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Iron-Catalyzed Three-Component 1,2-Azidoalkylation of
Conjugated Dienes via Activation of Aliphatic C—H Bonds

Zhen-Yao Dai, Chenxi Lin, Derek B. Hu, Jennifer M. Schomaker*

Department of Chemistry, University of Wisconsin-Madison, Madison, Wisconsin 53706, USA

Abstract. Azidoalkyation is an efficient strategy for the conversion of unsaturated precursors into
nitrogen-containing structural motifs. Herein, we describe a convenient and highly regioselective
iron-catalyzed 1,2-azidoalkylation of 1,3-dienes that employs TMSN; as a coupling partner with
hydrocarbons that bear diverse C-H bonds. This chemistry is achieved through the direct
functionalization of strong C(sp®)-H bonds and is facilitated by a combination of hydrogen atom
transfer (HAT) and iron catalysis. Notably, the protocol operates with catalyst loadings as low as
0.2 mol % and furnishes access to versatile B-unsaturated azido products with high levels of site-,
regio-, and stereoselectivities. Mechanistic studies suggest that the reaction proceeds via a radical
pathway; depending on the electronic properties of the diene, the allylic radical intermediate may
engage through either group transfer or a single electron oxidation process.

Introduction

This article is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

The selective transformation of feedstock chemicals into value-added molecules is a key objective
of modern synthetic chemistry, where the development of new methods offers significant potential
to simplify synthetic routes and modify complex molecules through later-stage functionalization.
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Conjugated dienes are a readily available class of synthetic precursors that have emerged as a
versatile platform for the efficient preparation of more elaborate building blocks.! Over the past
few decades, extensive research has focused on transition metal-catalyzed difunctionalizations of
1,3-dienes.>> This process typically involves the generation of a metal—carbon species, followed
by migratory insertion to form an allyl metal intermediate (Scheme 1A).%!8 The use of dienes as
substrates introduces additional challenges that include the high reactivity of allylic intermediates
generated from azidation of 1,3-dienes, as well as control over the site-, regio-, and Z/E-
selectivities. Additionally, side reactions such as polymerization can further reduce the efficiency
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Scheme 1. Radical azido-difunctionalization of alkenes and 1,3-dienes.

A. Transition metal-catalyzed difunctionalization of 1,3-dienes
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of the reaction. In prior work, we developed iron-catalyzed site- and regioselective 1,2-
azidoamidations of 1,3-dienes, utilizing N-fluorobenzenesulfonimide (NFSI) as a dual oxidant and
radical precursor to furnish versatile precursors to 1,2-diamines (Scheme 1B).1°

The majority of the current methodologies for the carboazidation of alkenes require pre-
functionalized radical precursors, such as alkyl halides, alkyl sulfonyl chlorides, or Togni-type
reagents; this need adds additional steps and reduces the overall efficiency of the process (Scheme
1C).29-27 The C(sp?)-H bonds of hydrocarbons are abundant chemical feedstocks, but display
relatively high bond dissociation energies (BDEs) and low bond polarity, challenges that must be
overcome to use them as radical precursors.?8-3! Therefore, the development of carboazidation
approaches that can directly activate a wide variety of simple hydrocarbons is highly desirable. In
this context, hydrogen atom transfer (HAT) is an appealing strategy for the homolytic cleavage of
diverse C(sp?)—H bonds.3>37

Organic azides are an important class of molecules that are present in many natural products and
bioactive molecules; in addition, the azide is a highly versatile handle for subsequent organic
transformations.?®4 The Luo** and Nishihara groups® reported the azidoalkylation of terminal
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styrenes using Fe or Cu catalysts, respectively; however, the C—H partners were limited to
cycloalkanes, chloroalkanes, or cyclic ethers. More recently, Feng and coworkers described the
asymmetric azidoalkylation of activated alkenes, but substrates were restricted to a-aryl-
substituted aryl enones.** Although these reports advanced the state-of-the-art,2>-2442-47
carboazidations of 1,3-dienes via direct C—H activation is still underdeveloped, particularly in
applications to more complex molecular scaffolds. There are only a few reported examples where
the hydrocarbon coupling partner is limited to dichloromethane®, aldehydes***° and acetonitrile.>

