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We developed a new efficient synthetic method for a 3-iodothyronamine (T1AM) that has advantages of less 
synthetic steps and much higher overall yield compared to those in the conventional method. Our animal study 
showed that T1AM synthesized by the method exerted a potent hypothermic effect in non-hibernator mice. 
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Introduction 

Mammalian hibernation has been considered as a 
fascinating physiological trait that enables them to 
overcome harsh conditions (e.g., coldness and food 
shortage).1 Hibernators actively suppress metabolism 
and body temperature (Tb) and survive for four to six 
months of winter without feeding. Because of the hy-
pometabolic and hypothermic features, hibernation 
mechanism is considered to offer significant medical 
benefits in emergency medical care, organ transplanta-
tion, and extended spaceflights.2  

Metabolic rate and Tb are principally controlled by 
thyroid hormones (TH) such as triiodothyronine (T3) 
and thyroxine (T4). Since these hormones are ther-
mogenic, their levels in blood circulation are found to 
increase in winter.3 Induction of hibernation is the op-
posite of the TH effect. Until recently, however, little 
was known about a molecular mechanism underlying 
the hibernation triggering process. One clue might be 
seen from the action of 3-iodothyronamine (T1AM, 10), 
a natural derivative of T4.

4,5 When a single-dose was 
injected to laboratory mice, it induced rapid hypome-
tabolism and hypothermia, with peak effect in 1—2 h. 
The Tb was then recovered gradually in about 6 h after 
injection.  

The first synthesis of T1AM (10) was reported by 
Scanlan et al. who developed a seven-step synthetic 
process.6,7 The method involves the synthesis of N-t- 
Boc-3-iodotyramine from tyramine and 4-(triisopropyl)- 
silyloxyphenylboronic acid from p-bromophenol, cou-
pling of the two compounds, and removal of the pro-
tecting groups. However, the overall yield of the con-
ventional method was fairly low (3%), so it is necessary 

to synthesize the compound in a more efficient manner 
for a broad range of the possible medical applications. 
Herein, we describe a new efficient synthetic method for 
T1AM (10) having reduced synthetic steps and signifi-
cantly enhanced overall yield. Hypothermic efficacy of 
the compound was also studied using laboratory mice. 

As illustrated in Scheme 1, our new method employs 
4-chloro-3-nitrobenzyl alcohol (1), 1-chloro-4-methyl-2- 
nitrobenzene (2), or 2-(4-chlorophenyl)acetonitrile (3) as 
starting materials. 2-(4-Chloro-3-nitrophenyl)acetonitrile 
(4) could be prepared by four synthetic routes. First, 4 
was synthesized via 4-chloro-2-nitrobenzyl chloride 
intermediate that formed by treating 1 with aqueous HCl. 
The intermediate then afforded 4 by reaction with NaCN 
in the presence of a catalytic amount of NaI. Second, 4 
was also synthesized via 4-chloro-2-nitrobenzyl bro-
mide intermediate that was formed by reaction of 1 with 
CBr4. Third, 4 could also be synthesized by benzyl bro-
mination of 2 using N-bromosuccinimide (NBS) and 
benzoyl peroxide (BPO) followed by substitution of 
bromide with cyanide.8 Fourth, regioselective mono 
nitration of 3 directly gave 4 in 74% yield.  

As shown in Scheme 2, the coupling reaction of 4 
with 4-methoxyphenol (5) was performed to obtain 6 in 
the presence of NaH.9,10 In the conventional method,6,7 
the coupling reaction of N-t-Boc-3-iodotyramine with 
4-(triisopropyl)silyloxyphenylboronic acid gave N-t- 
Boc-4'-triisopropylsilyloxy-3-iodothyronamine in a low 
yield (36%). Compared to this, a high yield (89%) was 
achieved under our coupling reaction condition.  

7 was prepared from 6 in 88% yield via diazotization 
followed by iodination of corresponding aniline.11,12 In 
contrast, the conventional iodination method6,7 had  
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Scheme 1  Synthesis of 4 

 

Reagents and conditions: (a) 35% HCl, r.t., 2 h, then NaCN, NaI, anhy acetone, reflux, 12 h, 83%; (b) CBr4, TPP, CH2Cl2, 0 ℃ to r.t., 2 h, 

then NaCN, NaI, anhy acetone, reflux, 12 h, 73%; (c) NBS, dibenzoylperoxide, chlorobenzene, reflux, overnight, then NaCN, NaI, anhy ace-

tone, reflux, 12 h, 62%; (d) fuming HNO3, 95—100 ℃, 2.5 h, 74%. 

