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A Facile Synthesis of Azidoformate via Chloroformate

Pei-Lin Wu ( » » + 9 Chia-Hao Su (e ¢ « ¢)and Yi-lengGu (s * * *)
Department of Chemistry, National Cheng Kung University, Tainan, Taiwan 701 R.O.C.

This work synthesized chloroformates by slowly adding alcohols into a suspension of trichloromethyl
chloroformate, instead of phosgene, along with activated charcoal in tetrahydrofuran. This chloroformylation
yielded chloroformates in near quantitative yield. The subsequent reaction between chloroformates and sodium
azide in dry acetone produced azidoformates in a high yield.

INTRODUCTION

The decomposition of azide by photolysis or ther-
molysis produced nitrene intermediate which is involved in
the intervention of C-H bond to form amines, in the
dehydrogenation to produce alkenes, or in the formation of
aziridines by adding alkenes. As a precursor of nitrenes, reac-
tions involving alkyl azides (R-N3), aryl azides (Ar-N3), and
acyl azides (RCON;) are well documented.! However, the re-
action of the azidoformates (RO-CO-Ns3) has been limited to
commercial azides, such as ethyl azidoformate, or other syn-
thetic azidoformates which were formed by reacting with
chloroformates.”> The chloroformates are generally synthe-
sized by the reaction of the corresponding alcohols with phos-
gene (carbonyl dichloride, bp 8.2 °C)* or a solution of phos-
gene in toluene or benzene.* Owing to its volatility and toxic-
ity, phosgene is difficult to obtain commercially. Therefore,
trichloromethyl chloroformate (TCF, bp 128 °C), a phosgene
dimer, has been recently used as a substitute for phosgene. A
related investigation has demonstrated that the chloro-
formylation of at-amino acid is involved in the rapid decom-
position of TCF with activated charcoal and the simultaneous
reaction of resulting phosgene with amino acid.” This work
presents, for the first time, an alternative method for preparing
chloroformates using TCF.

RESULTS AND DISCUSSION

Chloroformates 1 is normally prepared with TCF in the
presence of a base.® In this work, a large amount of dialkyl
carbonates 3 was formed by further reacting the chloro-
formate product with alcohol.” After several attempts, an ex-
cess amount of TCF was used to prevent the formation of
dialkyl carbonates 3, although a half-mole amount of TCF
would theoretically be required for a complete reaction with a

mole of alcohol. Slowly adding alcohol into TCF could even
avoid the side product formation because chloroformate is
less reactive towards alcohol than phosgene. Therefore, a
yield of 1 was markedly improved by slowly adding an equiv-
alent of alcohol to the suspension of 0.75 equivalent of TCF
and a catalytic amount of charcoal in dry tetrahydrofuran
(THF) at room temperature. A near quantitative yield of
chloroformates 1 was obtained as a clear oil. No evidence
suggested the formation of appreciable quantities of dialkyl
carbonate 3. The absence of a hydroxyl band in the IR spec-
trum implied the completeness of the reaction as well as the
absence of trichloromethyl signal (8 ca. 110)® in the '*C NMR
spectrum, further indicating the formation of chloroformates
1 instead of trichloromethyl carbonates 4. The chloroformates
could be used in the following reaction without further purifi-
cation.
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By using the above method, TCF was treated with phe-
nol. Even at reflux THF solution, phenyl chloroformate (1i)
was not found to be a reaction product. The starting material
was recovered quantitatively. However, phenyl chloroformate
(1) was successfully prepared by slowly adding one equiva-
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lent of triethylamine to the mixture of phenol, TCF and char-
coal in a sealed tube heated at 120 °C. The same result was
observed with p-methoxyphenol to form p-methoxyphenyl
chloroformate (1j). Interestingly, charcoal, triethylamine and
heat
chloroformylation of phenols.

were deemed necessary to promote the

In the case of cinnamyl alcohol, comparing 'H and *C
NMR spectral data with those of commercial cinnamyl chlo-
ride, revealed that the product after chloroformylation with
TCF in the presence of a catalytic amount of charcoal was
cinnamyl chloride. The stability of cinnamyl cation caused
easy cleavage of the bond between cinnamyl and oxygen fol-
lowed by the capture of a chloride ion. Notably, a low temper-
ature was chosen to diminish the cinnamyl chloride forma-
tion. After several trials, the suitable temperature to synthe-
size cinnamyl chloroformate (1k) in a quantitative yield was
-40 °C. Owing to the instability of 1k at room temperature, the
work-up procedure was implemented under 0 °C.

