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Acyl iodides' have hitherto attracted little attention although
their synthesis had already been attempted in the beginnings
of organic chemistry. In 1832, Liebig and Wohler reported
that treatment of benzoyl chloride with potassium icdide pro-
duces benzoyl iodide which they described as a crystalline
compound? (doubted by Thiele®). Acetyl iodide was later pre-
pared by heating acetic anhydride with red phosphorus and
iodine*, and acetyl as well as benzoyl iodide were prepared by
reaction of the corresponding chlorides with gaseous hy-
drogen iodide and evaporation of the resultant hydrogen
chloride®. A number of halogenated acyl iodides® and substi-
tuted benzoyl iodides’ were synthesized by this latter method.
New methods for preparing acyl halides including acyl iod-
ides have recently been reported®.

We report here that a large number of alkanoyl, alkenoyl, and
aroyl iodides (2) can be prepared in good yields from the cor-
responding acyl chlorides (1) and sodium iodide in acetoni-
trile, using an improved version of our earlier described low-
temperature reactor-extractor, which had allowed us to obtain
highly reactive heterocyclic a-aminoacetals>'*. Isolation of
the product acyl iodides involves extraction of the acetonitrile
mother liquor with pentane or 2-methylbutane.

R—Cfo + NaJ acetonitrile, 0-25°C R—Ci/o + NaCl
Cl J
1 2

The reaction of acyl chlorides (1) with sodium iodide pro-
ceeds readily and seems to be little affected by steric factors.
For example, 2,2-dimethylpropanoyl iodide (2i) is obtained in
80% yield under the usual conditions; even the sterically hin-
dered 2,4,6-trimethylbenzoyl (1z;) and 2,3,5,6-tetramethyl-
benzoyl chlorides (1z,) are converted into the corresponding
iodides (223, 2z,) in high yields.

Octanoyl iodide (2d) and similar acyl iodides are so lipophilic
that they can be isolated by a single extraction with pentane in
a separatory funnel. On the other hand, the very polar acetyl
iodide (2a) forms an azeotrope with acetonitrile and can
therefore not be extracted from this solvent. The homologous
propanoyl iodide (2¢) is isolated in 53% yield after an extrac-
tion time of 20 h whereas trichloroacetyl iodide (2n) is iso-
lated in 85% yield after an extraction time of only 5 h.

3-Chloropropanoy! chloride (1k) is attacked by iodide ion
preferentially (>90%) at the chlorocarbonyl C-atom (sp?)
than at the saturated C-3 atom (sp®). The homologous chlo-
ride 1m gives 2m exclusively. Even 3-bromopropanoyl chlo-
ride (1) which possesses the potentially better bromide leav-
ing group reacts at 0°C to form mainly 2. These examples
show the high selectivity of our method (Table 2).

Using a larger capacity reactor-extractor, the method can be
applied to larger-scale preparations without decrease in yield
(as found in the preparations of 2r and 2s).

Simple acyl iodides (2) are generally heavy liquids. Adaman-
tane-1-carbonyl iodide (2§) forms slightly yellowish crystals.
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Similarly, phenoxyacetyl iodide (2p) is a solid, whilst the cor-
responding chloride (1p) is a liquid at room temperature. All
acyl iodides (2) hitherto obtained are readily soluble in di-
chloromethane, but less soluble in pentane. We therefore store
the acyl iodides in dichloromethane as solvent. Most acyl iod-
ides react instantaneously with water.

In the LR. spectrum, the carbonyl band of the acyl iodides, as com-
pared to that of the chlorides, is changed only slightly, being broad-
ened or shifted at most by 5 cm ™' to lower wave numbers. In the fin-
ger-print region, a shift of a few selected bands by 20-30 cm ™' to
lower wave numbers was detected (Perkin Elmer 580, CCl,y or NaCl).

