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Triazoles, preparation of

Treatment of 3-bromo-3-methyl-1-butyne (1) or 1-iodo-3-methyl-
1,2-butadiene (3) with solutions of sodium azide affords 3-azido-
3-methyl-1-butyne (5) which: reacts already at room temperature
to 1,2,3-triazoles 8 —11. Structures of 5 and 8—11 are verified by
independent syntheses and spectroscopic data although in part
other assignments of structares have been published. The prep-
aration of 1H-1,2,3-triazoles via propargyl azides is carried out
in the presence of various nucleophiles and investigated by means
of **N-labelled starting material as well as optically active 3-azido-
1-butyne (R-21). The only mechanism compatible with all results
includes short-lived allenyl azides and triazafulvenes. Thus, pro-
pargyl azide 14 rearranges to allenyl azide 16 leading to triaza-
fulvene 18 by rapid ring closure. Finally, 18 is trapped by nu-
cleophiles to give triazole 17, The conversion of various propargyl
compounds into N-unsubstituted 1H-1,2,3-triazoles 23, 41, 44, 46,
50, and 51 is effected by a one-pot procedure without isolation
of 14 and turns out to be a convenient method to prepare these
heterocycles.

Vinyl azides which are known for their manifold reactions can
be synthesized by various methods?. But all attempts to isolate
allenyl azides — possible precursors for yet unknown alkylidene-
azirines — were unsuccessful®¥. In a publication by Shiner and
Humphrey, the authors claimed to have obtained the allenyl azide
4 together with the propargyl azide 5 from the reaction of bromides
1 or 2 with sodium azide in deuterated aqueous ethanol®. However,
4 and 5 were only characterized in the reaction mixture by their
'"H-NMR data, because they decomposed already at room tem-
perature to unknown products. Since the observation of 4 repre-
sents the only direct reference to an allenyl azide, detailed reinves-
tigations of the reaction of 1 with sodium azide in aqueous alcohols
are now presented.

1,2,3-Triazoles from 3-Azido-3-methyl-1-butyne (5)

Treatment of 1% with sodium azide in aqueous ethanol
at first gives only the propargyl azide 5, which subsequently
produces the triazoles 8 —10¥, along with the other solvolysis
products, 2-methyl-1-buten-3-yne, 2-methyl-3-butyn-2-ol,
and 12. NMR data indicate that 9 was taken for 3 in the
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Reaktionen ungesiittigter Azide, 67, — Synthesen von 1,2,3-Tri-
azolen aus Propargylaziden durch Umlagerung der Azid-
Gruppe. — Hinweise anf kurzlebige Allenylazide and Triazafulvene

In Natriumazid-Losungen setzen sich 3-Brom-3-methyl-1-butin
(1) oder 1-Iod-3-methyl-1,2-butadien (3) zu 3-Azido-3-methyl-1-
butin (5) um, das schon bei Raumtemperatur zu den 1,2,3-Tri-
azolen 8—11 weiterreagiert. Unabhingige Synthesen und spek-
troskopische Charakterisierungen belegen die Strukturen von 5§
und 8-11, fiir die in der Literatur teilweise andere Struktur-
zuordnungen getroffen worden sind. Die Darstellung von. 1H-
1,2,3-Triazolen iiber Propargylazide wird in Gegenwart verschie-
dener Nucleophile durchgefiihrt und mit Hilfe *N-markierter
Edukte sowie unter Einbeziechung von optisch aktivem 3-Azido-
1-butin (R-21) untersucht. Mit allen Ergebnissen ist nur ein Me-
chanismus iiber kurzlebige Allenylazide und Triazafulvene im
Einklang. Demnach lagert sich Propargylazid 14 zu Allenylazid
16 um, das durch raschen RingschluB zu Triazafulven 18 fiihrt;
dieses wird durch Nucleophile zum Triazol 17 abgefangen. Die
Reaktion diverser Propargyl-Verbindungen zu den N-unsubsti-
tuierten {H-1,2,3-Triazolen 23, 41, 44, 46, 50 und 51 kann als
Eintopf-Verfahren ohne Isolierung von 14 durchgefiihrt werden
und erweist sich damit als eine bequeme Synthesemethode fiir
diese Heterocyclen.

literature, that § was correctly recognized, and that 8 and
10 are the succeeding products not identified by Shiner and
Humphrey?. If the reaction is carried out using deuterated
solvents the allenyl azide 4 cannot be detected by 'H-NMR
spectroscopy. With sodium azide in aqueous methanol, 1 or
the less reactive 37'% similarly furnish 5 and subsequently 8,
9, and 11. Due to the formation of several solvolysis prod-
ucts the triazoles are isolated in low yields (16% of 9 and
16% of 11 based on 1). Using sodium azide in aqueous
acetone affords only 8 and 9 as final triazoles (43% yield
based on 1). Although the azide 5 is very unstable at room
temperature it can be isolated from 3 and hexadecyltribu-
tylphosphonium azide (QN;)!" in 44% yield. With sodium
azide in aqueous alcohols, 5 produces 8 and 9 as well as 10
or 11. Using "*N-labelled sodium azide in aqueous methanol
the label is found only in the azido group of 9 but not in
the triazole part of 9 or 11. This result excludes “simple
azide cycloaddition” ¥ to give triazoles. Moreover, 13 is
quite stable in the presence of sodium azide in aqueous
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methanol and does not lead to any triazole by cy-
cloaddition'?. In aqueous methanol (without sodium azi-
de), 5 affords exclusively 11, while only 8 is found without
nucleophiles, e. g. if 5 is decomposed in chloroform solution.
Treatment of 6 with potassium hydroxide in methanol pro-
duces 11 in a slow reaction. Starting with the ethers 12'¥ or
13", the triazoles 10 and 11 can be synthesized independ-
ently with 39% or 54% yield, respectively. For that purpose
the ethers are treated with trimethylsilyl azide in a 1,3-di-
polar cycloaddition, and the silyl groups are removed by
ethanol 'S\