While extending our investigation to the more difficult
synthesis of f-hexyl chloroformate (11), reacting the sterically
crowded r-hexyl alcohol reacted with TCF yielded no detect-
able compound after the reaction mixture was concentrated
under a reduced pressure at room temperature. We believe the
formed #-hexyl chloroformate (11) decomposed into alkenes
under room temperature. This observation correlated with the
fact that the #-butyl chloroformate decomposes appreciably at
10 °C and is very easily hydrolyzed.’ The technique employed
to synthesize 1k was also applied to preparing f-hexyl
chloroformate (11). The generation of 11 was proven by isolat-
ing #-hexyl N,N-diethylcarbamate [CH;CH,CH,C(CHj);-
OCON(C,Hs),]** which was obtained from the reaction of this
chloroformate with diethylamine at -40 °C . Consequently, this
method was also satisfactory for use with 3° alcohols.

Several routes to azidoformates consist of methods from
alcohol treated with 1,1-carbonyldiimidzole followed by so-
dium azide (NaN3),'"" or from the carbazate, formed by the re-
action of chloroformate with hydrazine, reacted with sodium
nitrite in acetic acid.'? However, the conventional method for
preparing azidoformates was the reaction between chloro-
formate and NaN3 >*"* Owing to the insolubility of NaNj3 in
organic solvent, water together with acetone or phase transfer
catalyst was used. In the presence of water, a side product in
this step was dialkyl carbonate again. This side product was
formed by reacting chloroformates 1 with alcohol which was
generated from the hydrolysis of some amount of chloro-
formate. To effectively suppress the formation of dialkyl car-
bonate, our results demonstrated that chloroformates 1 would
be converted into azidoformates 2 with NaNj in dry acetone.
In order to confirm the structure of azidoformate, the infrared
spectrum showed characteristic absorptions at 2100-2200
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em™ for N group and 1728-1740 ¢m™ for C=0 group.'* Table
1 summarizes the physical and spectroscopic data of
azidoformates 2. The lower yield of cinnamyl azidoformate
(2k) was attributed to the partial formation of cinnamyl chlo-
ride from the decomposition of cinnamyl chloroformate (1k)
under a reaction at room temperature. On the other hand, the
same method could not produce any #-hexyl azidoformate (21).
Notably, alkene formation competed with azidoformate for-
mation for #-hexyl chloroformate (11) at room temperature. To
keep 1l intact, in this work, the reaction was proceeded at 0
°C. Moreover, no product was found with recovered starting
material which was perhaps attributed to the low reactivity of
a two-phase reaction between 11 and NaNs.

In summary, this work has successfully synthesized
chloroformates 1 in a near quantitative yield using TCF to re-
place phosgene in the reaction with alcohol and using charcoal
as catalyst. Because TCF is a liquid which can be handled eas-
ily and safely, the method proposed herein can rapidly synthe-
size chloroformates. Moreover, the subsequent reaction of
chloroformates with NaN3 in dry acetone produces azido-
formates 2 in a high yield.

EXPERIMENT SECTION

General

IR spectra were recorded on a Nicolet Magna FT-IR
spectrometer as thin films. NMR spectra were recorded on
Bruker AC-200 FT-NMR spectrometers; all chemical shifts are
reported in ppm from tetramethylsilane as an internal standard.
MS and HRMS spectra were recorded on a VG 70-250S spec-
trometer. FElemental analyses were performed on a Heraeus
CHN-RAPID elemental analyzer. Column chromatography
was carried out using silica gel. All reactions were carried out
under an atmosphere of dry nitrogen.