For proving the structure of the acyl iodides (2), *C-N.M.R. spectro-
metry is especially helpful, because all signals are generally well re-
solved and can be compared with those of corresponding acyl chlo-
rides (Table 3). In all acyl iodides (2) investigated, the signal of C-1
appears upfield (Table 3, Ad, negative) from the signal of C-1 in the
corresponding chloride (1) (heavy-atom effect of iodine). Typically,
for a primary alkyl group R in RCOJ, Ad,= —11 to —13; for a sec-
ondary alkyl, A6;=—8 to —11 and for a tertiary alkyl group,
AS)=—2.5to —5. On the other hand, the signal of C-2 of 2 is shifted
downfield from the corresponding signal of 1. The C1/J exchange has
only little effect on the signals of C-atoms more remote from the halo-
carbonyl group (see, for example, the signals of the CH, groups of the
propanoy! halides 1¢ and 2¢ in Table 3).

The "*C-N.M.R. spectra may also be used for a purity determination
of products 2. In the simple proton-decoupled spectra of compounds
2, any decomposition products present in amounts of 5% or more
would be detected by additional peaks. The absence of such peaks is
in accord with the high-resolution '"H-N.M.R. spectra of freshly pre-
pared samples of compounds 2; integration of these spectra shows
that compounds 2 are at least 95% pure.

In the 'H-N.M.R. spectra, the signal of the 2-H atom of alkanoyl iod-
ides tends to be downfield from the corresponding signal of the chlo-
rides.

As regards the 2-alkenoyl (2q-t) and benzoyl (2u-z,) iodides, the sig-
nal of the iodocarbonyl C-atom is also found upfield from the corre-
sponding signal of the chlorides 1 (heavy-atom effect of iodine)'*, and
the signal of the C-atom linked to the iodocarbonyl group (C-2 of al-
kenoyl iodides or C-1 of benzoy! iodides) appears downfield from the
corresponding signal of 1, thus suggesting that the iodocarbonyl
group is the better g-acceptor. It is difficult to draw conclusions about
the z-acceptor qualities of the iodocarbonyl group, because the con-
formation of the various molecules to be compared is not known. The
two most simple olefinic acyl iodides 2q and 2t offer even less steric
hindrance to s-overlap than the simplest aromatic acyl iodide, benzoyl
iodide (2u). The signals of C-3 of compounds 2q and 2t appear down-
field from the corresponding signals of 1¢ and 1t, suggesting that the
iodocarbonyl group is a better 7-acceptor than the chlorocarbonyl
group. With increasing substitution of the C=C double bond, the ha-
locarbonyl moieties are expected to be twisted out of the plane of the
neighbouring 7-system, iodocarbonyl more so than chlorocarbonyl,
and a discussion of chemical shifts for the olefinic acyl iodides be-
comes more problematic'. The crowded aromatic acyl iodide, 2,4.6-
trimethylbenzoyl iodide (2z;), must have its iodocarbonyl group ro-
tated out of the plane of the aromatic ring. Consistently, AS, and A5,
are now negative by a comparative large amount, i.e. —7.0 (Table 5),
whereas A8,=7.3. The ""F-N.M.R. shift of 4-fluorobenzoyl iodide
(2x) appears 0.5 ppm upfield from the signal of the chloride 1x, sug-
gesting that iodocarbonyl, when attached to an aromatic nucleus, is a
slightly poorer or comparable r-acceptor.

In general, simple benzoyl iodides appear to be more stable than ali-
phatic acyl iodides, undoubtedly because of stabilization by n-overlap
in the ground state. For comparison, it is well-known that acetyl chlo-
ride reacts almost explosively with cold water, whilst benzoyl chloride
(1u) reacts very slowly. However, 2,4,6-trimethylbenzoyl iodide (2z3)
is comparable in reactivity to aliphatic acyl iodides'®; it also fumes

© 1981 Georg Thieme Verlag - Stuttgart - New York

Downloaded by: Syracuse University Library. Copyrighted material.