Mechanisms for the Conversion of Propargyl Azides to
1,2,3-Triazoles

According to the transformation of propargyl azides to
1,2,3-triazoles, the experimental results can be rationalized
by two different reaction mechanisms: pathway A starts with
an intramolecular 1,3-dipolar cycloaddition of the azido
group of 14 to the C—C triple bond'”. A nucleophile NuH,
e.g. methanol, would attack the resulting very strained tri-
azole 15'¥ with inversion yielding 17. Path B supposes at
first a rearrangement 14— 16 which possibly takes place as
a triaza Cope rearrangement'®. The unstable allenyl azide
16 cyclizes to triazafulvene® 18 generating 17 by the reac-
tion with the nucleophile NuH. Using optically active 14,
total racemization will only be found if the reaction takes
path B via the planar 18. Path B is not the only way for the
conversion of 6 to 11 using potassium hydroxide in meth-
anol (6 — 4 — 16 — 18 — 11). Since 6 and 7 can undergo
equilibration by [3.3] rearrangement®, path A (6 2 7 —
5 — 15 — 11) is also possible.

Using propargyl azide 21, path A and B to triazoles can
be differentiated: If tosylate 20%" is treated with lithium or
sodium azide in methanol the formed azide 21 is converted
exclusively to 23 in the presence of pure methanol (82%
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yield referred to 20). In chloroform solution, 21 which can
be isolated from 20 and QN; with 82% yield decomposes
to polymeric material’?, The structure of 21 is confirmed
not only by spectral data but also by the hydrogenation to
24. 23 is also synthesized from ether 22,
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S5-20 prepared from S-(—)-19 (83% ee)® can be converted
to R-21. With methanol this optically active propargyl azide
furnishes the triazole 23 with > 99.97% racemization. Hy-
drogenation of R-21 to the known R-(—)-24% indicates the
optical activity of the azide. If S-(—)-19 is transformed?" to
S-22 and subsequently treated with trimethylsilyl azide the
resulting S-(—)-23 shows a high rotation value. These results
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demonstrate that propargyl azides most likely lead to 1,2,3-
triazoles via allenyl azides and achiral triazafulvenes as
short-lived intermediates (path B). Other routes (dashed li-
nes) may be considered, but they are less likely. Further
studies (publication submitted) will demonstrate that allenyl
azides act as precursors of triazafulvenes and 1,2,3-triazoles.

X OMe

4 &z
Me,50,/NaOH / 22

19 x = OH
j 1) MeySiN,
20 x = o7 63%

sJ 2) EtOH
21 X =N,

H,/PtO, N

MeOH/20-40 °C

NH2 N’
\)\ 23
24

Pathway B may also explain the conversion of alcohols 25 to
triazoles 28 (yield 6 —24%) described by L’abbé and co-workers?®.
The authors postulated a reaction via intermediates 26 and 27 (com-
pare 19 — 20 — 21 — 23). But it is not “obvious that a direct
displacement reaction coupled with azide cycloaddition has oc-
curred and that no allenyl azide is involved” *. A-more complex
mechanism like pathway B may explain the transformation of R-
21 to completely racemic 23 (Nu = OMe) as well as the conversion
27 — 28 (Nu = Ny).

R2 R1 RI R2
Xx 1) LiBr/BULl/MeSOC1/—60°C N, oH
2 O
R 2)LiN,/CuC1/-60 °C up to e
room temperature R
25 X = OH 28
26 X = 050,Me
27 X =N, R'= t-Bu, Ph or m-NO,C.H,

R?= PhorH
R*= t-Bu or Ph

In the absence of nucleophiles propargyl azides (¢.g. 5
and 21) tend to polymerize. For 3-azido-1-propyne (49), po-
lymerization is explained by intermolecular 1,3-dipolar
cycloaddition®?. In spite of steric hindrance by additional
methyl groups polymerization of neat 5 or of 5 in chloroform
solution is much more rapid than that of 49. This result
excludes polymerization of § by simple intermolecular 1,3-
dipolar cycloaddition. Rate-determining rearrangement®®
§ — 4 and subsequent cyclization to 18 (R = R’ = Me)
which polymerizes in the absence of nucleophiles may ex-
plain the low stability of 5. In the presence of weak nucleo-
philes like water, 18 can be attacked by 17 competitively
leading to oligomeric and polymeric triazoles.

