H 7.88, N 7.27%. 
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N-(t-BUTOXYCARB0NYL)AMINO GROUP 273 

5 and 6: The crude mixture was purified by flash chromatography (8.5 / 1.5 to  0 / 
1 hexane / diethyl ether) to give, in order of elution; 5 yield 15%; clear colourless 
viscous oil, vmax (film) 3343, 21 11, 1702 cm-1; IH 6(400 MHz, CDC1-j) 1.26 (3H, 

d J 6.4, H-5), 1.45 (9H, s, f-Bu), 1.47-1.62 (4H, m, H-2 and H-3), 3.14 (2H, d, J 
5.9, H-l), 3.47 (lH, quintet, J 6.4, H-4), 4.55 (lH, br W1/2=24.5 Hz, NH); I3C 
ti(100.61 MHz, CDC13) 19.3 (C5), 26.7 (C2 or C-3), 28.3 (C(CH3)3), 33.3 (C2 or 
C3), 40.1 (Cl), 57.5 (C4), 79.1 (cMe3), 155.9 (CO); m/z (FAB) 229 (MH+), 201, 
186, 173, 154; HRMS calcd. for C10H21N402 : 229.1664; found: 229.1666; and 6 
yield 25%, after two crystallizations (dichloromethane I hexane); white cubes; 
m.p. 172-174OC (ethanol / diethyl  ether);^,, (nujol) 3338, 1690, 1628, cm-1; IH 

m, H-2 and H-3), 3.12 (4H, m, H-l), 3.76 (2H, quintet, J 6.4, H-4), 4.34 (ZH, br 
W1/2=18.2 Hz, NH), 4.73 (2H, br W112=l8.2 Hz, NH); 13C 6(100.61 MHz, 
CDC13) 21.7 (C5), 26.8 (C2 or C3), 28.4 (CCH3)3), 34.5 (C2 or C3), 40.4 (Cl),  
45.7 (C4), 79.1 (cMe3), 156.2 CONHBoc), 157.5 (CO); m/z (FAB) 431 (MH+), 
331, 312, 257, 231, 203; Anal. calcd. for C21H42N405: C 58.58, H 9.83, N 

13.01%. Found:C 58.32, H 9.62, N 12.75%. Preparation of authentic samde: 5 
(0.303 g, 1.97 mmol) in ethanol (2 ml) was reacted with H2 (balloon), and Pd/C 

10% (21 mg) with vigorous stirring at room temperature for 15 h. The mixture 
was filtered, evaporated to dryness and the residue was reacted with bis(4- 
nitropheny1)carbonate following literature procedure 13. The crude product was 
purified by flash chromatography (diethyl ether) to give 6 (0.032 g, 47 %), m.p. 
16X-171OC (dichloromethane I hexane). 
8: purified by flash chromatography (8:2 to 0: 1 hexane / diethyl ether); yield 32%). 
clear colourless viscous oil, Vmax (film) 3338, 1702, 1657 cm-l; 'H b(400 MHz, 
CDC13) 1.10 (6H, d J 6.6, H-6), 1.35-1.73 (12H, m), 1.44 (18H, s, r-Bu), 3.10 (4H, 
d J 6.1, H-I), 3.76 (2H, quintet, J 6.6, H-5), 4.65 (2H, br W112=21 Hz, NH), 4.78 
(2H, br W112=21 Hz, NH); 13C b(100.61 MHz, CDC13) 21.5 (C6), 23.7 GHz),  
28.2 (C(CH3)3), 29.6 (CH2). 37.1 (CHz), 40.2 (Cl), 45.0 (CS), 78.6 (CMe3), 

156.0 (CONHBoc), 157.9 (CO); m/z (FAB) 459 (MH+), 359,285,259,215, 187; 
HKMS calcd. for CzH47N405 : 459.3%; found: 459.3541. 

10: purified by flash chromatography ( 9 1  to 1:l hexane / diethyl ether); yield 
34%, white solid, mixture of isomers; Vmax (film) 3338, 1702, 1656 cm-l ;  1H 
b(400 MHz, CDC13) 0.86-0.97 (12H, m), 1.24-1.54 (14H, m), 1.43 (9H, s, t-Bu), 
3.02-3.90 (6H, m), 4.53-6.0 (4H, m, NH); I3C 6(100.61 MHz, CDC13) 12.04 

b(400 MHz, CDC13) 1.12 (6H, d J 6.4, H-5), 1.44 (18H, S, t-Bu), 1.42-1.53 (8H, 
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214 AFONSO 

(Me),  13.46, 13.90 (Mc), 19.55, 19.85 (CH?), 21.84 (CH2), 3557, 35.82 (CH2). 
40.80, 40.1 1 (CI),  44.56, 4564 (C2), 49.39 50.58 (C3), 78.9 (C(CH3)3), 156.4, 

156.6 (CONHBoc), 158.8, 159.3 (CO); mi l  (FAB) 515 (MH+),  415, 342, 315, 
298, 286. 243; HRMS calcd. tor C27H.uN405: 515.4173: found: 515.417. 
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