
Available online at www.sciencedirect.com
Tetrahedron Letters 49 (2008) 185–188
Cyclisation reactions of bis-protected guanidines
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Mark Dennis,a Daniel M. Evans,a Matthew D. Fletcher,a Iestyn Jones,a

Vera Leitmann,a Patrick J. Murphy,a,* Richard Rowles,a Robert Nash,b

Richard A. Stephenson,c Peter N. Hortonc and Michael B. Hursthousec

aSchool of Chemistry, University of Wales, Bangor, Gwynedd LL57 2UW, United Kingdom
bVASTox Wales, Plas Gogerddan, Aberystwyth, Ceredigion SY23 3EB, United Kingdom

cEPSRC National Crystallography Service, Department of Chemistry, University of Southampton,

Highfield, Southampton SO17 1BJ, United Kingdom

Received 9 August 2007; revised 12 October 2007; accepted 25 October 2007
Available online 30 October 2007
Abstract—The cyclisation of N-allyl- and N-homoallylguanidines using DMDO or I2/K2CO2 leading to novel heterocycles is
reported.
� 2007 Published by Elsevier Ltd.
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Table 1

4 P n R1 Method Yield  Mpt 
4a Boc 1 H A 79% 87-89 °C 
4b Z 1 H A 92% 46-48 °C 
4c Boc 1 Me B 93% 129-132 °C 
4d Z 1 Me B 95% 73-76 °C
4e Boc 2 H B 85% 82-83 °C 

Scheme 1. Reagents and conditions: (Method A) amine 3, CH3CN,
16–24 h; (Method B) 3ÆHCl, NEt3, CH3CN, 16–24 h.
As part of a project directed towards the synthesis of the
marine hepatotoxin cylindrospermopsin 11 we wished to
investigate further2 the electrocyclic reactions of N-allyl
and N-homoallyl guanidines 4. The substrates were pre-
pared in high yields by reaction of the corresponding
N,N 0-bis-Z- or -bis-Boc-1H-pyrazole carboxamidine 23

with amines 3 (Table 1, Scheme 1).

We have previously reported2 that the Boc-protected
guanidine 4a underwent cyclisation on treatment with
DMDO under neutral conditions to give the 5-mem-
bered guanidine 5 in good yield after 16 h. On reinvesti-
gation of this reaction we found that the formation of 5
was observed, but on column chromatography, a second
product was always isolated in variable yield which cor-
responded to the rearranged product 6 as shown by
X-ray crystallography (Fig. 1).4 The complete conver-
sion of 5 into 6 could be effected if a solution of the
crude reaction mixture in dichloromethane was stirred
with silica gel overnight giving 6 in 63% yield after puri-
fication. A similar result was observed with the Z-pro-
tected guanidine 4b which was again treated with an
excess of DMDO in acetone at �20 �C and the reaction
monitored by proton NMR. Epoxidation of 4b was
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found to occur rapidly as evidenced by signals at d
2.62 (1H), 2.80 (1H) and 3.20 (1H) ppm, but on contin-
ued stirring, signals at d 3.45 (1H), 3.50 (1H), 3.85 (1H),
3.92 (1H) and 4.09 (1H) appeared which are evidence for

mailto:paddy@bangor.ac.uk


Figure 2.

Figure 1.

186 C. Albrecht et al. / Tetrahedron Letters 49 (2008) 185–188
structure 7. However, on purification on silica gel a new
product was formed in 64% yield, which had a consider-
ably simpler spectrum with signals at d 3.34 (1H), 3.67
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Scheme 2. Reagents and conditions: (a) DMDO, acetone, �20 �C–rt, 1–7 da
(1H) and 4.07 (3H) ppm and the two guanidine protons
at d 7.87 (1H) and d 8.03 (1H) ppm assigned the struc-
ture as 8. Again it was possible to effect this rearrange-
ment by stirring the crude reaction product with silica
gel in dichloromethane.
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Scheme 3. Reagents and conditions: (a) I2, CH3CN, K2CO3, 0 �C–rt, 16–24 h.5
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We next investigated the epoxidation of the dimethyl-
allyl guanidine 4c and found that on treatment with
DMDO an epoxide (CH at d 2.97, dd, J 4.4, 7.6 Hz)
was formed which slowly underwent ring opening to
give initially the 6-membered guanidine 9 after 2–3 days
but ultimately (7 days) gave the rearranged 6-membered
product 10, as evidenced by the methine signal at d 4.15
(1H, dd, J 2.5, 8.5 Hz) giving an axial coupling constant
of 8.5 Hz. Attempted purification of this material was
difficult as the product obtained was a gum which could
not be recrystallised and was also prone to decomposi-
tion on silica gel which was presumably occurring via
the loss of a Boc protecting group. A similar reaction
of bis-Z protected 4d gave epoxide 11 as a stable prod-
uct, which on attempted recrystallisation from dichloro-
methane/petrol (10:1) deposited a precipitate of the
cyclised and rearranged guanidine 12. Again the methine
signal at d 4.10 ppm (1H, dd, J 10.5, 6.1 Hz) and the
guanidine protons at d 8.17 ppm (1H, br s, NH) and d
8.93 ppm (1H, br s, NH) were indicative of the 6-mem-
bered product. The slow rearrangement could be accel-
erated if a solution of the crude reaction mixture in
dichloromethane was stirred with silica gel overnight,
to give an 87% yield of 12. Finally, we investigated the
DMDO cyclisation of the homoallyl guanidine 4e and
found that it smoothly cyclised and rearranged to give
the 6-membered guanidine 14 in 82% yield; the structure
being determined by X-ray crystallography (Fig. 2)4

(Scheme 2).

We next investigated the iodocyclisation2,6 of the allylat-
ed guanidines and found that both the Boc- and Z-pro-
tected allyl guanidines 4a and 4b gave the corresponding
5-membered heterocycles 15 and 16 in high yields on
treatment with I2 in acetonitrile. Reaction of the Boc-
protected dimethylallyl guanidine 4c was more problem-
atic in that a high yield (ca. 85%) of the 6-membered
product 17 was obtained as evidenced by the CH at
dH 4.27 (1H, dd, J 9.1, 5.5 Hz) and dC 30.1 ppm, how-
ever, the material decomposed on attempted silica gel
chromatography, presumably due to the loss of the
Boc group adjacent to the two methyl groups. Guani-
dine 17 was also freely soluble in petroleum ether and
gave only an amorphous solid on slow evaporation.
The reaction of Z-protected 4d was more successful in
that the cyclised product was easily purified by recrystal-
lisation from dichloromethane/petroleum ether and was
obtained in 64% yield with signals at dH 4.27 (1H, dd, J
8.8 and 5.5 Hz) and dC 29.2 ppm corresponding to the
methine proton. Finally, the homoallyl guanidine 4e
was cyclised under standard conditions and gave the
6-membered guanidine 19 in 68% yield after chromato-
graphy with signals for the CH2I group being observed
at dH 3.08 (1H, dd, J 10.4, 9.9 Hz) and dH 3.50 (1H,
dd, J 3.8, 9.9 Hz) and dC 6.1 ppm (Scheme 3).

In conclusion, we have demonstrated that guanidines
4a–e undergo cyclisation to give 5- and 6-membered
cyclic guanidines and in the epoxide cyclisation both
the N-Boc and N-Z protecting group are prone to
migration to the alcohol function in a predictable
manner. We are currently investigating this process in
more detail and applying this methodology to a synthe-
sis of cylindrospermopsin.
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