The General Procedure for the Preparation of Chloro-
formates 1a-h

A suspension of TCF (0.59 g, 3 mmol) in THF (25 mL)
along with activated charcoal (5 mg, 0.4 mmol) was stirred at
room temperature for 10 min. A solution of alcohol (4 mmol)
in THF (10 mL) was added dropwise for more than 6 hr. The
reaction mixture was stirred for an additional 1 hratrt. The re-
sulting mixture was filtered and concentrated to produce
chloroformates 1a-h as a colorless liquid. The chloroformate
could be used in the following reaction without further purifi-
cation. The representative 'H and '*C NMR spectral data for
hexyl chloroformate (1a) were as follows. "HNMR (CDCl3)8
0.90 (t, 3H, CH3, J=6.6 Hz), 1.2-1.4 (m, 6H, 3 x CH,), 1.73



‘sanjeA A101oejsies
Yim JuswiaInseawt [enoads ssews uoynjosal Y31y Aq pazA[eus JO sanjeA [BO12I03Y1 3Y) JO %0 F 0} paoiSe S)nsal pue ‘N pue K <) 1o pazA[eue a1om spunodiuoo v,
[oyoo[e woy sdajs om) i paLy ,

J. Chin. Chem. Soc., Vol. 47, No. 1, 2000 273

$'LS1 (CH’D *HS W) ¢'L-7'L (ZH 6'S1 =1 “D=HOUd ‘H1 P) IL'9 ‘(ZH §'9 8TLI

‘6'SE1L'SET “L'STL *P'8TL L'9TL ‘€11 ‘689 “6'ST =/ ‘HO=DUd ‘HI W) 8T9 “ZH T1 ‘L'9=r"“HDO ‘HT ‘PP) 98+ ¥EIT ‘081Z O'NHM"D st AT
£pL1

L'LST9°9ST ‘I'bP1 “9'1T1 ‘ST ‘S'SS (zH T6 =r "H’D ‘HT 423 ‘p) 80" Pue 88°9 ‘("HDO ‘HE S) 8L'E  9S1T 4612 ONHD 96 Iz
obLl

T9S1 ‘S°0ST ‘621 “S°9T1 ‘80Tt CH’D ‘HS ‘W) §°2-1'L 0912 ‘10TT ONHD  ve 114
CH’D ‘HS ‘w) 1€L1

8951 ‘0°0v1 “9°8T1 V'S8T ‘0°9C1 ‘TLL 61T Y L-€'L ‘(ZH L'9=/ ‘HDO ‘H1 ‘D) €8'S (ZH L'9 =7 “HD ‘HE ‘P) 091  +E€1T ‘8817 O'NHD 6 qz
¥LST CH’D ‘HS ‘W) '£-T'L ‘(F'HOO ‘HT ‘W) I€L1

TTP1 ‘98T TLIL‘OLTL TEL ¥'8EL'LL  ¥'v-Th ‘(ZH I'L =1 ‘HO ‘HI Pos) SI'€ “@H I'L =L “HO ‘HEP) €€'1  €viz'OLIT  O'N'HYD  s6 3
¥'LS1 CH’D ‘HS ‘W) t'L-€'L ‘C@H ¥'9 =1 “HDO ‘HTY) LELT

‘S0P ‘v'8T1 ‘€'8T1 1921 L'LYLNE 66T STY ‘ZHT L=, “"HOUd ‘HZ Y €LT@H VO TL=,"HD ‘HTWH0'Z 61T L8IT ON'HYO 16 n
6TL1

¥'LST ‘€PE1 '9°8T1 ‘9°8T1 “$'8T1 ‘0°L9 (*H’D ‘HS ‘s) 9¢'L ‘CHOO ‘“HZ 9) 0TS 1¥1T°L91T O'N‘HD  s6 az

(zZH 99 °T°01 “0°L1 =/ ‘HI=D ‘HI WPP) 6L°S “(O="HD ‘HZ 8TL1
SLST‘6'LET ‘OS] ‘S'89 “I'€€ ‘§'LT ‘84T W) 1'6-6'v (ZH 9°9 =1 “HDO ‘HT ‘D 7T “(CHO X € ‘HO ‘W) I'Z-+'1  O11T ‘8§12 O'NTHD 6 (14