Scheme 2  Synthesis of T1AM (10) 

 

Reagents and conditions: (a) NaH, DMF, r.t., 2 h, 89%; (b) Pd/C, H2, EA, r.t., 6 h, then NaNO2, H2SO4, 0—5 ℃, 30 min, then KI, H2O, r.t., 

overnight, 88%; (c) BBr3, CH2Cl2, －78 ℃ to r.t., 15 h, 89%; (d) (Boc)2O, NiCl2, NaBH4, anhy MeOH, 0 ℃ to r.t., 1.5 h, 84%; (e) 2 mol•L－1 

HCl/EA, r.t., overnight, 92%.  

 
some problems such as a very low yield (19%) and dif-
ficulty in purification due to the formation of a consid-
erable amount of N-t-Boc-3,5-diiodotyramine byproduct. 
In this work the preparation of iodo compound 7 proceeds 
regioselectively because nitro group is replaced with 
iodine. 8 was obtained by demethylation of 7 using BBr3, 
and 9 was synthesized by catalytic reduction of the 
cyano group and subsequent Boc protection of 8.13 
T1AM (10)14 was prepared by Boc deprotection of 9 
with HCl, and its 1H and 13C NMR spectra are in good 
agreement with those previously reported.7  

Next, to investigate the hypothermic efficacy of 
T1AM (10) synthesized in this work, it was treated to 
laboratory mice.15 As shown in Figure 1A, the control 
mouse maintained Tb in a range of 36.4—37.3 ℃. This 
thermoregulatory activity was contrasted by the obser-
vation that Tb was immediately decreased in the 
T1AM-injected subjects (Figure 1B). The extent of the 
change was dose-dependent,4 with the lowest Tb of 32.2 
℃ by 25 mg•kg－1 and 28.7 ℃ by 50 mg•kg－1 at an 
ambient temperature (Ta) of 23 ℃. The Tb was then 

gradually recovered for the following hours. It is worth 
recognizing that the treated subjects (50 mg•kg－1) were 
unable to escape from an extremely low Tb condition, 
although a sort of brief spasm was noticed at Tb of about 
15 ℃ (Figure 1C). This indicates that the hibernation- 
like state of mice is fundamentally different from deep 
torpor of true hibernators. In the latter case, like squir-
rels and bats, Tb can decrease down to near 0 ℃.1 Nota-
bly, the hypothermic effect was additive within a limited 
low range, because the Tb decreased by the first injec-
tion (50 mg•kg－1) was further lowered by the second 
treatment of the same dosage (Figure 1D). At this Ta 
level, the treated subjects were likely to keep Tb at ＞28 
℃ (Figures 1B and 1D) and even by a doubled dosage 
(100 mg•kg － 1).4 Together, these results imply that 
non-hibernator mammals may remain torpid for an ex-
tended period at a certain Tb (e.g., 30 ℃) by repeated 
administration of the compound. 

In conclusion, a new efficient synthetic method was 
developed for T1AM (10). Our synthetic method has 
advantages of less synthetic steps and much higher  
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Figure 1  Tb traces of ICR male mice after vehicle (A) or T1AM injection (B—D). Note that ambient temperature (Ta) was (23±0.5) ℃ 

for A, B and D, and (5±1.0) ℃ for C. (A) The control mouse displayed constant Tb (ca. 37 ℃), whereas (B) the subjects showed 
dose-dependent hypothermic responses to either 25 or 50 mg•kg－1. (C) At Ta of 5 ℃, the treated mouse (50 mg•kg－1) succumbed to 
death at Tb below 9 ℃. The horizontal arrow indicates the Tb point (ca. 15 ℃) at which a brief spasm was observed. (D) T1AM treatment 
exerted an additive effect as Tb at the rising phase following the first treatment (50 mg•kg－1) was further decreased by the second trial of 
the same dosage. i.p.: intraperitoneal; s. c.: subcutaneous. 

 
overall yields (33%—45%) compared to those in the 
conventional method (7-step process, 3% overall 
yield6,7). T1AM (10) synthesized by this new method 
showed a potent hypothermic effect. Because of these 
hypometabolic and hypothermic efficacies, it is ex-
pected that T1AM has possible pharmaceutical merits 
for emergency medical care, organ transplantation, 
long-term space mission, as well as remedies for diabe-
tes and extended life span.2,16,17 
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