Ring closure of vinyl azides 29 to 4H-1,2,3-triazoles 32
has been studied by ab initio calculations®” and has been
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discussed to be the first step for the transformation of 29 to
2H-azirines®. The cyclization 29 — 32 has been found only
in the case of a-azidoenamines>®", but simple vinyl azides do
not give 1,2,3-triazoles by intramolecular reaction®?. Poor
nucleophilicity at C-5 of 29 or unfavourable geometry (dis-
tance between the orbitals of N-1 and C-5) may be the rea-
son why simple vinyl azides do not cyclize to 32. The pos-
sibility of ring closure is more favourable in the case of
carbanion 30, and the conversion to 33 is known to be a
rapid isomerization®”. Advantageous geometry (two per-
pendicular p orbitals of the central carbon atom) possibly
causes the fast cyclization of allenyl azide 31 to triazafulven

8o~
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A Novel Method for the Synthesis of 1,2,3-Triazoles via
Propargyl Azides

Starting with propargyl azides other 1,2,3-triazoles can be
obtained. The azide 36 synthesized from 35 (yield 73%)
furnishes the heterocycle 37 in methanol solution, whereas
heating in chloroform solution gives only polymeric mate-
rial. One-pot conversion of 38 into 41 proves to be fa-
vourable since isolation of the potentially unstable and ex-
plosive azide 40 is avoided. For that purpose a small excess
of 38 (or 39°9) is treated with sodium azide at room tem-
perature. The resulting solution of 40 yields 41 after treat-
ment with refluxing methanol (88% referred to sodium azi-
de). 41 is also obtained from 42°7 using 1,3-dipolar cycload-
dition with trimethylsilyl azide. Starting with 43°® an
analogous one-pot synthesis furnishes 44. The course of the
first step and the complete consumption of sodium azide
can be observed conveniently by measurement of the de-
creasing pH. The bromide 45* is converted to 46 by a
similar one-pot procedure.

Synthesis of 1,2,3-triazoles via propargyl azides is not re-
stricted to nucleophiles like azide ion and alcohols. Other
nucleophiles (NuH for the step 18 — 17) may be used. If a
small excess of 47 is treated with sodium azide, the resulting
solution of 49 reacts with 2-propanethiol to yield 50 which
is also prepared starting with 52*°, The one-pot conversion
of 48%'? to 51 using the nucleophilicity of ammonia is also
performed without the necessity of isolating hazardous? 49.
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Conclusions

Allenyl azides turn out to be short-lived intermediates as
has been shown by the present study. Therefore, all attempts
to isolate these species®~® (at room temperature) are ex-
pected to be unsuccessful. Triazoles have not been recog-
nized as subsequent products of allenyl azides® or have been
taken for the latter®. Since propargyl azides are readily con-
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verted to allenyl azides by thermal rearrangement, transfor-
mation to triazoles via triazafulvenes presents a novel one-
pot procedure for the preparation of N-unsubstituted 1,2,3-
triazoles which may be a valuable addition to other syn-
thetic methods '%13#4Y_The new advantageous way to 1,2,3-
triazoles utilizes sodium azide avoiding expensive or vio-
lently explosive reactants.

Thanks are due to Mrs. E. Reiffaus for experimental assistance.

Experimental

General: Melting points (uncorrected): Biichi 510 apparatus. —
Optical rotations: Perkin-Elmer 141 polarimeter, sample cells kept
at constant temp. by a thermostat*’. — Elemental analyses: Firma
Beller, Gottingen. — Further instrumentation has been described
in ref."*¥,

Warning : All propargyl azides®*“% are known to be potentially
explosive. These compounds should be handled only in small quan-
tities or in solution, e.g. using the one-pot procedure to synthesize
triazoles. Elemental analyses of azides could not be performed be-
cause of unstability and explosive decomposition.

Treatment of 3-Bromo-3-methyl-1-butyne (1) or 1-lodo-3-methyl-
1,2-butadien (3) with Sodium Azide: Using a mixture of 30 mg (0.20
mmol) of 147 in 400 ul of [Dglethanol and 13 mg (0.20 mmol) of
sodium azide in 100 pl of D,0, the experiment described by Shiner
and Humphrey® was repeated in an NMR tube (20—30°C). The
chemical shifts and the changes of the reported 'H-NMR signals
were confirmed, but the assignments of structures had to be cor-
rected in part. At first, the exchange of the acetylenic hydrogen
atom of 1 [8 = 1.99 (s, Me), 3.16 (s, HC =C) compared to TMS as
internal standard] for deuterium and the appearence of methyl
resonances of 5 (8 = 1.49, s, main product) and 9 (6 = 1.68, s) were
observed. After that — when most of the sodium azide had been
consumed — the signals of 8 (§ = 2.14, br.) and 10 (8 = 1.61, s)
as well as the resonances of the solvolysis products of 1 (12,
2-methyl-3-butyn-2-ol, and 2-methyl-1-buten-3-yne *¥) increased. At
the same time the decrease of the signals of 1 and § was observed.
After removal of volatile components (20°C/0.001 Torr) the residue,
dissolved in [Dg]ethanol/D,O, showed only the resonances of
8 —10. Assignments of "H-NMR signals of 5 and 8— 10 were con-
firmed by adding the pure compounds to the mixtures obtained
from 1 and sodium azide in [D4]ethanol/D,0.

A mixture of 3.0 g (20 mmol) of 1 in 40 ml of ethanol and 1.3 g
(20 mmol) of sodium azide in 10 ml of water was stirred for 60 h
at room temp. After removal of volatile components (40°C/10 Torr)
the residue was repeatedly extracted with ether. Drying with MgSO,
and evaporation of the solvent gave 1.59 g of a slightly yellow oil.
NMR spectra (‘H and '*C) showed the resonances of 9 and 10 (main
products) as well as the signals of 8.