" (ZH €9 =/ ‘HOO ‘HI 991%35) 98°% ‘(CHD X € ‘H9 8TL1
0°LSTSOLC'SEYLTCTTO61 ‘§El W LT-TI(ZH €9=rHD ‘HEP) LTT ‘EH 99 =1 “HD ‘HE D80 9£1T L8IT ‘O'NTHYD  ¥6 14

(*HDO ‘HT ‘W) TH-0°v ‘CHD X T pue HD ‘HS 1€L1
9LELCELTSETTE RGO SO IPI W OT-I'T(ZHL 9= “HDHEP) T60 “ZH O L= HD ‘HED 160 €SIZ ‘9812 ONTHD 96 qz

(ZH 89 =1 “HDO 1€L1

S'LST ‘889 “€°1€ “€'8T ‘T'ST ¥'TT ‘6°€1 ‘HT D61t ‘CHO X ¥ ‘HS ‘W) 8'1-T1 “(ZH 89 =7 “HD ‘HE ‘D880 PEIZTOLIZ O'NTHD 6 L4
wdd ‘¢ (10aD) , wdd ‘¢ (‘10aD) o Jlnuwoy %
AN O WNN H, ol mmosjoN  pp1x  PNPOM

Synthesis of Azidoformate

7 sejeuLIojopizy Jo vie( sidoosonoads pue [ed1sAyd paposes ‘1 SIqel



274 J. Chin. Chem. Soc., Vol. 47, No. 1, 2000

(quintet, 2H, CH,, J =6.6 Hz), 4.32 (t, 2H, OCH,, /= 6.6 Hz),
BCNMR (CDCls) § 13.8,22.4,25.1,28.2, 31.2,72.3, 150.5.
The chloroformates could be used in the following reaction
without further purification.

The General Procedure for the Preparation of Chloro-
formates 1i-j

In a sealed tube, TCF (0.30 g, 1.5 mmol), alcohol (2
mmol) in THF (6 mL) and activated charcoal (2.4 mg, 0.2
mmol) was added. A solution of triethylamine (0.2 g, 2 mmol)
in THF (4 mL) was added dropwise over 10 min. Efficient
stirring was necessary to obtain a homogeneous solution. The
reaction mixture was stirred for 3 hr at 120 °C. The resulting
solution was filtered and concentrated to afford chloro-
formates 1i-j as a colorless liquid. The chloroformates could
be used in the following reaction without further purification.

The General Procedure for the Preparation of Chloro-
formates 1k-1

A suspension of TCF (0.79 g, 4 mmol) in THF (25 mL)
along with activated charcoal (5 mg, 0.4 mmol) was stirred at
-40°C for 30 min. A solution of alcohol (4 mmol) in THF (10
ml) was added dropwise for more than 12 hr. The reaction
mixture was stirred for an additional 3 hr at -40 °C. The result-
ing mixture was filtered and concentrated at 0 °C to afford
chloroformates 1k-1 as a colorless liquid. The representative
'"H and *C NMR spectral data for 1k: '"HNMR (CDClz) & 4.85
(d, 2H, OCH,, J=6.7 Hz), 6.22 (dt, 1H, C=CH, J=15.8,6.7
Hz), 6.68 (d, 1H, PhCH=C, J = 15.8 Hz), 7.2-7.4 (m, 5H,
CsHs); *C NMR (CDCl3) 8 72.2, 120.1, 126.7, 128.4, 128.5,
135.2,137.0, 150.3. The chloroformates could be used in the
following reaction at low temperature without further purifi-
cation.