716 Communications SYNTHESIS

Table 1. Acyl Iodides (2) from Acyl Chlorides (1)

1,2 R m.p. [°C]or Reaction Extraction Yield® Molecular formula®
b.p. [°C)/torr time [h] time [h] [%) or b.p./torr °C)
of 1 reported
a M- o, ¢ - - C;H,JO (169.9)
b He CH,~ b.p. 130°/10 0.75 5.5 62 Cy;H2JO (288.1)
CH.
C CHe— b.p. 77-79° 1 20 53 b.p. 52-53°/50*
d G bp. 89°/20 0.5 18 90 (38)¢ C4H,5J0 (254.1)
e i-CiH,— bp. 92° 0.75 5 74 C4H,JO (198.0)
f [;>\; 0.5 6 83 C,H;JO (196.0)
N\,
g ( /\; 0.5 5 92 CsH,JO (210.0)
h <_>¢H bp. 75-77°/15 0.75 5 75 C,H,J0 (238.1)
i £CHy b.p. 107° | 75 80 (48)" CsHLJO (212.0)
A
i B} m.p. 49-31° 0.75 5 93 C,;H,sJ10 (290.1)
K Cl-CH—CHy~ b.p. 143° 0.5 18 57 C;H,ClOo (220.4)
| Br—CH,~CH,— b.p. 173° t 19 83 (47)* C;H,BrJO (262.9)
M Cl—CH;—CH,~CH;— b.p. 55-57°/17 0.5 15 63 C.HCUO (232.4)
nole- 0.1 5 85 C,CLIO (273.3)
0 NC—(CHy)s— b.p. 135°/1 0.75 20 24 C,H ,,JNO (251.1)
P { )0-CH b.p. 111°/13 0.5 6 75 CzH-JO, (262.0)
He, M
q . Se=¢( (B b.p. 120°¢ 0.5 17 (7) 91 (66) C,HJO (196.0)
H3C\ /CH3
r ) w=c &) b.p. 34°/35 0.5 6 88 b.p. 133-135°/24"
HC M
s HC/c=c\ b.p. 145° 0.5 6 88 CsH.JO (210.0)
3
CeHa _ M
t H,C=c\ {E) mp. 35-37° 1 (0.5) 8 (6) 97 (30" CoHAJO (258.1)
u § 1 (0.5) 6 (7) 90 (62)" C,HJO (232.0)
v o bp. 85°/20 ! 8 95 C,H,FIO (250.0)
=
w Q— bp. 90°/15 : 8 95 C,H,FJO (250.0)
F
x F4 bp. 82°/20 : 8 92 C,H,FJO (250.0)
y le mp. 18° 2 6 88 CH,CLIO  (300.9)
— Cl .
7 § />_ ‘ 8 93 CsH,JO (246.0)
CH,y
2, H;;CQ bp. 113°/15 | 8 96 CyHoJO (260.1)
CH,
CH,
z, chQ bp. 116°/18 0.5 6 95 (80)* CioH1JO (274.1)
CHy
H<  CH,
z, mp. 61° i 20 92 C,H,,J0 (288.1)
H.C  CH,

* Yields of isolated product obtained by standard proccdure. The yields have not been optimized.

® Sufficiently cotrect microanalyses cannot be obtained because of instability of the products.

¢ Jsolation by standard procedure not possible.

9 Yields obtained in initial experiments.

¢ Acyl chloride 1q has to be separated from thionyl chloride by distillation over a 20 cm Vigreux column.
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Table 2. Selectivity of Halide Displacement in o-Haloalkanoyl Chiorides (1k, 1,
m)

NaJ/acetonitrile
———

0 0 0
X—(CHyly—C7 X=(CHoh—C7  +  J—icHl~C7
y 3

Cl
1 2 3
1 Ratio 2 @ 3
k  X=Cl, n=2 90 : 10
1 X=Br, n=2 80 : 20°
m X=Cl, n=3 100 : 0

* Reaction at 0°C.

Table3. "“C-N.M.R. (CDCL/TMS,,) Data of Alkanoy! Chlorides (1a-p) and
Alkanoyl lodides (2a-p), 6 [ppm) (cf. Ref."?)