We envisioned that combining azidation with an HAT process that is compatible with diverse
hydrocarbon coupling partners could provide efficient carboazidation of 1,3-dienes to furnish
allylic azides as useful precursors to amine building blocks for syntheses of bioactive and
pharmaceutically relevant compounds (Scheme 1D).3%-41:23-25 Herein, we describe the 1,2-
azidoalkylation of diverse 1,3-dienes employing a broad array of inexpensive hydrocarbon
chemical feedstocks. The chemistry proceeds through the direct and selective activation of the
aliphatic C—H bonds and merges HAT with iron-catalyzed azidation. The reaction mechanism
depends on the electronic features of the 1,3-diene precursor and proceeds via a single-electron
transfer/HAT/radical addition through either group transfer or a single-electron oxidation process
to construct the new C—C bond.

Results and Discussion

Our study of the three-component azidoalkylation reaction commenced using 1-phenyl-1,3-
butadiene 1a as the model substrate, toluene as both the radical precursor and the solvent, di-terz-
butyl peroxide (DTBP) as an oxidant and Fe(OTY), as the catalyst. We found that the use of only
a 0.5 mol % loading of the catalyst, coupled with vigorous stirring of the reaction mixture at 110 °C
under nitrogen for 16 h, resulted in the desired adduct 1 in a yield of 70% (Table 1, entry 1). Next,
different catalyst loadings were explored; results indicated that increasing the amount of catalyst

This article is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.
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increased the formation of unwanted diazidation products, while reducing the loading gave
diminished reactivity (entries 2—5). A variety of other iron salts were investigated (entries 6—11);
however, Fe(OTf), proved to be the optimal catalyst. Control experiments underscored the
necessity for both the iron salt and heat for the reaction to proceed (entries 12 and 13). Furthermore,

(cc)

substituting DTBP with either tert-butylperoxybenzoate (TBPB) or fert-butylhydroperoxide
(TBHP) resulted in no detectable amount of 1,2-azido benzylation product 2 (entries 13, 14).

With the optimal reaction conditions in hand, the scope of the radical azidoalkylation reaction was
investigated by evaluating an array of 1,3-dienes, as shown in Table 2. First, diverse 1-phenyl-
1,3-butadienes, bearing both electron-donating and electron-withdrawing substituents at the para-,
meta-, or ortho-positions of the phenyl group, were explored and found to be suitable substrates in
this protocol. The corresponding azidoalkylation products 3-19 were obtained in good yields with
high levels of regio-, site- and stereocontrol, largely favoring 1,2- over 1,4-addition and selectively
installing the azide at the more substituted C3 carbon of the diene. In general, electron-rich and
electron-neutral 1-arylsubstituted dienes tended to give higher yields (3-7) as compared to those
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Table 1. Optimization of reaction conditions.?

Fe(OTf), (0.5 mol %)
TMSN; (2.5 equiv.)

View Article Online
DOI: 10.1039/D5SC00307E

N3
Ph/\/\/Bn

PhM DTBP (2.5 equiv.) 1 +
i PhMe (0.05 M) N,
0
110°C, 20 h Ph/\/\/m
2
Entry variation from standard conditions yield (1/2)/%"
1 none 70/<5
2 1 mol % of Fe(OTf), 53/10
3 2 mol % of Fe(0Tf), 35/30
4 0.2 mol % of Fe(0Tf), 62/<5
5 0.1 mol % of Fe(OTf), 24/<5
6 FeCl; instead of Fe(OTf), 21/<5
7 FeBr;instead of Fe(0Tf), 41/<5
8 FeSO,instead of Fe(OTf), 20/<5
9 FeClsinstead of Fe(OTf); 44 /<5
10 Fe(acac)sinstead of Fe(OTf), 45/<5
11 Fe(OTf)zinstead of Fe(OTf), 58/12
12 w/o Fe(0Tf); <5
13 conducted at room temperature <5
14 TBPB instead of DTBP <5
15 TBHP instead of DTBP <5

@ Reaction conditions: 1 (0.10 mmol), TMSN; (0.25 mmol), DTBP (0.25 mmol), Fe(0Tf); (0.5 mol %), toluene
(2 mL), 16 h, under N,. » Determined by 'H NMR analysis using 1,3,5-triacetylbenzene as an internal

standard.