The reaction of 1 with sodium azide in [D,]methanol/D,0 (2:1)
was performed in an NMR tube as described for the treatment of
1 with sodium azide in [Dg]ethanol/D,0O. 'H-NMR signals of the
methyl groups of § (§ = 147, s), 9 (8 = 1.66, s), 11 (§ = 1.58, s),
8 (8 = 2.07, br), 13 (3 = 1.43, 5), 2-methyl-3-butyn-2-o0l (5 = 1.46,
s). and 2-methyl-1-buten-3-yne (8§ = 1.85, t) as well as the analogous
changes in the intensity of the signals were observed. Assignments
of all NMR resonances were confirmed by adding authentic samples
to the reaction mixtures.

To a solution of 1.3 g (20 mmol) of sodium azide in 17 ml of
water was added 1.33 g (9.05 mmol) of 1 and 33 ml of methanol.
After stirring at room temp. for 20 h, volatile components were
removed at 70°C/10 Torr. The residue was carefully recondensed
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at 0.001 Torr to give 430 mg of a colourless oil which consisted of
equal parts of 9 (16% yield) and 11 (16% yield) as shown by NMR
spectra ('"H and *C). The two products were separated by micro-
distillation at 0.001 Torr. Isolation by preparative GC was accom-
panied by partial decomposition of 9.

Treatment of 3 with sodium azide in [D,]Jmethanol/D,O was
performed in an NMR tube as described for the reaction of 1. 'H-
NMR spectra indicated signals of 5 (and other solvolysis products)
as well as 8, 9, and 11. Compared to 1 the solubility and the reac-
tivity of 3 was low.

4-(1-Azido- {-methylethyl )-1H-{ 2, 3-triazole (9): A solution of 1
(1.33 g, 9.0 mmol) and sodium azide (1.3 g, 20 mmol) in acetone
(40 ml) and water (40 ml) was stirred for 6 d at room temp. After
removal of volatile components at 10 Torr, the residue was re-
peatedly extracted with ether. Drying with MgSO, and evaporation
of the solvent yielded 590 mg (43%) of crude 9 which was purified
by microdistillation at 0.001 Torr to give a colourless oil. — IR
(CCly): v = 2110 ecm™'. — 'H NMR (CDCl;): 8 = 1.71 (s, 6H),
7.71 (s, 1H), 10.4 (br. s, 1 H, position concentration-dependent). —
BC NMR (CDCly): & = 27.1 (q, / = 129 Hz), 58.6 (s), 127.6 (d,
J ~ 189 Hz), 150.8 (s). — "N NMR® [D,O/pyridine (1:1), MeNO,
as external standard]: 8 = —284.6 (N,), —161.5 (N,), —135.8 (Np),
—934, —79.2, —60.4. — GC-MS*" (70 eV): m/z (%) = 110 (100}
[M* — Nj], 109 (18), 82 (9), 68 (11), 55 (18).

Isolation and Reactions of 3- Azido-3-methyl-1-butyne (5): At room
temp. 3™'% (431 mg, 2.22 mmol) was added dropwise to a super-
cooled melt of hexadecyltributylphosphonium azide (QNj)'"
(1.14 g, 2.43 mmol) and ether (0.3 mi). The mixture was stirred for
1.5 h and recondensed at 0.001 Torr giving 5 (44% yield) and 3
(14% recovered) in ether. § was isolated by preparative GC (3-m
PPG column at 30°C, retention time: 17 min) to yield a colourless
liquid. — IR (CCly): v = 3310 cm™!, 2995, 2120, 2080, 1280,
1150. — '"H NMR (CDCly): 8§ = 1.51 (s, 6H), 2.55 (s, 1H). — °C
NMR (CDCl;, —40°C): & = 28.6 (qq, J = 130, 4 Hz), 56.0 (s), 72.6
(d, J = 253 Hz), 83.3 (dsept, J = 49, 5 Hz). — GC-MS (70 eV):
mjz (%) = 109 (100) [M*], 94 (5) [M* — Me], 81 43) [M* —
N,], 80 (32), 67 (12), 66 (12), 54 (58), 53 (51).

When undiluted 5 was allowed to warm to room temp. the clear
sample became turbid and formed a white solid of 8 within a few
seconds. Diluted in chloroform, half of 5 was transformed to 8 after
16 h at room temp. 8 showed no absorptions for 1-alkynes or azides
in the IR spectra, was not volatile, and could not be sublimed at
0.001 Torr. — IR (CDCl;): v = 3010cm~', 1200, 1040. — '"H NMR
(CDCly): & = 2.06 (br. s, 6H), 7.3—7.8 (m, 1H).

If 5 was treated with sodium azide in [DgJethanol/D,0, the sig-
nals of 8 — 10 were observed in the 'H-NMR spectra indicating that
8 —10 were the only succeeding products of 5. Treatment of § with
*N-labelled sodium azide (enrichment 95% for all three nitrogen
atoms; Alfred Hempel GmbH & Co. KG, Diisseldorf) in aqueous
methanol afforded 9 [IR (CDCly): v = 2040 cm~'] and 11. The
label was found only in the azido group of 9 but not in the triazole
part of 9 or 11, as shown by > N-NMR spectroscopy®. Using "*N-
labelled sodium azide (enrichment 49% for the terminal nitrogen
atoms; Ergotron AG, Switzerland) only two *N-NMR signals of 9
were observed permitting unequivocal assignments of N,, Ng, and
N,. If 1 was treated with '*N-labelled sodium azide in aqueous
methanol in a control experiment, *N-NMR spectra showed signals
for azido group and triazole part of 9 and 11. The reaction of 5
with aqueous methanol gave only 11. Using [D,]Jmethanol/D,O
the rate of this transformation, which agreed with the rate of the
conversion 5 — 11 starting with 1 and sodium azide, could be
estimated.
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A solution of 220 mg (0.93 mmol) of 6% and 1.30 g (23.2 mmol)
of potassium hydroxide in 6 ml of methanol was allowed to stand
at room temp. in the dark for 19 d. The solvent was removed at
10 Torr, ice/water was added to the residue, and the mixture was
extracted three times with ether. After drying with MgSO,, the
solvent was evaporated at 10 Torr to give 100 mg of a residue
consisting of 11 (45% yield) and 6 (19% recovered) as shown by
'"H-NMR and '*C-NMR spectra.