The General Procedure for the Preparation of Azido-
formates 2a-k

To a suspension of NaN3 (0.52 g, 8 mmol) in dry ace-
tone (20 mL) was added chloroformate la-k (4 mmol) and
stirred for 3 hr at room temperature. The reaction mixture was
filtered, concentrated under reduced pressure, and chroma-
tographed over silica gel eluting with hexane-EtOAc (30:1) to
yield azidoformate 2a-k as colorless liquid. Table 1 summa-
rizes the physical and spectroscopic data.

ACKNOWLEDGMENT

The authors would like to thank the National Science
Council of the Republic of China for financially supporting
this research under Contract No. NSC 88-2113-M006-005.

Wu et al.

Received September 16, 1999.

Key Words
Chloroformate; Azidoformate; Trichloromethyl
chloroformate.

REFERENCES

1. (a) Lwowski, W. in Nitrenes, Lwowski, W., Ed.;
Interscience: New York, 1970. (b) Padwa, A. in
1,3-Dipolar Cycloaddition Chemistry, Padwa, A., Ed.;
Wiley: New York, 1984; Vol 2, Chapter 12, pp 277-406.

2. (a) Kricheldorf, H. R. Synthesis 1972, 695. (b) Sakai, K.;
Anselme, J. P. J. Org. Chem. 1971, 36, 2387.

3. Breslow, D. S.; Prosser, T. J.; Marcantonio, A. F.; Genge,
C. A.J Am. Chem. Soc. 1967, 89, 2384.

4. (a) Smolinsky, G.; Feuer, B. 1. J. Am. Chem. Soc. 1964, 86,
3085. (b) Banks, M. R.; Blake, A. J.; Brown, A. R ;
Cadogan, J. I. C.; Gaur, S.; Gosney, 1.; Hodgson, P. K. G.;
Thorburn, P. Tetrahedron Lett. 1994, 35, 489.

5. (a)Katakai, R.; lizuka, Y.J. Org. Chem. 1985, 50,715. (b)
Koiwa, Y.; Tatsukawa, K.; Miike, A.; Teranishi, M.;
Fujimoto, Y. J. Synth. Org. Chem. Jpn. 1975, 33, 628.

6. Uychara, T.; Chiba, N.; Suzuki, I.; Yamamoto, Y. Tetrahe-
dron Lett. 1991, 32, 4371.

7.The 'H and '“C NMR spectroscopic data for
diphenylpropyl carbonate were as follows. 'H NMR
(CDCl3) 6 2.07 (quintet, 4H, 2 x CH,, J=6.5 Hz), 2.75 (t,
4H,2 x CH,,J=6.5Hz),4.31 (t,4H, 2 x OCH,, J=6.5
Hz),7.2-7.4 (m, 10H, 2 x CsHs); *C NMR (CDCl5) 8 29.8,
31.6,69.4,126.3, 128.3, 128.6, 140.3, 147 8.

8. The *C NMR spectroscopic data for TCF in CDCl; was at
d 108.1 (CCls), 143.6 (C=0).

9. Choppin, A. R.; Rogers, J. W. J. Am. Chem. Soc. 1948, 70,
2967.

10. The spectroscopic data for #-hexyl N,N-diethylcarbamate
were as follows. 'HNMR (CDCls) 8 0.81 (t, 3H, CHs, J =
7.0 Hz), 1.09 (s, 6H, 2 x CH3), 1.0-1.4 (m, 10H, 2 x CHj;
and 2 x CHy), 3.2-3.4 (m, 4H, 2 x CH,N); *C NMR
(CDCl13) 6 12.5,13.4,14.3, 17.3,28.7,44.2, 454, 46.0,
70.7, 148.2; IR (film) 1760 em™.

11. Yuan, P.; Plourde, R.; Shoemaker, M. R.; Moore, C. L;
Hansen, D. E. J. Org. Chem. 1995, 60, 5360.

12. Honda, I.; Shimonishi, Y.; Sakakibara, S. Bull. Chem. Soc.
Jpn. 1967, 40, 2415.

13. Cotter, R. J.; Beach, W.F.J. Org. Chem. 1964, 29,751.

14. Lwowski, W.; Mattingly, T. W., Jr. J. Am. Chem. Soc.
1965, 87, 1947.