Com- &¢.y e AF) Ad>* Other signals
pound

1a 169.5 242
22" 1598 339 - 97 97
1b 1718 47.3 137.9; 137.3; 129.4; 126.7 (Curom):
21.0: 20.1 (CH)

138.1; 136.9; 129.3; 1278 (Cum):
21.0; 20.5 (CHy)

9.6 (CH;)

2b 160.3 603 —115 130

1c 174.7 410
2 1629 54.1 -118 131 103 (CHj)

1d 1734 473 31.8;29.0; 28.7; 25.4; 22.7; 14.1
2d 1622 603 —112 13.0  315;287;27.9; 25.6; 23.5; 14.0

le 1779  46.5 19.0 (CHy)
2e 169.7 565 - 82 100 184 (CH,)
if 1752 239 124

2f 1642 332 —-11.0 93 131

1g 1756 493 26.3; 17.5

2g 166.5 604 — 9.1 111 27.0;158

1h 176.8 55.1 29.4; 25.1; 25.6
2h 1688 658 — 83 107  29.0; 24.6: 25.5
1i 180.3 494 27.2 (CH3)

2i 1753 546 - 5.0 52 26.6 (CH;)

1j 179.7 512 39.2;28.1;36.3
2j 1772 567 - 25 5.6 39.5;28.0;36.2
1k 1712 493 38.1

2k 157.8 610 -134 117 379

1 1713 49.2 24.2

21 1583 624 —120 132 244

m 173.2 441 43.1; 278
2m 1606 573 —129 132 424;28.1
In 163.3  94.2

2n 1472 99.8  —16.1 5.6
1o 173.5 46.6

20 1619 592 —11.6 129
1p 1763 714

2p 160.4  82.1 —-159 107

[19.6 (C=N); 27.4; 24.9; 24.2; 16.8
119.1 (C=N); 26.5; 24.8; 24.5; 16.6
157.1; 129.9; 122.8:; 115.0
156.5; 129.7; 122.7; 114.8

* Chemical shift difference for C-1 etc., on going from acyl iodide to acyl chlo-
ride. With increasing distance of C-n from the halocarbonyl carbon C-1, 46,
(n23) decreases,

® Acetyl iodide (2a) was prepared by the reaction of sodium acetate with red
phosphorus and iodine; see Ref.*.

when exposed to air. Cyclic voltammetry has shown that 2u and 2z,
are oxidized readily (0.47 V and 0.35 V, respectively), comparable to
enamines. In contrast, reduction requires more forcing conditions, i.e.
=177 V for 2u and - 1.75 to —1.90 for 2z,'°. Finally, 4-fluoroben-
zoyl iodide (2x) is a colorless crystalline solid which could be kept un-
der nitrogen for several months without decomposition.

Our low-temperature reactor-extractor as well as the experi-
mental procedure are more widely applicable and may, for in-
stance, be used (with modifications) for the preparation of
other reactive iodine-containing compounds and for handling
and isolation of sensitive compounds in general®"".
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The acyl chlorides 1 used in the conversion should be of high purity.
We have prepared commercially not available acyl chlorides by the
following three methods:

- in the standard procedure, the carboxylic acid is refluxed with thio-
nyl chloride (1.5 equiv) and the product 1 is isolated by distillation
over a Vigreux column;

- low-boiling acyl chlorides (e.g., ¢ and 1i) are obtained by the pro-
cedure of Ref."" using 2 mol equivalents of benzoy! chloride (which is
a comparatively involatile chlorinating agent: b.p. 198°C). {In an at-
tempt to prepare 1i using thionyl chloride, the product 1i (b.p. 104°C)
was found to contain thionyl chioride (b.p. 75-76 °C) which was de-
composed under the conditions of the iodination);

- certain sensitive acyl chlorides such as 3,5-hexadienoyl chloride'*
are prepared by treatment of the carboxylic acid with oxalyl chloride
(b.p. 62°C, 1.2 equiv) in dichloromethane in the presence of potas-
sium carbonate at room temperature and the products are isolated by
Kugelrohr distillation.