bearing electron-poor aryl substituents (8-14). Dienes bearing pharmaceutically important
heteroaryl groups that include naphthalene, indole, benzofuran and thiophene effectively furnished
the target azides 20-23 in moderate yields. Notably, introducing an additional alkyl substituent on
the C1, C2 or C3 position of the 1-phenyl-1,3-butadiene gave smooth conversion to the
corresponding products 24-26 in moderate-to-good yields and E/Z selectivity. The non-terminal
1,3-diene 27a was also tolerated, delivering the corresponding adduct 27 in 36% yield and in a
1:1.1 diastereomeric ratio (dr). Additionally, alkyl-substituted 1,3-butadienes were effective in the
azidoalkylation, affording the desired products 28 in 63% yield and 29 in 39% yield with 1:1.2
site-selectivity, respectively. Finally, 1,3-dienes tethered to bioactive molecules, including
menthol, borneol, ibuprofen, citronellol, gemfibrozil, cholesterol and tocopherol, all reacted

>r0\oj< >(O\OH

DTBP TBHP

o,

TBPB

smoothly in the three-component coupling to deliver the target products 30-36 in moderate-to-
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Table 2. Substrate scope for 1,3-dienes.“

Fe(OT¥), (0.5 mol %)

R TMSN3 (2.5 equiv.) RN
S/ DTBP (2.5 equiv. 3
(Hepar Vo TMSN; (2.5 equiv.) A BN
PhMe (0.05 M) (Het)Ar
3a-36a 110°C, 16 h 3-36
R R
R OMe 3 80% yield® R OAc 8 45% yield pinB
\©\/\/\ Me 4 69% yield® \©\N OCF; 9 63% yield \©\/\A
N Bn F 5 78%yield N Bn CO.Et 10 51% yield \ Bn
3 3
Cl 6 61% yield CFs 11 49% yield 13 37% yield ’
Br 7 72% yield SCF; 12 52% yield
R
R
N = R R
OMe 15 60% yield®
= Z . = Me 18 52% yield
Bn Bn F 16 48% yield Bn o) i
N, Ns o 17 58% i Ns F 19 49% yield
14 40% yield 58% yield
BOCN / \ N
=
S Bn = Bn
OO = \ = I Y
Bn Bn o Bn N3 Me N3
N3 N3 N3
20 46% yield 21 45% yield 22 38% yield 23 44% yield 24 42% yield
3:1EZ
Me
Ph_~ ph_~e Me Ph = CsHyyar
Bn NBH thBn WBH \/\/\Bn
N3 Ns Ny N3 N3
25 55% yield ) 27 36% yield ; 29 39% yield
X 26 64% yield 28 63% yield
818z i 11.1dr site-selectivity® = 1.2:1

| : .
; O Bn ; O Bn °© Bn (0) Bn
A ¥ : ¥ o] ¥ %
N3 N3 N3 | N3

30, from menthol 31, from broneol 32, from ibuprofen 33, from citronellol

50% yield 41% yield 61% yield 55% yield
(0}

o} (e}

\/\)% Bn o o Bn

(0] = —
N3 _— N
34, from gemfibrozil 35, from cholesterol 36, from tocopherol
50% yield 45% yield N3 39% yield

@Unless indicated, reactions were run with the 1,3-diene (0.1 mmol), TMSN3 2 (0.25 mmol), DTBP (0.25 mmol), Fe(OTf), (0.0005 mmol), PhMe (2 mL),
110 °C, under Ny, 16 h. 2 0.2 mol % of Fe(OTf), was used. ¢ Ratio of 1,2- and 1,4-addition.

good yield and excellent Z/E selectivities, showcasing the utility of this chemistry in more complex
molecule settings.
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The scope of aliphatic C—H coupling partners was examined next with a series of substituted 1-
methylarenes (Table 3). Electron-donating and electron-withdrawing substituents at the para
position of the phenyl group were well-tolerated to deliver the azides 37-46 with moderate-to-good
yields. Compared with the C—H bond located o to oxygen, the benzylic position of 4-methylanisole

Table 3. Exploring the scope of aliphatic C—H coupling partners in the azidoalkylation of 3a.¢

Fe(OTf), (0.2 mol %)