4-( {-Ethoxy-1-methylethyl )-1H-1,2,3-triazole (10) from 12: In a
pressure vessel 14.3 g (128 mmol) of 12'¥ and 18.4 g (160 mmol) of
trimethylsilyl azide were heated at 114°C for 5 d. After distillation
at 0.01 Torr the fraction boiling at 37 —38°C was added dropwise
to 100 ml of ethanol. Volatile components were removed at 10 Torr
to yield 10.6 g (54%) of 10. The colourless oil was purified by mi-
crodistillation (50 —60°C/0.001 Torr) to give a waxy solid (m. p. ca.
40°C). Attempts to distill 10 at higher temp. led to partial decom-
position of the material by elimination of ethanol. — IR (CCly):
v = 3450 cm "', 3160 (br), 2790, 2920, 1160, 1100, 1060. — 'H
NMR (CDCly): 8 = 1.12 (t, J = 7 Hz, 3H), 1.63 (s, 6H), 3.31 (q,
J = 7Hz 2H), 7.70 (s, 1 H), 12.8 (br. s, 1 H, position concentration-
dependent). — *C NMR (CDCly): 8 = 15.7 (q), 27.2 (q), 58.5 (1),
724 (s), 129.2 (d), 151.1 (s). — MS*? (70 eV): m/z (%) = 156 (0.4)
[M* + 1], 140 (77) [M* — Me], 112 (100) [M* — HN,], 110
(90) [M* — OEt].

CH;3N;O (155.2) Caled. C 54.17 H 8.44 N 27.07

Found C 54.23 H 8.34 N 27.10

4-(1-Methoxy- I-methylethyl )-1H-1,2,3-triazole (11) from 13: In a
pressure vessel 6.0 g (61 mmol) of 13'¥ and 8.8 g (76 mmol) of
trimethylsilyl azide were heated at 114 °C for 85 h. The mixture was
recondensed at 0.001 Torr and added dropwise to 100 ml of eth-
anol. Volatile components were removed at 10 Torr to yield 3.4 g
(39%) of 11 as an oil which solidified to colourless crystals, m. p.
75°C (from petroleum ether). If 13 was treated with trimethylsilyl
azide at 150°C, the yield of 11 decreased drastically. In this case
triazoles resulting from elimination of methanol became main prod-
ucts. — IR (CCly): v = 3460 cm ™", 3180 (br.), 2990, 1180, 1080. —
'H NMR (CDCly): 8 = 1.63 (s, 6H), 3.15 (s, 3H), 7.69 (s, 1H), 13.4
(br. s, 1H, position concentration-dependent). — “C NMR
(CDCly): & = 26.5(q, J = 127 Hz), 50.6 (q, J = 141 Hz), 72.8 (s),
129.0(d, / = 193 Hz), 150.2 (s). — *N NMR?¥ [D,O/pyridine (1:1),
MeNO, as external standard]: 8 = —87.0, —75.3, —71.5. — GC-
MS (70 eV): m/z (%) = 126 (100) [M* — Me], 110 (37) [M*+ —
OMe], 94 (52).

C:H;N;O (141.2) Caled. C 51.05 H 7.85 N 29.77

Found C 5094 H 7.71 N 29.88

4-({-Methoxyethyl )-1H-1,2 3-triazole (23) from 20: The tosylate
202V (10 g, 45 mmol) was added to a solution of lithium azide (7.6 g,
155 mmol) in methanol (40 ml) and stirred vigorously at 40°C for
30 min. After recondensing in vacuo (0.01 Torr) the distillate was
diluted with methanol (450 ml) and stirred at 20—40°C for 4 d.
Distillation afforded 4.66 g (82%) of 23 as a colourless liquid, b. p.
60°C/0.001 Torr. Treatment of 20 with sodium azide gave also 23,
but due to the low solubility the volume of methanol had to be
enlarged. — IR (CCly): v = 3460 cm~', 3180 (br.), 2990, 2940, 1120,
1095. — 'H NMR (CDCl,): 8 = 1.57 (d, J = 6.7 Hz, 3H), 3.34 (s,
3H), 4.68 (q, J = 6.7 Hz, 1 H), 7.72 (s, 1H), 14.3 (br. s, 1 H, position
concentration-dependent). — *C NMR (CDCly): § = 20.7(q), 55.9
(q), 71.1 (d), 127.9 (d), 147.6 (s). — MS (70 eV): m/z (%) = 126 (1)
[M* — 1], 112 (100) [M* — Me], 97 (23),96 (26) [M* — OMe].