Acyl Iodides (2) from Acyl Chlorides (1); General Procedure:
Apparatus:

Figure. Low-Temperature Reactor-Extractor (cf. Ref.”) (drawn in cor-
rect scale)

A Reaction vessel (~220 ml capacity up to overflow). During ex-
traction this vessel is cooled externally with the coolant from the
condenser.

B Extraction tube.

C  Pentane inlet.

D Pentane outlet. The perforated bulb and a magnetic stirrer ensure
an efficient distribution of pentane in the acetonitrile phase.

E  Extraction flask.

F  Inlet for coolant (—25°C).

G Connection to vacuum pump (~ 150-200 torr).

H Cooling bath.

Reaction: Dry, finely powdered sodium iodide (15 g, 0.10 mol) is
placed into the reaction vessel A of the reactor-extractor. The appara-
tus is assembled and flame-dried in a stream of nitrogen. All further
manipulations are carried out in a countercurrent of nitrogen. Abso-
lute acetonitrile (100 ml) redistilled from phosphorus pentoxide is
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Tabled. "C-N.M.R. (CDCI,/TMS,,,) Data of 2-Alkenoyl Chlorides (1g-t) and
2-Alkenoyl lodides (2q-t), 8 [ppm].

SYNTHESIS

Table 6. Selected 'H-N.M.R. (CDCl:/TMS,,,) Data of Alkanoyl and 2-Alkenoyl
Chlorides (1) and lodides (2), § [ppm)

Com- b¢cq  dear  Sex A6 A5 A§Z Other signals
pound

Com- 2-H' 3-H' AS8(2-H)* A§(3-H)" Other Signals
pound

1q 1653 127.8 152.8 18.2

2q 155.2 1331 1581 -101  S3 23 182

Ir 168.8 1339 1479 154; 13.2

r 1613 1362 1540 - 75 23 6.1 15.2; 123

1s 163.5 1226 164.4 27.3;21.6

2 1606 133.6 1521 - 29 1.0 -123 266;22.8

1t 167.2 1222 150.6 133.0; 132.1; 130.3; 130.2

(Cirom)
u 155.0 1284 1516 122 6.2 1.0 132.3;132.2; 129.4; 129.3
(Carom)

“ Chemical shift difference for C-1, C-2 etc., on going from acyl iodide to acyl
chloride.

Table5. “C-N.M.R. (CDCl:/TMS,,,) Data of Benzoyl Chlorides (lu~-z,) and
Benzoy! lodides (2u-z.,), & {ppm]

C-Atoms of Phenyl Ring R 32 0
y \ 7
| AW
Com- 5 6 X Other
pound C==0 signals
C-1 C-2 C-3 C-4 C-5 C-6

Tu 168.0 1333 1313 129.0 1354 1290 {313
2u 159.5 1363 1319 1286 1354 1286 1319

Iy 163.0 1219 1619 1173 137.2 1342 1248
2v 1515 1246 157.8 1166 1368 1372 1248

-115 27 —41 =07 ~04 30 0

Iw! 167.2 1355 1186 1621 1227 1309 1273
2w 1574 1388 1185 1621 1225 1302 1279

- 98 33 ~041 0 ~-02 07 0.6

Ix* 1669 1297 1344 1160 1674 1160 1344
2x" 1574 1332 1349 1160 1675 1160 1349

- 95 34 0.5 0 0.1 0 0.5

ly 163.8 1305 1349 131.3 1407 1274 1366
2y 1520 1348 1305 1305 1400 1269 1361

-1138 43 —-44 08 —-06 -05 -05

1z, 167.3 1324 141.3  132.0 1342 1264 1339 216
2z, 1592 1356 1372 1312 1337 1260 137.1 213