“ TMSN; (2.5 equiv.) N,
PMPT XX + R-H DTBP (2.5 equiv.) R
pMp/\/\/
3a 110°C, 16 h
PMP = p-methoxyphenyl 37-72
R R Ns o
N3 Me 37 74% yield N3 ; PMP

) 42 55% yield
PMP Bu 38 55%yield pyp N Ac 43 31%yield o
OMe 39 46% yield 46 31% yield
R R CN 44 36% yield®

Cl 40 56% yield o =1.2:1
o
Br 41 43% yield® CF3 45 46% yield
N3
N N F N N
PN PN L PMPT L
PMP PMp/\/\/\@ pMp/\/\/\Q/ PMP/\/\/;Qi

47 72% yield 48 46% yield 49 61% yield 50 68% yield 51 60% yield®

N3 N3 B
o e e IS SRS 3 e
PMP PMP A o
| < PMPT N PMPT N

54 54% yield®
52 55% yield 53 55% yield o:p = 6:1, site-selectivity® = 9:1 55 57% yield” 56 59% yield”

/\/r\t/o /\/N(/O I\ e /\/N(>< J\
PMPT N pMPT PMP/WO’Bu PMP/WOPh SV o)

61 35% yield®

57 48% yield® 58 60% yield® 59 31% yield® 60 45% yield site-selectivity® = 20:1
N, 0
N, N. O N, N N; CN
N _Ac 3 3
PMPWN /W W /W /\/\)
| PMP SPh pyp XX o PMP OH pup X PMP
62 16% yield? 63 65% yield? 64 44% yield 65 15% yield 66 31% yield 67 26% yield

N; 8 N; O
PMP/\/\%(O\. w _ N; O N; N3
PMP N AN N X
0 \ PMP Ph PMP PMP

68 66% yield® 69 34% yield® 70 53% yield® 71 59% yield? 72 36% yield
o = 6:1, site-selectivity® = 20:1 from iso-butyl aldehyde site-selectivity® = 13:1
from tert-butyl formate

2 Unless indicated, reactions were run with 1,3-diene (0.1 mmol), TMSN3 (0.25 mmol), DTBP (0.25 mmol), Fe(OTf), (0.0002 mmol), R-H (2 mL),
110 °C, under N, 16 h. ®R-H/PhH = 1/1 (2 mL) as solvent. ¢ R-H/MeCN = 1/1 (2 mL) as solvent. ¢ 10 equiv of R-H, PhH (2 mL) as solvent. ¢ Ratio
of 1,2- and 1,4- addition.
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proved more reactive to furnish 39 in 46% yield. In the case of 4-methylcumene, a 31% yield and
1:1.2 rr of 46 was observed. When substituents on the phenyl group were moved from the p- to m-
or o-positions, the corresponding products 47-52 were afforded in good yield. A 3-methyl
thiophene served as an alkylating agent to afford the heteroarene product 53. Moreover, 2,3-
dimethylbutane preferentially reacted at the tertiary C—H bonds to furnish 54 in 54% yield with a
6:1 rr and in 9:1 site-selectivity. Cycloalkanes of varying ring sizes (5-to-8 carbons) proceeded
smoothly to provide the corresponding products 55—58 in moderate-to-good yields. Additionally,
isopropyl ether, anisole and methyl fert-butyl ether displayed a preference for the a-oxy alkylated
products 59-61. N, N-dimethylamide gave a low yield of 62, while a thiol ether 63a and an acetal
64a gave 63-64 in moderate yields. Unfortunately, the use of methanol as the source of the carbon-
centered radical gave 65 in low yield. Both acetone and acetonitrile were capable of serving as the
radical coupling partner to furnish the corresponding azides 66 and 67. The tertiary C—H bonds of
methyl isobutyrate engaged the diene to furnish azide 68 in 66% yield, with a 6:1 rr and in 20:1
site-selectivity. Notably, the C—H bond of an aldehyde group in 69a and 70a could be cleaved and
added to the terminal carbon of the 1,3-diene to give the azidocarbonylation products 69 and 70 in
moderate yields. However, alkyl aldehydes or formate resulted in decarbonylation and
decarboxylation to yield 71 and 72.