CsHoN;0 (127.2)  Caled. C 47.23 H 7.13 N 33.05
Found C 4733 H 7.01 N 33.04
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p-Toluenesulfonyl chloride (3.82 g, 20.0 mmol) was added slowly
to a solution of S-(—)-19% (700 mg, 10 mmol, 83% ee) in dioxane
(7 ml) and pyridine (5 ml) which was stirred at 0°C. After stirring
at room temp. for 19 h, the mixture was cooled to 0°C to add 1 ml
of water within 20 min. The mixture was diluted with 50 ml of ice/
water, stirred at 0°C for 1 h, and extracted twice with ether. The
combined organic layers were washed with dilute sulfuric acid (twice)
and aqueous NaHCO, and dried with MgSO,. The solvent was
removed in vacuo to yield 1.5 g (67%) of pure (‘H NMR) $-20
which was treated with lithium azide in methanol, as described for
racemic 20. 23 from S-20 showed no optical activity: [[«]f| <
0.017 (¢ = 17.2 in CHCI,). Consequently, the conversion S-20 —
23 was accompanied with 99.97% racemization.

Isolation and Reactions of 3-Azido-1-butyne (21): 1.0 g (4.5 mmol)
of 20 was added slowly to a supercooled melt of QN;'" (2.1 g, 4.5
mmol, 45°C). The mixture was stirred at 50°C for 10 min and
recondensed at 0.001 Torr to give 21 (350 mg, 83%) as a colourless
liquid which could be purified by preparative GC (3-m PPG column
at 30°C, retention time: 20 min). — IR (CCly): v = 3310 cm ™',
2990, 2920, 2850, 2130, 2100, 1235. — '"H NMR (CDCl,): § = 146
(d,J = 71 Hz, 3H), 255(d, J = 2.2 Hz, 1H), 418 (qd, J = 7.1,
ca. 2 Hz, tH). — "C NMR (CDCly): § = 21.2(qd, J = 130,4 Hz),
48.1 (d, J = 149 Hz), 739 (dd, J = 252, 4 Hz), 804 (d, J = 50
Hz). — GC-MS (70 eV): m/z (%) = 95 (17} [M*], 80 3) [M* —
Me], 66 (5), 53 (100) [M* — N;].

A solution of 21 in methanol was stirred at 20—40°C for 4 d.
The solvent was evaporated to yield 23 as sole product (identifi-
cation by '"H-NMR and *C-NMR spectra). If 21 in chloroform was
kept at 60°C for 4.5 h, most of the starting material was converted
to a new compound which could not be recondensed at 0.001 Torr.
This polymeric material showed only broad NMR signals®?,

20 (1.5 g, 6.7 mmol; or S-20) was added to a solution of lithium
azide (1.14 g, 23 mmol) in methanol (6 ml) and stirred vigorously
at 40°C for 30 min. After recondensing in vacuo (0.01 Torr) the
distillate was hydrogenated using hydrogen (1 bar, room temp., 1 d)
and PtO,. The mixture was filtered, added to 10 ml of dilute HCI,
and evaporated at 10 Torr. The residue was dissolved in 700 pl of
water and added to an excess of solid potassium hydroxide. The
organic layer was separated, and the aqueous layer was extracted
with pentane. After repeated drying of the combined organic layers
using potassium hydroxide, 24 was isolated by preparative GC
(1-m Carbowax + KOH column at 30°C, retention time: 1 min,
yield 153 mg, 31%) and identified by comparison ('"H NMR) with
an authentic sample.

4-({-Methoxyethyl)-1H-1,2,3-triazole (23) from 22: In a pressure
vessel 222 (8.0 g, 95 mmol) and trimethylsilyl azide (13.7 g, 119
mmol) were heated at 114°C for 6 d. The mixture was recondensed
at 0.001 Torr and added dropwise to 100 ml of ethanol. Volatile
components were removed at 30°C/0.001 Torr to yield 7.6 g (63%)
of 23 identical with 23 from 20 as shown by 'H-NMR and ’C-
NMR spectra. If S-(—)-19 was transformed® to $-22 and subse-
quently treated with trimethylsilyl azide as described for racemic
22, the resulting S-(—)-23 (after distillation) showed a high rotation
value: [a]b = —62.63 (c = 20 in CHCl;). '"H-NMR spectroscopy
using tris[3-(trifluoromethylhydroxymethylene)-d-camphorato]eu-
ropium [Eu(tfe);] indicated 82% ee giving [a]} (max.) = —76(c =
20 in CHCly).

4-Azido-2-butyn-1-ol (36): Sodium azide (50 g, 0.77 mol) in water
(250 ml) and 35" (25 g, 0.24 mol) in ethanol (250 ml) were stirred
at 50°C for 1 h. The mixture was added to ice/water and extracted
repeatedly with ether. The combined organic layers were washed
with water and dried with MgSO,. The solvent was evaporated
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(20°C/10 Torr) to yield 19.3 g (73%) of 36 as a colourless liquid
which could be purified by recondensation at ca. 40°C/0.001
Torr. — IR (CCly): v = 3610 em™!, 3320 (br.), 2920, 2140, 2090,
1380, 1340, 1265, 1250, 1135, 1020. — 'H NMR (CDCly): § = 2.7
(br. s, 1 H, position concentration-dependent), 3.95 (br. s, 2H), 4.32
(t,J = 2 Hz, 2H). — *C NMR (CDCly): 8 = 39.9(t,J = 149 Hz),
504 (t, J = 148 Hz), 77.5 (s), 854 (s).