- 81 32 -41 -08 05 —03 32

1z, 1672 1297  141.8 1329 1456 127.2 1346
2z, 159.0 1323 1379 1320 1455 1270 1385

27,215
1.4,21.4

to t9

- 82 26 -39 -09 01 02 39

1z, 170.5 1331  136.6 1288 1407 1288 1366 203,193
2z, 159.2 1404 1296 1285 1424 1285 1296 211,188

- 113 73 70 03 17 -03 =170

1z, 1713 1401 1278 1346 1331 1346 1278 192,161
2z, 160.5 1456 1250 1345 1331 1355 1250 19.2,15.8

-10.8 55 -28 01 0 -0.1 =28

© WE.N.M.R. (CDC1/CoFoin) spectra: 1w, §=213.75; 2w, §=213.25; 1x,
§=216.0; 2x, §=215.5 ppm.

1a 217

2a 3.0 0.3
1b 4.15

2b 43 0.15
1d 29

2d 3.07 0.17
le 3.0

2e 3.0 0

1q 6.1 7.1 1.95 (dd, J=7 Hz, 1.5 Hz)

2q 58 70  -03 —0.1 195 (dd, J=7 Hz, 1.§ Hz)
Ir - 12 2.0(d, J~7 Hz); 1.9 (s)
2 - 10 - -02 2.0 (d, J=~7 Ha); 1.9 (5)
1s 60 - 2.1 (s, 3H); 2.0 (s, 3H)

2 64 - 04 - 2.0 (s, 3H); 1.9 (s, 3H)

1t 66 78 7.3-7.6 (5 Hurom)

2t 63 16  -03 02 7.25-7.65 (5 Harom)

* 2-H and 3-H refer to numbering of the C-chain, halocarbonyl group included.
In 1q and 2gq, the signals of 2-H and 3-H appear as precise doublets (*J=15
Hz).

" Chemical shift difference for 2-H, 3-H on going from acyl iodide to acyl chlo-
ride.

added to dissolve the sodium iodide. The acyl chloride (1; 50 mmol) is
then added dropwise to the solution. The reaction starts instanta-
neously, as indicated by the precipitation of sodium chioride. The
mixture is stirred for ~30-60 min at room temperature to ensure com-
plete conversion.

Extraction: Pentane (redistilled from lithium alanate) is carefully
poured onto the heavier acetonitrile phase until the reaction vessel is
filled up to overflow and ~2/3 of the extraction flask E is filled with
pentane. Reaction vessel A and the condenser are cooled with methyl-
cyclohexane (cryostat, — 25 °C), whilst the extraction is started by cau-
tious evacuation (~ 150-200 torr) of the apparatus at G. Should there
be any initial bumping of the pentane in reaction vessel A due to a
lower pressure, the stopcock connecting vessel A and E is closed tem-
porarily. After ~2.5 min, equilibrivm is reached: The vacuum pump
at G is turned off and the pentane begins to boil steadily in the extrac-
tion flask (which is kept at ~30°C in a water bath), condenses in the
condenser, falls through the extraction tube B, rises through the ace-
tonitrile Jayer, and dissolves the acyl iodide, until it finally overflows
and returns to the extraction flask. It takes only a little experience to
assemble and grease the apparatus so that the vacuum is held without
further using the pump and the extraction can be run unattended over-
night.

Isolation: Cooling unit and water bath are removed, whilst the reactor-
extractor is flushed with nitrogen. The product is also protected from
any undesirable contact with oxygen by the cushion of gaseous pen-
tane above the solution. The pentane in the extraction flask is evapo-
rated and the resultant acyl iodide is dissolved in absolute dichloro-
methane and stored in a second smaller flask over a little copper
powder as stabilizer. After evaporation of dichloromethane and flush-
ing with nitrogen, the yield is determined (alternatively, the yield may
be determined after the first evaporation of pentane from the bigger
flask E). The acyl iodides are pure by N.M.R. standards (>95%) and
may be stored neat for a few days at —20°C with little decomposition,
provided that a nitrogen atmosphere is present.
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