The synthetic utility of the azidoalkylation chemistry was demonstrated by carrying out selected
post-functionalizations of azide 3 (Scheme 2). The reaction of 3a was conducted on a larger scale
employing slightly adjusted conditions to furnish 3 in 76% yield. Treatment of the azide 3 with
P(OEt); yielded the phosphoramide 73. Compound 3 was readily reduced using PPh;/H,O and
subjected to amidation to give 74, followed by subsequent ring-closing metathesis with Grubbs I1

This article is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.
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1) PPhs, THF/H,0

- PO(OE), i o
— /\)\/ B P(OEt); ' NLNH Grubbs Il
S PMP™ ™ 2) CO.H DCM
73, 81% yield DCM. t, 20 h A Bn 45°C, 48 h
TR Yie DMAP, EDCI \ *
PMP
Fe(OTf), (0.2 mol %) DCM, rt,2h T4
TMSN;3 2.5 equiv. Na 82% yield over 2 steps
AN DTBP 2.5 equiv. Z Bn
AN
PhMe (2 mL) PMP/vs\/ > NH
e m

Meo - 110°C, 16 h 76% yield o 15

59% yield
= Ph PMP_~
NH, PA(OH),C N cUso; (tzo Tom %|) . \/\N/\Bn
PMB\)\/Bn 2 a ascorbate (40 mol %) &/N
4090t . . |

76, 92% yield MeOH, rt, 16 h 2:1:0.2 ‘BUOH:H,0:DCM . N oy
n.20h 93% yield
0

PPh3 PM WA PMP/\/\)%( PPh3 HN

PMP TTHFH,0 ¢ “THEM,0 SN
) rt, 20 h rt, 20 h
78, 92% yield 79, 98% yield

Scheme 2. Derivatizations of the azidoalkylation product 3.
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at low concentrations to generate the target lactam 75. The azide was readily transformed to the
primary amine 76 via reduction of 3 with Pd(OH),/C and H,, while a copper-catalyzed Huisgen
cycloaddition between azide 3 and phenylacetylene delivered the corresponding triazole 77 in a
93% yield. Treatment of the azides 66 and 68 with PPh3;/H,0O furnished the subsequent imidization
product 78 and lactam 79 in excellent yields of 92% and 98%, respectively.

To gain additional insights into the mechanism of this diene azidoalkylation reaction, we
conducted a series of mechanistic probe experiments. The addition of 2,2,6,6-tetramethyl-1-
piperidinyloxyl (TEMPO) to the reaction of 3a under the standard conditions completely inhibited
the formation of the desired product 3. The TEMPO-trapped adduct 81 was detected by high-
resolution mass spectrometry, supporting the intermediacy of a benzylic radical likely generated
from HAT from toluene by the tert-butoxyl radical (Scheme 3a, reaction 1). Notably, when an
electron-donating group (EDG) was present on the C1 phenyl ring in 3a, the allylic radical-trapped
product 80a was not observed (Scheme 3a, reaction 1). However, with the introduction of an
electron-withdrawing group (EWGQ) to the phenyl ring of 10a, 80b was detected (Scheme 3a,

a Reaction in the presence of TEMPO

Fe(OTf), (0.5 mol %)

TMSN; (2.5 equiv.) N
DTBP (2.5 equiv.) \ .Bn g4
) /@/\/\ (1.0 equiv.) /@/\)\/ +
MeO PhMe (0.05 M) Meo 80a detected by HRMS
110°C, 8 h 3 not detected [M+H]* 248.2005
3a not detected

Fe(OTf), (0.5 mol %)
TMSNj3 (2.5 equiv.)
DTBP (2.5 equiv.)

_Bn
o /@/\/\ (10 eauvy /@/\/\/ /@/\)\/ + 81
EtO,C EtO,C
EtO,C 10a thg fféog r'\:l detected by HRMS detected by HRMS
’ not detected [M+H]* 450.3000 [M+H]* 248.2005
b Radical clock experiment d Hammett studies
_OMe 0.25
Fe(OTf), (0.5mol %)  Bn 02
TMSN;3 (2.5 equiv)
. NN X Ph
e DTBP (2.5 equiv) Ph 015
N -CO,Et
Ph PhMe (0.05 M) . oF
82 110°C, 8 h 83 i
34% vyield, 16:1 E/Z 0.05 -OCF, -SCF,
N )
-04 0.2 0 02 1 06
¢ Kinetic isotope effect experiment &
Fe(OTf), (0.5 mol %) 01 F .
toluene-dg TMSN3 (2.5 equiv. ) ’
DTBP (2.5 equiv.) Bn(d;) 0.1 v = _0.6331x + 0.0085
PMPT X and (25eq PMP/\/\/ n(d7) -0.15 y ;oilr’fl 0085
110 °C 3(d7) o _cl 2 = 0.9339
3a toluene ky/kp = 3.03 w|;;gw_\\,-'k )