5-( Methoxymethyl)-1H-1,2,3-triazole-4-methanol (37): 117 g
(10.5 mmol) of 36 and 20 ml of methanol were stirred at 60°C
for 20 h. After removal of the solvent at 10 Torr the residue was
recondensed at 100—120°C/0.001 Torr to give 970 mg (64%) of 37
as a light-yellow oil which could be purified by microdistillation. —
IR (CDCly): v = 3440 cm ™!, 3200 (br.), 2940, 1100, 1030, 895. —
'H NMR (D,0): § = 3.08 (s, 3H), 4.33 (5, 2H), 4.47 (s, 2H). — 1*C
NMR (D,O, TMS as external standard): 8 = 53.1 (t, J = 145 Hz),
57.7 (qt, J = 143, 4 Hz), 63.1 (tq, J = 146, 5 Hz), 138.7 (s), 141.4
(s). — MS(70eV): m/z (%) = 142(5)[M* — 1],12582) [M* —
H,0], 111 (100) [M* — MeOH], 95 (96).

CsHyN;O, (143.2) Caled. C 4195 H 6.34 N 29.35
Found C 41.87 H 6.27 N 29.38

4,5-Bis(methoxymethyl )-1H-1,2,3-triazole (41) from 38 or 39: So-
dium azide (3.67 g, 56.5 mmol) in water (15 mi), 389 (14.68 g, 61.1
mmol), and methanol (61 ml) were stirred at room temp. for 24 h.
The mixture was diluted with 600 ml of methanol and refluxed for
6 h. After removal of the solvent at 10 Torr the residue was treated
with ether in a Soxhlet apparatus. The extract was dried with
MgSO, and concentrated in vacuo to afford 7.81 g (88%) of 41
which could be purified by microdistillation at 0.001 Torr (b. p. ca.
120°C) to yield a colourless waxy solid (m. p. below 30°C). Starting
with 39°, an analogous synthesis of 41 could be performed (yield
62%), but nucleophilic substitution of 39 was slower. — IR (CCly):
v = 3450 cm~!, 3180 (br.), 2920, 1100. — 'H NMR (CDCl;): § =
3.36 (s, 6H), 4.62 (s, 4H), 12.0 (br. s, 1 H, position concentration-
dependent). — >C NMR (CDCly): 8 = 58.1(q), 64.6 (t), 141.3 (s). —
MS (70 eV): m/z (%) = 157 (2) [M*], 127 (10), 126 (8) [M* —
OMe], 125 (100) [M* — MeOH], 96 (78) [M* — OMe —
MeOH], 95 (55) [M* — 2 MeOH], 69 (17).
Ce¢H,1N;O, (157.2) Caled. C 4585 H 7.05
Found C 46.09 H 6.92

If 38 was treated with sodium azide in methanol/water as de-
scribed and the time of reflux (after dilution with methanol) was
shortened to 3 h or fewer, 1-azido-4-methoxy-2-butyne (40) could
be isolated as a colourless liquid. — IR (CCl)): v = 2130 cm ',
1125, 1100. — '"H NMR (CDCly): § = 3.39 (s, 3H), 3.96 (br. s, 2H),

416 (t, J = 2 Hz, 2H).

4.5-Bis(methoxymethyl )-1H-1,2,3-triazole (41) from 42: In a pres-
sure vessel 423" (8.0 g, 70 mmol) and trimethylsilyl azide (16.0 g,
139 mmol) were heated at 114°C for 10 d. After removal of the
excess of azide at 10 Torr the residue was distilled at 0.001 Torr
(b.p. 63—120°C). The complete distillate was added dropwise to
100 ml of methanol. After evaporation of the solvent, distillation at
0.001 Torr gave 8.84 g (80%) of 41, identical with 41 from 38 or 39
as shown by IR and '"H-NMR spectra.

4-(Methoxymethyl )-5-phenyl-1H-1,2 3-triazole (44): Sodium
azide (1.17 g, 18 mmol) in water (5 ml), 43°¥ (5.72 g, 20 mmol), and
methanol (15 ml) were stirred vigorously at 35°C for 2.5 h. After
this time the complete consumption of sodium azide could be con-
firmed by measurement of pH which decreased to 5—6. The mixture
was added to 50 ml of methanol and refluxed for 45 h. The solution
was made strongly alkaline by addition of solid sodium hydroxide
(3.33 g), evaporated at 10 Torr, diluted with water, and washed
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twice ether. The aqueous layer was adjusted to pH = 5—6 with
dilute HCI and extracted continuously with ether for 1 d. After
drying with MgSO,, the solvent was removed in vacuo to afford
44 (2.48 g, 73%) as a light-yellow solid, m. p. 145°C (from ethyl
acetate). — IR (CDCly): v = 3440 cm~' (NH), 3170 (NH), 2930,
1090. — 'H NMR (CDCl,): § = 3.45(s, 3H), 4.71 (s, 2H), 7.38 (br.
t,J ~ 7 Hz, 1H), 7.44 (br. t, J =~ 7 Hz, 2H), 7.77 (br. d, J= 7 Hz,
2H), 13.1 (br. s, 1H, position concentration-dependent). — "*C
NMR (CDCly): 8 = 58.1 (g), 64.8 (1), 127.6 (d), 128.6 (d), 128.8 (d),
129.6 (s), 139.5 (s), 144.6 (s). — MS (70 eV): m/z (%) = 189 (98)
[M*], 174 (55) [M* — Me], 159 (86), 129 (63), 103 (100).
CyoH(;N;O (189.2) Caled. C 6348 H 5.86 N 22.21
Found C 63.50 H 5.85 N 22.27