Scheme 3. Mechanistic studies.
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reaction 2). As suggested by these experiments, the more electron-deficient allylic radical has a
longer lifetime as compared to the more electron-rich allylic radical, indicating that a dual
mechanistic pathway might exist in this reaction. The reaction of the radical clock 82 also
supported the existence of a radical pathway, as the ring-opened 83 was obtained in 34% yield in
a 16:1 E:Z ratio, suggesting that the in situ-generated cyclopropylcarbinyl radical undergoes fast
ring-opening to give an allylic radical, which is then rapidly trapped by the azide radical (Scheme
3b). In addition, a kinetic isotope effect experiment clearly showed that such an effect was present,
as a KIE of 3.03 (ky/kp) was observed for the reaction of diene 1a in toluene and toluene-ds
(Scheme 3c), suggesting that the aliphatic C—H bond cleavage might be involved in the rate-
determining step of the reaction. We also conducted parallel KIE experiments and observed a KIE of
2.22 (ky/kp) (see the Supporting Information for details), also supporting the likelihood that C—H bond
cleavage is involved in the rate-determining step of the reaction. Finally, we conducted a series of
Hammett studies (Scheme 3d). The negative slope of the Hammett plot indicated the possibility
that allylic cation intermediates might be generated during the reaction. However, when electron-
withdrawing groups (OCF3, CO,Et, SCF;, CF3) were introduced on the aryl group of the substrates,
the expected negative trend was not observed (Scheme 3d), indicating that electron-deficient 1,3-
dienes likely proceed through allylic radical intermediates, followed by a group transfer process
to generate the final products.

Based on our mechanistic studies, a plausible mechanism for the Fe-catalyzed azidoalkylation of
1,3-dienes is proposed in Scheme 4. First, a single-electron oxidation process occurs through the
reaction of the iron(Il) trifluoromethanesulfonate complex with DTBP to produce an oxidized iron

This article is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

species A and a tert-butoxyl radical. Intermediate A then reacts with TMSNj3 to produce the
iron(II1) azide species B. The tert-butoxyl radical then selectively abstracts an H-atom from the
coupling partner to generate the alkyl radical R *. This carbon-centered radical may add to the

Open Access Article. Published on 05 March 2025. Downloaded on 3/6/2025 4:00:39 AM.

terminal carbon atom of the 1,3-diene to selectively generate the allylic radical C. This allylic
radical intermediate is subsequently captured by B. In pathway a, electron-deficient dienes are
more likely to be favored. A group transfer process leads to the formation of the final product and
regenerates the active iron catalyst. In contrast, electron-rich dienes are expected to proceed via
pathway b, where a single-electron transfer (SET) occurs first between the iron(III) azide B and
C, which is then followed by nucleophilic attack by the azide species. In addition, the tert-butoxyl
radical can potentially abstract the TMS group from TMSNj3;, which leads to the generation of a
free azido radical (N3¢). A similar process may occur to furnish the undesired diazidation product
from the 1,3-diene precursor, thereby reducing the overall conversion to the desired
azidoalkylation product.
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Scheme 4. Proposed catalytic cycle.

Conclusion

In conclusion, we have described a practical iron-catalyzed azidoalkylation of 1,3-dienes based on
the direct and selective abstraction of aliphatic C—H bonds enabled by a HAT process. A wide
array of commercially available hydrocarbons bearing diverse C—H bonds were employed in the
coupling to provide access to synthetically useful amines. Mechanistic studies indicated that the
electronic properties of the precursor 1,3-dienes influence the mechanistic pathway of the
transformation, with reaction proceeding via either group transfer for electron-deficient 1,3-dienes
or sequential single-electron transfer and nucleophilic attack for electron-rich 1,3-dienes to furnish
the azidoalkylation products.
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