4-(Methoxyphenylmethyl )-1H-1,2 3-triazole (46): Sodium azide
(327 mg, 5.03 mmol) in water (1.4 ml), 45* (1.07 g, 5.5 mmol), and
methanol (5 ml) were stirred vigorously at 20°C (external cooling).
When pH had decreased to 6 — 7 (ca. 30 min), the mixture was added
to 30 ml of methanol and refluxed for 19 h. The solution was made
strongly alkaline by addition of solid sodium hydroxide (2.0 g),
evaporated at 10 Torr, diluted with water, and washed with ether.
The aqueous layer was adjusted to pH = 5—6 with dilute HCI,
evaporated at 70°C/10 Torr, and extracted repeatedly with ether.
After drying with MgSO,, the solvent was removed in vacuo (room
temp./0.001 Torr) to yield 830 mg (87%) of 46. The product could
be purified by CC (silica gel, eluent: ether) or careful microdistil-
lation at 0.001 Torr to give a colourless oil. — IR (CCl)): v = 3450
cm™', 3160 (br.), 2920, 1450, 1095. — 'H NMR (CDCl;}: 8 = 3.40
(s, 3H), 5.53 (s, 1H), 7.3—-7.5 (m, 5H), 7.54 (s, 1 H), 14.2 (br. 5, 1H,
position concentration-dependent). — *C NMR (CDCl;): 8 = 57.0
(q), 78.1 (d), 127.0 (d), 128.2 (d), 128.6 (d), 130.1 (d), 139.6 (s), 148.1
(). — MS (70 eV): m/z (%) = 189 (31) [M*], 174 (33) [M*+ —
Me], 159 (32), 158 (100) [M* — OMe], 96 (51), 77 (64) [Ph*].

CioH;|N;O (189.2) Caled. C 63.48 H 586 N 22.21
Found C 63.44 H 5.75 N 21.94

4-{[ (1-Methylethyl)thio Jmethyl>-1H-1,2,3-triazole (50) from
(47): Sodium azide (3.25 g, 50 mmol) in 45 ml of water and 47
(6.64 g, 4.2 ml, 56 mmol) in 90 ml of dioxane were stirred at room
temp. for 1 d. After adding 2-propanethiol (22 g, 290 mmol) the
mixture was heated at 70°C for 3 h. The solution was saturated
with sodium chloride, the organic layer was separated, and the
aqueous layer was extracted 4 times with ether. After drying the
combined organic layers with MgSO,, distillation afforded 50
(2.46 g, 31%) as a yellow oil, b. p. 105°C/0.01 Torr. — IR (CCly):
v = 3460 cm~', 3170 (br.), 2960, 2920, 2870, 1460, 1150. — 'H
NMR (CDCl,): 8 = 1.28 (d, / = 6.8 Hz, 6H), 2.89 (sept, J = 6.8
Hz, 1H), 3.88 (s, 2H), 7.70 (s, 1H), 9.2 (br. s, 1 H, position concen-
tration-dependent). — 3C NMR (CDCly): & = 22.9 (q), 24.4(t), 34.8
(d), 130.1 (d), 144.5 (s). — MS (70 eV): m/z (%) = 157 (5) [M*],
142 (2) [M* — Me], 115(4) [M* — N;], 83 (100).

CeH{;N;S (157.2) Calcd. C 45.83 H 7.05 N 26.72
Found C 4591 H 6.81 N 26.77

4-{[(1-Methylethyl)thio Jmethyl)-1H-1,2,3-triazole (50) from 52:
In a pressure vessel 52* (9.3 g, 82 mmol) and trimethylsilyl azide
(20.3 g, 176 mmol) were heated at 92°C for 3 d and at 114°C for
7 d. After removal of the excess of azide at 10 Torr the residue was
distilled at 0.005 Torr. The fraction boiling at 67—71°C (14.46 g)
was added dropwise to 200 ml of methanol. After evaporation of
the solvent, distillation at 0.01 Torr gave 9.81 g (76%) of 50, iden-
tical with 50 from 47 as shown by NMR spectra.

1H-1,2,3-Triazole-4-methylamine (51): Sodium azide (3.25 g, 50.0
mmol) in 45 ml of water and 487" (11.7 g, 56 mmol) in 110 ml of
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dioxane were stirred at room temp. for 36 h. After recondensing in
vacuo (room temp./0.001 Torr) the mixture was diluted with 600 mi
of concd. aqueous ammonia and stirred at 50 —60°C for 3 d. Vola-
tile components were removed at 10 Torr to yield 51 (3.76 g, 77%)
as a colourless solid which could be purified by crystallization from
water/dioxane or sublimation (140°C/0.01 Torr), m. p. 206 °C. Start-
ing with 47, 51 could be prepared in an analogous way. — IR (KBr):
v = 3300—2000 cm ' (very broad band), 2620, 2180, 1645, 1560,
1260, 1220, 1090, 1045, 975, 835, 665. — ‘H NMR (D,0): § = 4.05
(s, 2H), 7.57 (s, 1H). — '3*C NMR (D,0, TMS as external standard):
& = 346 (t), 130.0 (d), 139.6 (s). — MS (70 eV): m/z (%) = 98 (39)
[M*], 97 (100), 82 (10) [M* — NH;], 70 (46) [M* — N,], 55 (16)
[M* — HN;].

CiHeN, (98.11) Caled. C 36.73 H 6.16 N 57.11

Found C 36.71 H 6.34 N 57.24

CAS Registry Numbers
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